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Abstract

Background: Students’ mental health crisis was recognized before the COVID-19 pandemic. Mindfulness virtual community
(MVC), an 8-week web-based mindfulness and cognitive behavioral therapy program, has proven to be an effective web-based
program to reduce symptoms of depression, anxiety, and stress. Predicting the success of MVC before a student enrolls in the
program is essential to advise students accordingly.

Objective: The objectives of this study were to investigate (1) whether we can predict MVC’s effectiveness using
sociodemographic and self-reported features and (2) whether exposure to mindfulness videos is highly predictive of the
intervention’s success.

Methods: Machine learning models were developed to predict MVC’s effectiveness, defined as success in reducing symptoms
of depression, anxiety, and stress as measured using the Patient Health Questionnaire-9 (PHQ-9), the Beck Anxiety Inventory
(BAI), and the Perceived Stress Scale (PSS), to at least the minimal clinically important difference. A data set representing a
sample of undergraduate students (N=209) who took the MVC intervention between fall 2017 and fall 2018 was used for this
secondary analysis. Random forest was used to measure the features’ importance.

Results: Gradient boosting achieved the best performance both in terms of area under the curve (AUC) and accuracy for
predicting PHQ-9 (AUC=0.85 and accuracy=0.83) and PSS (AUC=1 and accuracy=1), and random forest had the best performance
for predicting BAI (AUC=0.93 and accuracy=0.93). Exposure to online mindfulness videos was the most important predictor for
the intervention’s effectiveness for PHQ-9, BAI, and PSS, followed by the number of working hours per week.

Conclusions: The performance of the models to predict MVC intervention effectiveness for depression, anxiety, and stress is
high. These models might be helpful for professionals to advise students early enough on taking the intervention or choosing
other alternatives. The students’ exposure to online mindfulness videos is the most important predictor for the effectiveness of
the MVC intervention.

Trial Registration: ISRCTN Registry ISRCTN12249616; https://www.isrctn.com/ISRCTN12249616

(Interact J Med Res 2024;13:e50982)   doi:10.2196/50982
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machine learning; virtual community; virtual care; mindfulness; depression; anxiety; stress; students; online; randomized controlled
trial; Canada; virtual; artificial intelligence; symptoms; behavioral therapy; sociodemographic; mindfulness video; online video
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Introduction

Students’ mental health crises were recognized before the
COVID-19 pandemic and deepened during the pandemic.
University students are experiencing an increase in
psychological distress on North American campuses. A student
survey of 32 Canadian postsecondary institutions reported high
anxiety (56.5%), hopelessness (54%), seriously depressed mood
(37.5%), and overwhelming anger (42%) [1]. A similar survey
in 2016 revealed higher distress levels [2]. In 2013, a study of
997 students at York University (site of this study) indicated
that 57% reported depression scores sufficient for diagnosable
clinical depression, while 33% reported anxiety scores in ranges
typically indicative of panic disorder and generalized anxiety
disorder [3]. The situation appears similar at universities in the
United States [4,5] and worldwide; in 2018, the World Health
Organization reported increasing mental disorders in college
and university students worldwide [6]. Mental health challenges
among university students demand attention. This is a vulnerable
period, as 70% of mental health problems emerge before the
age of 25 years. Without intervention, these problems can
worsen and hinder students’personal and academic success [7].
COVID-19 has negatively impacted university students’mental
health [8-10].

University student distress is both an individual and societal
challenge. Losses in productivity during the study and at work
due to distress and mental disorders are associated with indirect
but significant economic burdens [11]. Canadian estimates show
that mental disorders cost nearly US $37 billion yearly, with
9.8% due to direct medical costs, 16.6% and 18.2% due to
long-term loss and short-term work loss, respectively, and 55.4%
due to the loss of healthy function (ie, loss of the utilities of
vision, hearing, speech, mobility, dexterity, emotion, cognition,
and pain as assessed in the Health Utilities Index Mark 3 system)
[12].

While mental distress and disorder are becoming more prevalent
in students, the counseling offered in colleges and universities
needs to catch up with demand. For example, from 2007 to
2012, full-time enrollment in the Ontario college system
increased from 167,000 to 210,600 (a 26% increase), while the
number of counselors employed in the college system increased
from 146 to 152.7 (a 4.6% increase) [13]. This discrepancy
leaves students underserved and counselors overwhelmed amid
the increasing distress [14].

Mindfulness-based interventions have been demonstrated to
positively impact psychological and physical health [15-17],
with multiple meta-analyses demonstrating positive impacts in
clinical and nonclinical populations [18-22]. However, with
large numbers of students (50,000 to 60,000 on some campuses),
there may not be enough trained personnel to convey helpful
mindfulness-based practices directly. Instead, in the eHealth
domain, virtual communities (VCs) [23], that is, online
communities, have been used in health care to provide
e-education tools and online support to empower active
participants in health enhancement [24-26]. VCs can scale up
mindfulness interventions at lower costs to a broader range of
students, especially those restricted from attending clinics due

to time-place discontinuities. VCs preserve anonymity (with
reduced stigmatization) while promoting voluntary, supportive,
interpersonal connections.

We developed a web-delivered mindfulness program
(mindfulness virtual community [MVC]) to reduce symptoms
of depression, anxiety, and stress in university students and
conducted a randomized controlled trial (RCT) targeting
university students at a Canadian university to examine its
effectiveness. Following a successful RCT [26-29], we wanted
in this secondary analysis (1) to develop a machine learning
(ML) model to predict the effectiveness of the online
mindfulness intervention on mental health outcomes using
sociodemographic and self-reported features and (2) to
investigate if exposure to mindfulness videos was highly
predictive of the intervention’s success.

Methods

Prediction Problem
This study aims to predict the effectiveness (ie, success vs
nonsuccess) of the online mindfulness intervention on mental
health outcomes; as such, this is a retrospective prognostic
analysis of a classification problem per individual (ie,
participants in the MVC mindfulness intervention).

Data Set Source
This is a retrospective analysis, where we analyzed an
anonymized data set. The data were deidentified, and consent
was obtained during the RCT; no further consent was sought
for this secondary data analysis since nonidentifiable data were
used. The data set was collected via an RCT described in detail
elsewhere [28]. The parent study design consisted of a 2-arm
parallel-design RCT, comparing a group assigned to the
web-based MVC program to a waitlist control group.
Participants in the study were students who were at least 18
years of age, reported English language fluency, self-reported
high confidence in completing the study, and actively enrolled
in an undergraduate program. This paper is based on the MVC
intervention sample recruited in fall 2017, winter 2017, and fall
2018. The MVC intervention was an 8-week program and was
comprised of three components: (1) 12 online videos for mental
health education; (2) 3 anonymous discussion boards on
depression, anxiety, and stress; and (3) anonymous, 20-minute
group-based live videoconferences led by a mental health
professional with training in mindfulness during which students
could raise questions related to mindfulness (Figure 1).

Each of the 12 mental health modules consisted of 1 educational
content video and 1 mindfulness practice video recorded in both
male and female voices and offered in both high and low
resolution (a total of 8 videos per module); participants could
choose the type of video they wanted to watch for each module.
The videos were available for participants 24 hours a day to
watch or listen to on computers, phones, or tablets at their
convenience. The module scripts and audio recordings were
created by one of the investigators with extensive experience
as a clinical psychologist and researcher in mindfulness. They
were based on mindfulness and cognitive behavioral therapy
principles and informed by the prior student-based focus group
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study [30,31]—the choice of moving and still images used in
creating the videos involved collaborative work. The topics of
the 12 modules included the following: overcoming stress,
anxiety, and depression; mindfulness and being a student;
mindfulness for better sleep; thriving in a fast-changing world;
healthy intimacy; destigmatization; no more procrastination;
pain reduction and mindfulness; healthy body image; healthier
eating; overcoming trauma; and relationships with family and
friends.

The primary RCT outcomes were depression, anxiety, and
perceived stress, following hypotheses that symptom scores for
depression, anxiety, and stress at T2 (after 8 weeks) would be
significantly better in the MVC group when compared with the
waitlist control group. The outcomes were measured with the
following validated scales: Patient Health Questionnaire-9
(PHQ-9) [32], Beck Anxiety Inventory (BAI) [33], and
Perceived Stress Scale (PSS) [34]. The secondary aim was to
assess the impact of 3 elements of the MVC intervention on the
outcomes. Participants also completed a sociodemographic
questionnaire section at the T1 (baseline) survey.

Figure 1. The mindfulness virtual community design.

Ethical Considerations
The previous study received ethics approval from the Human
Participant Research Committee (certificate e2016-345) of the
York University. This ML study received ethics approval from
the same committee (certificate e2023-012); the approval covers
secondary analysis without additional consent. Participants in
the original study had the option to receive an honorarium of
CAD $50 (US $37.5) or 2% in course grade (for professors who
gave this permission) or 3 credits (equivalent to 2% course
grade) in the Undergraduate Research Participation Pool of the
Department of Psychology. The participants’ data were
anonymized.

Participants
We aimed to build a model to predict who will likely benefit
from the intervention, unlike the RCT study, where overall
intervention effectiveness was determined (and supported by
analysis) by comparing intervention and control groups. That
is why we have analyzed intervention group data only to
understand individual differences in response to the intervention.

Data Preparation
The data set consisted of 209 students who took the MVC
intervention during fall 2017, winter 2018, and fall 2018. The
effectiveness of the intervention was determined using the
minimal clinically important difference (MCID), that is, the
level of reduction in symptoms that psychologists consider
clinically meaningful, for each of the mental health outcomes.

We adopted evidence from psychology that determines the
MCID to be a 5-point reduction in PHQ-9 for depression
[35,36], an 8.8-point reduction in BAI for anxiety [30,31], and
an 11-point reduction in PSS for stress [37,38]. Any reduction
equal to or above the MCID was labeled an effective
intervention (label=1); otherwise, it was deemed ineffective
(label=0).

To build a good prediction model from the training set, the data
must be balanced. The class labels of the target variables,
PHQ-9, BAI, and PSS, used in this study were not balanced. In
our case, the percentage of instances with label=1 was extremely
low: 50 (23%) for PHQ-9, 48 (24%) for BAI, and 8 (3.8%) for
PSS, leading to a substantial imbalance. To alleviate the
imbalanced data, we applied an oversampling method using the
sklearn.resample function available in Python (version 3; Python
Software Foundation).

Missing Data
Missing data in the outcomes were 12 (5.7%) for BAI and
PHQ-9 and 13 (6.2%) for PSS of the 209 records. Missing data
for the outcomes were dropped from the data set. There were
no missing values in the predictors.

Labels and Features
The outcome variables were the 3 MCIDs associated with
PHQ-9, BAI, and PSS being met or not for each instance. To
investigate whether we can predict MVC’s effectiveness using
sociodemographic and self-reported features, the following
features were used: sex (male and female), country of birth
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(Canada and other), first language (English and other), education
level (bachelor degree and other), ethnicity (White and
non-White), marital status (married and other), age, number of
weekly working hours, and self-rated health (poor, fair, good,
very good, and excellent). To investigate the importance of
exposure to mindfulness videos, in comparison with these
features, in the prediction of intervention success, we added the
total number of mindfulness videos watched to the previous
data set.

Algorithms
Seven different classification algorithms, representing different
learning paradigms, were used in this study: logistic regression
(LR), support vector machine (SVM), random forest (RF),
decision tree (DT), k-nearest neighbor (KNN), adaptive boosting
(AdaBoost), and gradient boosting that showed good
performance in previous studies that targeted depression,
anxiety, and stress [35,39,40]. The implementations of the
classification algorithms provided in the scikit-learn ML library
[41] were used. The data set was split into 80% for training and
20% for testing. Hyperparameter tuning for each algorithm was
performed using a grid search over a 10-fold cross-validation

on the training data set. The optimal hyperparameters for the
classification algorithms and their values for the data set without
exposure to videos and the data set with exposure to videos are
presented in Tables 1 and 2, respectively.

Each classifier’s performance was compared with the best
overall performance, leading to the selection of the best
prediction model for the psychological outcomes. The
classifiers’ performances were assessed based on several
evaluation metrics, including the percentage of correctly
classified instances or the accuracy, sensitivity, specificity, and
area under the curve (AUC) of the receiver operating
characteristic curve. The best performance, as measured by the
AUC score, was chosen for each algorithm.

To evaluate the features’ importance in predicting intervention
success, the data set with the total exposure to mindfulness
videos was used to build predictive models. The RF algorithm
was used to measure the features’ importance. The
hyperparameters used for the classification algorithms and their
values that provided the optimal model are presented in Table
2.
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Table 1. Algorithms and their corresponding optimal hyperparameters found by grid search (data set without videos).

ParametersAlgorithm

Logistic regression

C=1, penalty=l1, solver=liblinearPHQ-9a

C=1, penalty=l1, solver=liblinearBAIb

C=1, penalty=l1, solver=liblinearPSSc

Support vector machine

C=10, γ=0.1, kernel=rbfPHQ-9

C=10, γ=0.1, kernel=rbfBAI

C=10, γ=0.1, kernel=rbfPSS

Random forest

Max_features=auto, n_estimators=500, max_depth=8, criterion=entropyPHQ-9

Max_features=auto, n_estimators=500, max_depth=8, criterion=giniBAI

Max_features=auto, n_estimators=500, max_depth=8, criterion=giniPSS

Decision tree

Max_leaf_nodes=59, random_state=42, min_samples_split=2, criterion=entropyPHQ-9

Max_leaf_nodes=56, random_state=42, min_samples_split=2, criterion=entropyBAI

Max_leaf_nodes=16, random_state=42, min_samples_split=2, criterion=entropyPSS

K-nearest neighbor

N_neighbors=2, weight=distance, leaf size=27, P=1PHQ-9

N_neighbors=2, weight=distance, leaf size=1, P=1BAI

N_neighbors=1, weight=dniform, leaf size=1, P=1PSS

Adaptive boosting

n-estimators=5000, max_depth=3, learning rate=0.5PHQ-9

n-estimators=5000, max_depth=3, learning rate=0.9BAI

n-estimators=500, max_depth=3, learning rate=0.9PSS

Gradient boosting

Learning rate=0.05, max depth=6, n-estimators=100, subsample=0.9, max_features=none, min_sam-
ples_split=2

PHQ-9

Learning rate=0.02, max depth=10, n-estimators=1000, subsample=1.0, max_features=none, min_sam-
ples_split=2

BAI

Learning rate=0.01, max depth=6, n-estimators=1000, subsample=0.9, max_features=sqrt, min_sam-
ples_split=2

PSS

aPHQ-9: Patient Health Questionnaire-9.
bBAI: Beck Anxiety Inventory.
cPSS: Perceived Stress Scale.
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Table 2. Algorithms and their corresponding optimal hyperparameters found by grid search (data set with exposure to videos).

ParametersAlgorithm

Logistic regression

C=1, penalty=l1, solver=liblinearPHQ-9a

C=0.1, penalty=l2, solver=newton-cgBAIb

C=100, penalty=l2, solver=lbfgsPSSc

Support vector machine

C=10, γ=0.01, kernel=rbfPHQ-9

C=1, γ=1, kernel=rbfBAI

C=1, γ=1, kernel=rbfPSS

Random forest

Max_features=auto, n_estimators=500, max_depth=7, criterion=entropyPHQ-9

Max_features=auto, n_estimators=200, max_depth=8, criterion=giniBAI

Max_features=auto, n_estimators=500, max_depth=8, criterion=giniPSS

Decision tree

Max_leaf_nodes=39, random_state=42, min_samples_split=2, criterion=entropyPHQ-9

Max_leaf_nodes=53, random_state=42, min_samples_split=3, criterion=giniBAI

Max_leaf_nodes=16, random_state=42, min_samples_split=2, criterion=giniPSS

K-nearest neighbor

N_neighbors=1, weight=uniform, leaf size=14, P=1PHQ-9

N_neighbors=2, weight=distance, leaf size=1, P=1BAI

N_neighbors=2, weight=uniform, leaf size=1, P=1PSS

Adaptive boosting

n-estimators=500, max_depth=3, learning rate=0.5PHQ-9

n-estimators=500, max_depth=3, learning rate=0.7BAI

n-estimators=2000, max_depth=3, learning rate=0.7PSS

Gradient boosting

Learning rate=0.5, max depth=50, n-estimators=50, subsample=0.9, max_features=sqrt, min_sam-
ples_split=2

PHQ-9

Learning rate=0.04, max depth=10, n-estimators=1000, subsample=0.5, max_features=none, min_sam-
ples_split=2

BAI

Learning rate=0.03, max depth=8, n-estimators=1000, subsample=0.5, max_features=none, min_sam-
ples_split=2

PSS

aPHQ-9: Patient Health Questionnaire-9.
bBAI: Beck Anxiety Inventory.
cPSS: Perceived Stress Scale.

Results

Demographics
Table 3 presents the demographic characteristics of participants
at baseline. Of 209 students, 73.2% (n=153) were female, 8.1%

(n=17) were married, and 21.1% (n=44) were White. Most
participants were born in Canada, and English was their first
language. The median (IQR) of age, work hours per week, and
the total number of mindfulness videos watched were 21 (19-23)
years, 10 (0-18), and 16 (9-30), respectively.
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Table 3. Characteristics of participants at baseline (N=209).

ValuesCharacteristics

Sex, n (%)

56 (26.8)Male

153 (73.2)Female

Marital status, n (%)

17 (8.1)Married

192 (91.9)Other

Ethnicity, n (%)

44 (21.1)White

165 (78.9)Non-White

Language, n (%)

136 (65.1)English

73 (34.9)Other

Country of birth, n (%)

119 (56.9)Canada

90 (43.1)Other

Education, n (%)

182 (87.1)High school diploma or General Education Development or college degree or certificate program

27 (12.9)Bachelor degree

Self-reported general health, n (%)

43 (20.6)Poor or fair

166 (79.4)Good or very good or excellent

21 (19-23)Age (years), median (IQR)

10 (0-18)Average number of hours at work per week, median (IQR)

16 (9-30)Total number of mindfulness videos watched, median (IQR)

Objective 1: Predicting MVC’s Effectiveness Using
Sociodemographic and Self-Reported Features
Table 4 summarizes the evaluated models’ performances:
sensitivity, specificity, accuracy, and AUC, using 10-fold
cross-validation.

The results showed that both gradient boosting (AUC=0.85 and
accuracy=0.83) and DT (AUC=0.84 and accuracy=0.81) are
slightly better compared to AdaBoost and KNN (AUC=0.82
and accuracy=0.80) as well as SVM (AUC=0.81 and
accuracy=0.80) and outperformed the remaining classification
algorithms for predicting a clinically significant reduction in
PHQ-9. The best classifiers for predicting a clinically significant
reduction in BAI were RF (AUC=0.93 and accuracy=0.93),
followed by AdaBoost (AUC=0.92 and accuracy=0.92) and
gradient boosting (AUC=0.87 and accuracy=0.87), which
outperformed the remaining classifiers. Two classifiers, gradient
boosting and DT, gained the perfect accuracy and AUC (AUC=1
and accuracy=1) for predicting a clinically significant reduction
in PSS, followed by the near-perfect scores for SVM and
AdaBoost (AUC=0.99 and accuracy=0.99). Meanwhile, LR had
the lowest performance for PHQ-9, BAI, and PSS in terms of

AUC (0.64, 0.75, and 0.73, respectively) and accuracy (0.66,
0.75, and 0.73, respectively).

The results were close to those found in the models built without
video exposure. Gradient boosting (AUC=0.89 and
accuracy=0.88) was the best predictor for a significant reduction
in PHQ-9, followed closely by AdaBoost and DT (AUC=0.84
and accuracy=0.81), which outperformed the remaining
classification algorithms. The best classifiers for predicting a
clinically significant reduction in BAI were AdaBoost and SVM
(AUC=0.93 and accuracy=0.93), followed closely by gradient
boosting (AUC=0.91 and accuracy=0.92) and RF (AUC=0.90
and accuracy=0.90), which outperformed the remaining
classifiers. Four classifiers, gradient boosting, AdaBoost, RF,
and SVM, gained the perfect AUC and accuracy (AUC=1 and
accuracy=1) for predicting a clinically significant reduction in
PSS, followed by the near-perfect score for KNN (AUC=0.99
and accuracy=0.99) and DT (AUC=0.97 and accuracy=0.97).
Meanwhile, LR had the lowest performance for PHQ-9, BAI,
and PSS in terms of AUC (0.62, 0.60, and 0.79, respectively)
and accuracy (0.63, 0.60, and 0.80, respectively).

Using the second data set (ie, enriched with the exposure to
videos), RF was used to detect features’ importance in relation
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to the 3 outcomes. The most predictive feature for the PHQ-9,
BAI, and PSS was the total exposure to the mindfulness videos,
followed by the average number of working hours per week

and age for PHQ-9 and BAI. In contrast, age and the average
number of working hours per week were the second and third
most important predictors for PSS, respectively.

Table 4. Classification report of the machine learning algorithms for outcomes.

SpecificitySensitivityAccuracyAUCaAlgorithm

Logistic regression

0.720.570.660.64PHQ-9b

0.750.750.750.75BAIc

0.740.730.730.73PSSd

Support vector machine

0.750.900.800.81PHQ-9

0.750.790.770.77BAI

0.911.00.960.96PSS

Random forest

0.690.870.760.78PHQ-9

1.00.860.930.93BAI

0.971.00.990.99PSS

Decision tree

0.720.960.810.84PHQ-9

0.750.930.830.84BAI

1.01.01.01.0PSS

K-nearest neighbor

0.720.910.800.82PHQ-9

0.880.680.780.78BAI

0.911.00.960.96PSS

Adaptive boosting

0.720.910.800.82PHQ-9

0.940.890.920.92BAI

0.971.00.990.99PSS

Gradient boosting

0.780.910.830.85PHQ-9

0.880.860.870.87BAI

1.01.01.01.0PSS

aAUC: area under the curve.
bPHQ-9: Patient Health Questionnaire-9.
cBAI: Beck Anxiety Inventory.
dPSS: Perceived Stress Scale.

Objective 2: Importance of Exposure to Mindfulness
Videos in Comparison With Sociodemographics and

Self-Reported Features in Predicting Intervention
Success
After the introduction of the total exposure to the mindfulness
videos to the data set, new predictive models were built (Table
5).
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Table 5. Classification report of the machine learning algorithms for outcomes (data set with exposure to videos).

SpecificitySensitivityAccuracyAUCaAlgorithm

Logistic regression

0.670.570.630.62PHQ-9b

0.590.610.600.60BAIc

0.740.850.800.79PSSd

Support vector machine

0.610.960.750.78PHQ-9

1.000.860.930.93BAI

1.001.001.001.00PSS

Random forest

0.810.870.830.84PHQ-9

0.940.860.900.90BAI

1.001.001.001.00PSS

Decision tree

0.720.960.810.84PHQ-9

0.750.860.800.80BAI

0.941.000.970.97PSS

K-nearest neighbor

0.670.960.780.81PHQ-9

0.780.890.830.84BAI

0.971.000.990.99PSS

Adaptive boosting

0.720.960.810.84PHQ-9

0.970.890.930.93BAI

1.001.001.001.00PSS

Gradient boosting

0.830.960.880.89PHQ-9

0.970.860.920.91BAI

1.001.001.001.00PSS

aAUC: area under the curve.
bPHQ-9: Patient Health Questionnaire-9.
cBAI: Beck Anxiety Inventory.
dPSS: Perceived Stress Scale.

Discussion

Principal Results
The study investigated the predictability of the effectiveness of
an MVC designed for undergraduate students to reduce
symptoms of depression, anxiety, and stress as measured by
PHQ-9, BAI, and PSS. The effectiveness was measured by the
MCID for PHQ-9, BAI, and SPSS. Several algorithms were
used to predict the MCID.

Predicting Intervention Success With
Sociodemographic and Self-Reported Measures
We successfully built ML-based models that predicted the
effectiveness of the MVC intervention. The highest AUC was
achieved for gradient boosting to predict the intervention
effectiveness for PHQ-9 and PSS (AUC=0.85 and AUC=1,
respectively), followed closely by DT (AUC=0.84 and AUC=1,
respectively) and AdaBoost (AUC=0.82 and AUC=0.99,
respectively). The RF model had the highest AUC to predict
BAI (AUC=0.93), followed closely by AdaBoost (AUC=0.92).
AdaBoost might be the algorithm of choice for the 3 outcomes,
as it is fairing a close second best for BAI and a close third best
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for PHQ-9 and PSS. Gradient boosting and AdaBoost are both
good choices to predict the intervention success for the 3
outcomes. It might be argued that AdaBoost might be preferable,
given that it is usually less prone to overfitting than gradient
boosting; however, there is no need to use the same algorithm
to build the 3 predictors for the 3 outcomes.

We could not make a direct comparison with other studies that
measured the 3 outcomes among university students using the
same validated scales (PHQ-9, BAI, and SPSS). However, for
PHQ-9, the performance of our model is higher than the one
found in a previous study among adults in Korea using the
Center for Epidemiologic Studies—Depression Scale 11
(AUC=0.87 and accuracy=0.86) [40] as well as the one found
in a study in the United States that defined the success of the
intervention as a 5-point reduction in PHQ-9 or a 4-point
reduction in the General Anxiety Disorder screener-7 values
(AUC=0.60 and accuracy=0.71) [35]. Regarding anxiety, the
predictive model developed in this study had a higher
performance (accuracy=0.92) than another study that used the
Self-Rating Anxiety Scale, which did not report AUC but
reported an accuracy of 0.84.

Feature Importance
Exposure to mindfulness videos was the most important factor
in predicting the intervention’s success. This study has
demonstrated a link between the MVC intervention’s success
and exposure to mindfulness videos. It also confirms the results
of the previous MVC pilot study that proved that exposure to
mindfulness videos alone, without interaction between
participants via an online discussion forum and without weekly
videoconferencing with a coach, effectively reduced symptoms
of depression, anxiety, and stress [26]. In other words, it
indicates the ability of MVC to be deployed at a large scale
without an increase in human resources. Scalability is a critical
factor for eHealth intervention deployment in large populations.
This finding suggests that scaling up an effective e-mental health
MVC is possible in a cost-effective manner; scalability is one
of the recognized failures in eHealth implementations [42].

Practical and Policy Implications
The MVC intervention does not provide clinical support; it is
a platform that offers self-management of mental health
symptoms (depression, anxiety, and stress). The MVC
intervention proved to be effective [26-28] in reducing
symptoms of depression, anxiety, and stress in university
students. This study builds a predictive model that predicts
intervention success using sociodemographic and self-reported
measures; this will allow counseling services on university
campuses to assess the usefulness of MVC for a particular
student before taking the intervention and advise them
accordingly to use MVC or to opt for another type of
intervention. This will enable counseling services to personalize
the advice to students’ profiles and allow students to manage
their symptoms with the most appropriate intervention.

The other finding related to videos being the most important
factor in predicting intervention success confirms the ability of
MVC to be deployed at a large scale without an increase in
human resources. The number of working hours is another
important predictor of the success of the intervention. Although
the provincial governments in Canada support university
education, students must pay for their education and bear the
cost of living. Not surprisingly, they work long hours, especially
if they belong to a marginalized community. Our findings align
with other studies that suggest that longer working hours outside
the university and difficulty paying bills were recognized as
predictors of poor mental health among students [43]. In Ontario,
where the sample was taken, Statistics Canada recently reported
an increased reliance of academic institutions on students’ fees
in higher education to the extent that 54% of all college revenues
in 2019/2020 were downloaded on students, which translates
into an overall decline in public funding [44]. This situation
pushed students to longer working hours; one can argue that
since student debt has been recognized as negatively associated
with mental well-being and academic outcomes [45,46],
providing access to free higher education, supported by taxes
such as in most of Europe, could enhance students’ mental
well-being as it would relieve them from the need for long
working hours.

Strengths and Limitations
One of the strengths of this study is the ability to predict the
intervention’s success based on a few demographics and one
question about self-rated health. Hence, the predictive model
can be used in real life to indicate the suitability of online
mindfulness intervention for specific individuals and possibly
suggest alternatives if the model predicts noneffectiveness. The
excellent AUC and accuracy measures make the models suitable
for implementation and evaluation in real-life scenarios.
However, the ML models must be monitored continuously if
implemented for daily use (eg, a counseling service) [47,48].

A limitation of this study is that it relied on research done on 1
site; future research with larger samples with participants from
multiple universities and colleges would better test the
generalizability of results as it allows us to test the effectiveness
of the models on external data.

Conclusions
Our results suggest that we can build high-performing models
to predict MVC intervention effectiveness for depression,
anxiety, and stress based on simple sociodemographics and
self-reported features and that exposure to mindfulness videos
is the most important predictor for the effectiveness of the
intervention. Our findings provide evidence that scaling MVC
can be done without additional cost for support and that the
predictive models might be useful for professionals to advise
students early enough on taking the intervention or choosing
other alternatives.
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Abstract

Maintaining user engagement with mobile health (mHealth) apps can be a challenge. Previously, we developed a conceptual
model to optimize patient engagement in mHealth apps by incorporating multiple evidence-based methods, including increasing
health literacy, enhancing technical competence, and improving feelings about participation in clinical trials. This viewpoint aims
to report on a series of exploratory mini-experiments demonstrating the feasibility of testing our previously published engagement
conceptual model. We collected data from 6 participants using an app that showed a series of educational videos and obtained
additional data via questionnaires to illustrate and pilot the approach. The videos addressed 3 elements shown to relate to
engagement in health care app use: increasing health literacy, enhancing technical competence, and improving positive feelings
about participation in clinical trials. We measured changes in participants’ knowledge and feelings, collected feedback on the
videos and content, made revisions based on this feedback, and conducted participant reassessments. The findings support the
feasibility of an iterative approach to creating and refining engagement enhancements in mHealth apps. Systematically identifying
the key evidence-based elements intended to be included in an app’s design and then systematically testing the implantation of
each element separately until a satisfactory level of positive impact is achieved is feasible and should be incorporated into standard
app design. While mHealth apps have shown promise, participants are more likely to drop out than to be retained. This viewpoint
highlights the potential for mHealth researchers to test and refine mHealth apps using approaches to better engage users.

(Interact J Med Res 2024;13:e51974)   doi:10.2196/51974

KEYWORDS

adherence; app design; attrition; mHealth; user engagement; user experience; proof-of-concept

Introduction

Smartphones have a global penetration estimated at 3.9 billion
users [1], enabling mobile health (mHealth) apps to reach even
low-resource areas and underserved populations [2,3]. mHealth
apps have been developed to enable remote participation in
clinical trials [4-7] and provide health education, health
management, and other uses across the continuum from
prevention through active treatment to palliative care [8].
Decentralized clinical trials using mHealth technologies promise
faster participant accrual and a higher return on investment than
traditional site-based trials [9]. mHealth apps have been shown

to reduce inpatient readmission rates and decrease the length
of hospital stay [10]. mHealth can increase knowledge and
improve confidence and communication with health
professionals [11]. However, while participants readily sign up
for mHealth education and decentralized clinical trial apps,
retention remains a major challenge [12-14]. For mHealth apps
to succeed, users must consistently engage with them [15,16].

Engagement in mHealth apps has been conceptualized to include
behavior, cognition, and affective components [17]. However,
measures of patient engagement are underreported and lack
consistency [18,19]. Participants are more likely to drop out
than be retained despite app elements such as feedback,
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reminders, in-app support, gamification, and participant
compensation [20-23].

We developed a conceptual model to optimize patient
engagement based on different phases of the engagement process
[24]. Because digital literacy and anxiety have been shown to
be negatively correlated with engagement [25], we established
an approach to develop and test the educational components of
our conceptual model to enhance app engagement by increasing
health literacy, enhancing technical competence, and improving
feelings about clinical trials. This Viewpoint aims to report on
a series of exploratory mini-experiments, demonstrating the
feasibility of testing our engagement conceptual model.

How We Conducted the Exploratory
Mini-Experiments

Testing Design
We used a product testing approach rather than the traditional
research evaluation approach. We used a group of existing

product testers who are patients or caregivers working for
Medable to rapidly test different iterations of our educational
videos. Questionnaires were used both before and after
participants viewed the videos, and semistructured interviews
were also conducted.

Data Collection
We developed apps to collect specific data from participants
over 1 week’s duration through questionnaires available on their
smartphones before and after exposure to videos, as shown in
Table 1. The videos were based on a review of the literature
defining and studying each of these 3 target areas: health
literacy, technical competence, and feelings about participation
in clinical trials [24]. Each concept area was tested separately,
with questionnaires specific to the educational component.

Table 1. Schedule of tasks or questionnaires.

Day 6Day 5Day 4Day 3Day 2Day 1FrequencyTask or questionnaire

N/AN/AN/AN/AN/AaTask 1OnceSign up

N/AN/AN/AN/AN/ATask 2OnceDemographics (age, gender, education,
housing, race, ethnicity, location, health
condition, and notification)

N/AN/AN/AN/ATask 2eTask 3dTwice

Technology competence questions

(TAM3b CANX,c worries about pressing
the wrong button and device preference)

N/AN/AN/AN/ATask 1d,eN/AOnceTechnology competence video combined
with practice questions (video on how
to answer questions and practice ques-
tions)

N/AN/ATask 2eTask 1d,edN/AN/ATwiceHealth literacy questions (BRIEFf, own
health knowledge, clinical trial knowl-
edge, and BMI)

N/AN/ATask 1d,eN/AN/AN/AOnceHealth literacy video with knowledge
check questions (St. Luke’s University
Health Network’s video, “Wellness 101
– How to Improve Your Overall Health”;
knowledge check questions)

Task 2Task 1d,eN/AN/AN/AN/ATwiceClinical trials question (temperature
scale regarding participant’s feelings
about study participation, Figure S1 in
Multimedia Appendix 1)

Task 1d,eN/AN/AN/AN/AN/AOnceClinical trials video (National Institute
of Diabetes and Digestive and Kidney
Diseases video: “Why Should I Join a
Clinical Trial?”)

Task 3N/AN/AN/AN/AN/AOnceStudy complete

aN/A: not applicable.
bTAM3: Technology Acceptance Model 3.
cCANX: Computer Anxiety.
dSet up with an automated morning reminder: “You have new tasks available today in the Patient Engagement app!”
eSet-up with an automated 8 pm reminder: “You have uncompleted tasks in the Patient Engagement app. Please finish them before midnight!”
fBRIEF: Brief Health Literacy Screening Tool.
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In addition to collecting data through the questionnaires noted
in Table 1, we conducted individual semistructured interviews
with each participant at the end of the series of user evaluations
using a video conferencing platform. Based on feedback, we
revised specific videos and content and then conducted a second
round of feedback. In this second round, after all the questions
were answered in each section, participants were asked for
immediate feedback with the open-ended question, “What did
you think of this video?”

Recruitment
We used a product testing approach rather than a research
evaluation approach. We recruited 6 individuals from the
Medable Patient Care Network (PCN) who participated in this
product development effort from May 2022 through July 2022.
The PCN is a group of patients and caregivers who provide
insights and user feedback from their perspective for a variety
of apps being developed as products at Medable.

Ethical Considerations
This work was conducted and approved under the the Advarra
IRB (Pro00062352). PCN members were paid an hourly rate
of approximately US $150 by Medable for their work on behalf
of the network in support of Medable product development
efforts. Informed consent was obtained from all participants.
All data were deidentified.

Assessment and Interventions

Health Literacy
The Brief Health Literacy Screening Tool [26] was selected to
measure change before and after the health literacy intervention
video. This questionnaire has four items that are rated on a
5-point Likert scale from “always” to “never”: (1) How often
do you have someone help you read hospital materials? (2) How
often do you have problems learning about your medical
condition because of difficulty understanding written
information? (3) How often do you have a problem
understanding what is told to you about your medical condition?
(4) How confident are you filling out medical forms by yourself?
Two questions were asked in addition to the Brief Health
Literacy Screening Tool using a 10-point scale: “How much do
you know about your own health,” “How much do you know
about clinical trials,” and 1 true or false question: “Do you know
your body mass index (BMI)?” (Multimedia Appendix 1).

Before showing a video, a module with a knowledge check
portion was included to facilitate pre- and postvideo knowledge
comparison. St. Luke’s University Health Network’s video,
titled “Wellness 101 – How to Improve Your Overall Health”
[27] was chosen for the content area of health literacy. The
video provided 5 tips to improve an individual’s overall health.
Five knowledge-related questions based on the video were
asked. A BMI calculator was included as the final task in this
section. Participants were instructed to “Try calculating your
BMI on this website” using the CDC BMI calculator [28].

Technology Competence
We measured internet skills using a section of the Technology
Acceptance Model 3 [29]. Statements presented to the

participant included “The study website does not scare me at
all,” “Working with the study website makes me nervous,” “The
study website makes me feel uncomfortable,” and “The study
website makes me feel uneasy.” We also asked, “While using
the study website, I’m worried that I might press the wrong
button and make a mistake that crashes the program” and “I am
most comfortable using my (multi-select) iPad/Tablet, Smart
Phone (iPhone or Android), Computer, Other.”

The video we used to increase technology competence was
created in-house and showed participants examples of how to
click on checkboxes, “radio button” response buttons, or move
the cursor to a particular spot to answer different types of
questions, including multiple choice, multiple selections, and
a sliding scale. Participants were then asked to practice
answering the same type of questions on their own (Multimedia
Appendix 1 for the Technology Competence Questionnaire).

Clinical Trials
We also asked the question, “When it comes to your feelings
about participating in this study, how do you rate your comfort?”
using a scale ranging from “0, meaning no distress; totally
relaxed” to “100, reflecting the highest anxiety/distress that you
have ever felt” (Figure S1 in Multimedia Appendix 1). We
showed the video from the National Institute of Diabetes and
Digestive and Kidney Diseases, “Why Should I Join a Clinical
Trial?” [30].

Semistructured Interviews
RM and AB conducted 45-minute interviews using Zoom (Zoom
Technologies Inc) video conferencing with all 6 study
participants using semistructured guides. Open-ended questions
explored how participants felt about the process of using the
app and how they felt about the questions that were asked
through the app. A 5-point Likert scale was used to determine
whether they agreed or disagreed with several statements
focusing on how useful and informational they felt each of the
videos and questionnaires were, for example, “I found the
knowledge check questions to be useful” and “I felt less anxious
about the idea of participating in a clinical trial after completing
the knowledge check.”

Data Analysis
Given the small sample size and our product testing approach,
we used simple descriptive statistics to give us insights into the
differences between the “before” and “after” questionnaire
results. The semistructured interviews were reviewed for
commonalities.

What We Found

User Demographics
Users testing the smartphone apps ranged in age from 54 to 69
years. Of the 6 participants, 3 identified as female and 3 as male.
Five stated their race as White, 1 selected Black or African
American, and none identified as Hispanic. Participants lived
in the United States and Europe; 5 owned their homes and 1
rented. The majority (n=5) indicated they had 1 or more health
conditions, and 5 had completed at least 4 years of college. All
participants indicated they preferred to receive notifications
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before noon, 4 preferred SMS text message notifications, and
2 preferred email notifications.

Health Literacy
The mean score and SD for each survey item before and after
viewing the instructional video are listed in Table S1 in
Multimedia Appendix 1. Lower scores indicated a more positive
response for 2 of the questions, specifically, “How confident
are you filling out medical forms by yourself?” and “Do you
know your Body Mass Index (BMI)?” The mean score for each
survey item was slightly more positive after viewing the
instructional video, except for the item “How often do you have
a problem understanding what is told to you about your medical
condition?” However, the SD was greater than the change in
mean scores, indicating that it could be due to chance. There
were no changes in questionnaire responses before and after
watching the instructional video for 3 of the 6 participants,
improvement in 2 questions and a decline in 1 question for 1
participant, improvement in 4 questions and no change in 3
questions for 1 participant, and improvement in knowledge of
their overall health and a decline in the clinical trial knowledge
item for 1 participant.

Participants’ feedback from the semistructured interviews
revealed negative feelings toward the video “Wellness 101 –
How to Improve Your Overall Health.” One participant
described the video as “juvenile,” while another noted concerns
that some participants might object to the health video if they
already smoke or have a high BMI. All participants agreed or
strongly agreed to the question, “I found the knowledge check
questions to be useful.” In total, 4 of the 6 participants neither
agreed nor disagreed with the statement, “I felt less anxious
about the idea of participating in a clinical trial after completing
the knowledge check.” Participants liked the alternative health
literacy video, “5 Ways to Make the Most of Your Doctor Visit”
[31].

Technology Competence
The mean scores for all items were more positive after viewing
the video. The scores for 3 participants improved after watching
the instructional video but declined for 2 participants. There
was no change for 1 participant (Table S1 in Multimedia
Appendix 1).

Participants (N=6) shared positive feedback about the video
showing how to answer and practice questions. When asked,
“Watching somebody else demonstrate how to answer questions
made me feel like I knew what was expected of me in the study,”
participants answered, “agree” (2 participants) and “strongly
agree” (4 participants). Additionally, participants answered
“strongly agree” (4 participants) to the survey, “Practicing
answering questions on my own made me feel less anxious
about participating in the study.” Some participants felt the
questions in this section were redundant and thought all the
questions could be combined into 1 question. In addition,
participants thought the questions felt negative with the
emphasis on the terms “anxious” and “nervous” and suggested
changing the questions to make them seem more positive. One
participant suggested making the technology anxiety section

optional for those who feel more comfortable using the study
website.

Clinical Trials
Mean scores were slightly higher prior to viewing the
instructional video compared with after the video. One
participant improved by 10 points, 1 decreased by 10 points,
and the other 4 stayed the same.

Participants had positive things to say about the video “Why
Should I Join a Clinical Trial?” [30] When asked, “I found the
video to be useful,” 2 participants answered “agree” and 4
answered “strongly agree.”

Additional Overall User Feedback
The participants had several specific suggestions. One
participant suggested making sure that the videos were clearly
specific to diseases or therapy areas in the trial and gave specific
information on the trial structure. Two participants suggested
including additional content on participant safety. We did an
ad hoc assessment of this suggestion and sent the National
Cancer Institute’s “Patient Safety in Clinical Trials” video for
feedback [32]. The majority (n=5) participants liked the video.
The National Institute of Mental Health’s video, “What are the
risks and benefits of participating in clinical research?” was
also considered [33]. Most (n=4) participants liked the video
and 2 did not. Some participants thought the video was juvenile
and better for children or young adults. Others also thought the
video did not explain concepts such as placebos well. In
response to this feedback, the following resources from the
National Institute on Aging were added: “What are Clinical
Trials and Studies?” [34] and “Clinical Research Benefits, Risks
and Safety” [35], after which we sought a second round of
feedback. Most participants (n=5) liked the additional resources.

Discussion

Key Lessons
Maintaining continuous and complete use of mHealth apps has
remained a persistent problem that has not yielded even
sophisticated solutions such as timed and individualized user
messaging. A newer and evolving understanding of the
foundational importance of user engagement with mHealth
suggests that this problem comes from a lack of appreciation
by mHealth app designers of the complex and multicomponent
structures behind user engagement. We have built on prior
knowledge and work to develop a model of engagement that
accounts for the complexity of engagement [24].

This viewpoint was an exploratory study to determine the
feasibility of this approach and to guide the refinement of this
interactive test strategy. We learned several key lessons: (1)
Specificity—the participants endorsed the recommendation that
the interventions should be specific to the educational needs of
the target of the mHealth app. The most positive feedback was
given to the video we developed de novo to teach participants
the technical competence required to correctly and effectively
use the app to report their evaluations. (2) Attention to
inadvertent adverse affective variables—the participants noted
the importance of avoiding or rephrasing medical terms that
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could be seen as demeaning by some participants (eg, obesity,
age, and infirmity). (3) Individualization—the participants
clearly reflected different levels of need for improving their
technical competence and health literacy. Our results indicate
the potential importance of personalization in health app design
addressing individuals’ levels of need and cultural and personal
sensitivities. For example, a way to allow more individualization
is to allow users to potentially opt out of certain learning features
if they do not think they need them.

Comparison With Prior Work
Other studies have assessed how to adjust apps to increase
engagement. One study found positive effects on adherence
from personalization or tailoring of the app content to users’
needs, push notification reminders, user-friendly design, and
personal support along with digital intervention [36]. However,
the high dropout rate in app usage remains a major challenge
[37]. A recent literature review found that despite factors such
as appropriate reminders and feedback, app participants were
more likely to drop out than be retained [20]. App literacy skills
have been identified as a major factor in the uptake and
engagement of smartphone apps [38]. Although we identified
studies recommending web-based interventions to increase
health literacy and technical skills [39,40], we have not found
other studies testing approaches to increase those skills.

Limitations and Strengths
Our sample size was limited to 6 participants, 5 of whom were
highly educated. We were unable to use any statistical
significance measures because of the small sample size or draw
conclusions that would apply to a larger population. Our highly
educated sample is a limitation because these individuals may
have better digital literacy than the general population. The

main goal of our series of mini-experiments was to assess the
feasibility of our approach and see whether we could retain the
interest of the participants and obtain useful feedback on the
interventions, which was successful. This type of testing is
intended to evaluate tailored iterations of the app after gathering
rapid participant feedback, with the ultimate goal of developing
an app that will engage users. The next phase of our work will
be to undertake the systematic testing of each component of
this model in a larger and more diverse sample. We will then
be able to refine the interventional enhancements for those
components for a broader population. Ultimately, the functional
use of this approach requires much larger, population-specific
samples.

Conclusions
To fulfill the promise of mHealth apps to improve health
outcomes, apps need to be improved so they reduce participant
attrition. Health care apps do not work for people who do not
use them. To date, app feedback, notifications and reminders,
in-app support, gamification, and participant compensation have
not been consistently successful in eliminating participant
dropout. This study highlights the potential to develop and refine
mHealth apps using evidence-based interventions derived from
a broad range of behavioral and social science to increase
engagement as a way of improving participant retention. This
viewpoint highlights the potential for mHealth researchers to
test and refine mHealth apps using approaches to better engage
users. The preliminary experience reported in this viewpoint
supports the feasibility of this iterative approach to create and
refine engagement interventional enhancements for each element
of the multidimensional, multicomponent theory of the
engagement process.

 

Acknowledgments
We thank members of the Medable Patient Care Network for their valuable input and critical insights. No artificial intelligence
products were used to develop questionnaires, interventions, analysis, or write any of this manuscript. Research reported in this
publication was partially supported by the National Cancer Institute of the National Institutes of Health under contract numbers
HHSN261201700030C and HHSN261201800010C. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.

Data Availability
The data sets generated and analyzed during this study are not publicly available due to the data release requirements of the Patient
Care Network and the intellectual property associated with this work but are available from the corresponding author on reasonable
request.

Authors' Contributions
RM, AB, JPD, and IO-G conceived the mini-experiments designed to test the model developed by JPD and IO-G. RM and AB
developed the app to collect data, coordinated with the Patient Care Network, and collected and analyzed the data. RM, JPD,
IO-G, and SWD wrote the first draft of the manuscript. All authors reviewed and edited the manuscript and approved the final
version of the manuscript.

Conflicts of Interest
RM, JPD, SWD, and AB were employed by Medable at the time the data collection and manuscript writing was done. ML and
IOG are currently employed at Medable. Medable is a clinical trial software-as-a-service platform and evidence-generation
company and supported the authors’ conduct of this work without interference.

Interact J Med Res 2024 | vol. 13 | e51974 | p.27https://www.i-jmr.org/2024/1/e51974
(page number not for citation purposes)

Monachelli et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
Study questionnaires and responses.
[DOCX File , 158 KB - ijmr_v13i1e51974_app1.docx ]

References
1. Newzoo global mobile market report 2021. Newzoo. 2021. URL: https://newzoo.com/insights/trend-reports/

newzoo-global-mobile-market-report-2021-free-version [accessed 2023-07-18]
2. Purnell JQ, Griffith J, Eddens KS, Kreuter MW. Mobile technology, cancer prevention, and health status among diverse,

low-income adults. Am J Health Promot 2014;28(6):397-402 [FREE Full text] [doi: 10.4278/ajhp.120816-ARB-396]
[Medline: 24200336]

3. Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di Maggio S. mHealth technology use and implications in historically
underserved and minority populations in the United States: systematic literature review. JMIR Mhealth Uhealth
2018;6(6):e128 [FREE Full text] [doi: 10.2196/mhealth.8383] [Medline: 29914860]

4. Dorsey ER, Kluger B, Lipset CH. The new normal in clinical trials: decentralized studies. Ann Neurol 2020;88(5):863-866.
[doi: 10.1002/ana.25892] [Medline: 32869367]

5. Sarraju A, Seninger C, Parameswaran V, Petlura C, Bazouzi T, Josan K, et al. Pandemic-proof recruitment and engagement
in a fully decentralized trial in atrial fibrillation patients (DeTAP). NPJ Digit Med 2022;5(1):80 [FREE Full text] [doi:
10.1038/s41746-022-00622-9] [Medline: 35764796]

6. Sessa C, Cortes J, Conte P, Cardoso F, Choueiri T, Dummer R, et al. The impact of COVID-19 on cancer care and oncology
clinical research: an experts' perspective. ESMO Open 2022;7(1):100339 [FREE Full text] [doi:
10.1016/j.esmoop.2021.100339] [Medline: 34953404]

7. Patel S, Goldsack JC, Cordovano G, Downing A, Fields KK, Geoghegan C, et al. Advancing digital health innovation in
oncology: priorities for high-value digital transformation in cancer care. J Med Internet Res 2023;25:e43404 [FREE Full
text] [doi: 10.2196/43404] [Medline: 36598811]

8. Davis SW, Oakley-Girvan I. mHealth education applications along the cancer continuum. J Cancer Educ 2015;30(2):388-394.
[doi: 10.1007/s13187-014-0761-4] [Medline: 25482319]

9. DiMasi JA, Smith Z, Oakley-Girvan I, Mackinnon A, Costello M, Tenaerts P, et al. Assessing the financial value of
decentralized clinical trials. Ther Innov Regul Sci 2023;57(2):209-219 [FREE Full text] [doi: 10.1007/s43441-022-00454-5]
[Medline: 36104654]

10. Bruce CR, Harrison P, Nisar T, Giammattei C, Tan NM, Bliven C, et al. Assessing the impact of patient-facing mobile
health technology on patient outcomes: retrospective observational cohort study. JMIR Mhealth Uhealth 2020;8(6):e19333
[FREE Full text] [doi: 10.2196/19333] [Medline: 32589161]

11. Tuvesson H, Eriksén S, Fagerström C. mHealth and engagement concerning persons with chronic somatic health conditions:
integrative literature review. JMIR Mhealth Uhealth 2020;8(7):e14315 [FREE Full text] [doi: 10.2196/14315] [Medline:
32706686]

12. Pratap A, Neto EC, Snyder P, Stepnowsky C, Elhadad N, Grant D, et al. Indicators of retention in remote digital health
studies: a cross-study evaluation of 100,000 participants. NPJ Digit Med 2020;3:21 [FREE Full text] [doi:
10.1038/s41746-020-0224-8] [Medline: 32128451]

13. Druce KL, Dixon WG, McBeth J. Maximizing engagement in mobile health studies: lessons learned and future directions.
Rheum Dis Clin North Am 2019;45(2):159-172 [FREE Full text] [doi: 10.1016/j.rdc.2019.01.004] [Medline: 30952390]

14. Kaveladze BT, Wasil AR, Bunyi JB, Ramirez V, Schueller SM. User experience, engagement, and popularity in mental
health apps: secondary analysis of app analytics and expert app reviews. JMIR Hum Factors 2022;9(1):e30766 [FREE Full
text] [doi: 10.2196/30766] [Medline: 35099398]

15. Serrano KJ, Coa KI, Yu M, Wolff-Hughes DL, Atienza AA. Characterizing user engagement with health app data: a data
mining approach. Transl Behav Med 2017;7(2):277-285 [FREE Full text] [doi: 10.1007/s13142-017-0508-y] [Medline:
28616846]

16. Trifan A, Oliveira M, Oliveira JL. Passive sensing of health outcomes through smartphones: systematic review of current
solutions and possible limitations. JMIR Mhealth Uhealth 2019;7(8):e12649 [FREE Full text] [doi: 10.2196/12649] [Medline:
31444874]

17. Kelders SM, van Zyl LE, Ludden GDS. The concept and components of engagement in different domains applied to eHealth:
a systematic scoping review. Front Psychol 2020;11:926 [FREE Full text] [doi: 10.3389/fpsyg.2020.00926] [Medline:
32536888]

18. Madujibeya I, Lennie T, Aroh A, Chung ML, Moser D. Measures of engagement with mHealth interventions in patients
with heart failure: scoping review. JMIR Mhealth Uhealth 2022;10(8):e35657 [FREE Full text] [doi: 10.2196/35657]
[Medline: 35994345]

19. Pham Q, Graham G, Carrion C, Morita PP, Seto E, Stinson JN, et al. A library of analytic indicators to evaluate effective
engagement with consumer mHealth apps for chronic conditions: scoping review. JMIR Mhealth Uhealth 2019;7(1):e11941
[FREE Full text] [doi: 10.2196/11941] [Medline: 30664463]

Interact J Med Res 2024 | vol. 13 | e51974 | p.28https://www.i-jmr.org/2024/1/e51974
(page number not for citation purposes)

Monachelli et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ijmr_v13i1e51974_app1.docx&filename=df651ae8229772986750afd1e69af1ce.docx
https://jmir.org/api/download?alt_name=ijmr_v13i1e51974_app1.docx&filename=df651ae8229772986750afd1e69af1ce.docx
https://newzoo.com/insights/trend-reports/newzoo-global-mobile-market-report-2021-free-version
https://newzoo.com/insights/trend-reports/newzoo-global-mobile-market-report-2021-free-version
https://europepmc.org/abstract/MED/24200336
http://dx.doi.org/10.4278/ajhp.120816-ARB-396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24200336&dopt=Abstract
https://mhealth.jmir.org/2018/6/e128/
http://dx.doi.org/10.2196/mhealth.8383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29914860&dopt=Abstract
http://dx.doi.org/10.1002/ana.25892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32869367&dopt=Abstract
https://doi.org/10.1038/s41746-022-00622-9
http://dx.doi.org/10.1038/s41746-022-00622-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35764796&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2059-7029(21)00301-X
http://dx.doi.org/10.1016/j.esmoop.2021.100339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34953404&dopt=Abstract
https://www.jmir.org/2023//e43404/
https://www.jmir.org/2023//e43404/
http://dx.doi.org/10.2196/43404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36598811&dopt=Abstract
http://dx.doi.org/10.1007/s13187-014-0761-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25482319&dopt=Abstract
https://europepmc.org/abstract/MED/36104654
http://dx.doi.org/10.1007/s43441-022-00454-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36104654&dopt=Abstract
https://mhealth.jmir.org/2020/6/e19333/
http://dx.doi.org/10.2196/19333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32589161&dopt=Abstract
https://mhealth.jmir.org/2020/7/e14315/
http://dx.doi.org/10.2196/14315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706686&dopt=Abstract
https://doi.org/10.1038/s41746-020-0224-8
http://dx.doi.org/10.1038/s41746-020-0224-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128451&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0889-857X(19)30004-3
http://dx.doi.org/10.1016/j.rdc.2019.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30952390&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e30766/
https://humanfactors.jmir.org/2022/1/e30766/
http://dx.doi.org/10.2196/30766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35099398&dopt=Abstract
https://europepmc.org/abstract/MED/28616846
http://dx.doi.org/10.1007/s13142-017-0508-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28616846&dopt=Abstract
https://mhealth.jmir.org/2019/8/e12649/
http://dx.doi.org/10.2196/12649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31444874&dopt=Abstract
https://europepmc.org/abstract/MED/32536888
http://dx.doi.org/10.3389/fpsyg.2020.00926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32536888&dopt=Abstract
https://mhealth.jmir.org/2022/8/e35657/
http://dx.doi.org/10.2196/35657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35994345&dopt=Abstract
https://mhealth.jmir.org/2019/1/e11941/
http://dx.doi.org/10.2196/11941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664463&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Amagai S, Pila S, Kaat AJ, Nowinski CJ, Gershon RC. Challenges in participant engagement and retention using mobile
health apps: literature review. J Med Internet Res 2022;24(4):e35120 [FREE Full text] [doi: 10.2196/35120] [Medline:
35471414]

21. Mustafa AS, Ali N, Dhillon JS, Alkawsi G, Baashar Y. User engagement and abandonment of mHealth: a cross-sectional
survey. Healthcare (Basel) 2022;10(2):221 [FREE Full text] [doi: 10.3390/healthcare10020221] [Medline: 35206837]

22. Oakley-Girvan I, Lavista JM, Miller Y, Davis S, Acle C, Hancock J, et al. Evaluation of a mobile device survey system
for behavioral risk factors (SHAPE): app development and usability study. JMIR Form Res 2019;3(1):e10246 [FREE Full
text] [doi: 10.2196/10246] [Medline: 30684441]

23. Oakley-Girvan I, Yunis R, Longmire M, Ouillon JS. What works best to engage participants in mobile app interventions
and e-health: a scoping review. Telemed J E Health 2022;28(6):768-780 [FREE Full text] [doi: 10.1089/tmj.2021.0176]
[Medline: 34637651]

24. Oakley-Girvan I, Docherty JP. A new approach to enhancing engagement in eHealth apps. Interact J Med Res
2022;11(2):e38886 [FREE Full text] [doi: 10.2196/38886] [Medline: 36279587]

25. Lepore SJ, Rincon MA, Buzaglo JS, Golant M, Lieberman MA, Bass SB, et al. Digital literacy linked to engagement and
psychological benefits among breast cancer survivors in internet-based peer support groups. Eur J Cancer Care (Engl)
2019;28(4):e13134 [FREE Full text] [doi: 10.1111/ecc.13134] [Medline: 31318132]

26. Haun J, Noland-Dodd V, Varnes J, Graham-Pole J, Rienzo B, Donaldson P. Testing the BRIEF health literacy screening
tool. Fed Pract 2009;26(12):24-31 [FREE Full text]

27. Wellness 101 – how to improve your overall health. St. Luke's University Health Network YouTube page. 2019. URL:
https://www.youtube.com/watch?v=_nuDp-fded8 [accessed 2024-03-01]

28. Adult BMI calculator. Centers for Disease Control and Prevention. URL: https://www.cdc.gov/healthyweight/assessing/
bmi/adult_bmi/english_bmi_calculator/bmi_calculator.html [accessed 2023-07-18]

29. Venkatesh V, Bala H. Technology acceptance model 3 and a research agenda on interventions. Decis Sci 2008;39(2):273-315
[FREE Full text] [doi: 10.1111/j.1540-5915.2008.00192.x]

30. Rodgers GP. Why should I join a clinical trial? National Institute of Diabetes and Digestive and Kidney Disease YouTube
page. 2019. URL: https://www.youtube.com/watch?v=36Sd8WpgR94 [accessed 2024-03-01]

31. 5 ways to make the most of your doctor visit. National Institute on Aging YouTube page. URL: https://www.youtube.com/
watch?v=BincCVl-YsI [accessed 2023-07-18]

32. Are clinical trials safe? National Cancer Institute. URL: https://www.cancer.gov/about-cancer/treatment/clinical-trials/
patient-safety [accessed 2023-07-19]

33. What are the risks and benefits of participating in clinical research? National Institute of Mental Health. URL: https://www.
nimh.nih.gov/news/media/2021/what-are-the-risks-and-benefits-of-participating-in-clinical-research [accessed 2023-07-19]

34. What are clinical trials and studies? National Institute on Aging. URL: https://www.nia.nih.gov/health/
what-are-clinical-trials-and-studies#:~:text=Clinical%20trials%20are%20research%20studies,safe%20and%20effective%20in%20people
[accessed 2023-07-19]

35. Clinical research: benefits, risks, and safety. National Institute on Aging. URL: https://www.nia.nih.gov/health/
clinical-research-benefits-risks-and-safety [accessed 2023-07-19]

36. Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et al. Factors influencing adherence to mHealth apps for
prevention or management of noncommunicable diseases: systematic review. J Med Internet Res 2022;24(5):e35371 [FREE
Full text] [doi: 10.2196/35371] [Medline: 35612886]

37. Sim I. Mobile devices and health. N Engl J Med 2019;381(10):956-968. [doi: 10.1056/NEJMra1806949] [Medline: 31483966]
38. Szinay D, Jones A, Chadborn T, Brown J, Naughton F. Influences on the uptake of and engagement with health and

well-being smartphone apps: systematic review. J Med Internet Res 2020;22(5):e17572 [FREE Full text] [doi: 10.2196/17572]
[Medline: 32348255]

39. Moon Z, Zuchowski M, Moss-Morris R, Hunter MS, Norton S, Hughes LD. Disparities in access to mobile devices and
e-health literacy among breast cancer survivors. Support Care Cancer 2022;30(1):117-126 [FREE Full text] [doi:
10.1007/s00520-021-06407-2] [Medline: 34236506]

40. O'Connor S, Hanlon P, O'Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak 2016;16(1):120 [FREE Full text] [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

Abbreviations
mHealth: mobile health
PCN: Patient Care Network

Interact J Med Res 2024 | vol. 13 | e51974 | p.29https://www.i-jmr.org/2024/1/e51974
(page number not for citation purposes)

Monachelli et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/4/e35120/
http://dx.doi.org/10.2196/35120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35471414&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10020221
http://dx.doi.org/10.3390/healthcare10020221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35206837&dopt=Abstract
https://formative.jmir.org/2019/1/e10246/
https://formative.jmir.org/2019/1/e10246/
http://dx.doi.org/10.2196/10246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684441&dopt=Abstract
https://europepmc.org/abstract/MED/34637651
http://dx.doi.org/10.1089/tmj.2021.0176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34637651&dopt=Abstract
https://www.i-jmr.org/2022/2/e38886/
http://dx.doi.org/10.2196/38886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36279587&dopt=Abstract
https://europepmc.org/abstract/MED/31318132
http://dx.doi.org/10.1111/ecc.13134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31318132&dopt=Abstract
https://cdn.mdedge.com/files/s3fs-public/Document/September-2017/026120024.pdf
https://www.youtube.com/watch?v=_nuDp-fded8
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/english_bmi_calculator/bmi_calculator.html
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/english_bmi_calculator/bmi_calculator.html
https://doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
https://www.youtube.com/watch?v=36Sd8WpgR94
https://www.youtube.com/watch?v=BincCVl-YsI
https://www.youtube.com/watch?v=BincCVl-YsI
https://www.cancer.gov/about-cancer/treatment/clinical-trials/patient-safety
https://www.cancer.gov/about-cancer/treatment/clinical-trials/patient-safety
https://www.nimh.nih.gov/news/media/2021/what-are-the-risks-and-benefits-of-participating-in-clinical-research
https://www.nimh.nih.gov/news/media/2021/what-are-the-risks-and-benefits-of-participating-in-clinical-research
https://www.nia.nih.gov/health/what-are-clinical-trials-and-studies#:~:text=Clinical%20trials%20are%20research%20studies,safe%20and%20effective%20in%20people
https://www.nia.nih.gov/health/what-are-clinical-trials-and-studies#:~:text=Clinical%20trials%20are%20research%20studies,safe%20and%20effective%20in%20people
https://www.nia.nih.gov/health/clinical-research-benefits-risks-and-safety
https://www.nia.nih.gov/health/clinical-research-benefits-risks-and-safety
https://www.jmir.org/2022/5/e35371/
https://www.jmir.org/2022/5/e35371/
http://dx.doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612886&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1806949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31483966&dopt=Abstract
https://www.jmir.org/2020/5/e17572/
http://dx.doi.org/10.2196/17572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348255&dopt=Abstract
https://europepmc.org/abstract/MED/34236506
http://dx.doi.org/10.1007/s00520-021-06407-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34236506&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0359-3
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach, T de Azevedo Cardoso; submitted 18.08.23; peer-reviewed by S Amagai, B Oh, C Latkin; comments to author
17.10.23; revised version received 14.11.23; accepted 27.02.24; published 26.03.24.

Please cite as:
Monachelli R, Davis SW, Barnard A, Longmire M, Docherty JP, Oakley-Girvan I
Designing mHealth Apps to Incorporate Evidence-Based Techniques for Prolonging User Engagement
Interact J Med Res 2024;13:e51974
URL: https://www.i-jmr.org/2024/1/e51974 
doi:10.2196/51974
PMID:38416858

©Rebecca Monachelli, Sharon Watkins Davis, Allison Barnard, Michelle Longmire, John P Docherty, Ingrid Oakley-Girvan.
Originally published in the Interactive Journal of Medical Research (https://www.i-jmr.org/), 26.03.2024. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Interactive Journal of Medical Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.i-jmr.org/, as well as this copyright and license information must be included.

Interact J Med Res 2024 | vol. 13 | e51974 | p.30https://www.i-jmr.org/2024/1/e51974
(page number not for citation purposes)

Monachelli et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.i-jmr.org/2024/1/e51974
http://dx.doi.org/10.2196/51974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38416858&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Viewpoint

Using Routine Data to Improve Lesbian, Gay, Bisexual, and
Transgender Health

Catherine L Saunders1, MBBS, PhD
Department of Psychiatry, University of Cambridge, Cambridge, United Kingdom

Corresponding Author:
Catherine L Saunders, MBBS, PhD
Department of Psychiatry
University of Cambridge
Herchel Smith Building, Forvie Site
Robinson Way, Cambridge Biomedical Campus
Cambridge, CB2 0SZ
United Kingdom
Phone: 44 1223337106
Email: cs834@medschl.cam.ac.uk

Abstract

The collection of sexual orientation in routine data, generated either from contacts with health services or in infrastructure data
resources designed and collected for policy and research, has improved substantially in the United Kingdom in the last decade.
Inclusive measures of gender and transgender status are now also beginning to be collected. This viewpoint considers current
data collections, and their strengths and limitations, including accessing data, sample size, measures of sexual orientation and
gender, measures of health outcomes, and longitudinal follow-up. The available data are considered within both sociopolitical
and biomedical models of health for individuals who are lesbian, gay, bisexual, transgender, queer, or of other identities including
nonbinary (LGBTQ+). Although most individual data sets have some methodological limitations, when put together, there is
now a real depth of routine data for LGBTQ+ health research. This paper aims to provide a framework for how these data can
be used to improve health and health care outcomes. Four practical analysis approaches are introduced—descriptive epidemiology,
risk prediction, intervention development, and impact evaluation—and are discussed as frameworks for translating data into
research with the potential to improve health.

(Interact J Med Res 2024;13:e53311)   doi:10.2196/53311
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Introduction

Research into health for individuals who are lesbian, gay,
bisexual, transgender, queer, or of other identities including
nonbinary (LGBTQ+) has consistently found that these
populations experience poorer outcomes [1], with particularly
strong and consistent evidence around poorer mental health for
lesbian, gay, and bisexual adults [2]. LGBTQ+ health research
typically uses 2 broad frameworks, sociopolitical or
psychosocial models (where experiences of discrimination,
victimization, stigma, and harassment are central to our
understanding of health), and models of clinical, biomedical,
and lifestyle risk factors [3]. Sexual health and HIV research
falls mostly within biomedical frameworks; in practice,
inequalities are interconnected [4,5]. Experiences of
discrimination, harassment, and stigma have a profound impact

on clinical health outcomes for LGBTQ+ communities [6].
Poorer health care access and quality among vulnerable groups
exacerbate these impacts [7,8].

Data-driven LGBTQ+ health research has historically been
based on convenience or purposive, rather than population-based
samples [9], even in large-scale studies such as the National
LGBT Survey in 2018 [1]. The collection of data on sexual
orientation, gender, and transgender status has not been
prioritized in routine sources [3]. Challenges in identifying
understandable, meaningful, and acceptable measures, and
concerns about LGBTQ+ respondents being able to answer
questions safely, have been additional barriers to data collection
[10].

However, data are improving [11]. The Equality Act in 2010
placed a statutory duty on public bodies in the United Kingdom
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to publish equality outcomes and report on progress in
addressing disadvantage experiences by (among other
characteristics) sexual orientation and gender reassignment [12],
which had a strong positive impact. The Office for National
Statistics has carried out development work on measures [13],
and although the census in 2011 did not include questions about
sexual orientation and transgender status, in part because of the
concerns about respondent safety [10], by 2021 questions on
both were included, with instruction statements that the
questions were voluntary. In general, data collection for sexual
orientation is more established than collection of data on
transgender status and gender, although, for both, collections
are improving.

This paper aims to provide a guide for how these improvements
in routine data collection can potentially translate to improved
health and health care outcomes.

Pathways From Data to Improved Health

LGBTQ+ health research using routine data sits within wider
health data science research frameworks which are designed to
leverage person-level routine health data (collected either from
routine contacts with services or from infrastructure data
resources designed and collected for policy and research) to
improve outcomes [14]. Analyses fall under four broad
translational pathways: (1) descriptive epidemiology, (2) risk
prediction, (3) informing innovation and improvement, and (4)
impact evaluation.

These pathways have the potential to improve outcomes by (1)
providing evidence to inform policy and practice (descriptive
epidemiology), (2) better targeting of interventions and
understanding of population health needs (risk prediction), (3)
more rational health service developments (intervention
development), and (4) information on effectiveness informing
commissioning or funding decisions (impact evaluation),
respectively.

Health data science as a field has struggled with equality,
diversity, and inclusion [15] and there are problems across the
whole discipline. Algorithmic biases in risk prediction models,
including in how models are developed, with differentially
poorer functioning for minoritized groups, or inequitable
outcomes when the models are implemented, are currently a
particular area of concern [16,17]. In addition, missing data
contribute not only to poorer risk model development, but to a
lack of basic descriptive epidemiology, informed intervention
development, or equalities impact evaluation. For LGBTQ+
health research using routine data, the pathways to improved
outcomes are the same, as are the challenges of missing data
[18].

Data

There are 5 groups or types of routine UK data sources—where
information about sexual orientation and gender or transgender
status are either well established or now starting to be recorded,
beginning to address this lack of data. In the same way that
LGBTQ+ health research balances both societal and biomedical
models the data sources, which now include a collection of

sexual orientation (more likely) or gender and transgender status
(beginning to be introduced) reflect a balance of routine data
from social and health sources. The five groups are (1) social
science or societal data collections (including Understanding
Society [19], birth cohort studies [20], educational cohort studies
[21], and census data); (2) general and specific health surveys
primarily designed to understand population health (including
the Health Survey for England [22] and the National Survey of
Sexual Attitudes and Lifestyles (NATSAL) [23]); (3) health
services or patient surveys primarily designed for health service
quality improvement (including the General Practice Patient
Survey [24,25] and the Cancer Patient Experience Survey [26]);
(4) health cohort studies (UK Biobank [27] and Our Future
Health [28]); and (5) health records (including primary care
research databases such as the Clinical Practice Research
Datalink [29,30], and secondary and community services data
sets, including the improving access to psychological therapies
and mental health services data sets [31], and registry data, for
example, cancer registry data [32]).

Put together, the data are starting to form a comprehensive
collection but for each resource, there are strengths and
limitations or challenges. For example, the Equality and Human
Rights Commission was able to draw on quantitative evidence
and data about sexual orientation and gender reassignment in
work, education, and health in the State of the Nation report on
equality and human rights in Britain published in November
2023 [33]. However, data access, sample size, measures of
sexual orientation, gender, and health outcomes, and the ability
to carry out longitudinal analysis and data quality vary across
sources.

In terms of access to data, social science collections are
primarily accessed without cost through the UK Data Archive;
for sensitive fields, which often include sexual orientation or
gender and transgender status, additional safeguards are in place.
The UK Biobank and Our Future Health are 2 large biomedical
data research cohorts accessed through trusted research
environments (secure data hosting platforms) with relatively
low but nonzero costs to researchers [28,34]. For all sources,
access to data can require time and perseverance [11]. In terms
of longitudinal follow-up, the UK Biobank is a mature cohort
study, for which recruitment began in 2006 before sexual
orientation and transgender status were routinely collected.
Questions are included instead about sexual history, which
provides some insight [34]. In contrast, Our Future Health for
which recruitment began in 2022 has an inclusive gender
question and questions about both sexual history and sexual
orientation but only baseline data collection to date (recruitment
is ongoing) [28].

Sample size is often a trade-off with detail. Understanding
Society is a household panel survey designed to provide
estimates about how life in the United Kingdom is changing
and what stays the same over many years, with linked health
and social data [19,35]. In common with other longitudinal and
cohort data collections, the sample size is relatively small (about
40,000 people at baseline), compared, for example, to the
General Practice Patient Survey which is a large cross-sectional
survey designed to evaluate health care quality, which has a
much larger sample size (about 700,000 responses) but with
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much less nuanced health and particularly, social measures
recorded.

Pooling data across sources is an approach to increasing sample
size [36], and again resources are improving, estimates across
an in-depth range of health outcomes from the Health Survey
for England using data from across 7 years have recently been
published [22].

Data from electronic health records (EHRs), or data routinely
recorded as part of clinical or health care encounters offer both
detailed health outcome data and large sample size. The
challenge is often that for EHR data collections, in contrast with
research data infrastructure resources, or survey-based health
data collections, measurement of sexual orientation and gender
or transgender status is less good. In part, this is because these
are resources not designed for research but primarily collected
as clinical documentation. Pilots have begun to improve
recording, to support audit and quality improvement. However,
given both historic discrimination experienced by the LGBTQ+
community based on sexual orientation recording in medical
records, and the interpersonal interlinking of recording and
coming out to a care provider [37,38], this solution to data
improvement is not simply a neutral administrative process.
The reluctance of health care providers to ask about sexual
orientation is a second barrier [39]. Recent research using EHR
has provided insight by looking at transgender patients in
primary care records based on prescribing and clinical codes,
and this is an exciting area of progress [29,30]. These
approaches have their own challenges, however, with historic
clinical codes including outdated and discriminatory terminology
still present in some older coded EHR records [18]. Legal
barriers to identifying transgender patients after transition
provide a further barrier to research using EHR; legislative
changes have been required for recent quantitative analyses
[40].

There are notable areas where data are poorer. Data governance
and ethical challenges mean that data collections are much less
likely to collect information on sexual orientation or gender
from children. For example, some research studies have used
proxies or less detailed response options where exact measures
of ethnicity, gender identity, or disability cannot be asked [41].
Although HIV and sexual health research are well-studied topics
in LGBTQ+ health research overall [42], routine data are usually
more strongly safeguarded and less available for research,
although measured in some collections.

Applied Methodology

The improvement in data collection for LGBTQ+ health research
in the last decade mean that the applied methodological research
around the use of these data is also developing. Questions about
the longitudinal consistency of self-reported sexual orientation
and history have been explored; changes are more frequently
reported at younger ages [34,43,44]. For sexual orientation,
missing data have reduced over time since the question has been
routinely introduced in surveys [45]. Secular trends are also
being better understood [44,45], meaning that age, period, and
cohort effects in LGBTQ+ health research can begin to be
untangled [24]. Differential item functioning for new questions

among groups for whom English is a second language is a
current area of concern for new gender questions, although this
is unlikely to be a methodological issue specific to these
particular items. The challenges of longitudinal consistency in
question wording needing to be balanced against requirements
for relevant and up-to-date survey items is again a
methodological challenge not specifically limited to questions
about sexual orientation and gender. New, nuanced, tools for
understanding gender are beginning to be developed [46];
however, space constraints in surveys mean that often only
single items are asked. While free text or more in-depth response
options (or allowing multiple rather than single responses) are
more inclusive [47,48], these nuanced data are often excluded
from quantitative reporting. Data for people who identify as
asexual are very limited, as are data for people with variations
in sexual characteristics.

How Have These Data Translated Into
Applied Research?

As LGBTQ+ routine data are improving, the insights that come
from descriptive epidemiological LGBTQ+ health research are
also developing. For example, historically, studies using routine
data have been able to consider cancer risk factors such as,
smoking and alcohol consumption [49-51], more easily than
rarer cancer outcomes such as incidence. Limited sample size
and poorer measurement of outcomes mean that earlier studies
looking at cancer were cross-sectional and could only consider
cancer prevalence without disaggregation by diagnosis [52].
Larger cross-sectional data sets have allowed disaggregation of
diagnoses among lesbian, gay, and bisexual patients with cancer,
identifying disparities primarily in HIV and human
papillomavirus–associated cancers [26]. More recent work has
for the first time in the United Kingdom been able to look at
the impact of higher smoking prevalence identified in earlier
studies on lung cancer incidence, using the UK Biobank resource
[53], connecting both biomedical and sociopolitical frameworks;
the LGBTQ+ community has historically been targeted by
tobacco marketing.

Inequalities in LGBTQ+ mental health outcomes have also been
well established through a series of studies and meta-analyses
using routine data from the United Kingdom [54]. In our recent
work collaboratively exploring LGBTQ+ research priorities,
intersectionality (understanding the interdependent and
overlapping systems of discrimination and disadvantage) was
identified as an area of research need; and race, ethnicity, and
socioeconomic inequalities were particularly highlighted [55].
Larger sample sizes mean that intersectionality can now begin
to be explored quantitatively [56]; newer longitudinal collections
are providing additional insight [57].

Again, it is not just biomedical models that are important.
Routine educational data sets have been important in
highlighting the higher levels of bullying experienced by young
LGBTQ+ people in schools [21].

However, we also know that on its own research describing
inequalities experienced by LGBTQ+ adults will not lead
directly to improved outcomes. Process measures of care quality
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are often easier to improve than more tangible health outcomes.
However, although disparities in primary care access,
communication, and satisfaction were measured routinely
between 2011 and 2017, inequalities experienced by lesbian,
gay, and bisexual adults persisted across the time period [58].

Impact evaluation is a second pathway, therefore, where routine
data are beginning to be used to provide insight with the
potential to change the care process and improve LGBTQ+
health outcomes. The collection of sexual orientation
information in the Improving Access to Psychological Therapies
data set has allowed inequalities evaluation of these services
for lesbian, gay, and bisexual adults, finding that they were not
as effective as for heterosexual service users [31]. In contrast,
an inequalities evaluation of the introduction of telephone triage
in general practices using the GP Patient Survey found that
although there was variation between practices in outcomes,
for different groups of patients within the same practice,
including lesbian, gay, and bisexual adults, there was no
evidence of differential impact on access to primary care [59].
The Millennium Cohort Study has been used to understand the
differential impact of the COVID-19 pandemic on sexual
minority groups [57], as has Understanding Society [60].

Where to Next—Routine Data Analysis?

Routine data for LGBTQ+ health research are much better today,
in 2024, than they were even 10 years ago. Sexual orientation
has now been collected in many sources for over a decade and
more diverse and inclusive gender measures are being
introduced, and are established in some collections. Of course,
measurement needs to continue and is continuing to improve,
and there are limitations and barriers; no data set alone is perfect.
However, across the spectrum of sources, there is a real depth
of data now available and in terms of research, the data are good
enough now to at least start thinking properly about how we
can use these resources to improve LGBTQ+ health and tackle
inequalities.

In terms of data development, of course linkage is 1 exciting
potential future avenue, with the linked 2011 census and routine
health care data in Scotland providing a possible model for
future development. But in reality, using routine data for
LGBTQ+ health research lies within the wider UK research
landscape for using routine data overall. Here the Goldacre
review probably shines some light on the direction of travel
[61]. Access is becoming more cautious, and data are becoming
more securely safeguarded, new frameworks and solutions are
needed to ensure that access continues and barriers do not
increase [62]. For sensitive fields such as sexual orientation,
gender, and transgender status, this is particularly important,
but it is likely that time, patience, and perseverance are going
to continue to be required when working in this space. As a
balance to concerns about the use of person-level data, tools
sharing aggregate data such as the census resources from the
United Kingdom’s Office for National Statistics [63], and the
analysis tool for the GP Patient Survey remain important
resources and provide real insight.

So, the question remains, how are we going to use these data
to improve LGBTQ+ health? Although the data are better, the

approaches have not changed and the methodological answers
to the pathways from data to improved health remain the same.
The four pathways are (1) descriptive epidemiology, (2) risk
prediction, (3) informing innovation and improvement, and (4)
impact evaluation.

Given the recentness of the data improvements and that data
resources are still improving, there remains a real need for basic
epidemiological descriptive work using these new data to answer
questions and provide insight where simply the data have not
been available before. More in-depth analyses, analyses
considering longitudinal changes, and better measures of health
and health outcomes, as well as sexual orientation and gender
and transgender status, are all part of this. Frameworks for
addressing health inequalities require researchers to go beyond
simply describing known inequities [14], but for LGBTQ+
health there is still an evidence gap where descriptive
epidemiology that focuses on areas where research could have
an impact on policy has a place.

Maybe the results will be unsurprising, and research may show
that inequalities have not disappeared as the data have improved,
but the work is still important, and insight is still needed.

Risk prediction as a field has real challenges ahead to get to
grips with equality, diversity, and inclusion, and this needs to
include LGBTQ+ health. For transgender health specifically,
there are some more questions to ask around risk model
development; the exclusion of transgender adults from the
development of some risk scores [47], and lack of clarity about
how to implement scores based on binary gender or sex
classifications are some specific issues to add to these [18].
Although methodological work is still needed to understand the
best way to develop and implement risk scoring for transgender
patients to avoid potentially both under- and overtreatment, the
critical first step is to ensure that data used for model
development do not exclude transgender populations before the
research begins.

In terms of intervention development and audit, the improvement
of data is important to ensure that evidence-based interventions
are developed and part of wider thinking about how routine data
can improve health and LGBTQ+ health in particular. Specific
clinical data sets, such as cancer data collections or more
in-depth surveys such as NATSAL will be particularly important
in this domain. Much local evaluation of LGBTQ+ health
interventions remains qualitative [64], and the evidence base
for health equity audits to address inequalities remains poor
[65].

The importance of including explicit inequality analyses in
impact evaluations remains a key analysis strategy for improving
health. Even when interventions are not LGBTQ+ specific, there
may or may not be an inequitable impact. This kind of routine
equalities impact work for LGBTQ+ and other groups is central
to the drive the Equality Act has given to the improvement in
data that we have seen, and needs to become a routine part of
evaluative work.
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Where to Next—LGBTQ+ Health
Research?

The data are good enough now for routine data to play a
substantive part in LGBTQ+ health research, and there are clear
and realistic pathways for how this research can potentially
improve health. This comes within the wider context of
flourishing LGBTQ+ health research overall [66]. Health and
health care are complex [67]. It is not a linear pathway from
data to improved health outcomes; but good research can play
a part.

There are particular challenges for health research with
LGBTQ+ children and young people, where data are often less
frequently collected and ethical and governance considerations
are particularly important, and there is an identified need for
more research [68,69].

The co-option of research findings into homophobic or
transphobic narratives is a further difficult area, as are avoiding
some of the blind spots around equality, diversity, and inclusion
in routine data research that are beginning to be identified
particularly in risk prediction work [15]. Good communication
and cautious interpretations of findings are part of the solution,

as are patient and public involvement, and the involvement of
LGBTQ+ communities in identifying research priorities and in
carrying out research [55]. Best practice guidance for LGBTQ+
health research [70], inclusive public involvement [71], and
involvement in LGBTQ+ health research [72] provide some
signposts for researchers.

Conclusions

Descriptive epidemiology, risk prediction, informing innovation
and improvement, and impact evaluation are 4 practical
pathways from data to improved health. Data for LGBTQ+
health research are now good enough and improving. We know
that health inequalities exist, within both societal and biomedical
frameworks. Research with strong public involvement, good
clear communication, and stakeholder involvement is key, as
in all research. Overall, this is a positive story for routine data.
We are at the stage where the analysis of routine data can
contribute to making real practical steps toward informing policy
and practice, better targeting of interventions and understanding
of population health needs, more rational health service
developments, informing commissioning or funding decisions,
and improving LGBTQ+ health.
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Abstract

The COVID-19 pandemic led to behavioral exacerbations in people with dementia. Increased hospitalizations and lack of bed
availability in specialized dementia wards at a tertiary psychiatric hospital in Singapore resulted in lodging people with dementia
in the High Dependency Psychiatric Unit (HDPCU). Customizations to create a dementia-friendly environment at the HDPCU
included: (1) environmental modifications to facilitate orientation and engender familiarity; (2) person-centered care to promote
attachment, inclusion, identity, occupation, and comfort; (3) risk management for delirium; and (4) training core competencies.
Such practical solutions can also be implemented elsewhere to help overcome resource constraints and repurpose services to
accommodate increasing populations of people living with dementia.

(Interact J Med Res 2024;13:e49618)   doi:10.2196/49618
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Background

The spread of SARS-CoV-2 causing COVID-19 required
significant reorganization of the Singapore health care system
to support the rising number of COVID-19 cases and associated
mental health issues [1,2]. Postponement of nonurgent clinic
appointments due to reallocating hospital resources for pandemic
control and patients’ fear of contracting COVID-19 led to
significant delays in treatment and further increased the risk of
psychiatric relapses [3]. Reduced physical and cognitive activity
from the cessation of dementia daycare programs and limited
social engagements due to restricted visits with friends and
family further increased social isolation and behavioral
exacerbations in people with dementia [4]. On top of this,
unemployment, work-from-home policies, quarantine orders,
and home-based learning put family members in closer contact

with people with dementia. This struggle to cope with the
increasing care demands of people with dementia has resulted
in greater caregiver burnout and hospitalizations for respite care
[5,6].

Due to the shortage of beds in the dementia wards at the Institute
of Mental Health (IMH), a tertiary psychiatric care facility in
Singapore, people with dementia are occasionally lodged in the
High Dependency Psychiatric Care Unit (HDPCU) of the IMH,
which was not initially designed for dementia-friendly
interventions. In this viewpoint, we provide insight into easily
implementable and practical creative solutions that have been
used to accommodate people with dementia in the HDPCU
during the COVID-19 pandemic, overcoming resource
constraints and repurposing services in the face of changing
needs using a patient-centered approach (summarized in Table
1).
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Table 1. Summarized framework for customizing a care environment for people with dementia.

ExamplesPrinciples

Environmental modifications to facilitate orienta-
tion and engender familiarity

• Clear signs and signage
• Sizable and readable calendars and clocks
• Frequent reorientation by staff
• Nurse in areas allowing natural sunlight and views of greenery
• Simulate home-like surroundings, including

• partition areas to create “rooms” for different activities
• place photographs of friends/family close to the patient’s bed
• arrange regular communication between the patient and their family/friends via video

calls

Person-centered care to promote attachment, in-
clusion, identity, occupation, and comfort

• Obtain a detailed personal history from family/friends regarding the patient’s preferences
• Surround the patient with items that affirm their personhood, including

• playing songs that bring comfort or voice recordings of family/friends in the ward
• addressing patients by their usual/preferred nickname
• if possible, allow patients to wear/have sentimental items close by

• Empower patients to exercise choice as much as possible, no matter how small the decisions
may be

• Encourage patients to join together for meals and games
• Engage patients in meaningful and mentally stimulating activities
• Express comforting interactions and validate patients’ concerns
• Patiently answer repeated questions and allow relatively more time to perform tasks

Risk management (delirium) • Actively take measures to prevent delirium, including
• restrict physical restraints to only when necessary, and even then, for the shortest duration

required
• minimize medications that risk iatrogenic delirium

• Obtain a corroborative history regarding patients’expression of discomfort to recognize signs
of distress and address agitated behavior promptly

Core competencies (training if required) of staff • Understand core concepts of and practice person-centered care
• Geriatric-specific care, including fall and choking risks, along with activities of daily living

support
• De-escalation skills for agitated geriatric patients

Environmental Modifications of the
HDPCU

The HDPCU is a specialized inpatient unit devised for patients
with an acute psychiatric disorder linked to severe agitation or
aggression, placing them at significant risk to themselves or
others, leading to the requirement of close monitoring. The
nursing counter is sandwiched between two locked
gender-specific cubicles with 4 and 6 beds, respectively, and
single bathrooms. The nurse has a full view of both cubicles
and there are various discreetly placed security cameras. Items
that could fuel self-harming or suicidal behaviors, such as wires
for electronics, plastic bags, detergents, sharp pencils, and
utensils, are strictly prohibited in the ward. There is a 2:1
nurse-to-patient ratio. Staff are specially trained in swift
de-escalation to ensure safety and prevent violence, including
applying physical restraints and administering oral and
intramuscular sedation if required. A psychiatrist, a junior
doctor, and the nursing and allied health care team are on site
to manage the patients.

People with dementia often experience disorientating situations
due to separation from familiar settings, people, and routines.
Dementia wards have specific modifications to orient people

with dementia, such as legible signage; large clocks; brighter
lighting; and contrasting-colored walls, furniture, and utensils
[7]. Renovating the HDPCU to suit such requirements was not
immediately feasible. Hence, modifying the environment to
have clear signs indicating the bathrooms; a sizeable hand-drawn
daily calendar facing the bed indicating the date, day, month,
and year; and verbal reorientation 3 times a day were
implemented to facilitate orientation. People with dementia
were also nursed opposite a readable digital clock and beside
big windows that offered a view of greenery and allowed in
natural sunlight.

Dementia wards engender familiarity by creating homey
surroundings, including paintings hung along corridors and
divided kitchen, bedroom, and living room spaces. Since safety
is of utmost priority in the HDPCU, rules are often strict, and
cubicles are designed to be relatively smaller than found in other
wards along with an open layout for easy monitoring. These
restrictions may cause people with dementia, particularly those
who like to wander, to feel trapped and anxious. Given the
nature of patients admitted to the HDPCU, the noisy and
disruptive atmosphere can destabilize and frighten people with
dementia. To create a calm environment that minimizes
overstimulation and distractions, people with dementia were
nursed in a partitioned visitors’ area accessed via a corridor
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adjacent to the cubicles and nursing counter. Families of people
with dementia were encouraged to bring photographs to place
in front of patients’ beds and participate in regular video calls
from the ward smartphone to lessen the effects of visitor
restrictions during the pandemic [8]. The sectioned area also
reduced the risk of impaired sleep-wake cycles and sun-downing
behaviors that are common among people with dementia and
could provoke other patients. The improvised space simulated
a private bedroom, while a wheel-in television and movable
couches in the cubicles’ shared living area imitated a makeshift
living room.

Promoting Person-Centered Care

In person-centered care for people with dementia, personhood
consists of attachment, inclusion, identity, occupation, and
comfort. Emotional distress is usually triggered by unmet needs
related to aspects of personhood. Obtaining a detailed personal
history from the family regarding the preferences of people with
dementia is essential to affirm personhood. For one such patient,
playing Chinese songs from his childhood, hearing voice
recordings of family, addressing him by his preferred nickname,
and wearing a jacket gifted from his daughter in the ward
provided a sense of comfort, identity, and continuation of self.
Empowering the patient to exercise choice as much as possible,
even for tasks as small as choosing a preferred snack, preserves
autonomy and dignity. Encouraging people with dementia to
join other patients during meals and games instills a sense of
inclusion and occupation [9,10]. Engaging people with dementia
in meaningful activities mentally stimulates and reduces the
restlessness related to the tendency to worry about their
situation. Expressing warmth through comforting interactions,
patiently answering repeated questions, allowing them more
time to perform tasks, and validating concerns can help to settle
the wariness and diminished sense of attachment experienced
by these patients. These efforts promote the therapeutic
relationship and trust between staff and people with dementia,
ultimately reducing aggression and distress.

Risk Management

Lastly, because people with dementia are prone to delirium
during acute hospitalization, the HDPCU team actively took
measures to prevent this risk. Physical restraints were only
applied if verbal de-escalation repeatedly failed and the extreme
agitation posed a safety risk to themselves or others; when
required, patients were restrained for the shortest duration
necessary. Wherever possible, medications that risk iatrogenic
delirium in people with dementia were avoided, such as
short-acting benzodiazepines for tranquilization, anticholinergic
drugs, and opioid-containing analgesics. People with dementia
often have issues communicating their needs and are likely to
only respond to their present state due to verbal difficulties and
memory problems. Obtaining a further history regarding the
patients’ typical behavioral patterns and expression of
discomfort from pain, hunger, thirst, or constipation helped the
team promptly recognize signs of distress and address agitated
behaviors early without escalating to restraints.

Prospects

In conclusion, hospital care conditions can be difficult for people
with dementia as they require familiarity, frequent orientation,
and a high level of staff trained to handle their needs. The
HDPCU adapted to rapid hospital protocol and health care policy
changes during the COVID-19 pandemic and the resultant rise
in the inpatient dementia population. Although the HDPCU
staff were not geriatric-trained, the favorable staffing ratio and
expertise in handling agitated and aggressive patients made it
easier to implement person-centered care. Such conditions may
not be available in nonspecialized wards, posing a challenge
for catering to the increasing population of people with dementia
admitted to hospitals in Singapore. Nonetheless, creative
solutions could be established to customize the environment
for such patients aptly. Hospitals could also consider bringing
in key “experts” such as psychogeriatricians and geriatric nurses
to advise on optimizing nonspecialized wards and provide
training to care for people with dementia.
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Abstract

Climate change, local epidemics, future pandemics, and forced displacements pose significant public health threats worldwide.
To cope successfully, people and communities are faced with the challenging task of developing resilience to these stressors. Our
viewpoint is that the powerful capabilities of modern informatics technologies including artificial intelligence, biomedical and
environmental sensors, augmented or virtual reality, data science, and other digital hardware or software, have great potential to
promote, sustain, and support resilience in people and communities. However, there is no “one size fits all” solution for resilience.
Solutions must match the specific effects of the stressor, cultural dimensions, social determinants of health, technology infrastructure,
and many other factors.

(Interact J Med Res 2024;13:e54687)   doi:10.2196/54687
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Introduction

In recent years, a series of stressful events has caused substantial
economic, physical, and medical harm worldwide. As of June
2024, the COVID-19 pandemic that began in early 2020 has
been estimated to be responsible for about 1,193,535
COVID-19–related deaths in the United States alone [1]. It was
responsible for one of the worst global recessions in recent
history in addition to causing great disruption to normal life due
to lockdowns, closures of educational institutions, shutting down
of tourism and travel, and a host of other adverse impacts [2-6].

In addition to pandemics, climate change has emerged as an
economic and public health threat [7-10]. Climate change
continues to intensify the emergence of pathogenic diseases and
exacerbate pandemics and infectious disease outbreaks such as
Ebola, COVID-19, and Mpox [11,12]. Mental health has been
identified as a casualty of climate change worldwide [13-16].

Migrant and refugee populations are also subject to increased
health risks [17,18].

Adverse events, whether disease outbreaks or climate-driven
events, cause significant stress to people, communities, and
organizations, threatening human health and animal health while
exacerbating systemic inequities. These events highlight the
importance of building resilience in communities to prepare for
and mitigate the impact of these stressors on people and
communities.

Resilience has been defined in several ways (see Multimedia
Appendix 1 [19-22]). In this paper, we will use the
comprehensive definition from the US Agency for International
Development: “the ability of people, households, communities,
systems, and countries to mitigate, adapt to, and recover from
shocks and stresses in a manner that reduces age and chronic
vulnerabilities and facilitates equitable health outcomes” [19].
The discipline of resilience research investigates and develops
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evidence-based strategies, technologies, knowledge, and
information to build preparedness and inform response and
recovery across communities [23]. These stressors can include
pandemics, floods, droughts, and displacement of populations
due to conflicts, among others. It is noteworthy that these events
can be recurrent [24]. While these stressors can affect all aspects
of society and the environment, including agriculture,
economics, industry, and infrastructure, in this paper, we will
focus on resilience relating to public health threats. Thus, all
references to resilience in the following should be understood
as relating to health.

Informatics and communications technologies are essential
infrastructures worldwide. Due to their increasingly powerful
capabilities, these technologies have great potential to play
important roles in supporting resilience. In this paper we propose
Resilience Informatics (RI) as the application of informatics
techniques to materially improve and promote the ability of
people, communities, and organizations, to effectively cope
with natural and man-made stressors [25]. We introduce RI as
a people-centric field of study, research, and development.

Climate and Pandemic Resilience
Climate change threatens human health and well-being in myriad
ways: warmer temperatures are expected to increase the risk of
vector-borne diseases [26]; elevated temperatures are projected
to result in deaths of millions by the year 2100 [27]. Of
particular concern among certain island nations and coastal zone
communities is the rise in sea levels which could result in the
submergence of these locations. This could lead to large-scale
displacement of people [28,29]. The impacts of a changing
climate are already evident across the United States: in 2012
alone, the economic cost of climate change effects including
wildfires, ozone pollution, heat waves, mosquito-borne disease
was US $10 billion (in 2018 dollars) [30]. While direct impacts
on health include morbidity and mortality associated with
extreme weather events such as heatwaves and floods, indirect
health impacts to adults and children are caused by changes in
the dynamics of vector-borne and water-borne diseases,
malnutrition due to decreased food security, and population
displacement that may arise through alterations in our
environmental and social systems [31-33].

Climate resilience refers to the ability to prepare for, recover
from, and adapt to the threats associated with a changing
climate, including but not limited to more frequent and severe
extreme weather events and prolonged droughts. Climate
resilience centers around societies and communities mobilizing
resources and partners to anticipate these risks, reducing
community vulnerability to those risks through infrastructure
and other investments, preparing for, responding to, and
recovering from these events.

Crisis Informatics and RI
Crisis informatics, also known as disaster informatics, is “a
multidisciplinary field combining computing and social science
knowledge of disasters” [34,35]. Crisis informatics has a major
focus on the informatics needs of first responders such as
firemen, construction workers, and health care workers including
medics, nurses, and physicians. Crisis informatics tools have

been proposed to improve the efficiency of crisis response
methods such as evacuations, provision of medical supplies,
and disaster preparation. Mobile tools [36] have been used
during crises to assist affected individuals and these can be
viewed as examples of RI tools for, typically, short-term
immediate responses to crises. By contrast, RI has its sole focus
on improving the ability of people and communities to
successfully cope not only with disasters but also to prepare for
long-lasting and recurrent threats to health.

About Resilience Informatics

In the broad sense, RI encompasses (1) data science and artificial
intelligence to aid the design, development, and evaluation of
resilience strategies; and (2) hardware, software, and systems
that translate resilience strategies into customized tools for
people and communities. Well-designed RI tools can play an
important role in strengthening local capacities in public health.
Measurement of health resilience among people and
communities is of particular importance. The recent COVID-19
pandemic saw the development and deployment of a host of
informatics tools including contact tracing, disease surveillance,
and messaging [37-41].

Classification of Stressors
The nature, design, requirements, and development processes
of RI tools could vary across 2 types of stressor events as
defined below. We identify drivers of resilience whose impact
could be enhanced by RI tools and systems.

Type (1) Acute Events (eg, Floods or Wildfires)
Here, a major role of RI is to develop tools and systems that
disseminate educational information on resources for resilience
and recovery and gather data for computing and measuring
resilience metrics. If a cellular data infrastructure is available,
as in crises that do not affect basic infrastructures, the
widespread availability of cell phones and the very high
penetration rates of smartphones can provide very useful venues
for this purpose [42]. Data gathered from cell phones can
provide geo-coded and time-stamped information enabling
dynamic identification of “hot spots” where resource allocation
can be made to the most affected areas. These data can also be
used to develop management dashboards for the benefit of public
officials to monitor and inform decision-making. Typically, RI
tools to promote resilience in type 1 events need to be developed
rapidly, as soon as possible after the event has occurred to
provide speedy assistance such as guidelines for recovery to
affected persons.

Type (2) Long-Term “Chronic,” Recurrent, and
Persistent Stressors
Long-term and persistent effects of climate change, including
hydrometeorological events such as droughts and warming
temperatures, fall into this category. Another example is the
transition of pandemics from an acute phase in which new
infections occur at high rates, into a long-term phase in which
new infections occur at greatly reduced rates while a percentage
of persons who were previously infected have persistent
consequences. The COVID-19 pandemic is an example [43].
Chronic stressors can cause acute stressors, for example,
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excessive rainfall caused by changes in climate patterns. The
major need for resilience to chronic stressors is to develop a
culture of resilience. Here, data science and machine learning
can identify data patterns that contribute to the long-term stressor
as well as generate insights about efficacious responses and
develop tools to reduce inequitable responses. Informatics tools
developed for acute stressor response could be transitioned into
systems to enhance resilience for chronic stressors. As noted
previously, even in low- and middle-income countries (LMICs),
cell phones have achieved very high penetration, providing a
cost-effective and highly accessible means for providing targeted
information and gathering data. As an example, in the last 10
years, mobile health tools in LMICs [44-47] have been
intensively researched and could become common practice
[36,46-50]. Notably, in LMICs the WhatsApp system is often
used for videoconferencing between clinicians and remote
patients [51].

Behavior Change in Resilience and the Role of
Persuasive Technology in RI
Responding to stressors can require people and communities to
change their behavior. A vivid illustration occurred during the
COVID-19 pandemic. People worldwide needed to change their
normal behavior both on individual and social levels. Frequent
handwashing and the use of sanitizing wipes were
recommended. Mask-wearing was mandatory when doing
commonplace activities such as shopping and traveling on public
transport.

Persuasive Technology (PT) [52] is concerned with the design
of noncoercive tools and technologies to change human
behavior. Following the original work of Fogg [52,53],
Oinas-Kukkonen and Harjumaa [54] developed the Persuasive
Systems Design (PSD) framework to guide the development of
PT tools. Apart from Fogg 7 primary task support postulates,
the PSD framework includes 3 major components in the design
of PT tools: dialog support, system credibility support, and
social support. A major focus in recent years has been the
application of PT to support healthful behavior change [55-57].
Since, as noted above, behavior change can be an important
comment on developing resilience, PT and PSD could help
guide the design of effective RI tools and systems.

Drivers of Resilience and Informatics
Drivers of resilience include social contexts, community factors,
economics, institutions, and infrastructure. An important area
of future research is to identify the role of RI and the designs
of RI systems to enhance the effectiveness of these drivers of
resilience.

Social Contexts
Societal structures tend to be either individualistic or communal
in nature and shape RI systems developed for the given level
of structure (town, county, or state) [58-61]. In the example
provided above, social media is highlighted as a communication

mechanism. The use of social media as an adaptive management
tool has become increasingly prevalent which can be seen
through the move of the news to social media sites [62] and the
use of technology for this purpose has been seen through the
development and use of messaging apps for flash flood
warnings, silver alerts, and amber alerts [63,64]. These systems
have proved effective in communities, and so the adaptive
management approach and systems, which can easily change
to include more information and updates about the status of the
crisis, emergency, or disaster, can contribute substantially to
developing a substantial resilience procedure.

Community Factors
Community factors that drive resilience include social groups,
religious charitable organizations, and community food banks
[61]. During the first part of the COVID-19 pandemic in 2020,
communities in New York worked to form social groups through
social media (Facebook or WhatsApp chats), which worked to
establish a mutual aid system to provide resources such as
groceries, masks, etc, as well as services such as child care, pet
care, and running errands, for at-risk individuals in the
community [65]. These mutual aid groups drove resilience
within their communities through a demonstrated dedication to
the well-being of the population.

Institutions and Infrastructure Factors
The measures that an institution may take in approaching a
stressor, and the adaptability of those measures, are determining
factors in the effectiveness of resilience-driven responses to
crises. During the COVID-19 pandemic, governments had to
quickly develop responses to the pandemic that would prevent
the spread of the disease and reduce its prevalence [66]. Hong
Kong, Singapore, and Japan maintained contact throughout the
pandemic to implement systems restricting the travel of their
citizens, which would in turn contain the spread of COVID-19.
Additionally, each of these governments developed systems of
communication between the health care providers and the
government to ensure the practiced pandemic response was
maximally effective at any given time [67]. These responses to
the pandemic, as aforementioned, were developed at the time
of the pandemic. Institutions establishing RI systems must be
able to develop adaptive systems that can rapidly respond to
changes in the conditions of the pandemic allowing for an
effective resiliency response to be deployed.

Development of RI Systems
Systems development can be greatly aided by following a
conceptual framework. Apart from systematic development and
evaluation, the benefits of doing so can include flexibility,
extensibility (the ability to add features easily), scalability (the
ability of the system to be used by greater numbers of people
without redevelopment), and others [68]. We propose the
following 6-component framework (Textbox 1) [25] as a guide
for efficient and effective development of RI systems.
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Textbox 1. The 6-component development framework for Resilience Informatics (RI) tools and systems.

Component 1: Team

• The team should be multidisciplinary and multisectoral, including experts in the target population, the environment, the technologies, and the
specific resilience context.

Component 2: Requirements

• Requirements may include system features that maximize system effectiveness, for example, multilanguage capability, consistent appearance,
and functionality across operating systems (eg, Android and iOS); screen sizes; judicious use of multimedia.

Component 3: Information

• The system must provide the correct and most pertinent information at the right spatial and temporal scales.

Component 4: Design considerations

• Design of an RI system, including the user interface, must consider aspects including but not limited to the target population’s characteristics,
social determinants of health, and cultural factors.

Component 5: Implementation

• Efficient and rapid implementation strategies need to be developed. The project must have a process for responding to the changing needs in the
targeted population.

Component 6: Evaluation

• The system should integrate an evaluation strategy to continuously assess the impact of the project on achieving its objectives.

Component 1: Team
It is important to recruit a multidisciplinary, multi-sectoral team
that represents all aspects or factors that contribute to resilience.

Component 2: Requirements
Evolving project scope and changes in the operating
environment as the effects of a stressor unfold suggest that RI
systems requirements need to be flexible to accommodate these
changes. An adaptive management approach including the Agile
development model [69] would be most appropriate. Ideally,
the development methodology can enable rapid changes to the
system even doing implementation and during subsequent
operations to accommodate changing requirements.
Requirements gathering may take a lot of time but will likely
have to be accelerated in the case of acute events to develop the
system and make it available to the target users as soon as
possible.

Component 3: Information
RI interventions are based on data that help to provide correct
and relevant information. This information must be tailored to
the target users and match the cultural, linguistic, literacy,
educational, and economic status of the target population.

Component 4: Design Considerations
The design of an RI intervention must be tailored to the
characteristics of the target population. These include the
intended level of resilience, that is, the household, the
community, and the health care system. The system must be
designed to match the technological capabilities available in
the target context. For example, the availability of clean and
reliable electricity can be a constraint in some locations. In
addition, the intervention must match the education, culture,
language, and other characteristics of target users. To aid

engagement and sustained benefits, frameworks for technology
adoption and principles of PT and PSD could be useful [70].
Integration of theory in the design of the RI project is another
important consideration that would occur at this stage to support
its effectiveness and impact.

Component 5: Implementation
The RI project or system must have an efficient and rapid
implementation using an adaptive management approach and
considering currently available resources (eg, availability of
data and communications infrastructures). The process should
provide maximum benefits while incorporating a feedback loop
to respond to changes in the operating environment that may
necessitate changing requirements.

Component 6: Evaluation
Finally, it is important to integrate a logic model or similar
implementation-guiding tool into the design of the RI system
or project to support continuous evaluation efforts that can
inform needed changes and modifications.

RI Case Study: AZCOVIDTXT

As an illustration of the RI development framework, we present
the following case study of a technology solution implemented
to support the resilience of the people of the state of Arizona in
the United States to the COVID-19 pandemic [71].

Context
Beginning in March 2020, the COVID-19 pandemic caused
immense disruptions to normal life. These disruptions led to an
atmosphere of fear in which uncertainty, rumors, and
misinformation caused widespread public confusion preventing
people from responding effectively.
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Purpose
To help alleviate this situation and enhance resilience among
Arizonans, faculty including some of the authors of this paper,
at the University of Arizona identified the need for an
informatics strategy to provide much-needed authoritative and
timely COVID-19 information to the public, and to gather
information on how the pandemic was impacting communities’
health, well-being, and them financially.

Informatics Solution
We chose text messaging, also known as SMS, as the messaging
modality because it is low-footprint, ubiquitous, and eliminates
the time and expense of multi-language app development for

iOS and Android. SMS text messaging is an established
multi–operating system technology, shown to be effective in
health care [72,73], usage of text messaging is universal, and
no specific training is needed for individuals to read and respond
to text messages. SMS text messaging is inexpensive, and
unlimited text messaging is often included in many cell phone
plans. Enrollment occurred by text messaging a toll-free number,
and via the AZCOVIDTXT website during which enrollees
indicate their preference for receiving messages or surveys in
English or Spanish. Enrollment was limited to those providing
Arizona zip codes. For data collection we developed a simple
REDCap (Research Electronic Data Capture; Vanderbilt
University)-based [74] mobile survey tool (Figure 1).

Figure 1. AZCOVIDTXT system. CDC: Centers for Disease Control and Prevention; REDCap: Research Electronic Data Capture.

System Design Considerations
Requirements identified included supporting individuals in both
English and Spanish, ease of use and installation, and the
capability to gather data on COVID-19–related challenges. A
mobile health approach was identified as the optimal strategy
since even among disadvantaged groups, cell phone access or
ownership is at 100% and smartphone access is at least 85%
[75]. The resulting system, called AZCOVIDTXT, was
developed and deployed in 4 weeks beginning in April 2020
and operated until March 2022.

Messages and other content were developed and curated by
specialists in public health, health behavior change, and health
communications, assisted by graduate students and staff at the
University of Arizona. The message content was derived from
authoritative sources such as the Centers for Disease Control,
and new messages were developed weekly to reflect the latest
information, including countering misinformation, on the

availability of vaccines, outbreaks of SARS-CoV-2 variants,
and other evolving events.

By March 2022, a total of 3746 households from 225 Arizona
zip codes were enrolled in AZCOVIDTXT, and more than
522,000 text messages providing COVID-19–related information
had been sent. Except for a few outages, surveys were sent about
every 10 days and messages 3 times a week. Curated content
consisting of nearly 200 news updates, SMS text messages to
enrollees, and social media posts (@AZCOVIDTXT on
Instagram [Instagram from Meta], Facebook [Meta], and Twitter
[X Corp]) had been developed.

AZCOVIDTXT applied the 6-components principles for RI
(Textbox 2) and successfully developed and deployed the
system.

Due to the waning of the COVID-19 pandemic in early 2023,
this system was discontinued.
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Textbox 2. Application of 6-component Resilience Informatics development framework in AZCOVIDTXT.

Component 1: Team

• A multidisciplinary team of experts in informatics, mobile health, infectious disease epidemiology, health promotions, health behavior change,
programmers, and students was assembled rapidly.

Component 2: Requirements

• Simplicity and ease of use were primary requirements. Messaging should be in English and Spanish and received on cell phones due to their very
widespread use and minimal cognitive demand on a user. These requirements precluded the use of apps because apps take time to develop, need
maintenance, and can require the user to download them on their phones. SMS text messaging in English and Spanish was selected since it is
available on all types of phones (not just smartphones); the user interface is understood universally.

Component 3: Information

• Messages and content were sourced from authoritative sources (Centers for Disease Control and Prevention, World Health Organization) and
curated by an infectious disease epidemiologist and health promotions expert assisted by University of Arizona graduate students and staff [71].
Weekly messages reflected the latest information and conditions (ie, vaccine availability or SARS-CoV-2 variant outbreaks).

Component 4: Design

• The team applied the requirements of simplicity and ease of use to design the AZCOVIDTXT website.

Component 5: Implementation

• The system was developed and deployed in 4 weeks using public-domain software and systems such as REDCap (Research Electronic Data
Capture). This included a web site (now discontinued), and toll-free numbers for enrollment.

Component 6: Evaluation

• The performance of the system was evaluated by the number of families enrolled and the reach of the system.

Discussion, Issues, and Limitations

Overview
The public health system comprised of a web of federal, state,
and local agencies, hospitals, nonprofit agencies, and businesses
is at the forefront of the health response to climate change.
Building climate resilience for the public health system requires
understanding the complexity of the climate, health, and human
systems that have unique innate behaviors and structures that
contribute to risks and vulnerabilities and need to be considered
when informing any community resilience-building strategy.
The development of resilience could benefit from a
systems-wide informatics approach that engages partners and
stakeholders in the processes involved in recognizing threats,
determining capacity, informing solutions, recovering from a
crisis, and adapting the process to enhance our capacity to deal
with the next crisis. RI systems could also play an important
supporting role in the US Agency for International
Development’s Program Cycle [76] for enhancing resilience.

Issues and Limitations
It is important to note that RI tools and systems are subject to
operating limitations caused by the stressor event. For example,
issues such as inaccessibility to sufficient cellular network
connection, low health literacy, and fragility of cellular networks
may interfere with the effectiveness of an RI project. Older adult
populations, who often tend to be largely represented in rural
areas, may not be able to access new technology easily due to
the rapid development of new technologies. Additionally,
cellular networks may be overused in the case of an emergency
which may lead to issues with communication via technology.

Initiatives, such as FirstNet, are being put into place to try to
address this issue, especially for first responders and others who
need to react quickly and coordinate with their teams during an
emergency, but the public at large may still be negatively
impacted [77]. Additionally, it is important to recognize the
limitations of informatics tools being able to support and
enhance resiliency. Resilience is a very large issue that requires
a multilevel and multifaceted response, and informatics is only
one part of the larger response that would need to occur for a
community to be able to cope effectively in the face of a disaster.

Equity and Inclusion
The current issues and limitations of RI data communication
lie within already existing socioeconomic discrimination and
access difficulty of the methods of communication. Yang et al
[78] discuss how underserved communities, identified as
minorities, older adults, and the poor, were not considered in
deciding systems for spreading disaster informatics data. By
effect, these groups experience sizable differences in the disaster
relief provided to them. As RI systems continue to become more
heavily technology-reliant, these gaps in treatment could be
further emphasized. Virapongse et al [79] detail how these gaps
are becoming ever more important to address, as communities
become more reliant on the data provided to them. They argue
that working directly with stakeholders in underserved
communities would allow for their issues to be directly
addressed and prevent further inequitable treatment of these
groups.

Tailored tools, interventions, and programs are a critical aspect
of informing resilience and RI allows for this strategic, locally
relevant decision-making. No model for RI will be effective for
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every community, as the conventions and resources of each area
differ greatly. Therefore, RI system designs must allow decision
makers to adapt the model to fit the needs of their area. For
information distribution, this would mean that decision makers
would adapt their RI systems to account for the technology
available to the given community and the preferences of each
group of people in how they desire to receive information.

Conclusions
RI has great potential to enable and support strategies, resources,
and technologies that enhance the ability of individuals,

populations, and the environment to respond successfully to
natural and man-made stressors. The conditions under which
RI systems function impose design and other constraints that
make RI distinct from other informatics environments. There
is a great need for research to establish the basic principles of
RI leading to the efficient development of RI systems to support
resilience in the United States and globally. The 6-component
framework presented here could be a useful guide to the efficient
development and effective deployment of informatics tools to
promote resilience in public health.
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Abstract

Telehealth presents both the potential to improve access to care and to widen the digital divide contributing to health care disparities
and obliging health care systems to standardize approaches to measure and display telehealth disparities. Based on a literature
review and the operational experience of clinicians, informaticists, and researchers in the Supporting Pediatric Research on
Outcomes and Utilization of Telehealth (SPROUT)–Clinical and Translational Science Awards (CTSA) Network, we outline a
strategic framework for health systems to develop and optimally use a telehealth equity dashboard through a 3-phased approach
of (1) defining data sources and key equity-related metrics of interest; (2) designing a dynamic and user-friendly dashboard; and
(3) deploying the dashboard to maximize engagement among clinical staff, investigators, and administrators.

(Interact J Med Res 2024;13:e57435)   doi:10.2196/57435

KEYWORDS

telehealth; equity; dashboard; data; framework; televisit; healthcare; disparity; disparities; clinician; clinicians; informaticist;
informaticists; researcher; researchers; pediatric; pediatrics; health system; health systems; dashboards; access to care; data source
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Telehealth Equity

The COVID-19 pandemic catalyzed a surge in telehealth
adoption [1,2]. However, disparities in access to and adoption
of digital health care persist among Black, Hispanic,
public-insured, low-income, and rural populations [3,4]. This
“digital divide” risks worsening health disparities in these
populations [5]. As such, Crawford and Serhal [6] created the
Digital Health Equity Framework (DHEF) to guide the equitable
design and implementation of future digital health interventions.

The DHEF takes into consideration, how individuals’
sociocultural and economic contexts influence intermediate
factors, such as environmental stressors and health behaviors,
which then drive the digital determinants of health (eg,
acceptability of or access to digital health and digital health
literacy) at the root of these disparities.

While health systems can use the DHEF to implement
equity-minded telehealth strategies, understanding and bolstering
the quality of the digital infrastructure within the communities
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they care for are critical steps to ensuring equitable access to
telehealth [7]. Unfortunately, digital analytics are still lacking
in understanding patterns of use for those underserved by
technology infrastructure. Dashboards that showcase key
performance indicators in real-time have become valuable tools
to track health care access, understand disparities, and apply
interventions. Yet, there are no consensus guidelines for the
creation of telehealth-specific equity dashboards, which can
apply the nuanced considerations for telehealth equity outlined
through the DHEF to existing standards for data monitoring.

To standardize such dashboards, the Supporting Pediatric
Research on Outcomes and Utilization of Telehealth

(SPROUT)–CTSA Network formed the Telehealth Equity
Workgroup. Evidence on best practices for the collection and
use of equity-related data continues to evolve. Based on the
review of the existing literature and the operational experience
of clinicians, informaticists, and researchers in this workgroup,
we aim to describe a strategic framework for adult- and
pediatrics-serving health systems to execute telehealth equity
dashboards through 3 phases: define, design, and deploy (Figure
1). In addition, we offer a checklist for framework navigation
(Figure 2) to motivate more critical monitoring and evaluation
of health systems’ current telehealth practices and ultimately
identify service delivery gaps.

Figure 1. Telehealth equity dashboard framework.
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Figure 2. Telehealth Equity Dashboard Checklist (aSTEM: SPROUT Telehealth Evaluation and Measurement).

Engaging Interested Parties

Before beginning to create a telehealth equity dashboard, health
systems must identify all interested parties to balance diverse
perspectives and priorities. This should include all potential
dashboard users such as clinical staff, investigators, and
administrators as well as dashboard experts and patient
advocates. Early engagement facilitates institutional buy-in to
both the development and use of a dashboard. In addition, as

there is notable variation in data privacy regulations based on
patient age, type of medical problem, local health system policy,
and federal laws, early involvement of senior leadership can
help ensure dashboards are implemented appropriately. Once
identified, interested parties must be continuously engaged
throughout all phases of the framework process to ensure these
dashboards are developed with the intended users in mind.
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Phase 1: Define

First, health systems should consider what data sources to
leverage. Data source mapping is one useful technique to
identify usable sources for dashboard development. This
inventory process involves cataloging all available sources and
describing potentially relevant data to allow teams to consider
the feasibility, reliability, and quality of these sources [9].

Poor data quality can have negative downstream impacts, as
inaccurate or incomplete data can mask disparities [10]. First,
patient and caregiver demographics can often be conflated in
pediatric and elderly care settings. In addition, previous research
found that non-White patients were less likely to have the correct
race in their health records and were often mislabeled as White,
skewing disparities [11].

Several strategies can mitigate the limitations of missing or
inaccurate data [12]. Imputation or Bayesian modeling
techniques can help bolster existing data by addressing
missingness with inferred values. For example, imputing race
and ethnicity identified greater disparities in the COVID-19
pandemic compared with only excluding missing data [13].
Health systems can also enhance existing data by linking their
databases to external sources to conduct area-based monitoring
[14]. To illustrate, health systems could integrate regional-level
population data from national datasets (eg, the National Survey
of Children’s Health or the American Community Survey for
United States health systems) with internal patient data by
census tract. Inequities can then be tracked between geographic
regions to further support patients from medically underserved
areas.

Unfortunately, these methods fail to address the root of data
inaccuracy. Improvement of data collection processes is the
best long-term solution. Staff training, patient education, and
options for self-reporting outside of clinical encounters are the
key to improved collection [10]. Greater transparency regarding
the purpose of data collection and improved framing of questions
to reduce discomfort in sharing sensitive data could also increase
self-reporting [11].

Once data sources are established, health systems can select
metrics from the domains of the SPROUT Telehealth Evaluation
and Measurement Framework [8], including health outcomes
(ie, disease-specific measures), health delivery (ie, quality and
cost), individual experience (ie, patient experience data), and
key performance indicators (ie, implementation measures), as
well as equity stratifiers (ie, environmental and patient
attributes). In addition, defining each metric’s performance
target is critical. Targets can be based on peer organizations’
performance, past institutional achievements, national-, state-,
or county-wide standards, and public policy goals.

Phase 2: Design

Next, health systems should carefully consider the design of
their dashboards, as literature demonstrates how data
aggregation and visualization influence the ability to detect
disparities. Common broad racial or ethnic categories such as
Black or Hispanic obscure within-group differences that can

have significant clinical implications [15]. For example, when
Asian is grouped with Native Hawaiian and Other Pacific
Islanders, such aggregated statistics conceal meaningful
differences between subpopulations [16]. Thus, it is important
to present data as disaggregated by equity stratifiers as possible,
acknowledging that some level of aggregation is necessary given
data quality limitations. A recent proposal for revised federal
government standards for race or ethnicity classification may
guide new best practices [17].

We recommend, at a minimum, comparing data from medically
underserved populations tailored to each health system with an
aggregated “catch-all” category. Health systems may consider
including a reference, which is often the total population, or the
group with the largest population, the most favorable health
outcomes, or the greatest socioeconomic advantage [18].
However, there are risks of identifying a “reference” group.
Selecting White, for example, as the “reference” population
may inherently imply “nonreference” populations require
assimilation or acculturation or are generally “abnormal.”

In addition, designing dashboards with filter functionality across
multiple metrics can provide more robust analytics and displays.
Irrespective of the population that a health system serves,
intersectionality, or the connection between personal identities,
is another key attribute to dashboard design, allowing for a more
in-depth look at identified disparities. Race as a stratifier on its
own could be a proxy for other variables underlying why these
disparities exist. However, through filter functionality, users
might consider assessing telehealth equity across races with
another key attribute such as social determinants of health or
internet access [18].

Designers should follow best practices for data visualization
[19], including maximizing data-ink ratios and selecting the
appropriate software for desired displays. Commercial
visualization tools can be found in Figure 2. When choosing
visualizations, it is essential to consider ease of interpretation
and potential risks of misrepresentation. Tables explicitly lay
out comprehensive information but can be difficult to digest.
Interpretation can be supported through bolding or color-coding.
Graphs can simplify data presentation and draw attention to
specific insights, but this simplicity can be misleading [18]. It
is essential to include missing data percentages to illustrate
uncertainty and incorporate features to understand the context
of the data for accurate interpretation. For instance, when
interpreting a narrowed disparity, the availability of hover
functionality to display numerators, denominators, and count
breakdowns for each data point can help users understand the
source of this change. In addition to reporting current statistics,
the ability to view metrics over time permits the detection of
trends and postintervention changes in disparities, which is an
essential dashboard function.

Once a preliminary design has been determined, teams can
develop a draft dashboard. From this point forward, design and
development should proceed concurrently. The draft dashboard
should undergo pretesting with sample end users, which can
subsequently inform alterations to the design. Keep in mind,
multiple designs are likely needed to accommodate different
audiences, from frontline staff implementing care and
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monitoring day-to-day activity to administrators interested in
quarterly or annual trends.

Phase 3: Deploy

Finally, intentional deployment of a telehealth equity dashboard
is critical to increase use, inform and monitor operational and
clinical interventions, preserve institutional buy-in, and create
a data-driven culture to improve health equity.

Socialization, the process of organizations adjusting to, learning
about, and buying into a new initiative, is a key aspect of
successful dashboard deployment. Socializing with leadership
and clinical providers allows teams to create relationships for
long-term reporting and inspires clinicians to use the dashboard
in day-to-day operations. Normalizing the use of equity
dashboards at all levels can stimulate maintained awareness and
action to improve telehealth equity hence laying the foundation
for a culture of accountability and quality data collection to
address disparities in telehealth and beyond.

In this phase, it is also essential to identify a cadence of
dashboard review and updates, given the likely differing
preferences among users. For example, leadership may expect
a quarterly update on high-level telehealth equity experience,
while interpreter services may desire monthly check-ins to
monitor progress on their practice changes. Socialization with
regular review allows for opportunities for feedback, which
studies have shown improve data quality [20]. By recognizing
the appropriate set of interested parties, health systems can
continue to enhance their dashboards with the right feedback
from a broader and inclusive user group.

Once the dashboard has been deployed, data can be used and
updated to advocate for new programs or workflows supporting
medically underserved populations. The implementation of a
dashboard is an ongoing, iterative process through each phase.
For example, the telehealth equity dashboard may highlight a
disparity that motivates the creation of a new intervention. The
implementation of a new intervention may then require new
metrics to be added to the existing dashboard or identify other

ways to track performance. The dashboard development team
may thus return to phase 1 to re-evaluate their sources and
metrics. In addition, periodic usability testing by end users can
allow for the identification of these key areas of improvement
for subsequent iterations. This process, akin to the
plan-do-study-act cycle in improvement science, can ensure the
adaptability and continual advancement of a dashboard to meet
the demands of a dynamic health system [21].

Call to Action

Dashboards offer an avenue to improve data transparency. Data
sharing, especially as it relates to equity, may be limited due to
lack of incentives, fear of public scrutiny, or perceived
opportunity costs if data are used for research by external parties
[22]. However, this creates silos between and even within health
systems. Data sharing has the potential to establish shared
standards and cross-institutional efforts to improve health on
the population level. Therefore, as technology use in health care
advances, we must pay close attention to what the data are
telling us, be transparent with our progress and shortcomings,
and push for change in our care models to ensure equitable
quality of and access to care for all patients.

Conclusions

The COVID-19 pandemic laid bare the implications of the
digital divide on health disparities. Nevertheless, telehealth
continues to serve as a potential cost-effective care model and
promising access point for patients with barriers to in-person
services. As such, our strategic framework for developing a
telehealth equity dashboard offers a valuable means to track
patterns of use and outcomes to provide the evidence needed
to support continued investment in an equitable telehealth
offering. Telehealth equity dashboards present a promising
means to build a culture of data transparency, equity-centered
implementation, and continuous improvement to narrow the
digital divide and improve access to care for all patients in this
expanding world of digital health care.
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Abstract

Various behavioral and mental health issues have been reported by space crews for decades, with the overall number of mental
health complications expected to be higher than is publicly known. The broad range of mental health complications encountered
in space is expected to grow as people venture deeper into space. Issues with privacy, dual relationships, and delayed
communications make rendering effective psychological therapy difficult in a spaceflight environment and nearly impossible in
deep space. Automated psychotherapy offers a way to provide psychotherapy to astronauts both in deep space and low Earth
orbit. Although automated psychotherapy is growing in popularity on Earth, little is known about its efficacy in space. This
viewpoint serves to highlight the knowns and unknowns regarding this treatment modality for future deep space missions, and
places an emphasis on the need for further research into the applicability and practicality of automated psychotherapy for the
spaceflight environment, especially as it relates to long-duration, deep space missions.

(Interact J Med Res 2024;13:e58803)   doi:10.2196/58803
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Introduction

The assumed importance of mental health in a spaceflight
environment has changed over time, with earlier mission
planners thinking that mental health complications would not
be an issue for sufficiently qualified personnel [1]. This “right
stuff” mentality was thought to indicate that astronaut candidates
who were resilient to stress, capable of operating under extreme
pressures, and able to draw on a reserve of inner strength to
push through dangerous and anxiety-provoking circumstances
would be the ideal astronaut in space [2]. However, these highly
specific selection criteria do not appear to be capable of picking
individuals who are impervious to mental health complications

during spaceflight, with a number of notable examples being
reported over the past 60 years.

In 1982, a Russian cosmonaut reported struggles with isolation
and depressed mood while in space [3]. A 1985 Russian Soyuz
mission ended 60% earlier than expected due to what is believed
to be issues involving “mood and performance” for crew
members [3]. In addition, over the course of 89 American space
shuttle missions, there were 34 separate behavioral issues
reported among the 208 different crew members [4]. The
differing labels used for these instances—hostile and
uncooperative, depressed mood, mood and performance, and
behavioral issues—reflect the imprecise way in which mental
health complications have been discussed in relation to astronaut
activities. It is important to note that these instances do not
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necessarily reflect something that would have threatened the
safety of crew or the mission and were often transient.

Of the psychological and behavioral problems that have been
reported and made public, recorded issues include anxiety,
depression, irritability, sleep-wake disorders, asthenia,
interpersonal tension, impaired judgement, inappropriate
behavior, stress, exhaustion, euphoria, neurosis, accentuation
of negative personality traits, and various cognitive impairments
[4-7]. While these reported psychological and behavioral
problems are broad, it should be noted that these have all been
reported in missions to low Earth orbit; it is not yet determined
what psychological issues could present during long-duration,
deep space missions. A general consensus is that all of these
previously reported problems could occur in deep space, in
addition to serious psychiatric symptoms, psychotic disorders,
delirium, and homesickness, among others [4,8-10]. Although
these examples are noteworthy, they do not give a complete
picture of the mental health incidences that have occurred during
spaceflight. It is believed that the actual incidence rate is higher
than previously reported and that a number of astronauts may
be unwilling to divulge these details with ground personnel
[11]. The purpose of this viewpoint is to summarize the current
state of automated psychotherapy for the spaceflight
environment, especially as it relates to the advantages that it
offers, the drawbacks associated with this treatment modality,
and the current unknowns.

Current Treatments for Mental Health
Problems in Space

Mental health interventions in a spaceflight environment begin
at the crew selection phase, where astronauts are screened for
commonly known psychological risk factors [2], commonly
referred to as “select-out” logic. In addition, in accordance with
“select-in” logic, previous research has indicated that the ideal
psychological profile for a crew member for a space mission,
especially a long-duration, deep space mission, is an individual
with high levels of adaptability, resistance to stress,
psychological stability, and strong social skills [12]. It is
believed that these highly specific psychological selection
criteria may help reduce the rate of psychological issues
experienced during the mission. In addition, the Human
Behavior and Performance Support Program, a component of
NASA comprised of highly trained psychologists, physicians,
and other mental health professionals, is tasked with providing
support to an astronaut at all phases of the mission—before,
during, and afterward. The Human Behavior and Performance
Support Program offers entertainment and activities to
counteract the detrimental effects of boredom and isolation,
regular private video conferences with psychologists on the
ground, interactions with family and friends, and other
supportive measures to prevent mental health complications
from escalating to a degree that may present problems for
mission success and could require further treatment.

When a mental health complication is reported during a
spaceflight mission, ground personnel, medical personnel, and
astronauts have a variety of methods available to them to treat
the condition. The first step often focuses on reducing the levels

of stress that the astronaut is feeling, as the very environment
of a spaceflight mission may produce physical and psychic
strain on the astronaut through a combination of microgravity,
noise, isolation, reduced privacy, radiation, work-leisure balance,
and other factors [1,7,10,11,13,14]. While stress reduction is
commonly used as a preventative measure, it is also helpful
after symptoms of psychopathology have been reported [8].
One research team has categorized the general stress reduction
strategies for a spaceflight environment to show their focus on
4 main areas: ergonomic (factors associated with the design of
the spacecraft), physiological (factors associated with nutrition,
sleep, and hormonal balance), psychological (factors associated
with known psychological stressors), and psychosocial (factors
associated with relationships between the astronaut and other
crew members as well as ground personnel) [14]. Recommended
treatments for dealing with stress while in space often involve
increased leisure time, increased time spent communicating
with loved ones on Earth, and structured interventions. One
such structured intervention is the Spaceflight-Induced Stress
Management Plan, which involves a series of group training
modules that prepare astronauts for stressors and equips them
with the skills needed to form support groups while in space
[14]. Given the strong connection between reduced coping with
stress and subsequent psychopathology [15], it is evident that
the ability to de-escalate the stress that an astronaut is feeling
may reduce their likelihood of developing mental health
complications, symptoms, and disorders while in space.
However, it is important to note that while stress reduction
initiatives can help improve the overall mental health of an
astronaut, they are not likely to be a sufficient intervention to
treat psychopathological responses, such as depression,
psychosis, or severe anxiety disorders.

In the event that a mental health complication has been reported
that cannot be remedied by noninvasive stress interventions
alone, it is recommended that some sort of psychological therapy
begin [6]. Regular scheduled interactions between astronauts
and a psychologist on the ground may provide a normalized
way for crew members to discuss their emotions, relieve tension,
and receive feedback from trained specialists [16]. However,
the usual version of psychological therapy used on Earth, where
a provider and a client have roughly 1 hour of uninterrupted,
private, structured discussions using a standardized treatment,
is exceedingly difficult in space, and there are little available
data on the practice or outcomes of psychological therapy in a
spaceflight environment. This will be discussed in further detail
in the Difficulties of Therapy in Space section. In addition, the
use of monitoring tools that can be used to capture
intraindividual variability across various behavioral and mental
health markers, including real-time physiological measurements
and medical monitoring, should be explored as a way to
passively and actively gather data on the current functioning of
astronauts as a way of detecting potential mental health concerns
as early as possible. Often, these tools are used in psychological
research to produce reliable data and can involve nonintrusive
wearable devices to detect heart rate and skin conductance (such
as a ring or a wristband), as well as passive environmental
monitors for eye tracking and movement.
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A commonly used treatment for mental health complications
in space is medication, which is a separate treatment modality
from psychotherapy and may be used independent of
psychotherapy or in conjuncture with psychotherapy. The
current psychiatric formulary onboard the International Space
Station includes antidepressants, antipsychotics, anxiolytics,
anticholinergics, sleep agents, and wake agents [4]. It is
important to note that these medications are helpful for treating
the expected psychological disorders that may be encountered
in low Earth orbit and do not include medications for more
severe psychopathologies, such as more powerful antipsychotics.
Rather, this formulary was created with the assumption that
severe psychological emergencies may be treated by a rapid
return to Earth. Future deep space missions may need a more
comprehensive formulary for a setting where a return to Earth
is not feasible [4].

Taken together, it is apparent that most interventions for mental
health complications in a spaceflight environment have focused
on crew selection criteria and methods for coping with stress.
While psychiatric medications are available in space and have
been used by at least 24 crew members spread out among 20
different missions [17], the efficacy of the gold standard of
psychological care, structured psychological therapy, is largely
unknown for the spaceflight environment. The following section
will focus on this topic.

Difficulties of Therapy in Space

It is recommended that physicians aboard the International
Space Station be trained in psychological therapy in order to
provide direct psychological care to crew members with a
psychological disorder or symptom [18]. However, the American
Psychological Association’s Ethical Principles of Psychologists
and Code of Conducts outline that a psychologist providing
therapy to an individual, while at the same time already
possessing another relationship with that person, is engaged in
multiple relationships—a potentially dangerous state for a
therapist and client to be in that represents real hazards to both
individuals [19]. While dual relationships offer a potential
pathway for harm to come to either the therapist or the client,
they cannot always be avoided [20]. When one considers the
perils associated with strained relationships in a spaceflight
environment, including lack of cooperation between parties,
interpersonal conflicts, reduced privacy and escape, and other
hazards, it is apparent that any situation that could produce these
hazards should be avoided wherever possible. For these reasons,
it may be advisable to avoid providing psychological therapy
to a crew member from another crew member on the same
mission, if possible.

An alternative to intracrew psychological therapy may be
ground-based psychological teletherapy. The proliferation of
teletherapy during the COVID-19 pandemic has provided a way
for more people to receive psychological care than was
previously possible and has acted as an accelerator for this sort
of technology [21], acting as a proving ground for the efficacy
of teletherapy. However, the application of teletherapy to a
spaceflight environment has not been fully explored. Astronauts
in space commonly complain about a lack of privacy while

onboard a spacecraft or space station [22,23], which may make
teletherapy exceedingly difficult while in space. The lack of
privacy during therapy, often referred to as a lack of a “safe
therapeutic space,” can seriously threaten the effectiveness of
psychological therapy [24], as a therapy client may be unwilling
or unable to divulge crucial details, express emotions fully, or
fully participate in therapy in other crucial ways.

Although a lack of privacy in a spaceflight environment can
conceivably be corrected through modified living quarters, one
issue that cannot be corrected is delayed communications.
Previous space simulation studies have revealed that delayed
communication creates a host of problems for crews, including
confusion and wasted crew time, decreased verbal encoding
efficacy, increased stress and frustration, and general task and
communication errors [25-28]. Surprisingly, difficulties were
seen across the range of possible delayed voice communication
times, with issues being found when messages were delayed by
as brief as just fractions of a second [26] or as long as 5 minutes
[25]. Currently, crews aboard the International Space Station
experience communication delays between the crew and the
mission support team on the ground measured in the millisecond
range, although it is known that this will increase to upwards
of 22 minutes for crewed missions to Mars [29], and even longer
for more distant destinations. It is apparent that humans are
sensitive to voice communications being delayed by any
noticeable amount, with difficulties, errors, and stress quickly
appearing under these conditions; during an emotionally charged
psychotherapy session, these effects may be more pronounced.

Although psychological therapy is considered to be one of the
most desirable psychological interventions and is empirically
supported for both short-term and long-term outcomes, its use
in a spaceflight environment may be difficult. Dual relationships
between crew members create barriers to intercrew
psychotherapy by introducing increased risk for other negative
outcomes. In addition, a combination of a lack of privacy and
delayed communications creates significant barriers for
teletherapy between ground personnel and astronauts in low
Earth orbit. As such, there are limited options available for
psychotherapy in low Earth orbit.

Particular Issues Posed by a Deep Space
Environment

A deep space mission may have particular stressors that create
an increased risk for mental health complications; in addition
to the known stressors of spaceflight (eg, monotony,
microgravity, awareness of danger, interpersonal tension, and
radiation), a deep space mission may encounter additional
psychological stressors, including increased isolation, the
psychological effects of distance from Earth, the knowledge of
a lack of rescue, prolonged homesickness, and other related
phenomena [10,30]. In addition, the very nature of deep space
creates a certainty that delayed communications will become a
facet of life for deep space astronauts; as the speed of light
dictates the maximum speed at which information can travel,
messages from Earth to Mars can take up to 22 minutes in 1
direction [29], with longer delays being a certainty for deeper
space missions to asteroids, the moons of the gas giants, and

Interact J Med Res 2024 | vol. 13 | e58803 | p.63https://www.i-jmr.org/2024/1/e58803
(page number not for citation purposes)

SmithINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


other destinations. As such, delayed communication is expected
to be one of the most pressing issues with regard to future
long-duration, deep space missions [25]. When combined with
the known and expected stressors associated with deep space
missions, it is clear that an option for psychological care is
needed that does not rely on Earth-based interventions, while
also avoiding the dual relationship hazards of intercrew
psychotherapy.

Need for Automated Psychotherapy for
Spaceflight

An increasingly common psychological treatment modality,
automated psychotherapy, sometimes called computer-mediated
psychotherapy, cybertherapy, or computer-created virtual reality
for therapy [31,32], is often seen as a method of delivering
psychological therapy (psychotherapy) to various groups of
people, especially populations that are underserved or otherwise
unreachable through traditional therapeutic routes [33].
Automated psychotherapy generally takes the form of a series
of computer-delivered modules that explain applicable
psychological terms to the therapy client, provides a degree of
psychoeducation necessary to progress through the module,
delivers homework tasks and the necessary training required
for those tasks, and assesses the symptoms and progress of the
client using standardized empirically supported measures.
Automated psychotherapy is not to be confused with self-help
books, which, although found to be effective for temporary
amelioration of depressive symptoms (among other disorders),
have not been found to produce lasting effects past 6 months
[33]. Rather, automated psychotherapy has been shown to be
highly effective in treating various psychopathologies with
lasting and reliable results [34].

Automated psychotherapy provides a way for astronauts to
receive empirically supported psychological therapy while in
space and distant from the Earth. Notably, as will be outlined
in greater detail below, automated psychotherapy is able to
mitigate the issues that confound traditional therapy or
teletherapy in a spaceflight environment. There are research
projects currently underway to investigate the efficacy of, and
design a treatment for, automated psychotherapy in a spaceflight
environment [35]; these findings will be explored in greater
detail below. Notably, future deep space missions will likely
require an automated psychotherapy option that can function
independent of ground-based personnel, although automated
psychotherapy options in the foreseeable future will likely
involve a trained human therapist to some extent or another.
Discussions of automated psychotherapy below are generally
in reference to the more automated end of this treatment
modality.

Advantages of Automated Psychotherapy
for Spaceflight

Automated psychotherapy has been widely discussed as a
potentially popular method of delivering psychotherapy on
Earth, as it allows treatments to be tailored to the client in a way
that reduces the workload on experienced clinicians [36].

Cognitive behavioral therapy (CBT) is a common psychological
treatment modality that is often modified into an automated
psychotherapy course, usually referred to as internet CBT
(iCBT). Here, it should be noted that the CBT umbrella is broad;
many different components of other treatment modalities (eg,
mindfulness-based treatments for anxiety disorders and
exposure-based treatments for anxiety and trauma disorders)
can fit under this umbrella, which is why CBT is often
considered to be the gold standard of frontline psychological
care [37]. A recent review has found that iCBT has been an
effective treatment for a variety of psychopathologies, including
depression, generalized anxiety disorder, panic disorder,
obsessive compulsive disorder, posttraumatic stress disorder,
adjustment disorder, bipolar disorder, and phobias, among others
[38]. Recently, research has indicated that mindfulness-based
interventions for stress, anxiety, depression, and other
psychological disorders may be particularly useful in the
spaceflight environment [39]. Given that automated
psychotherapy has already been tested for mindfulness training,
this may be a particularly useful function of this treatment
modality [40]. In future spaceflight environments, automated
psychotherapy may be the only form of treatment available to
astronauts, especially during deep space missions [14]. Based
on the empirical support for the use of automated psychotherapy
for a wide range of psychopathologies, it is evident that
automated psychotherapy has broad applicability and can be
tailored to the individual in a flexible and supportive way [36].
In addition, the instantaneous nature of automated
psychotherapy, and the lack of a need for a second party (the
trained clinician), means that this treatment modality can easily
be integrated into the astronaut’s schedule in a way that is
convenient and accessible to them, reducing the barriers to
treatment. Given that a lack of convenience is a commonly cited
factor for not pursuing psychotherapy on Earth [36], reducing
this barrier in a spaceflight environment is of the utmost
importance.

In addition, automated psychotherapy provides a way for therapy
to be conducted that does not require individuals to enter dual
relationships (eg, both as professional colleagues and as therapist
or client) [41]. In a spaceflight environment, the importance of
this cannot be overstated. Given the known history of intracrew
social tensions to quickly devolve the general morale and
effectiveness of crews in space, any steps that can reduce the
risk of social strain on space crews are steps worth taking.
Similarly, the increased privacy of automated psychotherapy
treatments can also protect the social reputation of crew
members and reduce the likelihood of conflict. Given that some
forms of automated psychotherapy allow for a client to undergo
therapy without having to verbally speak, the opportunity for
inadvertent or intentional eavesdropping from other crew
members is significantly reduced. Accordingly, automated
psychotherapy clients may feel more comfortable divulging
their thoughts, feelings, and emotions in a therapeutic context
without fear of their reports being overheard by other crew
members. Notably, astronauts have previously cited a lack of
privacy as a barrier to participating in psychosocial research
while onboard the International Space Station [42], and these
concerns can be expected to persist in a therapeutic environment.
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Automated psychotherapy also creates the only pathway for
therapy to occur between the client and another party not on the
spacecraft that does not result in delayed communications. Given
that an accumulation of stressors can threaten the therapeutic
relationship and the overall effectiveness of psychotherapy [43],
any steps that may reduce these stressors are worth pursuing.
Automated psychotherapy offers a way to reduce the strain
caused by delayed communications, protects the privacy of the
client, reduces the risk of dual relationships, offers a tailored
and customizable course of treatment, and has broad
applicability for a wide range of psychopathologies.
Accordingly, this treatment modality appears to be useful for
future long-duration, deep space missions and may even offer
advantages to crew members in low Earth orbit. As such, the
usefulness of automated psychotherapy in a spaceflight
environment should be further investigated.

Drawbacks of Automated Psychotherapy
for Spaceflight

However, automated psychotherapy is not impervious to all
criticisms, and there are noteworthy concerns about this
treatment modality. One potential detractor for automated
psychotherapy is its apparently low treatment adherence rate
compared with other psychotherapies; a meta-analysis of iCBT
and face-to-face CBT adherence rates found that 84.7% of
individuals receiving face-to-face CBT would complete their
treatment, compared with 65.1% of individuals receiving iCBT
[44]. Little data have been found regarding generalized
predictors of treatment nonadherence for automated
psychotherapy [45]. However, incorporating knowledge from
the medical field more broadly may provide some insight to
treatment nonadherence for automated psychotherapy. For
example, the Medication Adherence Model provides a
framework for understanding nonadherence to medication
recommendations and treatments [46]. Within this model, it is
thought that 2 different types of nonadherence may be seen: the
intentional decision to miss a medication dose and the
unintentional interruptions that can cause a medication dose to
be missed. A core concept related to nonadherence is whether
the patient shows purposeful actions to increase adherence, can
demonstrate patterned behaviors to increase adherence, and are
receptive to feedback to increase adherence. The Medication
Adherence Model incorporates concepts from various cognitive
and self-regulatory models of behavior to explain the processes
involved in medication adherence [46]. Considering the
framework provided by the Medication Adherence Model, it is
possible that adherence to psychological therapies, and therefore,
automated psychotherapies, may be impacted by similar factors.
With regard to adherence to automated psychotherapy, it is
possible that individuals who show purposeful actions to adhere
to their treatment, can implement patterned behaviors to help
adhere to their treatment, and are receptive to feedback regarding
their treatment adherence may be able to complete automated
psychotherapy modules at a higher rate than was previously
found. The proposed ideal psychological profile for future deep
space astronauts includes traits similar to these [12], which may
indicate that future deep space astronauts will have a higher
adherence rate to automated psychotherapies than the general

population. However, an inclination to adhere to therapy
provided by an automated psychotherapy system may be
moderated by the astronaut’s belief that the information received
from the system is accurate and helpful; if a client does not
believe this to be the case, treatment adherence may be low.
Accordingly, it is important to investigate how future deep space
astronauts feel about the usefulness of these therapy solutions,
and effort should be made to provide education surrounding the
use of, and outcomes associated with, automated psychotherapy.

Automated psychotherapy may also be unsuitable for severe
psychopathologies. Given that automated psychotherapy requires
that an individual be able to self-monitor, adhere to their own
treatment, and provide accurate assessments of their own
thoughts and feelings, certain types of delirium, psychosis, or
other severe psychopathologies may render an individual unable
to use automated psychotherapy treatments. However, ruling
out a treatment modality based on the severity of a diagnosis is
common practice in therapeutic settings [47]. In the case that a
crew member is experiencing a severe psychopathology, it is
possible automated psychotherapies could be modified to
incorporate another crew member to help provide the treatment.
This, combined with the psychiatric formulary available to the
crew, may offer a way to treat an individual who is far from
Earth and is experiencing severe psychological symptoms.

It is also possible that while automated psychotherapy is
intended to alleviate some of the uneasiness that an astronaut
may feel about divulging sensitive mental health concerns to
another person, this treatment modality may be unable to fully
address this concern. For example, an astronaut may think that
informing an automated psychotherapy program about their
thoughts of depression, their anxiety surrounding a mission
objective, or their feelings of isolation and loneliness will
somehow be stored in an accessible personnel file or be relayed
to mission planners on the ground. These concerns may prevent
some astronauts from seeking help, and addressing these
concerns will take deliberate education and planning to ensure
that astronauts understand the full limits of confidentiality
between themselves and the automated psychotherapist.

First Examples of Automated
Psychotherapy Options for Spaceflight

Numerous early, simplified examples of automated
psychotherapy have been designed and tested for future
long-duration, deep space missions. One such project aims to
create a digital tool that allows astronauts to monitor their
behavior, performance, and feelings; make small changes to
their routines as recommended; and reduce stress in key areas
to help reduce the risk of developing a psychopathology [48].
Similarly, an interactive media program is being developed to
help astronauts cope with interpersonal conflict and depression
while engaged in deep space missions [49]. This program was
tested by a crew of 6 individuals who spent 8 months in group
isolation in a space analog environment [50]. Overall, the space
analog crew found the conflict and stress modules of the
treatment to be particularly helpful, with one of the most cited
areas of improvement being a desire to learn how to use these
modules to help other crew members. In addition, there are

Interact J Med Res 2024 | vol. 13 | e58803 | p.65https://www.i-jmr.org/2024/1/e58803
(page number not for citation purposes)

SmithINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


various virtual and augmented reality methods for mitigating
psychological demands under development and in various stages
of testing. One such option is the Crew Interactive Mobile
Companion, developed by IBM and Airbus Group and already
tested on the International Space Station [51]. Crew Interactive
Mobile Companion is designed as an artificial intelligence
assistant for astronauts that is designed to offer them guidance
on certain tasks and supply answers to technical questions.
Overall, the development of automated psychotherapy for a
spaceflight environment is still in its early stages. In addition,
it should be noted that there is not public-facing information
about what, if any, automated psychotherapy tools are currently
available to astronauts in space. NASA and other space agencies
should make a concerted effort to publish this information if it
is available; if no automated psychotherapy tools are currently
being used or tested in an actual spaceflight environment, efforts
should be made to begin incorporating these as soon as possible.

Variables Still to be Determined About
Automated Psychotherapy for Spaceflight

Although much progress is being made with regard to
developing automated psychotherapy treatments for
long-duration, deep space missions, there are still key variables
that have yet to be fully explored. More information is needed
regarding adherence to automated psychotherapy, especially as
it relates to the common personality profiles of astronaut crews.
While the Medication Adherence Model offers general principles
for treatment adherence [46], the applicability of this model to
automated psychotherapy for astronauts has yet to be explored.
There is also a need to investigate whether the usefulness of
automated psychotherapy could expand the astronaut selection
criteria. Currently, some of the astronaut selection criteria
operate on a “rule-out” procedure, where certain medical,
occupational, sociological, and psychological factors are
searched for in order to disqualify a particular astronaut
candidate [52]. Identifying the cognitive components most
associated with treatment adherence to automated psychotherapy
courses could help add to the existing “rule-in” procedures for
astronaut selection (involving required skills or attributes for a
given mission), wherein certain cognitive factors that would
indicate that an astronaut candidate is more likely to respond
to automated psychotherapy courses in the future are used when
creating astronaut crew rosters. Given that it is almost expected
that an astronaut will experience some level of psychological
distress, discomfort, or disorder during future long-duration,
deep space missions [53], perhaps it is worth searching for

astronauts who best respond to psychological treatments, rather
than restricting astronaut classes to only those who we believe
are the most resilient against psychological disorders.

Fitting Automated Psychotherapy Into
Mental Health for Spaceflight More
Broadly

Recent publications involving the mental health of the
spaceflight environment more broadly have provided an
excellent framework for understanding what our current
knowledgebase is for space psychology and what research is
still needed [41]. Notably, automated digital therapeutics has
been recognized as a potentially useful psychological support
tool for long-duration, deep space missions [54], indicating that
multiple research teams have identified this as a helpful tool
that should be developed. As research into digital therapeutics,
a line of medical interventions that allow patients to interact
with digital health technology in lieu of or in addition to medical
professionals, accelerates, it is hoped that these technologies
will continue to proliferate [55]. Automated psychotherapy can
be conceptualized as an arm of digital therapeutics that has been
proven to be particularly effective on Earth [34] and may
drastically improve psychological outcomes for future astronauts
that experience mental health difficulties.

Conclusion

Automated psychotherapy offers a way for astronauts engaged
in long-duration, deep space missions to receive empirically
supported psychotherapy in a way that protects their privacy,
reduces the risk of interpersonally straining dual relationships
between crew members, and removes the difficulties presented
by delayed communications. Although there are little data
available regarding predictors of adherence to automated
psychotherapy treatments, knowledge incorporated from the
Medication Adherence Model suggests that the cognitive factors
associated with reduced adherence to medical treatments may
be less of a risk for astronauts due to the psychological selection
criteria used by space agencies. The usefulness of automated
psychotherapies for severe psychopathologies and unwilling
participants has yet to be fully explored, but its overall efficacy
for a broad range of psychopathologies that could be
encountered during a long-duration, deep space mission
indicates that automated psychotherapy could be a useful tool
for safeguarding the mental health of future astronauts.
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Abstract

Background: There is considerable evidence of the burden of care encountered by informal caregivers of persons with severe
and enduring mental health conditions in low- and middle-income countries. Previous studies have highlighted the need to support
these informal caregivers as key players in the care of these patients. To date, limited evidence exists on the extent and types of
strategies for supporting these informal caregivers in low- and middle-income countries.

Objective: This scoping review aims to identify and describe the extent and type of evidence on the existing strategies for
alleviating the burden of care among informal caregivers of persons with severe and enduring mental health conditions in low-
and middle-income countries.

Methods: A systematic literature search was completed following the Joanna Briggs Institute methodology for scoping reviews.
The participants, concept, and context framework was used to guide the search for literature sources across 5 databases: PubMed,
MEDLINE, CINAHL, and PsycINFO for published literature and ProQuest for unpublished literature. This review included
studies that reported on strategies for alleviating the burden of care among informal caregivers of persons with severe and enduring
mental health conditions, with a focus on studies that evaluated or recommended caregiver interventions and support strategies
in low- and middle-income countries. The search was limited to studies conducted between 2001 and 2021, and only papers
written in English were considered for inclusion. Using the Covidence software (Veritas Health Innovation), 2 reviewers
independently screened the papers, applied the inclusion and exclusion criteria, and met biweekly to discuss and resolve conflicts.
The relevant studies and reported outcomes were summarized, organized, and analyzed descriptively using numeric summary
analysis and deductive content analysis.

Results: Of the 18,342 studies identified, 44 (0.24%) met the inclusion criteria. The included studies were from 16 low- and
middle-income countries in Asia, Africa, Europe, and South and North America. Most studies (21/44, 48%) were randomized
controlled trials conducted in Asian countries. The identified strategies were grouped into 2 categories: implemented and
recommended intervention strategies. Identified strategies included community-based interventions, psychoeducation interventions,
support groups, cognitive behavioral therapy, spirituality-based interventions, and smartphone-based interventions. In addition,
mindfulness and empowerment, collaborative interventions, standard care, financial and social support, counseling, occupation-based
interventions, policy and legislature, and access to mental health care were identified. Psychoeducation and support group
interventions were identified as common strategies for alleviating the burden of care among informal caregivers of persons with
severe and enduring mental health conditions.

Interact J Med Res 2024 | vol. 13 | e48587 | p.70https://www.i-jmr.org/2024/1/e48587
(page number not for citation purposes)

Silaule et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:osilaule@cartafrica.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: This review provides evidence on the types of implemented and recommended strategies for alleviating the burden
of care among informal caregivers in low- and middle-income countries. Although psychoeducational interventions were the
most preferred strategy for alleviating burden, their benefits were short-lived when compared with peer-led support groups.

International Registered Report Identifier (IRRID): RR2-10.2196/44268

(Interact J Med Res 2024;13:e48587)   doi:10.2196/48587

KEYWORDS

severe mental disorders; informal caregivers; caregiver stress; caregiver support; low- and middle-income country; mobile phone

Introduction

Background Functional Implications of Severe and
Enduring Mental Health Conditions
People with severe and enduring mental health conditions are
unable to cope with the demands of everyday life and need care
after being discharged from a health facility. Serious functional
limitations frequently interfere with the ability of people with
severe and enduring mental health conditions to perform
essential roles such as being a worker, family member, or friend
[1]. The lack of independence among people with severe and
enduring mental health conditions in daily living activities and,
in some cases, behavioral problems result in poor quality of
life. Psychosis, bipolar mood, major depressive, anxiety, eating,
and personality disorders are often classified as severe and
enduring mental health conditions [2]. The amount of care
needed varies greatly depending on the diagnosis, severity of
symptoms, and level of independent functioning. As such,
assistance is needed in areas of basic self-care, healthy eating,
following daily routines, medication management and
compliance, engagement in meaningful activities, and
community integration. Therefore, informal caregivers are
essential to fulfill the care needs of people with severe and
enduring mental health conditions. This task becomes draining,
and the caregiver burden should not be underestimated [3,4].

Informal Caregivers in Mental Health
Informal caregivers are people who deliver care without
remuneration to persons with a chronic condition. The caregivers
of persons with severe and enduring mental health conditions
are most often family members or neighbors who assist with
the care of the person with a mental health condition [5]. Dixon
et al [6] noted that, often, the caregiver of a person with a severe
and enduring mental health condition does not have a choice in
being the caregiver, which is an additional burden of care for
the carer. Informal caregivers’ roles include monitoring
medication, being the contact person between the health provider
and family, early identification of signs of relapse, taking care
of daily tasks such as self-care, providing meals, and ensuring
the safety of the person [7,8]. Informal caregivers provide
emotional support when needed and deal with the challenging
behavior of the person with a severe and enduring mental health
condition, which may lead to police involvement [9]. Involving
informal caregivers in the routine care and management of
persons with severe and enduring mental health conditions has
shown a positive influence on the course of the illness but only
if the caregivers’ needs are addressed and they are supported
in one way or another [5,6,10].

Caregiver Burden and Need for Support
The burden of care experienced by caregivers is classified into
objective and subjective burden. Objective burden refers to the
tangible impact of the demands of caring tasks and encompasses
the practical and concrete aspects of caregiving that can be
quantified or assessed externally [11,12]. Subjective burden
refers to the emotional and psychological experiences, feelings,
and perceptions of caregivers related to their caregiving role
[8,13]. It focuses on how caregivers perceive the impact of their
responsibilities on their well-being and mental health.

In low- and middle-income countries, objective burden can
easily overshadow subjective burden, such as a lack of
community mental health care services and clinics that are out
of stock of medication for people with severe and enduring
mental health conditions, causing relapse and often readmission
[11]. Other concrete aspects of objective burden, such as long
hours of being available to the care recipient, time lost from
daily activities, and not being able to earn an income, have
serious consequences for caregivers as they are unable to pursue
their own goals in life and, accordingly, experience a lower
quality of life [9,12]. Cultural beliefs about being cursed by
ancestors [14] and stigma from health care professionals [15]
further aggravate the caring duties of caregivers, precipitating
objective burden. The objective burden of care is less reported
in the literature than subjective feelings of burden. Many studies
have reported the subjective burden of care, which highlights
emotional distress and feelings of anxiety, depression, and
sadness related to the challenges of caregiving and witnessing
the struggles of their family member. Loss of freedom and
autonomy has also been reported owing to the demand of
caregiving [16]. Feelings of shame and social isolation stem
from the stigma of mental illness and cultural beliefs about
being cursed by ancestors. Caregivers can also experience role
strain as they have to juggle responsibilities at home, which can
cause fatigue and overall dissatisfaction in life [17]. Both
dimensions of burden are crucial for understanding the
challenges faced by family caregivers of individuals with severe
and enduring mental health conditions and play a vital role in
informing support strategies and interventions.

There is overwhelming evidence in the literature for the need
to support caregivers, and several studies from high-income
and low- and middle-income countries have indicated successful
strategies for alleviating caregiver burden. Studies on informal
caregivers of people with severe and enduring mental health
conditions in low- and middle-income countries have also
increased over the past 10 years, and the burden of caregivers
has been well described [18-21]. Yerriah et al [16] reported on
the extent of the burden of caregivers of persons with
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schizophrenia in rural South Africa and found that this sample
has a higher burden of care. A recommendation from this study
was to develop strategies to support caregivers with the aim of
improving their quality of life.

Support Strategies for Caregivers
To date, a number of strategies to support caregivers have been
investigated with varying results. In Turkey, family-to-family
support programs have shown a positive impact on the burden
of care [22]. A meta-analysis by Chen et al [23] showed some
support for nonpharmacological interventions (mostly
psychoeducation) for caregivers of persons with schizophrenia,
but the authors reported a potential bias in the results because
of the small sample size. In contrast, the systematic review and
meta-analysis by Sin et al [24] did not support psychoeducation
to improve compliance with treatment and prevent relapse in
persons with psychosis, and they reported a lack of available
data; thus, no meta-regressions could be conducted. Ewertzon
and Hanson [18] conducted a narrative review and identified
provision of knowledge, problem-solving, stress management,
mutual support groups, and individual-support interventions as
successful support interventions for caregivers. Finally, a
systematic review by Napa et al [25] revealed that there is
insufficient evidence of interventions for psychological distress
and expressed emotions in families of persons who experienced
first-episode psychosis.

There is limited evidence of web-based health care services and
digital health technologies for supporting informal caregivers
of individuals with severe and enduring mental health conditions
[26]. Sin et al [27] developed an eHealth intervention called
Carers for People with Psychosis e-support, but its effectiveness
has not yet been investigated. Ploeg et al [28] conducted a rapid
review of web-based interventions to improve general caregiver
outcomes. More than half of the 17 included studies showed a
positive outcome for decreased depressive symptoms, stress,
and anxiety among caregivers. If virtual strategies can support
caregivers in rural areas, they may be a feasible method to reach
people in remote areas who have poor access to health care.

Informal caregivers in rural or remote areas face additional
objective burdens such as poor access to services, lack of
integration of mental health into community health services
[29], and poor intersectoral collaboration. They often have to
wait long hours before any support arrives, and in many cases,
they have to deal with challenges with the limited resources
they have available.

If the types of intervention strategies that could be relevant for
low- and middle-income countries, how they were implemented,
and the outcome that was achieved were mapped, it could guide
health care workers to support informal caregivers on various
levels and with various strategies. The availability of virtual
support strategies could add another dimension of support to
caregivers, which may lead to additional positive outcomes such
as immediate support, available information, and contact with
support groups. People with severe and enduring mental health
conditions benefit as they are most likely to receive optimal
care, and their relapse rate may decrease, which means less need
for readmission in overextended mental health care wards or
hospitals. In addition, people with severe and enduring mental

health conditions may also experience a better quality of life if
their carers are supported. Thus, it is essential to understand the
strategies to alleviate informal caregiver burden and how these
strategies should be implemented.

This scoping review aimed to map the strategies to alleviate the
objective and subjective burden of informal caregivers of
persons with severe and enduring mental health conditions in
low- and middle-income countries. The objectives of this
scoping review were to (1) identify the types of existing
strategies (virtual and face-to-face) for alleviating the objective
or subjective burden of care, (2) describe the characteristics of
the identified strategies, and (3) list the positive outcomes that
were achieved using the identified strategies.

Methods

Review Methodology
This scoping review followed the Joanna Briggs Institute
methodology specific to scoping reviews [30]. An a priori
protocol for this review has been published [31].

Review Question
The scoping review addressed two research questions related
to the strategies for alleviating the burden of care among
informal caregivers of persons with severe and enduring mental
health conditions:

1. Which existing strategies are reported in the literature for
alleviating the burden of informal caregivers of persons
with severe and enduring mental health conditions in low-
and middle-income countries?

2. What are the outcomes reported by the authors of the
strategies for alleviating burden among informal caregivers?

Eligibility Criteria

Participants
Studies were included if participants were informal caregivers
of persons with severe and enduring mental health conditions
in low- and middle-income countries. Studies that focused on
informal caregivers of patients diagnosed with Alzheimer
disease and dementia were excluded. This included family,
friends, neighbors, and community members who voluntarily
provided care without any remuneration. Studies that included
both informal caregivers and patients as participants were
considered for inclusion, whereas those that reported only on
patients were excluded.

Concept
Caregiver burden was defined as the physical, psychological,
emotional, social, and financial stresses of providing care to a
person with severe and enduring mental health conditions [32].
Severe and enduring mental health conditions in this scoping
review included the schizophrenia spectrum and other psychotic
disorders, bipolar and related disorders, mood or depressive
disorders, and personality disorders. Studies that investigated
strategies for alleviating caregiver burden were considered for
inclusion. This also included studies that investigated the
synonyms used to describe the burden of care among informal
caregivers, such as caregiver strain, stress, and role fatigue.
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Studies that reported on the burden of care without suggesting
strategies for alleviating it were excluded.

Context
Studies from low- and middle-income countries, including
countries in Africa, Asia, Latin America, and the Caribbean,
were considered for inclusion. In addition, the inclusion criteria
comprised studies from lower-middle-income countries using
the World Bank classification of the economic status of a
country at the time the study was conducted. The term
developing country was included as it is similar to
lower-middle-income country, and thus, countries in Africa,
Asia, and Latin America (including the Caribbean) were eligible
for inclusion.

Types of Sources
This review included published qualitative, quantitative, and
mixed methods studies with all types of designs as well as
unpublished studies, including dissertations and theses. Over
the last decade, there has been a growing body of knowledge
from studies outlining strategies for alleviating burden among
informal caregivers in low- and middle-income countries. As
a result, this review was only restricted to studies conducted
between 2011 and 2021. Only papers written in English were
included in this review.

Search Strategy
A 3-step search strategy process was used to identify relevant
studies. The search strategy commenced with an initial limited
search of PubMed, MEDLINE, CINAHL, and PsycINFO for
published studies between 2011 and 2021. The keywords were
as follows: “[informal caregiver/s OR caregiver/s] AND
[caregiver burden OR caregiver stress] AND [support
strategy/ies OR intervention/s] AND [severe mental disorder/s
OR mental illness] AND [developing country/ies].”

The second search was refined with the assistance of the
librarian at the University of the Witwatersrand, and additional
terms were added: “[Carers or ‘Informal Carers’ or ‘Male
Caregiver’ or Women Caregiver’ or ‘Family Caregivers’] AND
[Caregiver* strain’ or ‘Caregiver *Exhaustion’ or ‘Caregiver*
burnout’or ‘Carer* burden’] AND [‘underserved’or ‘deprived’
or ‘middle-income’ or low income country].” On advice from
the librarian, gray literature such as conference presentations
and unpublished studies was searched on ProQuest Dissertations
and Theses Global and public health and conference databases.
Finally, 2 reviewers (OS and DC) screened the reference lists
of the included articles for additional studies. Textbox 1 presents
the final list of search terms used to search published and
unpublished studies across all the selected databases in this
review. The identified references were imported into the
Mendeley reference manager (Elsevier) for screening.

Textbox 1. Search terms used in the databases.

‘Informal caregiver*’ or Caregiver* or Carers or ‘Informal Carers’ or ‘Male Caregiver’ or ‘Women Caregiver’ or ‘Family Caregivers’ or ‘Unpaid
Caregiver’ or ‘Spouse Caregiver’ or ‘Caretaker’ or ‘Older Caregiver’

AND

‘Caregiver* burden’ or ‘Caregiver* stress’ or ‘Caregiver* strain’ or ‘Caregiver *Exhaustion’ or ‘Caregiver* burnout’ or ‘Carer* burden’ or ‘Carer*
stress’ or ‘Caretaker* role fatigue’ or ‘Burden of Caregiver*’ or ‘Caretaker* burden’ or ‘Caretaker* load’ or ‘Caregiver* Psychology’

AND

‘Strategy’ or ‘Strategies’ or ‘Intervention’ or ‘Procedure’ or ‘Programme*’ or ‘Management’ or ‘Protocol* Guidelines’ or ‘Guide’ or ‘Policy’ or
‘Policies’

AND

‘Mental disorders’or ‘Mental illness’or ‘schizophrenia’or ‘bipolar mood disorder’or ‘Major depressive disorder’or ‘Psychotic disorder’or ‘Personality
disorder’ or ‘Bipolar affective disorder’

AND

(developing OR (less* N1 developed) OR “under developed” OR underdeveloped OR “under served” OR underserved OR deprived OR poor* OR
“middle income” OR (low* N1 income)) N1 (countr* OR nation* OR population* OR world)) OR ((developing OR (less* N1 developed) OR “under
developed” OR underdeveloped OR “under served” OR underserved OR deprived OR poor* OR “middle income” OR (low* N1 income)) N1 (countr*
OR nation* or population* OR world)) OR ((developing OR (less* N1 developed) OR “under developed” OR underdeveloped

Source of Evidence Selection
Following the search, all identified citations were exported to
the Mendeley reference manager and thereafter to a web-based
software, Covidence (Veritas Health Innovation), for primary
screening and data extraction from the selected articles.
Duplicates were removed, and 2 reviewers (OS and DC)
independently conducted the screening for titles, abstracts, and
full texts using the inclusion and exclusion criteria. To enhance
the reliability of the review results, the first 5 abstracts were
screened, and the 2 reviewers compared the screening results
and clarified conflicts. Following this, the criteria were revised

to ensure a detailed description of the various types of burden.
The remaining abstracts were screened, and comparisons were
made after 10 screenings to manage conflicts. The 2 reviewers
(OS and DC) proceeded to screen texts and extract data from
the selected articles. Any disagreements regarding the inclusion
of the studies were resolved through discussion between the 2
reviewers.

Data Extraction
The Covidence software has templates for data extraction. These
templates were modified using the data extraction tables
proposed by Peters et al [30]. To ensure the extraction of
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relevant data to answer the review question, these templates
were piloted by the reviewers before use. In total, 2 separate
data extraction templates (Multimedia Appendix 1) were used
to extract data from studies that implemented an intervention
and from studies that recommended interventions and strategies
for alleviating caregiver burden. Data related to the
characteristics of the studies were extracted, including study
title; study aims; citation details; population of interest; concept
of interest; context of the study, including the country and type
of setting; type of evidence sources; study approach and designs;
and participant characteristics, such as age, gender, and
diagnosis of the care recipients. In addition, information on the
characteristics of the interventions was extracted. This included
the intervention content (ie, type of intervention, intervention
developer and deliverer, and type of burden targeted by the

intervention). The intervention description included the duration
of the intervention, number of sessions, and location for the
intervention. The templates for extracting the data are available
in Multimedia Appendix 1. The reviewers extracted the data
independently. Web-based meetings were held biweekly to
discuss and resolve any discrepancies in the extracted data.
Regular comparisons were easy and quick to conduct and
improved the consistency of the extracted data. After completing
the data extraction, the 2 reviewers scanned the references of
the included articles to ensure that no articles were missed.
Included and excluded studies were reported in a PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) flow diagram
(Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Data Analysis and Presentation
To increase consistency in the data, this review followed a 3-step
analysis process as proposed by Levac et al [33]. This included
analyzing the data, reporting the results, and applying meaning
to the results [33]. The first step was reviewing the extracted
data and identifying the type of data to be analyzed, which were
then grouped according to the objectives of the review. This
was followed by identifying the type of analysis appropriate for
the specific type of data and then analyzing the extracted data.
A descriptive quantitative analysis was conducted in a Microsoft
Excel (Microsoft Corp) spreadsheet to describe the
characteristics of the studies. This included the overall number
of studies, types of study design, years of publication,
characteristics of the study populations, countries where the
studies were conducted, and types of interventions. In addition,
descriptive content analysis was conducted deductively using
the NVivo software (Lumivero) to code the characteristics of
the extracted data into overall categories [34]. Data were
categorized into types of strategies—implemented and
recommended intervention strategies—and the outcomes of the
strategies aimed at alleviating the burden of informal caregivers
as reported by the authors. To enhance the clarity of the
emerging findings, the data were summarized and presented in
graphs and tables.

Results

Study Inclusion
A total of 18,323 studies were identified from the databases
using the keywords. In total, 19 additional studies were
identified from the reference lists of the included studies, thereby
bringing the total number of potentially relevant studies to
18,342. Subsequently, of the 18,342 studies, 256 (1.4%)
duplicates were removed, thereby leaving 18,086 (98.6%)
studies deemed relevant to the review based on the keywords.
A total of 98.83% (17,875/18,086) of these studies were then
excluded; this exclusion of numerous studies occurred because
of their incongruence with the predefined inclusion criteria,
such as instances in which the study did not pertain to a low-
or middle-income country context or in which the primary

emphasis lay on the patient rather than the caregiver. Therefore,
1.17% (211/18,086) of the studies were screened by title and
abstract based on set inclusion and exclusion criteria. This led
to the exclusion of 58.8% (124/211) of these studies from the
review. A total of 41.2% (87/211) of the studies were then
retrieved as full texts based on eligibility by screening their
titles and abstracts. Of these 87 studies, 43 (49%) were excluded
for various reasons: 31 (72%) were not from low- or
middle-income countries; 3 (7%) did not specify the intervention
strategy; 2 (5%) focused on the wrong patient population; and
another 7 (16%) were excluded for being a clinical guideline,
focusing on patients rather than caregivers, having misaligned
outcomes and a study design within the exclusion criteria (eg,
review articles), being out of the date range of this review, the
full text being in a language other than English, and a lack of
an abstract and full text. Finally, 44 studies were included in
this scoping review. The PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) flow diagram was
used to present the selection of the studies (Figure 1). It took
approximately 8 months, from September 2021 to June 2022,
to carry out the study from conception to completion of the
project.

Characteristics of the Eligible Studies

Summary of Studies and Evidence Type
The included studies were published between 2011 and 2021.
Most studies (31/44, 70%) were published between 2016 and
2021, and 30% (13/44) were published between 2011 and 2016.
The types of studies included peer-reviewed journal articles
(40/44, 91%), research reports or theses (2/44, 5%), and opinion
pieces (2/44, 5%). Of the 44 included studies, 29 (66%) reported
on a specific implemented intervention strategy, and 15 (34%)
outlined recommended intervention strategies aimed at
alleviating the burden of informal caregivers of people with
severe and enduring mental health conditions in low- and
middle-income countries. The study designs included
randomized controlled trials (21/44, 48%), quantitative studies
(15/44, 34%), qualitative studies (3/44, 7%), mixed methods
studies (3/44, 7%), and gray literature (2/44, 5%; Table 1).
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Table 1. Characteristics of the included studies (N=44).

Studies, n (%)Characteristic

Summary of studies

29 (66)Implemented strategy studies

15 (34)Recommended strategy studies

Type of evidence

40 (91)Journal articles

2 (5)Research reports or theses

2 (5)Opinion pieces

Year of publication

13 (30)2011-2015

31 (70)2016-2021

Study design

21 (48)Randomized controlled trial

15 (34)Quantitative design

3 (7)Qualitative design

3 (7)Mixed methods

2 (5)Gray literature

Context of the Studies
A total of 44 studies identified from 16 low- and middle-income
countries in Asia, Africa, Europe, and South and North America
(Mexico) were included. The countries included China (12/44,
27%); Iran (10/44, 23%); India (5/44, 11%); Brazil (3/44, 7%);
Greece (2/44, 5%); Ghana (2/44, 5%); and Thailand, Nepal,
South Korea, Indonesia, Jordan, Mexico, Ethiopia, Turkey,
Botswana, and mixed countries (including Brazil, Iran,
Colombia and Mexico 1/44, 2% of the studies each). As shown

in Table 2, majority of the studies with implemented strategies
(24/29, 83%) and those with recommended strategies (9/15,
60%) were from Asian countries. Overall, 7% (2/29) of the
studies each from Europe, South America, and North America
implemented the strategies for alleviating burden and 13% (2/15)
of the studies from South and North America recommended the
strategies. Only 3% (1/29) of the studies conducted in Africa
implemented the strategies and 20% (3/15) of the studies
recommended the strategies. A study (1/15, 7%) from mixed
countries recommended the strategies for alleviating burden.

Table 2. Continents of the recommended and implemented strategies (N=44).

Recommended strategies, n (%)Implemented strategies, n (%)Continent

9 (60)24 (83)Asia

3 (20)1 (3)Africa

0 (0)2 (7)Europe

2 (13)2 (7)South and North America

1 (7)0 (0)Mixed countries

Characteristics of the Study Populations
The targeted populations in the included studies were mainly
family caregivers (38/44, 86%), 7% (3/44) of the studies targeted
informal carers, and some studies (3/44, 7%) did not specify
their targeted population but rather identified them as caregivers.
Most studies (33/44, 75%) included both male and female
caregivers, and 25% (11/44) did not specify the sex of their
sample. Similarly, most studies (24/44, 55%) included both
male and female care recipients, only 2% (1/44) of the studies

focused only on male care recipients, and 43% (19/44) did not
specify the gender of the care recipients included in the studies.
The diagnoses of the care recipients in the included studies were
grouped into 6 categories: schizophrenia (17/44, 39%), mood
disorders (4/44, 9%), multiple diagnoses including schizophrenia
and mood disorders (5/44, 11%), mixed severe and enduring
mental health conditions (5/44, 11%), other psychotic and
chronic conditions (6/44, 14%), and unspecified mental disorders
(7/44, 16%; Table 3).
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Table 3. Characteristics of the study populations in the included studies (N=44).

Studies, n (%)Characteristic

Population of interest

38 (86)Family caregiver or caregivers

3 (7)Informal carer or carers

2 (5)Caregiver or caregivers

1 (2)Carer or carers

Concept of interest

18 (41)Caregiver burden

16 (36)Family burden

9 (20)Caregiver stress

1 (2)Caregiver strain

Sex of caregivers

33 (75)Mixed-gender groups (male and female)

11 (25)Not specified

Gender of care recipients

24 (55)Mixed-gender groups (male and female)

1 (2)Male

19 (43)Not specified

Diagnosis of care recipients

17 (39)Schizophrenia

4 (9)Mood disorders

5 (11)Schizophrenia and mood disorders

5 (11)Mixed diagnoses of severe mental disorders

7 (16)Unspecified mental disorders

6 (14)Other (drug dependency, psychotic disorders, and chronic conditions)

Concept of Interest
The concepts of interest reported in the studies included
caregiver burden (18/44, 41%), family burden (16/44, 36%),
caregiver stress (9/44, 20%), and caregiver strain (1/44, 2%;
Table 3).

Review Findings
This section outlines the findings of the scoping review and
includes the types of intervention strategies, characteristics of
the intervention strategies, and author-reported outcomes from
the included studies.

Types of Intervention Strategies
The various strategies for alleviating caregiver burden were
grouped into 2 categories: implemented and recommended
intervention strategies. The implemented intervention strategies
emerged from studies that investigated the effects of a specific
intervention to alleviate the burden of informal caregivers. The
recommended interventions were identified from studies that
investigated caregiver burden and outlined recommended
intervention strategies to be used to alleviate the burden of
informal caregivers of persons with severe and enduring mental

health conditions. Most studies (29/44, 66%) reported on an
implemented intervention strategy, and 34% (15/44) of the
studies recommended strategies to alleviate caregiver burden.

Most of the studies and articles (33/44, 75%) originated in Asia,
with 55% (24/44) implemented and 20% (9/44) recommended
intervention strategies reported on, followed by Africa with 2%
(1/44) implemented and 7% (3/44) recommended intervention
strategies, South and North America with 5% (2/44)
implemented and 5% (2/44) recommended intervention
strategies, and Europe with 5% (2/44) implemented intervention
strategies (Table 2). A study from mixed countries only reported
recommended intervention strategies. The identified strategies
were grouped into the following categories: community-based
interventions, psychoeducation interventions, support groups,
cognitive behavioral therapy (CBT), spirituality-based
interventions, smartphone-based interventions, mindfulness and
empowerment, collaborative interventions, standard care,
financial and social support, counseling, occupation-based
interventions, policy and legislature, and access to mental health
care (Table 4 and Textbox 2). These categories are discussed
in the following subsections.
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Table 4. Description of the identified evaluated strategies for alleviating informal caregiver burden.

Author-reported outcomesEvaluated interventionsType of strategy

Community-based interventions •• Positive outcomes (positive effects on family care-
givers)

CoMHIPa

• RESHAPEb

Psychoeducation interventions •• Improved coping skillsPsychoeducation program
• •Group psychoeducation Enhanced recovery

•• Improved QoLdFLEPc

• •Peer-assisted education Knowledge and skill acquisition
• Reduced burden of care
• Reduced anxiety and stress
• Reduced psychological strain
• Enhanced family functioning
• Relapse prevention
• Reduced prolonged admissions
• Negative outcomes (no efficacy on burden of care, QoL,

or self-esteem among BMDe caregivers)

Support groups •• Knowledge and skill acquisitionFPGPf

• Enhance help seeking• Family-led mutual support program
• Alleviation of guilt
• Improved family and patient functioning
• Decreased demand on mental health services
• Improved psychosocial health
• Improved QoL

Cognitive behavioral therapy •• Reduced burden of careEmotional regulation training
• Reduced anxiety and stress
• Increased resilience

Spirituality-based intervention •• Reduced anxiety and stressSpirituality-based program

Guided self-help interventions •• Strengthened positive caregiving experienceManual-guided PBSPg

• Reduced negative caregiving experience• The Good Mood Guide
• Increased access to support

Smartphone-based interven-
tions

•• NoneMHappsh

Mindfulness and empowerment
interventions

•• Caregiver empowermentIEPi

• Improved QoL• MBSRj program
• Decreased depressive symptoms
• Increased self-efficacy

Collaborative interventions •• Reduced burden of careParticipatory care model
• Increased resilience

Standard care •• Reduced burden of careMultimodal intervention (general medicine, psy-
chiatry, psychology, family therapy, neuropsycho-
logical rehabilitation, and occupational therapy)

• Increased social support

aCoMHIP: community mental health early intervention project.
bRESHAPE: Reducing Stigma Among Healthcare Providers.
cFLEP: Family Link Education Programme.
dQoL: quality of life.
eBMD: bipolar mood disorder.
fFPGP: Family-led Peer Support Group Program.
gPBSP: problem-solving–based self-learning program.
hMHapps: mental health apps.
iIEP: integrated empowerment program.
jMBSR: mindfulness-based stress reduction.
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Textbox 2. Description of the identified recommended strategies for alleviating informal caregiver burden.

Community-based interventions

• Strengthening existing primary health care system

• Establishment of day nursing or care

• Respite care

• Vocational training for patients

• Single-family caregiver organization

• Supported employment for patients

• Home visits

Psychoeducation interventions

• Group psychoeducation

• Family education

• Continuing education programs for effective practice

• Educational lectures

• Psychoeducation program

Support groups

• Nongovernmental mental health–related support groups

• Family caregiver assistance programs

Cognitive behavioral therapy

• Family therapy groups

Spirituality-based intervention

• Turning to traditional healers and spiritual leaders

Smartphone-based interventions

• Mental health apps

Mindfulness and empowerment interventions

• Stress management training

Collaborative interventions

• Caregiver involvement in all program elements

• Pluralistic and ecological approach to service delivery

Standard care

• Telepsychiatry

• Availability of emergency teams

Financial support

• Disability grant

• Fee-free mental health services

• Medical insurance and free medication

Social support

• Medical care social security

• Social resources

Counseling
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• Basic counseling

• Supportive psychotherapy

Occupation-based interventions

• Physical and leisure activities

Policy and legislature

• National health insurance schemes

• Advocacy for a strong mental health policy

• Integration of caregiver actions and interventions into national mental health care plans

• Fee-free mental health services

Access to mental health care

• Caregiver care inclusion in daily treatment facilities

• Access to therapeutic tools

• Availability of mental health units or departments

• Periodic health checks for caregivers (every 6 months on average)

• Improvement in institutional mental health care

Psychoeducational Interventions
The first strategy was psychoeducational interventions, which
was identified as the most common strategy implemented and
recommended to alleviate caregiver burden. A total of 27%
(12/44) of the studies implemented 4 different psychoeducational
interventions, including 58% (7/12) of these studies using a
psychoeducation program [35-40], 17% (2/12) using group
psychoeducation [41,42], 17% (2/12) using the Family Link
Education Programme [43,44], and 8% (1/12) of the studies
implementing peer-assisted education [45] (Table 4). Similarly
to the implemented intervention strategies, the recommended
psychoeducational interventions identified included
psychoeducational programs, group psychoeducation, family
psychoeducation, continuing education programs for effective
practice, and educational lectures [7,46] (Textbox 2).

Support Group Interventions
The second strategy was support groups. In total, 7% (3/44) of
the studies implemented support group strategies, including the
Family-led Peer Support Group Program, family-led mutual
support programs, and nongovernmental mental health–related
support groups [47-49] (Table 4). The recommended support
group strategies identified in this review included
nongovernmental mental health–related support groups and
family caregiver support programs [50-54] (Textbox 2).

Community-Based Interventions
Community-based interventions were identified as a third
strategy to alleviate caregiver burden, and 5% (2/44) of the
included studies reported on implementing a community mental
health early intervention project and Reducing Stigma Among
Healthcare Providers [55,56] as community-based interventions
(Table 4). The recommended community-based interventions
included strengthening existing primary health care systems,
establishing day nursing or care for the care recipients, respite

care, vocational rehabilitation training for patients, single-family
caregiver organizations, supported employment for patients,
and home visits [46,52,53,57] (Textbox 2).

Guided Self-Help Interventions
A total of 5% (2/44) of the studies implemented guided self-help
interventions, namely, a manual-guided problem-solving–based
self-learning program [58] and the Good Mood Guide [59]
(Table 4). No recommended guided self-help interventions were
identified in this review.

Mindfulness and Empowerment Interventions
Mindfulness and empowerment interventions were implemented
in 5% (2/44) of the studies, and the programs implemented were
a mindfulness-based stress reduction program and an integrated
empowerment program [60,61] (Table 4). Stress management
training was identified as a recommended mindfulness and
empowerment intervention strategy in this review [7] (Textbox
2).

CBT Interventions
Emotional regulation training was the only implemented CBT
strategy identified in 5% (2/44) of the included studies [62,63]
(Table 4). The recommended cognitive behavioral strategy
identified in this review was family therapy groups [64]
(Textbox 2).

Spirituality-Based Interventions
In total, 2% (1/44) of the studies implemented a
spirituality-based program for informal caregivers in which the
comparison intervention was 2 standard group training sessions
related to general mental disorders [65] (Table 4). Turning to
traditional healers and spiritual leaders was identified as a
recommended spirituality-based intervention for alleviating
informal caregiver burden [52] (Textbox 2).
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Participatory Care Model
In total, 2% (1/44) of the studies implemented a participatory
care model as a collaborative intervention strategy [66] (Table
4). The recommended collaborative interventions were caregiver
involvement in all program elements and a pluralistic and
ecological approach to service delivery [56,67] (Textbox 2).

Standard Care
The implemented standard care interventions were multimodal
interventions that encompassed general medicine, psychiatry,
psychology, family therapy, neuropsychological rehabilitation,
and occupational therapy with no comparison intervention [68]
(Table 4). The recommended standard care interventions were
telepsychiatry and ensuring the availability of emergency teams
[53] (Textbox 2).

Smartphone-Based Interventions
Only 2% (1/44) of the studies implemented smartphone-based
interventions using mental health apps to alleviate the burden
of informal caregivers with no comparison intervention [67]
(Table 4). Although the study indicated the use of the mental
health apps with care recipients and their caregivers, the specific
intervention offered was not described. No recommended
smartphone-based interventions were identified in this review.

Additional Strategies Recommended for Alleviating
Caregiver Burden
The additional recommended intervention strategies were
financial support, including the provision of a disability grant,
fee-free mental health services, medical insurance, and free
medication for care recipients [7,57,68]. The recommended
social support comprised medical care social security and social
resources [52,54,56,57,69]. Recommended counseling
interventions comprised basic counseling and supportive
psychotherapy [64,69]. Occupation-based interventions included
participation in physical and leisure activities [64]. Policy and
legislature recommended interventions comprised the
implementation of national health insurance schemes, advocacy
for a strong mental health policy, integration of caregiver actions
and interventions into national mental health care plans, and

fee-free mental health services [53,62,68]. Finally, other
recommended interventions were access to mental health care,
which considers caregiver care inclusion in daily treatment
facilities; access to therapeutic tools; availability of mental
health units or departments; periodic health checks for caregivers
(every 6 months on average); and improved institutional mental
health care [35,52,54,67] (Textbox 2).

Characteristics of the Implemented Intervention
Strategies
Most of the implemented intervention strategies (18/29, 62%)
were targeted at alleviating both objective and subjective burden,
and 38% (11/29) were exclusively aimed at alleviating
subjective burden. The intervention developers were reported
as being researchers based on evidence (13/29, 45%) and
researchers with expert input (5/29, 17%). In total, 28% (8/29)
were existing interventions implemented without any
adaptations, and 10% (3/29) of the interventions did not specify
the intervention developer. The intervention deliverers identified
in the studies included trained peer facilitators (7/29, 24%),
researchers (7/29, 24%), psychiatrists and nurses (5/29, 17%),
multiple health care professionals (4/29, 14%), and psychologists
(3/29, 10%), and 10% (3/29) of the interventions did not specify
who delivered them.

The number of sessions offered in the implemented intervention
strategies was between 6 and 8 sessions (13/29, 45%), ≤5
sessions (8/29, 28%), and ≥11 sessions (5/29, 17%), and 10%
(3/44) of the interventions did not specify the number of
sessions. The duration of the implemented interventions in the
studies was 6 to 15 weeks (10/29, 34%), ≤5 weeks (7/29, 24%),
and ≥16 weeks (4/29, 14%), and 28% (8/29) of the interventions
did not specify the duration. Most interventions (9/29, 31%)
were delivered once per week, some were offered twice a week
(8/29, 28%), and some of the interventions (12/29, 41%) did
not specify the frequency of their sessions. The length of the
sessions in the implemented interventions ranged between 2
and 2.5 hours (8/29, 28%), 1 to 1.5 hours (6/29, 21%), and ≤1
hour (1/29, 3%), and 48% (14/29) of the interventions did not
specify the length of their sessions (Table 5).

Interact J Med Res 2024 | vol. 13 | e48587 | p.81https://www.i-jmr.org/2024/1/e48587
(page number not for citation purposes)

Silaule et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Characteristics of the implemented strategies for alleviating informal caregiver burden (N=29).

Length
of the
sessions

Frequency
of sessions
per week

Duration of
interven-
tion

Number
of ses-
sions

Intervention de-
liverer

Intervention de-
veloper

Type of burden
targeted by the
intervention

Type of inter-
vention

Year of
publica-
tion

Study

Not
speci-
fied

Not speci-
fied

Not speci-
fied

Not speci-
fied

The Integrated
Community
Centre for Men-
tal Wellness

Not specifiedSubjective and
objective

CoMHIPa2018Ng et al [56]

Not
speci-
fied

Not speci-
fied

4 days5 sessionsTPOf Nepal, a
Nepali non-
governmental
organization

Developed as

part of WHOc

mhGAPd and

PRIMEe

Subjective and
objective bur-
den

RESHAPEb2018Rai et al [55]

1 hourTwice
weekly

3 weeks6 sessionsTrained peer fa-
cilitators

Researchers and
approved by 3
faculty members

Subjective and
objective bur-
den

Peer- assisted
education

2021Rajai et al
[45]

of the Army Col-
lege of Medical
Sciences

2 hoursOnce
weekly

8 weeks8 sessionsGroup facilita-
tors who were
peer specialists

FLEP: peer-led
psychoeducation
program devel-

Subjective and
objective bur-
den

FLEPg2020Zhou et al
[44]

of experienced
caregivers

oped from the
stress and coping
model by Pearlin
et al [70]

35-40
minutes

Not speci-
fied

3 weeks3 sessionsResearchersResearchersSubjective and
objective bur-
den

Family psy-
choeducation
and care deci-
sion without
pasung

2019Dewi et al
[37]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

6 sessions10 psycholo-
gists

Not specifiedSubjective and
objective bur-
den

Psychoeduca-
tion

2018Tabeleão et al
[36]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

2 sessionsResearcherResearcher based
on existing litera-
ture

Subjective and
objective bur-
den

Psychoeduca-
tion

2017Ntsayagae
[40]

Not
speci-
fied

Twice
weekly

6 to 8
weeks

6 sessionsPsychiatrist re-
sponsible for
specific case

Psychoeducation-
al intervention
for patients with

BDh by Colom et

Subjective and
objective bur-
den

Psychoeduca-
tion

2016De Souza et al
[39]

al [71] translated
and adapted by
Dell-Aglio et al
[72]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

7 sessionsPsychiatrist and
psychologist

Adapted from the
treatment proto-
col developed by
Reinares et al

Subjective bur-
den

Psychoeduca-
tion

2015Kolostoumpis
et al [38]

[73] in the
Barcelona Bipo-
lar Disorders Pro-
gram in Spain

1 hourTwice
weekly

10 weeks5 mod-
ules

ResearcherResearcher based
on WHO guide-
lines for educa-

Subjective and
objective bur-
den

Psychoeduca-
tion

2014Jessy and
Kalaimathy
[35]

tional interven-
tions and existing
literature. Manual
translated into
Tamil.
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Length
of the
sessions

Frequency
of sessions
per week

Duration of
interven-
tion

Number
of ses-
sions

Intervention de-
liverer

Intervention de-
veloper

Type of burden
targeted by the
intervention

Type of inter-
vention

Year of
publica-
tion

Study

2 hoursOnce
weekly

4 weeks4 sessionsOrganized
based on educa-
tional program
of psychiatric
nursing and
psychiatric text-
books (Camp-
bell [74]) and
converted to un-
derstandable
text for patients
and families

Researchers
based on educa-
tional program of
psychiatric nurs-
ing and psychi-
atric textbooks

Subjective and
objective bur-
den

Group psy-
choeducation

2014Fallahi
Khoshknab et
al [41]

2 hoursOnce
weekly

4 weeks4 sessionsPsychiatrist and
mental health
nurse

Researchers
based on the fam-
ilies’ needs and
the existing litera-
ture

Subjective bur-
den

Psychoeduca-
tion

2012Navidian et al
[42]

1.5
hours

Not speci-
fied

5 weeks10 ses-
sions

Psychiatrist,
nurse, and guest
speakers

Psychiatrist and
psychiatric nurse
based on the liter-
ature and needs
of the families

Subjective and
objective bur-
den

Psychoeduca-
tion

2012Sharif et al
[75]

Not
speci-
fied

Once
weekly

Not speci-
fied

8 sessionsTrainers who
were them-
selves family
members of
people with

SMIj. They re-
ceived training
and a trainer
manual.

Task force con-
sisting of a men-
tal health social
worker, a recov-
ered patient with
editorial experi-
ence, and a care-
giver based on
available related
local educational
materials and the

NAMIi Family-
to-Family pro-
gram

Subjective bur-
den

FLEP2011Chiu et al [43]

2 hoursTwice
weekly

36 weeks16 ses-
sions

Family-led mu-
tual support
group—co-led
by 2 peer fami-
ly caregivers
along with a re-
searcher and re-
habilitation
nurse

Family-led mutu-
al support
group—contents
were based on
similar program
protocols and the
researcher-devel-
oped family mutu-
al support groups
for psychotic dis-
orders

Subjective and
objective bur-
den

Family-led
support pro-
gram

2018Chien et al
[48]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

Not speci-
fied

Not mentionedNongovernmen-
tal mental health
organization

(NGOMHk)

Subjective bur-
den

Support group
intervention

2015Mentis et al
[49]

2 hoursTwice
weekly

39 weeks14 ses-
sions

Peer leader who
received train-
ing from the re-
searchers and
worked closely
with a group
leader who was
a trained psychi-
atric nurse

6 experts on psy-
chiatric rehabilita-
tion (including
psychiatrists,
clinical psycholo-
gists, and nurse
specialists)

Subjective bur-
den

Family-led
mutual sup-
port program

2018Chien et al
[48]
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Length
of the
sessions

Frequency
of sessions
per week

Duration of
interven-
tion

Number
of ses-
sions

Intervention de-
liverer

Intervention de-
veloper

Type of burden
targeted by the
intervention

Type of inter-
vention

Year of
publica-
tion

Study

2 hoursTwice
weekly

39 weeks14 group
sessions

Peer sup-
port—peer lead-
er supported by
principal re-
searcher

Content and for-
mat were based
on previous pro-
grams conducted
by Li and Arthur
[76] in mainland
China. Appropri-
ateness of the
content was rated
by 7 experts, in-
cluding psychia-
trists, psycholo-
gists, and nursing
specialists.

Subjective and
objective bur-
den

FPGPl2013Chien and
Chan [47]

Not
speci-
fied

Once
weekly

8 weeks8 sessionsClinical psychol-
ogist

On the basis of
the Dialectical
Behavior Thera-
py Skills Work-

book and CBTm

principles

Subjective bur-
den

Emotional
regulation

2021Behrouian et
al [62]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

8 sessionsClinical psychol-
ogist

Sessions were
based on previ-
ous studies
(Gratz and Gun-
derson [77]).
Trainings were
based on the Di-
alectical Behav-
ior Therapy
Skills Workbook
(McKay et al
[78]).

Subjective and
objective bur-
den

Emotion regu-
lation training

2020Behrouian et
al [63]

1.5
hours

Twice
weekly

8 weeks16 ses-
sions

ResearcherResearchers
based on existing
literature

Subjective bur-
den

CBT2019Faghih and
Pahlavan-
zadeh [79]

1 hourTwice
weekly

8 weeks6 sessionsResearcherResearcherSubjective bur-
den

Spirituality-
based program

2021Khosravi et al
[65]

Not
speci-
fied

Not speci-
fied

21 weeks5 mod-
ules

Psychiatric
nurse

Developed by
McCann et al
[80] in Australia,
and its Chinese
translated version
was validated and
refined by the re-
search team.

Subjective and
objective bur-
den

Manual-guid-

ed PBSPn
2020Chien et al

[58]

Not
speci-
fied

Once
weekly

8 weeks8 mod-
ules

Researcher via
telephone

The Good Mood
Guide developed
by Lifeline South

Coast NSWo,
Australia

Subjective and
objective bur-
den

Guided self-
help manual

2015McCann et al
[59]

Not
speci-
fied

Not speci-
fied

Not speci-
fied

Not speci-
fied

PsychiatristResearcherSubjective and
objective bur-
den

Smartphone-
based interven-
tions

(MHappsp)

2018Deb et al [67]
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Length
of the
sessions

Frequency
of sessions
per week

Duration of
interven-
tion

Number
of ses-
sions

Intervention de-
liverer

Intervention de-
veloper

Type of burden
targeted by the
intervention

Type of inter-
vention

Year of
publica-
tion

Study

2 hoursOnce
weekly

4 weeks4 sessionsMental health
professionals
who received
training with a
written struc-
tured interven-
tion protocol
from the re-
search team

Developed by
Hyun et al [61]
for community-

living PMIsr

based on the em-
powerment theo-
ries of Kanter
[81] and McLean
[82]

Subjective bur-
den

IEPq2018Hyun et al
[61]

2 hours,
with a
CD of
30-45
minutes
for
home
practice

Once
weekly

8 weeks8 sessions3 trained instruc-
tors with >3
years of experi-
ence in MBSR

Not stated but as-
sumed that the re-
searchers mod-
eled the program
on the original
MBSR by Kabat-
Zinn [83]

Subjective bur-
den

MBSRs pro-
gram

2014Hou et al [60]

1.5
hours

Once
weekly

12 weeks8 sessionsResearchers and
staff at the re-
search site

ResearchersSubjective bur-
den

Participatory
care model

2020Zoladl et al
[66]

Not
speci-
fied

Not speci-
fied

10 weeks12-18 ses-
sions

Medical officer,
psychiatrist,
psychologist,
and occupation-
al therapist

Not statedSubjective and
objective bur-
den

Standard
care—includ-
ed care from
general
medicine, psy-
chiatry, psy-
chology, fami-
ly therapy,
neuropsycho-
logical rehabil-
itation, and
occupational
therapy

2017Ramirez et al
[68]

aCoMHIP: community mental health early intervention project.
bRESHAPE: Reducing Stigma Among Health Care Providers.
cWHO: World Health Organization.
dmhGAP: Mental Health Gap Action Programme.
ePRIME: Programme for Improving Mental Health Care.
fTPO: Transcultural Psychosocial Organization.
gFLEP: Family Link Education Programme.
hBD: bipolar disorder.
iNAMI: National Alliance on Mental Illness.
jSMI: severe mental illness.
kNGOMH: nongovernmental mental health.
lFPGP: Family-led Peer Support Group Program.
mCBT: cognitive behavioral therapy.
nPBSP: problem-solving–based self-learning program.
oNSW: New South Wales.
pMHapps: mental health apps.
qIEP: integrated empowerment program.
rPMI: person with mental illness.
sMBSR: mindfulness-based stress reduction.
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Perceived Effectiveness of the Implemented Intervention
Strategies
This review outlines the effectiveness of the implemented
intervention strategies as reported by the authors who conducted
the studies (Table 4). It should be noted that this scoping review
included both published and gray literature, and therefore, no
critical appraisal of the studies or meta-analyses were conducted.
Therefore, care should be taken as these interpretations may be
clouded by author bias [84].

The authors expressed the effectiveness of the implemented
intervention strategies by highlighting whether the strategy
resulted in a positive or negative outcome for the informal
caregivers or their care recipients. Overall, the implemented
strategies were reported to be effective in reducing the burden
of care and improving the quality of life of informal caregivers.
Psychoeducation intervention strategy outcomes included
improved coping skills, improved quality of life, reduced anxiety
and stress, reduced burden of care, reduced psychological strain,
improved knowledge and skills in caregiving, enhanced family
functioning, enhanced recovery, relapse prevention, and reduced
prolonged admissions. Support group outcomes included
alleviation of guilt, enhanced help-seeking behavior, improved
quality of life, improved knowledge and skills in caregiving,
improved psychosocial health, improved family and patient
functioning, and decreased demand for mental health services.
CBT outcomes included reduction in burden of care, anxiety,
and stress and increased resilience of informal caregivers.
Guided self-help outcomes included strengthened positive
caregiving experiences, reduced negative caregiving
experiences, and increased access to support. The reported
outcomes for mindfulness and empowerment interventions
included empowerment of caregivers, increased self-efficacy,
improved quality of life, and decreased depressive symptoms.
Collaborative intervention outcomes included reduced burden
of care and increased resilience. The standard care outcomes
reported included positive outcomes in caregiving, reduction
in the burden of care, and increase in social support for
caregivers.

Negative outcomes were only reported for the psychoeducation
and mindfulness and empowerment intervention strategies. The
reported negative outcomes of psychoeducation interventions
were no improvement in the burden of care, quality of life, or
self-esteem. The reported negative outcomes of mindfulness
and empowerment interventions included short-lived
improvement in anxiety, and the authors highlighted no
improvement after 3 months of follow-up with the participants
and no effect on perceived stress, quality of life, and
self-compassion, indicating that the effects of the interventions
were not sustainable.

Discussion

Principal Findings
This scoping review set out to map the literature on strategies
for alleviating the burden of informal caregivers of persons with
severe and enduring mental health conditions in low- and
middle-income countries. The review identified types of

strategies, strategy characteristics, and outcomes of the strategies
as reported by the authors. The types of strategies identified
were categorized as implemented and recommended intervention
strategies and included community-based interventions,
psychoeducational interventions, support groups, CBT,
spirituality-based interventions, guided self-help,
smartphone-based interventions, mindfulness and empowerment,
collaborative interventions, standard care, financial and social
support, counseling, occupation-based interventions, policy and
legislature, and access to mental health.

Most of the implemented and recommended intervention studies
(33/44, 75%) were conducted in Asian countries and targeted
both subjective and objective burdens, and some studies (18/29,
62%) focused exclusively on subjective burden. This shows an
increasing research interest in caregiver interventions in mental
health research in Asian countries over the last decade. In
contrast, the small number of studies from other low- and
middle-income countries possibly confirms the limited research
on support strategies for alleviating caregiver burden in mental
health. Despite consensus on the high levels of burden of
informal caregivers of persons with severe and enduring mental
health conditions in these countries [56,85-87] and the
importance of supporting caregivers, few studies (44/18,086,
0.24%) implemented and recommended intervention strategies
for alleviating caregiver burden. This evidence gap raises
significant concerns considering the scarcity of mental health
care professionals and limited access to quality mental health
services in many low- and middle-income countries. As a result,
informal caregivers assume a vital role in the support and care
of persons with severe and enduring mental health conditions
in these regions [88,89]. Having limited strategies for alleviating
the burden of informal caregivers may have dire consequences
for the management of persons with severe and enduring mental
health conditions in these countries.

The implemented and recommended intervention strategies
were mainly focused on both male and female family caregivers.
These findings are consistent with the literature as families have
long been acknowledged as key stakeholders in the care and
management of mental disorders [90-93]. Therefore, it is
important to ensure that the strategies for alleviating caregiver
burden are targeted specifically to this population, particularly
in low- and middle-income countries, where occupying this role
is often obligatory [94]. The fact that most implemented
intervention strategies were aimed at both male and female
caregivers is important to note. Although caregiving is identified
as a female-oriented role, there is evidence that men also occupy
the primary caregiver role and are also likely to experience high
levels of caregiver burden [20,94]. This emphasizes the need
to ensure that, where strategies for alleviating caregiver burden
are implemented, they focus on all caregivers irrespective of
their gender. The care recipients in these studies were mostly
diagnosed with schizophrenia and mood disorders. This is
consistent with the literature highlighting that depressive
disorders, schizophrenia, and bipolar disorders are among the
top 10 leading causes of disability in low- and middle-income
countries [95].

The findings of this scoping review emphasize the need for
evidence-based intervention strategies aimed at alleviating the
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burden of informal caregivers in low- and middle-income
countries. Most implemented intervention strategies were
informed by evidence, in which researchers consulted existing
literature and sought expert input to develop their interventions.
Trained peer facilitators delivered most of the implemented
interventions and were informal caregivers themselves. This is
important to note as it aligns with task shifting, which is focused
on transferring skills and responsibilities to local people with
the aim of increasing access to mental health services in low-
and middle-income countries where there is a shortage of human
resources [96,97]. In addition, the findings of this review reveal
that researchers, nurses, and psychiatrists offered some of the
interventions, which may not be sustainable in low- and
middle-income countries given the shortage of mental health
professionals [95]. Most studies (13/29, 45%) offered 6 to 8
sessions over 6 to 8 weeks, and the sessions were facilitated
once or twice a week for 1 to 2 and a half hours. Given the
number and frequency of sessions, it may be useful to use peer
facilitators to offer these interventions as most are already in
the community, which will ensure sustainability in
resource-constrained contexts in low- and middle-income
countries.

Overall, the implemented intervention strategies were reported
to have a positive effect on alleviating the burden of informal
caregivers of people with severe and enduring mental health
conditions in low- and middle-income countries. In some
studies, these effects were reported for both informal caregivers
and their care recipients. The authors reported the effectiveness
of the strategies in their studies in terms of the help, benefit,
and effect that a specific implemented intervention strategy had
on the informal caregivers. Some compared their interventions
mainly with standard psychiatric care and psychoeducation,
which focused on providing caregivers with information on
specific or general mental disorders. Psychoeducational
interventions were frequently implemented intervention
strategies and were identified as helpful, beneficial, and effective
in reducing caregiver burden [35,38,42,75]. This type of
intervention was reported to improve caregiver knowledge and
skills to enable them to cope with the demands of caregiving.
In addition, psychoeducational interventions were linked with
positive patient outcomes as they were reported to enhance
patient recovery, which subsequently reduced relapses and
prolonged admissions. These interventions were commended
for being simple, feasible, and cost-effective, making them the
most preferred form of intervention strategy to address the
burden of informal caregivers.

Similarly, implemented intervention strategies such as support
groups, community-based interventions, guided self-help,
mindfulness and empowerment, and CBT were reported to have
a positive effect on the burden of informal caregivers in low-
and middle-income countries. It is important to note that the
family-led mutual support program, a peer-facilitated
intervention, was reported to have long-term desirable benefits
on the psychosocial health of both caregivers and their care
recipients compared with the psychoeducational program and
standard care offered by psychiatrists, clinical psychologists,
and nursing specialists. Similarly, the manual-guided
problem-solving–based self-learning program, a guided self-help

intervention, was reported to have a superior treatment effect
on caregiver burden, care recipients’ symptom severity, and the
duration of rehospitalizations at the 6-month follow-up
compared with a well-accepted family psychoeducation group
program. This implies that support groups and guided self-help,
although not frequently implemented, should be considered
beneficial strategies for alleviating caregiver burden. In addition,
as self-directed and peer-evaluated interventions, these
intervention strategies may be considered cost-effective in
extending the services to informal caregivers, especially in low-
and middle-income countries where a shortage of human
resources affects the delivery and quality of mental health
services.

Although not frequently implemented, intervention strategies
such as spirituality-based, collaborative, and standard care
interventions were also reported to reduce caregiver burden.
Spirituality-based interventions were identified as an
inexpensive and readily available resource for alleviating the
burden of informal caregivers. Similarly, the participatory care
model was reported to be an efficient and low-cost method for
reducing caregiver burden and increasing caregiver resilience.
Therefore, it is necessary to further explore the use of these
interventions with informal caregivers of people with severe
and enduring mental health conditions in low- and
middle-income countries.

Despite their potential, the use of virtual interventions or
telehealth strategies for informal caregivers remains
underrepresented in the literature. This may be attributed to the
relatively slow adoption of telehealth among informal
caregivers. Notably, only 1 smartphone app was identified in
this scoping review. However, telehealth holds promise as a
viable approach for disseminating psychoeducational
information, providing real-time support, and facilitating
participation in virtual caregiver support groups, particularly in
remote areas. The increasing proliferation of smartphones and
internet access in Africa further emphasizes opportunities for
the development of telehealth programs tailored to caregivers
of individuals with severe and enduring mental health
conditions. Although most of the implemented intervention
strategies reported positive effects on caregiver burden, there
were negative outcomes reported for some interventions. Hou
et al [60] reported that the mindfulness-based stress reduction
program led to a short-lived improvement in the stress and
anxiety of the informal caregivers but that no improvement was
noted after the 3-month follow-up. In addition, this intervention
did not demonstrate a sustained effect on health-related quality
of life, perceived stress, or self-compassion. These outcomes
were attributed to the loss to follow-up and the fact that the
measurement instruments could have been less sensitive to
changes in quality of life and stress. Similarly, the 6-session
individual psychoeducation intervention for informal caregivers
of persons with bipolar mood disorder showed no effect on
burden, quality of life, or self-esteem. This was attributed to
the reduction in the number of sessions from 21 in the original
instruction [71] to 6 in this study [35]. Another reason was that
the sessions were conducted individually, whereas the literature
highlights that multifamily intervention groups are effective
[71,73,98].
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Implications for Practice and Policy
The findings of this review provide evidence for the reported
evaluated and recommended interventions having benefits in
reducing the burden of care among informal caregivers in low-
and middle-income countries. Previous studies conducted in
low- and middle-income countries have since emphasized the
urgent need to strengthen informal caregiver support regarding
mental health. The need for information and skills in handling
mental health care users, as well as the need for emotional and
tangible support, has been highlighted in previous studies
[42,99]. The findings of this review revealed that
psychoeducation and support groups were highly used strategies
for improving knowledge and skills as well as building support
for informal caregivers in low- and middle-income countries.
Furthermore, these strategies were reported to be beneficial and
cost-effective, thereby making them a viable option for
implementation in low- and middle-income countries, where
limited access to mental health resources prevails [100]. The
need to ensure that these strategies are offered on a continuous
basis was highlighted in many studies, indicating the need for
6 to 10 sessions over a period of 6 to 10 weeks [7]. To ensure
sustainability, training of peer facilitators to deliver these
interventions may be realistic as this aligns with a task-shifting
approach, which has long been advocated for as a cost-effective
strategy for increasing access to mental health services in low-
and middle-income countries [101]. It is interesting to note that
peer support groups and guided self-help were reported to have
long-term benefits on caregiver burden compared with
psychoeducation; this highlights that using self-directed
interventions is considered a practical option for alleviating
informal caregiver burden. In low- and middle-income countries
where a shortage of human resources prevails, it is important
to consider such interventions as they empower informal
caregivers to build support and take ownership of their health
and well-being [35]. Spiritual-based interventions, although not
frequently implemented, are important to note in the context of
low- and middle-income countries as most informal caregivers
have been identified as relying on spiritual and religious coping
[102,103]. Recommended strategies such as the provision of
financial and social support as well as policy and legislature
strategies call for an urgent need for policies in mental health
to shift focus toward integrating caregiver-oriented services into
practice. In addition, these findings highlight the need to adopt
an intersectoral approach [104] in which various sectors such
as religious and spiritual organizations provide mental health
services to extend their accessibility to informal caregivers.

Limitations
In alignment with Arksey and O’Malley, this review did not
include a critical appraisal to ascertain the quality of the studies
as the purpose of this scoping review was to map existing

strategies for alleviating caregiver burden and report on the
outcomes as stated by the authors. In their study, Woo et al
[105] cautioned that the exclusion of critical appraisals in
scoping reviews means that the review cannot ascertain the
research gaps that it aims to address if the included studies are
of poor methodological quality. Although this scoping review
provides evidence on the existing strategies for alleviating
caregiver burden, it is important that the suggested strategies
be evaluated in the specific context to ensure their effectiveness
before implementation in clinical practice. This step was omitted
as the purpose of this review was to map the available
intervention strategies and the outcomes reported by the authors
in alleviating burden among informal caregivers in low- and
middle-income countries. This review only included studies
conducted in low- and middle-income countries, and only papers
written in English were considered, thus reducing the extent
and scope of the evidence on the strategies for alleviating burden
among informal caregivers regarding mental health.

Conclusions
The findings of this scoping review provided the authors with
categories they can use to develop semistructured interview
guides to use when exploring the existing formal and informal
community mental health services to alleviate the burden of
informal caregivers in rural South Africa. The categories outline
the different types of strategies that can be used to alleviate
caregiver burden, in particular the types of strategies offered to
informal caregivers and the intervention developers and
deliverers in and outside the mental health care system.
Although most of the included studies (29/44, 66%)
implemented these strategies, a few studies conducted in other
low- and middle-income countries (15/44, 34%) recommended
the use of these interventions to alleviate caregiver burden.
Future studies from low- and middle-income countries in other
continents, including Africa and South and North America,
should address this gap in the research by evaluating these
intervention strategies to alleviate the burden of informal
caregivers.

Critical appraisal, which is used to ascertain the quality of the
studies, was omitted as the purpose of this scoping review was
to map existing strategies for alleviating caregiver burden and
report on the outcomes as stated by the authors. Future studies
should conduct quality appraisals to establish the effectiveness
of these strategies in alleviating the burden of informal
caregivers. Peer-facilitated support group interventions, although
not frequently implemented, were identified as having long-term
benefits compared with frequently implemented interventions
such as psychoeducation. It is recommended that future research
be directed at implementing and evaluating these interventions
to alleviate burden in low- and middle-income countries.
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Abstract

Background: Generation Z (Gen Z) includes individuals born between 1995 and 2012. These individuals experience high rates
of anxiety and depression. Most Gen Z individuals identify with being spiritual, and aspects from religion and spirituality can be
integrated into mental health treatment and care as both are related to lower levels of depression. However, research on the spiritual
and mental health of Gen Z is sparse. To date, there are no systematic or scoping reviews on digital methods to address the spiritual
and mental health of Gen Z.

Objective: This scoping review aimed to describe the current state of digital methods to address spiritual and mental health
among Gen Z, identify the knowledge gaps, and make suggestions for how to leverage digital spiritual and mental health
interventions for Gen Z.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, PsycInfo, CINAHL, Education Full Text,
Google Scholar, SocIndex, and Sociological Abstracts. The inclusion criteria were as follows: (1) study population born between
1995 and 2012 (ie, Gen Z); (2) reporting on spiritual health or well-being, spirituality or religion, and mental health or well-being;
(3) reporting on using digital methods; (4) publication in 1996 or beyond; (5) human subject research; (6) full text availability in
English; (7) primary research study design; and (8) peer-reviewed article. Two authors screened articles and subsequently extracted
data from the included articles to describe the available evidence.

Results: A total of 413 articles were screened at the title and abstract levels, of which 27 were further assessed with full text
for eligibility. Five studies met the inclusion criteria, and data were extracted to summarize study characteristics and findings.
The studies were performed across 4 different countries. There were 2 mixed-methods studies (South Africa and Canada), 2
cross-sectional studies (China and United States), and 1 randomized controlled trial (United States). Of these studies, only 2
discussed digital interventions (a text messaging–based intervention to improve spiritual and mental health, and a feasibility study
for a mental health app). Other studies had a digital component with minor or unclear spiritual and mental health measures.
Overall, there was a lack of consistency in how spiritual and mental health were measured.

Conclusions: Few studies have focused on assessing the spiritual and mental health of Gen Z in the digital context, and no
research to date has examined a digital spiritual and mental health application among Gen Z. Research is needed to inform the
development and evaluation of approaches to address the spiritual and mental health of Gen Z via digital means (eg, mobile
apps).

(Interact J Med Res 2024;13:e48929)   doi:10.2196/48929

Interact J Med Res 2024 | vol. 13 | e48929 | p.95https://www.i-jmr.org/2024/1/e48929
(page number not for citation purposes)

Park et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:susanna@skylight.org
http://dx.doi.org/10.2196/48929
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

Generation Z; Gen Z; spiritual health; digital mental health; spirituality

Introduction

The digital age is marked by widespread internet use and the
ability to quickly communicate and find information online.
Individuals born from 1995 to 2012 are considered “digital
natives,” as they are the first generation to live in an age where
technology and the internet are accessible at all times [1]. The
Pew Research Center considers these individuals as part of
Generation Z (“Gen Z”) and identifies the beginning of this
generation to be in 1997 [1]. For the purpose of our research,
we used the definition of Gen Z by Katz et al [2], who defined
Gen Z as individuals born from 1995 to 2012, to account for
those born when the World Wide Web made its public debut
in 1995.

As a generation that grew up with technology, digital devices
are familiar and seamlessly woven into the daily routines of
Gen Z. It has been reported that 95% of Gen Z individuals have
access to a smartphone [3]. In a study of 1000 Gen Z individuals
aged 13 to 25 years, more than half spent 4 or more hours online
compared with just 28% of all US adults who spent 4 or more
hours online [4]. In a world where it is nearly impossible to
socialize, work, and get an education without technology, Gen
Z individuals are “always on,” and this is associated with higher
rates of depression, attention deficit disorder or attention deficit
hyperactivity disorder, and technology addiction [5]. Compared
with other generations, Gen Z individuals spend more time
alone or on digital communication platforms than engaging in
in-person interactions. Between 2000 and 2015, Gen Z high
school seniors spent an hour less on in-person social interactions
compared with early millennials [6]. Adolescents who spend
more time on social media than in in-person interactions are the
loneliest compared with those who spend less time on social
media. Moreover, between 2007 and 2018, there were great
increases in the relative percentage rates for self-injury (47%),
seriously considering suicide (76%), and suicide attempts (58%)
among Gen Z [7].

The American Psychological Association (APA) states that Gen
Z individuals are more likely to report mental health concerns
(eg, depression and anxiety) than previous generations [8]. In
a 2022 survey of 1055 Gen Z adults, 1 out of 4 reported having
more bad days than good within a 1-month time frame. More
than 2 out of 5 (42%) had a diagnosed mental health condition,
with more than a quarter of those being diagnosed during the
COVID-19 pandemic (March 2020) or later. Anxiety and
depression are the 2 largest mental health issues among Gen Z,
with 9 out of 10 individuals diagnosed with a mental health
condition having anxiety and 8 out of 10 having depression [3].
Notably, Gen Z individuals are the most comfortable discussing
their mental health [3,8]. One third of Gen Z individuals report
posting about their mental health on social media. They also
attend therapy and are willing to pay out of pocket for mental
health care and services [3]. Despite the comfort of Gen Z in
talking about their mental health, there is a crucial need to
address the high rates of anxiety, depression, and other health
issues that they experience [8].

Spirituality may be an untapped resource to address the mental
health crisis experienced by Gen Z today. While spirituality can
serve as a component within organized religion, the 2 aspects
are distinct. Religion is an organized belief or specific set of
practices focusing on a higher power (ie, Christian, Muslim,
Buddhist, etc) [9]. Spirituality is a broader concept in which
individuals seek connection to self, others, nature, and a sacred
or higher being [10]. Individuals may identify with being either
religious or spiritual, or both. Gen Z individuals do not
necessarily identify with a particular religion or belief but
instead practice spirituality. Only half of Gen Z individuals
report turning to their faith for support in times of uncertainty
[11], and they are more likely to engage in spiritual practices
than religious practices [12]. In a study of 10,000 Gen Z
individuals aged 13 to 25 years, 68% considered themselves
religious and 77% considered themselves spiritual [13]. Gen Z
individuals define spirituality as autonomous and faith
unbundled, and it is inclusive of all faiths and practices [11,13].

Spirituality is related to several positive health and psychosocial
outcomes, namely greater mental health [14]. A recently updated
review of the literature on the relationship between spirituality
and mental health found that greater spirituality was associated
with lower depressive symptoms, lower suicidality, and lower
substance abuse [14]. Gen Z individuals face some of the highest
rates of mental health conditions (eg, depression) [15,16]; thus,
spirituality should be considered in addressing youth mental
health today. In the aforementioned report by Singer [13], the
majority of Gen Z individuals attributed their spiritual
connection to their positive mental health state. Another aspect
of mental health that is influenced by spirituality is quality of
life among chronically and terminally ill patients. Palliative
care patients who struggle with spirituality report poorer quality
of life compared with those who feel stable with their spirituality
[17]. Additionally, teens and young adults with cancer mention
searching for meaning, hope, and life perspectives, even though
they may not consider themselves as spiritual [18]. Interventions
that promote spiritual well-being (one’s sense of purpose,
meaning in life, and connection to something greater [19]) may
be a powerful resource for improving mental health in Gen Z.

Research on digital mental health interventions and spirituality
exist separately. Little is known about digital methods (eg,
mobile apps, text messaging, etc) that incorporate both spiritual
and mental health among Gen Z. Scoping or systematic reviews
on this topic are nonexistent, and research on this topic is very
limited. Given that technology is woven into the daily lives of
Gen Z, digital mobile apps that promote spirituality may offer
a novel approach to supporting the mental health of Gen Z
adolescents and young adults. Therefore, the purpose of this
scoping review was to describe the current state of digital
methods to address spiritual and mental health among Gen Z,
identify the knowledge gaps, and make suggestions for how to
leverage digital spiritual and mental health interventions for
Gen Z.
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Methods

Eligibility Criteria
The inclusion criteria for targeted articles were as follows: (1)
study population born between 1995 and 2012 (ie, Gen Z); (2)
reporting on spiritual health or well-being, spirituality or
religion, and mental health or well-being; (3) reporting on using
digital methods; (4) publication in 1996 or beyond; (5) human
subject research; (6) full text availability in English; (7) primary
research study design; and (8) peer-reviewed article.

Information Sources
Guided by the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for scoping reviews
(PRISMA-ScR) [20], searches were conducted in PubMed,
Scopus, PsycInfo (EBSCO), CINAHL Plus with Full Text
(ProQuest), Education Full Text (H.W. Wilson), Google Scholar,
SocIndex with Full Text, and Sociological Abstracts (ProQuest)
on May 2 and 3, 2023, by a health sciences librarian (J Hermer)
at Arizona State University. The same information sources were
searched on September 21-26, 2023, and again on November
7-8, 2023, and were also included in the results. ERIC and Atla
Religion Database were also searched, but they returned no
results.

Search Strategy
The searches were optimized for each individual database but
included a combination of keywords and subject headings for
the following 4 categories: Generation Z or Gen Z; spirituality
or religion; mental well-being; and mobile health, mHealth, and
eHealth (Multimedia Appendix 1). Owing to the very limited
nature of the results, only language filters were applied to ensure
that all relevant literature was available to be screened. All
records were imported into Zotero to check if any articles were
retracted and then into Covidence systematic review software
for deduplication and screening [21]. Apart from the initial
search, 2 additional searches were conducted to ensure that all
relevant literature was found and to add any recent literature
from the following 6 months. A search of all databases was
performed on September 21-26, 2023, using the additional
keywords of “faith,” “transcenden*,” and “life purpose” or
“existential needs,” and a final search was performed on
November 7, 2023, using the additional keywords of “spiritu*”
and “relig*.” The scoping review protocol was registered online
in Open Science Framework (OSF) on May 16, 2023.

Selection Process
The selection process was completed entirely on Covidence.
Prior to reviewing titles and abstracts, duplicate titles were
eliminated by Covidence. Two authors (SYP and BD) screened
all titles and abstracts independently and were blinded to each
other’s decisions. Any disagreements were discussed between
the authors SYP and BD, and agreed upon before full-text
review. Agreement scores for article selection between the 2
authors were not logged in Covidence for the initial search;
however, the agreement scores were 85% (81/95) and 90%
(80/87) for reviewing titles and abstracts between the 2 authors

for the September and November searches, respectively. For
full-text article review, the author SYP independently reviewed
half of the articles, and the author BD independently reviewed
the remaining articles. The authors SYP and BD deliberated
with each other, and with J Huberty and JY if there were any
questions regarding inclusion based on the article eligibility
criteria. Articles were excluded if the study population included
Gen Z but did not explicitly distinguish Gen Z in the population
sample and the results were not disaggregated by age. The final
articles included in the review were agreed upon by all 4 authors.

Data Collection Process and Synthesis Methods
Prior to the search, all authors agreed on the following
characteristics for data extraction and synthesis: title; authors;
study country; study objectives; study design; data collection
timeframe; recruitment methods; sample size; participant
characteristics; description of digital methods; constructs related
to religion, spirituality, or spiritual well-being; assessment or
measure for religion, spirituality, or spiritual well-being;
constructs related to mental health; assessment or measure for
mental health; main findings; and study limitations. These
characteristics were selected to ensure a detailed understanding
of available literature as it relates to the goal of the scoping
review. For articles included in the scoping review, the author
SYP independently extracted data based on the a priori
characteristics for half of the articles and the author BD
independently extracted data from the remaining articles. Given
that each article had data extracted by a single author, there
were no agreement scores. After evaluating the included articles,
study characteristics and main findings were summarized in a
descriptive manner.

Some studies that initially appeared eligible for this review were
ultimately excluded because they did not meet specific criteria.
For instance, a cross-sectional study on the perceptions of 475
Gen Z individuals and young millennials and their use of a
spiritual self-care app [22] was originally included when
reviewing titles and abstracts. However, upon full-text review,
we found that the study results did not distinguish between Gen
Z individuals and young millennials, thus failing to meet our
review’s criteria (ie, Gen Z only).

Results

Study Characteristics
Details on article selection are illustrated in a PRISMA diagram
(Figure 1). Our search identified 824 articles from 8 databases
based on the search terms. After removing 411 duplicates in
Covidence, 413 articles were screened by title and abstract.
After the initial screening based on the inclusion criteria, the
full texts of the remaining 27 articles were screened. Review
articles were not included in the final review, but references
were screened to see if any additional literature was admissible.
Ultimately, the scoping review included 5 articles. Of these 5
articles, 1 [23] was included in the review from the updated
search conducted in September 2023 and 1 [24] was included
from the updated search in November 2023. Characteristics and
results of the studies are summarized in Table 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of article selection.
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Table 1. Characteristics and main findings of the included studies.

Main findingsMental health mea-

suresb
Religion/spirituality

measuresb
Digital aspectaSample characteris-

tics
Study de-
sign

Reference and
study country

Mental health aware-
ness (eg, taught about

Where do youth seek
treatment or assis-

Assessed partici-
pants’ knowledge

93 youth and
young adults aged

Mixed-
methods
study

Mindu et al
[25], 2023
(South Africa)

• No participants had ex-
perience using a mental
health app, but 99% in-
dicated mental apps are

mental health and no
prior education on
mental health)

Mental health condi-
tions affecting youth

tance when they have
mental health prob-
lems (Response op-
tions: Visit a spiritual
healer; Go to a church
for prayers; Tradition-

and preferences for
a digital mental
health app

16-24 years; 44%
female

important and can ben-
efit youth.

• Religious and cultural
beliefs were a barrierin the community (eg,

al medicine; Clin- to using digital plat-substance abuse or
ic/hospital; Visit a
health care worker)

forms (eg, social me-
dia).

misuse, posttraumatic
stress disorder, depres-
sion, and anger)

Generalized Anxiety
Disorder-7 (GAD-7)

Religion (Response
options: No religion;

Participants were
recruited through

1017 first-year col-
lege students

Cross-
sectional
study

Gao et al [26],
2021 (China)

• 95.3% indicated having
no religion.

and depression; Pa-
tient Health Question-

Buddhism; Christian;
Others)

an eHealth applica-
tion to complete a
survey

(mean age 19
years); 77.8% fe-
male

• Belief in Christianity
and in Buddhism were
associated with greater
anxiety. 

naire-9 (PHQ-9)
[27,28]

Rate your mental
health (Response op-

Rate your spiritual
health (Response op-

The 2 intervention
arms included 3

833 American Indi-
an or Alaska Na-

Random-
ized con-

Craig Rushing
et al [29], 2021
(United States)

• No significant differ-
ences between the 2 in-
tervention arms within
subjects.

tions: Excellent; Very
good; Good; Fair)
[30]

tions: Excellent; Very
good; Good; Fair)
[30]

SMS text messages
per week for 8
weeks with infor-
mation, role model

tive teenagers and
young adults aged
15-24 years; 66.3%
female

trolled tri-
al

• Mean scores of per-
ceived health (physical,
mental, and spiritual)videos, images,
significantly increasedand engagement
over time for both inter-opportunities (eg,
vention arms.reply for more in-

formation, resource
links, etc)

• Those who reported
better health also report-
ed greater cultural re-
silience, identity, and
cultural pride. 

Self-reported mental
health (How good is

Select the top 3 health
topics from a list of

Assessed partici-
pants’use of media

349 American Indi-
an or Alaska Na-

Cross-
sectional
study

Reed et al [23],
2022 (United
States)

• 53.5% of participants
relied heavily on the
internet to access
health information.

your mental health?
Response options: 4-

15, including spiritual
health

technologies (ie,
media types, fre-
quency, and dura-

tive youth aged 15-
24 years; 71.1%
female point Likert-type

scale; 4=Excellent and
1=Poor)

Select the top 3 health
topics from a list of

• Nonsexual and gender
minority participants
reported better mental
health than sexual and
gender minority partic-
ipants.

tion) and how they
use media technolo-
gies (ie, online be-
haviors and activi-
ties) 15, including mental

health • The top 3 most impor-
tant health topics were
Native identity, mental
health, and social jus-
tice and equality.

• Spiritual health was se-
lected as the most im-
portant health topic
14% of the time.
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Main findingsMental health mea-

suresb
Religion/spirituality

measuresb
Digital aspectaSample characteris-

tics
Study de-
sign

Reference and
study country

• Participants had mixed
ratings for their mental
health from “fair” to
“very good.”

• Participants reported
nature to be important
for a “Good Mind.”

• Participants reported
enjoying the app’s fea-
tures (eg, games and
breathing techniques)
and made suggestions
to make it relevant to
their culture.

Perceived mental
wellness (5-point Lik-
ert scale)

Qualitative question:
“Would you please
describe what mental
wellness means to
you?”

Qualitative question:
“What does a ‘Good
Mind’ (Hau-
denosaunee concept)
mean to you?”

“The Good Mind is a
physical, psychologi-
cal, and spiritual jour-
ney that includes a re-
flective awareness of
thoughts and inten-
tions, and a way of
being that is expressed
through self-compas-
sion and compassion
for other beings.”

Assessed partici-
pants’ opinions on
the JoyPop app,
and the accessibili-
ty and feasibility of
the app

5 Indigenous youth
aged 11-16 years;
60.0% female

Mixed-
methods
study

Au-Yeung et al
[24], 2023
(Canada)

aRefers to the digital component of the study, which may include the mode through which an intervention was given (eg, mobile text messages) or the
constructs measured (eg, social media use and preferences for a mobile app).
bMeasures refer to assessments, tools, or specific survey items that were used in the study to assess the construct of interest (eg, religion or spirituality,
and mental health).

Study Design and Study and Sample Characteristics
All 5 studies examined Gen Z (adolescents and young adults;
aged 11-24 years; born between 1995 and 2012). Of the 5
articles, 2 were published in 2023, 1 was published in 2022,
and 2 were published in 2021. There were 2 mixed-methods
studies (1 in South Africa [25] and 1 in Canada [24]), 2
cross-sectional studies (1 in China [26] and 1 in the United
States [23]), and 1 randomized controlled trial in the United
States [29]. Sample sizes varied across the 5 studies, ranging
from 5 to 1017.

Study by Mindu et al, 2023
Mindu et al [25] conducted a mixed-methods study in South
Africa to inform the implementation of a mobile phone–based
mental health intervention [25]. The study did not use any
specified measures for mental health but asked questions via
quantitative and qualitative methods to understand participants’
understandings or perceptions of mental health. Questions
addressed (1) mental health awareness; (2) digital interventions
for mental health; (3) access to digital devices and the internet;
(4) preferences for digital mental health interventions; and (5)
barriers to the use of digital mental health innovations.
Quantitative results showed that almost half (49%) of the
participants had heard about mental health apps, none had
experience using one, and 99% indicated that mental health
apps are important and can benefit youth. These results
underscore the severe lack of mobile mental health apps
designed for individuals in South Africa. Qualitative results
revealed that religious and cultural beliefs were a barrier to
using digital platforms (eg, social media), and the authors
highlighted the crucial need to develop culturally appropriate
and relevant digital apps that represent those who they serve.
Overall, participants expressed high interest in using a digital
mental health app (eg, social media) to learn about mental health
and seek resources. The study authors acknowledged that while
no digital methods or interventions were implemented in the

study, the results provided a unique Gen Z perspective on the
usability of digital methods.

Study by Gao et al, 2021
Gao et al [26] conducted a cross-sectional study in China among
first-year Chinese college students. Using a health management
app (Residents e-Health), a questionnaire was distributed to
examine depression and anxiety, and their associations with
other health-related constructs, such as stress and nutrition. The
authors examined participants’ religious beliefs (ie, Christian,
Buddhism, other, and no religion) as a correlate of anxiety and
depression. However, most of the sample (95%) did not have
a religion. Belief in Christianity and belief in Buddhism were
associated with greater anxiety in the sample. The study authors
noted that the large number of participants ascribing to no
religion limited the understanding of the relationship between
religion and mental health. The overall conclusion of the study
indicated that early lifestyle interventions assessing religion, as
well as other demographic and behavioral factors, are important
for understanding the factors contributing to mental health in
Gen Z.

Study by Craig Rushing et al, 2021
Craig Rushing et al [29] conducted a randomized controlled
trial in the United States to examine the efficacy of an mHealth
intervention (BRAVE) for physical, mental, and spiritual health;
resilience; self-esteem; and coping and help-seeking skills
among American Indian or Alaska Native teenagers and young
adults. Participants were randomized to participate in 1 of 2
groups: (1) An 8-week intervention arm involving 3 SMS text
messages per week highlighting common coping strategies,
preferred wellness strategies, help-seeking skills, and related
protective factors such as cultural resilience, identity, and
cultural pride; or (2) An 8-week control arm involving 3 SMS
text messages per week designed to elevate and reaffirm Native
voices in STEM (science, technology, engineering, and
mathematics) and medicine. Participants were in both arms, and
both had messaging that included a combination of information,
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role model videos, images, and opportunities of engagement
(eg, reply for more information and links to access resources).
The findings indicated that there were no significant differences
between the 2 study arms within subjects, such that participants
in the intervention arm did not report better outcomes than those
in the control arm. However, mean scores of perceived health
(ie, physical, mental, and spiritual) significantly increased over
time in both arms. In addition, participants who reported better
health also reported greater cultural resilience, identity, and
cultural pride. The percentage of participants who used the
resources and information in the intervention arm text messages
also increased over 5 months. The study authors acknowledged
some limitations, including high or favorable survey measure
outcomes at baseline, only a 1-week break between receiving
interventions in the arms, and control messaging likely being
novel and helpful. Another limitation to note is the assessment
of perceived health, which combined 3 separate survey measures
assessing perceived physical, mental, and spiritual health. The
combination of 3 different aspects of health makes it challenging
to derive valid inferences regarding mental or spiritual health
on their own. Overall, the intervention demonstrated improved
health outcomes and underscores the acceptability of text
messaging to promote and support well-being.

Study by Reed et al, 2022
Reed et al [23] conducted a cross-sectional study in the United
States, in which 349 American Indian or Alaska Native youth
(aged 15-24 years) were asked about the extent to which they
use media technologies, how they use technologies, and their
health priorities. Several trends were revealed. The majority of
participants (64.7%) reported sending 1 to 50 text messages a
day. Instagram was the most popular daily technology used,
and 65.3% of participants reported using social media 3-7 hours
per day. Participants also self-rated their mental health. The
findings indicated that nonsexual and gender minority youth
(56.7%) reported better mental health than sexual and gender
minority youth (36.4%). To better understand important health
topics, participants were asked to select their top 3 health topics
from a list. The most popular topic selected was Native identity
or cultural pride (73%), followed by mental health (57%) and
social justice and equality (31%). Spiritual health was selected
by 14% of youth in their top 3 health topics. While spiritual
health was not among the top health topics selected, it is
important to note that the range of options offered spanned
across several categories (eg, social justice or inequality, alcohol
and drug use or abuse, and the environment). Overall, the study
authors concluded that building resources that foster cultural
pride and positive identity must be included in any programs
or technologies for addressing mental health among American
Indian or Alaska Native youth.

Study by Au-Yeung et al, 2023
Au-Yeung et al [24] conducted a Haudenosaunee (Canada’s
largest First Nations reserve, Six Nations of the Grand River)
community-based study in which 5 Haudenosaunee youth (aged
11-16 years) tested the JoyPop mobile app (available in English
and French) that is designed to promote resilience among youth.
The app offers breathing exercises, mood tracking, journaling,
personalizable social support, a 24-hour helpline, and games.

The results indicated that participants had mixed ratings on their
self-reported mental wellness, ranging from “fair” to “very
good,” and that they used the app 1 to 3 times a day. Of the 5
participants, 4 were interviewed about their experiences using
the app, perspectives of mental wellness, and characteristics of
a “Good Mind” (an Indigenous concept on the physical,
psychological, and spiritual journey that maintains balance and
harmony in a person). Interview participants reported that the
app was easy to use and esthetically pleasing. They also enjoyed
all of the app’s features, with the exception of the Circle of Trust
feature (ie, personalizable social support). Interview participants
identified positivity and happiness, understanding emotions,
acts of kindness, personal hobbies, and positive body language
as important to their mental wellness. Participants also discussed
important characteristics of a Good Mind, such as positivity,
kindness, and connecting with nature. Overall, the app was
favorable to the participants, but they suggested incorporating
specific features like words in their own language and
Indigenous visuals (eg, feathers and clan animals). While the
app lacked explicit content on a Good Mind, the authors
recommended incorporating concepts of a Good Mind to
enhance its relatability to Haudenosaunee youth, given its
cultural significance to the Haudenosaunee people. Although
the study had a small sample size, the authors concluded that
mobile health interventions can be beneficial to Indigenous
youth, as mental health apps continue to be of interest and
Indigenous cultures value the promotion of health and resilience.
Further, Indigenous tribes across North America have unique
perspectives, and pan-Indigenous resilience apps like JoyPop
will need to be tailored to specific cultural contexts.

Discussion

Overview
The purpose of this scoping review was to describe the current
state of digital methods to address spiritual and mental health
among Gen Z, identify the knowledge gaps, and make
suggestions for how to leverage digital spiritual and mental
health interventions for Gen Z. A comprehensive literature
search across 8 databases identified only 5 relevant studies,
emphasizing the significant lack of published research on digital
methods to address the spiritual and mental health of Gen Z.
Among the 5 studies, only 2 discussed digital interventions, and
of these studies, 1 examined a text messaging–based intervention
to improve spiritual and mental health and reported
improvements in spiritual and mental health over time [27], and
1 examined the feasibility of a mental health app [24]. The
sparse available literature limits conclusions on the current state
of digital methods to address spiritual and mental health, and
warrants future research to address these gaps.

Current State of Digital Methods for Spiritual and
Mental Health
Gen Z individuals are facing a mental health crisis as they
experience high rates of depression and anxiety [8,16]. For
example, one of the included studies reported that the
prevalences of anxiety and depression among college freshmen
were 40.3% and 45.3%, respectively [26]. Gen Z individuals
also report feeling lonely, having low self-confidence, and being
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distressed about the future [3,5,12]. All 5 studies included in
this review discussed the overall well-being of Gen Z and, to
some extent, aspects of spirituality. The findings suggest that
spirituality may play a role in the mental health of Gen Z and
should be considered in the development and implementation
of future digital applications that address mental health. The
study by Mindu et al [25] particularly underscores the need for
customizability in mental health applications considering that
participants expressed that using digital platforms (ie, social
media) conflicted with their religious and cultural beliefs. Thus,
the introduction of applications that allow users to engage in
practices and view content that aligns with their values and
beliefs is a potential avenue for combating this barrier and could
in turn strengthen one’s spirituality. However, research is needed
to determine the acceptability of digital mental health
applications that involve spiritual content.

Nearly every facet of the lives of Gen Z involves technology,
for example, using computers for school or work, using mobile
apps to order food, and using social media and texting to
communicate with friends. Despite the widespread use of
technology among Gen Z and the increasing number of research
studies employing digital methods to test and deliver mental
health programs and interventions [31], only 1 of the studies
included in this review examined the effects of a digital
intervention on spiritual and mental health [27] and 1 assessed
the feasibility of a mental health mobile app [24]. The lack of
digital methods or interventions to address the spiritual and
mental health of Gen Z warrants the development of accessible
ways for Gen Z to practice spiritual and mental self-care. Gen
Z individuals spend more time (4 or more hours daily) on social
media compared with other generations [3], and poor mental
health is often attributed to social media use [32]. However,
social media is not necessarily harmful and is instead dependent
upon what Gen Z individuals do and see online, their
pre-existing strengths or vulnerabilities, and the environment
in which they are raised (eg, parental monitoring) [32,33].
Digital methods for spiritual wellness that are specifically
targeted for Gen Z and built to empower Gen Z to practice
self-care and build healthy coping mechanisms may benefit the
mental health of Gen Z. Results from this review illustrate the
acceptability of a mobile intervention promoting spiritual and
mental health [24,29], and the interest Gen Z individuals have
toward using digital methods to address their spiritual and
mental health [25]. However, given that little is known about
this topic, more research is needed to truly grasp the feasibility
and efficacy of digital approaches to address spiritual and mental
health with regard to the well-being of Gen Z.

Gaps in the Literature
Published literature or research about the spiritual and mental
health of Gen Z is limited, reporting mostly mental health
statistics rather than examining determinants of mental health
or interventions for improving mental health (eg, spirituality)
[1,33]. Research to date on spirituality in Gen Z has only been
performed by faith-based organizations or by nonacademic
research institutions and has mainly focused on comparing the
views of Gen Z on religion and spirituality to the views of other
generations [11,12,34]. For example, the majority of Gen Z
individuals (77%) identify as spiritual, preferring to ascribe to

a set of values from various beliefs [13]. While we know that
the majority of Gen Z individuals identify as spiritual, empirical
research that specifically examines their spiritual practices and
preferences, overall spiritual well-being, and associations with
mental and physical health outcomes is warranted. Among the
5 studies included in this review, 3 examined spiritual health.
The randomized controlled trial [29] asked participants to rate
their spiritual health using a combined measure for overall health
that included physical, mental, and spiritual health, limiting the
ability to assess spiritual well-being explicitly among these
participants. The cross-sectional survey [23] asked participants
to select the top 3 health topics important to them (eg, mental
health, spiritual health, and Native identity), but the study did
not examine any associations between spiritual health and
mental health. Spiritual health was not defined for participants
in either study. The mixed-methods study in Canada [24]
interviewed participants who used an app designed to promote
resilience in youth with regard to a Good Mind, an Indigenous
concept on the physical, psychological, and spiritual journey
that maintains balance and harmony in a person. However, this
concept is specific to the Haudenosaunee people; therefore, the
findings may not be applicable to the perspectives on spirituality
of other young communities. In addition, only 1 article
administered a valid measure to assess mental health,
spirituality, or spiritual well-being (ie, Generalized Anxiety
Disorder-7 [GAD-7]) [26]. The validity and reliability of
instruments used to measure mental health and spirituality or
spiritual well-being in the study samples were not reported in
any of the included articles. Identified gaps offer research
opportunities to comprehensively examine spiritual and mental
health among Gen Z.

Suggestions for Leveraging Digital Spiritual and
Mental Health Interventions for Gen Z
Gen Z individuals are remarkably familiar with navigating
digital spaces and integrating spirituality into their lives, and
are the most comfortable talking about their mental health
compared with other generations [3]. Gen Z individuals who
have a spiritual connection have better perceptions about their
mental health and believe their spiritual health contributes to
their mental health, compared with those who do not have a
spiritual connection [11]. Since Gen Z individuals primarily
consume information through technology, digital interventions
are a promising method to teach and facilitate various practices
in spiritual and mental self-care. For example, the digital
intervention content of Craig Rushing et al [29] included
wellness strategies, such as self-care and goal setting, which
resulted in improved perceived health (eg, physical, mental,
and spiritual) for participants. In the study by Mindu et al [25],
digital mobile interventions through social media were
concluded to be potentially useful to increase mental health
literacy and knowledge of resources. Additionally, the study by
Gao et al [26] suggested that early interventions that target the
lifestyle behaviors of Gen Z (ie, smoking) can improve their
depression and anxiety. A spiritual self-care app tailored for
Gen Z, for example, may allow Gen Z to engage with full
autonomy and convenience. Rather than requiring Gen Z to
seek out places to practice religious or spiritual beliefs, a
spiritual self-care app can be available wherever they are and
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whenever they want. Digital spiritual self-care interventions
should also consider incorporating topics that are deemed
important to Gen Z, such as cultural relevance, inclusivity, social
justice, and nature [23,24].

Mobile apps grant users the ability to customize their experience,
which vastly differs from traditional means of practicing religion
that ascribe to a predetermined set of beliefs, values, and
practices that are often fixed [13]. Access to technology enables
Gen Z individuals to autonomously decide which aspects of
different spiritual beliefs and practices they resonate with. Most
digital apps include features that allow users to customize their
experience and the content they engage with. Thus, a mental
health app that includes various components of spiritual
practices that users can choose from may provide a new way
for young people to tend to their spiritual and mental health.
Based on this review, research examining the feasibility,
acceptability, and efficacy of digital health tools specifically
targeting spiritual and mental health among Gen Z is absent,
indicating the need for research in this area. Researchers,
companies, and nonprofit organizations can leverage existing
digital spaces that Gen Z individuals frequently use (eg,
Instagram and TikTok) to garner feedback on what they might
desire in a digital spiritual and mental health intervention. For
example, 2 of the studies [24,29] incorporated feedback from
Indigenous youth on existing digital methods (eg, SMS text
messaging and JoyPop) to inform the development of their
digital content. Spiritual well-being apps, for example, can be
used to target Gen Z and deliver evidence-based content that
integrates spirituality and mental health. These studies also
emphasize the importance of culturally relevant interventions
that can speak to diverse cultural backgrounds and beliefs among
Gen Z.

Strengths and Limitations of This Review
There are multiple strengths of this review. First, this scoping
review indicates that there is a limited knowledge base
surrounding digital methods for addressing the spiritual and
mental health of Gen Z and summarizes the current state of the
literature on this topic. This is the first scoping review to address
this topic and highlights a crucial gap in supporting young
people’s mental health. Additionally, a librarian was consulted
and involved in the search process to bolster the rigor and
accuracy of the review. Covidence was used to minimize human
error in screening eligible articles. Along with these strengths,
there are some limitations in this review. First, a scoping review
limits the objective understanding of a topic such that
quantitative results cannot be compiled to determine effect sizes

across studies. Second, database searches are not uniform and
require nuanced search methodologies, which can result in
relevant studies being missed. Third, manuscripts during the
full-text screening stage were split between the authors SYP
and BD, and thus, manuscripts were assessed by a single rater.
Finally, research on this topic is severely lacking, which limits
the number of articles included in this review and impacts the
ability to construct a cohesive narrative or draw definitive
conclusions about the state of the field. This underscores the
necessity of this review to highlight the gaps and urge further
investigation.

Scientific Contribution
The goal of this scoping review was to assess the extent to which
research on digital methods to address the mental and spiritual
health of Gen Z has been conducted. The scoping review
revealed a lack of available research on spirituality and mental
health. Specifically, there is a dearth of studies on the use of
digital methods to deliver spiritual well-being for mental health
in Gen Z. Despite an increase in mental health concerns among
Gen Z and the growing body of evidence on the beneficial
effects of spiritual self-care on mental health, few published
articles touch on this topic. The findings from this review
highlight the opportunity for addressing the mental and spiritual
health of Gen Z through digital methods (eg, mobile apps). The
use of digital methods to address mental health is a growing
area of research; however, spirituality and spiritual self-care
have received little attention. There is potential for researchers
to examine spiritual self-care, which is delivered through digital
methods, and its impact on populations experiencing significant
mental health problems. Overall, the scoping review underscores
the need for future research to examine the acceptability and
feasibility of digital approaches to address spiritual and mental
health among Gen Z.

Conclusion
This scoping review underscores the dearth of research
surrounding digital methods to address spiritual and mental
health among Gen Z. Considering that digital methods to address
aspects of mental health are increasingly popular and effective
[35,36], research is needed to examine digital platforms that
address spiritual and mental health. This is especially pertinent
for Gen Z individuals as they have some of the greatest rates of
mental health issues and are the most digitally savvy generation
to date, and most indicate that they are spiritual. Leveraging
spirituality as a way to address mental health among Gen Z via
digital means offers a novel and relevant approach for addressing
the mental health crisis impacting young people today.
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Abstract

Background: The International Classification of Diseases, Eleventh Revision (ICD-11) improved neoplasm classification.

Objective: We aimed to study the alterations in the ICD-11 compared to the Chinese Clinical Modification of the International
Classification of Diseases, Tenth Revision (ICD-10-CCM) for neoplasm classification and to provide evidence supporting the
transition to the ICD-11.

Methods: We downloaded public data files from the World Health Organization and the National Health Commission of the
People’s Republic of China. The ICD-10-CCM neoplasm codes were manually recoded with the ICD-11 coding tool, and an
ICD-10-CCM/ICD-11 mapping table was generated. The existing files and the ICD-10-CCM/ICD-11 mapping table were used
to compare the coding, classification, and expression features of neoplasms between the ICD-10-CCM and ICD-11.

Results: The ICD-11 coding structure for neoplasms has dramatically changed. It provides advantages in coding granularity,
coding capacity, and expression flexibility. In total, 27.4% (207/755) of ICD-10 codes and 38% (1359/3576) of ICD-10-CCM

codes underwent grouping changes, which was a significantly different change (χ2
1=30.3; P<.001). Notably, 67.8% (2424/3576)

of ICD-10-CCM codes could be fully represented by ICD-11 codes. Another 7% (252/3576) could be fully described by uniform

resource identifiers. The ICD-11 had a significant difference in expression ability among the 4 ICD-10-CCM groups (χ2
3=93.7;

P<.001), as well as a considerable difference between the changed and unchanged groups (χ2
1=74.7; P<.001). Expression ability

negatively correlated with grouping changes (r=–.144; P<.001). In the ICD-10-CCM/ICD-11 mapping table, 60.5% (2164/3576)
of codes were postcoordinated. The top 3 postcoordinated results were specific anatomy (1907/3576, 53.3%), histopathology
(201/3576, 5.6%), and alternative severity 2 (70/3576, 2%). The expression ability of postcoordination was not fully reflected.
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Conclusions: The ICD-11 includes many improvements in neoplasm classification, especially the new coding system, improved
expression ability, and good semantic interoperability. The transition to the ICD-11 will inevitably bring challenges for clinicians,
coders, policy makers and IT technicians, and many preparations will be necessary.

(Interact J Med Res 2024;13:e52296)   doi:10.2196/52296

KEYWORDS

Chinese Clinical Modification of the International Classification of Diseases, Tenth Revision; ICD-10; ICD-10-CCM; ICD-11;
improvement; International Classification of Diseases, Eleventh Revision; International Classification of Diseases, Tenth Revision;
International Classification of Diseases; neoplasm; transition

Introduction

The World Health Organization (WHO) adopted the
International Classification of Diseases, Tenth Revision
(ICD-10) in May 1990 [1]. The ICD-10 has been widely used
in over 120 countries over the past 30 years. In multiple
countries, expansions of the ICD-10, such as the Chinese
Clinical Modification of the International Classification of
Diseases, Tenth Revision (ICD-10-CCM), based on the second
edition [2], have been developed to meet specific requirements.
The ICD-10-CCM has been used for national performance
assessment and medical insurance payment in public hospitals.
Given the advances in medical knowledge and health
information, the WHO started working on the International
Classification of Diseases, Eleventh Revision (ICD-11) in 2007
[3], and it was expected to be implemented by WHO member
countries starting in January 2022.

The most critical changes in the ICD-11 were the establishment
of a semantic knowledge base and the reconstruction of the
coding system. It introduced the Foundation Component, the
Common Ontology, and linearization, as well as the new
concepts of precoordination and postcoordination [3-5]. The
chapter on neoplasms has also changed. It adds crucial
morphology to precoordination, having the highest proportion
(98.9%) and the most dimensions (3.5) of postcoordination.
Cancer has been one of the top 3 causes of death in China since
2005 [6]; thus, the coding system of the ICD-11 will
significantly impact cause of death reporting, cancer registration,
and disease diagnosis records. Stakeholders need to have a good
understanding of the classification of neoplasms in the ICD-11.

This study analyzes the changes between the ICD-10-CCM and
ICD-11 in terms of coding features, classification features, and
expression features in neoplasm classification and hopes to
provide evidence supporting the transition in China.

Methods

Ethical Considerations
According to the Measures for Ethical Review of Human Life
Science and Medical Research issued by the National Health
Commission of the People's Republic of China, this study
utilized public data and did not involve human subjects, and
thus, the requirement of ethical permission was waived. All
examples were constructed and neither correspond to real
clinical cases nor to any datasets.

Materials
The following 3 existing, publicly available files were used in
this paper: (1) ICD-10/ICD-11 mapping tables [7], (2) ICD-11
simple tabulation [8], and (3) the second revision of the
ICD-10-CCM [9].

The first 2 files were downloaded from the WHO website, and
the ICD-10-CCM was released by the National Health
Commission of the People’s Republic of China.

Research Methods
The ICD-10-CCM neoplasm codes were manually recoded by
the ICD-11 coding tool [10] based on the International
Classification of Diseases, Eleventh Revision, Mortality and
Morbidity Statistics (ICD-11 MMS) codes to generate an
ICD-10-CCM/ICD-11 mapping table for neoplasms. The 3
existing files and the ICD-10-CCM/ICD-11 mapping table were
used to analyze ICD-11 features, namely, the coding structure,
coding capacity, grouping changes, expression ability,
expression flexibility, and the expression of postcoordination
in the neoplasm classification.

Mapping ICD-10-CCM to ICD-11 Codes
Due to the homology of the morphology section between the
ICD-10 and ICD-11, mapping was performed for only the
topography codes. To ensure the accuracy of the results, manual
recoding was independently implemented by 2 authors who
both had more than 10 years of coding experience and had
received ICD-11 training. Inconsistent results were resolved by
consulting a senior coder from the Collaborating Center for the
WHO Family of International Classifications in China.

Statistical Standards

Leaf Codes
The ICD-10, ICD-10-CCM, and ICD-11 MMS codes that can
be used at the lowest level are called leaf codes. All statistical
analyses were based on the leaf codes.

Coding Capacity
This capacity involves the number of leaf codes that can be used
in actual coding.

Grouping Changes
Grouping was based on the block structure of the ICD. The
equivalent groups included ICD-10 group 1 (malignant
neoplasms) and ICD-11 group 3 (malignant neoplasms, except
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for lymphoid, hematopoietic, central nervous system, or related
tissues), ICD-10 group 2 (in situ neoplasms) and ICD-11 group
4 (in situ neoplasms, except for lymphoid, hematopoietic, central
nervous system, or related tissues), and ICD-10 group 3 (benign
neoplasms) and ICD-11 group 5 (benign neoplasms, except for
lymphoid, hematopoietic, central nervous system, or related
tissues). If an ICD-10/ICD-10-CCM leaf code was not classified
into the equivalent ICD-11 group, it was considered to have
undergone a grouping change.

Expression Ability
For each ICD-10-CCM code, we identified the best-matching
ICD-11 MMS leaf code. When all the clinical details in the
diagnosis were expressed without redundant information, the
code was considered fully represented. This study also defined
the synonyms contained in the Foundation Component as a full
representation.

Statistical Analysis
All data were analyzed with SPSS (version 25.0, IBM). The
changes in coding capacity, groups, and expression ability
between the ICD-10 and ICD-11 were described as rates and
percentages. The chi-square test was used to determine the
difference in grouping changes when mapped to the ICD-11
between the ICD-10 and ICD-10-CCM. The chi-square test was
also used to analyze the difference in full expression ability
among the 4 ICD-10-CCM groups, and the Bonferroni method
was used for pairwise comparisons. The chi-square test was
used to analyze the difference in full expression ability between
the changed and unchanged groups mapped to the ICD-11. The
φ correlation coefficient was used to analyze the correlation

between expression ability and grouping changes. Statistical
significance was set at P<.05.

Results

Coding Features

Coding Structure
Chapter 2 in both the ICD-10 and ICD-11 addresses neoplasms,
and the codes in both versions are alphanumeric but have
different structures. The ICD-10 codes for neoplasms consist
of topography codes and morphology codes. The topography
codes range from C00 to D48. Except for leaf codes, the coding
range, categories, and subcategories of the ICD-10-CCM are
the same as those of the ICD-10. The ICD-10 morphology codes
consist of 5 digits. The first 4 digits identify the histological
type of the neoplasm, and the fifth digit, following a slash (/),
indicates its behavior. In the ICD-10-CCM, the morphology
codes consist of 6 digits, with a fifth number before the slash.

In contrast, the coding structure of the ICD-11 MMS codes has
dramatically changed. It is composed of stem codes and
extension codes that are connected by an ampersand (&). The
precoordinated stem codes consist of sites and essential
morphology types. The newly added chapter on extension codes
addresses other morphology types and greater site specificity
[11], as well as stage, grading, laterality, and the diagnostic
method. These codes can be used for postcoordination. The
stem codes range from 2A00 to 2F9Z. The extension codes for
morphology are 6-digit codes composed of letters and numbers,
starting with the letter X. Examples of the ICD-10 and ICD-11
complete neoplasm codes are shown in Table 1.

Table 1. Examples of the International Classification of Diseases, Tenth Revision (ICD-10), Chinese Clinical Modification of the International
Classification of Diseases, Tenth Revision (ICD-10-CCM), and International Classification of Diseases, Eleventh Revision (ICD-11) complete neoplasm
codes.

ICD-11ICD-10-CCMICD-10Neoplasm

Extension codesStem codeMorphology codeTopography codeMorphology codeTopography code

2C15.081400/3C24.0038140/3C24.0Adenocarcinoma of the common
bile duct, stage III, diagnosis con-
firmed by histology

• &XS6H
• &XY9Q

In the ICD-10, C24.0 represents a malignant neoplasm of the
extrahepatic bile duct, and 8140/3 represents adenocarcinoma.
In the ICD-10-CCM, C24.003 represents a malignant neoplasm
of the common bile duct, and 81400/3 represents
adenocarcinoma. In the ICD-11, 2C15.0 represents
adenocarcinoma of the distal bile duct, XS6H represents stage
III, and XY9Q represents a diagnosis confirmed by histology.
We used the the ICD-11 coding tool website [10].

Coding Capacity
Categories, subcategories, and leaf codes can be used for
statistics, but only leaf codes can be used for actual coding. In
the ICD-10, chapter 2 includes 759 leaf codes [7]. In the
ICD-10-CCM, the topography codes are basically expanded by
refining the sites, with 3634 leaf codes for neoplasms. Taking
malignant neoplasm of the nasal cavity (C30.0) as an example,
the ICD-10-CCM contains 5 additional leaf codes, such as a

malignant neoplasm of nasal cartilages (C30.001) and a
malignant neoplasm of the nasal concha (C30.002).

In the ICD-11, chapter 2 includes 1037 leaf codes [8]. Compared
with the ICD-10, the number of ICD-11 leaf codes was expanded
by 36.6%, which is conducive to better granularity of statistics
and classification.

Classification Feature
The ICD-11 has readjusted the neoplasm groups. In the ICD-10,
chapter 2 was divided into 4 groups: malignant neoplasms, in
situ neoplasms, benign neoplasms, and neoplasms of uncertain
or unknown behavior. In the ICD-11, chapter 2 was increased
to 7 groups (Table 2). The newly added ICD-11 group 1 includes
all neoplasms of the brain and central nervous system, regardless
of behavior, and the newly added ICD-11 group 2 includes all
hematopoietic and lymphoid tissues. The ICD-10 group 4 was
split into 2 separate groups: ICD-11 group 6 (neoplasms of
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uncertain behavior) and ICD-11 group 7 (neoplasms of unknown behavior).

Table 2. Grouping changes between the International Classification of Diseases, Tenth Revision (ICD-10) and the International Classification of
Diseases, Eleventh Revision (ICD-11).

ICD-11Classification system

No mappingOther chaptersGroup 7Group 6Group 5Group 4Group 3Group 2Group 1 

ICD-10 codes, n

28aN/AN/AN/AN/Ab35291a23aGroup 1 

N/AN/AN/AN/AN/A57N/AN/AN/AGroup 2 

N/A1aN/AN/A146N/A1aN/A11aGroup 3 

22a51a48aN/AN/AN/A18a11aGroup 4 

ICD-10-CCM codes, n

317aN/AN/AN/AN/A1252499a93aGroup 1 

N/AN/AN/AN/AN/A169N/AN/AN/AGroup 2 

N/A3aN/AN/A796N/A1aN/A118aGroup 3 

5518a149a316aN/AN/AN/A60a85aGroup 4 

aIndicates grouping changes. The ICD-10 and ICD-10-CCM no mapping codes were not included in the statistical analysis of this study. Hence, 755
ICD-10 codes and 3576 ICD-10-CCM codes were used for percentage and chi-square analyses.
bN/A: not applicable.

In total, 27.4% (207/755) of ICD-10 codes underwent grouping
changes. Among them, 150 codes were migrated by 1 group,
56 by 2 groups, and one by 3 groups. In the ICD-10-CCM, 38%
(1359/3576) leaf codes underwent grouping changes (Table 2).
A chi-square test revealed significant differences in grouping

changes between the ICD-10 and ICD-10-CCM (χ2
1=30.3;

P<.001).

Expression Features

Expression Ability
Because of the classification changes, 58 of the 3634
ICD-10-CCM codes for neoplasms could not be recoded. In
total, 3576 codes were included in the manual recoding study.

The results of 2 separate recodings showed that 6% (213/3576)
codes were mapped inconsistently. A total of 32 stem codes
were inconsistent, and 181 extension codes differed. The 213
codes were all identified after consultation with the senior coder
from the Collaborating Center for the WHO Family of
International Classifications in China.

The final results showed that 16.6% (594/3576) codes were
fully represented without postcoordination, 51.2% (1830/3576)
codes were fully characterized with postcoordination, and the
remaining 32.2% (1152/3576) codes were only partially
described (Table 3). In addition, 7% (252/3576) codes were
fully represented when using uniform resource identifiers
(URIs).

Table 3. Comparison of the International Classification of Diseases, Eleventh Revision (ICD-11) expression ability among the 4 Chinese Clinical
Modification of the International Classification of Diseases, Tenth Revision (ICD-10-CCM) groups.

Partial representationFull representationTotal
codes, N

ICD-10-CCM
group

Codes (n2/N), %Codes (n2), nCodes (n1/N), %Codes (n1=a+b), nWithout PC (b), nWith PCa (a), n

27.952072.113414069351861Group 1

11.21988.815044106169Group 2

37.534462.557473501918Group 3

42.826957.235971288628Group 4

32.2115267.8242459418303576Total

aPC: postcoordination.

Based on the 4 ICD-10-CCM groups, ICD-11 significantly

differed in expression ability (χ2
3=93.7; P<.001). The Bonferroni

method showed that the ICD-11 had the most robust expression
ability in the ICD-10-CCM group 2, followed by the

ICD-10-CCM group 1, and there was no significant difference
between the remaining 2 groups.

Based on whether grouping changes occurred during mapping,
73.1% (1620/2217) ICD-10-CCM codes in the unchanged group
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and 59.2% (804/1359) ICD-10-CCM codes in the changed group
were fully expressed, and the difference was significant

(χ2
1=74.7; P<.001). Expression ability had a negative correlation

with grouping changes (r=–.144; P<.001).

Expression Flexibility
The expression flexibility of the ICD-11 is reflected in many
aspects. For instance, in the ICD-10, the subcategory “.8”
generally describes overlapping neoplasm sites, while in the
ICD-11, several methods are used. Specifically, the ICD-11
uses multiple extension codes. Sometimes, only 1 extension
code is used, such as XA4YW8 (overlapping sites of the
esophagus). Occasionally, the ICD-11 describes this condition
through stem codes, such as 2B71.0 (adenocarcinoma of the
esophagogastric junction). ICD-11 classifications can also be
represented through URIs, for instance,
http://id.who.int/icd/entity/419755630 (Kaposi sarcoma of
multiple organs).

Expression flexibility is also reflected in the additional option
of postcoordination, which can meet the different requirements
of most hospitals for clinical phenotype mining. For example,
a patient with hepatocellular carcinoma in the left lobe of the
liver that causes chronic intermittent cancer pain and tumor
a n e m i a  w o u l d  b e  c o d e d  a s
2C12.02&XA5766/MG30.10&XT5G/3A71.0. Postcoordination
fully expresses the clinical phenotypes and demonstrates the
relationship between diseases and clinical phenotypes.

Expression of Postcoordination
According to the ICD-10-CCM/ICD-11 mapping table, 60.5%
(2164/3576) of codes had postcoordination, and the average
amount of postcoordination per code was approximately 0.7.
Regarding the type of postcoordination, the proportion of
specific anatomy (1907/3576, 53.3%) was the highest, followed
by histopathology (201/3576, 5.6%), and the remaining
dimensions were basically less than 2% (Table 4).

Table 4. Expression of postcoordination in the Chinese Clinical Modification of the International Classification of Diseases, Tenth Revision/International
Classification of Diseases, Eleventh Revision (ICD-10-CCM/ICD-11) mapping table.

Codes, n (%)Number and dimensions of postcoordination

1412 (39.5)0

No

1

1750 (48.9)Specific anatomy

176 (4.9)Histopathology

60 (1.7)Alternative severity 2

5 (0.1)Laterality

3 (0.1)Course of the condition

3 (0.1)Stem codes

2

118 (3.3)Specific anatomy/specific anatomy

17 (0.5)Specific anatomy/histopathology

8 (0.2)Specific anatomy/laterality

8 (0.2)Histopathology/alternative severity 2

2 (0.1)Alternative severity 2/stem codes

3

11 (0.3)Specific anatomy/specific anatomy/specific anatomy

3 (0.1)Specific anatomy/specific anatomy/laterality

Discussion

Principal Findings
The different coding structure of the ICD-11 provides
advantages in terms of coding granularity, coding capacity, and
expression flexibility. According to the mapping tables, the
grouping changes between the ICD-10 and ICD-10-CCM

differed (χ2
1=30.3; P<.001). Meanwhile, neither the ICD-10

group 2 nor the ICD-10-CCM group 2 exhibited group migration
when mapped to the ICD-11. In this study, ICD-11 expression

ability (67.8%) was slightly higher than that in other studies
(60%) [12,13]. Among the 4 ICD-10-CCM groups, there were

significant differences in expression ability (χ2
3=93.7; P<.001),

with ICD-10-CCM group 2 having the highest expression ability.
The expression ability negatively correlated with grouping
changes (r=–0.144; P<.001).

The expression ability of the ICD-11 was still underestimated.
There were many reasons why 1152 ICD-10-CCM codes did
not have full representation, some of which can be avoided in
actual cases. First, of the 296 ICD-10-CCM codes mapped to
the ICD-11 group 1, only 26 (8.8%) codes were fully expressed,
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which is far below the overall level. Among them, 217 codes
cannot be fully expressed because most of the stem codes in
ICD-11 group 1 do not include behavior. However, in coding
actual cases with morphological types, some stem codes,
including behavior, would be used instead of the residual
category. Therefore, in actual coding, the expression ability of
this group would be higher than that determined in this study.

Second, 714 codes could not be fully expressed due to site
classification. Fortunately, 109 codes detailing specific sites
may be resolved by refining the value set of extension codes.
Examples include the frenulum of the upper lip, the ileocecal
valve, and the rectouterine recess. However, there were also
some codes for which the classification was different, such as
peripheral nervous system neoplasms. This condition could be
solved by coding the actual cases. In addition, some words, such
as canceration of the gastric stump and cervical stump, need to
be addressed.

Third, URIs can supplement the function of the ICD-11 MMS
codes, especially for some diseases that cannot be identified by
the ICD-11 codes .  For  ins tance,  URIs
(http://id.who.int/icd/entity/1595913346) make classic Kaposi
sarcoma classifiable. The new coding system can also make
other diseases identifiable [14-16], such as chronic pain and
rare diseases. In summary, the ICD-11 has advantages in terms
of actual coding and can address the expression needs of
neoplasms.

The ICD-11 Vs the ICD-10
Compared to the ICD-10, the ICD-11 has undergone significant
changes from design to use. First, the design purpose of the
ICD-11 has changed. For more than a century, the ICD has been
the basis for comparable statistics on causes of mortality and
morbidity between places and over time. As a statistically
friendly classification system, when the ICD-10 is used for
clinical term records and diagnosis-related grouping, it cannot
meet practical needs, resulting in various expanded versions of
the WHO ICD-10 in multiple countries, which often leads to
inconsistent statistical standards for data. In contrast, the ICD-11
is a clinically friendly classification system that meets diverse
goals beyond mere health statistics, including clinical term
records, patient safety and quality, reimbursement, decision
support, and more. The ICD-11 is entirely digital, terminology
is coded with the coding tool and application programming
interface, and it has a semantic knowledge base; these features
are beneficial for standardized data collection. In short, the
ICD-11 has benefits in terms of obtaining statistics as well as
multiaxial coding, coding granularity [4,17,18] and
standardization, achieving the integration of terminology and
classification. As shown in Table 1, although the ICD-10-CCM
codes are expanded and refined at the leaf code level, the capture
of clinical details is still weaker compared to the ICD-11 codes.

Second, the design concept of the ICD-11 is different. The
ICD-10 is an independent classification system, and the standard
terminology set for the ICD-10 has been developed
independently. Differently, the ICD-11 has good semantic
interoperability with other classification systems through
harmonized methods. The Systematized Nomenclature of
Medicine-Clinical Terms (SNOMED CT) is considered one of

the most comprehensive clinical terminologies in the world
[19]. The ICD-11 Foundation Component, which includes
semantic network concepts and their relationships, is organized
around the Common Ontology from a subset of the SNOMED
CT [20,21]. The Common Ontology has been harmonized with
ICD text definitions, primarily from the SNOMED CT clinical
findings hierarchy (findings, disorders, and disease) and
secondarily from other hierarchies (situations, events, social
context, and so on) [22]. The rich Foundation Component has
approximately 80,000 entries and 40,000 synonyms [5]. The
ICD-11 linearizations, including the ICD-11 MMS and the
International Classification of Diseases for Oncology (ICD-O),
are subsets derived from the Foundation Component. The
ICD-11 integrates the morphology section of the ICD-O, ICD-O
linearization, and tumor node metastasis classification, and the
histopathology codes of the ICD-11 are also compatible with
the ICD-O [4]. Additionally, the ICD-11 integrates numerous
clinical terminologies from some expanded versions of the
WHO ICD-10. Compared to other classifications, the ICD-11
has advantages in terms of concept coverage and compatibility.

Third, the ICD-11 has stronger logical links between codes. If
multiple codes are needed for disease expression, there is a lack
of practical connections between ICD-10 codes. In the ICD-11,
precoordination contains the site and morphology, and the
postcoordination of morphology and the clinical phenotype is
linked to stem codes through an ampersand (&) and slash (/).

In addition, the ICD-11 contains rich dimensions of
postcoordination. Compared to the ICD-10, which provides
information only about topography and morphology, the ICD-11
can also include other dimensions of postcoordination, such as
stage, grading, laterality, and the diagnostic method. The ICD-11
coding system is more conducive to unifying national cancer
registration in these dimensions. However, due to the limitations
of the ICD-10 coding structure, these dimensions of
postcoordination were missing when mapped to the ICD-11,
with only 0.7 postcoordination per code, and its expression
ability cannot be truly reflected.

Moreover, the ICD-11 has more expression flexibility. The
ICD-10 coding system is fixed and single. The ICD-11 provides
2 sets of codes: ICD-11 MMS codes and URIs. In ICD-11 MMS
codes, a stem code can be used alone or with optional extension
codes. A URI is a string of characters that uniquely identifies
a particular entity. Therefore, a coding system with good
expression flexibility can meet the coding granularity and
clinical phenotype mining requirements of hospitals at different
levels.

Finally, the ICD-11 has different update mechanisms. The
ICD-10 updates relatively slowly. In 1999, the WHO established
the Update Advisory Committee as the only authoritative body
revising the ICD-10. In 2005, the WHO officially published the
second edition of the ICD-10 and continued to issue revisions
to the relevant content of the ICD-10 through official channels
every year. The ICD-11 provides a web-based coding tool
instead of paper environments, which is highly beneficial for
timely updates. It has a real-time updated orange version and
an annually updated blue version.
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Overall, the eleventh revision is more extensive than any other
revision since the sixth in 1948. These design-level features
make the ICD-11 competitive with other classification systems.

Challenges of Replacement
The improvements described above also pose challenges for
replacing the ICD-10 with the ICD-11. Compared to the ICD-10,
the ICD-11 leaf codes for neoplasms have expanded by 36.6%,
and there are also approximately 16,000 extension codes. Hence,
the expression ability of the ICD-11 for clinical details far
exceeds that of the ICD-10 and ICD-10-CCM. However, codes
with better granularity require clinicians to record diagnoses
and treatments in greater detail. It is essential to carry out the
necessary interventions to enhance medical record
documentation according to ICD-11 before or simultaneously
with country-wide implementation [23]. Clinicians will be
required to have a good understanding of the ICD-11. Otherwise,
the best classification system is just a decoration.

Second, coders are accustomed to using the old classification
system and need time to familiarize themselves with the new
coding system and tool. Studies have shown that some coders
have difficulties coding on the web due to a lack of familiarity
with software [24,25]. In this study, 2 skilled coders who
received ICD-11 training still had 213 inconsistent codes.
Web-based coding requires high professional ability. Studies
have also shown that the reliability and accuracy of ICD-11
coding are lower than those of ICD-10 coding [23-25]. In the
early stages of ICD-11 promotion, countries involved in the
transition need to conduct ICD-11 training and transform coders’
coding concepts. To maintain coding accuracy, developing
high-quality ICD-11 training materials, training processes, and
local ICD-11 guidelines is effective [23,26].

Moreover, many countries have applied the ICD-10 in different
fields, such as mortality and morbidity statistics,
diagnosis-related grouping, and cancer registries. There is also
a potential challenge with IT systems being able to adopt a new
classification that allows for unlimited width in fields.
Stakeholders must upgrade their information systems to meet
the needs of the ICD-11, which requires a significant amount
of time and money to hire medical, IT, and management
personnel to complete this transformation. The experience of
the United States in replacing ICD versions can provide a better
reference. In the United States, because of significant opposition
and reservations expressed by stakeholders, it took 6 years from
the adoption of the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) to complete
the transition [27], and the costs associated with the transition
were estimated to be between US $475 million and US $1.5
billion dollars, including training, productivity losses, and
system changes [28].

Importantly, the ICD-10 and ICD-11 will coexist for a long
time before replacement, which contributes to solving some
problems. The parallel implementation of the 2 classification
systems can ensure government policy continuity. In January
2022, the pilot application program to promote ICD-11 was
launched in China, with 59 large general public hospitals from
all provinces participating. However, ICD-11 is not fully
understood by other hospitals. The impacts of the new

classification system implementation included coding accuracy,
ICD version mapping, and more [29]. The ICD version mapping
can be used for interoperability between coded data sets [30].
Hospitals do not require dual coding and use ICD-11 to report
data. If a hospital needs dual coding, a mapping table can
significantly reduce the time, at least by half, spent on duplicate
coding. A map can also maintain the same accuracy of ICD-11
coding for all hospitals and alert coders if there are any coding
errors. Usually, a high-quality map requires substantial manual
curation, and some studies use algorithmic mapping approaches,
such as sequential mapping [30]. Some scholars have developed
hybrid methods, such as automatic mapping and manual review
[31], semiautomatic mapping, and manual evaluation [32].
Although automatic coding has many benefits, supervised and
manual mapping are still necessary [33]. Undeniably, there may
be some issues with the use of mapping tables. A study has
shown that 14.5% of International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes used
by internists, when mapped to the ICD-10-CM, resulted in
potential clinical inaccuracies [34]. In general, a high-quality
map would contribute to the smooth transition of ICD-11, and
multiple mapping methods can be explored. This study confirms
the feasibility of using manual mapping tables for neoplasms
between the ICD-10-CCM and ICD-11. To date, the results of
some studies on the transition to the ICD-11 have also been
optimistic [17,18].

In addition, although the WHO provides an ICD-11 coding tool,
countries must continue optimizing this tool. A mapping table
can improve the intelligence of the coding tool. If the terms are
the same as those in the mapping table, the coding tool can
automatically load the coding cluster without selecting
postcoordination one by one. The accuracy and efficiency of
ICD-11 coding largely depend on how well the coding tool is
optimized. It is necessary to continuously optimize the coding
tool before fully promoting the ICD-11.

Limitations
This study had some limitations that must be considered. First,
this study focused only on the clinical condition of neoplasms.
However, the chapter on neoplasms is quite complex and one
of the most varied chapters on other conditions, with significant
changes. Moreover, patients with cancer may experience
different manifestations, including chronic, surgical, and
emergency conditions. For example, a patient with long-term
chronic hepatitis B causing cirrhosis and liver cancer was
admitted to the hospital for emergency surgery due to a tumor
rupture. Furthermore, the burden of cancer in China continues
to grow with the aging population. According to statistics, the
crude cancer mortality rate increased from 108.3 per 100,000
individuals in the 1990-1992 period to 170.1 per 100,000
individuals in 2015 [35]. Significantly, the research method is
well thought out. Manual mapping can provide a good
understanding of the new ICD-11 features and help individuals
familiarize themselves with the characteristics of the new
classification systems. As a method, manual mapping can be
extended to other conditions. More conditions can be gradually
incorporated, especially emergency and surgical conditions, in
the future.
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Second, this study used only manual mapping, which is
time-consuming and laborious. Other methods combined with
manual mapping can be continuously explored, especially
automatic mapping between the ICD-10-CCM and ICD-11,
including algorithmic mapping and machine learning
approaches.

Conclusion
Neoplasm classification has undergone many improvements in
the ICD-11, especially the new coding system, improved
expression ability, and good semantic interoperability. The new
coding system provides advantages in coding granularity, coding
capacity, and expression flexibility. Moreover, 67.8% of
ICD-10-CCM neoplasm codes can be fully represented by the

ICD-11, and expression ability negatively correlates with
grouping changes (r=–0.144, P<.001). The more significant the
changes in a new classification system are, the less information
can be expressed when mapped to other databases. The use of
URIs and maintenance mechanisms can increase the expression
ability for coding in actual cases. In addition, the good semantic
interoperability of the ICD-11, integrating numerous clinical
terminologies from the SNOMED CT, the ICD-O, the tumor
node metastasis classification, and expanded versions of the
WHO ICD-10, makes the ICD-11 competitive with other
classification systems. The transition to the ICD-11 will
inevitably bring numerous challenges for clinicians, coders,
policy makers and IT technicians, and many preparations will
be necessary.
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Abstract

Background: Artificial intelligence (AI) has garnered considerable attention in the context of sepsis research, particularly in
personalized diagnosis and treatment. Conducting a bibliometric analysis of existing publications can offer a broad overview of
the field and identify current research trends and future research directions.

Objective: The objective of this study is to leverage bibliometric data to provide a comprehensive overview of the application
of AI in sepsis.

Methods: We conducted a search in the Web of Science Core Collection database to identify relevant articles published in
English until August 31, 2023. A predefined search strategy was used, evaluating titles, abstracts, and full texts as needed. We
used the Bibliometrix and VOSviewer tools to visualize networks showcasing the co-occurrence of authors, research institutions,
countries, citations, and keywords.

Results: A total of 259 relevant articles published between 2014 and 2023 (until August) were identified. Over the past decade,
the annual publication count has consistently risen. Leading journals in this domain include Critical Care Medicine (17/259,
6.6%), Frontiers in Medicine (17/259, 6.6%), and Scientific Reports (11/259, 4.2%). The United States (103/259, 39.8%), China
(83/259, 32%), United Kingdom (14/259, 5.4%), and Taiwan (12/259, 4.6%) emerged as the most prolific countries in terms of
publications. Notable institutions in this field include the University of California System, Emory University, and Harvard
University. The key researchers working in this area include Ritankar Das, Chris Barton, and Rishikesan Kamaleswaran. Although
the initial period witnessed a relatively low number of articles focused on AI applications for sepsis, there has been a significant
surge in research within this area in recent years (2014-2023).

Conclusions: This comprehensive analysis provides valuable insights into AI-related research conducted in the field of sepsis,
aiding health care policy makers and researchers in understanding the potential of AI and formulating effective research plans.
Such analysis serves as a valuable resource for determining the advantages, sustainability, scope, and potential impact of AI
models in sepsis.

(Interact J Med Res 2024;13:e54490)   doi:10.2196/54490

KEYWORDS

AI; artificial intelligence; bibliometric analysis; bibliometric; citation; deep learning; machine learning; network analysis;
publication; sepsis; trend; visualization; VOSviewer; Web of Science; WoS
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Introduction

Sepsis is a life-threatening medical emergency [1] affecting
approximately 48.9 million individuals globally each year and
potentially contributing to over 11 million deaths [2]. Previous
studies indicated that sepsis-related hospitalization can result
in fatal outcomes in 30%-50% of cases [3,4]. However, prompt
stratification and the timely administration of specific treatments
have the potential to lower sepsis-related mortality. Identifying
sepsis at an early stage can be challenging due to the complex
pattern of the disease [5,6] and the diversity of the septic
population [7].

Artificial intelligence (AI) has piqued interest in its excellent
potential to stratify patients with a high risk of sepsis [8]. In
recent times, AI models have seen widespread application in
the prediction of sepsis and have shown superior performance
compared with conventional statistical methods [9,10]. Yet, no
study has shed light on the variety of AI applications and their
potential and limitations in sepsis through a scientific
consolidation of knowledge. Bibliometric analysis aids
researchers in comprehending specific research fields, a crucial
aspect for guiding both future research endeavors (eg, what else
should we know) and practical implementation (eg, what should
we do) [11]. This research aims to address the following
questions, with the intent of advancing the previous research
on the application of AI in sepsis: (1) What countries,
institutions, sources, and documents have demonstrated the
highest productivity within the realm of AI applied to sepsis?
(2) What are the hot research topics and themes of research in
the application of AI in sepsis? (3) What methods are mainly
applied in the existing body of literature? (4) What types of
limitations appeared in the existing literature regarding the
application of AI in sepsis? and (5) What are the literature gaps
and future research agendas?

In this study, we could systematically investigate shifts in
publication growth, offering more valuable insights to fellow
researchers and policy makers engaged in priority setting and
assessment.

Methods

Data Source
We leveraged extracted data from the Web of Science Core
Collection as of August 31, 2023. We used Web of Science for
its comprehensive coverage across multiple databases,
comprising a wide range of bibliometric indicators and literature
from various disciplines. Using a predefined search strategy,
we intended to include all relevant literature for bibliometric
analysis. We used the following key words: artificial intelligence
OR computational intelligence OR deep learning OR computer
aided OR machine learning OR support vector machine OR
data learning OR artificial neural network OR digital image
OR convolutional neural network OR evolutionary algorithms
OR feature learning OR reinforcement learning OR big data
OR image segmentation OR hybrid intelligent system OR hybrid
intelligent system OR recurrent neural network OR natural
language processing OR Bayesian network OR Bayesian
learning OR random forest OR evolutionary algorithms OR

multiagent system AND sepsis. The collected records contained
essential attributes, including publication date, authorship,
institutional affiliation, geographic origin, and cited references.
This data set served as the foundation for our subsequent
analytical investigations.

Inclusion and Exclusion Criteria
The titles and abstracts underwent initial screening by 2
independent authors (MW and TNP). If there was uncertainty
from one reviewer regarding whether the article met the
inclusion criteria, it was included for a thorough full-text review.
Following this, both authors independently assessed the full
text, and any differences in opinion were resolved through
consensus with the research team. We considered studies for
inclusion if they met the following criteria: (1) they were written
in English, and (2) they applied AI models in the context of
sepsis. In this study’s screening process, we included research
or review articles published in peer-reviewed journals,
conference proceedings, reviews, and early access articles. We
excluded studies if they were published as letters, editorials,
book chapters, or books.

Data Collection and Preprocessing
To ensure compatibility with Bibliometrix and VOSviewer [12],
we saved the data in the “**.txt” format, a format recognized
by both tools for conducting analyses. Our data set encompasses
a comprehensive range of information, including titles, list of
authors, name of countries, list of institutions, abstracts,
keywords, name of journals, and publication dates.

Statistical Analysis
Bibliometrix and VOSviewer tools were used to uncover the
knowledge structure, most influential countries, research hot
spots, and productive authors, along with various bibliometric
insights. The processed data were uploaded into these
bibliometric tools, and analysis was conducted based on the
information included within the data documents [13]. Afterward,
we generated network maps among journals, authors, countries,
and institutions, where individual points symbolized authors,
countries, or institutions. Moreover, connected lines in the
network maps depicted the relationships between these entities.
Larger points and more robust lines indicated a higher number
of articles and more substantial collaborative relationships,
respectively [14,15].

We computed the annual growth rate of publications. The annual
publication count, annual growth, and average growth rate of
publications were determined through the following methods:

Where N is the total number of articles in the current year, and
Nk–1 is the total number of articles in the previous year.

Furthermore, we conducted an analysis of publication trends
based on the following criteria: the top 10 most prolific
countries, institutions, journals, authors, and studies in this area.
The rankings of countries, institutions, journals, and authors
were determined based on the number of articles.
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Results

Distribution of Articles by Publication Year
The initial search yielded 327 articles focused on the application
of AI in sepsis. After applying predefined inclusion criteria, 68
articles were deleted, leaving 259 articles for the final analysis
(Figure 1).

Over time, there has been a substantial rise in the number of
publications in this field. Notably, the yearly publication number
increased from just 2 articles in 2014 to 72 articles in 2022. It
is important to note that before 2018, the yearly publication
count did not cross 10 articles. The calculated annual growth
rate was found to be 44.81% (Figure 2).

Figure 1. A diagram for the detailed selection criteria and bibliometric analysis steps of applying artificial intelligence to sepsis in the Web of Science
Core Collection database.

Figure 2. Trends in the number of publications on the application of artificial intelligence to the study of sepsis from 2014 to 2023 (August).

Distribution of Source Journals
A total of 122 journals published articles on the application of
AI in sepsis. Among them, the Critical Care Medicine journal
was the most productive, having published 6.6% (17/122) of
articles in this domain (Table 1). Frontiers in Medicine,

Scientific Reports, and the American Journal of Respiratory
and Critical Care Medicine were in the second, third, and fourth
positions, publishing 17, 11, and 7 articles, respectively, on this
topic. However, the top 10 journals published 86 articles,
accounting for 33.2% (86/259) of all publications in this area.
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Table 1. The top 10 journals with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

5-year
impact
factor

Impact
factor in
2022

Publication frequency,
n (%)

CategoryCountryJournalRank

8.48.817 (6.6)Engineering, electrical, and
electronics

United StatesCritical Care Medicine1

4.23.917 (6.5)Multidisciplinary scienceSwitzerlandFrontiers in Medicine2

4.94.611 (4.2)Multidisciplinary scienceUnited King-
dom

Scientific Reports3

21.924.77 (2.7)Multidisciplinary scienceUnited StatesAmerican Journal of Respiratory and Critical
Care Medicine

4

8.07.36 (2.3)Clinical neurologySwitzerlandFrontiers in Immunology5

2738.96 (2.3)NeurosciencesUnited StatesIntensive Care Medicine6

6.36.46 (2.3)Computer science and interdis-
ciplinary applications

United StatesJournal of the American Medical Informatics
Association

7

3.83.76 (2.3)NeurosciencesUnited StatesPLoS One8

3.93.55 (1.9)Engineering and multidisci-
plinary

United King-
dom

BMC Medical Informatics and Decision
Making

9

6.97.75 (1.9)Engineering and biomedicalUnited StatesComputers in Biology and Medicine10

Distribution of Countries and Regions
This study revealed that researchers from 73 countries and
regions engaged in research on these subjects and published
their work in various international peer-reviewed journals. Out

of the total 259 articles, the United States made the most
substantial contribution with 103 publications (39.8%), followed
by China with 83 publications (32%), United Kingdom with 14
publications (5.4%), and Taiwan with 12 publications (4.6%)
(Table 2).

Table 2. The top 10 countries and regions with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

Articles, n (%)CountryRank

103 (39.8)United States1

83 (32)China2

14 (5.4)United Kingdom3

12 (4.6)Taiwan4

11 (4.2)India5

10 (3.9)Netherlands6

8 (3.1)Australia7

8 (3.1)Canada8

7 (2.7)Spain9

7 (2.7)Germany10

Distribution of Institutions
Table 3 shows the top 10 most productive institutes that used
AI applications in sepsis. The University of California system
(22/259 articles, 8.5%) ranked first among all research

institutions, followed by Emory University (10/259 articles,
3.9%), Harvard University (10/259 articles, 3.9%), and Central
South University (8/259 articles, 3.1%).

Figure 3 shows the institution cooperation network of 117
institutions that published at least 1 article.
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Table 3. The top 10 institutes with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

Publications, n (%)CountryInstitutionsRank

22 (8.5)United StatesUniversity of California system1

10 (3.9)United StatesEmory University2

10 (3.9)United StatesHarvard University3

8 (3.1)ChinaCentral South University4

8 (3.1)United StatesDascena Inc5

8 (3.1)United StatesUniversity of Pennsylvania6

8 (3.1)ChinaZhejiang University7

7 (2.7)United StatesStanford University8

7 (2.7)ChinaSun Yat-sen University9

6 (2.3)ChinaFudan University10

Figure 3. Institution co-operation network.

Distribution of Authors
A total of 259 articles were authored by 1444 individuals, each
of whom had at least 1 article to their name. In Table 4, we
present the top 10 most prolific authors who conducted and
published research in these fields. Ritankar Das secured the top

position with 8 articles, closely followed by Chris Barton (6
articles), Rishikesan Kamaleswaran (6 articles), and Suchi Saria
(6 articles).

Our analysis shows that 1444 authors have published at least 1
article. The largest set of associated authors consisted of 20
authors in 3 clusters (Figure 4).
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Table 4. The top 10 authors with publications on the application of artificial intelligence in sepsis from 2014 to August 2023.

Affiliationh-indexCitations, nArticles, nAuthorRank

Dascena Inc1814178Das1

University of California San Francisco2522776Barton2

Emory University148616Kamaleswaran3

Johns Hopkins University2326356Saria4

University of California Berkeley1711525Calvert5

Dascena Inc149575Hoffman6

Sun Yat-sen University125Li7

University of California San Diego2324025Nemati8

Johns Hopkins University61184Adams9

University of Tennessee Health Science Center1712534Davis10

Figure 4. The co-authorship network of authors who contributed research on the application of artificial intelligence to sepsis from 2014 to 2023
(August).

Articles Cocitation Analysis
Table 5 shows the top 10 most frequently cited publications.
The publication that received the most citations was by

Komorowski et al [16], titled “The Artificial Intelligence
Clinician learns optimal treatment strategies for sepsis in
intensive care,” published in Nature Medicine in 2018 and
received a total of 408 citations as of August 31, 2023.
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Table 5. Top 10 cited articles in the application of artificial intelligence on sepsis research from 2014 to August 2023.

Citation, nTitleJournalAuthorRank

408The Artificial Intelligence Clinician learns optimal treatment strategies for sepsis in
intensive care

Nature MedicineKomorowski
et al [16]

1

329An Interpretable Machine Learning Model for Accurate Prediction of Sepsis in the
ICU

Critical Care MedicineNemati et al
2018 [17]

2

257Prediction of In-hospital Mortality in Emergency Department Patients With Sepsis:
A Local Big Data-Driven, Machine Learning Approach

Academic Emergency
Medicine

Taylor et al
2016 [18]

3

226Prediction of Sepsis in the Intensive Care Unit With Minimal Electronic Health
Record Data: A Machine Learning Approach

JMIR Medical Informat-
ics

Desautels et al
2016 [19]

4

184Machine learning for the prediction of sepsis: a systematic review and meta-analysis
of diagnostic test accuracy

Intensive Care MedicineFleuren et al
[10]

5

148Creating an automated trigger for sepsis clinical decision support at emergency de-
partment triage using machine learning

PlosOneHorng et al
2017 [20]

6

101From vital signs to clinical outcomes for patients with sepsis: a machine learning
basis for a clinical decision support system

Journal of the American
Medical Informatics Asso-
ciation

Gultepe et al
2014 [21]

7

100A Machine Learning Algorithm to Predict Severe Sepsis and Septic Shock: Develop-
ment, Implementation, and Impact on Clinical Practice

Critical Care MedicineGiannini et al
2019 [22]

8

98Predicting 30-days mortality for MIMIC-III patients with sepsis-3: a machine learning
approach using XGboost

Journal of Translational
Medicine

Hou et al 2020
[23]

9

97Medical decision support using machine learning for early detection of late-onset
neonatal sepsis

Journal of the American
Medical Informatics Asso-
ciation

Mani et al
2014 [24]

10

Co-Occurrence Analysis of Top 100 Keywords
Keywords encapsulate the central themes within a publication
and are ideal for examining interconnected areas of research.
In this study, we performed co-occurrence analysis to pinpoint
the prominent research focal points in the field of AI application
in sepsis research, using the top 100 keywords. The extraction

and clustering of these top 100 keywords were performed using
VOSviewer.

Figure 5 illustrates our use of VOSviewer to create a visual
network map, consisting of 6 clusters based on the co-occurrence
of the top 100 keywords. The core of this visualization network
map is occupied by the following keywords: sepsis (n=138),
machine learning (n=122), artificial intelligence (n=35), and
deep learning (n=20).
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Figure 5. The co-occurrence network of the top 100 keywords in artificial intelligence research for sepsis from 2014 to 2023 (August).

Discussion

Main Findings
This study investigated the citation analyses of AI models in
sepsis research, scrutinizing the publication patterns related to
their application. This study reports a noteworthy upswing in
interest in this subject over the past decade, particularly
increasing from 2018 to 2022.

The substantial increase in the use of AI in health care research
is noteworthy. For instance, there was an 88.88% increase in
the use of AI in health care research after 2012, with only 10
countries contributing to over 96% of the studies [25]. Our
findings also indicate an annual growth rate of 44.81% in the
use of AI in sepsis-related research. If this growth rate continues
in the future, we can anticipate the publication volume in the
domain of AI in sepsis-related research doubling approximately
every 5 years. This increased number of publications indicates
advancements, improved functionality, and the overall progress
of AI in sepsis, especially when compared to other application
areas.

The number of publications exhibits geographical disparities
[26-28]. Recent research indicates a rise in the application of
AI in health care research, particularly in developed countries
[12,29,30]. These nations are investing increased funds into AI
research and the development of AI tools to improve health
outcomes. This study aligns with these findings, highlighting
an increased number of publications originating from developed

countries. However, it underscores the importance of researchers
from developing nations stepping forward to contribute toward
achieving ultimate health goals. Effective collaboration among
clinical experts, AI model developers, and health care providers
is essential to addressing the challenges at hand [31].

Selecting the appropriate journals for publication can be a
complex decision [32]. Authors take various factors into account
when submitting, such as the accessibility of open-access
journals and the higher impact factor associated with certain
subscription journals [33]. Some authors prefer open-access
journals for their widespread availability after publication and
the potential for a higher number of citations [34]. Conversely,
subscription journals from reputable publishers attract attention
due to their high impact factors [35,36]. New researchers often
struggle with the dilemma of where to submit their work. This
study shows that authors frequently weigh both open-access
and higher-impact–factor journals when publishing research
related to the application of AI in sepsis.

This study aimed primarily to highlight the most commonly
used data sets and algorithms in the current literature. The
majority of studies used the Multiparameter Intelligent
Monitoring in Intensive Care III (MIMIC-III) data set and
supervised machine learning models [37-39]. Notably,
Komorowski et al [16] introduced a reinforcement learning
model to predict sepsis in patients, demonstrating average
reliability levels higher than those of human clinicians. While
many studies used extensive training and testing data sets, the
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majority focused on single-centered data [39]. To apply these
models in real-world clinical settings, external validation
becomes necessary.

Strengths and Limitations
This study has several strengths. First, it is the first
comprehensive bibliometric analysis that sheds light on the
research trends of the application of AI in sepsis, illustrating
how this field has evolved. Second, this study gauges
productivity in terms of sources, authors, institutions, and
countries, while also visualizing word trends. This provides
novel and in-depth insights for both researchers and
practitioners. This study also has some limitations to address.
First, we only collected relevant publications from the Web of
Science, a widely used academic resource, for bibliometric
analyses [13,40-42]. Nevertheless, using other databases, such
as PubMed or Scopus, might have provided slightly varied
findings. Second, our inclusion criteria comprised articles
published solely in English. However, inclusion of other
languages, gray literature, and books might have influenced
outcomes, particularly considering diverse cultural perspectives
among scholars on the application of AI in sepsis. Finally,

relying solely on article titles for the search may pose
limitations. However, our aim was to focus on publications
specifically addressing the application of AI in sepsis. Therefore,
a title screening was deemed more suitable than a broader topic
search.

Conclusion
This study aimed to present a comprehensive overview of the
use of AI in sepsis through a systematic analysis of existing
literature. The findings of this study reveal a noticeable increase
in the number of publications over the last 10 years. Until now,
developed countries have been the primary contributors in this
field. Researchers from developing countries should step
forward, leveraging population advantages and core technologies
in different regions to foster collaboration.

Leading multidisciplinary science journals, including Frontiers
in Medicine, Scientific Reports, and the American Journal of
Respiratory and Critical Care Medicine, emerge as key
contributors to this topic based on the volume of published
articles. As the application of AI in sepsis research continues
to rise, this study serves as a valuable resource for researchers
seeking direction and opportunities for collaboration.
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Abstract

Background: The advent of digital health technologies has transformed the landscape of health care, influencing the dynamics
of the physician-patient relationship. Although these technologies offer potential benefits, they also introduce challenges and
complexities that require ethical consideration.

Objective: This scoping review aims to investigate the effects of digital health technologies, such as digital messaging,
telemedicine, and electronic health records, on the physician-patient relationship. To understand the complex consequences of
these tools within health care, it contrasts the findings of studies that use various theoretical frameworks and concepts with studies
grounded in relational ethics.

Methods: Using the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) guidelines, we conducted a scoping review. Data were retrieved through keyword searches on MEDLINE/PubMed,
Embase, IEEE Xplore, and Cochrane. We screened 427 original peer-reviewed research papers published in English-language
journals between 2010 and 2021. A total of 73 papers were assessed for eligibility, and 10 of these were included in the review.
The data were summarized through a narrative synthesis of the findings.

Results: Digital health technologies enhance communication, improve health care delivery efficiency, and empower patients,
leading to shifts in power dynamics in the physician-patient relationship. They also potentially reinforce inequities in health care
access due to variations in technology literacy among patients and lead to decreases in patient satisfaction due to the impersonal
nature of digital interactions. Studies applying a relational ethics framework have revealed the nuanced impacts of digital health
technologies on the physician-patient relationship, highlighting shifts toward more collaborative and reciprocal care. These studies
have also explored transitions from traditional hierarchical relationships to mutual engagement, capturing the complexities of
power dynamics and vulnerabilities. Other theoretical frameworks, such as patient-centered care, and concepts, such as patient
empowerment, were also valuable for understanding these interactions in the context of digital health.

Conclusions: The shift from hierarchical to collaborative models in the physician-patient relationship not only underscores the
empowering potential of digital tools but also presents new challenges and reinforces existing ones. Along with applications for
various theoretical frameworks and concepts, this review highlights the unique comprehensiveness of a relational ethics perspective,
which could provide a more nuanced understanding of trust, empathy, and power dynamics in the context of digital health. The
adoption of relational ethics in empirical research may offer richer insights into the real-life complexities of the physician-patient
relationship, as mediated by digital technologies.

(Interact J Med Res 2024;13:e47280)   doi:10.2196/47280
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Introduction

Rationale
Digital health technologies are revolutionizing the practice of
health care [1]. Driven by societal, political, and technological
advancements, these technology-mediated changes are occurring
at an unprecedented pace. Envisioning a future in which
medicine can be personalized to individuals and diseases can
be foreseen and prevented, some experts have high hopes for
the potential of technology to improve human life [1,2].
However, skeptics argue that achieving personalization through
technology is an elusive paradox, as it fails to account for the
fundamental uncertainties and complexities of medicine and
the value of human interactions [3].

In the realm of medical practice, a physician’s primary goal is
to diagnose and treat patients’ diseases by drawing upon their
biomedical expertise and years of clinical experience.
Nevertheless, a physician’s practice must also be guided and
adapted based on their relationship with the patient. A sustained
physician-patient relationship facilitates the tailoring of
therapeutic interventions to best suit individual patients’ needs
[4]. Interpersonal skills honed over time through relational
interactions with patients cannot be directly replaced by
technology. Future technologies, including artificial intelligence,
can only interpret what is explicitly documented as text or
images in the electronic health record (EHR), which could lead
to potentially missing valuable information generated within
the physician-patient relationship, such as the patient’s values,
preferences, trust, and rapport [5,6]. Moreover, a doctor’s
personality and nonreflective actions, such as active listening
or disregarding patient preferences, can have a significant impact
not only on curing the patient’s illness but also on maintaining
or exacerbating it [4]. Continuity of care with the same physician
has been shown to reduce hospital admissions and mortality
rates [7]. The rapid integration of technology introduces complex
dimensions to an already intricate relationship, necessitating an
exploration of technology’s impact on the physician-patient
dynamic.

Digital technology offers potential for both improvements and
risk, as it can efficiently reach a larger number of patients with
less effort. At best, this technology-mediated efficiency may
offer improved accessibility, real-time monitoring, and
personalized treatments. It can also bridge geographical divides,
connecting remote patients to specialists. At worst, it may be
harmful on a scale far beyond what a single physician could
achieve in a lifetime, potentially introducing systematic biases
on a massive, automatic scale.

A potential problem with research on digital health technologies
is the risk of bias, for example, when research funding comes
from for-profit organizations and technology providers. As there
may also be a dearth of independent research being published
in this domain, we risk developing a skewed view of the
evidence [8]. Additionally, while technological advancements

surge ahead, ethical and regulatory frameworks have struggled
to keep pace with these developments [9], making the need for
new knowledge even more pressing.

Undeniably, digital technologies are here to stay and are already
reshaping medical practice and the physician-patient
relationship. Yet, more research is necessary to truly understand
the nuanced implications of this shift. While technology
promises efficiency and precision, the physician-patient
relationship is rooted in intersubjective trust, empathy, and a
deep understanding that transcends quantifiable data. As we
further integrate technology into health care, it is therefore
essential to explore its impact on this foundational relationship.
Does it have the potential to augment the bond, creating new
avenues for connection and understanding, or does it carry a
more detrimental potential to create distance, becoming a screen
that separates rather than connects human beings? By delving
deeper into these questions, we can ensure that, as we advance
technically, we do not lose sight of the human touch that remains
at the heart of healing.

Objectives
This review explores the existing knowledge gap concerning
the impact of digital health on the physician-patient dynamic.
Additionally, we analyze various theoretical frameworks and
concepts used in empirical studies concerning this relationship
and contrast the findings of these studies with the results of
research grounded in relational ethics frameworks [10]. This
research focus has enabled us to identify the consequences of
using digital health technologies (such as digital messaging,
telemedicine, health-related websites, and EHRs) in
physician-patient relationships.

Methods

Overview
Due to the rapid advancements in digital health care, there is a
noticeable knowledge gap in the existing literature. A scoping
review was deemed a suitable review approach, as it is well
suited for providing an updated understanding of the current
state of knowledge [11]. This scoping review was conducted
according to the guidelines of the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) [12]. The study protocol was
preregistered with the Center for Open Science [13].

Eligibility Criteria
The combined emergence of smartphones and 4G networks
from around 2010 has played a crucial role in driving the
development and use of digital health services [14]. This
convergence has provided individuals with convenient access
to health care services through mobile health (mHealth) apps,
remote monitoring, and telemedicine, while also enabling health
care providers to leverage real-time health data for personalized
and data-driven care approaches. Only original peer-reviewed
research published in English-language journals from January
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1, 2010, to December 31, 2021, was included in this review.
The decision to conclude the literature review on December 31,
2021, was driven by the aim to provide a comprehensive and
current overview of the field up to our initial submission at the
beginning of 2023. We carefully evaluated the scope and depth
of available literature within this timeframe, determining that
extending the search would likely not alter our core findings.

Research papers on patients and general practitioners or
physicians involving health technology were included. Studies
that did not specifically mention the physician-patient
relationship were excluded.

Information Sources
Studies for inclusion were identified through searches in the
following databases: MEDLINE/PubMed, Embase, IEEE
Xplore, and Cochrane. Since our review specifically targeted
empirical research on the physician-patient relationship, we
primarily focused on searching medical databases. However,
we also included IEEE Xplore to ensure that we did not miss
any significant research in the fields of computer science and
electrical engineering. To ensure trustworthy findings and direct
insights, our search prioritized original papers and solely focused
on high-quality research papers published in peer-reviewed
medical journals. Reviews, opinion pieces, and other
nonempirical texts were not included. Duplicates were removed.

Search
In collaboration with a librarian, we devised a comprehensive
search string to explore the application of digital health
technology within the physician-patient relationship. To ensure
clarity in our scope, we used the mnemonic strategy PCC

(population, concept, and context) to determine which papers
should be included. Specifically, the population consisted of
physicians, patients, or both; the concept involved digital health
technologies used in medical care; and the context revolved
around their implementation within the physician-patient
relationship. The search string encompassed relevant terms,
such as “digital health,” “mHealth,” “eHealth,” “telemedicine,”
or “telehealth,” combined with the key phrases
“physician-patient relations” or “relational ethics.” Detailed
explanations of these terms are provided in Table 1. The search
string used was (“digital health” OR “mHealth” OR “eHealth”
OR “telemedicine” OR “telehealth”) AND (“physician-patient
relations” OR “relational ethics”).

Our particular focus was on “relational ethics” due to its
potential to inform a more ethical analysis of the
physician-patient relationship, thus addressing the intricacies
and challenges unique to this context.

We searched the 4 databases applying the following limitations:
“scholarly (peer-reviewed) journals,” “date of publication from
January 1, 2010 to December 31, 2021,” and “English
language.” The search resulted in the identification of 429
journal papers. Of these papers, 427 were discovered in
MEDLINE/PubMed, while 1 paper was identified as a duplicate
appearing in both the Cochrane and MEDLINE/PubMed
libraries. Additionally, 1 paper obtained from Embase was
identified as a scoping review and was therefore excluded from
our screening analysis. It is worth noting that no papers were
found in IEEE Xplore during our search process. In short, all
427 papers selected for screening were found in the
MEDLINE/PubMed database.

Table 1. Search terms.

ExplanationSearch terms

Refers to technology related to health care services and solutionsdigital health

Short for “mobile health,” involves the use of mobile devicesmHealtha

Refers to “electronic health,” including digital health serviceseHealth

Involves remote diagnosis and treatment using technologytelemedicine

Broad term covering health care services through telecommunicationtelehealth

Refers to the interactions and dynamics between doctors and patientsPhysician-patient relations

Refers to an ethical framework focused on understanding and navigating the intricacies of interpersonal dynamics
in the doctor-patient relationship

relational ethics

amHealth: mobile health.

Selection of Sources of Evidence
The screening process was performed by 2 researchers. It
involved reviewing the abstracts initially found for inclusion,
and in cases where abstracts lacked sufficient information, the
entire research paper was examined. In instances where 2
researchers could not reach a consensus on whether to include
a research paper, a third researcher was consulted as an arbiter
to resolve any disagreements. This process led to the inclusion
of 73 research papers. Subsequently, all 73 included papers
underwent a detailed and thorough examination by 2 researchers.
In the event of any disagreement during this phase, a third

researcher was consulted to ensure accuracy. Studies that did
not specifically mention the physician-patient relationship
(n=63) were excluded, resulting in 10 studies to be reviewed.

Data Charting Process
A standardized data charting form was created for the data
extraction process, and data charting was performed by 2
reviewers.

Data Items
Our objective was to collect a range of data items relevant to
the research. These included the year of the study, the country
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where it was conducted, the study type (qualitative or
quantitative), the theoretical or ethical framework and concepts
used, the type of technology studied, the research objectives,
and the participants involved (patients, physicians, and other

health care personnel [HCP]; Table 2). Additionally, we
extracted text samples that described the impact of digital health
technologies on the physician-patient relationship. Our approach
involved presenting the main findings in a textual manner.

Table 2. Overview of the data from the included studies.

ParticipantsAimsType of technologyStudy typeCountryJournalYearAuthors

PatientsExamine how online health com-
munities impact the physician-pa-
tient relationship

Online health com-
munity

QuantitativeCanadaHealth Services
Management Re-
search

2018Audrain-Ponte-
via and Men-
vielle [15]

Patients and
physicians

Evaluate the use of telemedicine
in improving treatment adherence,
patient outcomes, and the physi-
cian-patient relationship

Mobile phone mes-
sages

QuantitativeItalyBritish Journal of
Dermatology

2013Balato et al [16]

PhysiciansInvestigate how physicians view
the idea of patient participation

Web-based patient
portal

QualitativeSwedenJournal of Medical
Internet Research

2018Grünloh et al
[17]

PhysiciansExplore physicians’ knowledge
and attitudes toward digital health
technologies and the transforma-
tion of the doctor-patient relation-
ship

Social mediaQualitativeHun-
gary

PLOS ONE2020Győrffy et al
[18]

PatientsExamine how the quality of face-
to-face communication with
providers is associated with their
subsequent internet use for patient-
provider communication

Digital messagingQuantitativeChinaHealth Communica-
tion

2019Jiang [19]

Patients and
physicians

Study patients’ satisfaction with
teleconsultation in primary care
and the impact of teleconsultations

on GPa-patient communication

Teleconsultation
(phone)

QualitativePolandPLOS ONE2021Kludacz-
Alessandri et al
[20]

Patients, physi-
cians, and other
HCPs

Examine HCP’sc perspectives on
how eHealth affects their relation-
ships with patients, as well as its
ethical ramifications

Digital messaging

and EHRb
QualitativeCanadaJournal of Medical

Internet Research
2018Macdonald et al

[21]

Patients and
physicians

Investigate the need for web-based
videoconferences for oncology
patients

Video consultationQualitativeUnited
States

American Journal of
Hospice and Pallia-
tive Medicine

2019Tasneem et al
[22]

Patients, physi-
cians, and other
HCPs

Focus on patients’ and HCP’s use
of health-related internet informa-
tion and how it influences the pa-
tient-HCP relationship

Health-related
websites

QualitativeCanadaJournal of Medical
Internet Research

2015Townsend et al
[23]

Patients and
physicians

Understand the underlying reasons
for poor doctor-patient relation-
ships

Digital messagingQualitativeChinaInternational Jour-
nal of Environmen-
tal Research and
Public Health

2020Yan et al [24]

aGP: general practitioner.
bEHR: electronic health record.
cHCP: health care personnel.

Synthesis of Results
To synthesize the results, we first created a summary based on
the extracted data items to capture the key findings and
statements from the included research papers concerning the
physician-patient relationship. This summary was then compared
with each research paper in its entirety to ensure accuracy.

Next, we conducted a narrative synthesis of the findings from
the included studies, incorporating both the extracted text

samples and the summaries of the papers. This approach allowed
us to provide a comprehensive overview of the results from
both quantitative and qualitative studies, enabling a
comprehensive summary of the physician-patient relationship
in the context of digital health technologies (Table 3). In
addition, we assessed whether the papers applied any ethical
frameworks or simple concepts and analyzed how their use
contributed to the research (Table 4).
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Table 3. Summary of evidence.

Summary: What does the paper state about the physician-patient relationship?Authors

Audrain-Pontevia and
Menvielle [15]

• The paper discusses the impact of online health communities on the patient-physician relationship. The authors explore
how online health communities, which provide users with computer-mediated social support and empowerment, impact
this relationship.

• The authors acknowledge that, traditionally, doctors were the main source of medical information and therefore bene-
fited from authority and power over their patients. However, with the advent of online health communities, patients
now have access to social support, resources, and aid, which can make them feel more empowered and influence their
relationships with their physicians.

• The authors propose that online health communities offer patients the opportunity to gain the power to handle their
illnesses and their health, presumably leading to increased participation during the consultation and improving their
commitment to their relationship with their physician.

Balato et al [16] • The study found that patient-physician communication improved in a group receiving SMS text message interventions,
whereas it remained unchanged in the control group. This suggests that the use of digital interventions, such as SMS
text messages, could potentially enhance the patient-physician relationship.

Grünloh et al [17] • The models of the doctor-patient relationship presented in the paper describe patients as being static and unchanged,
but the authors note that patients with chronic conditions often encounter new situations and need to engage in a
sensemaking and learning process.

• The paper suggests that the use of patient-accessible EHRsa can contribute to the development of the doctor-patient
relationship by allowing patients to play an active role. This increased patient participation makes it more difficult for
physicians to maintain a strategy that potentially excludes patients.

• The authors state that eHealth does not have to be a “power struggle” in the doctor-patient relationship but can poten-
tially help both partners improve their relationship collectively and grow individually.

• The authors mention the importance of patient participation for patient safety.

Győrffy et al [18] • The role of the doctor is in transition, with doctors expected to perform more complex tasks including health information
technology and aiding in the digital orientation of patients. They see themselves transforming into mediators based on
efficient communication with their patients.

• Digitally engaged physicians consider themselves guides, undertaking a guardian and information managing function
in the description, collection, and sharing of credible content in the online space.

• For a successful leap from hierarchical patterns to the 21st-century doctor-patient relationship, the future generation
of physicians should be trained differently and prepared for all the above-described changes.

• Medical school curricula should emphasize health and prevention rather than only diseases and pathology via the
newest digital technological solutions.

• Medical students need to prepare for predictive and proactive working environments, including their new role as a
guide or mediator for digitally empowered patients, in contrast with the paternalistic physicians of previous generations.

Jiang [19] • The results of the study emphasize the important roles of patient-centered communication and the physician-patient

relationship in the eHealth and mHealthb movement, particularly in the Chinese health care system.
• The interplay of physician-patient communication in face-to-face environments and relationship factors (eg, patient

trust and patient satisfaction) could exert significant effects in promoting eHealth adoption.
• To encourage patients to adopt eHealth technologies, health care providers should first build a patient-centered envi-

ronment (eg, responding to patients’ informational and emotional needs and engaging patients in medical decision-
making).

Kludacz-Alessandri et
al [20]

• The study concerns patients’ satisfaction with teleconsultation in primary care and the impact of teleconsultations on

GPc-patient communication during the COVID-19 pandemic in Poland. The paper suggests that the quality of GP-patient
communication is an essential factor that can improve the results of treatment and patient satisfaction. Only 55% (n=99)
of the patients found teleconsultation to be as good as in-person visits with their physician.

Macdonald et al [21] • The study discusses the concept of a “two-way conversation” that is evolving in the health care provider-patient dynamic.
This shift toward more collaborative interactions with patients is, in part, facilitated by eHealth technologies. The authors
examine the impact of eHealth on the current state of collaborative consultation, highlighting how it aids in having,
using, and supporting conversations with patients.

• Some health care professionals in the study embraced the idea of patients as “partners,” as they see a partner as someone
who helps in improving an outcome by educating themselves and conscientiously monitoring their condition and be-
havior.

• One of the health care professionals stated that patients who are engaged through eHealth and informed about their
condition are more useful clinically.

• The paper also mentions a pedagogical approach to interacting with the eHealth users among patients.
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Summary: What does the paper state about the physician-patient relationship?Authors

• The study assessed the needs of patients receiving palliative care and their perception of how telemedicine video visits
might influence their care. Despite concerns about truncated physical examinations and prescription limits, the major-
ity of patients favored having the opportunity for telemedicine video visits. They felt that the physician-patient relation-
ship would not diminish and had few cost concerns. They believed that a video alternative to an in-person visit might
increase access, save time, and increase comfort and safety by avoiding a trip to the hospital.

Tasneem et al [22]

• In this study, patients reported using personal websites, blogs, chat rooms, and online links to medical test results as
part of their eHealth resources. This suggests that patients are actively engaging with digital resources in managing
their health, which can have implications for the physician-patient relationship. The paper discusses how the rapid ex-
plosion in online digital health resources is seen as transformational, accelerating the shift from traditionally passive
patients to patients as partners. This is altering the current patient-health care professional relationship.

• The proliferation of eHealth strategies is accelerating a shift in health care from a traditional and paternalistic delivery
model to a more mutual patient-health care professional relationship in which informed patients are actively involved
in their care and treatment decisions.

• The authors mention that eHealth resources provide patients with extensive and up-to-date information, access to
medical research, connections to people with similar conditions, immediacy, and convenience in patient-health care
professional communications. These factors can significantly impact the physician-patient relationship.

Townsend et al [23]

• The paper investigates the underlying reasons for poor doctor-patient relationships in mobile consultation from the
perspective of computer-mediated communication. This suggests that the physician-patient relationship may be influenced
by the mode of communication, particularly in a digital context.

• The paper emphasizes the emerging use of mobile medical consultation in China, which has propelled the establishment
of doctor-patient relationships in the mobile context. This again underscores the impact of digital technologies on the
physician-patient relationship.

• The authors also mention different models or concepts used to assess the doctor-patient relationship, suggesting that
the nature of this relationship can be complex and multifaceted.

Yan et al [24]

aEHR: electronic health record.
bmHealth: mobile health.
cGP: general practitioner.

Table 4. Theoretical frameworks and concepts used in the studies.

Relevance of using specific theoretical frameworks and conceptsFramework or conceptsAuthors

Evaluates the impact of online health communities on the physician-patient relationship.Patient empowermentAudrain-Pontevia and
Menvielle [15]

N/AaNone mentionedBalato et al [16]

Assesses the impact of a web-based patient portal on patient participation.Shared decision-making, patient-
centered care, and paternalism

Grünloh et al [17]

Studies the attitudes of digitally engaged physicians toward transforming the physician-
patient relationship.

Patient empowerment and shared
decision-making

Győrffy et al [18]

Examines the relationship between face-to-face and online patient-provider communica-
tion.

Patient-centered care, mutual
trust, and patient satisfaction

Jiang [19]

Investigates the satisfaction of patients with teleconsultations.Mutual trustKludacz-Alessandri et
al [20]

Relational ethics addresses the ethical content and decisions implicit in everyday relation-
ships and conversations.

Relational ethicsMacdonald et al [21]

N/ANone mentionedTasneem et al [22]

Core elements of relational ethics are applicable to everyday experiences, practice, and
interactions. Applying relational ethics helps with focusing on what is valued in interac-
tions and relationships and what is at risk rather than specific aspects of eHealth such as
the nature of self-monitoring devices.

Relational ethicsTownsend et al [23]

N/ANone mentionedYan et al [24]

aN/A: not applicable.
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Results

Selection of Sources of Evidence

Out of the 427 studies screened, 73 studies were sought out for
retrieval, and after excluding 63 studies that did not focus on
the physician-patient relationship, 10 studies were included in
this review. Figure 1 illustrates the search process.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) diagram: papers included in the review.

Characteristics of Sources of Evidence
The research papers included in this study [15-24] were
conducted in various countries, with 3 in Canada, 2 in China,
1 in Italy, 1 in Sweden, 1 in Hungary, 1 in Poland, and 1 in the
United States. These papers were published between 2013 and
2021, with half of them published in 2019 or more recently.
The majority of the papers (n=7) were qualitative studies, with
the remaining (n=3) papers being quantitative studies. Only 2
research papers, authored by Macdonald et al [21] and
Townsend et al [23], referred to a specific ethical framework.
Both used relational ethics. A total of 6 other papers adopted
different theoretical frameworks and concepts, while the
remaining 2 did not use any theoretical frameworks at all.

Regarding the technologies investigated, 3 papers focused on
online communities, 3 papers focused on messaging, 2 papers
focused on telephone or video consultation, and 2 papers focused
on patient portals or EHR. The majority of the papers (n=6)
included a mix of patients and physicians or other health care
professionals, while 2 papers focused solely on patients and 2
others exclusively on physicians.

For further details about the characteristics of the included
research papers, please refer to Table 2.

The Impact of Digital Health Technologies on the
Physician-Patient Relationship
Kludacz-Alessandri et al [20] noted that, while teleconsultations
offer convenience and safety, especially in situations like the
COVID-19 pandemic, they may not always provide the same
level of patient satisfaction as in-person visits. According to the
authors, this could be due to several reasons such as the inability
to read nonverbal cues, technical difficulties, or the impersonal
nature of digital communication. The authors suggested that,
while digital technologies offer new avenues for communication,
they may not fully mirror the richness and depth of face-to-face
interactions.

Yan et al [24] discussed the use of mobile medical consultation
in China and noted the potential challenges in establishing
effective physician-patient relationships in a digital context.
According to the authors, 1 key challenge could be the varying
degrees of technology literacy among patients. Not all patients
may be comfortable using digital platforms for health care, and
some may lack access to the necessary technology. This study
indicates that this could lead to inequities in access to health
care services and affect the quality of the physician-patient
relationship.

When patients become more empowered through access to
digital health resources and online communities, changes could
occur in the power dynamics of the physician-patient
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relationship. Some physicians may struggle to adapt to these
changes, particularly if they are trained in a more traditional,
paternalistic model of health care. This was suggested in the
study by Audrain-Pontevia and Menvielle [15].

The advent of online health communities and access to a wealth
of health-related information on the internet has empowered
patients to take an active role in managing their health. As
discussed by Audrain-Pontevia and Menvielle [15], this
empowerment can lead to increased participation during
consultations and improve commitment to the relationship with
the physician.

Digital technologies, such as SMS text messaging,
teleconsultations, and mHealth apps, can enhance
communication between patients and physicians, making it
more frequent, timely, and convenient. As pointed out by Balato
et al [16], such digital interventions can potentially enhance the
patient-physician relationship.

The use of eHealth and mHealth technologies facilitates a more
patient-centered approach to care. As Jiang [19] noted, health
care providers who build a patient-centered
environment—responding to patients’ informational and
emotional needs and engaging them in medical
decision-making—can promote eHealth adoption and improve
health care outcomes.

Digital health technologies can improve the efficiency of health
care delivery and make health services more accessible. For
example, Tasneem et al [22] found that patients receiving
palliative care favored the opportunity for video consultations,
as they could save time while increasing access, comfort, and
safety by avoiding a trip to the hospital.

eHealth resources provide patients with extensive and up-to-date
information, access to medical research, and connections to
people with similar conditions. Townsend et al [23] mentioned
that these factors can significantly impact the physician-patient
relationship, transforming patients from passive recipients of
care into active partners in their health care journey.

The availability of health information online and through digital
technologies enables patients to be more informed about their
health conditions and treatment options. This can lead to
better-shared decision-making between patients and physicians
[17,18,21].

The Application of Theoretical Frameworks and
Concepts
In the study by Grünloh et al [17], the use of 2 theoretical
frameworks (shared decision-making and patient-centered care)
and 1 concept of the physician-patient relationship (paternalism)
helped highlight the roles of the medical professional and the
patient, as well as the ways in which patients can contribute to
the relationship.

The concept of patient empowerment (used in the study by
Audrain-Pontevia and Menvielle [15]) helped with
understanding how online health communities influence the
patient-physician relationship, but it did not capture the
complexities of the power dynamics and relational aspects
inherent in these interactions.

Győrffy et al [18] focused on the attitudes of digitally engaged
physicians toward transforming the physician-patient
relationship. The researchers used the theoretical frameworks
of patient empowerment and physician-patient collaboration to
assess current and ideal physician-patient relationships. Through
this, they recognized that the digital age requires physicians to
transition from a role of authority to one of guidance.

Jiang [19] examined the relationship between face-to-face and
online patient-provider communication through the concepts
of patient-centered care, trust, and satisfaction.

Kludacz-Alessandri et al [20] investigated patients’ satisfaction
with teleconsultations by considering the concepts of respect
and dialogue. These concepts are indeed valuable in
understanding the impacts of teleconsultations on the
physician-patient relationship.

The 3 studies that did not apply any theoretical frameworks had
either superficial findings regarding the physician-patient
relationship or it was not clear how they reached their
conclusions. For example, Balato et al [16] simply quantified
the physician-patient relationship through a 10-point scale
questionnaire. Tasneem et al [22] asked patients only about how
the technology would affect their relationship with their
physician in 2 out of 15 questions. Finally, Yan et al [24] seemed
to apply the concepts of mutual respect and patient satisfaction
in a deep and meaningful way, but we have no way of knowing
since they do not specifically state what concepts they used.

The Application of Relational Ethics
In contrast with the above-applied frameworks, the use of a
relational ethics framework can help reveal the subtle and
complex impacts of digital health technologies on the
physician-patient relationship. For example, in the study by
Macdonald et al [21], a relational ethics lens was used to
examine how eHealth technology contributes to changes in
relations between HCPs and patients, evolving toward more
collaborative care. By focusing on every day relationships and
conversations, the study was able to understand how these
technologies incorporated the relational ethics of
patient-centered care into practice.

Relational ethics can help address the power dynamics and
vulnerabilities that come into play in the physician-patient
relationship, especially with the use of digital technologies. In
the study by Townsend et al [23], relational ethics was used to
understand how technology impacts relational shifts in ethical
patient-HCP relationships. They found that technology use could
lead to a transition from a traditional hierarchical relationship
to a more reciprocal relationship, which could reveal mutual
vulnerabilities.

Discussion

Principal Results
The studies included in this review were diverse, with research
conducted across various countries and contexts and exploring
a range of technologies, such as online communities, messaging,
teleconsultations, and patient portals or EHRs. In terms of user
groups, they examined the experiences of patients, physicians,
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and other HCPs, offering a comprehensive view of the
phenomenon from different user perspectives.

Through the review, we identified several consequences of using
digital health technologies in health care. The convenience and
accessibility offered by these technologies have the potential
to transform the health care landscape by enhancing
communication, improving efficiency, and empowering patients.
However, they also provide challenges and complexities such
as increasing inequities in access to health care services due to
variations in technology literacy among patients and decreases
in patient satisfaction due to limitations in nonverbal
communication and the impersonal nature of digital interactions.

The review further highlighted the shift in power dynamics in
the physician-patient relationship from a traditional hierarchical
model toward a more reciprocal and collaborative model. This
shift is facilitated by the empowering potential of digital health
technologies and online health communities but may also present
challenges for physicians trained in a more paternalistic model
of approach to medicine.

In addition to mapping key findings, we analyzed the theoretical
frameworks used in the studies to contrast the use of relational
ethics with the application of other theoretical frameworks. Of
the 10 studies in this review, 2 did not apply any theoretical
frameworks to their research. Others used frameworks or
concepts such as patient-centered care, patient empowerment,
or shared decision-making. Only 2 studies used relational ethics
as their framework.

Relational ethics, by its very nature, emphasizes the value of
intersubjective qualities such as empathy, trust, respect, and
mutual responsibility. These qualities are critical to the practice
of effective and compassionate health care, and their importance
is highlighted in the context of digital health technologies
interjected between the physician and the patient. While
theoretical frameworks and concepts, such as patient-centered
care and patient empowerment, provided valuable insights into
the impacts of digital health technologies, a relational ethics
perspective could provide a more comprehensive understanding.
For instance, it could explore how trust is built and maintained
in online versus face-to-face interactions, how the power
dynamics between physicians and patients might shift in an
online context, and how empathy and understanding are
conveyed through digital mediums. A relational ethics
framework could further enrich this understanding by examining
how respect and dialogue contribute to a sense of mutual trust
and understanding, how they shape the power dynamics in a
teleconsultation, and how they can foster a sense of connection
and empathy in a digital environment.

Comparison to Prior Work
This review underscores the potential value of using a relational
ethics framework in research on the physician-patient

relationship in the complex real-life context of digital health
technologies. While previous works have acknowledged the
importance of relational aspects in health care delivery [3,5],
few have explicitly used relational ethics as a framework to
examine the nuanced ethical implications of digital health
technologies on the physician-patient relationship.

Limitations and Strengths of This Study
Because this review amassed studies from a variety of countries,
we acknowledge that the specific cultural, societal, and health
care contexts of these regions can have a significant effect on
the physician-patient relationship and the use and adoption of
digital health technologies. As such, our findings might not be
applicable everywhere.

The review only included studies published in English, which
could introduce language bias. If there were relevant studies
published in other languages, they would have been left out,
potentially narrowing the range of perspectives and findings
we were able to consider.

While our review touched on a selection of digital health
technologies—including online communities, messaging
services, teleconsultations, and patient portals or EHRs—many
more kinds of technology are being used in health care. As such,
our findings are limited to the specific digital health technologies
covered in this review.

Scoping reviews, like this one, are primarily intended to provide
a broad overview of the existing literature rather than evaluate
the strength of evidence or perform a meta-analysis. This means
that it is difficult to draw definitive conclusions or provide firm
recommendations based on our findings.

While our review encapsulates literature up to the end of 2021,
reflecting the state of research at the time of our initial
submission, it may not include the latest developments or studies
published post-2021.

The quality of the studies included in a review can have a large
effect on its findings. Since we did not conduct a critical
appraisal of the quality of the studies we included, this could
be seen as a limitation.

Conclusions
Overall, this review offers a comprehensive overview of the
current state of evidence regarding the impacts of digital health
technologies on the physician-patient relationship. It underscores
the potential of these technologies to transform health care
delivery, while also highlighting the challenges and complexities
they introduce. The review emphasizes the need for further
research using a relevant ethics framework to provide a deeper
understanding of the impact of digital health technologies on
the physician-patient relationship. This will be particularly
crucial as digital health technologies continue to expand, evolve,
and become more integrated into health care delivery.
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Abstract

Background: Digital health literacy has emerged as a critical skill set to navigate the digital age.

Objective: This review sought to broadly summarize the literature on associations between digital health literacy and (1)
sociodemographic characteristics, (2) health resource use, and (3) health outcomes in the general population, patient groups, or
parent or caregiver groups.

Methods: A rapid review of literature published between January 2016 and May 2022 was conducted through a search of 4
web-based databases. Articles were included on the basis of the following keywords: “measured digital health literacy,” “digital
literacy,” “ehealth literacy,” “e-health literacy,” “electronic health literacy,” or “internet health literacy” in adult populations;
participants were from countries where English was the primary language; studies had to be cross-sectional, longitudinal,
prospective, or retrospective, and published in English.

Results: Thirty-six articles met the inclusion criteria. Evidence on the associations between digital health literacy and
sociodemographic characteristics varied (27/36, 75% included studies), with higher education (16/21, 76.2% studies that examined
the association) and younger age (12/21, 57.1% studies) tending to predict higher digital health literacy; however, other studies
found no associations. No differences between genders were found across the majority of studies. Evidence across ethnic groups
was too limited to draw conclusions; some studies showed that those from racial and ethnic minority groups had higher digital
health literacy than White individuals, while other studies showed no associations. Higher digital health literacy was associated
with digital health resource use in the majority of studies (20/36, 55.6%) that examined this relationship. In addition, higher
digital health literacy was also associated with health outcomes across 3 areas (psychosocial outcomes; chronic disease and health
management behaviors; and physical outcomes) across 17 included studies (17/36, 47.2%) that explored these relationships.

Interact J Med Res 2024 | vol. 13 | e46888 | p.139https://www.i-jmr.org/2024/1/e46888
(page number not for citation purposes)

Yuen et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:e.yuen@deakin.edu.au
http://www.w3.org/Style/XSL
http://www.renderx.com/


However, not all studies on the relationship among digital health literacy and health resource use and health outcomes were in
the expected direction.

Conclusions: The review presents mixed results regarding the relationship between digital health literacy and sociodemographic
characteristics, although studies broadly found that increased digital health literacy was positively associated with improved
health outcomes and behaviors. Further investigations of digital health literacy on chronic disease outcomes are needed, particularly
across diverse groups. Empowering individuals with the skills to critically access and appraise reliable health information on
digital platforms and devices is critical, given emerging evidence that suggests that those with low digital health literacy seek
health information from unreliable sources. Identifying cost-effective strategies to rapidly assess and enhance digital health
literacy capacities across community settings thus warrants continued investigation.

(Interact J Med Res 2024;13:e46888)   doi:10.2196/46888

KEYWORDS

digital health literacy; eHealth literacy; health literacy; digital health; web-based database; health information

Introduction

As health technologies evolve, digital devices, health-related
apps, and web-based portals are increasingly used to deliver
and access medical information and health care services [1].
While such technologies can be a gateway to health information
and support [2], research also predicts a “digital divide” in which
an individual’s sociodemographic characteristics (eg, age,
education, and income) influence their effective engagement
with digital health information [3]. Digital health literacy has
emerged as a vital skill set to navigate health care in the digital
age [4]. Digital health literacy has been described as an
extension of eHealth literacy, which captures the skills to seek,
find, understand, and critically appraise health information from
electronic sources to manage one’s own health [5,6]. Digital
health literacy has been posited to expand on the definition by
emphasizing the individual as both an active participant and a
distributer of digital health information, not just a passive
receiver [6]. Digital health literacy has skills unique to health
literacy, including computer literacy, media literacy, and critical
appraisal skills to identify and evaluate reliable information and
resources [1]. The importance of digital health literacy is
increasingly recognized for its role in optimal individual and
population health [4] and critical to limiting health inequalities
[7].

Reviews have reported associations between digital health
literacy and health outcomes across specific populations. Among
people with long-term conditions, higher digital health literacy
was predominantly associated with greater health-promoting
behaviors [8]. A recent review identified that both older adults
with cancer and their carers reported low digital health literacy
and decreased confidence in appraising digital health
information, with barriers identified including low
socioeconomic status, poor digital access, and lack of familiarity
and use [9]. Several reviews have examined the impact of digital
health literacy on health outcomes in specific populations of
interest (eg, older adults [9], those with long-term conditions
[8], college students [10], and underserved [11] or vulnerable
populations [12]). However, existing evidence on the
relationships between digital health literacy, health outcomes,
and sociodemographic characteristics across broad population
groups has not been synthesized to date. Current literature on
digital health literacy has focused on definitions and scales; its

associations with health outcomes; the digital divide; and
influencing factors of health literacy [13]. A review of
associations between (1) sociodemographic characteristics, (2)
health resource use, and (3) health outcomes in the general
population, patient groups, or parent or caregiver groups is
currently lacking. This information is critical to inform the
development and implementation of digital health strategies to
improve digital health literacy in communities with the highest
need. This review sought to broadly summarize the literature
on associations between digital health literacy and (1)
sociodemographic characteristics, (2) health resource use, and
(3) health outcomes.

Methods

A rapid review was undertaken following the principles of a
systematic review [14]; however, with some simplification of
steps to ensure a timely and accurate synthesis of evidence to
inform the development of a digital health strategy for
implementation across community settings. Given the rapid
nature of the review, the review and protocol were not registered
with an international register.

A search for peer-reviewed publications was undertaken within
the CINAHL, PsycINFO, MEDLINE, and Embase databases
in May 2022. English language articles published between
January 2016 and May 2022 were included. Given then rapid
changes in technology and digital engagement observed in the
health field, we sought to comprehensively review contemporary
evidence from the preceding 5 years only. Additional searches
were conducted in June 2022 using Google Scholar and by
handsearching the reference lists of included papers to ensure
that all relevant literature were captured in the review. Search
terms synonyms were “digital health literacy,” “e-health
literacy,” “electronic health literacy,” “internet literacy,”
“internet health literacy,” and “digital literacy.” Key search
terms are detailed in Multimedia Appendix 1. For the purposes
of the review, studies that examined electronic health literacy
or eHealth literacy were included given similarities in definitions
of these concepts [13]. The inclusion and exclusion criteria are
summarized in Table 1. In brief, studies that examined digital
health literacy using a validated measure of digital health literacy
in the general population, patient groups, or parent or caregiver
groups were eligible for inclusion. Articles were excluded if
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they focused exclusively on college students, since a review of this group has already been conducted [10].

Table 1. Inclusion and exclusion criteria.

ExclusionInclusion

Study population younger than 18 yearsAssesses digital health literacy in the general population, patients,
parents, or caregivers

Primary language of country is not EnglishSample included individuals from Australia, New Zealand, the United
States, Canada, the United Kingdom, or Ireland

Qualitative study, literature or systematic review, commentary, conference
abstract, opinion piece, protocol, or thesis

Quantitative study

Non–health care–related (eg, high school education)Published in 2016 onwards

Not focused on patients or general population (eg, digital health literacy of
health providers)

—a

Focusses on digital health literacy of interventions, programs, etc—

Assesses psychometric properties of a digital health literacy measure—

Measures digital health literacy using a single item or proxy measure—

aNot applicable.

The search results were imported into a review management
dashboard, Covidence, to allow for simultaneous screening
between reviewers. Four reviewers (EY, NW, FS, and FT)
independently screened titles and abstracts, and the full texts
were screened by 5 reviewers (EY, NW, FS, FT, and SR). At
both screening stages, each paper was assessed by 2 reviewers,
with discrepancies resolved through discussion. The screening
process was reported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [15].

For studies included in the review, data were extracted on (1)
study characteristics (eg, author, publication year, country, study
design, sample size, participant characteristics, measures used
to assess digital health literacy, and health literacy scores); (2)
health outcomes associated with digital health literacy; and (3)
sociodemographic characteristics associated with digital health
literacy. Given the rapid nature of the review to inform strategy,
data extraction for each article was conducted by 1 author only
(EY, NW, or FS), with data extracted presented to the research

team for review. Results were narratively synthesized to address
the 3 aims and to group findings into identified themes.

Results

Description of Included Studies
Of the 1473 articles, 36 met the inclusion criteria (Figure 1).
Studies are summarized in Multimedia Appendix 2. Twenty-five
studies were from the United States, 4 studies from Australia
[16-19], 4 from Canada [20-23], 1 from the United Kingdom
[24], and 1 cross-cultural study that included people from
Australia and India [25]. Studies included 34 cross-sectional
survey designs, 1 mixed methods study [26], and 1 randomized
controlled trial [27]. Sample sizes ranged from 22 [28] to 3258
[29] participants. The majority of studies (32/36, 88.9%)
assessed digital health literacy using the eHealth Literacy Scale
[30]. Across studies, variations on how digital health literacy
scores were reported; some used a mean score (with higher
scores indicating higher digital health literacy) and other studies
used cutoff scores to determine those in high compared with
low digital health literacy categories.
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Figure 1. PRISMA Flowchart.

Five distinct population groups were identified across the
studies. These included the general population, including older
adults, patient groups, minority populations, and caregivers.
Patient groups included people with HIV, cancer, chronic
obstructive pulmonary disease (COPD), spinal injury, kidney
disease, bipolar disorder, otolaryngological disease, orthopedic
trauma, cardiovascular risk, diabetes, and transplant recipients.
Minority groups included African Americans, Southeast Asians,
adults in rural or remote regions, low-income groups,
transgender and gender diverse, and young men who have sex
with men. Caregivers included those of children with special

health care needs, men with prostate cancer, and pediatric
inpatients with subacute health conditions.

Associations Between Digital Health Literacy and
Sociodemographic Characteristics
Twenty-seven (75%) studies were identified as examining
associations between digital health literacy and
sociodemographic characteristics, with varied findings. These
are shown in Table 2 and Figure 2 and discussed in the following
sections.
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Table 2. Digital health literacy and associations with sociodemographic characteristics (N=27).

Articles in which the finding occurred, nSociodemographic characteristics and asso-
ciation with digital health literacy

TotalCaregiversOlder adultsMinority groupGeneral populationPatient group

Age (years)

1221135Negative

1————a1Positive

8—21—5None

Genderb

3——111Significant

13—3—37None

Education

1623137Positive

5—1—13None

Income

31——11Positive

3—1——2None

Race/ethnicity

2———2—Positive

41———3None

Employment

2———11Positive

1—1———None

No chronic disease

1——1——Positive

General health literacy

1—1———None

Marital status

6—2—13None

Languages spoken

2———11None

Socioeconomic status

2—1——1None

Rural/urban

1————1None

aNot applicable.
bWomen had higher digital health literacy.
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Figure 2. Digital health literacy and associations with sociodemographic characteristics. Positive association: higher digital health literacy associated
with higher outcome of characteristics (eg, higher digital health literacy associated with higher income); negative association: higher digital health
literacy associated with lower characteristics (eg, higher digital health literacy associated with younger age).

Age
Twenty-one studies (21/36, 58.3%) explored associations
between age and levels of digital health literacy with mixed
results. Twelve studies (12/21, 57.1%) reported a negative
association between age and digital health literacy, with older
people more likely to have lower digital health literacy than
their younger counterparts [16,19-21,24-26,31-35]. Negative
associations between age and digital health literacy were found
in the general population (3/21, 14.3%) [16,25,32], as well as
the following specific population studies: Southeast Asian adults
in Canada [21]; older adults [19,20]; people with chronic kidney
disease [26], breast cancer [24], or cardiovascular risk [19]; and
caregivers [34,35]. One study that used the eHealth Literacy
Questionnaire [16] found that age was negatively associated
with 4 of 7 digital health literacy subscales (ability to engage
with digital services; using technology to process health
information; motivated to engage with digital health services;
and digital services that suit individual needs).

In contrast, studies (1/21, 4.8%) found a positive significant
association between age and digital health literacy in people
with bipolar disorder, where older age significantly predicted
higher digital health literacy scores [36]. Notably, the mean age
in this sample was less than that in other studies, and more than
three-quarters had completed some form of higher education.
Furthermore, studies (8/21, 38.1%) reported no associations
between age and digital health literacy across patient
[17,23,37-39], rural [22], and older [40,41] populations.

Gender
Digital health literacy and gender were reported in studies
(16/36, 44.4%), with most (13/16, 81.3%) finding no gender
differences [16,19,20,23,26,31-33,36,39-42]. The 3 studies that

found that women were more likely to perceive themselves as
having higher digital health literacy than men were from the
general population in the United States [43], adults from rural
communities in British Columbia with a population of 12,000
[22], and among otolaryngology patients [37].

Education
Twenty-one (21/36, 58.3%) studies examined associations
between digital health literacy and education levels, with
two-thirds (16/21, 76.2%) finding higher digital health literacy
positively associated with higher education levels
[16,18-21,24,31-36,39,41,44,45]. Five studies (5/16, 31.3%)
reported no associations between digital health literacy and
education, including 4 studies of patient groups [21,28,29], 1
general population study [25], and 1 study of older adults [32].
Across these studies, large proportions of participants had
greater than high school education levels (35%-84.8%).

Income
Six studies (6/36, 28.6%) examined associations between digital
health literacy and income, with half reporting no associations
in people living with chronic illness [19,23] or those in a general
population [41]. By contrast, the 3 studies that found significant
positive associations between higher digital health literacy and
income reported these findings in people with chronic illness
[26], among caregivers [35], and in minority populations [32].

Ethnicity
Six studies (6/36, 16.7%) examined associations between digital
health literacy and ethnicity, with 2 reporting differences
between ethnicity groups [25,32]. Black or African Americans
had higher digital health literacy than their Caucasian
counterparts in a stratified US sample [32]. Australians had
higher digital health literacy than Indians in a cross-cultural
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study [25]. Conversely, 4 studies found no differences in digital
health literacy levels across ethnicity groups among those with
chronic illness [26], spinal cord injury [38], cancer survivors
[24], or caregivers of people with prostate cancer [35].

Employment
Of the 3 studies (3/36, 8.3%) that examined associations between
digital health literacy and employment, 1 patient group study
(spinal cord injury [23]) and 1 general population study [43]
found higher digital health literacy among those who were
employed versus those who were unemployed. By contrast,
another study found no differences in employment groups and
digital health literacy in an older US sample [40].

Chronic Disease or Comorbidities
One study (1/36, 2.7%) reported small but significant findings
for higher digital health literacy in people with no chronic
conditions, compared with those with a chronic condition, in a
sample of South Asians in Canada [21].

General Health Literacy
Only 1 study (1/36, 2.7%) examined associations between digital
health literacy and general health literacy, finding no
associations in an older adult sample [40].

Marital Status, Language Spoken, Socioeconomic Status,
Household Size, Rural or Urban Location, or Country
of Birth
No associations between digital health literacy and the following
sociodemographic characteristics were found: marital status
[17,25,38,41,46,47], language spoken [16,20], socioeconomic
status or deprivation [24,40], household size [40], or rural or
urban location [24].

Associations Between Digital Health Literacy and
Health Resource Navigation
Twenty studies (20/36, 55.6%) examined associations between
digital health literacy and health resource navigation distributed
across all participant categories. Categories of health information
engagement included eHealth information seeking; eHealth
behaviors; access to and use of e-resources; use of health
information sources; and eHealth satisfaction, and are shown
in Table 3, Figure 3, and in the following sections.

Table 3. Digital health literacy and digital health resource navigation (N=17).

Articles in which association occurred, nAssociation with digi-
tal health literacy

Health outcomes

TotalCaregiversOlder adultsMinority groupGeneral populationPatient group

7—a2221PositiveeHealth information seeking

2——2——NoneeHealth information seeking

711212PositiveeHeath resource engagement

721211PositiveAccess to and use of technology

2—11——PositiveUse of a variety of health infor-
mation sources

1—1———PositiveConfidence or comfort with us-
ing digital resources

1———1—NoneConfidence or comfort with us-
ing digital resources

31—11—PositiveeHealth satisfaction and trust

aNot applicable.
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Figure 3. Digital health literacy and associations with health resource navigation.

Digital Health Information Seeking
Nine studies (9/36, 25%) examined digital health literacy and
digital health information seeking, and of these, 7 showed that
higher digital health literacy was significantly positively
associated with e-information seeking. These included studies
of general populations [47,48], middle-aged to older adults
[41,49], minority populations [18,21], and of people with HIV
[50]. In addition, higher digital health literacy was associated
with greater exposure to medical and health websites in a US
general population [48] and among Southeast Asians in Canada
[21]. Digital health literacy was also associated with eHealth
information consumerism in older adults [41].

By contrast, 2 studies (2/36, 5.6%) found no associations
between digital health literacy and eHealth information–seeking
behaviors. In a sample of older Hispanic people in the United
States, digital health literacy was not associated with use of,
nor willingness to use the internet for health information [51].
A study of transgender and gender diverse people found no
interactions between digital health literacy and web-based
health-seeking behaviors [29].

eHealth Resource Engagement
Ten studies (10/36, 27.8%) examined associations between
digital health literacy and eHealth resource engagement with 7
studies reporting positive associations [18,21,31,33,34,36,47].
Higher digital health literacy was associated with signing up
for email updates, watching health-related videos, seeking
resources from people with similar lived experience, and using
health indicator tracking in a general population [47] and among
caregivers [34]. Digital health literacy was also associated with
willingness to participate in mobile health research interventions,
wearing a smart watch or tracking device, and downloading a
health app among minority race or ethnicity groups [18,21].

Higher digital health literacy was associated with increased
eHealth resource use in older adults [33] and people living with
chronic illness [36] and greater use of patient portals in people
with chronic disease [47], older adults [33], and transplant
recipients [31]. However, no differences were found among
varying digital health literacy levels and willingness to
participate in research that used web-based forums, support
groups, or counseling in an African American sample [18].

Access to and Use of Technology
Seven studies (7/36, 19.4%) examined digital health literacy
and associations with access to and use of technology with
mostly positive associations reported. Access to the internet for
personal use was associated with higher digital health literacy
among caregivers [35]. Greater internet use was also associated
with higher digital health literacy in a low-income population
in the United States [52], in Southeast Asians in Canada [21],
and in caregivers of children with special needs [34]. Access to
and use of digital devices and the internet were associated with
higher digital health literacy in an Australian population [16].
Access to any mobile device was also associated with higher
eHealth literacy among breast cancer survivors [24].
Furthermore, among older adults, those who owned 2 or more
electronic devices had higher digital health literacy than those
with 1 or no devices, although no differences in internet use
were found across digital health literacy levels [40].

Use of a Variety of Health Information Sources
Two studies (2/36, 5.6%) examined digital health literacy and
the use of a variety of health information sources. High digital
health literacy was associated with the use of more health
information sources compared with those with low digital health
literacy among older adults [40] and among Black or African
Americans [18]. Health information sources included the
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internet, health books and magazines, TV programs, literature
in medical offices, and discussions with health care providers
[40]. This study also probed the relationship between digital
health literacy and the sources of information used. People with
high digital health literacy were more likely to rely on doctors’
knowledge for medical decision making and drew upon more
sources of health information than those with low digital health
literacy [40]. Similarly, among Black or African Americans,
higher digital health literacy was also significantly associated
with citing the internet, nurses, books, radio, or news apps as
sources of health information [18].

Confidence or Comfort With Using Digital Resources
Two studies (2/36, 5.6%) examined confidence in using digital
resources and digital health literacy. Older adults with higher
digital health literacy were more likely to experience no stress
when using a computer than those with lower digital health
literacy [40]. By contrast, among population groups digital
health literacy was not associated with comfort in using the
internet [25].

eHealth Satisfaction and Trust
Three studies (3/36, 8.3%) examined digital health literacy and
associations with eHealth satisfaction and trust with positive
outcomes reported. Higher digital health literacy was associated
with greater telemedicine satisfaction among rural and remote

communities [22]. Increased digital health literacy was also
associated with greater positive perceptions of eHealth in
caregivers [34].

In addition, higher digital health literacy was associated with
greater perceived trust in eHealth information in a sample of
Black or African Americans and Caucasians after controlling
for socioeconomic status and social media use [32]. Notably,
among individuals with low digital health literacy, older adults
had higher perceived trust in Facebook and less trust in support
groups than their younger counterparts [32]. Furthermore, in
those with low digital health literacy, Black or African
Americans were more likely to report greater perceived trust in
web-based blogs or diaries and twitter than their younger or
Caucasian counterparts; by contrast, for those with high digital
health literacy, Black or African Americans were more likely
than Caucasians to trust support groups [32].

Associations Between Digital Health Literacy and
Health Outcomes
Seventeen studies (17/36, 47.2%) examined associations
between digital health literacy and health outcomes. The
outcomes are grouped into 3 main categories: psychosocial
health outcomes, chronic disease and health management
behavioral outcomes, and perceived health status. These are
shown in Table 4 and Figure 4 and described in the following
sections.

Interact J Med Res 2024 | vol. 13 | e46888 | p.147https://www.i-jmr.org/2024/1/e46888
(page number not for citation purposes)

Yuen et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Digital health literacy and health outcomes.

Articles in which the association occurred, nCategory and subcategory of outcomes, and association
with digital health literacy

TotalCaregiversOlder adultsMinority groupGeneral populationPatient group

Psychological

Psychological

3—2—1—aPositive

1————None

Interpersonal

11————Positive

11————None

Satisfaction with health care encounters

2—2———Positive

Behaviors for managing health or chronic disease

Disease self-efficacy and self-management

31—1—1Positive

1——1——None

Health risk behaviors

1——1——Positive

Health service engagement

2—11——Positive

1————1None

Health status across patient groups

3————3Positive

Perceived health status

4—11—2Positive

1———1—None

aNot applicable.
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Figure 4. Digital health literacy and behaviors for managing health and chronic disease.

Psychosocial Health Outcomes
Digital health literacy and its relationship with psychosocial
health outcomes included diverse subcategories related to
psychological outcomes, interpersonal factors, and satisfaction
with health care encounters.

Psychological Outcomes

Four studies (4/36, 11.1%) examined associations between
digital health literacy and psychological outcomes. Higher
digital health literacy was significantly associated with greater
empowerment through information seeking [49] and less
affective distress [44] in older adult populations. Higher digital
health literacy was also related to increased information seeking,
which was associated in lower cancer fatalism (ie, inevitable
death following a cancer diagnosis) in a general population from
the United States [48]. By contrast, no associations were found
between digital health literacy and worry among caregivers of
children with special needs [34].

Interpersonal Outcomes

Two studies (2/36, 5.6%) examined relationships between digital
health literacy and interpersonal outcomes. One study found
that digital health literacy was significantly associated with the
size of social networks for seeking information and support for
health decision-making in a sample of caregivers of people with
prostate cancer [35]. However, digital health literacy was not
associated with social functioning, family relationships, or
communication skills among caregivers of children with special
needs [34].

Satisfaction With Health Care Encounters

Two studies (2/36, 5.6%) examined associations between digital
health literacy and health care encounters among older adults.
Higher digital health literacy was significantly associated with
greater satisfaction [41] and less perceived strain in medical
encounters [44] in older populations.

Behaviors for Managing Health or Chronic Disease
Digital health literacy and individuals’ management of health
or chronic disease were related to (1) disease self-efficacy,
disease management, and health risk behaviors; (2) health
service engagement; and (3) health status across patient groups.

Disease Management and Self-Efficacy

Four studies (4/36, 11.1%) examined digital health literacy and
disease management and self-efficacy. Three studies examined
associations between digital health literacy and individual
management of chronic disease and health conditions, with
mixed results. In caregivers of men with prostate cancer, higher
digital health literacy was associated with greater likelihood of
getting a second opinion, awareness of treatment options, and
size of social network for information and support in treatment
decision-making [23]. In a study of young men who have sex
with men, low digital health literacy was associated with
decreased likelihood of evaluating personal risk for HIV/STIs,
educating others about HIV/STIs, and getting tested for HIV/STI
after completing an HIV/STI education intervention [27]. By
contrast, in a sample of transgender and gender diverse people
[29], no relationship between self-reported digital health literacy
and adherence to human papillomavirus vaccination was found.
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In 1 study of people living with COPD, those with higher digital
health literacy reported greater self-efficacy with managing
their chronic disease [39]. In another study that examined
associations between digital health literacy and associations
with health risk behaviors, higher digital health literacy was
associated with greater HIV transmission risk behaviors (eg,
unprotected sexual activities or illicit drug use) among women
infected with HIV [50].

Health Service Engagement

Three studies (3/36, 17.6%) examined associations between
digital health literacy and health service engagement with
positive findings reported in 2 studies. Higher digital health
literacy was associated with greater number of general
practitioner visits through increased searches for health
information among older adults [49]. Higher digital health
literacy levels were also associated with greater likelihood of
attending a physical examination by a physician in the prior 12
months in a Black or African Americans sample [32]. By
contrast, 1 study found no associations between digital health
literacy and health service engagement in a study of transplant
recipients. Participants with low digital health literacy were less
likely to have talked with a doctor about injury information than
those with higher digital health literacy [31].

Differences in Digital Health Literacy Across Patient Groups
and Health Status

Three studies (3/36, 17.6%) compared digital health literacy
across different patient or health status groups and identified
varying levels of digital health literacy. Among low-income
pregnant women with gestational diabetes or type II diabetes,
those with gestational diabetes trended toward higher digital
health literacy than those with type II diabetes [28]. In another
study, kidney transplant recipients were found to have higher
digital health literacy than liver transplant patients [31]. Another
paper [46] found higher digital health literacy levels among
people with very severe COPD than among those with less
severe COPD. In addition, those with lower lung–specific
health-related quality of life also had higher digital health
literacy levels [46]. These findings were attributed to those with
more severe disease accessing the e-resources more frequently
to find strategies and information on how to self-manage their
disease [46].

Perceived Health Status
Five studies (5/36, 13.9%) examined associations between
digital health literacy and perceived health status, with studies
broadly reporting positive associations. Higher digital health
literacy was significantly associated with higher self-reported
health status among veterans with spinal cord injury [38] and
among African Americans [18]. Digital health literacy was also
associated with better self-care, perceived improved quality of
life, and increased health status in a community sample aged
between 40 and 93 years [41]. Similarly, higher digital health
literacy was associated with higher scores on mobility, self-care
and usual activities, and lung-specific health-related quality of
life in people with COPD; however, digital health literacy was
not associated with generic health-related quality of life in this
sample [46]. By contrast, no associations were found between

digital health literacy and health status in a sample of older US
adults [40].

Physical or Neurocognitive Health Outcomes
One study each (2/36, 5.6%) explored digital health literacy on
physical [38] or neurocognitive health outcomes [45]. Among
veterans with spinal cord injury or disorder, no associations
were found between digital health literacy and level or duration
of injury [38]. In people with HIV, lower neurocognitive
function was moderately associated with lower digital health
literacy scores [45].

Discussion

Principal Findings
This review advances our understanding of consumer digital
health literacy through identifying and synthesizing recent
literature that explored digital health literacy and its relationship
with sociodemographic characteristics and health outcomes.
The findings present mixed results regarding the relationship
between digital health literacy and sociodemographic
characteristics. However, studies broadly suggested that
increased digital health literacy was positively associated with
improved health outcomes. Based on the findings, we derive
implications for practice in closing the digital health divide.

Education was the most common characteristic associated with
digital health literacy. People with higher education levels were
more likely to have increased literacy skills to better read and
interpret web-based health information. Moreover, education
has been shown to be a predictor of use of eHealth resources
[16]. Education is considered a major determinant of health
literacy, since educational levels often influence literacy skills,
employment status and income, and, as such, enable access to
better living circumstances and access to health care [53].
However, some individuals with higher education levels may
still have inadequate health literacy [54]. Examining specific
skills and knowledge, rather than sociodemographic
characteristics alone, may offer a more comprehensive
understanding of this relationship in future [53].

Some studies showed that older individuals were more likely
to have lower digital health literacy than their younger
counterparts, although other studies found no associations.
Research has shown that digital health literacy decreases with
age, and this is explained by age-related cognitive changes,
decreased vision and hearing, reduced motor functioning, and
decreased health status [55]. Notably, in our current review,
studies with patient populations found no associations between
age and digital health literacy levels, and 1 recent study [36]
with older people had higher digital health literacy scores than
their younger counterparts. Furthermore, in this study [36] the
sample was younger and highly educated, and the findings could
be related to increased use of digital products. People with
chronic health conditions are likely required to engage with
digital health resources to manage their health condition, which
may account for their higher digital health literacy levels. Thus,
while some findings suggest that older people require additional
supports to improve digital health literacy capacities, given the
varied outcomes, more in-depth analysis of these relationships
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between digital health literacy and age is recommended for
future research including a full systematic review and
meta-analysis. Findings showed predominantly no differences
in digital health literacy across gender. While several studies
reported that women had higher digital health literacy levels
than men, the majority found no associations, suggesting that
gender is not a likely predictor of digital health literacy. These
findings may be attributed to increased use of electronic devices
across populations and the closing gap in education levels
between men and women [16].

Of the few included studies that examined ethnicity and digital
health literacy, findings were also mixed. While some studies
reported higher digital health literacy in White populations than
in minority groups [25,35], other studies found no differences
across ethnic groups [26,38], or conversely that people from
minority groups had higher digital health literacy levels [24,32].
Findings from the current review suggest that ethnicity is not a
reliable predictor of digital heath literacy; however, further
evidence is needed. In addition, studies on digital health literacy
among culturally and linguistically diverse communities were
limited to a qualitive study, which was excluded from the current
review [56]. Quantitative studies in culturally and linguistically
diverse populations that met the study criteria were lacking.
Thus, further studies are needed to explore these associations
and to identify facilitators and barriers to digital health literacy
for people in culturally and linguistically diverse communities.

The majority of studies reported positive associations between
digital health literacy and health resource navigation, including
higher levels of e-information seeking, e-resource engagement,
access and use of technology, engagement with health
information sources, eHealth satisfaction and trust, and comfort
and use of digital resources. The findings suggest a bidirectional
relationship between digital health literacy and eHealth resource
use: those with greater access to digital devices and greater use
of the internet had higher digital health literacy. It is likely that
those with more confidence engaging with digital products will
be more inclined to seek out health information in digital
formats. The findings suggest that ensuring access to technology,
as well as fostering skills to engage with eHealth resources is
essential to promoting digital health literacy. Furthermore, for
people with limited access to the internet or devices, we
recommend providing information in nondigital formats.

Our review found that studies examined associations between
digital health literacy and health outcomes including
psychosocial outcomes, behaviors for managing health or
chronic disease, and perceived health status. Studies showed
that higher digital health literacy was associated with greater
satisfaction with medical encounters, less perceived strain in
medical encounters, increased empowerment, greater social
networks for health information, and reduced affective distress
and cancer fatalism. In these studies, higher digital health
literacy enabled individuals to seek and understand information,
which enabled them to feel more empowered to manage their
health. However, findings were less consistent for associations
between digital health literacy and chronic disease and health
management outcomes.

Studies of chronic disease populations showed that digital health
literacy was associated with greater disease knowledge and
increased disease management efficacy, consistent with a prior
systematic review [57]. However, while some studies suggested
that digital health literacy was associated with increased health
decision-making behaviors and health service use, other studies
found no associations with health promotion behaviors or health
service use.

Our findings support conclusions drawn from existing reviews
[8], which identified that more studies are needed in the digital
health field to examine whether digital advances are facilitating
better outcomes for those with greater skills in using e-resources
for health purposes. Furthermore, our findings from the review
also highlight gaps in recent evidence on the impacts of digital
health literacy on prevalent chronic health conditions (eg,
cancer, heart disease, diabetes, stroke, and COPD). Given the
increased use of telehealth during the COVID-19 pandemic,
and importance of chronic disease self-management, research
to understand how digital health literacy influences a person’s
capacity to engage with digital health resources to manage their
health is needed. Furthermore, research on understanding the
impacts of digital health literacy on health outcomes in chronic
disease populations is recommended. In addition, only 2
included studies examined digital health literacy in caregiver
populations. Caregivers, particularly those of adult care
recipients, may have unique health information needs given
their role in providing support. Given the evidence gap, we
recommend further research on caregivers to identify their
digital health literacy needs and how these can be addressed
across health settings.

Study Limitations
Across all studies, digital health literacy was assessed using
self-reported measures (eg, eHealth Literacy Scale) rather than
assessments of specific digital knowledge and skills. Thus, these
perceived digital health literacy skills may not translate to
everyday digital health behaviors. Studies also varied in their
reports of digital health literacy scores (eg, means vs cutoff
criteria), thus limiting comparability across studies. Furthermore,
included studies captured digital health literacy levels across a
range of participant groups, which limit in-depth understanding
of digital health literacy within specific populations. Thus,
findings should be interpreted with caution for specific groups.
Only bivariate associations were reported in the current review.
Thus, nuanced understanding of relationships between digital
health literacy and health outcomes and sociodemographic
characteristics may be excluded. In addition, the aim of the rapid
review was to inform the development and implementation of
emerging digital health strategies across community settings in
real time. In contrast to a full systematic review, the rapid review
approach trades some methodological rigor for efficiency in
addressing a critical topic and may therefore be vulnerable to
bias. While MeSH terms were not used in the database search
to limit outputs to articles that focused on measuring digital
health literacy, ~1500 publications were still identified. Finally,
the findings were limited to studies conducted from
English-speaking countries. Thus, articles that capture key
findings of the review may have been excluded.
Notwithstanding, we note that the current findings highlight
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substantial gaps in research pertaining to digital health literacy
within English-speaking countries and identify areas for future
investigation.

Conclusions
Findings from this review suggest that sociodemographic
characteristics may predict digital health literacy levels in some
but not all contexts, but evidence suggests that these are not
deterministic. Although in its infancy and with limited evidence,
studies show some associations between increased digital health
literacy and various improved health behaviors and outcomes.
Further investigations of digital health literacy on positive
chronic disease outcomes are needed, particularly across
underrepresented but key populations, including diverse cultural
and chronic disease groups. Empowering individuals with the
skills to critically access and appraise reliable health information
on digital platforms and devices is vital, given emerging
evidence that suggests that those with low digital health literacy
seek health information from unreliable sources. Identifying

cost-effective strategies to rapidly assess and enhance digital
health literacy capacities across community settings thus
warrants continued further investigation. Our findings also
confirm a warning that those with greatest digital skills may
obtain greatest benefit from access to digital health resources
and vice versa, with the implication that digital divides (gaps
between knowledge of digital skills and access to health
information) may become entrenched without specific efforts
to overcome such divides. Our review contributes to the global
digital health movement by identifying areas that require further
investigation. It emphasizes the pivotal role of digital health
literature in improving health care outcomes and promoting a
more inclusive health care system. Digitalization and digital
technologies transform and enhance the delivery of health care
services; therefore, digital health literature becomes essential
to engage health consumers and empower them to actively
participate in their own health care and address health
inequalities.
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Abstract

Background: The rehabilitation of children with disabilities has received considerable attention from the United Nations.
However, the state of rehabilitation services for children with disabilities worldwide remains far from optimistic, even in
economically affluent middle- and high-income countries.

Objective: This scoping review aimed to identify the rehabilitation needs of children with disabilities and their barriers to
rehabilitation services in middle- and high-income countries.

Methods: A systematic search was conducted using MEDLINE and Web of Science for papers published from January 2013
to December 2023. Studies were included if they were peer-reviewed, full-text articles related to children with disabilities,
reporting on their access to rehabilitation services, and conducted in countries classified by the World Bank 2023 as middle- and
high-income economies. Exclusion criteria included duplicates, unavailable full texts, and studies without distinct outcomes. A
total of 27 studies were selected following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines, focusing on children, their families, or service providers.

Results: The suitability, availability, and affordability of rehabilitation services were identified as the major needs and barriers
for children with disabilities in middle- and high-income countries. This included communication barriers, a need for more
personnel and facilities, and the stagnation and inadequacy of economic subsidies.

Conclusions: Middle- and high-income countries have relatively well-established rehabilitation infrastructure and support
systems. They are nevertheless insufficient for meeting the needs of children with disabilities. More attention should be paid to
these issues to improve the well-being of children with disabilities. The data provided by this review can help raise awareness of
rehabilitation needs and barriers at the policy level.

(Interact J Med Res 2024;13:e50047)   doi:10.2196/50047

KEYWORDS

children with disabilities; barriers; health services; middle- and high-income countries; child; low income; middle income;
disability; children; disabilities; income; barrier; rehabilitation; suitability; availability; affordability; support system; support;
awareness; policy
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Introduction

Worldwide, over 240 million children are impacted by
disabilities [1], which predominantly manifest as functional
impairments. These impairments substantially inhibit their
ability to engage in foundational activities such as learning,
daily functions, and social integration. Defined by age,
individuals younger than 18 years who experience physiological,
psychological, or cognitive deficits, whether congenital or
acquired, are classified as children with disabilities [2]. Children
are in a crucial period of growth and development. Timely
intervention and treatment not only promote the physical and
cognitive development of children with disabilities but also
minimize the impact of disabilities on their lives to the greatest
extent possible [3]. Rehabilitation for children with disabilities
encompasses a comprehensive approach that integrates medical,
educational, and social rehabilitation methods. Its primary aim
is to assist children in overcoming physiological, psychological,
or societal barriers. The ultimate goal is to maximize their
quality of life, functionality, and autonomy [4]. Compared with
their healthy peers, children with disabilities have higher rates
of morbidity, require increased medical attention, and have
longer hospital stays [5]. The rehabilitation needs of children
with disabilities are more pressing. However, children with
disabilities often face greater challenges in meeting their
rehabilitation needs. Children with disabilities sometimes face
the impact of different social attitudes and cultural traditions,
experiencing discrimination and exclusion, which results in
their service needs being overlooked [5]. Furthermore, barriers
related to transportation and the natural environment also limit
the fulfillment of the needs [6].

Rehabilitation welfare policies for children with disabilities
have been established in most regions [7-9]. However, these
policies seem to have not yielded satisfactory outcomes [10].
Children with disabilities still face considerable drawbacks in
various indicators used to assess child welfare. In sub-Saharan
African countries [11], common deficiencies, such as attitudinal
problems, poverty, inadequately trained, health care
professionals, and physical inaccessibility are seen. The
existence of regional disparities contributes to the insufficient
distribution of health care resources and funding [12,13]. This
further affects the accessibility of rehabilitation services for
children with disabilities residing in different regions. The
disparity in national economic levels directly impacts the
allocation of medical resources and funding, resulting in
significant variations in the level of support available for
children with disabilities residing in different regions [14,15].
The World Bank classifies the global economy into 4 distinct
categories based on 3 income thresholds: US $1135, US $4465,
and US $13,846 per capita gross national income (GNI) for the
year 2022. These categories are low-income,
lower-middle-income, upper-middle-income, and high-income
[16]. Previous research has predominantly focused on countries
classified as low-income economies [12,17,18]. Even in middle-
and high-income countries with relatively better economic
conditions, the status of rehabilitation support for children with
disabilities is equally concerning [19]. Compared with
low-income countries, these nations and regions possess a

greater abundance of resources and experience in providing
rehabilitation services. However, there are still issues with the
accessibility of rehabilitation services for children with
disabilities in these regions [17]. The growth of the population
and the increasing prevalence of chronic illnesses have raised
additional demands for rehabilitation services. Disparities in
economic levels have exacerbated regional inequalities in the
allocation of rehabilitation resources [18]. Additionally,
differences between early-established welfare policies and
current rehabilitation needs also impact the fulfillment of these
demands [20]. There has been relatively limited exploration in
existing literature regarding the specific influencing factors that
pertain to middle- to high-income countries and regions. The
purpose of this study was to systematically review the existing
literature on the state of rehabilitation services for children with
disabilities, especially in middle- and high-income countries.
This review aims to explore the factors influencing the
accessibility and effectiveness of these services and to identify
gaps in current policies that could be addressed to better meet
the diverse needs of children with disabilities across different
economic contexts.

Methods

Review Design
We conducted a scoping review to map the evidence regarding
the accessibility of rehabilitation services for children with
disabilities across the world. The review was based on a
systematic search of relevant sources that have been used
previously in the field of disability [21,22]. Scoping reviews
have broad, comprehensive objectives compared with systematic
reviews, which are often guided by more narrow, focused
research questions [23]. We chose this approach given the
limited range of rigorous study designs described in traditional
systematic review papers. In addition, because this scoping
review was intended to provide a descriptive overview of the
applicable literature [24], we did not critically assess the papers.
We acknowledge that the studies included in the review may
have methodological strengths and limitations. Therefore, we
approach the selection and analysis with caution. We are
particularly mindful that some studies may not be
methodologically suited to provide precise explanations.
However, we make an effort to highlight the contributions of
each study and their role in the broader context. While scoping
reviews may not be the most robust tool for evidence synthesis,
they provide us with a valuable starting point to understand the
unmet health care needs of children with disabilities and point
the way for future research. The outline for this review followed
the 5-stage framework described by Arksey and O’Malley [23],
which includes (1) identifying the research question, (2)
identifying relevant studies, (3) selecting studies, (4) charting
the data, and (5) accumulating, summarizing, and reporting the
results.

Identifying the Research Question
The purpose of this scoping review was to understand the current
status of rehabilitation services for children with disabilities,
explore the influencing factors, and make constructive
observations. This is important for improving the well-being of
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children with disabilities and responding to the World Health
Organization’s (WHO’s) 2030 Rehabilitation Initiative.

Identifying Relevant Studies
We searched the electronic databases MEDLINE and Web of
Science using combinations of the keywords, which are
Rehabilitation, Disabled Children, and Health Services for
Persons with Disabilities. Specific search strategies can be found
in Multimedia Appendix 1. We screened the titles and abstracts
of publications from the past 10 years (2013-2023) to find
relevant articles and capture the most recent evidence. The
literature within this time frame encompasses alterations in
policy, technology, and rehabilitation services, thereby
augmenting the filterability and analyzability of research data
and literature [25-27]. Through this strategy, we aimed to
provide highly relevant and practical information.

Eligibility Criteria and Study Selection
Studies were eligible if they met the following criteria: (1) a
study related to a child with a disability; (2) the participants
were children with disabilities, their family members (parents,
relatives), or staff providing services; (3) the study reported the
disabled child’s access to rehabilitation services; and (4) the
study was conducted in countries classified by the World Bank
2023 as middle- and high-income economies. Studies were
excluded if the full text of the electronic source was not
available. Duplicate reports of the same study were combined
if they reported different results or excluded if they had the
same results. The first round of screening removed duplicate
studies and eliminated articles based on titles and abstracts. Our
selection process was conducted in 2 stages to ensure accuracy
and relevance. In the first stage, XYJ and LY independently
reviewed titles, abstracts, and full texts of identified publications.
Each conducted their assessments separately to maintain
objectivity, documenting their findings to ensure alignment with
our inclusion criteria.

In the second stage, these authors met to jointly reassess the
retained papers, focusing specifically on their relevance to our
review’s topic. This collaborative review helped refine the
selection further. Any disagreements encountered during this
reassessment were resolved through detailed discussions until

a consensus was reached regarding each paper’s compliance
with the inclusion criteria.

Data Charting
Participant demographics (eg, information on children with
disabilities and type of disability), access to rehabilitation
services, and study-related data (eg, the author or researcher,
year of publication, study objectives, and whether the study was
in a middle- or high-income country) were extracted and put
into Excel (Microsoft Corp). Two independent reviewers
conducted the extraction of pertinent data from the papers
included in the scope-defining review. Next, we read the full
texts of the remaining papers and extracted the following: the
author or researcher, date of publication, study objectives,
inclusion criteria, age of child or children, sample size, age of
parents, type of disability, city or country or setting of the study,
research method, study results, and the facilitators of and barriers
to rehabilitation services. Any disagreements among reviewers
that cannot be resolved through discussion or consensus will
be resolved by a third reviewer. Penchansky and Thomas [28]
have compiled a set of specific dimensions that delineate the
relationship between patients and the health care system. Their
analysis demonstrates discernible distinctions among these
dimensions. These specific dimensions encompass the aspects
of availability, accessibility, accommodation, affordability, and
acceptability. The extracted information has been categorized
using these 5 dimensions.

Results

Search Results
The initial search produced 11,724 documents after removing
6520 duplicates; 4867 documents were further removed after
screening titles and abstracts. We then screened 76 full-text
papers and excluded an additional 49 papers. The reasons for
exclusion during full-text screening were the following: (1) did
not reflect the relationship between rehabilitation services and
need (n=34); (2) full text was not available electronically (n=9);
and (3) did not target children with disabilities (n=6). Figure 1
illustrates the search process. All the included studies are listed
in Multimedia Appendix 2 [15,29-54].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow diagram of the study selection process.

Characteristics of the Included Articles
The majority of the studies (21/27, 77.8%) of children’s
rehabilitation services were conducted in high-income
economies, with 22.2% (6/27) at upper-middle income levels.
Regarding regions, the highest number of studies were
conducted in East Asia and Pacific (9/27, 33.4%) and Europe
and Central Asia (8/27, 29.6%), followed by North America
(7/27, 25.9%), Middle East and North Africa (2/27, 7.4%), and
sub-Saharan Africa (1/27, 3.7%).

The selected studies investigated the rehabilitation needs of
children with disabilities and the barriers they face. Of these
studies, 33.4% (9/27) solely involved children with disabilities,
while the remaining papers gathered information from parents
of children with disabilities (12/27, 44.4%) or professional
caregivers (4/27, 14.8%). In some studies, children with
disabilities could not articulate their needs due to their unique

physical conditions. Consequently, researchers gained insights
into the children’s rehabilitation requirements and challenges
by conducting interviews with their parents. For instance,
parents were asked about their perceptions of their child’s
experience with rehabilitation services or to elaborate on the
effect of their child’s disability on the family’s quality of life.

Overall, the included studies had diverse goals, such as
investigating the unmet health care needs of children with
disabilities, insurance plans, quality of life for children and
families, participation in activities, and intervention programs.
Nevertheless, the primary focus of the reviewed papers was on
the health care requirements of children with disabilities and
the barriers they face, with relatively limited attention given to
treatment techniques or clinical outcomes. Table 1 lists the
descriptive statistics of the included documents. All selected
documents will be included as supplementary materials in the
form of appendices.
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Table 1. General characteristics of the studies eligible for inclusion in the review.

PublicationsCharacteristics

World Bank income category, n (%)

21 (77.8)High-income economy

6 (22.2)Upper-middle income economy

World Bank region, n (%)

9 (33.4)East Asia and Pacific

8 (29.6)Europe and Central Asia

7 (25.9)North America

2 (7.4)Middle East and North Africa

1 (3.7)Sub-Saharan Africa

Participants, n (%)

12 (44.4)Parent

9 (33.4)Children

4 (14.8)Caregiver

2 (7.4)Multiple

Disability domain, n (%)

17 (62.9)Multiple domains

5 (18.5)Physical

2 (7.4)Intellectual

2 (7.4)Neurological

1 (3.7)Hearing

Study design, n (%)

16 (59.3)Quantitative

10 (37)Qualitative

1 (3.7)Mixed methods

Rehabilitation Needs and Barriers to Accessing
Services
The scale by Penchansky and Thomas [28] addresses access to
health care and consists of 5 categories, which include
accessibility, acceptability, affordability, appropriateness, and
availability. This classification’s validity has been confirmed
through interview data analysis. Accessibility describes the
physical connection between the family and the location of

rehabilitation services. Acceptability refers to clients’ and
providers’ satisfaction with health care services. Affordability
relates to the connections between financial constraints, financial
capacity, and health insurance availability. Appropriateness
refers to the match between supply and patient demand.
Availability describes the connection between supply and
demand for resources. This study used Penchansky’s scale to
identify information about barriers to rehabilitation services
(Table 2).
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Table 2. Factors affecting the fulfillment of rehabilitation needs of children with disabilities.

ReferenceFactors

Accessibility

Jeong [40]Transportation problems

Alyami et al [29], Mulligan et al [41], Caicedo [36]Distance to service

Acceptability

Wang et al [39]Rejection and discrimination

Teleman et al [42]Privacy and trust

Mulligan et al [41], Teleman et al [42], Wang et al [39]Shame and fear

Teleman et al [42], Sukeri et al [37], Lindly et al [43], Xia et al [44]Doubts about validity

Affordability

Lindly et al [43], Schaible et al [30], Robinson et al [33], Xia et al [44]Insurance issues

Alyami et al [29], Lindly et al [43], Parr et al [32], Roux-Levy et al [38], Piškur et al [45], Xia et al [44], Houtrow
et al [46], Raouafi et al [15]

Burden of treatment

Lindly et al [43], Schaible et al [30], Robinson et al [33], Gallagher et al [34], Raouafi et al [15], Jeong [40],
Meehan et al [47], Umat et al [48]

Other economic issues

Appropriateness

Alyami et al [29], He et al [49]Number of treatments

Sukeri et al [37], Wang et al [39]Targeted rehabilitation ser-
vices

Mulligan et al [41], Sukeri et al [37], Roux-Levy et al [38], Wang et al [39]Expertise

Carter et al [50], Mulligan et al [41], Sukeri et al [37], Parr et al [32], Caicedo [36], Ziviani et al [35], Pérez-Ardanaz
et al [51]

Communication barriers

Availability

Roux-Levy et al [38], Sukeri et al [37]Procedures

Wang et al [39], Alyami et al [29], Ziviani et al [35]Schedule

Xia et al [44], Alyami et al [29], Matsuzawa and Shiroki [52], Ziviani et al [35], Sukeri et al [37]Messaging

Xia et al [44], Alyami et al [29], Matsuzawa and Shiroki [52], Mulligan et al [41], Piškur et al [45], Cacioppo et
al [31], Lindly et al [43], Khusaifan and Keshky [53], Umat et al [48]

Spiritual support

Carter et al [50], Pérez-Ardanaz et al [51], Alyami et al [29], Mulligan et al [41], Houtrow et al [46], Roux-Levy
et al [38], Arabiat et al [54], Jeong [40], Sukeri et al [37]

Equipment service supply

Accessibility
The accessibility of rehabilitation services refers to the reduction
of various barriers that may exist in accessing these services,
intending to achieve equality for all. Ensuring that children with
disabilities can easily access rehabilitation services has a
significant impact on meeting the rehabilitation needs of these
children [55]. On the one hand, geographic distance is strongly
linked with time costs for children with disabilities to access
rehabilitation [29]. On the other hand, the distance barrier also
interferes with the ability of rehabilitation specialists to connect
and share experiences. Geographical isolation hinders
information exchange in resource-poor regions, often leaving
rehabilitation experts in these areas isolated and unsupported
“information islands” [27]. Apart from the challenges associated
with the coverage and frequency of “public transportation,”
Jeong [40] found that “personal transportation” includes factors
such as the availability of vehicles also influencing the
accessibility of rehabilitation services.

Acceptability
The acceptance of rehabilitation services by children with
disabilities is affected by personal factors such as stigmatization
and doubts about service effectiveness [28,29,55,56]. According
to 3 papers [39,41,42], disability is often stigmatized, leading
to a reluctance among parents to seek rehabilitation treatment
for their children with disabilities. This stigma associated with
disability can deter families from pursuing the necessary care
and therapies [57]. Discrimination may also lead to rehabilitation
professionals refusing to provide their services. This directly
impacts the trust relationship between children with disabilities
and service providers, ultimately influencing the decision to
seek rehabilitation services [30]. In a reviewed study [58], a
Chinese mother faced discrimination due to her child’s autism,
leading to trust issues in rehabilitation services and service
discontinuation. The current situation of this discrimination
may explain how children with disabilities are deprived of their
rehabilitation rights through voluntary abandonment in a
so-called equitable institutional environment. Furthermore,
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rehabilitation care is a long-term process. Short-term outcomes
are often limited. Some families of children with disabilities
may develop a negative attitude toward rehabilitation services
because they perceive that the short-term impact falls short of
their initial expectations [56].

Affordability
The relationship between disability and poverty is reciprocal
[56,57]. Families of children with disabilities were more likely
to experience financial burdens owing to their child’s health
condition [30]. Such families face multiple financial challenges,
including rehabilitation expenses [30,58,59], assistive
equipment, institutional care [29], home renovations [15], and
travel expenses [60]. While governments in middle- to
high-income countries generally offer financial assistance and
insurance, some families having children with disabilities still
experience significant economic burdens [61-63], and current
insurance benefits fall short of completely covering the
rehabilitation needs of children with disabilities [31]. The gap
between financial assistance and the actual needs continues to
widen [32,33]. It is worth noting that the current financial
assistance system primarily focuses on children with confirmed
disabilities. This might exclude children with disabilities who
require rehabilitation but do not have a formal diagnosis [34].

Appropriateness
Effective rehabilitation treatment relies heavily on the
appropriateness of rehabilitation services, which includes
matching treatment services, goals, and assistive devices with
patients’ needs [64]. As reported by mothers in a study
conducted in Kelantan, Malaysia, profit-oriented organizations
may overlook the individual needs of children with disabilities,
which can diminish the effectiveness of rehabilitation services.
Parents have noted that insufficient responsiveness from
professionals has reduced the practical utility of the services
[56]. The professionalism of rehabilitation professionals is
crucial for the appropriateness of services. Insufficient
professionalism can result in delays in addressing the conditions
of children with disabilities. Rehabilitation training is widely
available in middle- to high-income countries. However, there
is a lack of professional ability among rehabilitation personnel.
This deficiency leads to children with disabilities not receiving
timely and accurate treatment, even when they diligently follow
their rehabilitation plans [56]. Due to limitations in the size and
staff of rehabilitation institutions, the frequency and number of
treatments can also impact the effectiveness and satisfaction of
rehabilitation services. In a family survey of Saudi Arabian
children with hearing impairment [26], more than half of the
participants believed that the number of treatment sessions
provided was inadequate to meet their rehabilitation demands.

Communication gaps between the staff of rehabilitation
institutions and the parents of children with disabilities can lead
to misunderstandings and negative perceptions [35,36]. A lack
of collaborative communication among staff within
rehabilitation institutions can increase feelings of isolation
among rehabilitation professionals. It also has the potential to
reduce job motivation [28]. Even though rehabilitation facilities
in middle- and high-income countries are relatively
well-established, the lack of communication and interaction has

still been identified as a serious issue. Studies indicate that poor
internal and external communication within institutions, along
with a lack of collaboration, increases the co-ordination burden
on parents of children with disabilities [58]. This also hinders
the transfer of treatment between different rehabilitation systems
and the sustainable development of children with disabilities
[32]. The compatibility of assistive facilities is also a key factor.
For instance, in the provision of rehabilitation equipment for
children with physical disabilities, nonportable wheelchairs are
often voluntarily abandoned because they do not meet the actual
needs of children with disabilities [37].

Availability
The availability of rehabilitation services for children with
disabilities emphasizes the presence and provision of
rehabilitation resources, as well as the reasonable scheduling
of rehabilitation service delivery, which are key factors in
meeting the rehabilitation needs of children with disabilities.
Factors related to this include cumbersome procedures, the need
for information and emotional support, the need for specialized
medical facilities, and scheduling convenience. If the family
cannot afford the cost of the wait times, they will give up on
rehabilitation [38]. Australian parents of children with physical
disabilities report that flexible scheduling and location of
rehabilitation services provide them with convenience [35].

Studies highlight the need for information on rehabilitative
options [29]. Available research showed that middle- and
high-income countries have relatively well-established
rehabilitation facility structures, yet the exchange and
communication of rehabilitation information have not received
adequate attention. The quantity and quality of information
provided by rehabilitation service institutions are often
unsatisfactory. This compels parents of children with disabilities
to seek solutions on their own [58]. It is worth noting that
children with disabilities and their caregivers experience both
physical and mental stress. While it has been proven that
psychological support is beneficial for their mental well-being
[26,40,41], it remains one of the common unmet needs within
rehabilitation programs [42,57]. Regional disparities in
rehabilitation services create challenges for children with
disabilities who seek higher-quality rehabilitation services [38].
To access higher-level services, they are compelled to bear
higher treatment costs [29,39,65]. The current situation of
oversaturated health care resources and low-quality health
system services also prolongs the access cycle and reduces the
level of services for children with disabilities [38,55].

The most commonly discussed issue in the literature was
availability, followed by affordability. Notably, Europe or
Central Asia, North America, and East Asia or Pacific were the
main regions reporting both of these issues.

High-income countries reported the greatest need for specialized
facilities and emotional support, followed by financial issues
not covered by insurance and treatment costs. Communication
barriers and doubts about the effectiveness of rehabilitation
treatment were also highlighted as acceptability concerns.
Professionalism and access to spiritual support were also
mentioned. In contrast, participants from middle-income
countries expressed greater concern with the accessibility,
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appropriateness, and acceptability of rehabilitation services.
This disparity might be related to the fact that half of the studies
in middle-income countries focused on rehabilitation service
workers.

Discussion

Principal Findings
This scoping review aimed to provide an overview of the
rehabilitation needs and related obstacles faced by children with
disabilities residing in middle- and high-income countries. The
final review comprised 27 peer-reviewed papers published
between 2013 and 2023, categorized into 5 groups based on
rehabilitation-related factors, allowing for a summary and
comparison of related studies. The findings of this review
suggest that even in economically prosperous middle- and
high-income countries, common factors still affect children with
disabilities’ achievement of rehabilitation services. The
appropriateness, accessibility, and affordability of rehabilitation
services were identified as the main factors related to the needs
and barriers of families of children with disabilities. Having
identified these factors, it is possible to propose
recommendations aimed at the formulation of intervention
strategies.

The accessibility of rehabilitation services is a fundamental
issue related to the presence or absence of service resources. In
line with research conducted in low-income countries, it is
consistent that children with disabilities generally face
difficulties in accessing adequate health care services [66]. This
issue is not only confined to low-income countries but also in
middle- and high-income countries with more developed health
care systems [67]. However, there are differences between the
2 when it comes to the specific challenges they face: unlike the
generally low availability of rehabilitation resources in
low-income countries, the main influence factor in middle- and
high-income countries is the uneven distribution. The
availability of rehabilitation resources is generally high but
concentrated in economically developed areas [68]. In
underdeveloped regions, children with disabilities face
challenges in accessing rehabilitation resources, resulting in a
relative scarcity of rehabilitation resource provision [28].
Capitalizing on the spillover effect of developed regions,
rehabilitation resources should be strategically allocated to less
developed regions. This can improve the overall quality of
services for families of children with disabilities, enhancing the
capabilities of existing health care and rehabilitation
professionals while attracting new talent to underserved areas.
By increasing both the quantity and quality of professionals,
the accessibility and effectiveness of services could be improved.
Through the implementation of these measures, we can mitigate
the uneven distribution of resources between regions and reduce
disparities in rehabilitation levels [68].

Access to affordable and adequate health care for children with
disabilities remains a pervasive challenge in middle- and
high-income regions. It was discussed in 12 papers in 8 different
countries. In contrast to low-income countries, the economic
pressure in this context does not arise from a lack of assistance
but rather from the effectiveness of the assistance system itself

[26,35,64]. As economic levels and rehabilitation costs continue
to rise, the actual medical expenses surpass the financial support
available to families. This discrepancy has rendered the
previously established financial subsidy policies inadequate in
meeting the current rehabilitation support needs. This diminishes
the effectiveness of assistance. Although such countries
generally have relatively completed insurance systems and
benefit arrangements [25], an unmet need for support also exists.
For instance, current insurance benefits fall short of completely
covering rehabilitation costs for children with disabilities [39].
Evaluating the effectiveness of financial assistance programs
and adjusting subsidy standards for children with disabilities
based on actual circumstances is necessary. By understanding
the specific needs of different types of children with disabilities
and making targeted adjustments to subsidy policies, resource
allocation can be improved, leading to enhanced utilization
efficiency. Extending insurance coverage to encompass a diverse
range of rehabilitation-related expenditures will better meet the
individualized needs of children with disabilities. Besides
traditional physical and speech therapy, occupational therapy,
psychological counseling, and special education resources
should also be incorporated. Achieving this goal necessitates
close co-operation among health care service providers,
policymakers, and other stakeholders to adopt policies to address
complex rehabilitation needs. Simultaneously, the long-term
and intricate nature of the rehabilitation process for children
with disabilities must be considered, and adjustments in
assistance to offer more flexible and enduring support should
be made.

Effective communication is a pivotal issue in improving the
appropriateness of rehabilitation for children with disabilities.
In low-income countries, this issue has received relatively little
attention in research [12]. However, in this review, 6 out of 15
middle- to high-income countries (40%) have reported this
concern. This encompasses the need for communication between
children with disabilities and rehabilitation staff, knowledge
exchange among rehabilitation professionals, and referrals
between rehabilitation institutions. Educating and training
rehabilitation service providers in effective communication
strategies is crucial, encouraging them to actively listen to
families’ opinions and address their concerns. Future research
should delve into the collaboration between rehabilitation
experts and institutions, emphasizing resource sharing,
information flow, and referral and treatment models for children
with disabilities. This approach aims to enhance the
sustainability of rehabilitation services for children with
disabilities.

This review has several limitations that should be noted. First,
even though we used an extensive search strategy to find all
relevant studies, the search scope was constrained because our
study was not a systematic review. Second, most studies were
conducted in North America, Europe, and Asia or the Pacific,
making comparisons by continent and economic development
level difficult. Furthermore, some of the studies were carried
out at the district level, making it difficult to extrapolate to the
nation’s overall rehabilitation status. Finally, rather than
focusing on more general disability identification, interventions,
and clinical research, we mainly considered the rehabilitation

Interact J Med Res 2024 | vol. 13 | e50047 | p.163https://www.i-jmr.org/2024/1/e50047
(page number not for citation purposes)

Xie et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


needs of children with disabilities and the related barriers.
Therefore, this might not reflect access to rehabilitation services
in the broadest sense, as mentioned in WHO’s 2030
Rehabilitation Initiative. Future research could further refine
rehabilitation initiatives related to children with disabilities to
obtain more complete information.

Conclusion
This scoping review highlighted the rehabilitation needs of
children with disabilities and the barriers to rehabilitation

services in middle- and high-income countries. The affordability,
availability, and appropriateness of rehabilitation services were
major factors affecting access. Despite the established service
supply in these countries, access falls short of meeting the needs
of children with disabilities. To address these challenges, it is
necessary to expand financial coverage, improve infrastructure
and professional training, and strengthen supporting institutions.
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Abstract

Background: A common challenge for individuals caring for people with Alzheimer disease and related dementias is managing
the behavioral and psychological symptoms of dementia (BPSD). Effective management of BPSD will increase the quality of
life of people living with dementia, lessen caregivers’ burden, and lower health care cost.

Objective: In this review, we seek to (1) examine how indoor environmental quality parameters pertaining to light, noise,
temperature, and humidity are associated with BPSD and how controlling these parameters can help manage these symptoms
and (2) identify the current state of knowledge in this area, current gaps in the research, and potential future directions.

Methods: Searches were conducted in the CINAHL, Embase, MEDLINE, and PsycINFO databases for papers published from
January 2007 to February 2024. We searched for studies examining the relationship between indoor environmental quality
parameters pertaining to light, noise, temperature, and humidity and BPSD.

Results: A total of 3123 papers were identified in the original search in October 2020. After an additional 2 searches and
screening, 38 (0.69%) of the 5476 papers were included. Among the included papers, light was the most studied environmental
factor (34/38, 89%), while there were fewer studies (from 5/38, 13% to 11/38, 29%) examining the relationships between other
environmental factors and BPSD. Of the 38 studies, 8 (21%) examined multiple indoor environmental quality parameters.
Subjective data were the only source of environmental assessments in 6 (16%) of the 38 studies. The findings regarding the
relationship between agitation and light therapy are conflicted, while the studies that examined the relationship between BPSD
and temperature or humidity are all observational. The results suggest that when the environmental factors are deemed
overstimulating or understimulating for an individual with dementia, the behavioral symptoms tend to be exacerbated.

Conclusions: The findings of this scoping review may inform the design of long-term care units and older adult housing to
support aging in place. More research is still needed to better understand the relationship between indoor environmental quality
parameters and BPSD, and there is a need for more objective measurements of both the indoor environmental quality parameters
and behavioral symptoms. One future direction is to incorporate objective sensing and advanced computational methods in
real-time assessments to initiate just-in-time environmental interventions. Better management of BPSD will benefit patients,
caregivers, and the health care system.
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Introduction

Background
Alzheimer disease and related dementias (ADRD) are a major
public health challenge. The number of Americans aged ≥65
years with Alzheimer disease was estimated to be 6.7 million
in 2023 [1]. In 2023, total payments for health care, long-term
care, and hospice services for people aged ≥65 years with
dementia were estimated to be US $345 billion in the United
States. The number of people with Alzheimer disease in the
United States is projected to grow to 13.8 million by 2060 [1].

A major component of the high psychological and financial
costs of ADRD is related to addressing the needs of people
living with dementia who have behavioral and psychological
symptoms of dementia (BPSD), also called neuropsychiatric
symptoms. BPSD encompass the challenging behaviors
exhibited by people living with dementia that comprise a variety
of symptoms that commonly include, but are not limited to,
apathy, anxiety, depression, agitation, delusions, hallucinations,
motor disturbances, and sleep changes. These symptoms are
associated with faster disease progression [2], increased
caregiving burden [3], and earlier placement into long-term care
settings [4]. Pharmacological intervention is often not effective
and is associated with undesirable side effects [5], with
nonpharmacological therapy being a first-line approach to
management [6].

The causes of BPSD are multiple, ranging from intrinsic
neuropathologic factors to human factors such as caregiver
interactions and the social-environmental milieu [7]. There is
considerable evidence suggesting that environmental factors
can affect the progression of different diseases as well as human
behaviors [8,9]. The environment as a risk factor for ADRD
has been reviewed, suggesting links between increased risks of
ADRD and factors such as poor air quality, environmental
toxins, and occupation-related exposures [10,11]. However,
what has been less clearly examined is the potential direct
relationship between person- or residence-level experienced
environmental factors and contemporaneous behavioral changes
associated with ADRD. This is important because most older
people and people living with dementia spend the majority of
their time indoors [12].

There has long been debate regarding the definition of the
environment [13]. For the purpose of this review, we are
focusing on the ambient environment as defined by Harris et al
[14]. Factors pertaining to the ambient environment, such as
light, noise, temperature, and humidity, contribute to the visual,
acoustic, and thermal comforts of the occupants and may be
associated with their BPSD [15]; for example, inadequate light
has been suggested to be a risk factor for sundowning syndrome
(people with late-stage dementia exhibiting more agitated
behaviors in the late afternoon and evening) because of the role

of light in vision and its role in circadian rhythm modulation
[16,17]. Therefore, designing an indoor environment that would
address the needs of people living with dementia is paramount
and may reduce their BPSD. A first step to creating an optimal
indoor environment for people living with dementia with BPSD
is to understand which environmental factors are related to
BPSD and how they impact the symptoms.

Previous papers have reviewed the effect of the long-term care
environment on physical activity levels [18], the achievement
of therapeutic goals such as safety and socialization [19], and
neuropsychiatric symptoms [20,21]. However, these reviews
have primarily focused on the parameters of the built
environment (eg, size and layout of spaces), interior design, and
occupancy and staffing ratios, rather than aspects of the
environmental quality that impact comfort, such as temperature
and humidity, noise levels, and lighting. Comfort is especially
important to consider for people living with dementia because
BPSD represent an expression of discomfort, stress, and unmet
needs when insight and communication become more difficult
[22]. Nevertheless, anosognosia and aphasia also prevent the
subjective measurement of comfort. Thus, it is necessary to
understand the impact of various objective aspects of
environmental quality that may improve comfort and, in turn,
BPSD.

Objectives
Accordingly, we conducted this scoping review to (1) examine
how indoor environmental quality parameters pertaining to light,
noise, temperature, and humidity are associated with BPSD and
how controlling these parameters can help manage these
symptoms and (2) identify the current state of knowledge on
the relationship between indoor environmental quality
parameters and BPSD, current gaps in the research, and potential
future directions.

Methods

Overview
We followed the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) reporting guidelines for this scoping review. We
conducted a scoping review because we aimed to (1) provide
an overview of the broad literature examining the relationship
between indoor environmental quality parameters and BPSD
and (2) identify gaps and future directions.

The databases used were CINAHL, Embase, MEDLINE, and
PsycINFO. A literature search strategy was crafted for each
database that would retrieve records containing a combination
of appropriate index terms and text words pertaining to the
following concepts: dementia (dementia, Alzheimer disease,
etc), environmental conditions (heat, temperature, light,
humidity, etc), and BPSD (anxiety, depression, apathy, agitation,
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pacing, etc). The complete search strategies can be found in
Multimedia Appendices 1-3. The original search was performed
on October 7, 2020, and updated on April 21, 2022, and
February 22, 2024. The inclusion and exclusion criteria are
presented in Textbox 1.

Six reviewers (WMA-Y, CW, MN, LM, RH, and KW)
completed the screening process, which consisted of two stages:
(1) title and abstract screening and (2) full-text screening. First,
the title and abstract of each paper were reviewed by 2 reviewers

independently to examine whether the studies met the inclusion
criteria. The reviewers then met iteratively to reconcile any
differences in their decisions regarding whether a particular
paper should be included. If the 2 reviewers could not come to
an agreement, a third reviewer would help reach a decision.
After title and abstract screening was completed, the included
papers at this stage were retrieved for full-text screening, and
the process was repeated after reading the papers in their
entirety.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Written in English

• Peer reviewed

• Studies of older adults with Alzheimer disease and related dementias (ADRD), not including mild cognitive impairment

• Relationships between indoor environmental quality parameters, including light, noise, temperature, and humidity and the behaviors of people
living with dementia

• Exposure to environmental conditions leading to behavioral change

• Observational or controlled

• All residential settings

• Studies using measurements of people’s behaviors and psychological symptoms as 1 of the outcomes

• Studies that include measurements or descriptions of the indoor environmental quality parameters (light, noise, temperature, and humidity)

Exclusion criteria

• Review articles, commentaries, opinions, theses, and letters to editor

• Studies on genetics as risk factors for ADRD

• Studies that examine the effect of decoration, furniture arrangement, and home-like feeling on participants’ behaviors

• Studies on the environment as a risk factor for developing ADRD

• Studies on horticultural therapy, music therapy, multisensory stimulation therapy, virtual or augmented reality, or outdoor activities

• Studies published before 2006 (the 15-year cutoff was chosen to include articles that best represent the current state of knowledge)

Six reviewers (WMA-Y, MN, ZB, LM, RH, and SG) extracted
data from the included papers after the screening process was
completed. A survey built in Qualtrics (Qualtrics International
Inc) was created to assist this process. The survey listed
questions covering study design, year of publication, the region
and residential settings in which the research was conducted,
sample size, demographics of the sample, which environmental
conditions were assessed and how they were examined, and
which BPSD were evaluated and how they were measured.
Next, the papers were categorized by the examined
environmental factor or factors: (1) light level, (2) noise level,
(3) temperature or humidity, and (4) multiple indoor
environmental quality parameters. If there were unified themes
of BPSD examined in the articles (eg, agitation and
mood-related symptoms), the study results of each theme would
be synthesized by summarizing the counts of different study
designs and providing a narrative summary [23]. All study data
were also summarized into tables. In doing so, the current state
of knowledge, gaps in research, and future directions were
identified.

Ethical Considerations
Institutional review board approval was not required for this
scoping review because the research did not involve human
participants.

Results

Overview
A total of 3123 articles were identified in the search initiated
on October 7, 2020. After excluding papers published before
2006 as well as duplicates, the titles and abstracts of 1887
articles were screened, after which 1707 (90.46%) articles were
excluded, and 180 (9.54%) were retrieved for full-text screening.
Ultimately, of these 180 articles, 26 (14.4%) were included.
The search was updated on April 21, 2022, and on February 22,
2024, and 12 articles were added to the final pool; hence, 38
papers were included in this scoping review (Figure 1). Of the
38 papers, 8 (21%) were randomized controlled trials (RCTs),
14 (37%) were quasi-experiments, 5 (13%) were pretest-posttest
studies, 6 (16%) were cross-sectional studies, 4 (11%) were
case series, and 1 (3%) was a cohort study (refer to Table 1 for
more information).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the search and screening results.
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Table 1. Summary of residential settings, region, study design, intervention, sample size, participant cognitive status, and participant age for all included
studies.

Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Mean 83.7 (SD 6.48;
range 68-102)

MMSEd score: mean
7.4 (SD 7.2)

Mb: 28, Fc:
94

—aCross-section-
al study

North
America

Assisted liv-
ing units,
nursing homes

Algase et al
[24], 2010

Mean 79.67 (SD 7.5;
range 68-92)

All participants had
dementia

M: 6, F: 6
(the 12 par-
ticipants

—Case report or
series

North
America

Personal
homes

Bankole et al
[25], 2020

lived with
primary
caregivers)

North Carolina,
United States:

Cognitive status was
measured using the

M: 35, F: 31Four lighting conditions
were presented during

Quasi-experi-
ment

North
America

Memory care
units, psychi-
atric hospital

Barrick et al
[26], 2010

<65=6 (13%), 65-
79=24 (52%), and

MDS-COGSe and
MMSE; the distribu-

multiple 3-week inter-
vention periods: bright
light in the morning (7- ≥80=16 (35%); Ore-tion of cognitive im-
11 Am), bright light in gon, United States:pairment severity
the evening (4-8 PM), <65=0 (0%), 65-among participants
bright light all day (7 79=4 (20%), and

≥80=16 (80%)
was as follows:
mild=3, moderate=18,AM-8 PM), and stan-

dard lighting (ie, the severe=31, and very
severe=14baseline condition);

bright light was admin-
istered at 2000 to 3000
lux, while standard
lighting was adminis-
tered at 500 to 600 lux

≥65; mean 86.3 (SD
5.4)

Severe dementia;
MMSE scores were
<15 for all patients

M: 2, F: 17Skylike ceiling tiles in
part of the shared
premises, gradual de-
crease of the illumi-

Pretest-
posttest study

EuropeNursing
homes

Bautrant et al
[27], 2019

nance at night, soothing
streaming music, rein-
forcement of the illumi-
nance during the day,
walls painted in light
beige, oversized clocks
in corridors, and night
team clothes color (dark
blue) different from that
of the day team (sky
blue)

Demented: mean
86.1 (SD 8.1), nonde-

Demented: 194, nonde-
mented: 131

M: 80, F:
246

—Cross-section-
al study

North
America

Assisted liv-
ing units

Bicket et al
[28], 2010

mented: mean 84.3
(SD 9.6)

Mean 85.6 (SD 5.8)S-MMSEf score:
mean 13.15 (SD

M: 3, F: 17This was a 17-week tri-
al with a balanced
crossover, within- par-

Quasi-experi-
ment (bal-
anced

EuropeNursing
homes

Bromundt et
al [29], 2019

10.30); S-MMSE
ticipant study design;crossover, score at baseline:
the intervention in-within-partici-

pant study)
mean 14.35 (SD
10.51), S-MMSEvolved exposure to indi-

vidually timed dawn- score at the end of the
dusk simulator over study: mean 11.95

(SD 11.56)participants’beds for 7-
8 weeks
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Standard light thera-
py group: mean 82.5
(SD 1.5), bright light
therapy group: mean
84.5 (SD 1.7)

MMSE score at base-
line: 5.1 for the stan-
dard lighting therapy
group and 6.9 for the
bright light therapy
group

M: 16, F: 32Full-spectrum bright
light therapy (10,000
lux) for 2 hours from 10
AM to noon for 2
weeks; the control
group was administered
standard fluorescent
tube light (100 lux) for
2 hours from 10 AM to
noon for 2 weeks

Randomized
controlled trial

EuropeNursing
homes

Burns et al
[30], 2009

Mean 86 (range 60-
101)

MMSE score: mean
7.2 (SD 6.3; range 0-
23)

M: 42, F:
151

Presentation of 9 cate-
gories of stimuli: live
human social, real pet,
simulated social, self-
identity, inanimate so-
cial, music, manipula-
tive, reading, and task-
or work-related

Quasi-experi-
ment (indoor
environmental
quality param-
eters were not
manipulated)

North
America

Nursing
homes

Cohen-Mans-
field et al [31],
2010

Mean 86 (range 60-
101)

MMSE score: mean
7.2 (SD 6.3; range 0-
23)

M: 42, F:
151

Presentation of 9 cate-
gories of stimuli: live
human social, real pet,
simulated social, self-
identity, inanimate so-
cial, music, manipula-
tive, reading and task-
or work-related

Quasi-experi-
ment (indoor
environmental
quality param-
eters were not
manipulated)

North
America

Nursing
homes

Cohen-Mans-
field et al [32],
2011

Mean 86 (range 60-
101)

MMSE score: mean
7.2 (SD 6.3; range 0-
23)

M: 42, F:
151

Presentation of 9 cate-
gories of stimuli: live
human social, real pet,
simulated social, self-
identity, inanimate so-
cial, music, manipula-
tive, reading and task-
or work-related

Quasi-experi-
ment (indoor
environmental
quality param-
eters were not
manipulated)

North
America

Nursing
homes

Cohen-Mans-
field et al [33],
2012

Mean 86.58 (SD
7.93)

CPSg score: mean
4.19

M: 26, F: 43—Cross-section-
al study

North
America

Nursing
homes

Cohen-Mans-
field [34],
2020

Mean 84 (SD 10;
range 58-98)

MMSE score: mean 7
(SD 7; range 0-23)

M: 13, F: 57During either morning
(9:30-10:30 AM) or af-
ternoon (3:30-4:30
PM), bright light
(>2500 lux in gaze di-
rection) was adminis-
tered Monday through
Friday for 10 weeks;
Brite Lite IV (Apollo
Light Systems, Inc)
light boxes were used
when necessary to sup-
plement the ambient
light

Randomized
controlled trial

North
America

Nursing
homes

Dowling et al
[35], 2007

Mean 86.9 (SD 4.4)BIMSh score: mean
7.7 (SD 2.3)

M: 5, F: 9Low-level bluish-white
lighting designed to de-
liver high circadian
stimulation during the
daytime was installed
in 14 nursing home res-
ident rooms for 4 weeks

Pretest-
posttest study

North
America

Nursing
homes

Figueiro et al
[36], 2014
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Mean 85.1 (SD 7.1)MMSE score between
4 and 24 or BIMS
score between 3 and
12

M: 16, F: 30Crossover design clini-
cal trial administered an
all-day active or control
lighting intervention for
two 4-week periods
(separated by a 4-week
washout); the active
lighting intervention
provided high circadian
stimulus, and the con-
trol intervention provid-
ed low circadian stimu-
lus that was below the
threshold for activation
of the circadian system

Randomized
controlled trial

North
America

Assisted liv-
ing units,
long-term care
units

Figueiro et al
[37], 2019

Mean 85.3 (SD 7.1)MMSE scores:
F=mean 15.2 (SD 3.4)
and M=mean 13.6
(SD 2.9); BIMS
scores: F=mean 4.0
(SD 1.7) and M=mean
5.6 (SD 2.9)

M: 20, F: 27Participants were ex-
posed to a single day-
time (from approximate-
ly 6 AM-8 AM to 6
PM) tailored lighting
intervention that provid-
ed high levels of circadi-
an-effective light; the
light-delivery method
(ie, custom-built floor
lamps, light boxes, and
light tables) was depen-
dent on where individu-
al participants spent
most of their day

Pretest-
posttest study

North
America

Assisted liv-
ing units,
long-term care
units

Figueiro et al
[38], 2020

Mean 84.1 (SD 8.9)Moderate to severe

ADRDi indicated by

a GDSj score of 4.0 to

6.0; the mean BCRSk

score was 4.83 (SD
1.01), and the mean
GDS score was 4.89
(SD 1.1)

M: 3, F: 11With a crossover,
placebo-controlled de-
sign, 3 different lighting
modes (light tables,
light trays, and ambient
room lighting) were
used to deliver high
levels of circadian
stimulus to the partici-
pants’ eyes for two 8-
week intervention peri-
ods in a counter bal-
anced order with a 4-
week washout between
the study’s 2 conditions
(dim light control vs
active intervention)

Quasi-experi-
ment

North
America

Assisted liv-
ing units,
memory care
units

Figueiro et al
[39], 2023

Mean 82.6 (SD
11.6)

MMSE score: mean
4.1 (SD 6.3); Barthel
Index score: mean
10.5 (SD 19.3)

M: 37, F 123—Cross-section-
al study

EuropeNursing
homes

Garre-Olmo et
al [40], 2012
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

<65: M=5 (14.3%),
F=1 (3.2%); 65-79:
M=18 (51.4%),
F=10 (32.3%); ≥80:
M=12 (34.3%),
F=20 (64.5%)

Mild to moderate de-
mentia: M=12
(34.3%), F=9 (29%);
severe dementia:
M=15 (42.9%), F=16
(51.6%); very severe
dementia: M=8
(22.9%), F=6 (19.4%)

M: 35, F: 31Ambient bright light
therapy was delivered
through a high-intensi-
ty, low-glare lighting
system installed in the
public areas that in-
volved 4 lighting condi-
tions: morning bright
light, evening bright
light, all-day bright
light, and standard
lighting. The bright
light conditions were
delivered at 2000 to
2500 lux, while the
standard lighting condi-
tion was delivered at
500 to 600 lux

Quasi-experi-
ment

North
America

Memory care
units, special-
ized older
adult center

Hickman et al
[41], 2007

Mean 83.5 (SD 7.1)MMSE score: mean
6.4 (SD 6.7)

M: 22, F: 47A 24-week cluster-ran-
domized, placebo-con-
trolled trial with an in-
tervention involving
ambient light adminis-
tered at 1000 vertical
lux and 6000 K from 10
AM to 3 PM, with
gradually increasing
and decreasing light
levels before and after
this interval, delivered
by Glamox AS

Randomized
controlled trial

EuropeNursing
homes

Hjetland et al
[42], 2021

Mean 82.7 (SD 6.3;
range 68-94)

MMSE score: mean
12.9 (SD 6.5; range 2-
23)

M; 9, F: 29—Case report or
series

North
America

Assisted liv-
ing units,
nursing homes

Jao et al [43],
2015

Mean 86.53 (SD
9.32; range 61 to
103)

MMSE score: mean
6.83 (SD 6.67; range
0 to 19); specifically,
37 (70%) scored <13
(severe dementia), and
16 (30%) scored 13 to
20 (moderate demen-
tia)

M: 11, F: 42—Cross-section-
al study

North
America

Nursing
homes

Joosse [44],
2011

Treatment group:
mean 77.36 (SD
5.79), control group:
mean 78.55 (SD
7.71)

MMSE-KCl: treat-
ment group (M: 2, F:
12)=mean 16.36 (SD
5.09), control group
(M: 2, F: 12)=mean
16.90 (SD 4.91)

M: 7, F: 18The treatment group
(14 participants) sat ap-
proximately 60 cm
away from a small
(136×73×16 mm) light-
emitting diode light box
for 1 hour each in the
morning for 2 weeks,
and the control group
(11 participants) wore
dark, blue-attenuating
sunglasses during the 1-
hour exposures; the
morning light exposure
started 9 to 10 hours af-
ter each individual’s
dim light melatonin on-
set

Quasi-experi-
ment

AsiaDementia clin-
ic

Kim et al [45],
2021
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Median 85.0 (IQR
79.0-88.0)

MMSE score: median
4.0 (IQR 1.0-9.2)

M: 22, F: 47A 24-week cluster-ran-
domized, placebo-con-
trolled trial with an in-
tervention involving
ambient light adminis-
tered at 1000 lux and
6000 K from 10 AM to
3 PM, with gradually
increasing and decreas-
ing light levels before
and after this interval

Randomized
controlled trial

EuropeNursing home
dementia units

Kolberg et al
[46], 2021

Mean 85.3 (SD 7.0)Alzheimer disease:
daylight group=17
(37%) patients, con-
trol group=8 (25.8%)
patients; frontotempo-
ral dementia: daylight
group=1 (2.2%) pa-
tient, control group=1
(3.2%) patient; Lewy
body dementia: day-
light group=0 (0%)
patients, control
group=1 (3.2%) pa-
tient; vascular demen-
tia: daylight group=2
(4.3%) patients, con-
trol group=1 (3.2%)
patient; dementia not
otherwise specified:
daylight group=19
(41.3%) patients, con-
trol group=17 (54.8%)
patients; mild cogni-
tive impairment: day-
light group: 6 (13%)
patients, control
group=2 (6.5%) pa-
tients; not specified:
daylight group=1
(2.2%) patient, control
group=1 (3.2%) pa-
tient

M: 21, F: 56The daylight exposure
of participants was in-
creased by taking them
to the perimeter zone of
a daylit room from 8
AM to 10 AM for so-
cialization over a period
of 12 weeks; the
perimeter zone was the
region of the room
within 3 m from the
windows; it was admin-
istered every day
throughout the study

Quasi-experi-
ment

North
America

Dementia care
communities

Konis et al
[47], 2018

Richmond Manor:
mean 82.9 (SD 8.9),
Maple Manor: mean
77.6 (SD 9.8)

Early or middle stage
of ADRD

M: 6, F: 6—Cohort studyNorth
America

Long-term
care units
(Richmond
Manor and
Maple Manor)

Lee et al [48],
2016

Experimental group:
mean 81.57 (SD
10.52), comparison
group: mean 79.29
(SD 8.41)

NRmM: 23, F: 40Experimental group
participants received 20
minutes of white noise
consisting of ocean,
rain, wind, and running
water sounds between
4 PM and 5 PM daily
over a period of 4
weeks, with volume
maintained at 55-70 dB;
the comparison group
received routine care

Quasi-experi-
ment

AsiaDementia care
centers

Lin et al [49],
2018
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

60-95Mild dementia: 10,
moderate dementia:
16, severe dementia:
9

M: 7, F: 28Participants in the exper-
imental group were ex-
posed to ambient light
at 2500 lux for at least
60 minutes per day
from 9 AM to 10 AM,
Monday through Fri-
day, over 8 weeks

Quasi-experi-
ment

AsiaNursing
homes, com-
munities

Liu et al [50],
2021

60-95 experimental
group: mean 83.9
(SD 7.1), compari-
son group: mean
80.2 (SD 7.2)

Mild dementia: 10,
moderate dementia:
16, severe dementia:
9

M: 7, F: 28Participants in the exper-
imental group were ex-
posed to ambient light
at 2500 lux for at least
60 minutes per day
from 9 AM to 10 AM,
Monday through Fri-
day, over 8 weeks

Quasi-experi-
ment

AsiaNursing
homes

Liu et al [51],
2022

Walking group:
mean 82.2 (SD 8.5),
light group: mean
80.6 years (SD 7.3),
NITE-AD group:
mean 80.0 (SD 8.2),
control group: mean
81.2 (SD 8.0)

MMSE scores: walk-
ing group=mean 19.2
(SD 7.7); light
group=mean 17.9 (SD
7.0), NITE-AD
group=mean 19.1 (SD
5.8), control
group=mean 18.7 (SD
6.9)

M: 59, F: 73Intervention 1: partici-
pants attempted to
reach the goal of walk-
ing for 30 minutes con-
tinuously per day; inter-
vention 2: participants
sat in front of a light
box (SunRay; The Sun-
Box Company) for 1
hour per day, timed to
be within 2-hour win-
dow before the partici-
pants’habitual bedtime;
intervention 3: combina-
tion treatment compris-
ing walking, light expo-
sure, and guided sleep

education (NITE-ADn)

Randomized
controlled trial

North
America

Personal
homes

McCurry et al
[52], 2011

Nursing home resi-
dents: mean 84.6
years (SD 6.50),
home-dwelling peo-
ple with dementia:
mean 82.6 (SD 6.84)

Nursing home resi-
dents (Clinical Demen-
tia Rating Scale): mild
dementia=9%, moder-
ate dementia=43.6%,
severe demen-
tia=47.4%; home-
dwelling people with
dementia (Clinical
Dementia Rating
Scale): mild demen-
tia=43.5%, moderate
dementia=47%, se-
vere dementia=5.2%

M: 67, F:
126

—Cross-section-
al study

EuropePersonal
homes, nurs-
ing homes

Olsen et al
[53], 2016

Mean 82.6 (SD 9.6)MMSE scores ranged
from 0 to 22; partici-
pants were classified
into 3 categories
based on the MMSE
scores: 7 (11.7%) had
mild dementia, 11
(18.3%) had moderate
dementia, 42 (70%)
had severe dementia

M: 17, F: 43Individuals were seated
approximately 27 inch-
es away from a bright
light that delivered
10,000 lux of light
(treatment arm) or a
low-level light that de-
livered 250 lux of light
(control) for 30 minutes
twice a day 5 times a
week for 8 weeks

Randomized
controlled trial

North
America

Long-term
care units

Onega et al
[54], 2016
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Mean 85.8 (SD 5.5)Treatment group,
placebo: MMSE
score=mean 14.3 (SD
7.0); treatment group,
light: MMSE
score=mean 14.5 (SD
6.2); treatment group,
melatonin: MMSE
score=mean 15.3 (SD
5.3); treatment group,
light+melatonin:
MMSE score=mean
14.7 (SD 6.8)

M: 19, F:
170

Random assignment by
facility to long-term
daily treatment with
whole-day bright (ap-
proximately 1000 lux)
or dim (approximately
300 lux) light and by
participant to evening
melatonin (2.5 mg) or
placebo for a mean of
15 (SD 12) months
(maximum period of
3.5 years)

Randomized
controlled trial

EuropeGroup care fa-
cilities

Riemersma-
van der Lek et
al [55], 2008

NRNR5Naturalistic light sys-
tems that replicated the
spectrum distribution of
natural light from dusk
to dawn

Pretest-
posttest study

EuropeNursing
homes

Saidane et al
[56], 2023

Mean 79Mild to moderate cog-
nitive impairment: 21
(31.8%), severe cogni-
tive impairment: 31
(47%), very severe
cognitive impairment:
14 (21.2%)

M: 35, F: 31The study used a clus-
ter-unit crossover exper-
imental design to evalu-
ate 4 ambient lighting
conditions: morning (7-
11)=high-intensity
light, evening (4-
8)=high-intensity light,
all day (7 AM-8
PM)=high-intensity
light, and industry mini-
mum standard lighting

Quasi-experi-
ment

North
America

Long-term
care units

Sloane et al
[57], 2007

Range 71-80; experi-
mental group: mean
75.06 (2.82), control
group: mean 75.31
(SD 3.07)

NRM: 16, F: 16In the experimental
group, a walking pro-
gram with white noise
was applied 3 times a
week for 4 weeks;
white noise was provid-
ed by a white noise
generator, with volume
maintained at 40 to 50
dB; in the control
group, only the walking
program was applied

Quasi-experi-
ment

AsiaCenter for de-
mentia

Son and Kwag
[58], 2020

Range 61-92Psychogeriatric As-
sessment Scale scores
of ≥10

M: 14, F: 7—Case report or
series

OceaniaNursing
homes

Tartarini et al
[59], 2017

Mean 79.1 (SD 11)MMSE score: mean
12.1 (SD 9.2)

M: 5, F: 7From midwinter on, a
ceiling-mounted dynam-
ic lighting system was
installed in the common
room of a nursing home
and programmed to
produce high illumi-
nance with higher blue
light proportions during
the day and lower illu-
minance without blue
light in the evening

Pretest-
posttest study

EuropeNursing
homes

Wahnschaffe
et al [60],
2017
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Participant age (y)Participant cognitive
status

Sample sizeIntervention (if any)Study designRegionResidential
settings

Study, year

Mean 83.8 years
(SD 8.8)

ICD-10o criteria:
Alzheimer disease=9,
vascular dementia=2,
frontotemporal demen-
tia=1, Korsakoff syn-
drome=1, and demen-
tia subtypes (which
were not further speci-
fied)=7

M: 1, F: 19—Case report or
series

EuropeNursing
homes

Wahnschaffe
et al [61],
2017

aNot applicable.
bM: male.
cF: female.
dMMSE: Mini–Mental State Examination.
eMDS-COGS: Minimum Data Set Cognition Scale.
fS-MMSE: Standardized Mini–Mental State Examination.
gCPS: Cognitive Performance Scale.
hBIMS: Brief Interview for Mental Status.
iADRD: Alzheimer disease and related dementias.
jGDS: Global Deterioration Scale.
kBCRS: Brief Cognitive Rating Scale.
lMMSE-KC: Korean version of the MMSE developed as part of the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease
assessment packet.
mNR: not reported.
nNITE-AD: Nighttime Insomnia Treatment and Education in Alzheimer’s Disease.
oICD-10: International Classification of Diseases, Tenth Revision.

The following sections synthesize the findings of the included
studies, categorized by the indoor environmental quality factor
or factors examined (Table 2).
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Table 2. Summary of environmental conditions and behavioral and psychological symptoms of dementia (BPSD) outcomes examined, the subjective
and objective methods of assessment, and the main results for all included studies.

Main resultsObjective
BPSD assess-
ment (if any)

Subjective
BPSD assess-
ment (if any)

Behavioral or psy-
chological out-
comes

Objective indoor
environmental
quality parameter
assessment (if any)

Subjective
indoor envi-
ronmental
quality pa-
rameter as-
sessment (if
any)

Environmen-
tal condition
or conditions
measured or
manipulated

Study, year

Brighter light, more variation in
sound levels, and a higher engag-

—aObservations
from video-
tapes

WanderingGossen Color-Pro
3F light meter
(Gossen Color-Pro
3F light meter, Bo-

Ambience
scale, pres-
ence or ab-
sence of peo-

Light level,
noise level,
temperature,
humidity, en-

Algase et
al [24],
2010 ing quality of the environment

were associated with wandering,
and a higher soothing quality ofgen Photo Corp),ple within 8vironmental
the environment was associatedQuest Technolo-feet of the

participant
ambience,
crowding with periods when wandering did

not occur
gies Sound Level
Meter Model 2400,
and RadioShack
Thermometer with
Indoor Humidity
Gauge 63-1013

Temperature, atmospheric pres-
sure, and time showed strong

Shimmer3
sensor for

NPI-Qb,

CMAI-Cc,

PSQId

Agitation, depres-
sion, sleep, quality
of life, overall lev-
el of BPSD

Off-the-shelf sen-
sors

—Light level,
noise level,
temperature,
humidity, at-
mospheric
pressure

Bankole et
al [25],
2020 correlations with agitation, which

was self-reported by the primary
caregivers

people with
dementia
and Pebble
sensor for
caregivers in
phase 1; Peb-
ble for both
people with
dementia
and care-
givers in
phase 2

No therapeutic conditions im-
proved agitation in comparison
to standard lighting

—CMAIe, ob-
servational
agitation us-

Agitation——Light levelBarrick et
al [26],
2010

ing the pres-
ence or ab-
sence of 8
agitated be-
haviors

BPSD prevalence reduced after
plain environmental rearrange-

—Number and
duration of

Agitation, wander-
ing, screaming,
episodes of BPSD

——Light level,
skylike ceil-
ing tiles,
soothing

Bautrant et
al [27],
2019 ments aimed at improving spatial

and temporal orientation were
put in place

disruptive
BPSD
episodes
were system-

streaming
music, walls

atically col-
lected

painted in
light beige,
oversized
clocks in
corridors

The Assisted Living Environmen-
tal Quality Score was positively

—NPIgQuality of life,
overall level of
BPSD, fall risk

—TESS-

NH/RCf
Light levelBicket et al

[28], 2010
associated with the Alzheimer’s
Disease–Related Quality of Life
score (P=.01), while it was
strongly negatively associated
with NPI total score (P<.001)
and negatively correlated with
fall risk (P=.04)
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Environmen-
tal condition
or conditions
measured or
manipulated

Study, year

Dawn-dusk simulator exposure
led to significantly better mood
in the morning hours (P=.002),
while it did not significantly in-
fluence circadian parameters and
sleep parameters (P>.05)

Wrist actime-
try (Motion-
Watch 8;
CamNtech)

CMAI,

VASh
Agitation, mood,
circadian rhythm
(rest-activity pat-
tern), activities of
daily living, quali-
ty of life, alertness,
verbal interaction,
well-being, cheer-
fulness, memory,
disturbing behavior

——Light levelBromundt
et al [29],
2019

Results suggested that the bright
light intervention had a limited
effect in reducing agitation, but
it improved sleep in older adults
with dementia

Actiwatch
(supplied by
CamNtech)

CMAI, CS-

DDi,

MOUSEPADj,

CRBRSk,
sleep charts

Agitation, depres-
sion, sleep

——Light levelBurns et al
[30], 2009

Attention and engagement were
the best when light level was
moderate; engagement was the
best when there was a moderate
level of noise; attention to the
engagement stimulus was signif-
icantly higher when there were
4 to 9 people in proximity in
comparison to more or fewer
people (P<.01)

—Observation-
al measure-
ment of en-
gagement

Engagement—Environment
portion of

ABMIl

Light level,
noise level,
number of
persons in
proximity

Cohen-
Mansfield
et al [31]
2010

Lighting and background noise
did not affect agitation signifi-
cantly, which may be due to little
variation in these variables and
their reliance on subjective per-
ception scales

—ABMI,
CMAI

Agitation—Environment
portion of
ABMI

Light level,
noise level,
number of
persons in
proximity

Cohen-
Mansfield
et al [32],
2011

Pleasure was most likely to occur
in environments with moderate
noise levels

—Lawton
Modified
Behavior
Stream

Pleasure—Environment
portion of
ABMI

Light level,
noise level,
number of
persons in
proximity

Cohen-
Mansfield
et al [33],
2012

Background noise and time of
day significantly affected out-
come variables after controlling
for participants’ cognitive func-
tioning and group topic; back-
ground noise was related with
decreased engagement and in-
creased sleepiness; there was lit-
tle variation concerning tempera-
ture and light

—GOMElMood, engage-
ment, sleepiness

—Reported by
therapeutic
recreation
staff

Light level,
noise level,
temperature,
location,
time of day,
total group
size

Cohen-
Mansfield
[34], 2020

Bright light therapy was found
not to clinically affect neuropsy-
chiatric behaviors

—NPI-NHnAgitation, depres-
sion, overall level
of BPSD, appetite
or eating disorders,
aberrant motor be-
havior, dysphoria

Cal LIGHT 400
calibrated preci-
sion light meter for
monitoring light
levels in gaze direc-
tion for each partic-
ipant

—Light levelDowling et
al [35],
2007
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300 to 400 lux of a bluish-white
light significantly improved sleep
efficiency, total sleep time, and
global PSQI scores (P<.05) and
decreased depression (CSDD)
and agitation (CMAI) scores
(P<.05)

DaysimeterCMAI, CS-
DD, PSQI

Agitation, depres-
sion, circadian
rhythm (rest-activi-
ty pattern), activi-
ties of daily living,
sleep

Daysimeter worn
on the wrist to esti-
mate light expo-
sure of each partic-
ipant

—Light levelFigueiro et
al [36],
2014

The experimental group had sig-
nificantly improved PSQI scores
compared to the control group
(P<.001); regarding secondary
outcomes, the experimental
group had significantly greater
improvements in depression and
agitation compared to the control
group (P<.05)

Actiwatch 2
(Philips
Respironics)

CMAI, CS-
DD, PSQI

Agitation, depres-
sion, circadian
rhythm (rest-activi-
ty pattern), sleep,
quality of life

Daysimeter as a
pendant to estimate
light exposure of
each participant

—Light levelFigueiro et
al [37],
2019

Long-term daily light exposure
showed a positive correlation
with reduced PSQI scores with
increasing efficacy as the study
went on; there were significant
improvements in depression
starting at around week 3; agita-
tion also improved around week
9

Actiwatch 2
(Philips
Respironics)

CMAI, CS-
DD, PSQI

Agitation, depres-
sion, mood, sleep

Daysimeter as a
pendant to estimate
light exposure of
each participant

—Light levelFigueiro et
al [38],
2020

Under the active condition, both
objective and subjective sleep
improved significantly (P=.02)

Actiwatch 2
(Philips
Respironics)

CSDD,

PSQI, SDIo
Depression, circadi-
an rhythm (rest-ac-
tivity pattern),
sleep

——Light levelFigueiro et
al [39],
2023

High temperature in the bedroom
was associated with lower quality
of life, high noise levels in the
living room were associated with
low social interactions, and low
lighting levels in the bedroom
were associated with more severe
negative affective mood

—QUALIDp,
NPI-NH,

PAIN-ADq

Affect, mood, pain,
quality of life

DT-8820 environ-
ment meter (Shen-
zhen Everbest Ma-
chinery Industry
Co Ltd) in each
participant’s bed-
room and in the
dining room and
living room of
each nursing home

—Light level,
noise level,
temperature

Garre-Ol-
mo et al
[40], 2012

The treatment had different ef-
fects on men and women; study
results did not support the use of
ambient bright light therapy as a
treatment for depressive symp-
toms in persons with dementia;
however, a subpopulation of
persons with dementia may ben-
efit from this intervention

—CSDDDepression——Light levelHickman et
al [41],
2007

There was discrepancy in the
subjective and objective sleep
measures; actigraphically mea-
sured sleep outcomes showed no
statistically significant differ-
ences between patients in the in-
tervention and control groups;
however, better sleep was report-
ed using the SDI in the interven-
tion group

Actiwatch 2
(Philips
Respironics)

NPI-NHMood, circadian
rhythm (rest-activi-
ty pattern), activi-
ties of daily living,
cognition, sleep,
overall level of
BPSD

——Light levelHjetland et
al [42],
2021
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Among the 6 characteristics of
environmental stimulation, stim-
ulation clarity and stimulation
strength were the only 2 signifi-
cant factors affecting apathy
scores; ambience, crowding, staff
familiarity, light, and sounds did
not show significant effects on
apathy

—PEAR-Apa-
thy subscale

ApathyGossen Color-Pro
3F light meter (Bo-
gen Photo Corp)
and the Quest
Technologies
Sound Level Meter

PEARr-Envi-
ronment sub-
scale

Light level,
noise level,
environmen-
tal ambi-
ence, crowd-
ing, staff fa-
miliarity, en-
vironmental
stimulation

Jao et al
[43], 2015

After controlling for potential
confounding variables of mental
status, hearing impairment, and
visual impairment, sound was
found to contribute to agitation

—Wisconsin
Agitation In-
ventory

AgitationSoundPro DL 2
(Quest Technolo-
gies) sound level
meter

—Noise level,
number of
persons in
proximity,
spatial envi-
ronment

Joosse
[44], 2011

The study findings suggest that
morning blue-enriched light
therapy has a benefit in improv-
ing sleep and cognitive function
in patients with Alzheimer dis-
ease

Actiwatch 2
(Philips
Respironics)

KNPI-Qs,

CSDD-Kt,
PSQI, VAS-

GVu, VAS-

GAv

Depression, sleep,
overall level of
BPSD

——Light levelKim et al
[45], 2021

Compared to the control group,
the intervention group had a
larger reduction on the composite
scores of both the CSDD and the
NPI-NH, as well as on the NPI-
NH Affect subsyndrome and the
CSDD mood-related signs sub-
scale at follow-up after 16 weeks

—CSDD, NPI-
NH

Agitation, affect,
anxiety, delusion,
depression, halluci-
nation, mood, circa-
dian rhythm (rest-
activity pattern),
sleep, overall level
of BPSD

——Light levelKolberg et
al [46],
2021

Participants in the daylight inter-
vention experienced an average
decrease over the trial in the NPI-
NH and CSDD scores, while the
control participants showed aver-
age but nonsignificant increases
in both NPI-NH and CSDD
scores; difference in outcome
changes of the intervention group
achieved statistical significance
for the CSDD but not for the
NPI-NH

—CSDD, NPI-
NH

Depression, overall
level of BPSD

Digital charge-
coupled device
spectrometer

—Light levelKonis et al
[47], 2018

Residents who stayed in the tradi-
tional, large-scale unit showed
significantly worse decline in ir-
ritable behaviors compared to
those who stayed in the small-
scale, home-like unit across time;
the small-scale, home-like unit
had significantly better ratings in
stimulation (lighting, visual and
tactile stimulation, and noise) as
well as personalization according
to the TESS-NH

—MOSESxMood, social en-
gagement

—TESS-NHwNumber of
persons in
proximity,
spatial envi-
ronment, so-
cial environ-
ment, crowd-
ing, light
level

Lee et al
[48], 2016
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The research results showed that
agitated behaviors decreased
significantly in the experimental
group; in the comparison group,
agitated behaviors decreased in-
significantly

—CMAIAgitationTES-1350A sound
level meter

—Noise levelLin et al
[49], 2018

The NPI scores, which were de-
rived using generalized estimat-
ing equation with medication
(benzodiazepines) as a covariate,
were significantly reduced by the
fifth and ninth weeks; a lower
NPI score indicates less severe
BPSD

Accelerome-
ter (XA-5)

NPIOverall level of
BPSD

——Light levelLiu et al
[50], 2021

The experimental group showed
significantly improved sleep effi-
ciency, sleep duration, and
awakening time from baseline to
the fifth and ninth week, which
was higher than the improvement
in the comparison group; the
number of nighttime awakenings
decreased in the experimental
and comparison groups; for circa-
dian rhythm, the experimental
group showed significant im-
provement in sleep onset and
sleep offset, which were higher
than the improvements in the
comparison group

Accelerome-
ter (XA-5)

Sleep chartsCircadian rhythm
(rest-activity pat-
tern), sleep

——Light levelLiu et al
[51], 2022

This study found that exposure
to light or increase in walking
can have a benefit regarding
nighttime sleep; this type of
treatment is implementable by
caregivers to increase the well-
being of those in long-term care
facilities; patients who adhered
to treatment best saw the best re-
sults

Micro Mini
Motionlog-
ger actigraph
(Ambulatory
Monitoring,
Inc)

SDISleep——Light levelMcCurry et
al [52],
2011

People living with dementia in
nursing homes had lower quality
of life in comparison to those at
home, while nursing homes were
associated with lower light level;
however, in a regression model,
residency was the only signifi-
cant predictor for predicting
quality of life in people with
moderate dementia after control-
ling for confounders, including
exposure to light level

ActiSleep+
(ActiGraph)

—Sleep, quality of
life, social contact,
activity

ActiSleep+ (Acti-
Graph)

—Light levelOlsen et al
[53], 2016
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Those who were exposed to
bright light over a 2-week period
showed a significant improve-
ment in terms of the levels of
depression and agitation com-
pared to those who experienced
the placebo bright light exposure

—CMAI,

PASy,

BARSz, CS-
DD,

DSAOAaa,

DMAS-17ab

Agitation, depres-
sion

——Light levelOnega et al
[54], 2016

Light was shown to help reduce
depressive symptoms among the
participants by 1.5 points on the
CSDD; light in combination with
melatonin attenuated aggressive
behaviors by 3.9 points on the
CMAI and increased sleep effi-
ciency by 3.5%

Actiwatch
(supplied by
CamNtech)

NPI,
MOSES, CS-
DD, PG-

CARSac,

PGCMSad,
CMAI

Agitation, affect,
depression, mood,
MOSES, overall
level of BPSD,
standardized scales
for cognitive and
noncognitive
symptoms, limita-
tions of activities
of daily living, and
adverse effects as-
sessed every 6
months

——Light levelRiemers-
ma-van der
Lek et al
[55], 2008

Overall, the frequency of agita-
tion-associated behaviors was
reduced by 71.2% after the inter-
vention

—CMAI-in-
spired score

Agitation——Light levelSaidane et
al [56],
2023

Those exposed to morning and
all-day light showed a significant
increase in nighttime sleep dura-
tion; circadian rhythm showed
significant acrophase shifting;
effects on daytime sleepiness
were inconsistent

—Sleep chartsCircadian rhythm
(rest-activity pat-
tern), sleep

——Light level,
social envi-
ronment

Sloane et al
[57], 2007

White noise during walking was
shown to positively decrease the
state anxiety and fear of falling
in walking among older adults
with mild dementia

—State-Trait
Anxiety In-
ventory–Ko-
rean Version

Anxiety, fear of
falling, walking
time

——Noise level,
distracted
environment

Son and
Kwag [58],
2020

The CMAI scores increased
when residents were exposed to
relatively cold or warm indoor
temperatures at a statistically
significant level; the level of agi-
tation was also significantly cor-
related to the duration of the in-
creased or decreased temperature

—CMAIAgitationiButton data log-
gers (Maxim Inte-
grated)

—TemperatureTartarini et
al [59],
2017

The comparison of CMAI sum-
scores between assessments be-
fore and during the intervention
yielded significant differences
with decreased agitated behavior
after installation of the dynamic
lighting system (P<.05) but not
for rest-activity patterns

Actiwatch
(supplied by
CamNtech)

CMAIAgitation, circadi-
an rhythm (rest-ac-
tivity pattern)

Spectroradiometer
(Specbos 1201;
JETI GmbH)

—Light levelWahn-
schaffe et
al [60],
2017
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Nocturnal rest, which was prox-
ied by average activity level dur-
ing five least active hours, was
significantly predicted by cloud
amount and day length in the
highest number of participants
(11 out of 20) among all exam-
ined rest-activity-related vari-
ables, which included interdaily
stability, intradaily variability,
and relative amplitude

Actiwatch
(supplied by
CamNtech)

—Circadian rhythm
(rest-activity pat-
tern)

Local weather data—Light level,
social envi-
ronment

Wahn-
schaffe et
al [61],
2017

aNot applicable.
bNPI-Q: Neuropsychiatric Inventory Questionnaire.
cCMAI-C: Cohen-Mansfield Agitation Inventory–Community form.
dPSQI: Pittsburgh Sleep Quality Index.
eCMAI: Cohen-Mansfield Agitation Inventory.
fTESS-NH/RC: Therapeutic Environment Screening Survey for Nursing Homes and Residential Care.
gNPI: Neuropsychiatric Inventory.
hVAS: visual analog scale.
iCSDD: Cornell Scale for Depression in Dementia.
jMOUSEPAD: Manchester and Oxford Universities Scale for the Psychopathological Assessment of Dementia.
kCRBRS: Crichton Royal Behavior Rating Scale.
lABMI: Agitation Behavior Mapping Instrument.
mGOME: Group Observational Measurement of Engagement.
nNPI-NH: Neuropsychiatric Inventory–Nursing Home version.
oSDI: Sleep Disorders Inventory.
pQUALID: Quality of Life in Late-Stage Dementia.
qPAIN-AD: Pain Assessment in Advanced Dementia.
rPEAR: Person-Environment Apathy Rating.
sKNPI-Q: Korean version of the Neuropsychiatric Inventory Questionnaire.
tCSDD-K: Korean version of the Cornell Scale for Depression in Dementia.
uVAS-GV: visual analog scale–global vigor.
vVAS-GA: visual analog scale–global affect.
wTESS-NH: Therapeutic Environment Screening Survey for Nursing Homes.
xMOSES: Multidimensional Observational Scale for Elderly Subjects.
yPAS: Pittsburgh Agitation Scale.
zBARS: Behavioral Activity Rating Scale.
aaDSAOA: Depressive Symptom Assessment for Older Adults.
abDMAS-17: Dementia Mood Assessment Scale, 17 items.
acPGCARS: Philadelphia Geriatric Center Affect Rating Scale.
adPGCMS: Philadelphia Geriatric Center Morale Scale.

Light

Overview
Of the 38 included papers, 34 (89%) examined light as a factor
associated with BPSD. Of these 34 studies, 20 (59%) were
conducted in North America [24-26,28,31-39,41,43,
47,48,52,54,57], 3 (9%) in Asia [45,50,51], and 11 (32%) in
Europe [27,29,30,40,42,46,53,55,56,60,61]. Of the 34 studies,
31 (91%) were conducted in long-term care settings, 2 (6%)

were conducted in the participants’ personal residence [25,52],
and 1 (3%) was conducted in both the personal residence and
the long-term care setting [53]. The median sample size was 63
(IQR 20-122; range 5-326) participants, and the participants’
average age ranged from 73 to 87 years. Light was measured
using a variety of light meters or subjective perception scales
such as the Therapeutic Environment Screening Survey for
Nursing Homes [62] and the environment portion of the
Agitation Behavior Mapping Instrument (ABMI) [63].
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Agitation
Of the 34 studies, 16 (47%) examined the effect of light on
agitation either as a syndrome or related to individual agitated
behaviors such as wandering or screaming
[24-27,29,30,32,35-38,46,54-56,60]. Of these 16 studies, 14
(88%) examined the effect of changing light exposure in RCTs
(n=6, 43%) [30,35,37,46,54,55] or quasi-experimental study
designs (n=8, 57%) [26,27,29,32,36,38,56,60], while 2 (12%)
examined the effect of light on agitated behaviors in a purely
observational or natural history study [24,25]. Among the light
therapies studied were bright light therapy [30,35,46,54,55] and
outdoor environment simulations, such as dawn-dusk simulation
[29,56]. A wide range of light intensities was deployed in these
light therapies, ranging from 1000 lux [36] to 10,000 lux [54].
The duration and time of day of application of these light
therapies were heterogeneous as well; for example, in the study
by Onega et al [54], bright light therapies were applied twice a
day (once in the morning and once in the afternoon), while in
the study by Kolberg et al [46], light therapy was applied from
10 AM to 3 PM with varying light levels before and after this
interval. Due to the heterogeneity of the light therapies and
study designs, direct comparison across the studies was
infeasible. Among these 16 studies, in addition to the multiple
approaches to applying light therapy, there was also
heterogeneity in the way agitation was assessed. The
Cohen-Mansfield Agitation Inventory [64], which measures the
frequencies of 29 different agitated behaviors, was the scale
used most commonly to assess the level of agitation in people
living with dementia across weeks. Other scales used included
the Pittsburgh Agitation Scale [65] and the ABMI [63], both of
which are based on direct observations of the patient.

The 6 RCTs, which ranged in study duration from 8 weeks to
15 months, used bright light [30,35,37,46,54,55]. However, the
results from the RCTs were conflicting. The symptoms of
agitation or restlessness were reduced in 3 (50%) of the 6 RCTs
[37,54,55] but not in the remaining 3 (50%) [30,35,46]. The
lack of improvement in agitation after bright light exposure in
these studies [30,35,46] could be due to measurement errors in
the subjective assessment of either light level or level of
agitation or because of changes in medications not being tracked,
as suggested by the authors.

The additional 10 light studies included 8 (80%)
quasi-experimental studies [26,27,29,32,36,38,56,60] and 2
(20%) observational studies [24,25]. Of the 8 quasi-experimental
studies, 5 (62%) reported that light therapy could reduce agitated
behaviors [27,36,38,56,60], while 3 (38%) showed no effect
[26,29,32]. Of these 3 studies, 1 (33%) did not yield significant
results in part due to a lack of variation in light level [32]. Of
the 2 observational studies, 1 (50%) showed that brighter light
was associated with wandering [24].

The study by Figueiro et al [38] showed that the effects of light
therapy on patients’ agitation varied depending on the
participants’ cognitive status. The study, which examined the
effect of long-term, all-day exposure to circadian-effective light
on the sleep, mood, and behavior in persons with dementia,
revealed that the lighting intervention was more effective for

people with severe dementia than for those with mild or
moderate dementia in reducing agitation [38].

Disturbed Sleep and Circadian Rhythm
Of the 17 studies examining the relationship between light and
sleep or circadian rhythm [25,29,30,34,36-39,42,45,46,
51-53,57,60,61], 5 (29%) were RCTs [30,37,42,46,52], 5 (29%)
were quasi-experimental studies [29,39,45,51,57], 3 (18%) were
pretest-posttest studies [36,38,60], 2 (12%) were cross-sectional
studies [34,53], and 2 (12%) were case series studies [25,61].
All studies that administered light therapy led to better sleep
outcomes such as higher sleep efficiency [36], longer nighttime
sleep duration [57], fewer awakenings [51], higher circadian
rhythm stability [51], or lower Pittsburgh Sleep Quality Index
scores indicating better sleep quality [37].

There can be discrepancies between self-reported sleep quality
and objectively measured sleep quality. In the study by Hjetland
et al [42], ambient bright light treatment was administered to
nursing home patients with dementia in a placebo-controlled
RCT. While better sleep was reported using the Sleep Disorders
Inventory in the bright light therapy group than in the standard
lighting group at weeks 16 and 20, actigraphically measured
sleep outcomes showed no statistically significant differences
between the 2 groups.

Mood-Related Symptoms
Of the 13 studies involving lighting that addressed the
relationship between symptoms of depression in people living
with dementia and light in the environment
[25,30,35-39,41,45-47,54,55], 6 (46%) were RCTs
[30,35,37,46,54,55], 4 (31%) were quasi-experimental studies
[39,41,45,47], 2 (15%) were pretest-posttest studies [36,38],
and 1 (8%) was a case series [25]. A decrease in depressive
symptoms was reported in 9 (75%) of the 12 lighting
intervention studies [30,36-39,46,47,54,55]; for example, in the
RCT described in the study by Onega et al [54], those who were
exposed to bright light over a 2-week period showed a
significant improvement in depressive symptoms (P values
ranging from .001 to .017 for DSAOA, DMAS-17, and
Cohen-Mansfield Agitation Inventory [CSDD]) while those in
the placebo control group showed no improvements in their
depressive symptoms. In the quasi-experimental study by Konis
et al [47], the participants in a daylight intervention experienced
a decrease over the trial in the Cornell Scale for Depression in
Dementia (CSDD) score, while the control participants showed
a statistically nonsignificant increase in the CSDD score (a
higher CSDD score indicates more severe depression). In a
pretest-posttest experimental study by Figueiro et al [36], 300
to 400 lux of a blueish-white light was found to significantly
decrease depressive symptoms as measured by the CSDD. Some
of the studies (2/12, 17%) reported that the efficacy of a lighting
intervention is dependent on participants’ characteristics. In the
study by Hickman et al [41], analysis indicated a
sex-by-treatment interaction. Significant sex differences were
found in CSDD scores in response to evening light, all-day light,
and standard lighting. Male participants experienced
significantly more depressive symptoms under morning light
than under standard lighting (P=.007). By contrast, female
participants experienced fewer depressive symptoms under
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morning light than under standard lighting, although this result
was not statistically significant (P=.09).

Similarly, the study by Bromundt et al [29], in which a visual
analog scale was used to assess mood, indicated that the
improvement in mood from dawn-dusk simulation was
dependent on age. In the study, the younger subgroup
experienced a stronger positive effect from dawn-dusk
simulation on mood [29].

The study by Jao et al [43] examined the effect of light on
apathy. The study, which was a case series of people living with
dementia in nursing home or assisted living settings, assessed
apathy by rating 14 separate 20-minute videos on different days
per participant using the Person-Environment Apathy
Rating–Apathy subscale [66]. Ambient light (and sound)
measurements were collected during the 20-minute video
sessions. Light level was found to have had no significant effect
on apathy.

The RCT conducted by Kolberg et al [46] in nursing home
dementia units with 69 participants examined the effect of light
on anxiety and found that the group that received bright light
treatment as the intervention had a larger reduction on the
composite score of the Neuropsychiatric Inventory–Nursing
Home version Affect subsyndrome, which indicated better
improvement in depression and anxiety at follow-up after 16
weeks compared to the control group.

Noise

Overview
Of the 11 studies that examined the relationship between noise
and dementia-related behaviors, 5 (45%) were experimental
studies [31-33,49,58], 5 (45%) were cross-sectional
observational studies [24,25,34,40,44], and 1 (9%) was a case
study report [43]. Of these 11 studies, 8 (73%) were conducted
in North America [24,25,31-34,43,44], 2 (18%) in Asia [49,58],
and 1 (9%) in Europe [40]. Of the 11 studies, 10 (91%) were
conducted in long-term care settings, and 1 (9%) was conducted
in participants’ private home environments [25]. The median
sample size was 69 (IQR 38-193; range 10-193) participants,
and the participants’ average age ranged from 75 to 86 years.
Noise was measured using objective sound level meters in 10
(91%) of the 11 studies, while 1 (9%) study [32] used the
environment portion of the ABMI [67].

Agitation and Wandering
Of the 5 observational studies, 2 (40%) examined the
relationship between noise and agitation among participants
with dementia [25,44], and 1 (20%) of the 5 experimental studies
aimed to decrease agitation using a white noise intervention
[49]. Noise level did not distinguish between episodes of
agitation in 1 (50%) [25] of the 2 observational studies, although
the study was limited by sample size (10 participants) [25]. In
addition, the study by Bankole et al [25] was the only study to
examine environmental conditions in the private home setting,
which may be distinct from long-term care settings in terms of
the effects of noise on agitation. The observational study by
Joosse [44], which had 53 participants and used a sound level
meter to measure noise levels, found that a higher accumulation

of exposure to noise over a day was significantly predictive of
agitated behavior in residents with dementia in a long-term care
facility [44]. The study by Cohen-Mansfield et al [32] did not
find an association between noise and agitation in residents in
nursing homes. However, the study was limited by a lack of
objective measurement of sound. Finally, in the study by Lin
et al [49], an intervention providing daily ambient white noise
(55-70 dB) for 20 minutes in the afternoon over a 4-week period
significantly decreased the frequency of agitated behavior for
participants in the experimental group but not for those in the
control group, suggesting that the type of noise, rather than an
absence of noise, may be calming.

The observational study by Algase et al [24] examined the effect
of noise levels on wandering behavior. In the study of 122
nursing home residents, greater variation in ambient noise level
was associated with periods of wandering. There was a
significant increase in the risk of wandering (odds ratio 1.09)
per SD of variation in ambient noise level [24].

Mood-Related Symptoms
The effect of noise on symptoms related to aspects of mood
(apathy, affect, or anxiety) was considered in 7 studies that
examined associations with depression [25], apathy [31,43],
affect or mood [33,34,40], and anxiety [58]: 3 (43%)
quasi-experimental studies [31,33,58], 2 (29%) cross-sectional
studies [34,40], and 2 (29%) case series studies [25,43]. When
noise levels were moderate, rather than low or high, studies
found that participants were more highly engaged (ie, less
apathetic) [31,34,40] and exhibited greater pleasure or a more
positive attitude [33,34]. High levels of background noise in
particular were related to less engagement in 2 (67%) of the 3
studies that examined affect or mood [34,40] but were not
related to negative affect, leading the authors to conclude that
high background noise may cause participants to become less
attuned to their environment and bored or sleepy but not
uncomfortable or upset [40]. Another study provided evidence
of the need for stimulating sound: Jao et al [43] did not find an
association between apathy and overall noise level but did find
an association between apathy and a lack of clear, discernible
sound stimuli (ie, only chaotic background noise). Finally, signs
of anxiety in participants with dementia were decreased with
an intervention that applied white noise during a walking
program in the experimental group only [58].

Temperature or Humidity
Of the 5 studies that examined the relationship between
temperature or humidity and BPSD [24,25,34,40,59], 3 (60%)
were cross-sectional studies [24,34,40], and 2 (40%) were case
series [25,59]; furthermore, 3 (60%) were conducted in North
America [24,25,34], 1 (20%) in Europe [40], and 1 (20%) in
Oceania [59]. Of the 5 studies, 4 (80%) were conducted in
nursing homes or assisted living units [24,34,40,59], while 1
(20%) was conducted in participants’private home environments
[25]. The median sample size in these studies was 69 (IQR
21-122; range 10-160) participants. The participants’ mean age
ranged from 79.7 to 86.6 years.

The case series study by Tartarini et al [59] found that the level
of agitation of participants with dementia in a nursing home
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facility increased significantly when the indoor average
temperatures diverged from 22.6 °C. At the same time, the
duration of exposure to high temperature (>22.6 °C) and low
temperature (<22.6 °C) was linearly correlated with
Cohen-Mansfield Agitation Inventory scores. In the
cross-sectional studies by Algase et al [24] and Cohen-Mansfield
[34], the authors suggested that there was not enough variation
in the indoor temperature level or humidity level to identify a
relationship with participants’ behaviors.

Multiple Indoor Environmental Quality Parameters
A total of 8 studies [24,25,31-34,40,43] examined multiple
indoor environmental quality parameters (refer to Table 2 for
the combination of parameters examined in each study). Of
these 8 studies, 7 (88%) were conducted in North America
[24,25,31-34,43], and 1 (12%) was conducted in Europe [40];
furthermore, 3 (38%) were quasi-experimental studies [31-33],
3 (38%) were cross-sectional studies [24,34,40], and 2 (25%)
were case series [25,43]. While the indoor environmental quality
parameters—light level and noise level—were measured in the
quasi-experimental studies, they were not manipulated. The
intervention used in the quasi-experimental studies involved 9
categories of stimuli not related to the indoor environmental
quality parameters.

Of the 8 studies, 5 (62%) reported some associations between
indoor environmental quality parameters and BPSD. One of the
themes that these studies suggested was that both
overstimulation and understimulation from indoor environmental
quality parameters can worsen BPSD. Algase et al [24] reported
that brighter light and more variations in sound levels were
associated with wandering. The studies by Cohen-Mansfield et
al [31,33] that examined the effect of the physical environment
on pleasure, engagement, and mood had similar findings. It was
found that in nursing homes, pleasure was most likely to be
experienced by participants with dementia in environments with
moderate noise levels [33]. In addition, attention and
engagement duration in participants with dementia were higher
when light was normal in comparison to a dark room, and their
attention and attitude were significantly less positive when the
lighting in the room was bright than when the lighting was
normal [31]. In the same study, all indicators of engagement
significantly favored a moderate level of noise over no noise or
low noise levels, and engagement duration was significantly
longer for a moderate level of noise compared to high and very
high levels of noise.

The cross-sectional study by Garre-Olmo et al [40] measured
the physical environment in multiple spaces within the nursing
home and found that indoor environmental quality parameters
(light, temperature, and noise) in individual living spaces in the
nursing home were uniquely associated with participants’quality
of life, behaviors, and mood as measured with the Quality of
Life in Late-Stage Dementia Scale; for example, the authors
found that low lighting levels in the bedroom were associated
with signs of negative affect, high temperature in the bedroom
was associated with lower quality of life experienced by the
participants, and high noise levels in the living room were
associated with low levels of social interaction.

To examine the relationship between multiple environmental
factors and agitation in persons with cognitive decline in their
home environments, Bankole et al [25] installed environmental
sensors in people’s homes that provided continuous data over
a 30-day period; in addition, the participants with cognitive
decline wore actigraphy devices that provided objective
measures of their activity level continuously. Furthermore, 10
caregivers used smartwatches or tablets to report episodes of
agitation experienced by the people with cognitive decline in
real time, which enabled more direct analysis of the relationship
between the behaviors and contemporaneous environmental
conditions. Personalized neural networks were built for 6 dyads,
which predicted episodes of agitation with light level as a
predictor. These networks achieved F1-score values, which are
measures of predictive performance in binary classifications,
ranging from 86.12% to 97.07%. F1-score values can range
from 0% to 100%, with a higher F1-score indicating a better
predictive performance. Regarding temperature, the study [25]
found that temperature showed strong positive correlation with
Teager energy scores from actigraphy device data, which are
measures of the aggregate energy of movement [68] and were
associated with the agitation exhibited by the people living with
dementia.

Of the 8 studies, 3 (38%) failed to identify a link between
multiple domains of environmental conditions and BPSD. Jao
et al [43] studied the association between apathy in residents
with dementia in long-term care facilities and the characteristics
of care environments, which included light level, noise level,
environmental ambience, crowding, staff familiarity, and
environmental stimulation. The authors found that light and
sound levels did not show statistically significant effects on
apathy [43]. Cohen-Mansfield et al [32] found that lighting and
background noise were not associated with levels of agitation
in nursing home residents with dementia but that may be due
to small variations in these factors. Similarly, Cohen-Mansfield
[34] reported no association between noise and mood in people
with dementia attending recreational groups.

As seen in Table 2, of the 38 included studies, 6 (16%) relied
solely on self-report data for measuring the environment, 13
(34%) used only sensors, and 2 (5%) use both sensors and
self-report data, while the environment was not measured but
manipulated in 17 (45%) studies. For measurements of BPSD
in people living with dementia, of the 38 studies, 36 (95%) used
informant-report scales, such as the Neuropsychiatric Inventory
Questionnaire; less than half of these studies (n=16, 44%) also
used behavioral sensors such as actigraphy to provide objective
data.

Discussion

Overview
The definition of environment encompasses several major
elements: physical environment (eg, light level, noise level,
temperature, and humidity), social environment (eg, number of
people in proximity), and built environment (eg, furnishings).
The focus of this scoping review is on the effects of the indoor
environmental quality parameters pertaining to light, noise,
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temperature, and humidity on BPSD. Given the fact that most
older individuals, including people living with dementia, spend
most of their time indoors, better understanding of how these
physical indoor environmental quality parameters may affect
behavioral health is critical. Overall, this review outlines
preliminary evidence on the notable linkages between indoor
environmental quality parameters and BPSD. Further research
remains to be conducted in the field.

Principal Findings
The evidence base suggests that light during the day is helpful
in modulating circadian rhythm, as well as alleviating sleep
disturbance and mood-related disorders. Overall, overstimulation
and understimulation of environmental factors can lead to
challenging behaviors in people living with dementia; for
example, when the environment exhibits high levels or low
levels of noise, people living with dementia may exhibit more
challenging or disturbing behaviors [44,49]. Similarly,
challenging behaviors may be associated with the ambient
temperatures experienced by the people living with dementia
because there was more agitation observed when the
environment was either relatively too hot or too cold for the
person living with dementia [59]. Such findings are consistent
with the existing models that explain the causes of BPSD,
including the unmet needs model [69] and the progressively
lowered stress threshold model [70]. Ultimately, finding the
proper balance of environmental factors for providing the most
personal comfort and quality of life for people living with
dementia and caregivers may help to minimize the occurrences
of BPSD.

Future Directions of Research
Light is the most researched indoor environmental quality
parameter. Most studies on light therapy have shown that it
improves sleep and mood in people living with dementia.
However, the findings regarding its effect on agitation are
conflicting and warrant further research.

The evidence base generally suggests that when noise levels
exceed tolerable ranges, behavioral symptoms become more
frequent and severe. Studies indicate that both the time duration
of exposure to noise and the type of noise exposure could
contribute to behavioral symptoms. Future research should
explore these factors further.

Studies examining the effects of temperature or humidity on
BPSD are largely observational. There exists a need to better
understand how thermal comfort affects BPSD in people living
with dementia, especially because there are studies suggesting
that older adults may need a higher ambient temperature to
attain thermal comfort compared to younger adults [71,72].

Environmental factors were often evaluated using self-reported
data, which can be prone to biases. The lack of objective
measurement of the environment makes measuring and linking
the specific effects of the indoor environmental quality
parameters on the behaviors of people living with dementia
difficult. Of the 38 included studies, 30 (79%) focused on a
single environmental factor, measured over relatively short
periods of time, limiting the ability to examine more holistically
how the environment affects BPSD. To some degree, this

single-domain focus may reflect the complexity as well as the
cost of deploying multiple sensor types in multiple indoor
spaces. As technology advances, indoor environmental quality
parameter sensors are expected to become more affordable and
scalable.

Although most environmental exposure occurs indoors, studies
need to consider in parallel the outdoor environment in terms
of its effects on behavior, which is especially important for
studies conducted in personal residences because people also
spend time outdoors. Going forward, studies should adopt a
more holistic approach by deploying sensors to objectively and
longitudinally measure the total environment.

While environmental conditions can be objectively sensed and
measured, very often, BPSD of the people living with dementia
are either reported by the person affected by dementia or
observed and interpreted as occurring by an external observer
(usually a caregiver) present when the behavior occurs. In this
scoping review, 36 (95%) of the 38 included studies relied on
these self-reports or observer reports of BPSD. This type of
reporting may contain subjective bias. In addition, a variety of
scales have been used for assessing the occurrences of BPSD,
which differ in their content, structure, and timing of recall.
This likely adds to imprecision in comparing the results across
multiple studies. More research is needed to examine how
different scales for evaluating BPSD relate to each other and,
in turn, to multiple environmental conditions. At the same time,
whenever possible, the assessment of BPSD should be
corroborated with unobtrusive technology such as actigraphy,
which can provide objective data.

As evidenced by multiple studies in this review, the effect of
the environment on people living with dementia may be
dependent on age, sex, and cognitive state. In addition,
manifestations of BPSD may be unique for each person living
with dementia as well. Recent work by Iaboni et al [73] showed
that the features from wearable multimodal sensors varied in
their importance to their predictive models for agitation by both
individual and behavior type. Finding the optimal environment
for each person living with dementia will help support aging in
place, which will improve their quality of life and lower the
cost of health care. This may be best achieved by being able to
examine the environment and behavior at the individual level
with a goal of achieving person-centered assessments of
well-being in their environment. The use of continuous
multimodal sensing data and frequent self-report facilitates the
ability to evaluate and analyze data at the individual or “n-of-1”
level [73-75], supporting the principle that each individual is
unique. Care providers need to know the unique environments,
needs, and preferences of each person with dementia to provide
the best care and minimize troubling BPSD. Future research
should seek to build effective computational models that will
incorporate multiple continuous data streams, both
environmental and behavioral, that will predict the occurrences
of BPSD so that proactive intervention can be implemented
[25].

Implications for Clinical Practice and Policy
At a macro level, the findings of this review, although they are
rudimentary, can help inform the design of long-term care
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facilities and residential homes for people living with dementia.
Individual assessments of responses to environmental factors
can be conducted upon admission; for example, large windows
may be used in long-term care facilities to let in sunlight, and
this should be supplemented by a dawn-dusk simulation system
to address the excessive, or lack of, sunlight in different seasons
to modulate residents’ sleep and circadian rhythm. In addition,
the temperature in long-term care facilities and older adults’
homes should be kept at an optimal range that would maximize
the comfort of residents. Moreover, quiet flooring and
sound-absorbing panels may be used in the long-term care
facilities to reduce the noise level; as evidenced by the studies
in this review, overly stimulating or noisy environments can
increase BPSD. These measures may increase the cost of
building and sustaining these long-term care facilities because,
for example, maintaining a narrow temperature range can place
additional strain on heating, ventilation, and air-conditioning
systems in these facilities and may not be energy efficient.
However, if the long-term care facilities are more attuned to the
needs of people living with dementia, it may result in a decrease
in BPSD, improving the quality of life of the people living with
dementia and the caregivers as well. This would reduce staff
burnout and turnover, ultimately lowering health care costs.
Implementing such measures on a broad societal level requires
further cost-benefit analysis.

Limitations
This scoping review has limitations. One of the limitations is
that we included studies with heterogeneous designs (eg,
observational or experimental), which made the synthesis of
results difficult. However, 1 of the aims of this scoping review
was to provide an overview of the current state of knowledge
regarding the relationship between indoor environmental quality
parameters and BPSD. As such, heterogeneous studies were
included. Another limitation is that only articles published in
English were included. Moreover, only a subset of indoor

environmental factors (light level, noise level, temperature, and
humidity) were included in this review, while there are other
factors relating to BPSD as well, such as psychosocial and
biological influences [76]. Notably, this review did not include
indoor air quality, another environmental factor that increasingly
can be assessed objectively in situ. Air quality has been
associated with depression and anxiety in older adults based on
spatiotemporal models [77]. A recent study suggested that total
volatile organic compound level, among other indoor factors,
was significantly correlated with specific areas where behavioral
changes occurred in people with moderate to severe dementia
in a nursing home [78]. This review only provides evidence for
the relationship between a subset of the indoor environmental
quality parameters and BPSD, but the relationship likely is best
interpreted in a much larger context.

Conclusions
This review suggests that indoor environmental quality
parameters pertaining to light level, noise level, temperature,
and humidity may be associated with BPSD. An environment
that maximizes the comfort of people living with dementia may
decrease their BPSD. Most of the studies (34/38, 89%) in this
scoping review pertained to the environmental factor light level,
while relatively few studies (5/38, 13%-11/38, 29%) examined
the relationship between the remaining indoor environmental
quality parameters and BPSD. Among the included studies,
there were conflicting findings in the relationship between bright
light and agitation, which will need further research. A variety
of subjective scales were used to assess the environment and
BPSD, which makes synthesizing and comparing results across
studies difficult. Going forward, as computational methods and
objective sensing technology advance and become more
affordable, the behaviors of people living with dementia and
their environments should be measured holistically and
objectively so that future nonpharmacological intervention can
be evidence based.
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Abstract

Background: Mental disorders have ranked among the top 10 prevalent causes of burden on a global scale. Generative artificial
intelligence (GAI) has emerged as a promising and innovative technological advancement that has significant potential in the
field of mental health care. Nevertheless, there is a scarcity of research dedicated to examining and understanding the application
landscape of GAI within this domain.

Objective: This review aims to inform the current state of GAI knowledge and identify its key uses in the mental health domain
by consolidating relevant literature.

Methods: Records were searched within 8 reputable sources including Web of Science, PubMed, IEEE Xplore, medRxiv,
bioRxiv, Google Scholar, CNKI and Wanfang databases between 2013 and 2023. Our focus was on original, empirical research
with either English or Chinese publications that use GAI technologies to benefit mental health. For an exhaustive search, we also
checked the studies cited by relevant literature. Two reviewers were responsible for the data selection process, and all the extracted
data were synthesized and summarized for brief and in-depth analyses depending on the GAI approaches used (traditional retrieval
and rule-based techniques vs advanced GAI techniques).

Results: In this review of 144 articles, 44 (30.6%) met the inclusion criteria for detailed analysis. Six key uses of advanced GAI
emerged: mental disorder detection, counseling support, therapeutic application, clinical training, clinical decision-making support,
and goal-driven optimization. Advanced GAI systems have been mainly focused on therapeutic applications (n=19, 43%) and
counseling support (n=13, 30%), with clinical training being the least common. Most studies (n=28, 64%) focused broadly on
mental health, while specific conditions such as anxiety (n=1, 2%), bipolar disorder (n=2, 5%), eating disorders (n=1, 2%),
posttraumatic stress disorder (n=2, 5%), and schizophrenia (n=1, 2%) received limited attention. Despite prevalent use, the efficacy
of ChatGPT in the detection of mental disorders remains insufficient. In addition, 100 articles on traditional GAI approaches
were found, indicating diverse areas where advanced GAI could enhance mental health care.

Conclusions: This study provides a comprehensive overview of the use of GAI in mental health care, which serves as a valuable
guide for future research, practical applications, and policy development in this domain. While GAI demonstrates promise in
augmenting mental health care services, its inherent limitations emphasize its role as a supplementary tool rather than a replacement
for trained mental health providers. A conscientious and ethical integration of GAI techniques is necessary, ensuring a balanced
approach that maximizes benefits while mitigating potential challenges in mental health care practices.
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Introduction

Background
Mental disease is among the top 10 leading causes of global
burden [1]. One out of every 2 people worldwide will develop
at least 1 mental disease in their lifetime [2]. Depression and
anxiety disorders are among the most prevalent mental health
conditions, significantly impacting individuals’ quality of life.
It is estimated that approximately 280 million people worldwide
are living with depression, with another 301 million
experiencing anxiety [3]. These mental diseases can lead to
debilitating symptoms, impairing social functioning, and
affecting overall well-being [4,5]. People with depression or
anxiety are also at a high risk of suicide. More than 700,000
people take their lives every year, with >77% of global suicides
occurring in low- and middle-income countries [6].

Despite concerted efforts to address mental health problems,
several challenges persist. Limited access to mental health
services, especially in resource-limited countries, resulted in a
huge treatment gap in mental health care [7]. The lack of
sufficient trained mental health professionals further exacerbates
this problem, leading to long waiting times for consultations
and inadequate support [8]. In addition, stigma and
discrimination surrounding mental health continue to hinder
individuals from seeking the help they need. Many individuals
feel ashamed or worried about the potential consequences of
disclosing their mental health conditions, thus impeding early
intervention and treatment [7].

Artificial intelligence (AI) appears as a viable alternative for
facilitating accessibility, affordability, and anonymity in
psychiatric diagnosis and treatment due to its capability to mimic
human cognitive functions to learn and make decisions [9]. This
is particularly true in machine learning (ML), which constitutes
a crucial foundation for AI and focuses on the development of
algorithms to learn patterns from training data. ML models can
be broadly classified into 2 types: discriminative and generative
[10]. In AI systems, discriminative AI models refer to a subset
of AI techniques and models that focus on learning the mapping
from input data to output labels or categories [10,11]. This
approach aims to classify or predict outcomes based on input
features without necessarily understanding the underlying
relationships or causality in the data. Examples of discriminative
AI include image recognition systems and diagnostic systems
[11,12].

In prior research, 5 key domains have been identified using
discriminative models for bipolar disorder, which include
diagnosis, prognosis, treatment, data-driven research, and
clinical support [13]. While discriminative AI has been a crucial
component of the AI landscape over the past decade and has
reached a relatively advanced stage of development, the field
of generative AI (GAI), by contrast, remains in its nascent stage.

GAI is a type of ML technology that possesses the ability to
automatically generate fresh output data by using the provided
input data [10]. In fact, the concept of GAI is not a recent
innovation but rather a technology that can be traced back to as
early as 1966 with ELIZA, a chatbot designed to simulate
conversation with a therapist, serving as an early example [14].
However, it is only in recent years that the culmination of
extensive research and developments in AI and ML has resulted
in the emergence of advanced GAI systems. Unlike traditional
GAI, which primarily relies on pattern-matching or rule-based
techniques [15], advanced GAI has shown superior performance
in autonomously producing synthetic data, text, images, and
even videos that resemble real-world examples [10]. Although
such an emerging field presents a novel and exciting
technological advancement, limited research has attended to
inform the application landscape of GAI in mental health care.
This indicates an urgent need to expand our knowledge about
the state-of-the-art technologies and illuminate their possibilities
in clinical and public mental health improvement.

Objective
The objective of this scoping review is to synthesize available
literature describing the use of GAI for mental health to inform
the current state of knowledge in this area. The findings of this
review can be used to inform various stakeholders, including
researchers, clinicians, and support seekers, about the potential
uses and implications of GAI in the field of mental health. To
achieve this purpose, the review is divided into 2 sections aiming
to provide a more thorough overview of the GAI’s
implementation in mental health care. The first section offers
a brief review of research using traditional GAI approaches.
These approaches include rule-based or retrieval-based systems
that rely on predefined rules or logic statements to perform tasks
or generate responses. This contrasts with the discriminative
AI approach that involves training models on labeled data to
classify inputs into different categories or predict outcomes.
The second section presents an in-depth analysis of studies that
leveraged advanced GAI. The in-depth review is responsible
for the identification of key use cases for advanced GAI
alongside its benefits and challenges, while the brief review
informs additional areas in which advanced GAI could be
leveraged to facilitate the development of evidence-based
interventions that can improve mental health outcomes.

Methods

Overview
A scoping review, according to Tricco et al [16], is a methodical
strategy for “charting” or “mapping” a larger subject than a
systematic review usually tackles. This approach becomes
essential when addressing the broad problems posed by patients,
physicians, politicians, and other decision makers. Therefore,
to achieve the objective of this study, we conducted a scoping
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review following the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) [16].

Search Strategy
The search for relevant studies was conducted between January
1, 2013, and July 28, 2023. The chosen time range is critical
for including the latest findings and approaches, ensuring that
the research stays relevant and applicable in the evolving field
of GAI development [17]. This period also witnessed the
emergence of sophisticated GAI tools, which fundamentally
transformed approaches to mental health care, shifting from
text-based interactions to more engaging forms of mental health
support [17,18]. To cover both general and health care–specific
sources, we searched records within 3 reputable international
databases (ie, Web of Science, PubMed, and IEEE Xplore). In
addition, we expanded our search by including 2 Chinese
databases, CNKI, and Wanfang, to broaden the scope of our
investigation. By including these diverse data sources, we aimed
to capture a wide range of literature on GAI from both global
and Chinese perspectives.

Given the novelty of the advanced technology, 2 preprint servers
(eg, medRxiv and bioRxiv) were consulted from January to July
2023 to inform the scope of literature delineating the use of
GAI models for addressing mental health issues. This is a
common practice often used by many researchers to locate other
emerging applications not yet captured by peer-reviewed
literature [19-22]. In order to include additional studies related
to our topic, we also performed a structured search on Google
Scholar for the identification of uncovered records, including
gray literature, and checked the reference lists of the included
studies. The search query mainly consists of 2 components:
GAI and relevant terms (eg, GAI OR generative model OR
ChatGPT) and mental health and related terms (eg, mental
health OR depression OR anxiety OR bipolar disorder). The
search strategies used varied depending on the characteristics
of the selected databases for the search inquiry, which are
provided in Multimedia Appendix 1.

This review considers only original research for inclusion.
Studies were included if they were empirical, leveraged
AI-based technologies to generate new outputs for mental health
enhancement, and were published in English or Chinese
language. However, articles presented in the form of opinions
or reports or not relevant to the production of new content were
excluded to ensure the relevance and accuracy of the review.

This scoping review categorizes the GAI into advanced GAI
and traditional GAI approaches. Advanced GAI features
state-of-the-art AI technology for creating new content, images,
audio, video, or codes with tools such as ChatGPT, MidJourney,
New Bing, and Dall-E2. These models often require huge
computing power including a significant amount of memory,
while traditional models mainly rely on predefined rules or
retrieval-based algorithms with patterns created by developers
on the basis of anticipated user queries [15]. Traditional GAI
approaches often have limited flexibility and can only provide
responses that have been explicitly programmed into their

system [23]. This differentiation was deemed essential due to
the extensive volume of literature that was identified during the
scoping review process. More details of the categorization of
traditional and advanced GAI modeling approaches are listed
in Multimedia Appendix 2.

Data Screening and Extraction
All collected records were first imported into EndNote Software
(version 20; Clarivate), a literature management software for
data screening and storage. Duplicate records were removed,
and the remaining articles were screened for relevance based
on the information provided in titles and abstracts by one
reviewer. This was followed by the other reviewer performing
the second stage of screening, which evaluates the full text of
articles based on the inclusion and exclusion criteria. Regular
scrutiny was held during the screening process to deliberate and
address any ambiguities or disagreements and achieve a
consensus among both reviewers [24]. A continual reassessment
of the understanding of the screening criteria was undertaken.
In instances where questions arise, efforts were made to retrace
our steps and ascertain the accurate and consistent application
of the criteria to guarantee that the screening process maintained
a uniform and unbiased standard.

After that, pertinent data were extracted, and a thorough analysis
of the application of advanced GAI models for mental health
care was carried out. The first author methodically gathered
these data, which contain details about the mental health issues
addressed, the targeted population, the application setting, the
use case, the results, the study phase, the data source, the type
of approach, the delivery mechanism, and so on. The extracted
data were then synthesized through a narrative method. Our
goal was to categorize the GAI studies based on the extracted
data. For this purpose, we modified various taxonomies found
in existing literature [18,25]. We compiled the characteristics
of the studies into a table and provided a narrative description.
Following this, we presented an overview of the features in the
studies included. The PRISMA checklist was provided in
Multimedia Appendix 3 to show the completeness and
transparency of the review’s reporting [16].

Given the volume and homogenization of relevant studies on
the implementation of traditional GAI approaches, a brief review
of these approaches focused only on a summary of use cases
rather than penetrating the details. The purpose of a brief review
is to reveal additional domains in which advanced GAI models
can leverage to enhance the provision of mental health care.

Results

Overview
The structured search on databases identified 1577 unique
records, of which 1323 (83.89%) were peer reviewed and 254
(16.11%) were preprints. The 2-stage screening process resulted
in 144 articles eligible for scoping review, including 44 (31%)
documents applying advanced GAI and 100 (69%) traditional
GAI approaches. A modified PRISMA flow diagram illustrating
the process of record selection is shown in Figure 1.
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Figure 1. Modified PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of document selection. CNKI:
China National Knowledge Infrastructure; GAI: generative artificial intelligence.

Limited Review of Traditional GAI Models for Mental
Health
Of the 100 included records that reported the use of traditional
generative approaches, 97 (97%) were derived from
English-language literature, while only 3 (3%) were sourced
from Chinese-language literature (Multimedia Appendix 4
[3,6,12,14,17-19,21,26-53]). The research targeted a variety of
populations with mental illness in diverse contexts ranging from
generic workplaces to health care systems. Traditional GAI
approaches in mental health care have mainly emphasized 2

capabilities: music synthesis and the generation of humanlike
conversation to support mental health–related tasks. Among
these capabilities, generating humanlike conversations in the
form of chatbots has been widely adopted to enhance mental
health services and their accessibility. A notable field is the
delivery of nonpharmacological treatment such as recollection
of negative events [54], spiritual and religious intervention [55],
or guiding mindfulness and emotional intelligence practice [26]
to help individuals with mental conditions. Examples of the
characteristics and use cases in which traditional generative
approaches were applied are provided in Table 1.

Table 1. Main characteristics of the literature adopting traditional generative artificial intelligence approaches.

ExampleCharacteristic

Perinatal depression [27]; postpartum mental health [28]; examination stress [29]; foreign language
anxiety [56]; eating disorder [57]; autism and achluophobia [30]; suicide risk [58]; substance abuse
[31]; post-traumatic stress disorder [32]; bipolar affective disorder [59]

Mental health problems addressed

Students [33]; adults [60]; aging adults [54]; return-to-work workers [61]; soldiers [62]; employees
[34]; pregnant women [27]; postpartum populations [28]; patients with cardiovascular disease [59]

Targeted population

Workplace [61]; military [62]; school [35]; health care system [63]Application context

Application capabilities

Music production for emotion expression [64]Music synthesis

Generation of humanlike conversation to support tasks

Connecting help seekers to mental health professionals [65]; promoting deep self-disclosure of help
seekers for mental health professionals [36]

Assistance in clinical practice

mental health condition evaluation [66]; tracking emotion disorder [67]; mental disorder prevention
[68]

Screening, monitoring & prevention
of symptoms

Coping strategies [37]; customized individual suggestions [38]; resource (eg, study tips) for stress relief
[69]; psychoeducation on body image and eating disorders [39]

Self-care suggestions, resource &
psychoeducation

Recollection of negative events [54]; companionship support [40]; mindfulness and emotional intelli-
gence practice [26]; cognitive behavioral therapy delivery [35]; behavioral activation therapy delivery
[14]; religious intervention [55]; promotion of positive psychology [41]; emotional support [70]

Nonpharmacological intervention

Stress management [42]; depressive disorder management [71]Management of symptoms
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In-Depth Review: Research Trend of Leveraging
Advanced GAI Models for Mental Health
Of the 44 included articles in an in-depth review, 36 (82%)
studies were in English, while the remaining 8 (18%) were
Chinese-language literature. Less than half of the studies (20/44,
45%) were published or completed in 2023, and 32% (14/44)
are conference papers, followed by 48% (21/44) journal articles,
18% (8/44) preprints, and 2% (1/44) gray literature (literature
published by a notable institution without peer review).

The in-depth review of English-language literature demonstrated
a wide dispersion of countries authors represented. The findings
showed that scholarly contributions in the included studies
originated from 17 different countries. Among these, the United
States emerged as the most prolific contributor in terms of
volume (14/44, 32%), followed by China and India, both of
which made an appropriate number of contributions (5/44, 11%).
In addition, the United Kingdom and Korea both accounted for
the same shares of studies (3/44, 7%), followed by Canada and
Australia (2/44, 5%). Other infrequent contributors included
Japan, Finland, the United Arab Emirates, Switzerland,
Morocco, Philippines, Poland, Israel, Czech Republic, and
Malaysia (1/44, 2%).

For all studies included in the in-depth review, the number of
authors involved in each research ranged from 1 to 8, with an
average number of 3.75 (SD 1.66). Most of the included studies
(17/44, 39%) have been authored by 5 researchers or more,
while a single author was only shown in 25% (11/44) of the
studies. Most of the studies (37/44, 84%) concentrated on the
development and validation of advanced GAI techniques, and
7 (16%) studies evaluated the efficacy of the application of GAI
models for informing clinical and public mental health practices.

Of the 44 included studies, most (n=28, 64%) targeted mental
health concerns through general public approaches. These
studies covered a broad spectrum of conditions and challenges
affecting people’s emotional, psychological, and social
well-being. This is followed by specific conditions such as
depression (9/44, 20%), both anxiety and depression (5/44,
11%), bipolar disorder (2/44, 5%), posttraumatic stress disorder
(2/44, 5%), anxiety (1/44, 2%), eating disorder (1/44, 2%), and
schizophrenia (1/44, 2%). Advanced GAI techniques were
widely used to address these concerns, with the generative
pretrained transformers (GPTs) being the most popular

(aggregated by all GPT variants; 23/44, 52%). Specifically,
30% (13/44) of the studies highlighted GPT-3 or GPT-3.5 model
or relevant variants, and 18% (8/44) described the use of GPT-2.
Other popular techniques that are often applied in generative
models include the long short-term memory (LSTM) architecture
(11/44, 25%) and generative adversarial networks (6/44, 14%).
Most of the included studies used publicly available data sets
(19/44, 43%) as their main data sources, followed by other
varied sources (14/44, 32%) and social media data (9/44, 20%).
Private data were the least prominent source of data used in the
studies (2/44, 5%).

The output of the advanced GAI models reported in the included
studies (n=44) was available in 3 forms. Text generation was
the most common form (32/44, 73%), followed by audio (in the
form of music; 9/44, 20%) and image (4/44, 9%). Only 1 study
was reported to include both forms of text and audio [43]. Of
the included studies, approximately 66% (29/44) reported using
advanced GAI for enhancing mental health care among the
public. In contrast, around 7% (3/44) focused on the facilitation
of clinical practice for clinicians and mental health professionals.
A total of 2 (5%) studies specifically targeted the student
population, whereas other groups such as children [44], peer
supporters [72], and suicide gatekeepers [73] received limited
attention. Details of the characteristics of the included studies
are provided in Table 2.

The in-depth review identified 7 crucial use scenarios in which
advanced GAI models were used. Beyond the regular aspects
of the detection and treatment of mental disorders, the scenarios
also extend to emerging areas, including goal-driven
optimization and clinical training. It is worth noting that during
the past few years, there has been a noticeable trend in the
mental health field of increased interaction with advanced GAI
models. Before 2020, research in this area was limited, with
only a few studies in counseling support and therapeutic
application. However, starting in 2021, there has been an
upsurge in research in a number of use cases, with the most
notable expansion in counseling support and therapeutic
application, suggesting growing interest in advanced GAI in
these domains. In comparison, new study fields such as clinical
training and facilitation of clinical decision-making started to
appear in 2023, although there were fewer studies in these areas
than in others. An overview of the use areas of advanced GAI
models over time is provided in Table 3.
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Table 2. Characteristics of the included studies that used advanced generative artificial intelligence (GAI) for mental health (n=44).

ReferencesStudiesCharacteristics

—a3.75 (1.66; 1-8)Number of authors, mean (SD; range)

Authors, n (%)

[44-46,74-81]11 (25)1

[43,47-50,82-92]16 (36)1-5

[51-53,72,73,93-104]17 (39)≥5

Study phase, n (%)

[43,44,46,47,49,51-53,72,73,75,77-83,85-101,103,104]37 (84)Development and validation of GAI tech-
niques

[45,48,50,74,76,84,102]7 (16)Efficacy of GAI models

Mental health outcome, n (%)

[43,46,47,51-53,72,77,79-85,87-95,99,101,102,104]28 (64)General mental health

[45,48,49,73,75,76,78,98,100]9 (20)Depression

[104]1 (2)Anxiety

[74,86,96,97,103]5 (11)Anxiety and depression

[74,97]2 (5)Bipolar disorder

[84]1 (2)Eating disorder

[84]1 (2)Schizophrenia

[84,101]2 (5)PTSDb

Data sources , n (%)

[49,82]2 (5)Private data

[43,48,72,85,87,94,98,101,103]9 (20)Social media data

[44,46,47,50,51,53,77,79-81,83,86,88,89,96,97,99,100,102]19 (43)Publicly available data set

[45,52,73-76,78,84,90-93,95,104]14 (32)Other sources

Type of techniquesc, n (%)

[53,72,77,79,81,88,89,98]8 (18)GPT-2d

[45,48,49,73,74,84,87,90,93,95,99,101,102]13 (30)GPT-3 or GPT3.5

[76]1 (2)GPT-4

[47]1 (2)DialoGPT

[44,51,75,78,83,100]6 (14)GANse

[94]1 (2)PanGu 350 M/WenZhong-110M (a type of

LLMf in Chinese)

[50]1 (2)HyperCLOVA (a type of LLM)

[92]1 (2)Markov chain

[44,46,53,75,85,86,90,96,100,103,104]11 (25)LSTMg

[91]1 (2)GRUh

[52]1 (2)Midjourneyi

Delivery mode , n (%)

[43,45-49,72-74,76-78,80-82,84,85,87-90,93-103]32 (73)Text

[43,50,53,75,79,86,91,92,104]9 (20)Audio

[44,51,52,83]4 (9)Image

Groups receiving benefit , n (%)
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ReferencesStudiesCharacteristics

[47,48,50-53,74,75,77-86,88-93,95,97-99,104]29 (66)General population

[45,76,94]3 (7)Clinicians and mental health professionals

[43,46]2 (5)Students and youth

[44]1 (2)Children

[72]1 (2)Peer supporters

[73]1 (2)Suicide gatekeepers

[49,87,96,100-103]7 (16)Not reported

aNot applicable.
bPTSD: posttraumatic stress disorder.
cIndicates the models or components used in generative tasks.
dGPT: generative pretrained transformer.
eGAN: generative adversarial network.
fLLM: large language model.
gLSTM: long short-term memory.
hGRU: gated recurrent unit.
iThe creators of Midjourney do not provide any details regarding the training models used or the integration process. Moreover, they have not made
their source code available for public access.

Table 3. An overview of studies adopting advanced generative artificial intelligence (GAI) models for mental health uses between 2013 and 2023
(in-depth review).

YearUse cases

Overall

(n=44), n (%)

2023

(n=20), n (%)

2022

(n=14), n (%)

2021

(n=5), n (%)

2013–2020

(n=5), n (%)

4 (9)2 (5)2 (5)——aDetection of mental problems

13 (30)6 (14)4 (9)1 (2)2 (5)Counseling support

19 (43)5 (11)7 (16)4 (9)3 (7)Therapeutic application

1 (2)1 (2)———Clinical training

3 (7)3 (7)———Facilitation of clinical decision-
making

4 (9)3 (7)1 (2)——Goal-driven optimization

aNot applicable.

Detection of Mental Problems
Advanced GAI has the potential to play a crucial role in the
early detection and monitoring of mental health problems,
facilitating timely interventions and support; 4 (9%) out of 44
studies in the in-depth review focused on the use of advanced
GAI for mental disorder detection through content mining and
analysis. Two studies focused on the scrutiny of social media
data to track the mental health status of online users by analyzing
social media activities. One study used advanced neural network
architectures such as bidirectional encoder representation from
transformers and Bi-LSTM to detect signs of anxiety and
depression through expression in unstructured user-generated
posts on Reddit and Twitter to inform online users’ mental
health conditions [104]. The other one, a preprint study,
evaluated the performance of a wide array of large language
models on mental health prediction through online data from
Reddit [102]. Besides using social media data, researchers also
explored the use of private data sources, such as audio

recordings from interviews, as an alternative method to infer
individuals’ mental health conditions [49,102]. Although there
is an opportunity for using advanced GAI to identify potential
symptoms of mental disorder, the approaches used in the studies
showed varying performance, particularly for the GPT, which
was reported in 2 preprints, to underperform other fine-tuned
models, particularly in zero-shot prompting [101,102].

Counseling Support
The common use scenario of advanced GAI models for mental
health was counseling assistance (13/44, 30%). Eight studies
focused on the provision of emotional response in counseling,
among which 6 of them highlighted the development of
empathy-centric counseling chatbots to facilitate peer-to-peer
mental health support or preemptive health care
[47,72,81,84,90,98], 1 study developed humorous response in
psychiatric counseling through joke generation in sentences
[85]. Another study leveraged the large language models to
develop an open-domain audio-based chatbot (ie, CareCall) that
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emotionally supports socially isolated individuals via check-up
phone calls [85]. Advanced GAI models were commonly used
in these studies to generate emotional responses that adapt to
the context of a conversation, which is unable to be implemented
in traditional rule-based or retrieval-based models [47].

Similar approaches were also explored to facilitate counseling
services by emphasizing personalization and user engagement
within counseling sessions; 5 (11%) studies documented the
use of advanced GAI approaches to generate tailored
recommendations such as lifestyle modifications and potential
treatment options for certain individuals with psychological
issues [46,74,79,80,82].

Therapeutic Application of GAI
Unlike counseling support, which mainly focuses on using
advanced GAI models to offer short-term and solution-based
psychological support with specific mental health issues,
therapeutic application targets long-term therapy for complex
and ongoing mental health challenges, incorporating diverse
interventions. The area of therapeutic application received the
highest proportion of studies (19/44, 43%). This includes
conventional, music, and art- or writing-related intervention.
The use of advanced GAI models for conventional assistance
in treatment made up the bulk of research on the therapeutic
area (8/44, 18%). Most research incorporated other traditional
AI approaches such as different classification algorithms and
fine-tuned GPT models to assist in the process of cognitive
behavioral therapy. Furthermore, 6 (14%) peer-reviewed studies
[43,48,77,78,88,97] and 1 (2%) preprint study [99] developed
models to generate motivational and affirmative texts or
reflections in response to distressed narratives or negative
thoughts. Another study used ChatGPT for awareness-related
intervention such as mindfulness-based therapeutic assistance
to reduce anxiety and improve mental health outcomes [93].

Supplementary data such as open-source data sets and
domain-specific data were commonly used in these studies to
provide the models with more context and reduce biases caused
by the reliance on vast amounts of unlabeled training data. Three
studies relied on Reddit data [43,48,77], and among them, 1
gray literature used dialogues extracted from Reddit emotional
distress–related conversations and the publicly available Counsel
Chat data set to generate reflections and paraphrases with a
GPT-2 generation model [77]. Other research highlighted the
situational attribute of data. Data containing various situations
from existing or program-synthesized data sets were used to
train and fine-tune GPT models to reframe negative thoughts
or generate a response with a positive mental outlook under a
depressing situation [88,99].

Examples where advanced GAI was used for music therapeutic
applications were also highlighted in the peer-reviewed
literature; 6 (14%) studies reported the use of advanced GAI to
produce music for mental health improvement. For example, a
system called DeepTunes was developed to generate music with
lyrics that contribute to positive emotional responses of users
[53]. To achieve this purpose, a facial recognition model
implemented by a convolutional neural network was used to
identify the emotions of the users by analyzing the photos they
provided and self-reported feelings. A lyric generation model

driven by GPT-2 followed to create lyrics based on the detected
emotions and the first line given by the users. Finally, a
music-generated model built on the LSTM networks was used
to produce music [53]. Similar approaches were also explored
within specific treatment scenarios targeting groups with stress
[92,104] or mental diseases including depression, early
childhood trauma, and Parkinson disease [75,86,91]. However,
all these approaches were designed to generate music to serve
the purpose of assisting in receptive rather than active
intervention in which patients are involved in creating music
themselves.

Another field involves art- or writing-related intervention. Three
studies focused on the AI-generated artwork to provide an
interactive AI painting experience for emotional healing of users
[44,52,83]. One study incorporated image generation in writing
therapy. It developed a system called StoryWriter to facilitate
the process of writing therapy by producing artwork from users’
narratives in real time [51]. However, concerns were also raised
on the generated images, which may undermine the therapeutic
benefits of writing tasks. In another study, the GPT-2 model
was fine-tuned with data training on short-form texts of poetry
and informal writing to generate poetry that resonates with the
emotional state of users, thereby provoking emotional reflection
and regulation in the user [89].

Clinical Training and Facilitation of Clinical
Decision-Making
The capabilities of advanced GAI models were far beyond the
management of mental health care. Literature reporting the use
of advanced GAI in other fields such as practitioner training
and clinical decision-making has emerged lately. One preprint
described a training of suicide gatekeepers through ChatGPT,
which was used to simulate a patient who is experiencing
suicidal ideation [73]. Three studies leveraged the advanced
GAI approaches to facilitate the process of decision-making for
mental health professionals: 2 studies focused on the use of
advanced GAI–based tools to assist clinicians in generating
medical reports or in triage and timely identification of urgent
cases [45,94]; the other study explored the use of ChatGPT-4
to assist clinicians in optimizing psychopharmacologic clinical
practice by providing multiple heuristics as rationale [76].

Goal-Driven Optimization
The advanced GAI approaches were also used for goal-driven
optimization to support mental health–related tasks. For
example, GAI has been applied to improve the accuracy and
safety of diagnostic tools as well as therapeutic interventions.
Three studies leveraged advanced GAI in data development: 2
preprints described the use of ChatGPT to generate new data
instances or multiturn conversation data sets, which help provide
more varied and realistic practice material for acquiring optimal
applications [87,95]; another study used real conversation
examples that were labeled to show certain features, such as
signs of depression. It then used these examples to create similar
new ones, providing a variety of realistic examples for ML
[100]. These data augmentation approaches are important for
mental health care applications since they develop diverse and
close-to-realistic data sets, addressing data issues such as small
volume, sparsity, or imbalance.
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In addition to data augmentation, safety and explainability in
advanced GAI are also important when optimizing natural
language generation of conversations within the field of mental
health. In response to this issue, 1 study incorporated the process
knowledge framework and advanced GAI techniques to generate
safety lexicons and knowledge base, making sure that the GAI
sticks to safety rules that are considered acceptable and works
safely and understandably in mental health situations [96].

Discussion

Principal Findings
In this scoping review, 6 key use cases were identified for
mental health care: mental problem detection, counseling
support, therapeutic application, clinical training, goal-driven
optimization, and clinical decision-making. Advanced GAI has
primarily been focused on therapeutic application, followed by
counseling support, while the use scenario in clinical training
remains a largely unexplored domain. ChatGPT has also been
adapted to provide mental health support by engaging in
conversations, offering coping strategies, and promoting
self-awareness in help seekers. While ChatGPT offers an
innovative approach to mental health support, its diagnostic and
medication recommendation abilities are hindered by several
limitations. Notably, ChatGPT exhibits low accuracy in
zero-shot classification for diagnoses, suggesting that it struggles
to accurately identify mental health conditions based on input
data alone. In addition, inconsistencies in prescribing drugs
raise concerns about the reliability of its responses in these areas
[74,105]. These inadequacies undermine ChatGPT’s
effectiveness in providing accurate and reliable support for
individuals seeking assistance with mental health concerns.

Comparing traditional and advanced GAI models, most studies
(71/100, 71%) that used traditional approaches mainly focused
on the development of chatbots and virtual assistants with their
conversational functions to enhance the mental well-being
experience. Although our in-depth review of the advanced GAI
also identified numerous examples of conversation generation,
more opportunities and possibilities have emerged with the
advancement of technology to complement the limitations of
traditional approaches. These advancements include (1)
advanced GAI in mental health care, which offers unique
advantages over traditional approaches. Unlike traditional
pattern-matching approaches, advanced GAI, driven by neural
networks, allows for engaging in personalized and empathetic
conversations through generating contextually relevant
responses, enhancing the overall counseling experience [98].
(2) Advanced GAI facilitates accuracy improvement in mental
health care through data augmentation. By generating synthetic
data closely mimicking real-world examples, these models
enhance predictive accuracy and adaptability across various
mental health conditions. (3) Advanced GAI excels in image
generation for therapeutic purposes. While preexisting patterns
used by traditional GAI often led to the production of generic
and repetitive visuals [106], advanced approaches allow for the
tailored creation of images to evoke specific emotional
responses, enhancing the therapeutic experience through
meaningful and relatable visuals.

The GAI Dilemma in Mental Health Care
While GAI has the potential to offer valuable support and
resources in the domain of mental health care, it also raises
important technical, ethical, and privacy concerns.

Technical Dilemma
Discourses in academic literature have elucidated various
potential paths through which GAI may be conducive to the
field of mental health care. Nevertheless, these advanced
technologies may effectively operate in a supplementary role
instead of a substitute for qualified mental health providers,
given their inherent limitations in clinical acumen.

ChatGPT, although not initially developed with a focus on
mental health, has been prevalently used in this domain due to
its expertise in handling routine and structured tasks. These
include offering general knowledge about mental illness and
coping strategies [74,76] and tailoring recommendations for the
generation of medical reports [45], highlighting the “mechanical
aspect” of mental health care. However, ChatGPT and similar
GAI systems struggle with replicating the “human aspect” of
mental health care, which includes the nuanced, personalized,
and empathetic approach that human mental health professionals
provide [48]. While efforts are being made to improve the
emotional awareness of GAI systems [47,90], achieving a degree
of emotional intelligence that goes beyond mere recognition
and reaches a true, humanlike comprehension and reaction to
emotions is a challenging endeavor. The effective use of GAI
in mental health care requires a profound understanding of the
nuances of human emotions, cultural variations, and individual
characteristics. To achieve this, it is crucial to not only foster
collaboration among AI experts, psychologists, and ethicists
but also actively include individuals with lived mental health
experiences. Furthermore, psychiatry involves holistic
assessments beyond mechanistic diagnoses, which GAI systems
alone might inadequately address, potentially leading to
misdiagnosis or insufficient care.

Ethical Dilemma
The ethical concerns involved posed another significant
challenge. Content creation by advanced GAI models is subject
to data sets; it is necessary to ensure that they are programmed
and trained in an ethically responsible way. This is because the
potential for biases, both explicit and implicit, in the data used
to train these models can reinforce existing stereotypes in mental
health and result in discriminatory or life-threatening outcomes.
Nabla, a health care company in Paris, used GPT-3 for mental
health promotion. Unexpectedly, when a user raised the
question, “Should I take my own life?” GPT-3 generated a
response of “I think you should,” which was considered to
encourage suicidal behavior, thereby sparking concerns
regarding the implementation of advanced GAI models in mental
health care [107]. The risk of algorithmic biases in training sets
could also lead to potential discrimination of marginalized
groups. This is particularly pertinent in mental health care, in
which algorithms may overlook or misrepresent the unique
needs of diverse populations, leading to unequal access to care
or misdiagnosis of marginalized communities [108]. For
instance, Buolamwini and Gebru [109] found that facial analysis
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algorithms have varying levels of accuracy among different
genders and races, highlighting concerns about the fair use of
AI in diagnosing mental health conditions. There is also concern
that overreliance on AI may undermine the value of human
expertise and skills, which are vital for providing empathetic
and nuanced mental health care [110].

Another concern is the “black box” problem, where the opacity
of AI decision-making processes challenges their scientific
reliability and raises ethical dilemmas [111,112]. This issue
emphasizes the need for regulations promoting AI transparency.
Particularly in urgent mental health scenarios, the inability to
interpret and verify AI-driven recommendations could lead to
critical decision-making challenges and potential risks.
Therefore, developing frameworks for understanding and
validating AI decisions in mental health care is not just a
scientific necessity but also an ethical imperative, calling for
an ongoing dialogue among clinicians, researchers, ethicists,
and policy makers.

Given the potential risk, ethical guidelines and frameworks
should be developed to define the appropriate use and limitations
of advanced GAI in mental health care, guiding practitioners
in responsible decision-making and emphasizing the importance
of a human-centered approach.

Safety and Confidentiality Dilemma
Another ethical challenge is the privacy and confidentiality of
sensitive personal information. Unintentional collection of
personal information can occur during users’ interactions with
GAI systems. This information may include users’ names,
identities, and contact information, which originate from
human-AI conversation history. The application of advanced
GAI models for data processing generates significant attention
regarding the potential disclosure or inappropriate use of
personal data [113]. This is of particular concern in mental
health care. One unique example that highlights this concern is
the practice of emotion detection, in which users’ facial
expression images are collected by advanced GAI systems for
mental health prediction [83]. These collected images have the
potential to be misused to infringe on individuals’privacy rights
and undermine their trust in mental health services. Hence,
implementing security measures, data anonymization techniques,
and clear consent mechanisms are critical steps in addressing
this dilemma and protecting the confidentiality of mental health
data.

Implications

Research Implications
The results of this study have several implications. First, by
highlighting the limited attention paid to the development of
advanced GAI systems for clinical training, our work fills in a
significant gap in the literature. Our findings emphasize the
necessity of additional investigation in this domain to ensure
that advanced GAI can be effectively used for training clinicians
and improving their skills in providing mental health care.
Second, our findings indicated a lack of research on specific
mental health conditions, particularly anxiety, bipolar disorder,
eating disorders, posttraumatic stress disorder, schizophrenia,
and others. Therefore, future research on the implementation

of advanced GAI should prioritize and invest more resources
into exploring and understanding such mental disorders. Third,
the results of this scoping review highlight the urgent need to
develop large databases that are specifically tailored for mental
health at the national or international level. Currently, the
available data sets for training advanced GAI models in mental
health care are limited in scope and diversity. The development
of large databases can help minimize biases and improve the
generalizability and accuracy of AI-generated recommendations
and interventions in mental health care. Fourth, this scoping
review indicates the necessity of developing advanced GAI
tools that incorporate different modes of generation. By
integrating text, image, audio, and video, mental health
professionals, care providers, or help seekers can benefit from
more comprehensive assessments, personalized interventions,
and interactive support systems.

Practical Implication
GAI indeed offers substantial potential within the mental health
care landscape, but this promising territory requires cautious
navigation. Instead of relying on GAI systems, such as
ChatGPT, recognizing the diverse applications of GAI and
tailoring practices to specific use cases is essential for
maximizing its benefits across the mental health area.

Different situations involving mental health care could call for
different approaches. A hybrid digital therapeutic approach,
wherein GAI enhances human capabilities, might be the most
appropriate in some use cases. For instance, to improve patient
engagement and customize treatment planning, mental health
providers could incorporate AI-generated content, such as
images or music, into therapy sessions as an additional resource.
In contrast, there are some circumstances in which an AI-led
approach to mental health care may be more successful since
GAI takes a more active part in monitoring the mental states of
help seekers, assists doctors in screening, and offers real-time
interventions when necessary. The situation-sensitive
incorporation of GAI into the field of mental health care can
empower mental health providers to adapt and optimize their
use of GAI tools, achieving a balance between technological
support and the “human touch.” Therefore, it is important to
find a balanced and ethical way to integrate GAI technologies
into mental health care, leveraging their benefits while avoiding
potential pitfalls related to oversimplifying or mechanizing care
practices.

Limitations
This study has limitations. First, preprint articles were included
in the review to capture the scope of the fast-growing body of
literature on advanced GAI. Nonetheless, it should be noted
that the results of these articles should be interpreted cautiously
since the preprint articles have not undergone a formal peer
review process. In addition, gray literature released by notable
academic institutions was also included to identify applications
of advanced GAI for mental health and other unique use
scenarios not covered by peer-reviewed or preprint articles.
While this is not a conventional approach, the inclusion of the
preprint and gray literature was considered an appropriate
practice, which has also been adopted by previous studies
[19,114].
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Second, there was a deviation from the PRISMA guidelines,
which recommend that the eligibility assessment should ideally
involve independent raters at each stage of the review process.
However, in this review, a single reviewer assessed the study
titles or abstracts, and then a different single reviewer evaluated
the full text of the studies included based on the title or abstract
to determine eligibility based on the full text. Although this was
due to the exploratory nature of our scoping review, which
aimed to map the breadth of literature rather than provide a
quantitative synthesis of study results, it may still increase the
possibility of selection bias. However, it is also worth noting
that while independent assessment by multiple reviewers is
ideal according to PRISMA guidelines, practical constraints
such as limited resources or time constraints may sometimes
necessitate deviations from this standard practice. In such cases,
transparent reporting of deviations and their potential
implications become even more critical for the readers’
understanding and interpretation of the review’s findings.

Third, this study aims to provide a basic understanding of the
role of advanced GAI in mental health care by exploring the
key use cases of advanced GAI models rather than a thorough
assessment of specific GAI approaches. Future research could
emphasize the practical effectiveness of these interventions in
clinical settings.

Fourth, the data synthesis process involved systematically
collating and analyzing the extracted data using a narrative
approach. This allowed the researchers to categorize and

describe the GAI studies based on various dimensions, providing
insights into the state of research in this field. However, it is
important to note that while narrative synthesis can be
informative, it may lack the quantitative rigor of other synthesis
methods such as meta-analysis [115,116]. Therefore, the
findings should be interpreted within the context of the study’s
methodology and limitations.

Conclusions
This study provides insights into the present status of GAI use
in mental health care research and highlights the potential
aspects that can guide future research, practical applications,
development, and policy making within this domain. Through
an in-depth review, 6 key scenarios using the advanced GAI
models have been identified, which include the detection of
mental disorders, counseling support, therapy delivery, clinical
training, goal-driven optimization, and clinical decision-making
support. However, the findings in this review are preliminary
due to the risks associated with preprints, such as potential
quality and reliability issues. Even with pre- or postmoderation
systems, preprints without independent peer reviews can contain
low-quality or misleading information, which is concerning in
public health contexts due to possible consequences. Therefore,
readers should be cautious when interpreting preprint findings,
as the accuracy of the methodological details of the included
documents may not have been explored in depth. Enhanced
transparency and scrutiny in future research reviews are
advocated to ensure robust, trustworthy findings, thereby
advancing knowledge and improving mental health care.
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Abstract

Background: Computational signal preprocessing is a prerequisite for developing data-driven predictive models for clinical
decision support. Thus, identifying the best practices that adhere to clinical principles is critical to ensure transparency and
reproducibility to drive clinical adoption. It further fosters reproducible, ethical, and reliable conduct of studies. This procedure
is also crucial for setting up a software quality management system to ensure regulatory compliance in developing software as a
medical device aimed at early preclinical detection of clinical deterioration.

Objective: This scoping review focuses on the neonatal intensive care unit setting and summarizes the state-of-the-art
computational methods used for preprocessing neonatal clinical physiological signals; these signals are used for the development
of machine learning models to predict the risk of adverse outcomes.

Methods: Five databases (PubMed, Web of Science, Scopus, IEEE, and ACM Digital Library) were searched using a combination
of keywords and MeSH (Medical Subject Headings) terms. A total of 3585 papers from 2013 to January 2023 were identified
based on the defined search terms and inclusion criteria. After removing duplicates, 2994 (83.51%) papers were screened by title
and abstract, and 81 (0.03%) were selected for full-text review. Of these, 52 (64%) were eligible for inclusion in the detailed
analysis.

Results: Of the 52 articles reviewed, 24 (46%) studies focused on diagnostic models, while the remainder (n=28, 54%) focused
on prognostic models. The analysis conducted in these studies involved various physiological signals, with electrocardiograms
being the most prevalent. Different programming languages were used, with MATLAB and Python being notable. The monitoring
and capturing of physiological data used diverse systems, impacting data quality and introducing study heterogeneity. Outcomes
of interest included sepsis, apnea, bradycardia, mortality, necrotizing enterocolitis, and hypoxic-ischemic encephalopathy, with
some studies analyzing combinations of adverse outcomes. We found a partial or complete lack of transparency in reporting the
setting and the methods used for signal preprocessing. This includes reporting methods to handle missing data, segment size for
considered analysis, and details regarding the modification of the state-of-the-art methods for physiological signal processing to
align with the clinical principles for neonates. Only 7 (13%) of the 52 reviewed studies reported all the recommended preprocessing
steps, which could have impacts on the downstream analysis.

Conclusions: The review found heterogeneity in the techniques used and inconsistent reporting of parameters and procedures
used for preprocessing neonatal physiological signals, which is necessary to confirm adherence to clinical and software quality
management system practices, usefulness, and choice of best practices. Enhancing transparency in reporting and standardizing
procedures will boost study interpretation and reproducibility and expedite clinical adoption, instilling confidence in the research
findings and streamlining the translation of research outcomes into clinical practice, ultimately contributing to the advancement
of neonatal care and patient outcomes.
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Introduction

Background
Premature infants are those born at <37 weeks gestational age,
ranging from extreme preterm (23 weeks’ gestation) to late
preterm (37 weeks’ gestation), and are defined as having very
low birth weight of <1500 g. These extremely premature infants
have a higher risk of death, and surviving infants are highly
prone to physical, cognitive, and emotional impairment [1]. The
patients usually have a long length of stay, ranging from <10
to >120 days [2], in the neonatal intensive care unit (NICU),
where high-fidelity physiological changes are monitored to
observe their health status and signs of deterioration. During
this long length of stay, a large amount of data from infants are
generated and not typically electronically aggregated for
permanent storage [3]. With the advent of electronic health
records, relevant patient information is easily available for
advanced data analytics that can be used to improve health
outcomes. The records contain demographics, etiology,
pathology, medication, and physiology information.
Physiological changes are regularly monitored in preterm
infants, notably, electrocardiogram (ECG), oxygen saturation
(SpO2), heart rate (HR), respiratory rate, arterial blood pressure,
electroencephalography (EEG), and temperature. Some
advanced centers around the world have started linking the
information derived from the electronic health records data with
the continuously monitored physiological information for
permanent storage, more frequently in lower resolution, which
facilitates various data analytics [4-6]. Compared with
intermittent assessment and review, continuous capturing and
analysis of the physiological data from the standard bedside
monitors allow for a better understanding of trends and have
been shown to improve outcomes of infants in the NICU [5].

Clinical decision support systems (CDSSs) can integrate clinical
and physiological information to provide automated support in
patient care planning to facilitate the diagnostic process and
therapy planning, generate critical alerts and reminders, and
predict the risk of patient deterioration. CDSSs have the
potential for a positive impact in improving clinical and
economic measures in the health care system [7-9]. The
technological advancement that allowed storing big data, as
well as the advancement of artificial intelligence (AI), has given
rise to machine learning (ML)– and AI-based CDSSs aiming
to build data-driven models to predict adverse outcomes in
premature infants ahead of clinical diagnosis time [10-12].

The steps of building the ML pipeline to predict adverse
outcomes involve several intermediate computational steps
using the physiological data, of which data preprocessing is the
first indispensable step. Namely, in the NICU, physiological
signals are collected using a diverse range of devices, which
introduce a number of artifacts such as environmental artifacts

(eg, device connection failure, equipment noise, electrosurgical
noise, and power line interferences); experimental or human
error due to patient movement during data acquisition, incorrect
or poor contact of the electrodes, and other contact noise; and
artifacts due to muscle contraction, cardiac signals, and blinking
[13,14]. These noises distort signals and may adversely affect
model generalization capability and predictive power [10].

Although recently much progress has been made in building
ML models using neonatal physiological data, there are
limitations in the detailed reporting of the preprocessing
techniques of these signals [15], which in turn hinder the
reproducibility of the methods and results. In AI-powered
software as a medical device (SaMD), this is especially
important as the implementation of a software quality
management system (QMS) is only possible by following the
best practices and adhering to relevant regulatory standards and
guidelines for medical devices, such as ISO 13485, IEC 62304,
and IEC 82304-1. Beyond market access considerations, the
ongoing international discourse on the regulation of medical
software is specifically concentrated on AI and ML. This focus
is a response to their growing applications, demanding increased
attention from regulatory bodies such as the Australian
Therapeutic Goods Administration and the US Food and Drug
Administration [16]. Thus, it is crucial to adhere to a
standardized protocol following clinical principles guided by
domain experts and regulatory requirements while preprocessing
the signals and reporting these techniques in detail; this ensures
the reproducibility of the methods, allowing transparency in
their clinical adoption.

Objectives
As the first step in bridging the gap in their reproducibility for
clinical adoption, this review aims to identify studies that used
computational methods to analyze premature infants’
physiological signals for detecting adverse outcomes. The
review describes different tools and techniques used to
preprocess physiological signals and provides recommendations
on what aspects need further details for the clinical adoption of
the techniques. The remainder of the paper is organized as
follows: the Methods section explains the detailed search and
screening process, while the Results section begins with an
overview of the reviewed studies, followed by a detailed
analysis. The Discussion section highlights the key reporting
patterns identified in this review along with their shortcomings
and provides recommendations for transparent reporting of
future studies as it allows for accurate reproduction of the results
and makes them usable in the clinical setting [17]. A summary
of the work concludes the paper.
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Methods

Search Strategy
The database searches and study screening were conducted
following the recommendations of PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [18] and the Centre for Reviews and Dissemination
guidance for undertaking reviews in health care [19].

Database and Search Strategies
A systematic database search was conducted on 5 databases:
PubMed, IEEE, Web of Science, Scopus, and ACM Digital
Library. The keywords were categorized into four concepts,
which were then merged using the “AND” operator: concept
1—neonates or preterm infants; concept 2—vital signs or
physiological signals; concept 3—computational techniques or
signal processing; and concept 4—outcomes relating to
neonates. Within each of these concepts, a combination of
keywords and MeSH (Medical Subject Headings) terms were
used to conduct the search process. The keywords under each

concept were combined by the “OR” operator. The searches
were limited to only the titles and abstracts. Table 1 shows the
list of keywords and Medical Subject Headings terms used to
search the database.

The search was done on January 9, 2023, and the publication
year of the papers was limited to 2013 to 2023. The reason for
choosing the 10-year range was to report on recent techniques
and tools, as the devices and computational tools used >10 years
ago may be obsolete. Scopus, Wiley Online Library, and Web
of Science have an additional filter for choosing the subject
area. This was used to restrict the subject areas to
multidisciplinary, engineering, computing, and statistics. This
was done to identify more papers on multidisciplinary areas
through these databases, as PubMed covers all the major medical
and health informatics databases. The combination of the 5
databases ensured that all medical, information technology, and
multidisciplinary research papers were included in the database
search. The search was restricted to English-language articles.
Finally, review articles were excluded from the search.

Table 1. List of keywords and MeSH (Medical Subject Headings) terms used to conduct the database search.

Search strategyConcepts

Concept 1: neonates or preterm babies

“Infant, Premature”MeSH terms

“premature” OR “preterm” OR “neonat*” OR “newborn” OR “infant” OR “nicu” OR “neonatal intensive
care unit”

Keywords

Concept 2: physiological signals or vital signs

“Vital Signs” OR “Physiology”MeSH terms

“physiolog*” OR “ecg” OR “heart rate” OR “electrocardiography” OR “vital sign*” OR “physiomarker”
OR “biomarker” OR “hrv”

Keywords

Concept 3: computational techniques or signal processing

“Signal Processing, Computer-Assisted”MeSH terms

“signal *” OR “predict*” OR “detect*” OR “comput*”Keywords

Concept 4: outcomes

NoneMeSH terms

“sepsis” OR “mortality” OR “length of stay” OR “intraventricular hemorrhage” OR “hypoxi*” OR “apnea”
OR “necrotising entercolitis” OR “necrotizing entercolitis”

Keywords

Screening and Study Selection
The initial screening of the databases led to 3585 papers. Of
these, 590 (16.46%) papers were manually identified as
duplicates and excluded from the analysis. One paper was
identified as a duplicate by the automation tool and removed.
The remaining 2994 (83.51%) papers were subjected to title
and abstract screening using the Rayyan Intelligent Systematic
Review application (Qatar Computing Research Institute) [20].

Several inclusion criteria were set to select papers for full-text
review. The criteria are mentioned in Textbox 1.

After screening the titles and abstracts, 81 articles were selected
for full-text review; 29 (36%) papers were excluded during this
stage as they did not align with the inclusion criteria, leaving
52 (64%) papers eligible for detailed synthesis and analysis.

The title and abstract screening was done by 1 reviewer, while
2 reviewers independently checked for paper eligibility against
the inclusion criteria at the full-text review stage. When both
reviewers were not in agreement on any papers, a third reviewer
assessed them to provide a final decision on the inclusion and
exclusion of the papers. Data charting was done using Microsoft
Excel, and the following variables were recorded in line with
related review papers [10,21]: title, year, journal, authors, digital
object identifier, data set, participant number, participant
demographic, signals used, data set size, sample rate, other data
(if applicable), outcome metric, device software, programming
language, preprocessing methods, algorithms, other techniques,
features, models, model type, results (quantified), and key
findings. Data synthesis was done using a narrative approach
by summarizing findings based on the similarities in the data
sets and techniques used. The detailed search queries,
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bibliography files of all databases, all included papers, metadata
of all papers and metadata of all papers included for full-text

review are provided in Multimedia Appendices 1-5 [22-73].

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Article type: articles must be peer-reviewed publications in a journal, conference, or workshop

• Data: articles must conduct an analysis on premature human infant data; articles must use physiological responses in some form

• Outcome: articles discuss applications relating to adverse neonatal outcomes such as mortality, length of stay, sepsis, necrotizing enterocolitis,
intraventricular hemorrhage, hypoxic-ischemic encephalopathy, apnea, bradycardia, and other poor health outcomes, also known as morbidity.
The disease outcomes were chosen based on the commonly researched outcome metric using preterm infant data and the search terms used in
McAdams et al [10] that investigated artificial intelligence and machine learning techniques used to predict clinical outcomes in the neonatal
intensive care unit

• Analysis: articles reported some form of computational techniques in their analysis

• Language: English

Exclusion criteria

• Article type: review papers are excluded

• Data: nonhuman data (eg, piglet infant data would not be considered); videos and images that do not look at the physiological responses and
articles solely using demographic data for analysis were excluded

• Outcome: articles not focusing on these specified neonatal adverse outcomes were excluded

• Analysis: articles that only reported responses in their raw format were excluded

• Language: any languages other than English

Results

Overview of the Included Studies
Figure 1 shows the full process of database search and study
selection using a PRISMA flow diagram.

Of the 52 selected articles, 24 (46%) studies focused on
diagnostic models, while the rest (n=28, 54%) focused on
prognostic models. These included journal articles (n=34, 65%),
conference articles (n=17, 33%) and a workshop article (n=1,
2%). The most prominent physiological signals analyzed were
ECG (n=36, 69%), SpO2 (n=21, 40%), HR (n=16, 31%),
respiration (n=16, 31%), BP (n=6, 12%), EEG (n=4, 8%), and
temperature (n=3, 6%). While 8 (15%) studies used a
combination of programming languages; others used MATLAB
(n=6, 12%), Python (n=6, 12%), and R software (n=1, 2%),
while the remaining studies (n=31, 60%) did not report what
language was used. Physiological data monitoring and capturing
was done using a range of systems, which subsequently
impacted the sampling rate and quality of the data, thus leading
to heterogeneity of the studies. The most commonly used
devices for data capturing were Phillips Intellivue MP20, MP70,
MP450, and MX800 machines [74] (n=14, 27%). Some other
notable devices and software were BedMaster Ex System [75],
NicoletOne EEG system [76], ixTrend, Phillips Data Warehouse
connect [77], and Vuelogger patient monitoring system. The
most commonly analyzed outcomes of interest were sepsis
(n=20, 38%), apnea (n=17, 33%), bradycardia (n=13, 25%),
mortality (n=7, 13%), and hypoxic-ischemic encephalopathy
(n=5, 10%). It should be noted that 14 (27%) of the reviewed
studies analyzed a combination of adverse outcomes.

As the studies were found to be heterogeneous in their study
design and analysis techniques, a narrative approach was taken
to summarize the studies and their key findings. The studies
were grouped according to the homogeneity in terms of the data
sets used and sorted by the publication year. This approach was
inspired by the review article by Mann et al [78].

One of the noticeable patterns identified through the results
reported in Table 2 is that the groups publishing studies using
the same data set followed similar preprocessing techniques,
although not at every step. For instance, studies using the ECG
data from Cork University Maternity Hospital all used the same
algorithm for QRS complex detection. However, they were
diverse in their selection of filtering techniques and
segmentation duration. Furthermore, they systematically failed
to report detailed parameter settings for the QRS complex
detection. While the approach of using similar preprocessing
techniques helps maintain consistency to some extent, they do
not confirm adhering to clinical practices identified from domain
expert knowledge.

The QRS complex characteristics and RR intervals for neonates
are different from those of adults and as such require an
appropriate adjustment for QRS detection algorithms. This is
a necessary first step for HR variability (HRV) analysis in
neonates. However, a review published on neonatal HRV by
Latremouille et al [15] revealed that given a lack of clear
guidelines on neonatal vital signs and HRV analysis, several
studies followed HRV analysis guidelines for adults published
by the Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysiology
[79]. Our review found that 16 (44%) out of the 36 studies
analyzing ECG signals used the Pan-Tompkins algorithms for
QRS complex detection. The original implementation of the
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algorithm was based on the ECG characteristics of the adult
population and therefore was preprocessed accordingly. Only
4 (25%) of those 16 studies reported adjustment of the original
algorithm to adapt to neonates, of which only 2 provided specific
modification details. In the absence of detailed reporting on the
parameter settings, it is difficult to determine whether the
settings adhered to neonatal waveform morphology. Incomplete
reporting and lack of transparency hinder the understanding of
the strengths and weaknesses of a study and limit its
reproducibility and usability. Moreover, transparent and detailed
reporting is required to confirm the adherence to regulatory
compliance and is crucial for the clinical adoption of these
methods.

Similar to the QRS complex in ECG signals, the acceptable
ranges of physiological signals for neonates are also different
from those of the adult population. This review found that no
studies reviewed the acceptable ranges of the analyzed signals
against any published guidelines, which could pose several
limitations in the clinical adoption of the methods. This is
consistent with another review looking into physiological vital
sign ranges from 34 weeks gestational age, and it identified that
several studies reported the means of vital signs instead of
ranges, which makes the interpretation into clinical practice
difficult [80]. Here, we recommend clear reporting and the use
of physiological signal ranges that are clinically validated
through published studies and textbooks [81-83].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the database search and study selection.
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Table 2. Summary of the articles reviewed in this study, grouped according to the homogeneity in terms of the data sets used and sorted by the publication
year.

Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Eleven features were ex-
tracted from the signals. A

SpO2 values <65% and
changes in saturation

ECGc from single
channel at 100 Hz,

SpO2
d at 1 Hz

Participants: n=288;

data size: NRb; mod-
el: diagnostic; out-
come metric: sleep
apnea

Cohen and de Chazal
[22], 2013

National CHIMEa

database [84]
combination of features
from both signals resulted
in 88.8% accuracy, 94.3%
specificity, and 73.4%

exceeding 4% per sec-
ond were discarded.
ECG QRS complex was
detected using the Pan-

sensitivity in detecting
sleep apnea

Tompkins algorithm
[85] to generate RR in-
tervals. QRS complexes
were filtered using a
technique from Chazal
et al [86]. Filtered inter-
vals were time aligned
with SpO2 using 30-
second epochs

Fourteen features were ex-
tracted from the signals. A

Actigraphy signals arti-
fact rejection was done

ECG from single
channel at 100 Hz,

Participants; n=402;
data size: NR; model:

Cohen and de Chazal
[23], 2014

CHIME

linear discriminant classifi-using the technique de-SpO2 at 1 Hz, actigra-
phy signals at 50 Hz

diagnostic; outcome
metric: sleep apnea er achieved an accuracy of

74.1%, a sensitivity of
scribed by Lewicke et
al [87]. SpO2 values

82.0%, and a specificity of<65% and changes in
60.9% in detecting sleep
apnea

saturation exceeding
4% per second were
discarded. ECG data
were passed through a
QRS detection algo-
rithm (NR) to produce
RR intervals, which
were filtered using a
previously outlined
method [86]

Eleven features were ex-
tracted from both signals.

SpO2 and ECG signals
were time aligned to

ECG from single
channel at 100 Hz,
SpO2 at 1 Hz

Participants; n=394;
data size: NR; model:
diagnostic; outcome
metric: sleep apnea

Cohen and de Chazal
[24], 2015

CHIME

A linear discriminant
model achieved 66.7% ac-
curacy, 67% specificity,

30-second epochs.
SpO2 values <65% and
changes in saturation

and 58.1% sensitivity us-exceeding 4% per sec-
ing features from both sig-
nals

ond were discarded.
ECG QRS complex de-
tected using the Pan-
Tompkins algorithm
[85] to generate RR in-
tervals. QRS complexes
were filtered using a
technique from Chazal
et al [86]

Bradycardia severity esti-
mation accuracy was im-

RR intervals from ECG
were extracted using a

3-lead ECG at 500
Hz, respiration signal
at 50 Hz

Participants; n=10;
data size: ~20-70
hours each; model: di-
agnostic; outcome
metric: bradycardia

Gee et al [26], 2016PICSe database
[25,88]

proved by an average of
11% using a point process
model of heart rate and
respiration

modified Pan-Tomp-
kins algorithm (modifi-
cation details NR).
Analysis was done on a
3-minute window be-
fore each bradycardia.
No processing was re-
ported for respiration
signals
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

A point process mod-
el–based prediction algo-
rithm achieved a mean

AUROCf of 0.79 for >440
bradycardic events and
was able to predict brady-
cardic events on an aver-
age of 116 seconds before

onset (FPRg=0.15)

RR intervals from ECG
were extracted using a
modified Pan-Tomp-
kins algorithm (modifi-
cation details NR). The
artifacts, due to move-
ment, disconnection, or
erroneous peaks, were
removed by visual in-
spection. No processing
was reported for respira-
tion signals. Additional
analysis on the frequen-
cy content of the RR
time series was done
using Morlet wavelet
transform [89]

3-lead ECG at 500
Hz, respiration signal
at 50 Hz

Participants, 10; data
size: ~20-70 hours
each; model: prognos-
tic (+116 seconds);
outcome metric:
bradycardia

Gee et al [25], 2017PICS

Nonparametric modeling
using kernel density estima-
tion achieved a 5% false
alarm rate in predicting the
onset of bradycardia events

Baseline wander was
removed using a high-
pass filter with a cutoff
frequency between 0.5
and 0.6 Hz. Motion and
disconnection artifacts
were removed by visual
inspection. QRS com-
plexes were detected
using Pan-Tompkins
algorithm [85]. Signals
were segmented 5 min-
utes before and 2 min-
utes after a bradycardic
event

3-lead ECG at 500 HzParticipants; n=10;
data size: ~20-70
hours each; model:
prognostic (time NR);
outcome metric:
bradycardia

Das et al [27], 2019PICS

Time and frequency do-
main features were extract-
ed. An extreme gradient
boosting model achieved
an average AUROC of

0.867. HRVh results
showed a significant varia-
tion between a healthy in-
fant and an infant prone to
bradycardia

QRS complex was de-
tected using an algo-
rithm (NR). RR inter-
vals were calculated
from the detected peaks

3-lead ECG at 500 HzParticipants; n=11;
data size: ~20-70
hours each for 10 and
10 weeks for 1 partici-
pant; model: prognos-
tic (time NR); out-
come metric: bradycar-
dia

Mahmud et al [28],
2019

PICS
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

An autoencoder-prototype
model was proposed,
which achieves 93.1% (SD
0.4%) accuracy in predict-
ing bradycardia and 82.3%
(SD 3.8%) accuracy in
classifying apnea

Respiration signals
were clipped into 60-
second segments and
normalized to 0-mean,
unit variance. RR inter-
vals from ECG signals
were extracted using a
Morlet wavelet transfor-
mation. An open-source
peak finder (name NR)
was applied to the
wavelet scale ranging
from 0.01 to 0.04,
which is related to the
QRS complex forma-
tion in the spectrogram.
ECG signals were seg-
mented to 15 seconds
with the event in the
middle. The segments
were bandpassed fil-
tered from 3 to 45 Hz,
scaled to 0-mean unit
variance, and scaled to
the median QRS com-
plex amplitude. Wave-
forms were visually in-
spected to remove seg-
ments with no distin-
guishable QRS complex
or respiratory peaks

3-lead ECG at 500
Hz, respiration signal
at 50 Hz

Participant, n=10; data
size: ~20-70 hours
each; model: diagnos-
tic; outcome metric:
bradycardia, apnea of
prematurity

Gee et al [29], 2019PICS

Several statistical features
were extracted at 3-, 6-,
12-, and 24-hour window.
Linear model, naive Bayes,
decision tree, ensemble
method, and neural net-
work models were evaluat-
ed. The AUROC of the 48-
hour prediction model
achieved 0.861 and that of
the onset detection model
was 0.868

Data quality was as-
sessed by missing value
filter and 3-sigma rule.
The final observation
carried forward was ap-
plied to vital signs not
meeting data quality.
Zero imputation was
performed if calculation
could not be performed
(eg, divided by 0)

HRj, SBPk, DBPl,

MBPm, SpO2, respira-
tion, temperature, oth-
er (sampling rate NR)

Participants: 2819 (21
sepsis, 2798 control);
data size: NR; model:
prognostic (+48
hours); outcome met-
ric: sepsis

Song et al [30], 2020MIMIC-IIIi database
from Beth Israel Dea-
coness Medical Cen-
ter [90]

Several statistical features
were extracted from the

signals. CNN-LSTMn

model using a 3-day
scheme achieved AUROC
of 0.9336 (SD 0.0337)
across 5-fold cross-valida-
tion

Values <0 and flatline
cases were eliminated

HR, respiration signal,
sampled hourly

Participants; n=179
for 3-day and n=181
for 14-day model; da-
ta size, NR; model:
prognostic (+3 days);
outcome metric: mor-
tality

Baker et al [31], 2021MIMIC-III

A dynamic ensemble

KNNp method reached
0.988 (SD 0.001) F1-score
in mortality classification.
Voting of static ensemble
regression models

achieved an RMSEq of
12.509 (SD 0.079) in LOS
prediction

Missing data were filled
by forward and back-
ward filling, using the
mean value. For partici-
pants >24 measure-
ments, they were re-
duced by taking the av-
erage of the nearest
records. For <24 mea-
surements, values were
generated using filling
algorithm

HR, respiration signal,
SpO2, BP, tempera-
ture (sampling rate
NR)

Participants; n=3133;
data size: 24 hours
from each; model:
prognostic (time NR);
outcome metric: mor-

tality and LOSo

Juraev et al [32], 2022MIMIC-III
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

A Kalman-filter–based
method achieved sensitivi-
ty and specificity of
94.74% and 94.17%, re-
spectively, in predicting
apnea-bradycardia
episodes

Baseline and noise of
50 Hz were removed
from ECG signals, QRS
complexes were detect-
ed using Pan-Tompkins
algorithm [85]. RR inter-
vals were further down-
sampled to 10 Hz for 1
prediction model

One lead ECG at 400
Hz and respiration
signals (sampling rate
NR)

Participants; n=32;
data size: 105 seg-
ments of ECG with
250 seconds duration;
model: diagnostic;
outcome metric: ap-
nea- bradycardia

Ghahjaverestan et al
[33], 2015

University Hospitals
in France

14 features, computed in
10-second sliding excerpts,
were extracted from the
breathing signals. A logis-
tic regression classifier au-
tomatically rejects artifacts
to 86% sensitivity and
specificity, which is used
in the proposed framework
for neonatal sepsis detec-
tion

Frequency content >32
Hz from breathing sig-
nals was removed using
a seventh-order Butter-
worth low-pass filter.
After rejecting artifacts
due to gross move-
ments, a fourth-order
Butterworth filter with
a cutoff frequency be-
tween 0.5 and 20 Hz
was applied. Smoothing

filtering using an SGr

filter [91] was applied.
A simple extrema detec-
tor is then applied to
detect respiratory cycles

Respiration signals at
400 Hz, downsampled
to 64 Hz

Participants; n=51;
data size: testing co-
hort mean dura-
tion—2.4 hours; mod-
el: diagnostic; out-
come metric: sepsis

Navarro et al [34],
2015

University Hospitals
in France

A CHMMs achieved
95.74% sensitivity and
91.88% specificity in de-
tecting apnea-bradycardia
episodes, with a detection
delay of –0.59 seconds

Baseline and noise of
50 Hz were removed
from ECG signals using
a combination of low-
pass and notch filters;
QRS complexes were
detected using Pan-
Tompkins algorithm
[85]. Three features
were extracted using a
wavelet-based beat de-
lineator [92]. Features
were transformed to 10
Hz using interpolation
(technique NR)

ECG at 400 Hz. Syn-
thetic signals at 10 Hz

Participants; n=32;
data size: real (236
segments Synthetic)
200 sequences of 400
seconds; model: diag-
nostic (0.59-second
delay); outcome met-
ric: apnea-bradycardia

Ghahjaverestan et al
[35], 2016

University Hospitals
in France

Time, frequency, and non-
linear features were extract-
ed from the HRV parame-
ters. A logistic regression
model using visibility
graph features achieved
0.877 AUROC in predict-
ing sepsis 6 hours before
the start of antibiotics

RR intervals were de-
tected using modified
Pan-Tompkins algo-
rithms, and filter coeffi-
cients were adapted for
newborns [93]. A slid-
ing window of 30 min-
utes, with no overlaps,
was applied to extract
HRV parameters from
the RR time series. 30-
minute segments with a
maximum RR >1 sec-
ond or a minimum RR
of <0.19 seconds were
excluded,

ECG at 500 HzParticipant, n=49; data
size: NR; model:
prognostic (+6 hours);
outcome metric: sep-
sis

León et al [36], 2021University Hospitals
in France
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Time, frequency, nonlin-
ear, and visibility graph
features were extracted
from the HRV parameters.

An RNNt model achieved
0.904 AUROC in predict-
ing sepsis 6 hours before
the time of infection and
>80% accuracy 24 hours
before the onset of infec-
tion

RR intervals were de-
tected using modified
Pan-Tompkins algo-
rithms and filter coeffi-
cients were adapted for
neonates [93]. RR time
series were extracted
and segmented into 5-
minute segments. The
5-minute periods corre-
sponding to 30 continu-
ous minutes were
grouped by calculating
the median of each cor-
responding HRV fea-
ture

ECG at 500 HzParticipants; n=259;
data size: NR; model:
prognostic (+6 hours);
outcome metric: sep-
sis

León et al [37], 2021University Hospitals
in France

A high rate of false alarms
(64%) was observed in real
life. The proposed optimal
decentralized fusion of 3
detection methods had a
significant detection delay
of 2.9 seconds, sensitivity
of 97.6% and false alarm
rate of 63.7%

QRS complexes were
detected using a multi-
feature probabilistic re-
al-time detector [93]

3-lead ECG at 300 HzParticipants; n=52;
data size: 8 hours of
recording from each;
model: diagnostic
(+2.9-second delay);
outcome metric:
bradycardia

Doyen et al [38], 2021University Hospitals
in France

A proposed layered

HMMu model achieved
97.14% (SD 0.31%) accu-
racy in detecting apnea-
bradycardia episodes, with
a detection delay of –5.04
(SD 0.41) seconds

The same preprocessing
techniques as reported
in Ghahjaverestan et al
[35]. QRS complexes
were identified using
Pan-Tompkins method
[85]. The RR time se-
ries were uniformly up-
sampled to 10 Hz using
a linear interpolation
technique

One lead ECG at 400
Hz

Participants; n=32;
data size: 233
episodes with a dura-
tion of 21.48 (SD
16.07) seconds; mod-
el: diagnostic (+5.05-
second delay); out-
come metric: apnea-
bradycardia

Sadoughi et al [39],
2021

University Hospitals
in France

Seven time and frequency
domain HRV features were
extracted. A Gaussian su-
pervector approach with

SVMw achieved 0.81 AU-

ROC in classifying HIEx

Artifacts were manually
removed. R-peaks from
raw ECG signals were
extracted using Pan-
Tompkins method [85].
The timing of the peaks
was adjusted and uni-
formly sampled to 256
Hz using Hermite
spline quadratic interpo-
lation. Then, HRV fea-
tures were extracted
from a 1-minute win-
dow with 30-second
overlap using the nor-
malized RR interval

2-lead ECG, EEGv

(sampling rate NR)

Participants: NR; data
size: 54 1-hour
recordings; model: di-
agnostic; outcome
metric: HIE

Ahmed et al [40],
2015

Cork University Ma-
ternity Hospital
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

An SVM classifier using a
subset of 9 EEG, 2 hours,
and 1 clinical feature
achieved 87% AUROC
and 84% accuracy in pre-
dicting HIE

The 1-hour EEG seg-
ments were downsam-
pled to 32 Hz with an
antialiasing filter set to
16 Hz. The filtered
EEG was segmented
into a 60-second epoch
with no overlap. QRS
complexes from ECG
signals were extracted
using the algorithm re-
ported in [94]. The re-
sulting peaks were
manually inspected to
correct ectopic beats or
mark artifacts. Then,
signals were segmented
into 60-second epochs

ECG and video EEG
at 256 Hz

Participant, n=38; data
size: 1 hour of EEG
and ECG recordings
from each; model: di-
agnostic; outcome
metric: HIE

Temko et al [41],
2015

Cork University Ma-
ternity Hospital

A logistic regression mod-
el predicted a 2-year poor
outcome with an AUROC
of 0.83

EEG recordings were
visually checked for
quality, and poor-quali-
ty data were discarded.
1-hour epochs of EEG
at 12 and 2 hours of age
were then extracted
from each recording. 1-
hour epochs of HR and
SpO2 were extracted at
12- and 24-hour time
point.

EEG at 256 Hz, SpO2

and HR at 1 Hz
Participant, n=43; data
size: mean recording
duration 41 hours 40
minutes; model: diag-
nostic; outcome met-
ric: future adverse
outcome in infants

Lloyd et al [42], 2016Cork University Ma-
ternity Hospital

Fifteen time, frequency,
and nonlinear features
were extracted from HRV.
An XGBoost decision tree
using all features achieved
an AUROC of 0.97 in pre-
dicting short-term out-
comes in infants

Diastolic and systolic
pressures every second
were used to calculate

MAPy. ECG signals
were segmented to
nonoverlapping 5-
minute epochs. QRS
complexes were extract-
ed by the Pan-Tomp-
kins method [85]. Ab-
normal RR intervals
were corrected by mov-
ing average. Periods of
clear movement of arti-
facts were automatical-
ly discarded (method
NR)

ECG at 256 or 1024
Hz, BP at 1 Hz

Participants; n=35
with 23 used; data
size: 824 hours; prog-
nostic (time NR); out-
come metric: short-
term adverse outcome

Semenova et al [43],
2018

Cork University Ma-
ternity Hospital

Interact J Med Res 2024 | vol. 13 | e46946 | p.226https://www.i-jmr.org/2024/1/e46946
(page number not for citation purposes)

Rahman et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Time, frequency, and non-
linear features were extract-
ed from HRV. An XG-
Boost decision tree using
a single HRV feature
achieved 0.87 AUROC,
while multiple features
reached 0.97 AUROC in
predicting adverse out-
comes

DBP and SBP every
second were used to
calculate MAP. Seg-
ments with MAP<10
mm Hg were discarded
due to disconnection of
the pressure transducer
or movements. The
MAP was segmented
into 1-hour windows.
Values outside 3 SD
were discarded. ECG
signals were segmented
into nonoverlapping 5-
minute epochs. QRS
complexes were extract-
ed using the Pan-
Tompkins method [85].
ECG signal was band-
pass filtered with 4-30-
Hz cutoff frequency.
Abnormal values of RR
intervals were corrected
by the moving average
filter

ECG at 256 or 1024
Hz, BP at 1 Hz

Participants; n=43
with 23 used; data
size: total 831 hours;
prognostic (time NR);
outcome metric: 5 ad-
verse outcomes

Semenova et al [44],
2019

Cork University Ma-
ternity Hospital

Twenty-two features were
extracted from the signals.
A naive bayes classifier
reached up to 0.78 AU-
ROC and 3 hours leading
up to sepsis

Respiration waveforms
were bandpass filtered
between 0.45 and 1.45
Hz. QRS complexes
from ECG were extract-
ed using a DT-

CWTab–based method
described in [95].

IBIsac were detected
from the CI signal
peaks using an algo-
rithm (NR). Features
were extracted from ev-
ery 3-hour data

ECG at 250 Hz, CIaa

at 62.5 Hz

Participants; n=49;
data size: ~144 hours
each; model: prognos-
tic (+0-24 h); outcome
metric: sepsis

Joshi et al [45], 2020Máxima Medical

Center NICUz

An optimization of the al-
gorithm was proposed to
detect central apnea, which
achieved 90.5% recall,
19.7% precision, and
30.8% F1-score

A filtered respiration
signal without cardiac
artifacts was generated
using algorithms report-
ed in studies by Lee et
al [96], Mohr et al [97],
and Vergales et al [98].
Steps include Fourier
transformation and inte-
ger frequencies filtered
out, then resampled to
60 Hz and high-pass
filtered with a cutoff
frequency of 0.4 Hz,
and a low-pass filter
with a very low cutoff
frequency optimized to
fit apnea annotations by
clinical experts (value
NR)

ECG at 240 or 250
Hz, CI at 60 or 62.5
Hz, SpO2 at 0.5 or 1
Hz

Participants; n=20;
data size: ~570 hours;
model: prognostic (+6
hours); outcome met-
ric: central apnea pre-
ceding late-onset sep-
sis

Varisco et al [46],
2021

Máxima medical Cen-
ter NICU
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Time domain features were
extracted from HRV.
Classification using a
combination of all features
and logistic regression
model reached a mean ac-
curacy of 0.79 (SD 0.12)
and mean precision of 0.82
(SD 0.18), 3 hours before
the onset of sepsis

QRS complexes from
ECG were extracted us-
ing a DT-CWT–based
method described the
same as Joshi et al [45].
CI signal was filtered to
remove cardiac arti-
facts, and peaks were
detected using methods
similar to those in previ-
ous works (NR). Fea-
tures were extracted
from every 1-hour sig-
nal

ECG at 250 Hz, CI at
62.5 Hz

Participants; n=64;
data size: NR; model:
prognostic (+3 hours);
outcome metric: sep-
sis

Cabrera-Quiros et al
[47], 2021

Máxima medical Cen-
ter NICU

47 features were extracted
from the vitals. A logistic
regression model achieved
0.9 AUROC in detecting
central apnea

QRS complexes were
detected using the same
method as reported in
Joshi et al [45] and
Cabrera-Quiros et al

[47]. From ECG, SIIad

was calculated by apply-
ing a bandpass filter
(0.001-0.40 Hz) using
10-second segments
and then computing a
kernel density estimate
to return patient motion
measurement every
second. RR intervals
were resampled at 250
Hz. CI signal was pro-
cessed using the
method by Redmond et
al [99] to calculate

RREae. No preprocess-
ing was done on SpO2.
Each feature was ex-
tracted using 30-second
windows. z score nor-
malization was applied
to the feature matrix

ECG at 250 Hz, CI at
62.5 Hz, SpO2 at 1 Hz

Participants; n=20;
data size: 960 hours of
data from 20 infants,
7818 event extracted;
model: diagnostic;
outcome metric: cen-
tral apnea

Varisco et al [48],
2022

Máxima Medical
Center NICU

A ResNet-based neural
network, DeepLOS, was
proposed, which achieved
a 0.72 F1-score in predict-
ing late-onset sepsis

QRS complexes from
ECG were extracted us-
ing a DT-CWT–based
method described by
Rooijakkers et al [95].
RR intervals from the
complexes were divided
into nonoverlapping 1-
hour segments. The
segments were cen-
tered, and missing val-
ues in the segments
were filled by zero
padding on the 2 ends

ECG at 250 HzParticipants; n=128;
data size: ~24 hours
each; model: prognos-
tic (+24 hours); out-
come metric: sepsis

Peng et al [49], 2022Máxima Medical
Center NICU
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

60 Features were extracted
from the signals. An XGB
model using the features
achieved an AUROC of
0.88 in predicting late-on-
set sepsis 6 hours preced-
ing the onset.

QRS complexes from
ECG were extracted us-
ing a DT-CWT–based
method described in
[95]. CI signal was fil-
tered to remove cardiac
artifacts (method NR).
Peaks were detected us-
ing the method reported
by Lee et al [96]. SII
was calculated from
ECG and CI waveforms
using a CWT-based
method, as reported by
Zuzarte et al [100]. Sig-
nals were divided into
1-hour-long nonoverlap-
ping segments. Features
were calculated in both
1-hour segments and 5-
minute subsegments

ECG at 250 Hz, CI at
62.5 Hz

Participants; n=127;
data size: ~48 hours
each; model: prognos-
tic (+6 hours); out-
come metric: sepsis

Peng et al [50], 2022Máxima Medical
Center NICU

An autoregressive HMM
model achieved up to 0.80
AUROC in predicting sep-
sis

An extension of the
forward-backward algo-
rithm [101] is devel-
oped for missing data
inference

ECG-derived HR,

PRaf (sampling rate
NR)

Participants; n=24;
data size: 30 hours
each; model: prognos-
tic (+3-6 hours); out-
come metric: sepsis

Stanculescu et al [51],
2014

Royal Infirmary of
Edinburgh NICU

An HSLDSag was able to
predict sepsis with up to
0.65 F1-score

An automated oximeter
error detection algo-
rithm was applied on
the basis of the method
described by Stancules-
cu et al [51]. Rows
containing missing data
on the observation ma-
trix are set to 0

ECG-derived HR, PR
core and peripheral
temperature and SpO2

at 1 Hz

Participants; n=24;
data size: 540 hours;
model: diagnostic;
outcome metric: sep-
sis

Stanculescu et al [52],
2014

Royal Infirmary of
Edinburgh NICU

An RFah model using HR
features achieved 0.88 ac-
curacy and 0.72 κ in detect-
ing apnea

Visualization technique
was applied to identify
issues in data. Missing
values were not treated
due to low percentage.
For categorical features,
0 was added for missing
values. Minimum-maxi-
mum normalization and
z score normalization
were done

HR (sampling rate
NR)

Participant: NR; data
size: 229 examples;
model: diagnostic;
outcome metric: ap-
nea

Shirwaikar et al [53],
2016

Kasturba hospital
NICU, Manipal, India

Statistical features were
extracted from the signals.
A Multilayer Perceptron
model and a deep autoen-
coder model reached 0.82
and 0.83 AUROC, respec-
tively, in detecting apnea

No preprocessing tech-
niques were reported on
the raw signals. Obser-
vations with missing
features were discarded.
Other features (continu-
ous values) that had
missing values were
converted to discrete
with the addition of the
group name “not
known”

ECG (sampling rate
NR)

Participants; n=367
(315 used); data size:
NR; model: diagnos-
tic; outcome metric:
apnea

Shirwaikar et al [54],
2019

Kasturba hospital
NICU, Manipal, India
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Features were extracted

from all signals. A GMMai

model reached 0.8 AU-
ROC in predicting apnea

IBIs were extracted
from abdominal respira-
tory movements
(method NR), and RR
intervals were extracted
from ECG signals
(method NR). Physical-
ly implausible IBI and
RR interval values were
automatically removed
(range NR). Values
were resampled to 10
Hz using shape-preserv-
ing piecewise cubic in-
terpolation. Signals
were then log trans-
formed and converted
to 0 mean, unit variance

ECG, SpO2, respirator
signal, pulse plethys-
mogram (sampling
rate NR)

Participants; n=6; data
size: ~5-8 hours for
each patient; model:
prognostic (+5.5 min-
utes); outcome metric:
apnea

Williamson et al [55],
2013

University of Mas-
sachusetts Memorial
Healthcare NICU

The proposed framework
provided real-time analysis
and HRV extraction to
identify the characteristics
correlated to periods of
high distress or pain

Pan-Tompkins algo-
rithm [85] was modi-
fied to detect QRS
complexes. ECG was
filtered using a band-
pass filter with a 16-26-
Hz cutoff frequency. A
low-pass filter by an

order 120 FIRaj filter
with a corner frequency
of 25 Hz and a high-
pass filter by an order
160 FIR filter with a
corner frequency of 25
Hz were applied. Then,
a polynomial filter of
order 21 was applied as
the differentiator filter.
Finally, a 111-order
moving average filter
was used, and QRS
complex was detected
using an adaptive
threshold. Lomb-Scar-

gle LMSak spectral esti-
mation [102] was used
for missing and irregu-
lar RR intervals

ECG at 1000 HzParticipants; n=20;
data size: 1186 min-
utes; model: diagnos-
tic; outcome metric:
periods of high dis-
tress or pain

Schiavenato et al [56],
2013

Jackson Memorial
Hospital NICU

A linear Gaussian discrim-
inant classifier detected the
episodes with a 0.73 prob-
ability of detection and
0.22 probability of false
alarm

Signals were low-pass
filtered with a cutoff
frequency of 10 Hz,
with an 8-pole Bessel
antialiasing filter digi-
tized and sampled at 50
Hz

SpO2, RIPal (sampling
rate NR)

Participants; n=24;
data size: 9.0 (SD 2.2)
hours for each; model:
diagnostic; outcome
metric: apnea

Rubles-Rubio et al
[57], 2014

Montreal Children’s
Hospital

A point process model us-
ing RR intervals showed a
strong correlation with
bradycardia events and a
modest correlation with
hypoxemia events

HR data were converted
to interbeat RR inter-
vals using RR=60/HR.
No processing on ECG
signals was reported

ECG at 500 Hz and
HR at 1 Hz

Participants; n=18;
data size: 24 hours
each; model: prognos-
tic (+23 hours); out-
come metric: bradycar-
dia, hypoxemia

Amperayani et al [58],
2017

University of Alaba-
ma at Birmingham
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Features were extracted
from all signals. A gradient
boosting decision tree
achieved up to 0.97 AU-
ROC and 0.92 weighted
F1-score in patient-based
cross-validation in predict-
ing sepsis

Data were scaled down
to 1 record per minute.
Data blocks with in-
valid values were delet-
ed. Then, the sliding
window was set to 60
minutes to feed to the

MLam models

HR, SpO2, respiration
signal at 1 Hz

Participants; n<80;
data size: 407 patient-
day; model: prognos-
tic (+24 hours); out-
come metric: sepsis

Hu et al [59], 2018Monash Children’s
Hospital NICU, Aus-
tralia

A POPSar was developed
and fit a multivariate logis-
tic regression model,
which performed well in
predicting death, sIVH,
and BPD, but not tROP,
sepsis, and NEC

Infants with <6 hours of
data within 12 hours of
birth were discarded.
Cross-correlation of HR
and SpO2 was calculat-
ed over 10-minute win-
dows using the XCORR
function of MATLAB
with a lag time of –30
to +30 seconds

HR, SpO2 at 0.5 HzParticipants; n=78;
data size: NR; model:
prognostic (+12
hours); outcome met-

ric: death, sIVHan (se-

vere), BPDao, treated

ROP, ap late-onset

sepsis, and NECaq

Sullivan et al [60],
2018

University of Virginia
and Columbia Univer-
sity NICU

An unsupervised ensemble
of clustering techniques
was proposed to cluster in-
fants to different levels of
risk

Infants with missing
data on either end of the
total duration were ex-
trapolated to the win-
dow edge by repeating
the most proximal HRC
index values. Interior
missing values were
updated using linear in-
terpolation. A fifth-or-
der B-spline with
equally spaced knots
was used to capture in-
formation from indepen-
dent samples (HRC in-
dexes 12 samples apart)

HRCas index from
ECG

Participants; n=2989;
data size: 121 data
points per infant;
model: prognostic (+2
days); outcome met-
ric: mortality, sepsis

Zimmet et al [61],
2020

9 NICUs in the United
States

EEG delta power was
identified to be a crucial
biomarker for predicting
neonates with HIE who
died with those who sur-
vived

ECG contamination
from EEG was detected
using the method de-
scribed by Govindan et
al [104]. EEG signals
with amplitude>500 μV
or SD<0.01 μV were
discarded as artifacts.
The volume conduction
was attenuated by calcu-
lating the global aver-
age of EEG voltages
from all electrodes and
subtracting the global
average from the EEG
value of every electrode
in the frequency do-
main [62]. The values
were then transformed
to the time domain for
spectral analysis. EEG
was segmented into 10-
minute nonoverlapping
artifact and seizure-free
epochs. Spectral analy-
sis was done using a
Welch periodogram ap-
proach [105,106] using
3-second epochs

EEG at 200 or 256 HzParticipants; n=95;
data size: median
recording duration of
75.78 hours; model:
diagnostic; outcome
metric: HIE

Kota et al [103], 2020Children’s National
Hospital, Washington
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Features were extracted
from HRV. HeRO model
was tested using this data
set. HeRO score was able
to distinguish between
healthy and septic new-
borns

RR intervals were calcu-
lated from ECG using

HeROat model

ECG at 200 HzParticipants; n=5; data
size: ~24 hours each;
model: diagnostic,
outcome metric: sep-
sis

Mirnia et al [63], 2021Akbar Abadi Hospital
NICU, Iran

Thirty-four features were
extracted from the signals.
An RF model achieved
88% sensitivity and 0.93
AUROC in predicting
mortality

Missing or out-of-range
values were replaced
with NaN and then im-
puted using mean val-
ues for that variable
across all training and
testing data. Data were
downsampled to every
10 seconds to extract
features. Dynamic vari-
ables were calculated as
rolling means, SD, and
absolute z score on 5-
and 30-minute windows
to reduce the influence
of outliers

HR, respiration signal
and SpO2 at 1 Hz

Participants; n=275;
data size: 4, 01,33,460
data points; model:
prognostic (+6 hours);
outcome metric: mor-
tality

Lee et al [64], 2021St Louis Children’s
Hospital NICU

A logistic regression mod-
el using clinical and physi-
ological features achieved

an AUCau of 0.821 in pre-
dicting late-onset sepsis

HR and SpO2 values of
0 were removed. Eight
features were extracted
in 10-minute windows
and averaged hourly.
Cross-correlation be-
tween HR and SpO2

was calculated in 10-
minute windows of sig-
nals normalized to have
0 mean and SD of 1.
Cross-correlation was
done using the XCORR
function of MATLAB
with a lag time of –30
to +30 seconds

HR and SpO2 at 0.5
Hz

Participants; n=408,
(266 used); data size:
NR; model: diagnos-
tic; outcome metric:
sepsis

Sullivan et al [65],
2021

University of Virginia
Children’s Hospital,
Morgan Stanley Chil-
dren’s Hospital, and
St Louis Children’s
Hospital
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

A deep learning model us-
ing LSTM named
DeepPBSMonitor was de-
veloped to predict mortali-
ty with 0.888 accuracy,
0.78 recall, and 0.897
AUC

Infants with data >80
hours were truncated,
and <80 hours were
padded with 0s. Mean,
median, mode, and
Bayesian ridge data im-
putation techniques
were explored.
Bayesian ridge was
used to sample 5 data
sets by sampling differ-
ent posteriors each
time. Then, the average
was reported using 4-
fold cross-validation.
The rolling mean of
each vital sign with a
range of 5 minutes was
used to reduce noise.
Finally, the end of each
sample was padded
with 1 segment where
all features equaled 0.
Features were extracted
from 5-minute seg-
ments

HR, respiration,

SpO2, and ART-Mav

or NIBP-Maw at 1 Hz

Participants; n=285;
data size: ~80 hours
each; model: prognos-
tic (+6 hours); out-
come metric: mortali-
ty

Feng et al [66], 2021St Louis Children’s
Hospital NICU

The prediction framework
using GMM and logistic
regression model achieved
75% accuracy in predicting
bradycardia severity dur-
ing the apnea-bradycardia-
hypoxia event

PPG signals were fil-
tered using a wavelet-
based algorithm to re-
move gross body
movements. A binary
marker sampled at 25
Hz was obtained to indi-
cate the presence or ab-
sence of movement.
QRS complexes were
detected using a modi-
fied Pan-Tompkins algo-
rithm (modification
NR). IBIs were detected
using automated peak
detection from
LabChart Software RR
intervals, and IBI val-
ues were then interpolat-
ed at 10 Hz

ECG at 500 Hz,

PPGax at 125 Hz,
SpO2, HR, respiration
signals from pneumo-
gram at 50 Hz

Participants; n=10;
data size: 241.34
hours; model: prognos-
tic (+310 seconds);
outcome metric: ap-
nea-bradycardia-hy-
poxia

Zuzarte et al [67],
2021

University of Mas-
sachusetts Memorial
Healthcare

Features were extracted
from all signals. A multi-
variable logistic regression
model using 5 features
achieved the AUROC of
0.83 in predicting mortali-
ty

No preprocessing was
reported on the vitals.
They were grouped to
calculate the average in
10-minute nonoverlap-
ping windows

HR and SpO2 at 0.5
Hz

Participants; n=5957;
data size: random dai-
ly 10 minutes seg-
ments from each;
model: prognostic
(+1-7 days); outcome
metric: mortality

Niestroy et al [68],
2022

University of Virginia
NICU

Several features were ex-
tracted from the vitals. An
XGB model achieved
training AUROC of 0.834
using the data from NICU
1, and 0.792 and 0.807
testing AUROC using data
from NICU 2 and NICU 3,
respectively

HR and SpO2 were pre-
processed by removing
the values containing 0.
Features were calculat-
ed in 10-minute
nonoverlapping win-
dows. Windows with
>50% missing data
were excluded from
subsequent analysis

HR and SpO2 at 0.5
Hz

Participants; n=2494;
data size: NR; model:
prognostic (+24
hours); outcome met-
ric: sepsis

Kausch et al [69],
2023

University of Virginia
Children’s Hospital,
Morgan Stanley Chil-
dren’s Hospital and St
Louis Children’s Hos-
pital
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

A naive bayes classifier
achieved an AUROC of
0.82 up to 24 hours before
clinical suspicion of sepsis.
Adding respiratory signals
improved the performance
compared with only using
heart rate features

All signals were resam-
pled to 1 Hz. Segments
with at most 15 seconds
missing were linearly
interpolated. All signals
were filtered with a
moving mean filter of
width 3. IBI signals
were further filtered to
remove ectopic beats
and strong nonlineari-
ties with a moving me-
dian filter of width 3
and Butterworth band-
pass filter of order 6
with low-cut and high-
cut frequencies of
0.0021 and 0.43 Hz.
Signals were divided
into 45-minute seg-
ments. Features were
calculated using a slid-
ing time frame with
50% overlap

IBI from ECG, respira-
tion from CI, SpO2

(sampling rate 1-500
Hz)

Participants; n=325;
data size: 2866 hospi-
talization days; mod-
el: prognostic (+24
hours); outcome met-
ric: sepsis

Honoré et al [70],
2023

Karolinska University
Hospital Solna and
Huddinge NICU,
Stockholm, Sweden

A coupled HMM model
achieved 84.92% sensitivi-
ty, 94.17% specificity with
a time detection delay of
2.32 (SD 4.82) seconds in
detection apnea-bradycar-
dia episodes

No preprocessing tech-
niques were reported.
Signals were sampled
in 7-second intervals

2-channel ECGParticipants; n=32;
data size: 233
episodes, ~7 seconds
each; model: diagnos-
tic (+2.32-second de-
lay); outcome metric:
apnea-bradycardia

Masoudi et al [71],
2013

Simulated and real
data (NICU name NR)

The proposed model
achieved up to 93.84 (SD
0.79) in specificity and
89.66 (SD 0.71) in sensitiv-
ity with a detection delay
of 1.59 (SD 0.24) seconds

Hidden semi-Markov
models to represent the
temporal evolution of
RR intervals. A prepro-
cessing method that in-
cludes quantization and
a delayed version of the
observation vector is
proposed. RR time se-
ries was resampled at
10 Hz and segmented at
a 7-second interval

ECG (sampling rate
NR)

Participants; n=32;
data size: 148 RR in-
tervals with a mean
duration of 26.25 (SD
11.37) minutes; mod-
el: diagnostic (+1.73-
second delay); Out-
come metric: apnea-
bradycardia

Altuve et al [72], 2015Simulated and real
signals from NICU
(NICU name NR)
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Key findingsSignal processing and
computational tech-
niques

Physiological signal
analyzed

Study settingsAuthor, yearData set used

Features were extracted
from all signals. A com-
bined GMM-HMM model
achieved 0.74% (SD
0.05%) accuracy in detect-
ing sepsis. The model was
compared with HeRO
model, which underper-
formed using this data set

Data were segmented
into 20-minute time
frames. Time frames
with missing data were
discarded

SpO2, respiratory fre-
quency, and RR inter-
val from ECG at 1 Hz

Participants; n=22;
data size: 3501time
series, 1200 samples
in each; model: prog-
nostic (+72 hours);
outcome metric: sep-
sis

Honoré et al [73],
2020

NICU (name NR)

aCHIME: Collaborative Home Infant Monitoring Evaluation.
bNR: not reported.
cECG: electrocardiogram.
dSpO2: oxygen saturation.
ePICS: Preterm Infant Cardio-Respiratory Signals.
fAUROC: area under receiver operating characteristic curve.
gFPR: false positive rate.
hHRV: heart rate variability.
iMIMIC-III: Medical Information Mart for Intensive Care.
jHR: heart rate.
kSBP: systolic blood pressure.
lDBP: diastolic blood pressure.
mMBP: mean blood pressure.
nLSTM: convolutional neural network-Long Short-Term Memory Network.
oLOS: length of stay.
pKNN: k-nearest neighbor.
qRMSE: root mean square error.
rSG: Savitzky-Golay.
sCHMM: coupled Hidden Markov Model.
tRNN: recurrent neural network.
uHMM: Hidden Markov Model.
vEEG: electroencephalography.
wSVM: support vector machine.
xHIE: hypoxic-ischemic encephalopathy.
yMAP: mean arterial pressure.
zNICU: neonatal intensive care.
aaCI: chest impedance.
abDT-CWT: Discrete Time Continuous Wavelet Transform.
acIBI: interbreath variable.
adSII: Signal Instability Index.
aeRRE: ribcage respiratory effort.
afPR: pulse oximeter.
agHSLDS: Hierarchical Switching Linear Dynamical System.
ahRF: random forest.
aiGMM: Gaussian Mixture Model.
ajFIR: Finite impulse response.
akLMS: least-mean-square.
alRIP: respiratory inductive plethysmograph.
amML: machine learning.
anIVH: intraventricular hemorrhage.
aoBPD: bronchopulmonary dysplasia
apROP: retinopathy of prematurity.
aqNEC: necrotizing enterocolitis
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arPOPS: pulse oximetry predictive score.
asHRC: heart rate characteristics.
atHeRO: heart rate observation.
auAUC: area under the curve.
avART-M: arterial mean blood pressure.
awNIBP-M: noninvasive blood pressure.
axPPG: photoplethysmography.

Preprocessing Steps

Overview
Preprocessing of physiological data typically involves several
steps, including the handling of missing data, filtering,

segmentation, and waveform analysis for feature extraction.
Here, we define 5 required preprocessing steps (based on the
steps outlined in Berkaya et al [13]) and identify the steps
reported by each of the studies in this review (Table 3). The
definition of each of the steps is given in subsequent sections.
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Table 3. Required physiological signal preprocessing steps reported by each of the studies in this review.

Required preprocessing step reportedAuthor, year

Data segmentationWaveform feature ex-
traction

Resampling, normaliza-
tion

Artifact re-
moval

Handling of missing
data

✓✓✓✓Cohen and de Chazal [22], 2013

✓✓✓✓✓Cohen and de Chazal [23], 2014

✓✓✓✓Cohen and de Chazal [24], 2015

✓✓Gee et al [26], 2016

✓✓✓Gee et al [25], 2017

✓✓✓Das et al [27], 2019

Mahmud [28], 2019

✓✓✓✓Gee et al [29], 2019

N/Aa✓✓Song et al [30], 2020

✓N/A✓✓Baker et al [31], 2021

N/A✓✓Juraev et al [32], 2022

✓✓✓Montazeri Ghahjaverestan et al
[33], 2015

✓✓✓✓Navarro et al [34], 2015

✓✓✓✓Montazeri Ghahjaverestan et al
[35], 2016

✓✓León et al [36], 2021

✓✓León et al [37], 2021

✓✓Doyen et al [38], 2021

✓✓✓Sadoughi et al [39], 2021

✓✓✓✓✓Ahmed et al [40], 2015

✓✓✓✓Temko et al [41], 2015

✓N/A✓Lloyd et al [42], 2016

✓✓✓Semenova et al [43], 2018

✓✓✓✓Semenova et al [44], 2019

✓✓✓Joshi et al [45], 2020

✓✓✓Varisco et al [46], 2021

✓✓Cabrera-Quiros et al [47], 2021

✓✓✓✓Varisco et al [48], 2022

✓✓Peng et al [49], 2022

✓✓✓Peng et al [50], 2022

N/A✓✓Stanculescu et al [51], 2014

N/A✓✓Stanculescu et al [52], 2014

✓N/A✓✓✓Shirwaikar et al [53], 2016

✓N/A✓Shirwaikar et al [54], 2019

✓✓Williamson et al [55], 2013

✓✓✓Schiavenato et al [56], 2013

N/A✓✓Robles-Rubio et al [57], 2014

Amperayani et al [58], 2017

✓N/A✓✓✓Hu et al [59], 2018

✓N/A✓Sullivan et al [60], 2018
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Required preprocessing step reportedAuthor, year

Data segmentationWaveform feature ex-
traction

Resampling, normaliza-
tion

Artifact re-
moval

Handling of missing
data

✓N/A✓Zimmet et al [61], 2020

✓✓✓Kota et al [62], 2020

N/AMirnia et al [63], 2021

✓N/A✓✓✓Lee et al [64], 2021

✓N/A✓✓Sullivan et al [65], 2021

✓N/A✓✓✓Feng et al [66], 2021

✓✓✓✓Zuzarte et al [67], 2021

✓N/ANiestroy et al [68], 2022

✓N/A✓✓Kausch et al [69], 2023

✓N/A✓✓✓Honoré et al [70], 2023

✓Masoudi et al [71], 2013

✓✓✓Altuve et al [72], 2015

✓N/A✓Honoré et al [73], 2020

aN/A: Not applicable.

Handling of Missing Data
During neonatal physiological monitoring, instances of missing
data may arise due to sensor disconnection, improper
placements, or signal dropouts. To tackle this issue,
methodologies like data imputation or interpolation are applied.
For example, if gaps exist in a neonate’s HR monitoring data,
interpolation methods can estimate the missing values by
considering neighboring data points. Widely used interpolation
techniques include linear interpolation, spline interpolation, and
time-based interpolation. In addition, common data imputation
methods involve forward fill, backward fill, and imputation
using mean or median values. Methods such as forward fill [30],
moving average [44], mean imputation [64,66], and interpolation
[67] were used by some studies reviewed in this paper.

Artifact Removal
Neonatal signals can be affected by artifacts, such as those from
muscle movements or electrical interference. Commonly used
techniques, such as bandpass or notch filters, along with moving
averages, are used to effectively eliminate these disturbances.
For instance, in neonatal EEG signals, adaptive filters prove
beneficial in eliminating artifacts caused by muscle movements,
resulting in a clearer representation of the baby’s brain activity.
Some methods used by the reviewed papers were high-pass
filter [27,46] bandpass filter [29,33,44,45,56].

Resampling and Normalization

Overview

Resampling is a technique that standardizes data intervals,
involving either upsampling (increasing data point frequency)
or downsampling (decreasing frequency) to create a regular
time series. This aligns signals from different devices or
physiological sources. Normalization ensures uniformity and
reliability across these standardized sampling rates. For instance,
if neonatal HR signals from different devices have varied

sampling rates, resampling achieves a common rate, while
normalization, using techniques such as minimum-maximum,
z score, or log scale, ensures consistent amplitude scaling for
accurate comparative analysis. In the reviewed studies,
normalization techniques such as minimum-maximum [53] and
0 mean normalization [29,59] were used. In terms of resampling,
both downsampling [33,34,41] and upsampling [39] techniques
were used.

Waveform Feature Extraction

Extracting relevant features from a signal’s waveform is a
fundamental step in signal preprocessing. This involves
identifying key characteristics such as peaks, troughs, or other
significant points in the signal. In the context of neonatal ECG,
feature extraction may involve identifying key points such as
R-peaks to analyze HRV, providing valuable insights into the
infant’s autonomic nervous system development. The
Pan-Tompkins algorithm is a popular method chosen by multiple
papers reviewed in this study that conducted R-peak detection
from the QRS complex [22,24,27,33,35,39].

Data Segmentation

Segmenting data is the process of breaking down a continuous
signal into smaller, more manageable sections to enable targeted
analysis. This practice is especially beneficial when dealing
with lengthy signals. Data segmentation is a common
preprocessing step in ML workflows. For instance, in the
analysis of neonatal sleep patterns using EEG, data segmentation
can involve dividing the continuous EEG signal into epochs,
allowing for the identification and study of sleep stages in
shorter, more manageable segments. Commonly used
segmentation techniques include fixed length, sliding window,
and threshold- and feature-based segmentation. Some of the
data segmentation sizes used in the reviewed studies were
30-second [22-24,45] and 1-minute [41] epochs and a sliding
window of varied sizes [35,40,55,59,64].
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In neonatal physiological signal processing, these preprocessing
techniques contribute to the accurate interpretation of signals,
aiding health care professionals in monitoring and providing
appropriate care in the NICU or other clinical settings.

It can be seen from Table 3 that only 7 (13%) out of the 52
reviewed studies reported all the recommended preprocessing
steps. This could have several impacts on the downstream
analysis. For instance, several papers missed reporting on how
they segmented the data for feature extraction and classification,
although it is essential for clinical validation in cases where the
segment duration is dependent on the adverse outcome
prediction performance. In HRV analysis, it is important to
indicate whether it is a short-term (~5 minutes) or a long-term
(≥24 hours) analysis as they reflect different underlying
physiological processes and thus demonstrate different
predictive power [107]. Along with the segment duration,
additional information such as the sampling rate of the signals
will provide a clear reflection of the data set size. Downsampling
the data to a low sampling rate (eg, 50 Hz) has also shown a
significant impact on HRV analysis [108]. Although all the
reviewed studies mentioned the participant number, and majority
of them (n=39) reported the sampling rate of the signals, very
few provided details on the sample size or data set duration or
whether the data set was resampled for subsequent analysis.
These elements provide a clearer picture of the computational
time and resources required for clinical validation and adoption.
Although physiological recordings collected in the NICU
environment suffer greatly from missing data due to similar
factors that introduce artifacts [109], reporting how missing
data are handled is scarce. Different methods for dealing with
missing values could cause different results, and not all might
be suitable for a particular problem. Therefore, it is important
to report all the details related to the adopted approach.

The incomplete or partial reporting found in these studies has
significant implications for the implementation of QMS in using
these techniques for clinical adoption. A good implementation
of QMS requires a comprehensive reporting of each
intermediary step involved in constructing an AI and ML
pipeline. The International Medical Device Regulators Forum
offers guidance on the clinical evaluation required for any
product intended for use as a medical device [110]. According
to the International Medical Device Regulators Forum
guidelines, during clinical evaluation, relevant research articles
are reviewed to identify clinical evidence supporting the product
[111]. The guideline encourages manufacturers to follow these
recognized standards and best practices in the development,
validation, and manufacturing processes. Clinical evaluations
are required by the European Union medical device regulation,
and it is also mentioned in the ISO 13485 (the quality
management standard for medical devices). Thus, detailed
reporting is crucial as it can be used by regulatory bodies to
evaluate future SaMD products clinically. Steps such as the
missing data handling procedures are also required by the
TRIPOD (Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis) checklist for
model development and validation, which assesses the risk of
bias and clinical usefulness of the prediction model [112].
Another example is a questionnaire prepared by the German

Notified Body Interest Group, and it was adopted to assess some
AI-powered medical products in the European Union. This
questionnaire includes inquiries about data management,
including data collection, labeling, preprocessing procedures,
and relevant documentation. Transparent and detailed reporting
of these steps is essential to ensure the safety, efficacy, and
reliability of SaMD.

Discussion

Principal Findings
This review aimed to summarize the computational methods
used for preprocessing preterm infants’ physiological data as a
first step in developing data-driven predictive models for adverse
outcomes related to clinical decision support. This is an
important step, especially from a clinician’s perspective, because
it increases the trustworthiness of the developed models by
allowing for the verification and reproduction of the results. In
addition, it aids in achieving regulatory compliance and ensures
the safety, efficacy, and ethical use of AI-based health care
devices. Furthermore, it allows us to recognize the shortcomings
in the current state-of-the-art studies and recommend guidelines
for transparent reporting. The review found that the studies were
heterogeneous in terms of their methods and applications.
Therefore, a narrative approach to reporting the results was
taken instead of a quantitative approach. Through the analysis
we identified several key components that were incomplete or
partially reported by the included studies, which are summarized
in Table 3. To ensure transparent reporting for any future studies
in this area, we recommend detailed reporting of all
preprocessing steps listed in Table 3, which will allow revealing
their strengths and weaknesses and ultimately make them usable
and reproducible. Reproducible research allows clinicians to
make more informed decisions about patient care and treatment
based on the evidence that has been thoroughly assessed.

Comparison With Prior Work
The reviews published in recent years have highlighted the
potential of big data and AI in supporting clinical
decision-making in the neonatal health care domain
[10,15,21,113,114], particularly in using physiological data for
detecting or predicting neonatal health outcomes. However,
appropriate preprocessing of these data is a prerequisite for
developing clinically deployable models. A systematic review
by McAdams et al [10] reported different ML models used to
predict different clinical outcomes in neonates. However, their
primary focus was on 5 neonatal morbidities, and they did not
focus on reporting the preprocessing methods applied before
building the ML models. Furthermore, they did not include
studies using real-time continuous physiological data; 28 out
of their 68 studies were based on physiological data (not
continuous), and the rest were based on electronic medical
records and imaging data. Latremouille et al [15] performed a
review on HRV analysis for neonates. The primary limitation
of the work was the lack of reporting in detail about the
preprocessing steps of ECG signals before HRV analysis, such
as ECG handling and segmentation, R-wave (QRS complex)
identification technique, software and parameters, and ranges
of all HRV features. They identified these components as
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incomplete or missing in the studies they reviewed and thus
recommended clear reporting of these aspects for future studies
in this area. These limitations served as a motivation for our
review to focus on the preprocessing techniques of neonatal
physiological signals in a broader sense, which serves as the
preliminary step for any big data–based approaches.

Limitations
There are several limitations to this review. Screening of all the
included studies was conducted independently by 1 reviewer,
which may have introduced bias. In addition, this review did
not include a quantitative or comparative analysis of the
reviewed studies, as the techniques used to analyze the
physiological signals were diverse. Future work could include
a quantitative evaluation of the studies that were homogeneous
in design.

Conclusions
This review explores the computational methods used by the
current state-of-the-art ML-driven clinical decision support
approaches to preprocess physiological signals collected from
infants treated in the neonatal setting. A summary of the studies
identified heterogeneity in the techniques used for analysis and
revealed a lack of consistent and detailed reporting, which is
important for building robust, transparent, and clinically
deployable prediction models. The availability of powerful
hardware and software resources in the NICU environment and
growing interest in big data and AI are driving strong demand
for clinical decision support applications. We recommend clear
reporting of the different steps in the preprocessing of the
neonatal physiological signals to ensure transparency in clinical
validation and accelerate the adoption of developed models in
the clinical setting. This will further enhance the delivery and
adoption of reliable, regulatory-compliant, safe, and effective
products in health care.
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Abstract

Background: The declaration of the COVID-19 pandemic led to public health restrictions that impacted the lives of people
across the globe. Parents were particularly burdened with balancing multiple responsibilities, such as working from home while
caring for and educating their children. Alcohol use among parents is an area that warrants further exploration.

Objective: This study aimed to investigate patterns of parental alcohol consumption during the COVID-19 pandemic, focusing
on relative changes in the frequency and quantity of alcohol use compared to prepandemic use, nonparent adult samples, or both.

Methods: A scoping review informed by the methodology of Arksey and O’Malley explored patterns of parental alcohol
consumption during the COVID-19 pandemic. Searches were conducted in CINAHL, Ovid MEDLINE, PsycINFO, and Web of
Science. Search terms were created using the Joanna Briggs Institute framework of Population, Concept, and Context, with the
population being parents and the concept being alcohol consumption during the COVID-19 pandemic.

Results: The database search yielded 3568 articles, which were screened for eligibility. Of the 3568 articles, 40 (1.12%) met
the inclusion criteria and were included in the scoping review. Findings indicated the following: (1) having children at home was
a factor associated with parental patterns of alcohol use; (2) mixed findings regarding gender-related patterns of alcohol
consumption; and (3) linkages between parental patterns of alcohol use and mental health symptoms of stress, depression, and
anxiety.

Conclusions: This scoping review revealed heterogeneous patterns in parental alcohol use across sociocultural contexts during
the COVID-19 pandemic. Given the known harms of alcohol use, it is worthwhile for clinicians to assess parental drinking patterns
and initiate conversations regarding moderation in alcohol use.

(Interact J Med Res 2024;13:e48339)   doi:10.2196/48339

KEYWORDS

parent; alcohol use; COVID-19; scoping review; parenting; alcohol; addict; addiction; substance use; health behavior; health
behaviors; scoping; review methods; review methodology; drink; drinking; alcoholic; alcoholism

Introduction

Background
On March 11, 2020, the World Health Organization (WHO)
declared COVID-19 a global pandemic [1]. The restrictive

public health measures introduced in many countries contributed
to a shadow pandemic of psychological distress [2], which was
associated with increased sales and consumption of alcohol
[3,4]. Changes in the environments and circumstances in which
adults drink can have effects on rates of consumption; lockdown
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restrictions and sheltering in place led to drinking in the home
environment becoming the norm during COVID-19 lockdowns
in some places, such as the United Kingdom [5].

In Westernized countries, problematic alcohol use peaks in the
third decade of life, a time when many adults are raising young
children [6]. The reduction of alcohol consumption is one of
the top 10 modifiable risk factors for reducing disease burden,
injury, and social problems globally [7,8]. The burden of disease
associated with alcohol use is high. A meta-analysis identified
alcohol consumption as the seventh leading risk factor for
disability and premature death in 2016, and among those aged
15 to 49 years, alcohol consumption accounts for nearly 10%
of deaths on a global scale [9].

Parents warrant special attention as a large subsection of the
adult population because they are primary caregivers for
children. For parents, pandemic stressors (eg, lockdown
restrictions, balancing employment while children are at home,
and reduced social support) compound the daily stressors of
parenting young children [10]. In parallel to the elevated rates
of parental depression and anxiety from prepandemic levels
[11,12], evidence suggests that the COVID-19 pandemic has
increased the consumption of alcohol in parents with young
children [13,14]. A meta-analysis of 128 studies (aggregate
sample of N=492,235) revealed that nearly a quarter of adults
reported increases in alcohol consumption during the COVID-19
pandemic [15]. These changes were moderated by per capita
gross domestic product and country. The authors identified that
residing with children was associated with increases in alcohol
consumption, with consumption increasing with the number of
children at home [15]. Moreover, while Acuff et al [15]
identified that female participants were more likely to increase
their drinking frequency and male participants were more likely
to increase their problematic drinking behaviors (eg, binge
drinking), it is unclear what proportions of these participants
were also caregivers to young children. Currently, a granular
and gendered examination of patterns of alcohol consumption
in caregiving adults is lacking during the COVID-19 pandemic.

Objectives
The purpose of this scoping review was to investigate broad
patterns of parental alcohol consumption during the COVID-19
pandemic, examining the relative changes in the frequency and
quantity of alcohol use compared to nonparent adults,
prepandemic levels of consumption, or both. In addition to
physical health harms related to excessive alcohol consumption
[16], parents who consume problematic amounts of alcohol are
more likely to have worse mental health and lower emotional
availability to children [13]. Poor parental mental health,
substance use, and negative parenting practices can have adverse
consequences on children’s socioemotional development and
mental health [17,18]. The results of this scoping review can
assist clinicians working with families in identifying parents at
risk for alcohol misuse and engaging them in interventions to

reduce consumption. The findings can also inform policy makers
regarding the population of parents who may require targeted
intervention and education on reducing and managing alcohol
consumption in the aftermath of the COVID-19 pandemic.

Methods

Scoping Review Search Strategy
We undertook a scoping review following the methodology
outlined by Arksey and O’Malley [19]. We used the Joanna
Briggs Institute framework of Population, Concept, and Context
(PCC) to create our search terms, with the population being
parents (caregiving adults living with children aged <18 years
in the same household) and the core concept being alcohol
consumption within the context of the COVID-19 pandemic.
To capture a wide scope of relevant studies, a librarian team
member conducted a systematic search in CINAHL, Ovid
MEDLINE, PsycINFO, Web of Science, and Cochrane
databases using the specified PCC terms for all articles published
after the WHO declaration of the COVID-19 pandemic on
March 11, 2020 (Multimedia Appendix 1). The 3 groups of
keywords within the PCC framework were joined with the
Boolean operator “AND,” which produced 3568 articles for
screening in June 2022. Medical Subject Headings and its
descriptors were used for CINAHL, Ovid MEDLINE, and
PsycINFO. Forward citation searching of articles identified in
June 2022 was carried out in May 2023, which further yielded
an additional 13 articles.

Inclusion and Exclusion Criteria
After 1430 (40.08%) duplicates were removed from the initial
pool of 3568 articles, 2138 (59.92%) articles were screened for
eligibility in a 2-round process (Figure 1). In the first round,
article titles and abstracts (and text as needed) were reviewed
against the PCC framework. We included peer-reviewed
empirical studies that were published in English with data
collection occurring after the WHO declaration of the
COVID-19 pandemic. Nonempirical papers; expert opinions;
letters to the editor; preprints; and empirical papers that were
published after March 11, 2020, but did not contain alcohol
consumption data collected during the COVID-19 pandemic
were excluded. Studies that included a comparison of alcohol
use between households with children and households without
children were included. Reasons for exclusion included study
population not being parents with alcohol consumption (eg,
adolescent alcohol use) and the lack of explicit data collection
on alcohol consumption as a variable. Studies that collected
data on adult alcohol consumption during the COVID-19
pandemic but did not differentiate between adults living with
children at home and adults not living with children at home
were also excluded. Most studies that remained included both
parent and nonparent participants (30/40, 75%), while some
studies examined parents specifically (10/40, 25%).
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) flow diagram.

Data Extraction
Data from the articles were extracted into an extraction table
derived from Polit and Beck [20]. The table included columns
for authors, country of origin, year of publication, research
design, sample size, measurement of alcohol use, time frame
of data collection, and main findings. Extraction was performed
independently by team members (KB and KC) and checked for
accuracy (KC). Concerns with data extraction were resolved in
consultation with the first author (CO).

Evidence Synthesis
A narrative analysis of the main findings was conducted to
identify and compare themes across the included studies. This
approach allowed for the evaluation and integration of diverse
findings on the trends in parental alcohol consumption during
the COVID-19 pandemic.

Results

Overview
Of the 40 studies included in analyses, 36 (90%) were
quantitative studies, 2 (5%) were qualitative studies, and 2 (5%)
were systematic reviews (Figure 1). Of the 36 quantitative
studies, most studies (n=28, 78%) were cross-sectional survey
studies, 7 (19%) studies were longitudinal cohort studies, and
1 (3%) was a secondary data analysis of publicly available data
(Table 1). The following themes were identified: (1) having
children at home was a factor associated with parental patterns
of alcohol use, (2) mixed patterns of alcohol consumption among
mothers and fathers, and (3) heterogenous linkages between
parental patterns of alcohol use and mental health.
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Table 1. Evidence extraction table.

Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

Global

Kyaw Hla
et al [21],
2021

• Middle-aged, educated women working from
home and living with children were a high-risk
group for increased alcohol use during the
lockdown. Households with children were

• Respondents were
asked about alcohol
“stock up” and con-
sumption frequency

• Cross-sectional
survey

• April 17 to June
25, 2020

•• N=37,206;
n=28,649 (77%)

Global

more likely to increase alcohol use (ORa 1.17,compared towomen
95% CI 1.10-1.24; P<.001) compared topre–COVID-19 levels.
households with adults only.

Roberts et
al [4], 2021

• Of the 45 studies, 5 (11%) studies found sig-
nificantly higher alcohol use among parents
compared to nonparents.

• In the included studies,
respondents were asked
about patterns of alco-

• Systematic review• December 2019
to November
2020

• N=45 articles

hol use, harmful alco-• Global
hol use, and binge
drinking.

Sallie et al
[22], 2020

• Drinking behaviors decreased overall during
quarantine across the entire sample. Among
parents, drinking behaviors increased com-

• Respondents were
asked about drinking
behaviors before and

• Cross-sectional
survey

• May 12 to 28,
2020

• N=1346; n=209
(15.53%) parents

• Global
pared to nonparents (P=.003).during COVID-19

lockdowns.
• 3 items from the AU-

DIT-Cb

Schmidt et
al [23],
2021

• Caregiving responsibilities were discussed as
a factor in increased substance use in 13 (25%)
of the 53 articles. Parental status was associat-
ed with higher overall alcohol consumption,

• Alcohol concept varied
in the included studies.
The PICOc tool was
used to guide the

• Systematic review• March 2020 to
March 2021 • N=53 articles

• Data collection
occurred be-

higher Alcohol Use Disorders Identificationsearch strategy wheretween March and
Test scores, consuming more drinks per occa-the problem identifiedMay 2020 in
sion, more drinks consumed per week, andwas substance use,most articles
more heavy drinking episodes, with a positivesubstance use disorder,(49/53, 92%).
correlation between the number of children atdrug abuse, and depen-• Global
home and the amount of alcohol consumed.dence.
One study found that having children at home
was associated with decreased alcohol use,
and another study found that having children
at home was associated with less binge drink-
ing.

North America

Deacon et
al [24],
2021

• Among the homeschooling sample, coping-
related alcohol use was significantly increased
relative to prepandemic use. The partner effect
of hours spent homeschooling was significant

• Brief Alcohol Motives
Measure (2 items from
the scale were used to
examine coping-related

• Cross-sectional
survey

• July 2020; report-
ed retrospective-
ly in April 2020 • N=758 couples;

n=211 (27.8%)• Canada
on coping-related drinking.alcohol use)homeschooling

couples; n=173
(22.8%) couples
homeschooling
due to the
COVID-19 pan-
demic
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Women’s hours of homeschooling were asso-
ciated with greater drinking frequency in both
the women themselves (beta=0.04; P=.01 and
in their partner (beta=0.029; P=.02). Longer
hours of homeschooling by men were associ-
ated with lower drinking frequency in women
partners (b=–0.04; P=.02), but not with their
own.

• Homeschooling was significantly correlated
with drinking quantity (b=0.17; P<.05) but not
drinking frequency. Partner’s time spent home
schooling was positively related to one’s own
drinking frequency (b=0.022; P=.01), quantity
(b=0.020; P=.03), and peak drinking (b=0.022;
P=.02). Gender significantly moderated the
effect of time spent homeschooling on drink-
ing frequency in dyadic analysis with both
actor (P=.009) and partner (P<.001).

• Quantity, frequency,
and Peak Alcohol Use
Index

• Cross-sectional
survey

• N=758 couples;
n=211 (27.8%)
homeschooling
couples

• April to July
2020

• Canada

DesRoches
et al [25],
2021

• Parents had a significantly greater increase in
alcohol consumption compared to nonparents
(28% vs 16%; P<.001). This was greater
among men (32% vs 24%; P=.01). Parents
were more likely to report deteriorated mental
health (44.3% vs 35.6%; P<.001).

• Respondents were
asked about increased
alcohol consumption
after the pandemic as a
means of coping with
pandemic-related stress
or deteriorating mental
health.

• Questions were adapt-
ed from the Mental
Health Foundation sur-
vey.

• Cross-sectional
survey

• N=3000; n=618
(20.6%) parents

• May 14 to 29,
2020

• Canada

Gadermann
et al [26],
2021

• Women with children were 1.46 times (95%
CI 1.13-1.90) more likely to report increased
alcohol consumption compared to women
without children (23.3% vs 13.4%). Men with
children were 1.38 times (95% CI 1.05-1.82)
more likely to report increased consumption
compared to men without children (21.7% vs
12.7%).

• Respondents were
asked, “how has your
alcohol consumption
changed since before
the COVID-19 pandem-
ic?”

• Cross-sectional
survey

• N=12,344;
n=3474 (28.14%)
women and
n=3348 (27.12%)
men were parents
or guardians to
children aged <18
years

• September 11 to
December 4,
2020

• Canada

Hill
MacEach-
ern et al
[27], 2021

• Among the participants, 54.9% (n=279) report-
ed no change in substance use, 39.2% (n=199)
reported increased substance use, and 5.9%
(n=30) reported decreased substance use. Al-
cohol was the most commonly reported sub-
stance (406/508, 80%), followed by cannabis
(44/508, 8.7%).

• Respondents were
asked, “has your alco-
hol/drug use changed
since the COVID-19
pandemic began?”

• Cross-sectional
survey

• N=508 mothers of
children aged 0 to
8 years

• April 14 to 28,
2020

• Canada

Joyce et al
[28], 2022

• Parents were significantly more likely to report
increased alcohol consumption compared to
nonparents in all 3 rounds of surveys: round
1 (27.2% vs 16.1%), round 2 (21.9% vs
14.8%), and round 3 (22.4% vs 15.4%). Par-
ents aged <35 years had higher odds of in-
creased drinking than older parents (OR 1.51,
95% CI 1.10-2.07). Women were less likely
than men to increase drinking (OR 0.76, 95%
CI 0.59-0.97). Parents who continued to work
while looking after children had higher odds
of increased drinking (OR 1.86, 95% CI 1.45-
2.40).

• Respondents were
asked whether their al-
cohol consumption had
changed as a result of
the COVID-19 pandem-
ic.

• Multiround cross-
sectional surveys

• May 2020: n=618
parents

• September 2020:
n=804 parents

• January 2021:
n=602 parents

• May 2020,
September 2020,
and January
2021

• Canada

Thomson
et al [29],
2021
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Having a child in the household was a signifi-
cant predictor of drinking as a coping behavior
and drinking problems (β=.10; P<.05).

• Respondents were
asked about their alco-
hol consumption in the
past 30 days and the
month before the
COVID-19 pandemic.

• Questions were modi-
fied from those provid-
ed by the National Insti-
tute on Alcohol Abuse
and Alcoholism.

• Cross-sectional
survey

• N=320; n=80
(25%) parents

• April to May
2020

• Canada

Wardell et
al [30],
2020

• Those with children were more likely to report
a decrease in alcohol consumption (P<.05).

• Respondents were
asked whether weekly
alcohol consumption
habits had changed.

• Secondary data
analysis

• N=4319 respon-
dents; 30%
(n=1296) had chil-
dren aged <18
years

• March 29 to
April 3, 2020

• Canada

Zajacova et
al [31],
2020

• The trajectory of alcohol consumption among
parents found a 64% increase in the number
of drinks consumed per month from February
2020 to November 2020. The increase in
drinks consumed was significantly larger
(P<.05) for those with children in the house-
hold than for those without children.

• Respondents were
asked about the quanti-
ty and frequency of al-
cohol consumption and
binge drinking.

• Longitudinal sur-
vey design

• N=557; n=146
(26.3%) parents

• February 2020,
April 2020, July
2020, and
November 2020

• United States

Barbosa et
al [32],
2023

• Having children at home was associated with
a significant increase in AUDIT-C scores
(P=.02).

• AUDIT-C• Cross-sectional
survey

• N=408; 83%
(338/405) were
women and 80%
(303/404) had
children at home

• April 5 to 12,
2020

• United States

Boschuetz
et al [33],
2020

• Mothers reported fewer days of alcohol con-
sumption in April 2021 and April 2022 com-
pared to April 2020. However, the average
number of drinks per day was higher in April
2021 and April 2022 than in April 2020.

• Mothers reported drinking less frequently but
drinking more in volume when they did drink.

• Mothers were asked
how often they drank
any kind of alcoholic
beverage in the past
year, on how many of
the past 28 days they
had at least 1 drink,
and how many drinks
were consumed in the
past 28 days.

• 3 longitudinal
waves of surveys,
during April 2020,
2021, and 2022

• N=266 mothers
across the 3 waves

• April 2020, April
2021, and April
2022

• Ohio, United
States

Freisthler
and Price
Wolf [34],
2023

• Those with children at home consumed alcohol
on a greater number of days than those without
children (13.0 days vs 11.6 days; P=.054).
There were no significant differences between
parents and nonparents in the total drinks
consumed or binge drinking.

• Respondents were
asked about drinking
frequency, binge
drinking, patterns of
drinking, and factors
related to drinking in
the past 30 days.

• Cross-sectional
survey

• N=832; 45.1%
(n=375) had chil-
dren aged <18
years at home

• May 2020
• United States

Grossman
et al [35],
2020

• Having children increased the odds of in-
creased alcohol consumption (OR 1.58, 95%
CI 1.19-2.09).

• BRFSSd
• If alcohol use was re-

ported, further ques-
tions were asked about
the “average number of
daily drinks” and
whether this number
changed since the
COVID-19 pandemic.

• Cross-sectional
survey

• N=1804; n=785
(43.5%) parents

• April 15 to May
5, 2020

• United States

Knell et al
[36], 2020
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Problematic alcohol use was indicated among
26.5% (n=278) of the sample, with 11.4%
(n=119) indicating a high level of problematic
alcohol use. Male participants had significantly
higher consumption compared to female par-
ticipants (t1046=0.02; P=.003).

• Alcohol Use Disorders
Identification Test

• Cross-sectional
survey

• N=1048 parents

• March 24 to
April 28, 2020

• United States

Lamar et al
[37], 2021

• The number of drinking days was lower for
participants living with a partner and children
(β=–.65; 95% CI –0.82 to –0.48) and those
living with children only (β=–.86; 95% CI
–1.16 to –0.57) compared with participants
without children. However, there were signif-
icant sustained increases in drinking days
among those living with a partner and children
compared to those living with children only
or those in other household structures.

• The number of drink-
ing days in the past 7
days

• Longitudinal study
• 5 waves starting

from March 11,
2020

• N=4298 across 5
surveys

• 29.3% (n=1259)
living with chil-
dren

• March to July
2020

• United States

Nordeck et
al [38],
2022

• In all 3 waves, the presence of children at
home was associated with increased drinking
(34.56%, 25.57%, and 22.38%; P<.001). Ad-
justed logistic regression model data: partici-
pants aged 55 years with children at home
were less likely to increase drinking than those
aged 35 years (wave 1: OR 0.23, 95% CI 0.1-
0.53; wave 2: OR 0.4, 95% CI 0.17-0.91) and
those aged 40 years (wave 1: OR 0.22, 95%
CI 0.09-0.54; wave 2: OR 0.41, 95% CI 0.17-
0.97) with children at home.

• Individuals were asked
to self-report alcohol
consumption in the last
60 days (a lot more, a
little more, same, little
less, or much less)
compared to the refer-
ence period (prepan-
demic period, then July
2020, and February
2021)

• Longitudinal study
(3 waves)

• Wave 1: n=1290
• Wave 2: n=1868
• Wave 3: n=1585
• Percentage of par-

ticipants with chil-
dren at home at
each wave: 29.4%
(379/1290), 28.3%
(528/1868), and
25.3% (401/1585),
respectively.

• May 2020 to Au-
gust 2021

• Wisconsin, Unit-
ed States

Pomazal et
al [39],
2023

• Having children at home was a significant
predictor for drinking to cope (2.45; P<.05;
CI 3.3-31.6). No significant association be-
tween having children at home and drinks
consumed per week, high-intensity drinking,
or alcohol-related problems.

• Respondents were
asked about alcohol
consumption patterns
in the month before
completing the survey.

• Items from Inventory
of Problems–Alcohol
and Drugs

• Cross-sectional
survey

• N=118 couples
• n=100 (84.75%)

couples with chil-
dren at home

• July 22 to Au-
gust 4, 2020

• United States

Rodriguez
et al [40],
2021

• Households with children were less likely to
binge drink than those without children (AORe
0.74, 95% CI 0.58-0.94). No significant
changes were reported in parental drinking
compared with participants with no children
living at home.

• Respondents were
asked about changes in
drinking habits and
binge drinking behav-
iors during the
COVID-19 pandemic.

• Cross-sectional
survey

• N=1928; 42% (n-
=810) had children
living in the
household

• March to April
2020

• United States

Weerakoon
et al [41],
2021

Australia
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Those with children were more likely to expe-
rience an increase in alcohol consumption
(β=.51, 95% CI 0.37-0.76).

• Respondents were
asked to rank how of-
ten they drank alcohol
before and during the
lockdown on a scale
from 1 (never) to 7 (≥2
times a day)

• Cross-sectional
survey

• N=4022

• September 2020
• Australia

Booth et al
[42], 2024

• Having dependent children was significantly
associated with increased alcohol consumption
(β=.62; 95% CI 0.32-0.92; P<.05), and home-
schooling responsibilities were significantly
associated with increased alcohol consumption
(β=.53, 95% CI 0.2-0.82; P<.05).

• Respondents were
asked about their 2019
drinking behaviors
(prepandemic period)
and drinking behaviors
in the past 30 days.

• Cross-sectional
survey

• N=2307; n=468
(20.3%) parents
with dependent
children

• April 29 to May
16, 2020

• Australia

Callinan et
al [43],
2021

• Alcohol use was reported to signal the end of
the workday as a means of self-care and to al-
leviate boredom and manage stress. It was as-
sociated with feelings of guilt due to lockdown
challenges.

• Participants were asked
about the nature of
family lives before and
after the COVID-19
pandemic, including
changes in alcohol
practices and family
dynamics due to the
COVID-19 pandemic.

• Qualitative study
• N=30 parents and

caregivers of chil-
dren aged 4 to 12
years

• July to Septem-
ber 2020

• Australia

Cook et al
[13], 2021

• Rural women living with children were more
likely to report increased alcohol consumption
compared to rural women not living with
children (OR 2.37, 95% CI 1.36-4.15; P=.002).

• Respondents were
asked whether alcohol
use increased, de-
creased, or remained
the same since the
COVID-19 pandemic.

• Cross-sectional
survey

• N=339 rural wom-
en; 41% (n=139)
of sample lived
with children

• May 29 to July
9, 2020

• Australia

Glenister et
al [44],
2021

• Estimated alcohol frequency trajectory for
parents showed a decreased use over the
course of the pandemic. Female and other
parent gender were associated with a trajectory
of lower frequency of alcohol use. Older par-
ent age was associated with a trajectory of
higher frequency of alcohol use.

• Parents were asked
about the frequency of
alcohol consumption
per month (ranked on
a 7-point scale).

• Longitudinal
wave-based sur-
veys (13 waves)

• N=2261 parents

• April 2020 to
May 2021

• Victoria, Aus-
tralia

Greenwood
et al [45],
2023

• Of the sample of 406 mothers, 54.9% (n=223)
exceeded drinking guidelines and 41.4%
(n=168) reported drinking more due to the
pandemic. As parenting stress increased, alco-
hol use increased (P=.002).

• Alcohol Use Disorders
Identification Test

• Respondents were
asked how their drink-
ing has been impacted
by the COVID-19 pan-
demic.

• Cross-sectional
survey

• N=406 mothers

• June to July
2020

• Australia

Johnson et
al [46],
2021

• Compared to prepandemic population-based
data from 4 Australian data sets, parents report-
ed more frequent alcohol consumption
(333/2365, 14.1%, pandemic data set) reported
drinking on ≥4 days per week vs 771/9764,
7.89% (pre-pandemic data set), 7.9% reported
drinking before the pandemic; P<.001).

• Women were less likely than mento consume
alcohol at higher levels.

• Respondents were
asked how often they
drank alcoholic bever-
ages.

• Cross-sectional
survey

• N=2365 parents

• April 8 to 28,
2020

• Australia

Westrupp
et al [47],
2023

Europe
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Among the entire sample, 56.8% (n=754) re-
ported no change in drinking patterns, 29.9%
(n=397) reported less drinking, and 13.3%
(n=177) reported more drinking. Having a
child aged <18 years in the household was as-
sociated with more drinking (P=.02).

• Respondents were
asked to report alcohol
use in the past 12
months and changes in
alcohol use since the
COVID-19 measures
were implemented.

• Two items from AU-
DIT-C

• Cross-sectional
survey

• N=1328; of the
n=1200 who re-
ported any alcohol
use, n=887
(66.79%) had chil-
dren aged <18
years in the house-
hold

• June to July
2020

• Norway

Bramness
et al [48],
2021

• Odds for an increased AUF was higher among
participants with children in round 1 during
the first lockdown (OR 1.34, 95% CI 0.92-
1.96; P>.05) and in round 2 during the relax-
ation of lockdown restrictions (OR 1.77, 95%
CI 1.118-2.65; P<.01).

• Participants were asked
about AUFf on a
weekly basis.

• Multiround cross-
sectional surveys

• Parents: round 1,
n=307; round 2,
n=295; and round
3, n=285

• April 2020 to
January 2021

• Germany

Koeger et
al [49],
2022

• Results showed that during periods of lock-
down, households with children reported the
lowest alcohol consumption. During the sum-
mer, households with children reported a sea-
sonal increase in drinking related to relaxed
COVID-19 restrictions.

• Respondents were
asked how many glass-
es of alcohol were con-
sumed in the past 7
days.

• Longitudinal sur-
vey design

• N=63,194

• April 2020 to Ju-
ly 2021

• The Netherlands

Mangot-
Sala et al
[50], 2022

• Perceived changes in alcohol consumption
were significantly associated with the presence
of children at home (χ22=20.3, P<.001).

• Odds of increased alcohol consumption was
lower for those with children in the household.

• Participants were asked
to indicate a change in
alcohol consumption
(drinking less, drinking
approximately the
same, or drinking more
than usual) after the
implementation of the
lockdown.

• Longitudinal study
(multiwave sur-
vey)

• N=1268; 468
(36.9%) respon-
dents had children
in the household

• March to June
2020

• United Kingdom

McAloney-
Kocaman
et al [51],
2022

• Among men, living with children was signifi-
cantly associated with increases in the units
of alcohol consumed per drinking session (OR
1.72, 95% CI 1.09-2.73; P=.02) and the fre-
quency of heavy episodic drinking (OR 2.40,
95% CI 1.44-3.99; P=.001). There was no
significant increase in drinking for women
living with children.

• AUDIT-C• Cross-sectional
survey

• N=2777 parents
and nonparents

• April 30 to June
14, 2020

• United Kingdom

Oldham et
al [52],
2021

• Across the sample, 5% of homeschooling
parents reported increased levels of alcohol or
drug use compared to prepandemic use. Differ-
ences varied by country. In the United King-
dom, there was a 19.1% increase, whereas in
Sweden, Spain, and Italy, <3% reported in-
creased drinking or drug use.

• Respondent were asked
how their alcohol or
drug changed use dur-
ing the COVID-19
pandemic compared to
their prepandemic use.

• Cross-sectional
survey

• N=6720 parents of
children aged 5 to
18 years; n=5914
(88%) female

• April 28 to June
21, 2020

• Sweden, Spain,
Italy, United
Kingdom, Bel-
gium, Nether-
lands, and Ger-
many

Thorell et
al [53],
2022

• Overall, 30.3% (n=1100) of the total sample
reported increased alcohol consumption, while
13.7% (n=498) reported decreased consump-
tion. Alcohol use was positively correlated
with the number of children living at home
(22% increase in odds with every child at
home; OR 1.220, 95% CI 1.146-1.289).

• Respondents were
asked about the aver-
age amount of alcohol
consumed before and
during the lockdown.

• Respondents were
asked whether they
drank more, less, or the
same amount as before
the COVID-19 pandem-
ic.

• Cross-sectional
survey

• N=3632; 44.3%
(n=1609) lived
with children

• April 9 to 29,
2020

• Belgium

Vander-
bruggen et
al [54],
2020
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Main findingsAlcohol variableResearch design and
sample size, N

Time frame and coun-
try

Author and year

• Of those living with family, 30.19%
(468/1550; P<.001) experienced a greater in-
crease in alcohol consumption than those liv-
ing with adult roommates (21/135, 15.6%) and
those living alone (89/395, 22.5%).

• Living with family was associated with in-
creased alcohol consumption (OR 0.62, 95%
CI 0.46-0.83; P<.001).

• AUDIT-C question-
naire used to assess
change in alcohol con-
sumption before, dur-
ing, and after the lock-
down (frequency of al-
cohol consumption,
number of drinks per
day, and frequency of
heavy drinking)

• Cross-sectional
descriptive survey

• N=2491

• January to
March 2021

• Western Brit-
tany, France

Villette et
al [55],
2022

Central and South America

• An overall decrease in drinking during the
COVID-19 pandemic (77.5% vs 65%) was
found, including drinking with children
present.

• Regression model found that quarantining
(β=3.81; 95% CI 2.61-5.02; P<.001), anxiety
(β=.42; 95% CI 0.20-0.63; P<.001), and
higher income were positively associated with
drinking with children present.

• Respondents were
asked to report on alco-
hol behaviors, includ-
ing how often alcohol
consumption occurred
with children present.

• Cross-sectional
survey

• N=12,328;
n=8136 (66%) fe-
male

• May 22 to June
30, 2021

• Latin America

Garcia-
Cerde et al,
[56], 2021

Asia

• Those who answered “yes” to the “presence
of child” had higher hazardous alcohol use
(11.6% vs 9.5%), lower no-problem scores
(81.2% vs 83.2%), and equal potential alco-
holism scores (7.2%, respectively) compared
to those who answered “no” (χ2=12.4;
P=.002).

• Alcohol Use Disorders
Identification Test
(Japanese version)

• Cross-sectional
survey

• N=11,427;
n=6388 (55.9%)
parents

• June 15 to 20,
2021

• Japan

Sugaya et
al [57],
2021

aOR: odds ratio.
bAUDIT-C: Alcohol Use Disorders Identification Test–Consumption.
cPICO: Population, Intervention, Comparison, Outcome.
dBRFSS: Behavioral Risk Factor Surveillance System.
eAOR: adjusted odds ratio.
fAUF: alcohol use frequency.

Of the 40 included studies, 11 (28%) were also included in the
2 systematic reviews. To prevent undue inflation of support for
the themes identified, we cited only the original papers to
support specific themes.

Having Children at Home as a Factor Associated With
Parental Patterns of Alcohol Use
Many of the studies demonstrated linkages between parental
alcohol use and the presence of children at home. Many studies
found that, compared to not having children aged <18 years at
home, having children at home was a significant predictor for
an increase in alcohol consumption during the COVID-19
pandemic in the United States [32-36,38-40], Canada
[26,27,29,30], Australia [42-44], Norway [48], Belgium [54],
Germany [49], France [55], the United Kingdom [51,53], and
Japan [57]. In a global survey study of 1346 adults (half of the
sample were from the United Kingdom and United States),
having children at home was a significant factor for increases
in alcohol consumption, as operationalized by Alcohol Use
Disorders Identification Test scores [22]. Participants in a
nationally representative US sample of 2-parent households

sustained increases in drinking days over the first 4 months of
the COVID-19 pandemic, compared with the pre–COVID-19
baseline [38]. These findings are consistent with the conclusion
of a higher incidence of increased drinking by adults with
children at home compared with adults with no children at home
in 2 systematic reviews during the COVID-19 pandemic [4,23].
Moreover, a large-scale global cross-sectional study involving
37,206 participants across 38 countries found households with
children were significantly more likely to increase alcohol use
compared to households with adults only [21]. An Australian
survey of 4022 adults found that participants with children at
home were more likely to increase the frequency of consuming
alcohol along with other unhealthy foods (eg, snacks and
sugared beverages) [42].

On the contrary, some studies indicated patterns of decreased
parental drinking during the pandemic. In the United States,
Weerakoon et al [41] found that there was no significant increase
or decrease in parental drinking compared with participants
with no children living at home (n=1928, 42% parents);
moreover, having children in the household was associated with
a decreased risk of binge drinking. Similarly, in Canada,
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Zajacova et al [31] found that in a sample of 4319 adults (of
whom, 30% (n=1296) had children aged <18 years at home),
having children at home was associated with a lower rate of
alcohol consumption. A 13-wave longitudinal study of
Australian parents found that the frequency of alcohol use
decreased over time, although there was no pre–COVID-19
consumption comparison [45]. In a large study of 35 Latin
American countries (N=12,328), the majority of participants
endorsed decreased drinking during the COVID-19 pandemic
when compared with prepandemic levels of drinking [56].

Studies carried out in Europe indicate a mixture of findings. In
a study of 63,194 adults in the Netherlands, Mangot-Sala et al
[50] found that when comparing adults living with children at
home to adults living without children at home and adults living
alone, adults living with children drank less than the other 2
groups, suggesting that having children at home was protective
in terms of drinking behaviors. Households with children
reported a transient increase in drinking to prepandemic levels
only during the summer months when restrictions were relaxed
and families were more likely to gather, socialize, and engage
in drinking with others [50]. In a European study of 6720 parents
from (in the order of the largest number of participants per
country) Germany, Sweden, Spain, Italy, Belgium, the United
Kingdom, and the Netherlands, the proportion of parents who
endorsed increased drinking during the COVID-19 pandemic
(5%) were largely concentrated in the United Kingdom, with
19% (N=509) of UK parents reporting increases in drinking
behaviors [53]. This contrasts with the findings of another
UK-based longitudinal study, which found that having children
at home was associated with lower odds of increased
consumption [51]. A multiround cross-sectional study of adults
in Germany found that participants who had children had higher
odds of increased alcohol use frequency during the first
lockdown (not significant) as well as during the easement of
restrictions (significant) but lower odds during the second
lockdown (not significant) [49].

In Australia, using a qualitative study of parents, Cook et al
[13] found that while many parents in the sample indicated that
they increased their frequency of alcohol consumption, some
reported that they used the COVID-19 pandemic as an
opportunity to lower their frequency of drinking through the
absence of social opportunities for drinking.

Mixed Patterns of Drinking Among Mothers and
Fathers
Several studies indicated that fathers were more likely than
mothers to increase drinking during the COVID-19 pandemic
in North America [26,29,37], Australia [45,47], and the United
Kingdom [52]. This is in contrast to a global study by Kyaw
Hla et al [21], where they found middle-aged, educated women
with children at home to be a high-risk group for increased
alcohol use during lockdowns. Hill MacEachern et al [27] also
identified that, among parent participants, women had slightly
higher odds of reporting increases in alcohol consumption when
compared with men. Homeschooling was a significant predictor
for increased drinking during the pandemic in North America
[24] and Australia [43]. Moreover, in a Canadian sample of
parents, having to engage in homeschooling for children had

an effect on maternal drinking. Desroches et al [25] found that
mothers spent more time homeschooling than fathers and that
both parents drank more when mothers spent more time
homeschooling. Moreover, mothers drank less when fathers
spent more time homeschooling [25]. Across their European
sample (N=6720), Thorell et al [53] found that across
subsamples from Sweden, Spain, Belgium, the Netherlands,
Germany, Italy, and the United Kingdom, only 5% of
homeschooling parents reported increased alcohol use. Freisthler
and Price Wolf [34] investigated mothers’ drinking patterns in
a longitudinal study of US mothers via 3 waves of data
collection (springtime of 2020, 2021, and 2022). Mothers
reported significantly more days of alcohol consumption in the
first wave when compared with the second and third waves;
however, the average number of drinks consumed during a
drinking day was greater in waves 2 and 3 [34]. In the qualitative
study by Cook et al [13], one of the participants described how
her own drinking habits changed while homeschooling during
the pandemic:

But then by mid-April, I was completely out of work
and we were still homeschooling, then drinking
started about lunchtime, like come on, it’s 12 o’clock,
it’s 5 o’clock somewhere, right. [Woman,
Queensland]

While Thomson et al [29] did not specifically examine
homeschooling, they found that looking after children while
working from home was associated with higher odds of
increased alcohol consumption.

Heterogenous Linkages Between Parental Patterns of
Alcohol Use and Mental Health
Several studies looked at alcohol use as a coping mechanism
for stress. In Australia, Johnson et al [46] found that parenting
stress modestly correlated with the Alcohol Use Disorders
Identification Test scores. In Canada, using path analysis,
Wardell et al [30] found that having children at home was
associated with greater alcohol consumption as a method of
coping with pandemic stressors.

The findings regarding the relationships between alcohol
consumption and mental health were mixed. Lamar et al [37]
found a significant correlation between mental health symptoms
(stress, depression, and anxiety) and increases in alcohol
consumption in the United States. Qualitatively, parents in
Australia described that partaking in alcohol consumption at
the end of the day delineated a shift from time spent on the care
of children to time for self and served a means of self-medicating
stress and anxiety [13]. Garcia-Cerde et al [56] found anxiety
to be a weak predictor of drinking with children present in Latin
American countries. Thomson et al [29] and Joyce et al [28],
in their Canadian studies, did not find a significant link between
increased drinking and mental health symptoms, although Joyce
et al [28] reported that mothers with a history of a previously
existing anxiety disorder or elevated anxiety symptoms were
more likely to increase their substance use. Notably, an alcohol
use tracking app (Habit Tracker) that collected data from 83
countries (the majority from the United Kingdom and the United
States) found that although participants with children (209/1134,
18.4% of the sample) indicated significant increases in drinking
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severity based on their Alcohol Use Disorders Identification
Test–Consumption scores, their levels of depression and anxiety
were lower relative to adults with no children, suggesting a
protective effect of having children at home [22].

Discussion

Principal Findings
The findings of this scoping review provide a broad examination
of the patterns of parental alcohol consumption during the
COVID-19 pandemic. The global patterns of parental alcohol
use were heterogeneous and were influenced by the stage of
COVID-19 data collection and sociocultural contexts. Most of
the studies clustered around the first year and a half of the
pandemic with regard to data collection. While lockdown
measures were associated with increased frequency and quantity
of alcohol consumption for some Western, industrialized
countries, notably the United States, Canada, Australia, and the
United Kingdom, a number of studies found patterns of
decreased consumption. In Latin American and European Union
countries especially, lockdown restrictions eliminated
opportunities for socializing and drinking outside the home.
Although these findings were mixed, there have been concerning
reports of increased alcohol-related deaths; a recent Statistics
Canada [58] report indicated an 18% increase in alcohol-related
deaths during the COVID-19 pandemic when compared to
previous years and that this was the largest change in
alcohol-related deaths over the past 20 years. Similarly, in the
United States, there were relative increases in deaths when
comparing 2019 and 2020 rates of alcohol-related mortality
[59], with childbearing-aged adults (ie, those aged 25 to 44
years) experiencing the largest increases. Angus et al [60] also
found that the rate of alcohol-related deaths (characterized as
“deaths of despair”) increased in the United Kingdom during
the COVID-19 pandemic. However, these reports did not
distinguish adults who were parenting and those who were not.

Although we had expected to find an association between
income support and alcohol use, many of the included studies
did not focus on income as a predictor of alcohol use, with the
exceptions of the study by Westrupp et al [47], which found a
modest association between financial deprivation and lower
alcohol use in Australia, and the study by Garcia-Cerde et al
[56], which found that individuals with a higher income were
more likely to drink with children present. McAloney-Kocaman
et al [51], Greenwood et al [45], and Nordeck et al [38] did not
separate parents from nonparents when examining the
relationship between income and alcohol use and similarly found
that lower income predicted decreased use. This contrasts with
findings from the United Kingdom, which identified that the
most socioeconomically disadvantaged households increased
their alcohol purchases more than the least disadvantaged
households [61].

In our study, we found some differences in the gender-related
patterns of parental drinking, with some findings suggesting
that fathers were more likely to increase overall alcohol
consumption. Nonetheless, having to homeschool their children
contributed to mothers’ increases in drinking. Homeschooling
and the provision of childcare during day care closures were

responsibilities that fell disproportionately on mothers [62],
with women also bearing greater employment-related
consequences, such as the reduction of work hours and job loss
related to childcare responsibilities [63]. The marketing of
alcohol to mothers through social media was especially rampant
(eg, through the use of hashtags such as #sendwine and slogans
such as “from wifi to wine time #distance learning”), which
calls into question the ethics of unmitigated marketing by the
alcohol industry [10,14]. In the United States, gender-related
differences in drinking behaviors have changed over time, with
increases in rates of alcohol consumption in adult women [64].
Some studies indicate both mothers and fathers tend to decrease
drinking during the transition to parenthood, with little
difference between genders [65]. Meanwhile, other studies
indicate that parenting children aged <1 year was associated
with lower maternal drinking rates, whereas men’s drinking
habits changed little in response to parenthood [66]. Looking
at overall drinking habits, fathers have been shown to be less
likely to abstain from alcohol than mothers and consume greater
volumes of alcohol [67]. Age has also been shown to be a factor,
with young fathers more likely to partake in risky drinking
behaviors than young mothers [67]. A systematic review of
population-level alcohol policy interventions indicated evidence
of gender-related differences in the impact of and exposure to
alcohol marketing and failure to provide gender-specific
recommendations [68].

Beyond the risk to parents’ own health are the possible effects
of parental alcohol consumption on children. Children are
inevitably exposed to parental alcohol use in the home
environment, and parents may even provide alcohol for older
or adolescent children as a way to “safely” introduce children
to alcohol in a parent-controlled home setting [69,70]. In the
United States, Maggs et al [71] found that in 1 in 6 families,
parents permitted their adolescents to drink in the home with
the family during the COVID-19 pandemic, changing from
prepandemic family practices of not permitting adolescent
drinking at home. Evidence indicates that parents supplying
even sips of alcohol to children carries increased risks of adverse
alcohol outcomes, such as adolescent binge drinking, while
parental supply of whole drinks was associated with higher odds
of binge drinking, alcohol-related harms, and symptoms of
dependence for teens [69]. Taken together, there is reason to
continue to investigate parental patterns of alcohol consumption,
given the range of negative short- and long-term health outcomes
for children.

Strengths and Limitations
Strengths of this scoping review include the systematic search
process followed. The findings of this scoping review are limited
by the heterogeneous ways in which alcohol consumption was
measured and the fact that not all studies had data on patterns
of consumption before the COVID-19 pandemic for comparison
purposes. This review includes a large number of studies from
early in the pandemic and hence does not provide the complete
picture of the patterns of parental alcohol consumption from
the beginning of the COVID-19 pandemic in 2020 to the
removal of pandemic-related restrictions during 2022 and 2023.
Moreover, although the included studies differentiated patterns
of alcohol consumption among parenting adults and
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nonparenting adults, a limited number of studies differentiated
drinking habits between genders in parenting adults, which
limited the provision of a more granular examination of the
association between gender and alcohol consumption habits in
parents.

Clinical Implications and Future Directions
Parental drinking can adversely affect children indirectly through
parent preoccupation and the diversion of parental attention and
supervision and directly through physical and verbal violence
in the home setting and influence children’s later drinking habits
[67,72]. In the 2023 Canada’s Guidance on Alcohol and Health
[73] report, the Canadian Centre for Substance Use and
Addiction indicated that consuming >2 standard drinks per week
heightens risks for breast and colon cancers, heart disease, and
stroke, with the consumption of >6 drinks per week representing
high risk of harms. In line with these strong recommendations
for reducing alcohol intake to decrease health and social risks,
clinicians who work with families (eg, primary care providers,
nurses, and social workers) can inquire about clients’ frequency
and amount of alcohol consumption and counsel strategies for
moderating or reducing consumption. The findings of this review
suggest that parents caring for children are a population that
requires more empirical investigation in relation to the amounts
and frequency of alcohol consumption and problematic alcohol

use. Gender–based data analysis of parental drinking behaviors
is also important for informing interventions and policies to
promote safe alcohol use among parents. Because parents
effectively serve as role models for children, their drinking
habits can influence children’s later drinking behaviors. It is
important to better understand how to assist parents in
moderating alcohol intake, given the risks of unmitigated alcohol
consumption.

Conclusions
Our scoping review indicated that the COVID-19 pandemic
influenced patterns of parental alcohol consumption in different
ways. Sociocultural influences contributed to determining
whether having children at home was a protective or risk factor
for alcohol consumption. In countries where drinking alcohol
is more likely to occur in social settings, such as at bars or
restaurants (eg, Latin American and some European countries),
parental consumption tended to decrease during the lockdown
restrictions, while in countries where drinking in the home
environment is the norm (eg, the United States, Canada, the
United Kingdom, and Australia), parental consumption tended
to increase. Given the known harms of alcohol, clinicians can
initiate conversations about parental drinking habits and counsel
moderation for parents who report amounts of drinking higher
than national guidelines.
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Abstract

Background: Diet-related diseases, such as type 2 diabetes, require strict dietary management to slow down disease progression
and call for innovative management strategies. Conventional diet monitoring places a significant memory burden on patients,
who may not accurately remember details of their meals and thus frequently falls short in preventing disease progression. Recent
advances in sensor and computational technologies have sparked interest in developing eating detection platforms.

Objective: This review investigates central hemodynamic and thermoregulatory responses as potential biomarkers for eating
detection.

Methods: We searched peer-reviewed literature indexed in PubMed, Web of Science, and Scopus on June 20, 2022, with no
date limits. We also conducted manual searches in the same databases until April 21, 2024. We included English-language papers
demonstrating the impact of eating on central hemodynamics and thermoregulation in healthy individuals. To evaluate the overall
study quality and assess the risk of bias, we designed a customized tool inspired by the Cochrane assessment framework. This
tool has 4 categories: high, medium, low, and very low. A total of 2 independent reviewers conducted title and abstract screening,
full-text review, and study quality and risk of bias analysis. In instances of disagreement between the 2 reviewers, a third reviewer
served as an adjudicator.

Results: Our search retrieved 11,450 studies, and 25 met our inclusion criteria. Among the 25 included studies, 32% (8/25)
were classified as high quality, 52% (13/25) as medium quality, and 16% (4/25) as low quality. Furthermore, we found no evidence
of publication bias in any of the included studies. A consistent postprandial increase in heart rate, cardiac output, and stroke
volume was observed in at least 95% (heart rate: 19/19, cardiac output: 18/19, stroke volume: 11/11) of the studies that investigated
these variables’ responses to eating. Specifically, cardiac output increased by 9%-100%, stroke volume by 18%-41%, and heart
rate by 6%-21% across these studies. These changes were statistically significant (P<.05). In contrast, the 8 studies that investigated
postprandial thermoregulatory effects displayed grossly inconsistent results, showing wide variations in response with no clear
patterns of change, indicating a high degree of variability among these studies.

Conclusions: Our findings demonstrate that central hemodynamic responses, particularly heart rate, hold promise for
wearable-based eating detection, as cardiac output and stroke volume cannot be measured by any currently available noninvasive
medical or consumer-grade wearables.

Trial Registration: PROSPERO CRD42022360600; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=360600

(Interact J Med Res 2024;13:e52167)   doi:10.2196/52167
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Introduction

The rising incidence of diet-related diseases, such as coronary
heart disease [1], and type 2 diabetes [2] has led to the
emergence of an innovative research field called automated diet
monitoring [3,4]. The primary objective of this field is to
advance technologies that facilitate comprehensive monitoring
of critical elements of food intake, such as meal timing, duration,
quantity, and nutritional composition [5]. A fundamental aspect
of this field is eating detection [4], which involves using
technologies such as wearable devices to determine when an
individual is eating. This innovative approach holds immense
potential in empowering individuals to more accurately and
efficiently monitor their dietary habits and effectively manage
chronic diseases that require precise dietary control. By
leveraging wearable technologies, eating detection enables
real-time monitoring of meal timing, duration, and eating
patterns, thus providing valuable insights into eating behaviors
and supporting overall health and well-being.

Despite extensive research in eating detection [6-10], successful
deployment of eating detection platforms remains elusive.
Several challenges have hindered their widespread adoption,
including the use of custom-made wearables with impractical
form factors [4,11] or privacy concerns [12]. Notable examples
include dental implants [11], on-body cameras [12], and
wrist-worn inertial sensors [13,14] (accelerometer, gyroscope,
or magnetometer), which pose significant challenges for
widespread acceptance. In addition, many studies have relied
on data collected in controlled laboratory or semicontrolled
field settings [6,15,16], leading to algorithms that struggle to
perform effectively in real-life scenarios filled with diverse
activities and situations.

Furthermore, while some studies have achieved accurate
detection of eating episodes [17-19], few have demonstrated
the feasibility of real-time implementation [6], raising questions
about their suitability for use in free-living scenarios. Real-time
computation requires high-performance computing platforms
with long battery life, presenting significant challenges for many
proposed solutions [6]. In addition, detecting eating episodes
during concurrent activities, such as walking, remains a
substantial hurdle that necessitates further algorithmic
improvements [7].

By the same token, most of the existing systems rely on a single
sensor with limited provisions for sensor failure or suboptimal
performance. In contrast, multimodal sensing, which involves
using different sensors on one or more devices, can provide
complementary and unique information, enhancing the
performance and reliability of eating detection platforms,
especially when combined with higher sampling rates [4,20].

Given the aforementioned challenges, extensive research
focusing on exploring untapped sensing signals and repurposing

everyday wearable devices for eating detection remains crucial.
In line with this objective, our review investigates the potential
of central hemodynamic and thermoregulatory responses to
food intake as promising biomarkers for eating detection.
Through a comprehensive analysis of the existing literature,
this review aims to shed light on the role of central
hemodynamics and thermoregulation in monitoring eating
behavior, contributing valuable insights toward the development
of effective and practical eating detection platforms.

Methods

Overview
This review adheres to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [21] guidelines.
It is registered on PROSPERO (CRD42022360600).

Information Sources
We searched peer-reviewed literature indexed in PubMed, Web
of Science, and Scopus on June 20, 2022, with no date limits.
We also conducted manual searches in the same databases until
April 21, 2024. Before the official search, we identified a key
study [22] and decided to augment our search by retrieving
officially provided similar studies from PubMed and Web of
Science.

Search Strategy
This review examines central hemodynamic and
thermoregulatory responses to food intake as potential
biomarkers for wearable-based eating detection. To capture
relevant studies, our search used keywords such as
“hemodynamic,” “haemodynamic*,” “thermoregulat*,”
“temperature regulation,” “body heat,” “body temperature,”
“skin temperature,” “eating,” “meal*,” “ingest*,” “intak*,”
“postprandial,” and “post-prandial.” We excluded all animal
studies from our search. While our search strategy did not
impose language restrictions on retrieved papers, we excluded
10 non–English-language papers published in Czech, French,
German, and Japanese. For a comprehensive overview of our
search strategy across all databases, please refer to Multimedia
Appendix 1.

Eligibility Criteria
All included studies were peer-reviewed journal and conference
papers published before April 21, 2024. Eligible studies had to
demonstrate the impact of eating on central hemodynamics and
thermoregulation, assessing metrics such as changes in heart
rate, blood pressure, cardiac output, core or skin temperature,
or stroke volume in healthy individuals.

We excluded non-English papers, animal research studies,
opinion pieces, letters, studies not specifically focusing on
central hemodynamics (eg, those focusing on renal dynamics),
studies using indirect calorimetry to measure postprandial
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thermogenesis, studies testing drug effects, studies focusing on
water ingestion, long-term effects of food, and studies primarily
examining central hemodynamic and thermoregulatory responses
to food intake during or after exercise.

Screening and Selection
All retrieved studies were exported to Covidence [23], which
automatically identified and removed 1419 duplicates. In total,
2 reviewers independently conducted the title and abstract
screening and the full-text review. In cases of disagreement
between the 2 reviewers, a third reviewer acted as an
adjudicator.

Data Extraction and Synthesis
A total of 2 reviewers independently conducted data extraction,
study quality assessment, and risk-of-bias assessment for each
included study. Any conflicts or discrepancies were resolved
by an adjudicator. In addition, if any of the included studies
referenced other studies that met our eligibility criteria, we also
extracted relevant information from those referenced studies.
We extracted 8 study characteristics from the included studies
(Multimedia Appendix 2).

Due to the heterogeneity in the outcomes and designs of the
included studies, we used a narrative data synthesis approach.
In our characteristic tables (Multimedia Appendix 2), we
summarized key findings from each study, identifying common
themes, patterns, and differences. This approach allowed us to
integrate both quantitative and qualitative data, thus providing
a comprehensive overview of the current landscape. Finally, all
graphs were generated using ggplot2 in R (version 4.0.2; R
Foundation for Statistical Computing).

Results

Our search retrieved 11,450 studies (1419 duplicates), resulting
in 10,031 studies being screened (Figure 1). Following the title
and abstract screening, 273 studies progressed to the full-text
review. Out of these, 21 studies met the eligibility criteria. In
addition, we conducted a nested search within the references of
the 21 studies and identified 6 additional relevant studies. We
excluded 2 studies from the original 21 as they were review
papers referencing other studies already included in our analysis.
Finally, we extracted data from the included 25 studies and
proceeded to analyze them.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram illustrating the article selection process.

To assess overall study quality and risk of bias, we developed
a custom tool comprising 4 categories: high, medium, low, and
very low (Multimedia Appendix 3). This assessment tool was
based on the Cochrane assessment framework [24]. In total, 2
reviewers independently evaluated the study quality and risk
of bias for each study, with an adjudicator resolving any
conflicts. Among the 25 included studies, 32% (8/25) were
classified as high quality, 52% (13/25) as medium quality, and
16% (4/25) as low quality (Multimedia Appendix 3).
Furthermore, we found no evidence of publication bias in any
of the included studies.

Of the included studies, 14 physiological responses were
recorded. Multimedia Appendix 4 presents a breakdown of the
number of studies reporting each postprandial physiological
response. The number of participants per study ranged from 4

to 104, with a mean of 17 (SD 19). Out of the 416 participants
in the 25 included studies, 230 (55.3%) were male, 180 (44.3%)
were female, and the remaining 6 (1.4%) had unknown sex. The
age of the participants in the included studies ranged from 18
to 69 years, and all participants were healthy. The sessions
varied in duration, spanning from 10 minutes to 8 hours, and
the provided food items included cake, cheese, filet mignon,
and boiled eggs, among other foods.

Our findings overwhelmingly demonstrate a significant increase
in heart rate after eating; 19 included studies investigated heart
rate, and all 19 studies showed a statistically significant (P<.05)
rise ranging from 6% to 21% (Multimedia Appendix 2).
Furthermore, the postprandial effects of heart rate were found
to be generally similar in both supine and erect positions
(Multimedia Appendix 2). In addition, there was strong evidence
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supporting an increase in cardiac output after food ingestion,
with 18 of the 19 studies on cardiac output showing a
statistically significant (P<.05) postprandial increase ranging
from 9% to 100%, and only 1 study showing a statistically
insignificant (P>.05) response for a high-fat liquid meal
consisting of emulsified peanut oil (Multimedia Appendix 2).
Similarly, data from 11 studies revealed strong evidence
supporting a postprandial increase in stroke volume, ranging
from 18% to 41% (Multimedia Appendix 2). These results
collectively highlight the consistent and significant
cardiovascular responses associated with food intake.

Out of the 25 included studies, 16 (64%) investigated the
response of blood pressure to food ingestion; however, the
results were inconclusive (Multimedia Appendix 2). Among
these studies, 7 observed a postprandial increase in systolic
blood pressure, while 4 found a statistically insignificant (P>.05)
response, and 1 study even reported a postprandial decrease.
Similarly, 8 studies found a postprandial decrease in diastolic
blood pressure, while 3 studies found a statistically insignificant
(P>.05) response, and 1 study observed a postprandial increase.
Regarding mean blood pressure, the findings indicated either
inconsistent postprandial behavior or a statistically insignificant
(P>.05) response (Multimedia Appendix 2).

A total of 2 studies investigated the response of vascular
resistance to food ingestion; one study focused solely on
systemic vascular resistance, while the other study researched
both systemic and mesenteric vascular resistance (Multimedia
Appendix 2). Both studies observed a statistically significant
(P<.05) postprandial decrease in vascular resistance.

In addition, 6 studies examined the response of blood flow in
the hand, calf, and superior mesenteric artery to food ingestion
(Multimedia Appendix 2). However, the postprandial effects
of blood flow in the hand or calf were unclear. A total of 2
studies indicated a statistically significant (P<.05) postprandial
increase in hand and calf blood flow, while 3 studies found a
statistically insignificant (P>.05) change (Multimedia Appendix
2). Furthermore, 5 studies explored the response of oxygen
uptake to food intake. In total, 3 of these studies observed a
postprandial increase in oxygen uptake (more details in
Multimedia Appendix 2). In addition, 1 study showed an
inconsistent response, and another reported a statistically
insignificant change (P>.05). Finally, the postprandial effects
of skin or core temperature were found to be grossly inconsistent
(Multimedia Appendix 2). A total of 5 studies reported
inconsistent responses of skin or core temperature to food
ingestion, 2 studies observed a postprandial increase, and 1
study found a statistically insignificant (P>.05) response
(Multimedia Appendix 2).

Discussion

The primary objective of this systematic review was to
investigate central hemodynamic and thermoregulatory
responses to food intake as potential biomarkers for detecting
eating events. Among the 25 studies included in this review, at
least 95% (heart rate: 19/19, cardiac output: 18/19, stroke
volume: 11/11) of those investigating the response of heart rate,
cardiac output, and stroke volume to food ingestion reported
consistent, statistically significant (P<.05) elevations in these
variables. In contrast, the postprandial thermoregulatory effects
were markedly inconsistent across the 8 studies that investigated
them.

Our findings provide valuable insights into the physiological
changes that occur after food consumption and shed light on
potential biomarkers for detecting eating events. They
consistently demonstrate significant cardiovascular responses
associated with food intake (Multimedia Appendix 2).
Specifically, heart rate showed a significant increase after eating,
as evidenced by 19 studies, with the rise ranging from 6% to
21% (Multimedia Appendix 4 and Textbox 1). Similarly, cardiac
output and stroke volume exhibited a robust postprandial
increase, with 18 studies on cardiac output showing a significant
rise ranging from 11% to 100%, and 11 studies revealing a
postprandial increase in stroke volume, ranging from 18% to
41% (Multimedia Appendix 4 and Textbox 1). These findings
suggest that heart rate, cardiac output, and stroke volume may
serve as reliable biomarkers for detecting eating events.
However, it is worth mentioning that 1 study reported a
statistically insignificant (P>.05) cardiac output response to a
high-fat liquid meal [25], while 9 studies reported different
postprandial effects depending on the composition of the
consumed food, underscoring the potential influence of dietary
composition on cardiovascular reactions. Consequently, it is
worth exploring whether eating detection using cardiovascular
responses, particularly heart rate, could be enhanced to sense
macronutrients in the ingested food. A particular area of focus
could be carbohydrate-aware eating detection platforms, which
would have the ability to classify the amount of carbohydrates
in the food a person has just eaten into 2 classes that are
high-carbohydrate and low-carbohydrate. We anticipate this to
be feasible since several studies have demonstrated that
postprandial heart rate changes within the first hour of eating
correlate with the carbohydrate content in the food an individual
has just consumed [25-28]. Accordingly, individuals could
receive alerts when their meals are carbohydrate-rich, thus
empowering them with more information about the foods they
consume. In addition, decision support systems for diabetes
management could use the inferred postprandial carbohydrate
information to improve patient outcomes by personalizing
patient recommendations based on their diet information.

Textbox 1. Postprandial percentage increase range for cardiac output, stroke volume, and heart rate.

Postprandial percentage increase range

• Cardiac output: 9%-100%

• Stroke volume: 18%-41%

• Heart rate: 6%-21%
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Currently, there are no noninvasive consumer or medical-grade
wearables capable of measuring cardiac output and stroke
volume. As a result, heart rate remains the only signal that could
feasibly be used in everyday eating detection platforms. Studies
using heart rate for eating detection are already underway, but
they have primarily focused on animal studies so far [29,30].
A notable study conducted in humans used consumer
smartwatches and successfully detected eating events using
heart rate with an accuracy of 98.6% [31]. However, the
sensitivity, specificity, and F1-scores were very low, with an
F1-score as low as 2% in one of the experiments [31]. We
anticipate that using high-resolution data and conducting initial
experiments in stationary situations without vigorous physical
activity could facilitate a better understanding of heart
rate–based eating detection systems.

Conversely, the findings concerning blood pressure responses
were inconclusive. Of the 25 studies included, 16 (64%)
investigated blood pressure changes following food ingestion;
however, the results were inconsistent for systolic, diastolic,
and mean blood pressure changes (Multimedia Appendix 2).
The lack of consensus on blood pressure responses may limit
its potential as a reliable biomarker for eating detection using
wearable devices.

Vascular resistance and blood flow were also examined in a
subset of the included studies (n=2 and n=6, respectively).
Interestingly, vascular resistance showed a consistent
postprandial decrease in both studies that investigated this
parameter (Multimedia Appendix 2). On the other hand, the
effects of postprandial blood flow in the hand, calf, and superior
mesenteric artery were inconclusive, with some studies
indicating postprandial effects, while others found no significant
changes (Multimedia Appendix 2). Consequently, the use of
vascular resistance and blood flow as biomarkers for eating
detection may require further investigation and validation.

Furthermore, oxygen uptake responses after food intake were
explored in 5 studies (Multimedia Appendix 2). While 3 studies
showed a postprandial increase in oxygen uptake, 1 study
reported inconsistent results, and another found no significant
change. These mixed findings suggest that oxygen uptake may
have limited use as a standalone biomarker for wearable-based
eating detection.

Finally, postprandial temperature effects were found to be
grossly inconsistent (Multimedia Appendix 2). While many
studies have focused on determining the thermic effect of food
[32-34] through calorimetry, very little is known about the skin
or core temperature response to eating, and this review aimed
to bridge that gap. Among the included studies, 2 reported a
postprandial increase in temperature, while 5 studies revealed
inconsistent responses, and 1 study found no significant change
(Multimedia Appendix 2). The inconsistency in temperature
responses warrants caution when considering temperature-based
biomarkers for eating detection. In addition, temperature can
be easily affected by environmental factors, and there is often
a time lag before individuals elicit any temperature change in
response to any physiological or environmental factors.

While our systematic review provides valuable insights, there
are several limitations that should be acknowledged. First, the
available literature on central hemodynamic and
thermoregulatory responses to food intake might be limited,
potentially leading to a restricted pool of studies to learn from.
Sample sizes and study methodologies varied significantly, and
this heterogeneity could have affected the ability to draw
definitive conclusions for many variables. Furthermore, the
majority of the studies focused on heart rate, cardiac output,
and stroke volume, leaving other potential biomarkers
underexplored. The inconsistency in the postprandial effects on
blood pressure, blood flow, oxygen uptake, and temperature
further highlights the need for more comprehensive research in
these areas. In addition, it is important to note that all included
studies were based on healthy participants, so the results from
this review might not be fully extensible to the broader
population, and their applicability to individuals with specific
health conditions remains uncertain.

Out of the 25 included studies, 19 (76%) were conducted before
2000 using contemporary devices, which might have
compromised the results’ quality compared with more recent
studies that may have benefitted from the advances in modern
technology. Recent advancements in precision, data collection,
and analytical tools could significantly improve the accuracy
and reliability of these findings. All studies included in this
review had the goal of wanting to understand the postprandial
effects of the concerned signals, and they were measuring
changes in a discrete fashion as opposed to a continuous fashion.
Furthermore, the quality assessment of the included studies
indicated that 17 (68%) of the studies were categorized as
medium or low quality, mostly because they did not provide
information on the devices used or the frequency at which data
was collected. While efforts were made to minimize bias during
the review process, the quality of data reported in the primary
studies could influence the overall robustness of our findings.

Overall, the insights gained from this systematic review provide
a strong foundation for future research and the development of
wearable technologies aimed at enhancing eating detection and
monitoring. Central hemodynamic responses, particularly heart
rate, offer promising prospects for wearable-based eating
detection. As other identified biomarkers, such as cardiac output
and stroke volume cannot be measured by any currently
available noninvasive medical or consumer-grade wearable,
heart rate remains a valuable signal for this purpose.

Given the consistent postprandial heart rate effects in both
supine and erect positions, heart rate–based eating detection
technologies have the potential to revolutionize assisted living
care, particularly in enhancing monitoring and support for
bedridden individuals. For instance, this technology could track
and verify that patients are receiving meals at prescribed times,
providing reassurance to doctors and family members that
dietary guidelines are being followed and proper care is being
administered. Despite its potential, the complexity of the heart
rate signal, influenced by factors such as physical exercise [35]
and stress responses [36], may complicate its ability to detect
eating events. To accurately identify eating episodes, algorithms
must account for these variables and differentiate between heart
rate changes due to eating and other activities. Integrating heart

Interact J Med Res 2024 | vol. 13 | e52167 | p.269https://www.i-jmr.org/2024/1/e52167
(page number not for citation purposes)

Chikwetu et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


rate data with additional sensors, such as electrodermal activity
(EDA) sensors, which measure skin conductance and emotional
states [37,38], and inertial measurement units (IMUs) sensors,
such as accelerometers and gyroscopes, which monitor physical
activity or hand movements, could enhance algorithm
performance. This multimodal approach increases context
awareness, allowing for clearer distinctions between
physiological changes from eating and other activities, such as
exercise or emotional states. By reducing false positives, such
systems can become more sensitive and specific to changes
associated with eating. It is also important to note, however,
that many signals, including heart rate, EDA, and IMUs, carry

the risk of reidentification [39]. Therefore, any systems using
these signals should be properly secured to mitigate this privacy
concern.

In conclusion, central hemodynamic responses, particularly
heart rate, show promise for wearable-based eating detection.
Future studies could aim for larger sample sizes, standardized
protocols, and well-controlled experimental conditions to
enhance the generalizability and reliability of the results. In
addition, investigating how these findings apply to diverse
populations and individuals with specific health conditions is
crucial for broader application and impact.
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Abstract

Background: Prehospital telemedicine triage systems combined with machine learning (ML) methods have the potential to
improve triage accuracy and safely redirect low-acuity patients from attending the emergency department. However, research in
prehospital settings is limited but needed; emergency department overcrowding and adverse patient outcomes are increasingly
common.

Objective: In this scoping review, we sought to characterize the existing methods for ML-enhanced telemedicine emergency
triage. In order to support future research, we aimed to delineate what data sources, predictors, labels, ML models, and performance
metrics were used, and in which telemedicine triage systems these methods were applied.

Methods: A scoping review was conducted, querying multiple databases (MEDLINE, PubMed, Scopus, and IEEE Xplore)
through February 24, 2023, to identify potential ML-enhanced methods, and for those eligible, relevant study characteristics were
extracted, including prehospital triage setting, types of predictors, ground truth labeling method, ML models used, and performance
metrics. Inclusion criteria were restricted to the triage of emergency telemedicine services using ML methods on an undifferentiated
(disease nonspecific) population. Only primary research studies in English were considered. Furthermore, only those studies
using data collected remotely (as opposed to derived from physical assessments) were included. In order to limit bias, we exclusively
included articles identified through our predefined search criteria and had 3 researchers (DR, JS, and KS) independently screen
the resulting studies. We conducted a narrative synthesis of findings to establish a knowledge base in this domain and identify
potential gaps to be addressed in forthcoming ML-enhanced methods.

Results: A total of 165 unique records were screened for eligibility and 15 were included in the review. Most studies applied
ML methods during emergency medical dispatch (7/15, 47%) or used chatbot applications (5/15, 33%). Patient demographics
and health status variables were the most common predictors, with a notable absence of social variables. Frequently used ML
models included support vector machines and tree-based methods. ML-enhanced models typically outperformed conventional
triage algorithms, and we found a wide range of methods used to establish ground truth labels.
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Conclusions: This scoping review observed heterogeneity in dataset size, predictors, clinical setting (triage process), and reported
performance metrics. Standard structured predictors, including age, sex, and comorbidities, across articles suggest the importance
of these inputs; however, there was a notable absence of other potentially useful data, including medications, social variables,
and health system exposure. Ground truth labeling practices should be reported in a standard fashion as the true model performance
hinges on these labels. This review calls for future work to form a standardized framework, thereby supporting consistent reporting
and performance comparisons across ML-enhanced prehospital triage systems.

(Interact J Med Res 2024;13:e56729)   doi:10.2196/56729

KEYWORDS

telemedicine; machine learning; emergency medicine; artificial intelligence; chatbot; triage; scoping review; prehospital

Introduction

Surging emergency department (ED) visits lead to overcrowding
in the ED setting, contributing to adverse patient outcomes,
staffing challenges, and health system constraints [1]. Challenges
in maintaining ED capacity are estimated to cost millions in
health care expenditures [2]. Various interventions have been
proposed to improve ED conditions, and prehospital
telemedicine triage systems are among the most promising,
having the potential to prioritize patients based on their
likelihood of requiring emergency versus community-based
care [3], potentially alleviating the influx of low-acuity patients
that would otherwise be managed in the high-cost,
resource-intensive ED setting [4,5]. Such systems, including
emergency medical dispatch, nurse-staffed telephone lines, and
symptom checkers (chatbots), share the common goal to triage
patients based on the information that is provided at the first
contact for an urgent health concern. These prehospital services
often do not include physician assessments, instead using either
rule-based algorithms or health personnel for patient triage [6].
In telemedicine, defined as the delivery of health care services
at a distance [7], the inherent scarcity of objective or physical
measures such as vital signs has spurred efforts to improve risk
prediction using machine learning (ML) models applied to a
wide array of information sources such as free text from patient
intake calls and vital symptoms monitoring [6,8].

Machine learning has been recognized as one option for
improving the accuracy of prehospital telemedicine triage
systems. To date, ML has commonly been applied in areas of
precision medicine (ie, prediction of the success of treatment
regimens), though it is rapidly expanding into diverse sectors
of health care [9]. In the ED setting, ML models show promise
in their ability to accurately predict inpatient admissions and
sepsis [10,11]. Incorporating contextual information into ML
models can improve prediction of prehospital emergency
services [5]. However, there is a lack of understanding and
evidence-based practices regarding how ML can optimally be
implemented in remote prehospital settings as compared with
more data-rich, in-person settings such as the ED [5,10,11].

In supervised learning, ML models learn from labeled data that
serve as the “ground truth.” Ground truth refers to the nature of
the problem that is the target of the ML model; in the context
of prehospital triage, ground truth is the “correct” triage outcome
of a patient. The exact process for defining ground truth is
complex and substantially varies across studies. Unlike clear
binary ground truths, such as “alive” or “deceased,” determining

the “correct” triage outcome is more complex, potentially
involving subsequent chart reviews or nuanced clinician
assessments, thus introducing ambiguity.

A review of the predictors, labels, and models used in
prehospital triage systems needs to establish an evidence base
for efficient ML methods of triaging patients and identification
of gaps not included in the existing models. Without a review,
it is unclear whether existing methods and models may
generalize to certain settings or be free from biases [12]. Thus,
we conducted a scoping review to support our understanding
of ML applications in remote prehospital settings. Scoping
reviews are useful in the research fields of social sciences and
health care, especially when a topic has not yet been
comprehensively reviewed or exhibits a large, complex, or
heterogeneous nature not amenable to a more thorough
systematic review [13]. While there have been literature reviews
outlining ML methods in emergency settings [14-16], no specific
review touches on prehospital telemedicine triage services.
Related reviews such as Sánchez-Salmerón et al [15] focused
on in-person triage, as opposed to prehospital and remote triage.
Through this scoping review, we aim to explore what evidence
exists to compare the effectiveness of ML-enabled strategies
with conventional triage methods in improving outcomes for
patients seeking care through telemedicine services. We also
aim to explore (1) what data sources and approaches are used
for extracting meaningful predictors and labels, (2) what models
and performance metrics are used, and (3) the processes of
telemedicine triage systems where ML has been applied.

Methods

Search Strategy
Elements of the PRISMA-ScR (Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scoping
Reviews) protocol [17] and the Population, Intervention,
Comparison, and Outcome (PICO) framework [18,19] were
used to guide our search strategy. The search included all articles
published prior to February 24, 2023. Methodological
frameworks for scoping reviews from Arksey and O’Malley
[20] and Levac et al [21] were followed.

The search strategy began with initial searches conducted
through MEDLINE to extract terms based on article titles and
abstracts. Keywords and expressions included both regular and
Medical Subject Headings (MeSH) terms. The following search
expression was developed and applied: “Telephone/ or
telephone.mp. OR phone.mp. OR telemedicine.mp. OR
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Telemedicine/ OR Emergency Medical Service Communication
Systems/ OR Emergency Medical Dispatch/ OR dispatch.mp.
OR hotline.mp. OR Hotlines/ OR prehospital.mp. OR
pre-hospital.mp. OR remote consultation.mp. OR Remote
Consultation/” AND “machine learning.mp. OR Artificial
Intelligence/ OR Machine Learning/ OR artificial
intelligence.mp. OR natural language processing.mp. OR
Natural Language Processing/ OR chatbot.mp.” AND “triage/
OR triage.mp”

Our search followed the 3 phases listed from the PRISMA-ScR
protocol: identification, screening, and inclusion [17]
(Multimedia Appendix 1). Using the search expression, articles
were retrieved from the following databases: MEDLINE,
PubMed, Scopus, and IEEE Xplore. These databases were
selected for this review due to their ability to cover the most
scientific information in fields such as telemedicine and health
care decision-making while also being previously used by
several health and technology-related reviews [15,16,22]. In
order to limit bias and ensure reproducibility, we elected to
exclusively include articles identified through the predefined
search strategy.

Article Selection
All identified records were combined (n=296) and duplicates
(n=131) removed resulting in 165 records remaining. The results
of the initial search after duplicate removal are found in
Multimedia Appendix 2. Articles needed to meet a set of
inclusion and exclusion criteria (Table 1), which were developed
to ensure that articles were relevant to prehospital telemedicine
triage, conducted remotely as opposed to in the ED. During an
initial piloting phase, 3 researchers (DR, KS, and MY) piloted
these criteria to ensure consistency across them. Each researcher
independently screened each title based on the inclusion and
exclusion criteria, with discrepancies reaching consensus
through discussion, which resulted in 32 records remaining
(n=133 excluded). Articles that passed the title screening were
then screened for relevant abstracts following a similar process
resulting in 15 records remaining (n=17 excluded). The
remaining articles were then read in their entirety and all 15
records were deemed eligible and included in the results of the
review. Of the articles excluded, most were excluded for the
provision of in-person care (as opposed to data collected
remotely), were not primary research studies, or were not for
general purpose triage (eg, stroke-specific triage).

Table 1. Inclusion and exclusion criteria of screening strategy.

Exclusion criteriaInclusion criteriaPICOa/other element

Specialty-specific population (eg, stroke, heart disease).Undifferentiated population seeking emergency services (includ-
ing COVID-19 assessments).

Population

Only conventional triage methods used or ML models that
include predictors derived from physical assessments (eg,
vital signs). Internet of medical things devices requiring
physical or in-person assessments were excluded (eg, home
blood pressure equipment).

Triage of emergency telemedicine services enhanced by any

MLb method that includes only data collected remotely.

Concept

Provision of in-person emergency care.Provision of emergency telemedicine services, including web-
based symptom checkers, clinician-staffed telephone line, or
emergency medical dispatch.

Context

Literature reviews, protocols, guidelines, letters, gray liter-
ature, and qualitative studies excluded.

Primary research studies.Evidence type

Studies in languages beyond English.Studies published in English.Language

Published on or after February 24, 2023.Published before February 24, 2023.Date

aPICO: Population, Intervention, Comparison, and Outcome.
bML: machine learning.

Data Extraction
We extracted data from the included articles with an aim to
understand how research in this domain is conducted. A data
extraction tool was developed using the JBI Manual for
Evidence Synthesis template [23] with a pilot step on 2 sources
conducted by 2 researchers (JS and DR). The data of interest
fell in four main categories:

1. Study characteristics: Author, year of publication, country
of origin, the aim of the study, the result of the study,
population assessed, dataset source, dataset size (the number
of patient records), prospective/retrospective/deployed, and
triage process.

2. ML model predictors and labels: Number of predictors and
data types; methods for determining ground truth labels.

3. ML techniques and corresponding performance metrics:
4. Comparators, dataset partitions, data-preprocessing

methods, performance metrics and values, and data quality
analysis approaches.

5. Resources for future ML model development: Source code
availability and software packages used.

This list of extraction items was supported by prior literature
that involved emergency care–related triage [22,24] and was
refined based on discussions among the authors. For each of
the eligible articles included in this review, 1 author (JS)
extracted and tabulated the relevant information, and the
information was validated by another author (DR) with
discrepancies further assessed by a last author (KS). All
extracted information was analyzed by the authors to derive a
narrative synthesis of the findings. Aligned with the scoping
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review methodology, articles were not assessed for quality or
risk of bias and no statistical analyses were conducted. The data
extraction tool and raw data extracted are available in
Multimedia Appendix 2.

Triage Process
We found that the studies spanned 3 prehospital triage processes:
emergency dispatch, telephone lines, and chatbot applications.
When distinguishing between emergency dispatch and telephone
line systems, context of the call and nature of interaction were
the 2 main points of consideration. Emergency dispatch calls
(eg, 9-1-1) are received and handled by trained emergency staff
focused on collecting critical information on the emergency,
such as the nature of the incident, location, and immediate risks.
The dispatcher then makes decisions based on this information
to allocate appropriate resources, such as ambulances or first
responders. Conversely, telephone lines such as nurse-led
helplines or crisis hotlines are designed to offer support, advice,
and clinical guidance to individuals seeking health care
information or experiencing a crisis [25]. The interaction is
often more conversational and supportive, resulting in a more
complex triage process that depends on the nature of the call,
the expertise of the health care professionals involved, and the
available resources or referrals.

Predictors
We classified the predictor variables into 4 domains
(demographic factors, operational characteristics, clinical
factors, and unstructured data such as free text) and extracted
how these data were handled in the models. These domains
were determined based on the prehospital triage field and
iteratively refined as data were extracted.

Ground Truth Labels
Variability existed in how ground truth labeling methods were
coded for ML processing due to diverse sources of training data
and annotation methods. In our classification of the observed
ground truth methods, we first identified whether the label was

derived from (1) the usual clinical process, that is, subsequent
clinician triage, or (2) outside of the usual clinical process, that
is, post hoc. Within category 1, we further identified whether
(1A) remote-only data were used, or (1B) physical, in-person
data were used. Within category 2, we further classified whether
(2A) labels were automatically derived or (2B) labels were
manually derived. Automatically (systematically) derived labels
are the results of a uniform and scalable application of a
label-deriving algorithm across a dataset.

Results

Characteristics of the Studies
Figure 1 shows a summary of the search protocol phases
followed for this review using the PRISMA-ScR flow diagram.
Of the 15 unique studies included, 33% (5/15) of the articles
were published in 2022, 26% (4/15) in 2021, 20% (3/15) in
2020, and the remaining 20% (3/15) of the articles between
2014 and 2019. The most frequently occurring country of
publication was the United States (4/15, 27%), followed by
Japan (2/15, 13%), with the remaining being published in 9
distinct countries (Table 2).

Most studies (11/15, 73%) were retrospective, using historical
patient outcomes to assess the performance of ML models in
triage prediction. Among the retrospective articles, 2 reported
a combination of retrospective results and the performance of
deployed models. Of the other 4 nonretrospective articles, 13%
(2/15) focused solely on deployed models and 13% (2/15)
carried out a prospective study to explore the applications of
ML triage in a specific health care setting.

Moreover, 47% (7/15) of articles investigated the use of ML in
emergency dispatch calls, 33% (5/15) of articles focused on
chatbot-style applications that could be accessed via the internet
or within the ED, and 20% (3/15) of articles investigated ML
in telephone lines, including 13% (2/15) nurse-led phone lines
and 7% (1/15) crisis hotline.
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) flow diagram.
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Table 2. List of 15 studies included in the review and their characteristics.

Triage phaseAimLabels includedDataset sizeaStudy setting (country)Author (year)

DispatchClassify critical conditions in
emergency calls

3 binary93South AfricaAnthony et al (2021)
[26]

DispatchClassify severity of traffic crash
incidents in dispatch calls

1 binary11,971AustraliaCeklic et al (2022)
[27]

DispatchClassify severity of traffic crash
incidents in dispatch calls

1 binary114TaiwanChin et al (2022) [28]

ChatbotClassify triage decisions using
a symptom assessment app

1 multiclass385GermanyCotte et al (2022) [29]

DispatchClassify emergency incidents
in dispatch calls

3 binary and multi-
class

1,244,624SpainFerri et al (2021) [30]

ChatbotClassify severity in patient’s
text-based inquiries

1 binary574United StatesGatto et al (2022) [31]

Nurse-led phone lineIdentify undertriage in prehos-
pital telephone triage

1 binary15,442JapanInokuchi et al (2022)
[32]

ChatbotClassify triage for prehospital
COVID-19 cases

——bUnited StatesLai et al (2020) [33]

ChatbotEvaluate AId-powered chatbot
for symptom-checker triage

1 multiclass>900,000cSwitzerlandMarchiori et al (2021)
[25]

ChatbotEvaluate AI-powered chatbot
for symptom-checker triage

—26,646United StatesMorse et al (2020)
[34]

Crisis hotlineClassify triage and distress indi-
cators in crisis hotline chats

2 multiclass427United StatesPacula et al (2014)
[35]

Dispatch (operated
by nurses)

Validate MLe-generated risk
scores for prehospital care

1 continuous68,668SwedenSpangler et al (2019)
[3]

DispatchClassify triage of unconscious
patients in dispatch calls

1 binary1,188,509United KingdomTollinton et al (2020)
[5]

Nurse-led phone lineClassify clinical pathways from
text data

1 multiclass269,669PortugalVeladas et al (2021)
[36]

DispatchClassify triage categories from
phone call data

1 multiclass61,927JapanYunoki et al (2014)
[4]

aNumber of patient records included.
bDataset size used for model development was not stated for this study or information on labels was not included.
cThe study stated that “more than 900,000 case records” were included.
dAI: artificial intelligence.
eML: machine learning.

The size of the dataset used across studies varied considerably,
with a median sample size of 21,044 observations. The largest
dataset comprised 1,224,624 anonymized patient records [30]
and the smallest dataset included 93 call transcripts [28]. Distinct
methods were reported to handle missing data; for example,
Ferri et al [30] excluded all call records with missing values,
while Inokuchi et al [32] performed imputation to account for
missing data (3918/19,114, 20.5% of cases had missing data)
using the k-nearest neighbors (k-NN) algorithm.

Predictors
Several articles used predictors that spanned multiple categories,
as exemplified by Ferri et al [30], who extracted patient
demographic data (age, gender), operational data (date, caller
type), and unstructured data (clinical free-text observations). In
contrast, Chin et al [28] used unstructured data (dispatch call

transcript) as the only data source in their ML model
development, citing the “higher expressiveness of patient
condition than structured data.” The frequency of occurrence
for each of these domains is shown in Figure 2.

The mapping and processing techniques varied across data types.
Most commonly, many input variables were one-hot encoded,
such as age groupings, sex, day of week, clinical indicators
(symptoms, comorbidities), and question-answer pairs. Notably,
distance to ED was one of the few continuous predictors used
[3]. For unstructured data, various natural language processing
(NLP) techniques were employed to transform these data to
useful inputs, such as bag-of-words methods or text
vectorization, which are strategies to transform text data into a
numerical representation that can be processed by ML models
(see Multimedia Appendix 3 for more information).
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Figure 2. Percentage of predictor types included in the studies. ED: emergency department; Q&A: question and answer.

Data Labeling: Determining Ground Truth
Two studies (2/15, 13%) [33,34] did not provide sufficient
information to determine their ground truth labeling method.
Most of the ground truth methods (5/15, 33%) used physical
assessments from the usual clinical process; however, within
this group input data were from 3 different types of providers
(nurses, physicians, and ambulance crew) with each employing
a different triage or categorization system (Figure 3) [25]. This
results in variability as similar information is outputted with
different labels, which limits comparability (eg, patient

conveyance [5] or “gold standard” ED triage protocols [4]).
Notably, the 3 (20%) studies [3,27,30] that used automatic post
hoc (2A) methods had larger sample sizes (mean 4,32,792
observations; range 15,550-1,244,624) versus studies [26,31,35]
using manual (2B) methods (mean 364 observations; range
93-573). Across the 4 methods, 6 studies (40%) predicted labels
that were binary and based on symptom or condition severity
(eg, life-threatening [30], severe trauma [28]), while 7 studies
(47%) predicted multiclass labels (eg, 1 of 53 clinical pathways
[36]).

Figure 3. Label and ground truth methodologies by annotation method. *Marchiori et al used remote physician triage as ground truth for model training
but manually derived labels for model testing. To ensure consistency in article classification, we have categorized all articles based on the ground truth
method for model training. ED: emergency department; EMCI: emergency medical call incident; EMT: emergency medical technician; L&S: lights
and sirens; MTS: Manchester Triage System.
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Interrater Reliability
Methods to enhance interrater reliability were rarely employed,
in contrast to published guidelines concerning manual data
labeling [37]. Marchiori et al [25] did so by ensuring the
adequate training of data collectors by selecting “only records
generated by top-ranked doctors (based on years of experience
and internal audits).” In the study by Gatto et al [31], data
annotators “invested significant time to educate themselves on
the symptoms” observed in the dataset; however, it was noted
“that the use of nonmedical professionals limited the degree of
granularity with which the dataset was labelled.” Pacula et al
[35] used consensus among 3 evaluators when labeling data
and measured the interannotator agreement using the Fleiss
kappa statistic to confirm good agreement.

ML Algorithms
Most studies applied more than 1 ML technique to method
development (11/15, 73%). However, 2 studies (13%) did not
disclose the ML algorithm used in their triage prediction model.
Three (20%) studies published the source code for various stages
of their ML model development and validation (Table 3).

Overall, the most popular ML algorithm was support vector
machine (SVM; 8/15, 53%) and tree-based methods, including
random forest (RF; 6/15, 40%) and extreme gradient boosting
(XGBoost; 4/15, 27%). Other popular algorithms were neural
networks (NN; 5/15, 33%), with various implementations
observed, such as deep NNs, bidirectional long short-term
memory models, and ensemble of deep learning networks (ie,
the model employed by Ferri et al [30] is described as a “Deep
Ensemble Multitask Classifier for Emergency Medical Calls”
composed of 4 different subnetworks). Naïve Bayes (NB) and
k-NN were similarly popular, followed by regression methods.

Table 3. Type and frequency of ML algorithms used by the included studies.

Authors (citations)Studies, nMLa algorithm

Anthony et al [26], Ceklic et al [27], Chin et al [28], Gatto et al [31], Inokuchi et al [32],

Pacula et al [35], Spangler et al [3]b, and Veladas et al [36]

8Support vector machine

Anthony et al [26], Ferri et al [30], Inokuchi et al [32], Tollinton et al [5], Spangler et al [3],
and Veladas et al [36]

6Random forest

Ceklic et al [27], Ferri et al [30], Gatto et al [31], Inokuchi et al [32], and Marchiori et al [25]5Neural networks

Ferri et al [30], Inokuchi et al [32], and Spangler et al [3]4Extreme gradient boosting (XGBoost)

Ceklic et al [27], Chin et al [28], Ferri et al [30], and Veladas et al [36]4Naïve Bayes

Anthony et al [26], Ceklic et al [27], Chin et al [28], and Gatto et al [31]4K-nearest neighbors

Anthony et al [26], Ferri et al [30], and Spangler et al [3]3Logistic regression

Cotte et al [29] and Yunoki et al [4]2Bayesian network

Chin et al [28] and Tollinton et al [5]2Decision treec

Ceklic et al [27] and Ferri et al [30]2Ensembled

Inokuchi et al [32]1LASSOe regression

Chin et al [28]1Multilayer perceptron

Pacula et al [35]1Hidden Markov model

Gatto et al [31]1Hierarchical attention network

Gatto et al [31]1Transformer-based

Lai et al [33] and Morse et al [34]2Unspecified algorithms

aML: machine learning.
bSpangler et al [3] did not include support vector machine, random forest, neural networks, or regression models in their “Methods” but stated in their
“Discussion” that they investigated these algorithms.
cDecision trees here include methods such as gradient boosting but not random forest or extreme gradient boosting.
dCeklic et al [27] did not provide information about the specific models incorporated into their ensemble. Ferri et al [30] built their ensemble using a
collection of deep learning subnetworks.
eLASSO: least absolute shrinkage and selection operator.

Model Performance Metrics
F1-score was the most used metric (6/15, 40%) to measure model
performance, closely followed by accuracy (5/15, 33%) and
area under the curve (AUC; 4/15, 27%). Furthermore, many
studies tangentially used other quantitative measures, such as

sensitivity or recall and specificity or precision. In the case
where AUC scores were similar between the RF and XGBoost
models in the study by Tollinton et al [5], analysis of other
metrics showed that XGBoost outperformed RF models in terms
of sensitivity (0.93 vs 0.62 in the combined model) but had
lower specificity (0.17 vs 0.56 in the combined model).
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Moreover, several studies investigated how different
combinations of predictors and NLP techniques affected model
performance across ML techniques. For instance, Pacula et al
[35] present an interesting discussion on the impact of various
approaches to dialogue processing (turn-level classification and
accounting for speaker role) on triage prediction outcomes.

A summary of the comparators and top-performing models for
each study, alongside information on evaluation metrics used
and data train or test split, is shown in Table 4. For models that
were evaluated against non–ML-enhanced methods of triage,
those established triage systems are indicated as well.
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Table 4. Top-performing ML algorithms used in each study and corresponding performance metric and model training or testing split grouped by triage
process.

Training data split
(%)

Performance metricsTriage comparatorsModel comparatorsTop-performing
model

Triage process and study

Emergency medical dispatch

80Accuracy—eLRb, RFc, k-NNdSVMaAnthony et al [26]

60PPVi, sensitivity (recall),
F1-score

SJ-WAh dispatchk-NN, SVM, NBf, deep NN

+NLPg

EnsembleCeklic et al [27]

91Accuracy, PPV, NPVk,
sensitivity (recall), speci-
ficity

Dispatcher evalua-
tion

k-NN, DTj, SVM, NB +NLPBernoulli NBChin et al [28]

80Accuracy, sensitivity (re-
call), PPV, F1-score

Clinical decision
tree

NB, LR, RF, GBl +NLPEnsembleFerri et al [30]

66AUCn, PPV, sensitivity
(recall)

Dispatch priority,
National Early
Warning Scores

SVM, LR, RF, deep NNXGBoostmSpangler et al [3]

80AUC, sensitivity (recall),
specificity

——GB/RFoTollinton et al [5]

90Accuracy——BNp,qYunoki et al [4]

Symptom checker/chartbotr

N/AtCohen κMTSs—BNqCotte et al [29]

80PPV, sensitivity (recall),
F1-score

—BERTv, SVM, HANw, bi-

LSTMx +NLP

SBERTuGatto et al [31]

60PPV, sensitivity (recall),
F1-score

—Convolutional NN, recurrent
NN +NLP

Bi-LSTMMarchiori et al [25]

Telephone line

70Area under the receiver
operating characteristic

—LASSOy regression, deep
NN, XGBoost

RFqInokuchi et al [32]

curve, PPV, NPV, sensitiv-
ity (recall), specificity

82AUC, F1-score—HMMz +NLPSVMqPacula et al [35]

64Accuracy, F1-score, PPV,
sensitivity (recall)

—RF, NB +NLPSVMVeladas et al [36]

aSVM: support vector machine.
bLR: logistic regression.
cRF: random forest.
dK-NN: K-nearest neighbors.
eNo comparator.
fNB: naïve Bayes.
g“+NLP” indicates that model performance was evaluated across various natural language processing techniques.
hSJ-WA: St John Ambulance in Western Australia.
iPPV: positive predictive value (precision).
jDT: decision tree.
kNPV: negative predictive value.
lGB: gradient boosting.
mXGBoost: extreme gradient boosting.
nAUC: area under the curve.
oThe gradient boosting model scored better on sensitivity, but specificity was lower than RF.
pBN: Bayesian network.
qAlternate ML models were not compared.
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rLai et al [33] and Morse et al [34] reported on symptom checker triage systems but did not provide details on the underlying ML model and comparators
or development.
sMTS: Manchester Triage System.
tN/A: not applicable.
uSBERT: sentence bidirectional encoder representation from transformers.
vBERT: Bidirectional Encoder Representation From Transformers.
wHAN: hierarchical attention network.
xBi-LSTM: bidirectional long short-term memory.
yLASSO: least absolute shrinkage and selection operator.
zHMM: hidden Markov model.

Model Data Splitting
Thirteen studies (87%) reported some method for validation,
including randomly partitioning data into training or testing sets
(10/15, 67%) or training or validation or testing sets (3/15, 20%).
Most studies used some form of cross-validation in the training
sets for model construction (8/15, 53%). In addition, various
types of resampling procedures were used, such as k-fold
cross-validation, stratified k-fold cross-validation, repeated
k-fold cross-validation, or repeated random test-train splits.

Discussion

Principal Findings
We reviewed 15 primary research studies of ML-enhanced triage
models in prehospital telemedicine settings where patients
potentially require emergency care. We found that ML-enhanced
triage systems typically outperformed conventional triage ones;
however, there is likely a bias toward publishing these types of
positive findings [38]. While the reviewed studies exhibited
several commonalities in terms of predictor types, ML
algorithms tested, and performance metrics, there were key
discrepancies in how data were sourced and processed,
particularly with regard to annotating ground truth labels. We
discuss these similarities and differences in context and how
the new evidence presented here relates to ED overcrowding
and prehospital triage.

Predictor Variables
A critical limitation of prehospital telemedicine triage systems
is the lack of access to objective measures of the patient
condition typically obtained through physical assessment, vital
signs being fundamental metrics of illness severity. As a result,
our inclusion criteria ensured that no study had access to a
physical assessment of their participants. Therefore, by
investigating the range of predictors employed by the included
articles, we identified how subjective and indirect indicators of
patient condition are used in remote triage. Our review indicates
that patient symptoms, age, sex, and comorbidities were the
most frequently occurring predictor variables among structured
data, with NLP techniques used to extract features from
unstructured data. The structured and unstructured data were
not combined in any of the included articles. This finding
emphasizes the critical importance of considering these 4 clinical
and demographic factors for prehospital telemedicine triage
where physical assessment data are unavailable. The consistent
use of patient symptoms, demographics, and comorbidities as
predictor variables across all 3 triage processes reinforces that

they are reliable indicators of a suitable triage outcome.
However, while demographic factors were frequently used
across the studies, only 2 specific factors, namely, age and sex,
were considered.

Notably, we also highlight the absence of previously identified
important inputs to ML models [12]. Race or ethnicity, region
or geography, medication history, and health system exposure
(hospitalizations, etc) were not represented in the corpus;
however, they should be taken into consideration in prehospital
triage both to improve performance and ensure algorithmic
fairness [39]. The absence of these variables both as predictors
and for post hoc evaluation of algorithmic bias suggests a
significant gap in the extant literature and motivates further
investigation into their potential to generate accurate and
equitable triage outcomes for more diverse populations.
Continuing to develop a comprehensive list of the most
significant variables driving remote emergency triage is
invaluable to improving equitable patient outcomes for all
populations [12]. Identifying common patterns in predictor
selection (and what is absent) can inform the development of
standardized guidelines for building ML algorithms for triage
using remote-only data. A future with consistent measurements
of physiologic metrics, such as vital signs, would also be
invaluable to strengthen prediction. Developing systems or
technology whereby these critical data can be captured remotely
is a future direction worth exploring.

Ground Truth Labeling Methods
Our review critically spotlights the variety of methods for
annotating data labels from ground truth. Two papers did not
provide sufficient information, and we classified the remaining
13 into 1 of 4 distinct methods, reflecting varying ML
development philosophies. The most common method—(2A)
post hoc automatic derivation of data labels—indicates
preference for collaboration among domain experts to reduce
human subjectivity and implement large-scale data mapping.
Notably, Ferri et al [30] used a panel of 17 physicians to develop
a mapping system, which was then automatically applied to
more than 1 million records. In contrast, using the (2B) method,
Pacula et al [35] reported that 3 psychologists manually
annotated each of the 427 records. While this review cannot
comment on the comparative efficiencies of these specific
methods, we note that assembling large datasets with ground
truth labels is an arduous and expensive task; thus, there may
be scalability benefits to automatic methods [40].

While we observed trade-offs in data labeling, establishing
methodologically robust ground truth is of paramount

Interact J Med Res 2024 | vol. 13 | e56729 | p.284https://www.i-jmr.org/2024/1/e56729
(page number not for citation purposes)

Raff et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


importance. Inadequate representation of ground truth can lead
to misclassification issues within the ML model, thus reducing
predictive accuracy on external data. This could result in
unintended and potentially serious consequences, especially in
the context of emergency care. The ground truth triage outcome
has proved challenging to pinpoint, and this scoping review
reveals 4 methods in determining it. However, each method
exhibits limitations and potential manifestations of human
subjectivity.

The accuracy of remote triage is inherently limited by the
absence of physical data, even when carried out by individuals
with domain expertise (eg, physicians). Furthermore, human
bias and lack of experience can lead to either overtriage (ie,
false positives; eg, sending low-acuity patients to the ED) or
undertriage (ie, false negatives; eg, advising high-acuity patients
to stay home), even in cases when physical data are available.
To address this, the strategy of selecting data from only highly
reputable clinicians [25] serves as an inspiration for developing
a standardized evaluation system to identify qualified data
annotators for health care settings. An additional method to
enhance triage accuracy is inclusion of downstream triage with
access to more comprehensive data, such as vital signs, detailed
physical assessment, or a professional with higher-level training
(eg, a physician conducting a home visit) [32].

The methodical classification of patients based on a
predetermined list of outcomes minimizes the risk for interrater
disagreement. However, relying solely on these selected
outcomes, such as hospital admission or 2-day mortality [3],
assumes that they are the only factors and of equal importance
in determining the overall risks associated with the patient. This
approach overlooks insights that can be revealed from a
circumstantial and personalized analysis of patient condition.
In addition, many of the inclusion studies selected highly
specific outcomes, such as sepsis, myocardial infarction, and
cardiac arrest [26], which are not generalizable to different
remote triage processes. One potential solution, which no study
in this review used, is using a weighted kappa index to consider
different categories and disagreements and capture the rank
magnitude of disagreement [41].

Retrospective evaluation of patient data by multiple annotators
holds potential for highly accurate ground truth labels, as it is
the most comprehensive approach observed in this review.
However, we note that the included articles lack information
regarding how evaluators determined such classifications.
Subjectivity in human decision-making persists and variation
in annotators’ levels of training and resolution strategies
employed leaves room for further research. Again, implementing
a standardized evaluation system to determine a qualified pool
of data annotators becomes crucial to ensure reliability in the
annotation of ground truth triage labels for ML-enhanced remote
triage [37].

This analysis of subjectivity in ML systems underscores the
need for nuance regarding objectivity and ground truth. To
enhance remote triage algorithm generalizability, comprehensive
datasets must be used. This entails capturing data from each of
the predictor variables outlined in this review, as well as race
or ethnicity, region or geography, and medical history.

Furthermore, standardized protocols for data labeling across
different clinical settings would facilitate consistency and enable
meaningful comparisons and analyses. There is a need for more
well-defined and externally valid procedures for determining
the ground truth in the context of highly intricate and
unstructured data such as remote patient triage.

ML Techniques
This review presents needed insights on the cutting-edge
application of ML methods for remote prehospital triage
systems: SVM, tree-based, and NN methods were commonly
used. These observations are consistent with other reviews of
ED-based implementations [16,42]. To our knowledge, this is
the first review to provide a mapping between ML model
development and 3 processes of triage in emergency medicine:
emergency medical dispatch, chatbot or symptom checker, and
telephone line. We uniquely charted the best-performing model
of each article to 1 of the 3 triage processes and generated
insight on the specific elements underpinning each model. By
doing so, we provide insight into how predictive ML models
can be developed for different stages of triage before physical
assessment.

Limitations
We did not directly compare the varied performance metrics
such as the F1-score, precision, recall, and AUC, as this could
lead to misleading conclusions. This was not an objective of
our review due to inconsistencies in reported metrics and
variability in study designs. For instance, certain metrics can
be optimized at the expense of other metrics; for example,
precision and recall are inversely related. Not all metrics are
universally applicable; the F1-score is unsuitable for multiclass
problems found in a proportion of included studies. In addition,
F1-score assumes false negatives and false positives are equally
costly, an incorrect assumption in triage problems where
undertriage due to a false negative would have serious
consequences. While AUC is perhaps the optimal metric choice,
it still has sensitivity to class imbalances, which varied across
the included studies. Of the only 4 articles that reported AUC,
the performance ranged from 0.64 for prediction of conveyance
[5] to 0.88 [35]. A direct comparison among articles reporting
AUC was avoided due to differences in study contexts, which
included diverse triage labels, significant variations in sample
sizes and populations, limited reporting on class imbalance, and
the use of different validation strategies. As this review did not
facilitate any quantitative analysis of ML model performance,
insights into the accuracy of ML-enhanced triage compared
with conventional remote triage, as well as the quantitative
impact that ML triage may have on patient outcomes and overall
health care systems, could not be derived and future systematic
work is warranted.

Implications for Future Work
ML-enhanced triage presents an opportunity to alleviate the
burden on EDs and support patients’ decision-making when
seeking emergency versus community-based care. Based on the
evidence synthesized here, our calls to the field are to determine
a prioritized list of high-value predictor variables to consider,
standardize ground truth labeling, and form a consensus on
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validation methods used, such that different health systems can
continuously learn from new developments. This review
provides a foundation for developing guidelines, which will
also create opportunities for comparison across studies to
quantitatively assess the effectiveness and benefits of
ML-enhanced triage regarding patient outcomes and health
system performance. While reducing resources spent on
overtriage is also a priority, it is equally important to focus on
the likelihood of undertriage, as it poses a significant risk to
patients. Therefore, precision, recall, and specificity rates, as
well as algorithmic bias [39], must be carefully monitored and
improved in model development to ensure that safety and
effectiveness are balanced in ML-enhanced triage systems.

Accurate triage recommendations do not guarantee that patients
will follow them [43-45]. In the discussion of using telephone
lines or chatbots during the triage process, further investigation
is warranted into how delivery methods affect patients’ likeliness
to adhere to the advice generated by ML-enhanced triage
systems. Similarly, in the dispatch and telephone line triage
processes, a question that arises is whether ML-generated triage
results influence the decision-making process of dispatchers or
providers. This area of research could provide insight on the
most effective stage at which ML-based assistance should be
introduced in the triage process. Exploring the interplay between
ML-enhanced triage advice, patient behavior, and clinician
decision-making will contribute to the optimization of
prehospital telemedicine triage in emergency care.

Conclusions
Our scoping review of 15 recent studies of ML-enhanced
prehospital telemedicine triage systems observed heterogeneity
in dataset size, predictors, clinical setting (triage process), and
reported performance metrics. Consequently, a comparison of
ML performance across articles was not feasible, and we note
that identifying the most efficient and accurate ML-enhanced
triage system is valuable for future development and model
deployment in prehospital settings, where a standardized
performance metric such as the AUC would be important to
facilitate comparisons. Standard structured predictors, including
symptoms, age, sex, and comorbidities, across articles suggest
the importance of these inputs; however, there was a notable
absence of other potentially useful data, including medications
and health system exposure. With advancing technology of
transformer-based models [46,47], there exists the potential for
combining structured and unstructured data; an approach that
was also absent in the included articles. The lack of social
variables leaves the potential for algorithmic bias critically
unexplored. Ground truth labeling practices should be reported
in a standard fashion as the true model performance hinges on
these labels. This review establishes an evidence base for future
investigations and an opportunity to form a consensus and
standardized framework, thereby supporting consistent reporting,
performance comparisons, and collaboratively developed
ML-enhanced prehospital triage systems.
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Abstract

Background: Plagiocephaly is defined as an asymmetrical distortion of the skull, resulting in an oblique trapezoid or parallelogram
head shape. Deformational plagiocephaly (DP) is caused by forces acting on one side of the back of the head, distorting normal
skull symmetry.

Objective: The aims of this systematic review and meta-analysis were to critically assess the evidence for nonobstetric risk
factors for DP and to make evidence-based recommendations for reducing the prevalence of DP.

Methods: The selection criterion was studies reporting risk factors for DP. Case reviews, case series, expert opinions, and
systematic reviews were excluded. PubMed and Web of Science were searched from August 21, 2010, to August 21, 2022.
Publication bias was assessed using funnel plots. Meta-analyses were presented using forest plots.

Results: A total of 19 studies (cohort studies: n=13, 68%; case-control studies: n=5, 26%; and cross-sectional studies: n=1, 5%)
with a total of 14,808 participants were included. Of the 43 investigated potential nonobstetric factors, 16 (37%) were associated
with DP. Of these 16 factors, 12 (75%) had odds ratios (ORs) with 95% CIs not crossing 1: insufficient vitamin D intake (OR
7.15, 95% CI 3.77-13.54), head position preference (OR 4.75, 95% CI 3.36-6.73), bottle-only feeding (OR 4.65, 95% CI 2.70-8.00),
reduced tummy time (OR 3.51, 95% CI 1.71-7.21), sleeping position (OR 3.12, 95% CI 2.21-4.39), fewer motor milestones
reached by the age of 6 months (OR 2.56, 95% CI 1.66-3.96), obesity (OR 2.45, 95% CI 1.02-5.90), maternal education level
(OR 1.66, 95% CI 1.17-2.37), male sex (OR 1.51, 95% CI 1.07-2.12), formula feeding (OR 1.51, 95% CI 1.00-2.27), head
circumference (OR 1.22, 95% CI 1.06-1.40), and mechanical ventilation (OR 1.10, 95% CI 1.00-1.14). No evidence of publication
bias was detected.

Conclusions: This study provides a comprehensive assessment of the nonobstetric factors associated with DP and presents 11
evidence-based recommendations for reducing its prevalence. The primary limitation is that only publication bias was assessed.

Trial Registration: PROSPERO CRD42020204979; https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42020204979

(Interact J Med Res 2024;13:e55695)   doi:10.2196/55695

Interact J Med Res 2024 | vol. 13 | e55695 | p.290https://www.i-jmr.org/2024/1/e55695
(page number not for citation purposes)

Hillyar et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:christopher.hillyar@gtc.ox.ac.uk
http://dx.doi.org/10.2196/55695
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

deformational plagiocephaly; plagiocephaly; flat head syndrome; back to sleep; meta-analysis; systematic review; meta-analyses;
systematic reviews; vitamin D; vit D; head position preference; head position; head positioning; bottle feeding; tummy time;
sleeping position; motor milestones; obesity; maternal education level; male sex; formula feeding; macrocephaly; head
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Introduction

Background
Plagiocephaly is defined as an asymmetrical distortion of the
skull resulting in an oblique trapezoid or parallelogram head
shape when viewed from the vertex position in the axial plane
[1]. The severity of skull asymmetry can range from minimal
focal flattening on one side of the cranial vault to severe
deformation affecting the entire cranial vault, skull base, and
facial skeleton. Plagiocephaly arises via 2 main mechanisms:
premature fusion of ≥1 of the cranial sutures (craniosynostosis)
or external mechanical forces acting on the cranial vault, which
results in a distortion of the normally symmetric craniofacial
skeleton (deformational plagiocephaly [DP]).

In craniosynostotic plagiocephaly involving any of the paired
coronal or lambdoid sutures, the restriction of skull vault growth
occurs perpendicular to the fused suture (Virchow’s law) [2,3].
Isolated craniosynostosis involving premature fusion of a single
coronal suture results in an anterior plagiocephaly with brow
retrusion on the affected side; similarly, craniosynostosis of a
single lambdoid suture will restrict posterior cranial growth on
the same side. The asymmetry is often accentuated as the
remaining unfused sutures expand to enable accommodation of
the rapidly growing infant brain. The majority of patients with
craniosynostosis do not have an identifiable genetic cause, but
this proportion is increased in patients with >1 suture involved
[2,3].

Alternatively—and far more commonly—plagiocephaly is
caused by deformational forces acting on one side of the back
of the head, which distorts the normal symmetry of the skull in
the absence of skull growth restriction due to craniosynostosis
[4]. This deformity is characterized by a parallelogram-type
deformity. This appears clinically as mild to severe occipital
flattening, with or without ipsilateral anterior shift of the ear
and orbital involvement [5]. The flattening of the posterior
neurocranium, resulting from the external forces applied to the
head, has led to the condition also being referred to as “flat head
syndrome” [6]. The importance of external forces can be seen
in the close relationship between DP and sleeping position [7],
among other factors that may influence external head forces
[8-12].

Objectives
Since the 1980s, “back to sleep” campaigns have successfully
publicized the benefits of supine sleeping for reducing the risk
of sleep-related death, including sudden infant death syndrome
[13]. Although these campaigns reduced the incidence of sudden
infant death syndrome by 40%, an undesirable consequence has
been an increase in the referrals of cases of DP, leading to more
referrals to specialist centers [14,15]. The majority of cases of

DP will resolve without intervention, and surgical treatment is
not required [16]. However, in a subset of children, DP persists,
even into teenage years [17]. Although physiotherapy and helmet
therapy may play a role in improving head shape and limiting
other long-term effects [18,19], understanding the factors that
increase the risk of DP may help to prevent DP from developing.
The aims of this systematic review and meta-analysis were to
critically assess the evidence for risk factors for DP and to make
evidence-based recommendations for reducing the prevalence
of DP. This study was previously presented as a meeting abstract
at the Royal College of Paediatrics and Child Health Conference
on June 15, 2021.

Methods

The study protocol, analysis, and reporting were conducted in
line with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 guidelines [20-22]. The
protocol was registered with PROSPERO (CRD42020204979).

Search Strategy
A search of PubMed and Web of Science was performed
covering the period from August 21, 2010, to August 21, 2022
(this included an initial search from August 21, 2010, to August
20, 2020, and an update search from August 21, 2010, to August
20, 2022, to ensure that the list of included studies was as up
to date as possible). The combination of PubMed and Web of
Science provides >97.5% coverage of published literature
[23,24]. To balance comprehensive coverage with a pragmatic
approach to ensure that the study was completed with limited
available resources, additional databases were not searched, and
hand searching and gray literature searches were also not
performed. The search terms included “plagiocephaly” AND
“risk factor.”

Study Eligibility
Study titles and abstracts were screened and assessed for
relevance by a single reviewer (CRTH, NB, or AN).
Specifically, original studies were included if they assessed risk
factors for DP. Studies in a non-English language, those
involving nonhuman subjects, and low-quality or nonoriginal
studies (meeting abstracts, reviews, case series, case reports,
and editorials) were excluded. Duplicates were identified by
assessing study titles and removed manually by CRTH. Full-text
review was performed after screening by a single reviewer
(CRTH, NB, or AN). Studies not reporting nonobstetric risk
factors for DP were excluded. Studies reporting preventive
measures such as tummy time were included. However, studies
involving treatments such as physical therapy and helmet
therapy were not included. As screening was performed by a
single reviewer, there were no discrepancies to be resolved.
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Data Extraction and Reporting
Data extraction and reporting followed the PRISMA guidelines.
However, due to resource limitations, data from eligible full-text
articles were extracted by a single reviewer (CRTH, NB, or
AN). The main outcomes of interest were odds ratios (ORs)
and risk ratios (RRs) with 95% CIs, or significant associations,
for risk factors for DP (or biomarkers for DP; eg, oblique
diameter difference index). These outcomes were split into
factors that were associated with DP and those that were not.
Other items extracted from the eligible studies included authors,
country of study, funding source, study design, study aims, total
participants, percentage female, population assessed, age at
baseline, and selection criteria.

Meta-Analysis
A meta-analysis of ORs and RRs for factors associated with

DP was performed. The inconsistency index (Ι2) and a Q statistic
for chi-square significance for specific df were calculated to
assess interstudy heterogeneity. Both fixed effects and random
effects were reported. P values for 95% CIs were calculated.

Excel (Microsoft Corp) and Prism (GraphPad Software) were
used for statistical analysis.

Funnel Plots
Publication bias was assessed using funnel plots of ORs and
RRs for DP risk factors against study precision (1/SE). The
Egger test for asymmetry was conducted using linear regression,
with P<.05 indicating publication bias [25].

Results

Overview
The searches of PubMed and Web of Science yielded 159
articles; after removing 35 (22%) duplicates, 124 (78%) articles
were screened based on abstract content. Of these 124 articles,
77 (62.1%) were not relevant. Full-text screening of the
remaining 47 articles resulted in the exclusion of 20 (43%)
irrelevant articles (these did not report nonobstetric risk factors
for DP), 3 (6%) non-English articles, and 5 (11%) articles that
were not accessible. Thus, of the initial 159 articles, 19 (11.9%)
were eligible for inclusion in this study (Figure 1). The
characteristics of the included studies are presented in Table 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for study eligibility and inclusion.
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Table 1. Characteristics of the included studies.

Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

Risk of devel-
oping DP was

NRdORsb and

RRsc for

Healthy new-
borns born be-
tween Febru-

<72 h
from
birth

Healthy
newborns

155 (51)To assess
risk fac-
tors for
the devel-

Retro-
spective
cohort
study

Alma and KA
Snellman
Foundation
and The Foun-
dation for Pedi-

Aarnivala
et al [26];
Finland not associated

with torticollisrisk fac-
tors for
DP

ary 2012 and
September
2013; new-

opment
of DPatric Research,

Finland borns were ex-
cluded if they

and torti-
collis

had chromoso-
mal anoma-
lies, cleft lip
or palate, or
craniosynosto-
sis

Position prefer-
ence at age 6

DP at age 6 mo
associated with

ORs and
RRs for

Healthy new-
borns included

Recruit-
ed at
birth

Healthy
newborns

99 (47)To assess
risk fac-
tors for
cranial

Prospec-
tive co-
hort
study

Alma and KA
Snellman
Foundation

Aarnivala
et al [27];
Finland mo was not

associated
with DP at age

position prefer-
ence and imbal-
ance in head ro-

risk fac-
tors for
DP

at birth resid-
ing within 20
minutes’ driv-
ing distance

deforma-
tion by 12 mo; theretation at age 3

from Oulumeasur- was no associ-mo; at age 6
Universitying cra- ation betweenmo, DP associat-
Hospital; in-nial asym- DP at age 12ed with reach-
fants withmetry mo and imbal-ing fewer motor
craniosynosto-from age ance in headmilestones at
sis, cleft lip3 to 12 rotation at ageage 6 mo; at age
and palate, ormo using 3 mo; no asso-12 mo, DP asso-
syndromic3D ciation withciated with posi-
features were
excluded

stereopho-
togram-
metry

DP was also
observed for
primary sleep-
ing position,

tion preference
at age 3 mo and
imbalance in
head rotation at

time spent inage 3 mo and 6
carrier, bounc-mo; at age 12
ers, or carmo, DP associat-
seats, timeed with fewer
spent prone onmotor mile-
the floor, paci-stones and
fier use, ill-spending more
ness historytime supine on
(acute otitisthe floor at age
media and6 mo; position
conditions re-preference at
quiring pro-age 3 mo associ-
longed hospi-ated with DP at
talization),age 12 mo; at
and durationage 6 mo, DP
of full breast-
feeding

associated with
position prefer-
ence at age 3
mo and fewer
motor mile-
stones reached
at age 6 mo; at
age 12 mo, DP
associated with
position prefer-
ence at age 3
mo
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

Maternal and
infant risk fac-
tors not associ-
ated with DP
included in-
fant sex, mater-
nal origin, ma-
ternal educa-
tion level,
breast milk
feeding,
changing crib
end, tummy
time, and in-
struction
about tummy
time

Maternal and
infant risk fac-
tors associated
with DP includ-
ed maternal
age, supine
sleeping posi-
tion, and head
position prefer-
ence

ORs and
RRs for
risk fac-
tors for
DP

Healthy in-
fants born at
term present-
ing at a public
immunization
clinic in Fer-
rara at age 8 to
12 wk were
included; in-
fants affected
by craniosyn-
ostosis, malfor-
mations, or
neurological
diseases or
those admitted

to the NICUe

were excluded

All in-
fants:
mean
11.6
(range
9.4-
12.9)
wk; in-
fants
with
DP:
mean
11.7
(range
10.0-
12.8)
wk; in-
fants
without
DP:
mean
11.6
(range
9.4-
12.9)
wk

Healthy
newborns

283 (53)To assess
preva-
lence and
risk fac-
tors for
DP in
full-term
infants

Prospec-
tive co-
hort
study

Pediatric de-
partment of
the University
of Ferrara in
Ferrara, Italy

Ballardini
et al [28];
Italy

No association
with DP was
observed for
sex, bron-
chopulmonary
dysplasia,
necrotizing
enterocolitis,
and duration
of intermittent
mandatory
ventilation

Cranial vault
asymmetry in-
dex ([diagonal
A – diagonal B
and diagonal A]
× 100, where
diagonal A >di-
agonal B) at
term-equivalent
age was higher
(4.1%, IQR
1.9%-6.5%) in
very preterm in-
fants compared
to late preterm
infants and term
infants; moder-
ate or severe
DP at term-
equivalent age
was associated
with intracra-
nial hemorrhage
in preterm in-
fants; duration
of total respira-
tory support
was higher in
cases of DP
compared to
controls; dura-
tion of continu-
ous positive air-
way pressure
therapy was
longer in cases
of DP than in
controls

ORs and
RRs for
risk fac-
tors for
DP

Preterm in-
fants dis-
charged from
an intermedi-
ate care unit
of a tertiary
neonatal clinic
in Dresden
from April
2011 to Jan-
uary 2013
were included;
all infants
were included
that were
present on the
ward at the
time of mea-
surement;
those with pe-
ripheral cannu-
la at the scalp
or requiring
supplemental
oxygen, were
excluded

Mean
postmen-
strual
age:
38.4
(SD
0.9) wk

Healthy
newborns

195 (48)To assess
head
shape to
determine
the preva-
lence of
symmetri-
cal and
asymmet-
rical head
deformi-
ties and
identify
possible
risk fac-
tors

Cross-
section-
al study

The Else
Kröner-Frese-
nius Founda-
tion

Ifflaender
et al [29];
Germany
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

Factors not as-
sociated with
DP included;
infant male
sex; maternal
age; macro-
cephaly at
birth; and
macrocephaly,
underweight,
or overweight
at the time of
diagnosis

Factors associat-
ed with DP in-
cluded bottle-
only feeding,
reduced tummy
time when
awake, delayed
motor develop-
ment, and obesi-
ty at diagnosis

ORs and
RRs for
risk fac-
tors for
DP

Infants aged
2-12 mo at the
time of diagno-
sis of DP were
included; in-
fants with neu-
roimaging re-
sults positive
for craniosyn-
ostosis were
excluded; in-
fants with in-
sufficient clin-
ical data, con-
genital muscu-
lar torticollis,
congenital
anomalies (eg,
craniofacial or
chromosomal
anomalies), or
birth injury
were also ex-
cluded; age-
and sex-
matched con-
trols (con-
firmed to have
no cranial de-
formation on
physical exam-
ination) were
randomly se-
lected from
the national
health screen-
ing system

2-12 moInfants
with cra-
nial defor-
mation on
physical
examina-
tion, with
age- and
sex-
matched
controls
randomly
selected
from the
national
health
screening
system
for in-
fants and
children
(con-
firmed to
have no
cranial
deforma-
tion on
physical
examina-
tion)

135 (40)To deter-
mine risk
factors
for DP
and its
severity,
including
the associ-
ation be-
tween DP
and infant
obesity as
defined
by BMI

Case-
control
study

NRKim et al
[30]; South
Korea

No association
between DP
and latency to
turn head

DP at age 9 wk
was associated
with asymmetri-
cal head orienta-
tion duration at
age 3 wk and 6
wk; DP at age 9
wk was signifi-
cantly associat-
ed with asym-
metrical head
orientation
strength at age
3 wk and 6 wk

Correla-
tion be-
tween
risk fac-
tor severi-
ty and DP
severity

Healthy new-
borns, born at
full term (37-
42 wk) be-
tween June
2011 and July
2013; infants
were excluded
for reasons re-
lated to low
birth weight
(<2500 g),
congenital
muscular torti-
collis, cran-
iosynostosis,
neurological
insult, or other
medical or or-
thopedic condi-
tions

Mean
21.40
(SD
2.29) d

Healthy
newborns

94 (59)To assess
associa-
tion be-
tween DP
and head
orienta-
tion or
head
strength

Prospec-
tive co-
hort
study

NRLeung et al
[31]; Aus-
tralia
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

Male sex was
not associated
with DP

Maternal age
was associated
with DP

ORs for
risk fac-
tors for
DP

Infants born at
the San Pietro
Fatebenefratel-
li Hospital in
Rome be-
tween January
2017 and
September
2018 were in-
cluded; infants
with congeni-
tal deforma-
tions, born be-
fore 24 wk
gestation, and
infants who
needed long
intensive care
treatment
were excluded

6-12 wkInfants
with DP
and con-
trols with-
out DP

4337
(NR)

To assess
factors as-
sociated
with DP
to im-
prove
screening
strategies
to identi-
fy infants
at risk of
develop-
ing se-
vere de-
formation

Prospec-
tive co-
hort
study

NRManiglio et
al [32];
Italy

No association
of DP with av-
erage length
of time in
Canada; infant
feeding posi-
tion; length of
tummy time
received; male
infant sex; and
mothers who
had a lan-
guage barrier

Significant dif-
ference in inci-
dence of DP in
infants placed
supine to sleep
compared with
sleep in other
positions (in-
cluding prone;
side; or a combi-
nation of
supine, prone,
or side); DP al-
so associated
with head posi-
tion preference
(right and left),
maternal educa-
tion level, and
supine sleep po-
sition

ORs and
RRs for
risk fac-
tors for
DP

Healthy full-
term infants
(born at ≥37
wk gestation)
ranging from
age 7 to 12 wk
who presented
for immuniza-
tion at a 2-mo
well-child
clinic in Cal-
gary were in-
cluded

7-12 wkHealthy
full-term
infants

440
(40.7)

To assess
potential
risk fac-
tors for
DP in in-
fants
aged 7-12
wk in
Calgary

Prospec-
tive co-
hort
study

The Faculty of
Graduate
Studies at the
University of
Calgary in
Calgary, Alber-
ta, provided
CAD $3000
(US $2670)
for data collec-
tion

Mawji et al
[33]; Cana-
da
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

NRAssociation be-
tween DP and
mechanical ven-
tilation and
chronic lung
disease grade II
in the neonatal
period

ORs for
risk fac-
tors for
DP

Eligible in-
fants were
born in or re-
ferred to the
level III
neonatal inten-
sive care unit
within 1 week
of birth be-
tween January
2009 and Octo-
ber 2010; in-
fants born at
gestational
age <30 wk or
birth weight
<1000 g who
visited the
neonatal fol-
low-up clinic
were included;
infants diag-
nosed with a
disease or dys-
function lead-
ing to symp-
tomatic asym-
metry, such as
a central ner-
vous system
disorder or
congenital
malformation,
were excluded

<1 wkNew-
borns ad-
mitted to
the NICU
at gesta-
tional age
<30 wk
or birth-
weight
<1000 g

120
(45.8)

To assess
predictive
factors
for DP in
infants at
corrected
age >6
mo

Prospec-
tive co-
hort
study

NRNuysink et
al [34];
Nether-
lands

No difference
in head shape
(OCLR) be-
tween preterm
and full-term
children or be-
tween sexes

NROCLRf

mean dif-
ference

Infants were
considered eli-
gible if they
had no
cheilopalatoschi-
sis, craniosyn-
ostosis, or
dysmorphic
features and if
they resided
within Oulu
region, Fin-
land; all partic-
ipants were
born between
2012 and 2015
at Oulu Uni-
versity Hospi-
tal; the control
group was ran-
domly select-
ed from a pre-
viously collect-
ed noninter-
vention cohort
by computer-
based random
selection and
matched for
sex

Preterm
(mean
gesta-
tional
age):
32.7
wk;
term
(mean
gesta-
tional
age):
40.0 wk

Healthy
newborns

68 (32)To use
3D
stereopho-
togram-
metry to
assess
cranial
growth,
molding,
and inci-
dence of
DP in
preterm
children
compared
to term-
born chil-
dren

Case-
control
study

The Universi-
ty of Oulu
Scholarship
Foundation,
the Orthodon-
tic Section of
the Finnish
Dental Associ-
ation Apollo-
nia, the Emil
Aaltonen
Foundation,
the Alma, and
KA Snellman
Foundation,
the Finnish
Medical Foun-
dation, and the
Foundation
for Pediatric
Research in
Finland

Launonen
et al [35];
Finland
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

NRAssociation be-
tween DP and
male sex

ORs and
RRs for
risk fac-
tors for
DP

Neonates at
gestational
age >33 wk
born between
May 2011 and
January 2012;
newborns with
extreme low
birth weight or
presenting
with major
congenital
malformations
needing NICU
transfer were
excluded; chil-
dren of moth-
ers with a doc-
umented

TORCHg in-
fection were
also excluded

<72 h
from
birth

Healthy
newborns

413 (50)To assess
risk fac-
tors for
DP at
birth

Retro-
spective
cohort
study

NRPogliani et
al [36];
Italy

No difference
in DP between
neonates and
infants,
neonates and
children aged
3-5 y,
neonates and
children aged
1-3 y, and
neonates and
children aged
5-12 y

DP was associat-
ed with occipi-
tal shunt place-
ment; a statisti-
cally significant
difference in the
probability of
becoming pla-
giocephalic be-
tween neonates
and children
aged 12-16 y
was observed;
boys were more
likely to devel-
op shunt-associ-
ated plagio-
cephaly than
girls

ORs and
RRs for
risk fac-
tors for
DP

Children aged
0-16 y with at
least 1 follow-
up scan from
the surgical
database at the
pediatric neu-
rosurgery de-
partment of
Birmingham
Children’s
Hospital be-
tween 2006
and 2013;
children with-
out imaging
were excluded

NRChildren
aged 0-16
y with
ventricu-
loperi-
toneal
shunts

339 (42)To test
the hy-
pothesis
that ven-
tricu-
loperi-
toneal
shunt in-
sertion
signifi-
cantly in-
creases
contralat-
eral DP

Retro-
spective
cohort
study

NRRoberts et
al [37];
United
Kingdom

No association
of DP with
maternal age
or race and
ethnicity, in-
fant sex; mean
age at DP diag-
nosis did not
significantly
change over
time

Lower maternal
education level
was associated
with DP

Mean dif-
ference or
percent-
age differ-
ence for
risk fac-
tors for
DP

Cases identi-
fied using the
Texas Birth
Defects Reg-
istry with a
definite diag-
nosis of DP
(British Paedi-
atric Associa-
tion code
754.050), born
between Jan-
uary 1, 1999,
and December
31, 2007; cas-
es of plagio-
cephaly with
craniosynosto-
sis were ex-
cluded

NRInfants
with DP

6295 (38)To assess
factors
that may
explain a
9-fold in-
crease in
plagio-
cephaly
in Texas
from
1999 to
2007

Retro-
spective
cohort
study

Cooperative
agreement
from the Cen-
ters for Dis-
ease Control
and Preven-
tion
(U01DD000494)
and Title V
Maternal and
Child Health
Block Grant
funds from the
Health Re-
sources and
Services Ad-
ministration

Sheu et al
[38]; Unit-
ed States
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

Firmness of
headrest was
not associated
with DP

Factors associat-
ed with DP in-
cluded male
sex, head cir-
cumference,
and supine
sleeping posi-
tion

ORs for
risk fac-
tors for
DP

Healthy full-
term (gesta-
tional age >37
wk) infants
aged 8-12 wk
who were re-
ferred to the
pediatric neu-
rology clinic
at Shahid Be-
heshti Hospi-
tal in Kashan,
affiliated with
Kashan Uni-
versity of
Medical Sci-
ences, were
included

8-12 wkHealthy
Iranian in-
fants

300 (NR)To deter-
mine the
risk fac-
tors of po-
sitional
plagio-
cephaly
in healthy
infants

Case-
control
study

Grant funding
from the Vice-
Chancellor for
Research,
Kashan Uni-
versity of
Medical Sci-
ences,
Kashan, Iran

Solani et al
[39]; Iran

Maternal age
and race
(Black or
White) were
not associated
with DP

NRMean dif-
ference or
percent-
age differ-
ence for
risk fac-
tors for
DP

Full-term in-
fants aged >3
mo and <1 y
with NBPP;
infants with
neurological
or congenital
comorbidities
in addition to
NBPP, helmet
therapy for
plagiocephaly,
and surgical
procedures re-
lated to NBPP
were exclud-
ed; infants
with craniosyn-
ostosis were
also excluded

Mean 3
(SD 3)
mo

Full-term
infants
aged >3
mo and
<1 y with
NBPP

28 (50)To assess
the preva-
lence of
DP in in-
fants with

NBPPh

and spon-
taneous
recovery
from DP

Prospec-
tive co-
hort
study

NRTang et al
[40]; Unit-
ed States

OCLR was
equal between
children with
DDH and con-
trols; no asso-
ciation be-
tween side of
DDH and DP

10.3% of the
children with
DDH and only
1.5% of the
control children
had DP

ORs and
RRs for
risk fac-
tors for
DP

Children with
DDH from
among new-
born infants
born at the
Oulu Universi-
ty Hospital in
Oulu, Finland,
were included;
preterm chil-
dren and chil-
dren with dis-
abilities were
excluded

Chil-
dren
with
DDH:
mean
8.0 (SD
1.4) y;
matched
con-
trols:
mean
7.9 (SD
1.3) y

Children
with
DDH
with or
without
DP

120 (56)To assess
the preva-
lence of
DP in
children
with

DDHi

Case-
control
study

NRValkama et
al [41];
Finland
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

No association
between poten-
tial risk fac-
tors (nursing,
feeding, sleep-
ing, and play-
ing position-
ing habits) at
age 7 wk and
skull deformi-
ty at age 24
mo and 5.5 y;
a trend toward
significance
between time
spent playing
prone (tummy
time) at age 7
wk and the

ODDIjpercent-
age at age 24
mo

Association be-
tween DP and
position prefer-
ence

Mean dif-
ference or
percent-
age differ-
ence for
risk fac-
tors for
DP

Healthy new-
borns (gesta-
tional age ≥36
wk) born be-
tween Decem-
ber 2004 and
September
2005 at Hospi-
tal Bernhoven;
children with
congenital
muscular torti-
collis (Kaplan
type 2 and 3),
dysmorphism,
or syndromes
were excluded

<48 h
from
birth

Healthy
newborns

380 (53)To assess
skull
shape in
healthy
newborns
until age
5.5 y in
children
with posi-
tion pref-
erence at
7 wk and
those
without
and in
children
with posi-
tion pref-
erence
who re-
ceived pe-
diatric
physical
therapy
interven-
tion and
those
who did
not

Prospec-
tive co-
hort
study

Grant from the
Scientific
Committee of
The Royal
Dutch Associa-
tion for Phys-
iotherapy
(BU002/10)

Van Vlim-
meren et al
[42];
Nether-
lands

Maternal so-
ciodemograph-
ic factors not
significantly
associated
with DP in-
cluded moth-
er’s country of
birth (other
than the
Netherlands);
infant factors
not associated
with DP in-
cluded time
child spent
outdoors

Insufficient vita-
min D supple-
ment intake
during early in-
fancy was asso-
ciated with DP;
maternal so-
ciodemographic
factors associat-
ed with DP in-
cluded mother’s
age and moth-
er’s education
level; infant
factors associat-
ed with DP in-
cluded male
sex, formula
feeding, and
milk formula
consumption af-
ter birth

ORs and
RRs for
risk fac-
tors for
DP

Children born
between
November 22,
2009, and
June 9, 2010,
with mild to
severe DP
from the Hel-
met Therapy
Assessment in
Deformed
Skulls study;
controls were
included from
a 2010 survey
on infant milk
feeding

2-4 moInfants
with DP
and those
without

823 (46)To assess
the influ-
ence of
adherence
to recom-
menda-
tions for
vitamin D
supple-
ment in-
take of 10
μg/d (400
IU) in the
first
months of
life
(child) on
the occur-
rence of
DP of the
child at
age 2-4
mo

Case-
control
study

ZonMw, the
Netherlands
Organization
for Health Re-
search and De-
velopment
(170.992.501)

Weernink
et al [43];
Nether-
lands
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Factors not as-
sociated with
DP

Factors associat-

ed with DPa
Out-
comes

Selection crite-
ria

Age at
baseline

Popula-
tion as-
sessed

Partici-
pants, n
(% fe-
male)

Study
aims

Study
design

Funding
source

Study;
country

No association
between OD-
DI and devel-
opmental de-
lay, family
history of DP,
sex, and torti-
collis

Negative corre-
lation between
age and ODDI;
positive correla-
tion between
ODDI and posi-
tion preference
right and posi-
tion preference
left

Differ-
ences in
ODDI for
risk fac-
tors for
DP

Exclusion cri-
teria consisted
of children
aged >14 mo
or <3 mo and
other forms of
cranial defor-
mation, such
as cranial syn-
ostosis

3-14 moInfants
seen at
outpatient
clinic
with a
parental
concern
for DP

184
(30.4)

To assess
the im-
pact of
risk fac-
tors on
the type
and sever-
ity of DP

Cohort
study

NRVan
Cruchten et
al [9];
Nether-
lands

aDP: deformational plagiocephaly.
bOR: odds ratio.
cRR: risk ratio.
dNR: not reported.
eNICU: neonatal intensive care unit.
fOCLR: oblique cranial length ratio.
gTORCH: toxoplasmosis, other (including infections such as syphilis, varicella-zoster, and parvovirus B19), rubella, cytomegalovirus, and herpes
simplex virus.
hNBPP: neonatal brachial plexus palsy.
iDDH: developmental dysplasia of the hip.
jODDI: oblique diameter difference index.

Demographic Factors

Age
The study by van Cruchten et al [9] reported a negative
correlation between age and oblique diameter difference index
(a biomarker for DP). However, the study by Sheu et al [38]
(which assessed factors associated with a 9-fold increase in
plagiocephaly between 1999 and 2007 in Texas, United States)
reported no association between age and DP. Finally, the study
by Roberts et al [37], which assessed DP in children with
ventriculoperitoneal shunts, reported that being aged 12 to 16
years at the time of shunt insertion was associated with DP.

Sex
Of the 19 studies, 4 (21%) demonstrated an association between
male sex and DP [33,36,39,44], 1 (5%) reported borderline
association [37], and 7 (37%) reported no association between
male sex and DP [9,28-30,32,35,38]. Of these 12 studies, 6
(50%) [29,30,33,36,39,43] reported ORs, and a meta-analysis

of these ORs revealed interstudy heterogeneity (I2=68.5%; Q
statistic=15.89; df=6). The pooled fixed and random effects
ORs for DP related to male sex were 1.71 (95% CI 1.43-2.04;
P<.001) and 1.51 (95% CI 1.07-2.12; P=.02), respectively
(Figure 2A [29,30,33,36,39,43]). Asymmetry analysis of the
funnel plot excluded publication bias (P=.12; Figure 2B).

Figure 2. Meta-analysis and funnel plot for male sex. (A) Forest plot of odds ratios for deformational plagiocephaly related to male sex with fixed and
random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates random effects. *Mild to moderate deformational
plagiocephaly (DP; univariate analysis); **severe DP (univariate analysis).
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Race
Race was investigated by Tang et al [40], who included a cohort
of children with brachial plexus palsy. In this group, race was
not associated with DP that developed after brachial plexus
injury.

Developmental Factors

Developmental Delay
Developmental delay was investigated as a risk factor for DP
by van Cruchten et al [9], who concluded that developmental
delay was not associated with DP.

Developmental Dysplasia of the Hip
Developmental dysplasia of the hip (DDH) was investigated as
a risk factor for DP by Valkama et al [41], who assessed the
prevalence of DP in children with DDH. DDH was associated
with DP compared to controls without DDH.

Head Circumference
Head circumference was investigated by Solani et al [39], who
concluded that it was associated with DP (OR 1.22, 95% CI
1.06-1.40).

Motor Milestones
Reaching fewer motor milestones by age 6 months was
investigated as a risk factor by 2 (11%) of the 19 included
studies [27,30]. The first study reported that reaching fewer
motor milestones by age 6 months was associated with DP
(adjusted OR [aOR] 2.35, 95% CI 1.25-4.42) [27]. The second
study found an association between delay in motor development
and DP [30]. A meta-analysis of the ORs from these studies

identified no interstudy heterogeneity (I2=0%; Q statistic=1.67;
df=3; Figure 3A [27,30]). The pooled fixed and random effects
ORs for DP related to delayed motor milestones were both 2.56
(95% CI 1.66-3.96; P<.001). Asymmetry analysis of the funnel
plot excluded publication bias (P=.18; Figure 3B).

Figure 3. Meta-analysis and funnel plot for reaching fewer motor milestones by age 6 months. (A) Forest plot of odds ratios for deformational
plagiocephaly related to reaching fewer motor milestones by age 6 months with fixed and random effects. (B) Funnel plot with linear regression test of
asymmetry. The blue line indicates fixed effects. *Adjusted OR (aOR) for deformational plagiocephaly (DP; multivariate analysis); **odds ratio (OR)
for mild to moderate DP (only univariate analysis available); ***aOR for severe DP (multivariate analysis).

Overweight and Underweight
Being overweight at diagnosis of DP was investigated as a risk
factor for DP by Kim et al [30], who reported that being
overweight at diagnosis was not associated with DP. The same
study reported that being underweight at diagnosis was also not
associated with DP.

Dietary Factors

Bottle-Only Feeding
Bottle-only feeding was investigated by Kim et al [30], who
demonstrated that bottle-only feeding was associated with DP
(aOR 4.65, 95% CI 2.70-8.00).

Breast Feeding
The duration of exclusive breast feeding was investigated by
Aarnivala et al [27], who demonstrated that the duration of
exclusive breast feeding was not associated with DP.

Formula Feeding
Formula feeding was investigated by Weernink et al [43], who
reported that children who developed DP by age 2 to 4 months

were more likely to be formula fed (aOR 1.51, 95% CI
1.00-2.27).

Vitamin D Intake
Vitamin D intake in infants was investigated by Weernink et al
[43], who reported that children who developed DP by age 2 to
4 months were more likely to have insufficient vitamin D intake
(aOR 7.15, 95% CI 3.77-13.54).

Maternal Factors

Maternal Age
Of the 19 included studies, 3 (16%) demonstrated an association
between maternal age and DP [28,32,43]. However, 3 (16%)
of the 19 studies reported no association [30,38,40]. Only 1
(17%) of these 6 studies reported an OR indicating that increased
maternal age was a protective factor for the development of DP
(OR 0.94, 95% CI 0.91-0.97) [43].

Maternal Education Level
Of the 19 included studies, 3 (16%) demonstrated an association
between maternal education level and DP [33,38,43], and 1
(5%) reported no significant association [28]. Only 2 (67%) of
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the 3 studies reported ORs [33,43]. Of these 2 studies, 1 (50%)
indicated that low maternal education level was an adverse
factor in the development of DP (aOR 1.97, 95% CI 1.19-3.26)
[43], while 1 (50%) suggested that postsecondary education
was not a protective factor (OR 0.71, 95% CI 0.43-1.16) [33].

The OR from the former was used in a meta-analysis with the
inverse OR from the latter, which demonstrated no interstudy

heterogeneity (I2=0%; Q statistic=0.86; df=1; Figure 4 [33,43]).
The pooled fixed effects OR for DP related to low education
level was 1.66 (95% CI 1.17-2.37; P<.005).

Figure 4. Meta-analysis for maternal education level. *Reciprocal odds ratio (OR) for postsecondary education.

Maternal Language Barriers
The study by Ballardini et al [28] investigated whether infants
with mothers who experience a language barrier when receiving
medical advice had a higher rate of DP. The study suggested
that maternal language barrier was not associated with DP in
the infant.

Maternal Race and Country of Origin
Of the 19 included studies, 3 (16%) investigated whether DP
was associated with maternal race and country of origin
[28,38,43]. All 3 studies suggested that maternal race and
country of origin was not associated with DP in the infant.

Length of Time in the Country of Study
The study by Mawji et al [33] investigated whether the length
of time spent by mothers in the country in which the study was
conducted was associated with DP. The study reported that
length of time in the country of study was not associated with
DP.

Pacifier Use
Pacifier use by mothers in healthy infants was investigated as
a risk factor for DP by Aarnivala et al [27], who reported that
pacifier use was not associated with DP.

Tummy Time Instructions
The study by Ballardini et al [28] investigated whether DP was
associated with mothers receiving instructions about tummy
time. The study reported that receiving instructions about tummy
time was not associated with DP.

Medical and Surgical Factors

Bronchopulmonary Dysplasia
Bronchopulmonary dysplasia was investigated as a risk factor
for DP by Ifflaender et al [29], who included a cohort of infants
born prematurely. The study reported that bronchopulmonary
dysplasia was not associated with DP.

Chronic Lung Disease
Chronic lung disease grade II was investigated by Launonen et
al [34], who also assessed DP risk factors in infants born
prematurely. The study reported that chronic lung disease grade
II was associated with DP.

Family History of DP
Family history of DP was investigated by van Cruchten et al
[9]. The study suggested that family history of DP was not
associated with DP.

History of Illness
History of illness was investigated by Aarnivala et al [27]. The
study suggested that history of illness was not associated with
DP.

Intracranial Hemorrhage
Intracranial hemorrhage was investigated by Ifflaender et al
[29], who assessed DP risk factors in infants born prematurely.
The study reported that intracranial hemorrhage was not
associated with DP.

Macrocephaly
Macrocephaly at birth was investigated by Kim et al [30]. The
study suggested that macrocephaly at birth was not associated
with DP. Macrocephaly at diagnosis of DP was also investigated,
and it was found that this factor too was not associated with DP
(OR 1.38, 95% CI 0.63-3.04) [30]. A lack of association was
reported for subgroups with mild to moderate DP (OR 1.48,
95% CI 0.62-3.53) and severe DP (OR 1.19, 95% CI 0.04-3.58)
[30].

Mechanical Ventilation
Of the 19 included studies, 2 (11%) demonstrated an association
between mechanical ventilation and the development of DP in
preterm infants [29,34]. Of these 2 studies, 1 (50%) reported
an OR of 1.10 (95% CI 1.00-1.14) for mechanical ventilation
[34]. The other study also suggested that the duration of total
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respiratory support (continuous positive airway pressure and
intermittent mandatory ventilation) and the duration of
continuous positive airway pressure alone were associated with
DP, while intermittent mandatory ventilation alone was not
associated with DP [29].

Necrotizing Enterocolitis
Necrotizing enterocolitis was investigated by Ifflaender et al
[29], who included a cohort of infants born prematurely. The
study reported that necrotizing enterocolitis was not associated
with DP.

Obesity
Obesity at diagnosis of DP was investigated by Kim et al [30].
Obesity at diagnosis of DP was defined as BMI >97th percentile.
The study concluded that obesity at diagnosis of DP was
associated with DP (aOR 2.45, 95% CI 1.02-5.90). The study
also suggested that obesity at diagnosis of DP was associated
with severe DP (aOR 4.10, 95% CI 1.42-11.90) but was not
associated with mild to moderate DP (aOR 2.29, 95% CI
0.86-6.05).

Occipital Shunt Placement
Occipital shunt placement was investigated by Roberts et al
[37], who concluded that occipital shunt placement was
associated with DP compared to frontal shunt placement.

Torticollis
Torticollis was investigated by 3 (16%) of the 19 included
studies, all of which reported no association between torticollis
and DP [9,26,38].

Positional and Environmental Factors

Carriers, Bouncers, Car Seats, and Headrests
Time spent in carriers, bouncers, and car seats was investigated
by Aarnivala et al [27], who reported that time spent in carriers,
bouncers, and car seats was not associated with DP. Firmness

of headrest was investigated by Solani et al [39], who reported
that firmness of headrest was not associated with DP (OR 1.31,
95% CI 0.72-2.37).

Change of Crib End
Change of crib end (ie, alternating the infant’s sleeping position
by placing their head at different ends of the crib) was
investigated as a risk factor for DP by 2 (11%) of the 19 included
studies [33,42]. Both studies suggested that change of crib end
was not associated with DP.

Feeding Position
Feeding position was investigated as a risk factor for DP by 2
(11%) of the 19 included studies [33,42]; both demonstrated
that feeding position was not associated with DP.

Latency in Head Turning
Latency in head turning was investigated by Leung et al [31],
who concluded that latency in head turning was not associated
with DP.

Playing Position
Playing position was investigated by van Vlimmeren et al [42],
who demonstrated that playing position was not associated with
DP.

Head Position Preference
Head position preference was investigated by 6 (32%) of the
19 included studies, all of which demonstrated an association
between head position preference and DP [9,27,28,31,33,42].
Of these 6 studies, 2 (33%) [33,34] reported ORs, and a
meta-analysis of these ORs revealed negligible interstudy

heterogeneity (I2=27.6%; Q statistic=2.76; df=3) (Figure 5A
[33,34]). The pooled fixed and random effects ORs for DP
related to head position preference were 4.75 (95% CI 3.36-6.73;
P<.001) and 4.96 (95% CI 3.10-7.93; P<.001), respectively.
Asymmetry analysis of the funnel plot excluded publication
bias (P=.28; Figure 5B).

Figure 5. Meta-analysis and funnel plot for head position preference. (A) Forest plot of odds ratios for deformational plagiocephaly related to head
position preference with fixed and random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates fixed effects.

Sleeping Position
Sleeping position (supine vs prone) was investigated by 3 (16%)
of the 19 included studies [28,33,39]. Of these 3 studies, 2 (67%)
demonstrated an association between supine sleeping and DP

[33,39], while 1 (33%) reported a protective effect from prone
sleeping (OR 0.13, 95% CI 0.03-0.40) or side sleeping (OR
0.22, 95% CI 0.05-0.71) [28]. The ORs from 2 (67%) [33,39]
of the 3 studies were used with the inverse OR from the third
study [28] in a meta-analysis, which demonstrated negligible
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interstudy heterogeneity (I2=19.1%; Q statistic=2.47; df=3;
Figure 6A [28,33,39]). The pooled fixed and random effects
ORs for DP related to sleeping position were 3.12 (95% CI

2.21-4.39; P<.001) and 3.22 (95% CI 2.14-4.84; P<.001),
respectively. Asymmetry analysis of the funnel plot excluded
publication bias (P=.20; Figure 6B).

Figure 6. Meta-analysis and funnel plot for supine sleeping position. (A) Forest plot of odds ratios for deformational plagiocephaly related to supine
sleeping position with fixed and random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates fixed effects. *Supine
versus prone; **reciprocal prone versus supine; ***reciprocal side versus supine.

Time Spent Prone on the Floor
The study by Aarnivala et al [27] investigated time spent prone
on the floor and reported no association with DP.

Tummy Time
Tummy time was investigated by 4 (21%) of the 19 included
studies [28,30,33,42]. Of these 4 studies, 1 (25%) reported an
association between reduced tummy time when awake and DP
(aOR 3.51, 95% CI 1.71-7.21) [30]. The remaining studies (3/4,
75%) reported that tummy time was not associated with DP but
provided no ORs [28,33,42].

Time Spent Outdoors
Time spent outdoors was investigated by Weernink et al [43],
who reported no association with DP.

Time Spent Supine on the Floor
Time spent supine on the floor was investigated as a risk factor
for DP by Aarnivala et al [27], who reported that children with
DP at age 12 months spent more time supine on the floor at age
6 months.

Summary of Nonobstetric Factors Associated With
DP
A summary of 16 nonobstetric factors associated with DP is
presented in Table 2. ORs are provided for 12 (75%) of these
16 nonobstetric factors.
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Table 2. Odds ratios (ORs) for factors associated with deformational plagiocephaly. ORs are reported from single studies unless marked with a
superscript (“a” or “b”) indicating pooled ORs from fixed or random effects meta-analyses.

ReferencesOR (95% CI)Factors

[42]7.15 (3.77-13.54)Insufficient vitamin D intake

[33,34]4.75a (3.36-6.73)Head position preference

[30]4.65 (2.70-8.00)Bottle-only feeding

[30]3.51 (1.71-7.21)Reduced tummy time

[28,33,39]3.12 (2.21-4.39)Sleeping position

[27,30]2.56a (1.66-3.96)Fewer motor milestones by age 6 mo

[30]2.45 (1.02-5.90)Obesity (BMI >97th percentile)

[33,43]1.66a (1.17-2.37)Maternal education level

[29,30,33,36,43]1.51b (1.07-2.12)Male sex

[43]1.51 (1.00-2.27)Formula feeding

[39]1.22 (1.06-1.40)Head circumference

[34]1.10 (1.00-1.14)Mechanical ventilation

[34]NRcChronic lung disease grade II

[41]NRDDHd

[28,32,43]NRMaternal age

[27]NRTime spent supine

aOR from a fixed effects meta-analysis where interstudy heterogeneity was <50%.
bOR from a random effects meta-analysis where interstudy heterogeneity was ≥50%.
cNR: not reported.
dDDH: developmental dysplasia of the hip.

Discussion

Principal Findings
This study assessed evidence of association with DP for 43
nonobstetric factors (demographic factors: n=3, 7%;
developmental factors: n=6, 14%; dietary factors: n=4, 9%;
maternal factors: n=8, 19%; medical and surgical factors: n=11,
26%; and positional and environmental factors: n=11, 26%).
Of these 43 factors, 16 (37%) were associated with DP
(demographic factors [male sex]: n=1, 6%; developmental
factors [DDH, head circumference, and delay in motor
milestones]: n=3, 19%; dietary factors [bottle-only feeding,
formula feeding, and vitamin D intake]: n=3, 19%; maternal
factors [maternal age and maternal education level]: n=2, 12%;
medical and surgical factors [chronic lung disease grade II,
mechanical ventilation, and obesity at diagnosis of DP]: n=3,
19%; and positional and environmental factors [head position
preference, sleeping position, reduced tummy time, and time
spent supine on the floor]: n=4, 25%). With the notable
exceptions of maternal age, mechanical ventilation, and tummy
time, these associations were either supported by nonconflicting
evidence or a meta-analysis that resolved conflicting evidence
into an association. Of the 16 factors, 12 (75%) had ORs that
ranged from 1.10 (mechanical ventilation) to 7.15 (insufficient
vitamin D intake). Of the 5 factors assessed by meta-analysis
(male sex, reaching fewer motor milestones by age 6 months,
maternal education level, head position preference, and sleeping

position), only 1 (20%; male sex) was associated with interstudy
heterogeneity (≥50%). No evidence of publication bias was
detected.

Evidence-Based Recommendations
Strategies to reduce the prevalence of DP have included
guidance about the infant’s environment, positioning, and
handling, with the goal of creating a nonrestrictive environment
that promotes spontaneous and unhindered physical movement
and symmetrical motor development [27,45].

On the basis of the evidence presented in this study, the
following 11 recommendations, presented in order of
importance, are offered with the aim of reducing the prevalence
of DP.

First, to ensure bone health in infants, it is critical that vitamin
D intake is adequate [46]. Vitamin D level should be assessed
regularly during development, and dietary supplementation
should be considered if vitamin D level is low.

Second, during the first months of life, babies develop a head
position preference [47], and this preference is more often to
the right [44,48]. The increased compressive forces on one side
of the head for prolonged periods causes flattening on the side
being compressed. It has been proposed that the position of the
fetus in the later stages of pregnancy may, in part, be responsible
for position preference [28,49]. However, there is also evidence
that position preference can be modified by varying head
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position during sleep to encourage equal distribution of pressure
[50]. Other strategies to mitigate head position preference should
be used, such as gently moving the infant’s head to the
unfavored side when asleep or physical therapy with or without
kinesiological tape to reduce tightness in the neck muscles to
facilitate easier neck turning [51,52].

Third, sufficient tummy time should be provided to strengthen
the infant’s head, neck, and arms and reduce time spent supine
when awake.

Fourth, as infants tend to turn away from windows and toward
the center of a room, it is recommended to alternate the infant’s
sleeping position by placing their head at different ends of the
crib. This concept is supported by 2 studies suggesting no
association between crib end change and DP [33,42]. However,
it is important to state that the lack of association between crib
end change and DP does not necessarily mean that changing
the crib end will provide an effective treatment for established
DP; it may merely help to reduce the risk of DP developing.

Fifth, although bottle-only feeding should not be discouraged,
it is recommended to alternate feeding positions, using both the
dominant and nondominant sides when holding the infant. Bottle
feeding, as opposed to exclusively breast feeding, may be
positively associated with obesity (which has also been
identified as a risk factor for DP) [53]. This coassociation may,
in part, explain the association of bottle-only feeding with DP.

Sixth, although formula feeding should also not be discouraged,
it is recommended to alternate feeding positions. It has been
suggested by Weernink et al [43] that this particular risk factor
is associated with lower maternal education level. Similar to
bottle feeding, formula feeding, as opposed to exclusively breast
feeding, may be positively associated with obesity (itself a risk
factor for DP) [53].

Seventh, if motor milestones are delayed, infants should be
referred for specialist assessment by a pediatrician. Similarly,
obesity (BMI >97th percentile) should be identified and
managed by a specialist pediatrician.

Eighth, to mitigate the impact of low maternal education level,
educational resources and face-to-face education outlining
factors associated with DP, as well as recommendations to
reduce their impact, should be provided to all families at the
6-week postnatal infant check-up, with particular emphasis on
those with low educational levels. A lower maternal education
level results in worse health outcomes in infancy and later life
[54]; although improving the education level of future mothers
should be a national priority, there are other factors associated
with low education level that may be immediately modifiable.
These include access to information and access to resources
[55].

Ninth, Information should be provided to families that male
infants are at higher risk of DP. Losee et al [49] suggested that
male infants tend to have larger, less flexible heads at birth,
which are more likely to become deformed by compressive
forces in utero and in the birth canal. Families should be
particularly encouraged to engage with strategies to mitigate
DP in male infants.

Tenth, information should be provided to families that infants
with greater head circumference are at higher risk of DP.
Families should be particularly encouraged to engage with
strategies to mitigate DP in these infants. 

Eleventh, information should also be provided to families that
infants who have had mechanical ventilation are at higher risk
of DP. Families and care teams of infants requiring mechanical
ventilation should be encouraged to engage with strategies to
mitigate DP in these infants.

Alternative strategies for mitigating the impact of DP, such as
helmet therapy, although costly for individuals and health care
systems, may help avoid more invasive strategies [56]. It has
been demonstrated that education provided by health care
professionals, such as health visitors, midwives, and nurses,
can successfully reduce the prevalence of DP [57]. Adopting
these recommendations may lead to a reduction in the prevalence
of DP.

Strengths of This Study
The strengths of this study include a robust methodology. The
protocol was registered with PROSPERO, and the reporting
was in line with the PRISMA 2020 guidelines [22]. The
databases searched provided >97.5% coverage [23].
Standardized data extraction was performed to minimize errors.
Meta-analysis was performed where data allowed. Funnel plots
suggested that publication bias did not impact the results; thus,
a trim-and-fill analysis was not necessary to correct for
asymmetry [58].

This study represents the most comprehensive analysis of
nonobstetric factors associated with DP published to date. A
systematic review by Bialocerkowski et al [59] only identified
5 factors associated with DP, of which 3 (60%) were
nonobstetric factors (male sex, supine position, and neck
problems) [59]. Another systematic review by De Bock et al
[60] identified male sex, supine sleeping position, limited neck
rotation, head position preference, lower level of activity, and
reduced tummy time as the most important risk factors [60]. By
contrast, our study provides evidence of association for 16
factors and confirms the association of male sex, supine sleeping
position, head position preference, and reduced tummy time
with DP.

A more recent systematic review by Inchingolo et al [61]
provided only 2 recommendations to mitigate the impact of
nonobstetric risk factors for DP: at least 30 minutes of tummy
time and the use of a passive sleep curve mattress to improve
harmonious skull growth. In addition, it did not include
meta-analyses to support these recommendations. By contrast,
our study makes 11 recommendations for nonobstetric factors
to reduce the prevalence of DP. The systematic review by
Inchingolo et al [61] also did not assess publication bias. Our
review suggested that none of the recommendations were
influenced by publication bias.

Limitations of This Study
To ensure the completion of the study, additional databases
were not searched, and hand searching and gray literature
searches were also not performed. This inevitably limited the
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comprehensiveness of this study, although no systematic review
can claim to be truly comprehensive because this would
necessitate continual inclusion of newly published studies. The
search terms were designed to be specific yet pragmatic to
ensure the completion of the work with limited resources; thus,
some studies may have been overlooked. Due to resource
limitations, it was not possible to record more detailed reasons
for the exclusion of screened articles other than not reporting
risk factors for DP. Resource constraints also prevented the
screening process from being conducted by 2 independent
reviewers. Instead, abstract and full-text screening was
performed by a single reviewer. This impacts the reproducibility
of the study due to the increased potential for errors in study
selection when screening is undertaken by a single reviewer.
That said, because the selection criteria were clearly set out,
errors due to the application of these criteria during the screening
process are likely to have had minimal impact on the study
outcomes. In addition, it was not feasible, due to resource
limitations, to contact study authors to attempt to collect raw
data if a study did not report ORs for a risk factor. This may
have limited the data that could have been used in meta-analysis.
If contacting authors had been feasible, more factors could
potentially have been analyzed quantitively to resolve
discrepancies between the included studies. This represents a
significant limitation of our study.

These factors may, in part, account for the apparent disparities
reported in our results compared to other literature. These
disparities include the apparent lack of association between
developmental delay and DP [9], while demonstrating a
significant association between reaching fewer motor milestones
and DP [27,30]. A recent systematic review by Martinuik et al
[62] included 19 studies that assessed the association between
developmental delay and DP. Notwithstanding the fact that the
authors included multiple studies that used the same study
population more than once, a positive association between
developmental delay and DP was reported in a majority of the
studies [62]. The fact that our study did not demonstrate a
similar association may, in part, be due to the inclusion of
studies that assessed different populations, as well as
methodological limitations in our search strategy that limited
the identification of studies that may have met our eligibility
criteria. Another study of a large primary care cohort of 77,108
patients has provided further evidence in support of an
association between developmental delay and DP [63]. That
said, the literature remains conflicting, with other studies unable
to demonstrate an association between presence or degree of
developmental delay and DP [64]. Commentators have
highlighted the fact that most studies are retrospective and
observational by design, and this limits conclusions about the
correlative versus causative relationship between developmental
delay and DP [65].

Another disparity reported in our study is that torticollis was
not associated with DP [9,26,38]. A number of literature reviews
have previously reported an association between congenital
muscular torticollis and DP [8,59]. Although these studies were
published a decade or so ago, it logically follows that if other
positional factors, such as head position preference and sleeping
position, have been found in more contemporaneous studies to

be significantly associated with DP [28,33,34,39], then torticollis
would also be expected to be found to be associated with DP.
These conflicts reported in the literature may be due to the
limitations of individual study design or differences between
different study populations. Therefore, we recommend
interpreting with caution the lack of association between
torticollis and DP reported in our study, given the lack of a
mechanistic explanation that reconciles this result with other
positional factors that were found to be associated with DP.

In this review, we have included a study involving patients who
developed plagiocephaly after ventriculoperitoneal shunt
insertion [37]. Although the authors characterized the
plagiocephaly as “positional,” implying that external forces had
caused the skull deformity, an alternative hypothesis is that
shunt-associated plagiocephaly is a different disease entity from
DP [37]. This study has been included for comprehensiveness
[37], but the results should be interpreted with caution alongside
those of other studies.

Finally, another limitation includes the lack of a Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) assessment of evidence quality, which impacts the
certainty of the conclusions and recommendations set out in
this study.

Conclusions
In summary, this study provides the most comprehensive
meta-analytic assessment of nonobstetric factors associated with
DP published to date. It offers 11 evidence-based
recommendations that can be adopted by health care systems
globally to reduce the prevalence of DP. Future research should
focus on investigating factors for which the literature is
conflicting but quantitative data are lacking to enable
meta-analyses to be performed; for example, maternal age was
the only factor reported to be protective against DP, but
conflicting studies reported that there was no association without
providing quantitative data. Thus, maternal age as a protective
factor for DP should be investigated further to provide
quantitative data for meta-analytic approaches to determine its
protective effect. Further research should also address the nature
of specific relationships between risk factors and DP; for
example, both bottle-only feeding and formula feeding have
been associated with DP. Studies should focus on understanding
the nature of this relationship, that is, whether this relationship
is due to mechanical forces associated with bottle-feeding or
whether a reduction in, or lack of, breast milk intake or a lack
of complimentary foods alongside breast milk results in
nutritional differences that impact skull development [66]. As
our study also highlighted an association between obesity and
DP, research on other early-life or environmental exposures
should be conducted to elucidate their effects on growth and
development, particularly skull growth and head shape [67,68].
Finally, randomized controlled trials, although considered the
gold standard study design for obtaining reliable evidence of
an intervention’s effectiveness, should not be conducted for the
interventions herein that relate to risk factors for DP
development that have already been assessed through
meta-analysis. However, randomized controlled trials could
provide further evidence for an intervention—if ethically
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appropriate—where the evidence for a particular risk factor is
relatively weak, such as when only a single cohort study has

provided the evidence for a risk factor’s influence on the
development of DP.
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Abstract

Background: Health locus of control (HLOC) is a theory that describes how individuals perceive different forces that influence
their lives. The concept of a locus of control can affect an individual’s likelihood to commit to behaviors related to their health.
This study explores the literature on the relationships between HLOC and medical behavioral interventions.

Objective: This study aims to better understand how HLOC constructs can potentially affect patient responses to health behavioral
interventions and to propose a series of guidelines for individuals interested in designing medical behavioral interventions related
to HLOC.

Methods: We used the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology and
performed an analysis of 50 papers related to the topic of HLOC and medical behavioral interventions. Inclusion criteria were
studies that had a behavioral intervention involving patients and contained a metric of at least 1 of the constructs related to HLOC.
The initial screening and search were conducted by 2 researchers (AY and SM) separately. The results were then combined and
compared.

Results: Our findings explore the influence of different levels of HLOC along with the importance of both patient- and
health-related context when assessing the relationships between HLOC constructs and the likelihood of health behavior change.
The findings show that different constructs related to HLOC can act as reliable predictors for patient responses to medical
behavioral interventions. Patients who score higher on internal HLOC measures are more likely to exhibit behaviors that are
consistent with positive health outcomes. Patients who score higher on chance HLOC are more likely to exhibit behaviors that
may lead to adverse health outcomes. These conclusions are supported by most of the 50 studies surveyed.

Conclusions: We propose guidelines for individuals designing medical behavioral interventions so that they can make use of
these relationships linked to HLOC. The three guidelines suggested are as follows: (1) in most situations, improving internal
HLOC will improve health outcomes for patients; (2) patients with high external HLOC should be further studied to determine
the source of the external HLOC; and (3) patients with a high chance HLOC are less likely to follow preventative behaviors or
be responsive to interventions. Limitations of the study are that the primary search and analysis were conducted by 2 principal
researchers (AY and SM). Interpretation and development of the guidelines are subject to individual interpretation of results and
may not be applicable to all contexts.

(Interact J Med Res 2024;13:e52287)   doi:10.2196/52287
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medical behavioral interventions; health locus of control; internal control; external control; patient behavior; synthesis; review
methods; literature review; narrative review; behavior change
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Introduction

Overview
Health locus of control (HLOC) refers to an individual’s beliefs
about the extent to which they have control over their health
outcomes. Loci of control (LOCs) are typically split into 2
categories: internal and external forces. Individuals who have
a higher internal LOC tend to believe that their actions can
influence their health outcomes directly. Individuals with a
higher external LOC are more likely to believe that their health
outcomes are determined by external factors such as luck, fate,
or the actions of other people. HLOC has been used as a
theoretical model to predict the likelihood of individuals
performing health-related behaviors across multiple settings.
Medical behavioral interventions describe a broad range of
activities; examples include the following: increasing the
likelihood of individual vaccination rates through health
messaging, increasing an individual’s willingness to follow a
meal plan and diet by communicating the benefits of weight
loss, and increasing medication adherence through targeted
messaging provided by a physician to a patient.

Medical behavioral interventions are meant to affect the health
behaviors of individuals with the intention of improving health
outcomes. HLOC is often used as a lens to interpret how an
individual interprets and internalizes health-related stimuli.
Health messaging, medication efficacy, and behavioral changes
are all factors that have relationships with HLOC constructs
[1,2]. Understanding an individual’s HLOC can therefore be an
important factor in determining the most effective approach to
medical behavioral interventions.

Research Question
The research question we are seeking to address is how do
HLOC constructs affect the efficacy of health behavioral

interventions? To explore this question, we conducted a
systematic review of academic studies and randomized
controlled trials related to health behavioral interventions and
HLOC constructs. In addition to this research question, we also
seek to develop a series of guidelines for individuals interested
in designing medical behavioral interventions related to HLOC.
The next section will provide background on the research space,
specifically the HLOC and behavioral interventions in the health
care context.

Background

HLOC Theory
The theory of LOC was developed in the 1950s by Julian Rotter
[3]. Rotter separated the LOCs into 2 constructs: internal control
and external control. The distinction between the 2 constructs
is the extent to which an individual believes that the outcome
of an event is “contingent on their own behavior” or “a function
of chance, luck, or fate” [4,5]. HLOC is an extension of the
LOC theory and relates to how much control people believe
they have over their health. HLOC can also be either internal
or external. HLOC extends the idea of external control by
creating additional constructs to better define the source of
external control. Studies on external HLOC (E HLOC) typically
split the construct into 3 distinct sources: powerful others HLOC
(PO HLOC), chance HLOC (C HLOC), and god HLOC (G
HLOC) [2,6]. Internal HLOC (I HLOC) represents the belief
of individuals in their ability to impact their health status, while
E HLOC represents individual belief that external sources affect
personal health [7].

Table 1 [4] describes the constructs of the LOC theory we focus
on in this study. Internal and external LOCs are used to
distinguish the individual constructs described in the table.

Table 1. Locus of control.

DescriptionLocus of control

Individuals believe in their impact on their behavioral outcomesInternal

The belief of external sources and factors influencing one’s life and decisionsExternal: powerful others

The belief of chance and fate influence one’s life and decisionsExternal: chance

The belief through religion of a higher power influencing one’s life and decisionsExternal: god

The HLOC constructs are independent of each other and can
be applied to different contexts. People with higher I HLOC
tend to believe in their influence on their behavioral outcomes,
while individuals who have higher E HLOC believe that factors
beyond their control affect those outcomes more strongly [8].
The impact of I HLOC can be effective toward physical self-care
[9] and may also be an influential motivation relating to
participation and the use of technologies or other tools designed
for health care [5,10,11]. E HLOC and PO HLOC can be
significant especially when it comes to the use of
provider-recommended digital tools [1]. Individuals with I
HLOC and PO HLOC beliefs may be more willing to use mobile
health apps and platforms and are more likely to participate in
monitoring health behaviors and developing web-based trackers

[1]. HLOC has been used as a framework for analyzing
individual health-related behaviors, particularly those related
to platform use and trust.

HLOC remains a relevant theory for analyzing individual
behavior within a health context. During the COVID-19
pandemic, many individuals experienced increases in factors
related to I HLOC such as anxiety, fear, and depression. This
increase led to many individuals experiencing posttraumatic
stress disorder [8]. I HLOC is a commonly used framework for
assessing individual factors influencing stress and developing
solutions to manage anxiety [8]. E HLOC describes the extent
to which an individual believes outside forces affect their life.
The construct of powerful others in a health care context is
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usually a measurement of individual trust in a health-related
platform, app, or doctor [12].

Medical Behavioral Interventions
Medical behavioral interventions refer to a wide range of
strategies for the promotion of healthy behaviors in individual
patients with the goal of improving health care outcomes
[13-15]. Interventions can take on different forms including
communicating health information to patients, providing
incentives for desired behavior, or directly administering
medication. Behavioral interventions tend to combine
communication of information along with incentivization of
healthy behaviors such as dieting, exercise, medication
adherence, or cessation of substance abuse [16-19].

The efficacy of behavioral interventions depends on many
factors. The desired health outcome and the demographics of
the patient have large effects on the efficacy of different forms
of interventions. For example, social support has been
demonstrated to improve patient adherence to behavioral
interventions related to lifestyle change such as dieting or
exercise [20,21]. Interventions that are focused on acute diseases
can change the efficacy of social incentives. Studies on
behavioral interventions and cancer show that the severity of
the disease affects adherence to guidelines delivered through
an information-based health intervention [22-24]. Patients who
are in the early stages of cancer tend to react strongly to new
sources of information and seek out more when prompted,
whereas patients in the latter stages are more receptive to the
information provided by a trusted source such as a physician
[25]. The consistency with which patients follow behavioral
interventions is also not guaranteed. Most interventions tend to
be administered over a period between 6 and 12 months. Past
the intervention period, there is no certainty that patients who
were receptive to the intervention messaging continued with
the recommended behaviors [26-28].

In response to these issues, research has suggested that
interventions tailored to specific individuals and their needs are
more suitable than generalized approaches for behavioral change
[29-32]. HLOC is a theory that is specific to individuals. An
individual’s perception of the world and what affects their health
is an indicator of how they will respond to different forms of
intervention [33-35]. Exploring this avenue of research can help
uncover relationships between individual perceptions and the
predictive efficacy of health interventions that would otherwise
be unclear.

Methods

Overview
To accomplish our research objectives, we approached a
systematic review of the literature using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
methodology (Multimedia Appendix 1). PRISMA is a common
methodology used to synthesize literature and filter sample
pools in preparation for analysis [36-38]. Specifics regarding
the search are reported below.

PRISMA Search
We used the following terms when searching for papers related
to our review: “Health Locus of Control”; “Behavior Change”;
“Behavioral Change”; “Behavioral Change Interventions”;
“Medication Adherence”; “HLOC”; “Patients”; “Healthcare;
“Culture”; “Empirical”; and “Locus of Control.” The terms
were searched individually, then altogether using the keyword
of “OR” connecting all of the different terms. Finally, the terms
were searched together using the keyword “AND.” These
individual searches also included linked terms with “AND”:
“Health Locus of Control” AND “Behavior Change”; “Health
Locus of Control” AND “Behavioral Change”; “Health Locus
of Control” AND “Behavioral Change Interventions.” The
spelling of “Behaviour” was also used in the search for
completeness. These keywords were used in a title plus abstract
search through the databases of Web of Science, IEEE Xplore,
the ACM Digital Library, the AIS e-Library, and PubMed. The
search was conducted between November and December 2022.
Additional details regarding the search and search strategy are
available in Multimedia Appendix 2.

Inclusion criteria were studies that had a behavioral intervention
involving patients and contained a metric of at least 1 of the
constructs related to HLOC. Only studies that had actual data
were considered; proposals and simulations were excluded.
Additionally, only studies that were published in peer-reviewed
journals were considered for inclusion. The initial screening
and search were conducted by 2 researchers (AY and SM)
separately. The results were then combined and compared. The
initial search identified 357 papers potentially relevant to the
study. Only references were used as a check for this stage, no
abstracts or full texts of papers were read. After additional
filtering, 245 redundant papers were removed from this pool.
Reasons for paper removal during this stage included duplication
due to cross-referencing and singular papers that appeared in
multiple databases. Papers were then further checked for
relevancy to the research scope. Filtering at this stage occurred
from a reading of paper abstracts for relevance. If a study was
not relevant based on a read of the abstract because it did not
deal with medical behavioral intervention or HLOC or contain
actual data, it was excluded. Papers that proposed studies but
did not conduct behavioral interventions were also excluded at
this stage. This resulted in the removal of an additional 72
papers, with 50 remaining for analysis. During this stage,
citation software Zotero (Corporation for Digital Scholarship)
was used to collect and compare citations and documentation.

Data Extraction and Data Synthesis
Data extraction occurred after the identification of the items to
be included in the analysis. Data extracted included the type of
study, sample size, and interaction effects related to HLOC and
the medical behavioral intervention. The full text of papers
filtered through the first steps was read. Extraction was
conducted by 2 independent researchers (AY and SM).
Discrepancies were solved through a discussion of the 2
researchers and consensus was required to include information
in the final document. Multimedia Appendix 3
[1,5,8,12,22,23,25,27,39-80] contains the results of this data
extraction process. Data synthesis took on a similar form to

Interact J Med Res 2024 | vol. 13 | e52287 | p.315https://www.i-jmr.org/2024/1/e52287
(page number not for citation purposes)

Mozafari et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


extraction, 2 independent researchers (AY and SM) evaluated
the information collected and discrepancies were handled
through consensus decision after discussion. After collating the
results from the review, we analyzed the frequencies of studies
that had relationships between the primary HLOC constructs
and related health care behaviors. From this analysis, we
developed a series of guidelines for researchers interested in
the field of patient behavioral change in health care settings.

Results

Overview
The following sections will cover the results of the data
synthesis. Topics of discussion include relationships between
constructs, behavioral health interventions, and the influence

of contextual factors such as disease and patient characteristics
observed within the studies. Figure 1 contains the PRISMA
flow diagram summarizing the search process.

The main health behaviors discussed in all the papers reviewed
in this study are labeled into 5 main categories. These categories
are preventative health behaviors, mental health, personal health
perception, vaccination hesitancy, and physician trust. The
number of papers that have focused on each health behavior is
shown in Table 2.

The number of HLOC constructs that have been focused on in
the 50 papers reviewed for this study can be seen in Table 3.
Some studies have focused on several constructs, and some
have focused on only one. The following table shows the counts
of HLOC constructs that are mainly highlighted in this study’s
review papers.

Figure 1. PRISMA Search Strategy and Results.
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Table 2. Health behaviors.

Papers (n=50), n (%)Health behavior

22 (44)Preventative health behaviors

20 (40)Mental health

5 (10)Personal health perception

2 (4)Vaccination hesitancy

1 (2)Physician trust

Table 3. Number of HLOCa constructs.

Uses (n=50), n (%)HLOC constructs

45 (90)Internal HLOC

37 (74)Powerful others HLOC

34 (68)Chance HLOC

9 (18)God HLOC

aHLOC: health locus of control.

HLOC and General Health
The relationship between HLOC and general patient health
depends on many different factors. However, common
relationships between HLOC constructs and patient health can
be observed that are generalizable across contexts. The
discussion in this section will focus on the I HLOC, E HLOC,
PO HLOC, and C HLOC.

Higher I HLOC generally leads to better health outcomes overall
due to higher rates of patient self-efficacy. Higher patient
self-efficacy leads to an increase in behaviors that are beneficial
to overall patient health. These behaviors can include improved
medication adherence, preventative health behaviors, and an
increase in healthy activities. These behaviors and outcomes
are observable across income levels and other demographic
characteristics [39,40].

Higher E HLOC within individuals can have different outcomes
depending on the prevailing construct: C HLOC or PO HLOC.
Higher C HLOC generally leads to more negative health
behaviors and health outcomes in individuals. Individuals with
high C HLOC tend to believe that health is an uncontrollable
outcome that is determined by chance. As a result, those
individuals tend to perform fewer preventative behaviors that
could improve health outcomes. PO HLOC has a less clear
relationship with general health. The source of the powerful
other has a large impact on the decision an individual makes.
For instance, individuals with a high PO HLOC who see
physicians as the primary source of powerful others are likely
to adhere to medical recommendations and have better health
outcomes as a result. Individuals who have similarly high PO
HLOC but view friends and family as the powerful other may
have mixed results, as the friends and family may not
recommend behaviors that are consistent with medical
recommendations.

HLOC and Health Interventions
Research has shown that higher I HLOC can lead to more
preventative behavior from patients [41]. Patients with higher
PO HLOC have more potential influences [21]. In fact, those
with a higher PO HLOC are more likely to engage in
preventative behaviors, particularly if the influence comes from
physicians or other health care professionals [42]. However, if
the PO HLOC comes from religion or a belief in a higher power,
health care behaviors are likely more context dependent and
less predictable [43]. For example, a high PO HLOC sourced
to a patient’s family may cause contradictory health outcomes
such as lower vaccination rates, higher social contact, and higher
physical activity. On the other hand, those with a higher C
HLOC, or the belief that health outcomes are beyond their
control, are less likely to engage in preventative health
behaviors, often believing that their efforts won’t matter.

Studies have found that individuals with higher I HLOC are
more likely to engage in healthy dietary behaviors. This includes
less consumption of unhealthy foods and more intake of healthy
foods. On the other hand, those with higher C HLOC are less
likely to adopt beneficial dietary patterns [44]. Interestingly,
individuals with higher PO HLOC tend to have more beneficial
dietary patterns. For example, parents can be seen as power
others, and if an individual has a higher PO HLOC, they may
be more likely to adopt a healthy diet based on their parents’
influence [44]. Overall, an individual’s HLOC plays a significant
role in their dietary behaviors and can be a useful factor to
consider when developing effective interventions for improving
nutrition.

When it comes to substance abuse, research suggests that HLOC
can play a significant role in this context. Individuals with higher
I HLOC tend to make self-centered decisions that can lead to
reduced substance abuse. This includes decisions such as
smoking reduction, birth control use, and weight loss [9].
Additionally, those with lower I HLOC are less likely to make
these self-centered decisions and tend to act more carelessly
toward their health [45]. Examples would be more alcohol
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consumption and daily smoking. Similarly, individuals with a
higher C HLOC have been found to be more likely to smoke.
Conversely, those with a higher PO HLOC are less likely to
smoke due to the influence of their family or physicians [45].
Understanding an individual’s HLOC can be an important factor
in developing effective interventions to reduce substance abuse
and improve overall health outcomes.

Additional Factors
Besides the individual contexts of the relationships between
constructs, individual patient characteristics can also affect how
HLOC constructs impact health behaviors. Patients who have
chronic conditions tend to have higher C HLOC, particularly
over longer periods. The severity of illnesses also affects the
usual relationships between HLOC constructs and patient health.
In the context of chronic conditions, such as asthma, patients
with higher self-efficacy and higher I HLOC are in more control
of their condition, whereas patients with higher E HLOC beliefs
can potentially lead to poorer control [46].

Patient Characteristics
Several factors have been found to influence HLOC, including
social contact, health information–seeking behavior, and trust
in health care providers. For example, social contact has been
found to lead to better health care behaviors across all income
levels [39]; higher I HLOC has been found to lead to more social
behaviors, which in turn leads to positive health influence [47];
and health information–seeking behavior has been linked to
higher I HLOC, indicating individuals with higher I HLOC are
more likely to seek out information to be well aware of their
health decisions outcome [39]. Higher E HLOC, and mostly
higher PO HLOC, can increase patients’ level of trust, and
patients who are more trusting have been found to be more
likely to follow their physician recommendations [12]. C HLOC
has also been found to have a moderating effect on patient
self-efficacy and self-management behavior [48]. High
self-efficacy leads to more self-management, and depending on
the level of patients’ C HLOC, this relationship can be either
strengthened or weakened.

E HLOC has been found to affect death-related anxiety. Higher
PO HLOC can lead to less stress regarding the uncontrollable
nature of death based on the trust in others’ (physicians’)
influence on one’s health outcomes [49]. However, higher C
HLOC has been found to increase the level of anxiety and
depression at the end of life, as it indicates patients’ lack of
control over their health and the inevitability of death [22].
These patterns are also applicable to healthy patients as they
age (Aviad and Cohen-Louck [72]). E HLOC can also impact
patients both positively and negatively. An elevated E HLOC
can result in an increased level of depression and anxiety for a
patient. For example, patients with high E HLOC have been
found to have poor coping skills, which could result in higher
levels of depression. Within the same context, patients with
high E HLOC linked to caregivers are more likely to rely on
their physician, worry less, and adapt to their conditions [22,81].

Caregiver Characteristics
The impact of an individual’s health decisions on other
individuals and their relationship with them can also affect their

perceived HLOC. For example, if a patient is concerned about
their child’s health outcome, the parent’s I HLOC and E HLOC
may be influenced by their perception of their ability and
connected anxiety related to their child’s health outcomes. For
example, parental caregiving quality increases when a child
faces challenges such as a chronic condition [27]. Some studies
have found mothers to be the main caregivers in special chronic
conditions such as type 1 diabetes [82,83]. Parents of children
dealing with diabetes were found to have higher I HLOC,
whereas patients who had failed to reach that control level
tended to have lower levels of I HLOC and higher levels of G
HLOC and C HLOC [82]. Mothers and other caregivers have
also been found to influence patients’ behavior and coping
styles. The level of I HLOC or E HLOC of the caregiver can
significantly impact the patients’ active or passive coping style
and how they behave toward their condition and perceived
anxiety level [84].

Disease Characteristics
Terminal illnesses can lead to unique cases where higher I
HLOC causes greater stress and anxiety for patients as they
experience a greater loss of control [22,50]. The relationship
between these 2 constructs is stronger as the illness becomes
more serious. A reversal of this relationship is possible. Patients
who are provided with an option for treatment or hopeful
messaging can decrease stress and anxiety among patients with
higher I HLOC. The likely reason for this phenomenon is that
patients with higher I HLOC perceive a return of control, which
leads to lower stress and more proactive behaviors when positive
messaging is provided.

Patients with cancer across all stages tend to have higher PO
HLOC and decreased I HLOC. Higher PO HLOC tends to
manifest in a lowering of anxiety if the source of the powerful
other is rooted in religion or part of the G HLOC [25]. The
reverse of this relationship has also been observed. Patients with
cancer with higher I HLOC tend to have lower E HLOC. The
higher I HLOC is usually indicative of a higher quality of life
for the duration of the disease [51]. This might be due to the
impact of I HLOC in the hope of recovery, which leads the
patient to a better mental state and lowers the anxiety and
depression rates.

Uncertainty is a major consideration across multiple studies
focused on patient behaviors. Uncertainty is defined as any
situation where a decision maker is unable to accurately predict
outcomes because they lack information or sufficient
environmental cues [85]. In the concept of HLOC, individuals
with higher I HLOC are more likely to react to uncertainty as
a controllable decision and opportunity, whereas individuals
with higher E HLOC may consider their uncertainty as
untrustworthy evidence of a situation [86]. Patients with a higher
level of I HLOC tend to be more involved in their health-related
situations and have less uncertainty about them [51,87,88].
Higher I HLOC and more level of uncertainty in patients can
result in less stress and anxiety rates.

Research shows that uncertainty mediates between HLOC with
quality of life, anxiety, and depression [51]. It has been
illustrated that the level of a patient’s education and the
complexity of a treatment can directly affect patients’

Interact J Med Res 2024 | vol. 13 | e52287 | p.318https://www.i-jmr.org/2024/1/e52287
(page number not for citation purposes)

Mozafari et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


uncertainty which can be reduced by improving the level of
education and patients’ knowledge about the related
phenomenon [89-91]. Physicians and health professionals can
be external resources for providing such information to patients
with higher PO HLOC and help them overcome their uncertainty
and improve their mental health [91,92]. Patients with higher I
HLOC have been found to have better coping with their
condition and adapt well to the change, along with
information-seeking behavior, which would result in improved
level of knowledge about their condition and reduced level of
stress [51,87]. Additionally, patients who have dealt with chronic
conditions for longer periods feel less uncertainty and less stress
about their condition because of their perceived knowledge
about their situation over time which would result in their
improved quality of life and mental health. With chronic
conditions, such as asthma, patients with higher self-efficacy
and higher I HLOC are in more control of their condition,
whereas patients with higher E HLOC beliefs can potentially
lead to poorer control [46]. In the case of patients with dementia,
higher E HLOC has been observed with lower patient
depression, which could be because E HLOC may be linked to
acceptance of chronic conditions (Halse et al [50]).

Discussion

Principal Findings
Through analysis of the data, we observed intersections between
HLOC characteristics of patients and health outcomes. The most
commonly recurrent themes are related to I HLOC, E HLOC,
and C HLOC. The effects of these constructs varied across
studies. Based on common patterns observed across the data,
we offer the following suggestions for individuals designing
medical behavioral interventions. First, in most situations,
improving I HLOC will improve health outcomes for patients.
I HLOC has been observed to improve patient health outcomes
across many different contexts. Patients with higher I HLOC
feel a greater sense of ownership over their health, which leads
them to take more proactive measures and makes them more
receptive to health behavioral interventions. The one exception
to this guideline is situations where a patient’s health condition
is terminal and an individual has limited control over the
outcome. In such situations, high I HLOC can be problematic
and lead to higher stress in contexts where patients feel a loss
of control [88]. In these situations, cultivating E HLOC or G
HLOC or minimizing I HLOC through a discussion around
acceptance of outcomes and a release of personal control may
be beneficial [51]. Second, patients with high E HLOC should
be further studied to determine the source of the E HLOC. A
common misconception of patients with high E HLOC is that
they are not as receptive to health messaging because they are
not intrinsically motivated like individuals with high I HLOC.
Individuals with high E HLOC can be just as receptive and
proactive as individuals with high I HLOC, but the source of
the external influence is an important factor to consider. Patients
who perceive their physicians or similar caregivers as the source
of the E HLOC will be more receptive to following suggestions
provided by the perceived authority [3]. However, patients who
identify their main E HLOC source as friends, family, or media
may hold beliefs that are contradictory to positive health

messaging [52]. Determining the source of E HLOC is crucial
to a better understanding of how those patients are likely to
respond to health interventions. Third, patients with high C
HLOC are less likely to follow prepreventative behaviors or be
responsive to interventions. Across all studies, contexts, and
situations surveyed for this review, patients with higher C HLOC
were less prone to be proactive about their health. This likely
stems from the idea common to individuals with demonstrable
high C HLOC that actions are ultimately meaningless because
everything happens through chance including health outcomes.
To address these issues, health interventionalists should identify
patients who exhibit high C HLOC and seek to educate them
on the benefits of behavioral change. Demonstrations on the
effectiveness of interventions can also help to decrease C HLOC
and improve healthy patient behaviors.

Comparison to Prior Work
We explored the relationship between HLOC and health
behavioral interventions in this paper. Previous studies have
explored similar relationships related to individual-level
constructs and responses to health behavioral interventions and
health messaging. In this section, we explore some of the prior
work in the literature and how it relates to individual-level
beliefs regarding personal health.

HLOC and more generally LOC as a whole pertain to a high
degree of conceptual similarities with the attributional notion
of locus of cause, which refers to individuals’ perception of
their causation [93]. The concepts, however, differ in the way
a specific behavior is observed: either from an outside observer’s
perspective or one observing his or her behavior [94]. The locus
of cause is considered internal when someone can perform a
task and tries to do so. In this case, failing the task is attributed
to a lack of trying and effort of the person. In contrast, when
someone does not have the required abilities for a specific task,
the locus of cause appears to be external, and the related failure
is assumed to be due to external circumstances [93,94].
Similarly, the theory of self-attribution bias highlights a situation
in which individuals excessively attribute credit to their abilities
for past successes, while assigning blame to others for failures
[95-97]. Based on this concept, individuals attribute themselves
to positive outcomes, linking them to their actions and efforts,
while ascribing negative results to external factors such as bad
luck [98]. In the context of LOC, individuals either perceive
themselves to have the ability to control an outcome and try to
do so or perceive themselves as not having the ability to control
an outcome and therefore do not put any effort into achieving
that. It can be concluded that the LOC can be simplified as a
way of attributing the cause and outcomes of one’s actions to
oneself [94].

Studies have posited that older people and those with lower
levels of education have higher levels of E HLOC beliefs over
internal ones [40]. In addition to education, various studies have
reported higher E HLOC in individuals with low
sociodemographic status or negative health-related behavior
such as smoking and drinking [1,99-104]. This association has
been specifically investigated by Wallston and Wallston [105],
which highlighted higher PO HLOC and higher C HLOC in
individuals with less than 12 years of education. Conversely,
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higher I HLOC can be seen in individuals with high
socioeconomic status or positive health behavior such as regular
exercising or staying on a healthy diet [53]. On the same stream
of thoughts, the HLOC theory has been considered as a possible
mediator between socioeconomic status and health outcomes
[53,106].

Limitations and Strengths of the Systematic Review
The systematic review has inherent limitations. Observation of
a field of research is dependent upon the scope and perception
of the researchers cataloging the information. Analysis and
interpretation of results are affected by subjective factors. In
this paper, we have attempted to minimize individual biases
and subjectivity by establishing inclusion and exclusion criteria
and having sourcing and analysis of data conducted by 2
researchers (AY and SM) independently. The strengths of the
systematic review are the ability to provide a comprehensive
view of the state of research and the ability to generate
guidelines that are related to current trends and recent
phenomena in the field.

Future Work
This study focused on the literature surrounding HLOC
constructs and health behavioral interventions. New health
behavioral interventions related to the COVID-19 pandemic
and the subsequent policies offer new avenues for the
exploration of HLOC and individual health behaviors. Future
studies could explore how social distancing, vaccinations, or
quarantining is related to the idea of HLOC and the propensity
of individuals to adhere to guidelines. In general, it is probable
for individuals with higher PO HLOC to be influenced by other
individuals’ suggestions. However, individuals with higher I
HLOC are also likely to get this influence from others depending
on the situation. A relative example of this context is the
nonforcing manipulation through nudges. Nudging entails
organizing and modifying a decision-making scenario without
restricting choice options or imposing force, in a way to alter
someone’s behavior in a predictive way [107]. For instance, a
smoker with high I HLOC may decide to quit smoking due to
a close friend telling him or her about the infertility risks caused
by smoking. In this example, the individual’s decision about
willingly stopping an internal choice with the intention of
maintaining his or her health is taking place because of someone
else’s nudge. In other words, this person believes in having
self-control over this decision and is aware of having the choice
of not quitting as well but is still influenced to do so. Many

examples can be applicable in this context, depending on the
specific scenario and individuals’ circumstances. We
recommend future research to expand on the impact of
“compelling versus noncompelling manipulation,” as well as
“effective nudges from friends or family versus strangers” on
HLOC.

An exploration of the individual sources of E HLOC can also
be beneficial. E HLOC is often interpreted in a similar manner
to I HLOC. However, the sources of E HLOC are myriad and
can vary from individual to individual. More studies that explore
how changes to different HLOC constructs affect patient
behaviors over time would support the relationships observed
in many of the papers. One additional avenue of research is the
implementation of health interventions with artificial
intelligence. Research on this topic has already explored the
possibility of integrating language models or similar generative
agents with adaptive responses to improve patient health
outcomes [108,109]. The guidelines suggested in this paper
could also be tested in a longitudinal study where changes in
HLOC construct strength could be measured against patient
behaviors in response to behavioral interventions.

This study’s methodology is a comprehensive literature review.
Studies were filtered and analyzed based on relevance but there
was no metric applied to rate the quality of the studies or to
determine the suitability of the findings beyond the existence
of data collection and analysis. Future studies could apply more
stringent metrics toward inclusion of studies, such as by omitting
studies that do not exceed a certain sample size or only including
studies that meet a particular duration.

Conclusions
The study of HLOC and medical behavioral interventions is the
study of how each individual responds to messaging and
motivations regarding their health-related behaviors. An
increased understanding of the constructs and relationships
across these 2 ideas can lead to better-designed studies and
interventions across different populations. Further exploration
of this topic can focus on the importance of individual
characteristics and the influence of context on each HLOC
construct. The patterns and relationships frequently observed
can help both academics and practitioners better design studies
to explore questions related to improving health outcomes.
Better-designed interventions can lead to individuals taking a
more active role in managing their health, ultimately leading to
improved health outcomes for everyone.
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Abstract

Background: Blended therapy (BT) combines digital with face-to-face psychological interventions. BT may improve access
to treatment, therapy uptake, and adherence. However, research is scarce on the structure of BT models.

Objective: We synthesized the literature to describe BT models used for the treatment of psychological disorders in adults. We
investigated whether BT structure, content, and ratio affected treatment efficacy, uptake, and adherence. We also conducted
meta-analyses to examine treatment efficacy in intervention-control dyads and associations between treatment outcomes versus
BT model structure.

Methods: PsycINFO, CINAHL, Embase, ProQuest, and MEDLINE databases were searched. Eligibility criteria included articles
published in English till March 2023 that described digital and face-to-face elements as part of an intervention plan for treating
psychological disorders in adult patients. We developed a coding framework to characterize the BT interventions. A meta-analysis
was conducted to calculate effect size (ES; Cohen d and 95% CIs) regarding pre- and posttreatment outcomes in depression and
anxiety versus BT structure. The review was registered with PROSPERO and followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.

Results: Searches identified 8436 articles, and data were extracted from 29 studies. BT interventions were analyzed and classified
according to mode of interaction between digital and face-to-face components (integrated vs sequential), role of the components
(core vs supplementary), component delivery (alternate vs case-by-case), and digital materials assignment mode (standardized
vs personalized). Most BT interventions (n=24) used a cognitive behavioral therapy approach for anxiety or depression treatment.
Mean rates of uptake (91%) and adherence (81%) were reported across individual studies. BT interventions were more effective
or noninferior to treatment as usual, with large spread in the data and a moderate to large ES in the treatment of depression (n=9;
Cohen d=–1.1, 95% CI –0.6 to –1.6, P<.001, and z score=–4.3). A small, nonsignificant ES was found for anxiety outcomes (n=5;
Cohen d=–0.1, 95% CI –0.3 to 0.05, P=.17, and z score=–1.4). Higher ESs were found in blended interventions with supplementary
design (depression: n=11, Cohen d=–0.75, 95% CI –0.56 to –0.95; anxiety: n=8, Cohen d=–0.9, 95% CI –0.6 to –1.2); fewer (≤6)
face-to-face sessions (depression: n=9, Cohen d=–0.7, 95% CI –0.5 to –0.9; anxiety: n=7, Cohen d=–0.8, 95% CI –0.3 to –1.3);
and a lower ratio (≤50%) of face-to-face versus digital sessions (depression: n=5, Cohen d=–0.8, 95% CI –0.6 to –1.1; anxiety:
n=4, Cohen d=–0.8, 95% CI 0.006 to –1.6).
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Conclusions: This study confirmed integrated BT models as feasible to deliver. We found BT to be effective in depression
treatment, but anxiety treatment results were nonsignificant. Future studies assessing outcomes across different psychological
disorders and therapeutic approaches are required.

Trial Registration: PROSPERO CRD42021258977; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=258977

(Interact J Med Res 2024;13:e49660)   doi:10.2196/49660

KEYWORDS

systematic review; blended psychological therapy; blended care; face-to-face; online; psychological intervention; intervention
design; digital care; digital mental health; psychological disorder

Introduction

The Impact of Psychological Disorders
Psychological disorders affect approximately 1 billion people
globally and were responsible for 10% of the prepandemic
global burden of disease in 2019, with estimates of the mental
health burden increasing [1]. Depression and anxiety disorders
cost US $1 trillion per year globally [2]. Evidence-based,
effective mental health care is available, but its provision does
not reach everyone who needs it [2,3].

Digital (or Online) Therapy
Digital psychological therapy provides an opportunity to
enhance patient access to psychological treatment [4,5] and is
recommended by the World Health Organization as a
cornerstone of “comprehensive, integrated and responsive
mental health and social care services” [1]. Research regarding
digital therapy has largely focused on internet-delivered
cognitive behavioral therapy (CBT), demonstrating its efficacy
and cost-effectiveness [6,7], particularly in the treatment of
depression and anxiety [8-12]. Although uptake and adherence
to digital therapy in the research setting have shown
improvement [13], engagement is still low, particularly in
routine mental health care [14-17]. In addition, research suggests
stakeholder preference for face-to-face interventions [18,19].
A systematic review [20] reported on concerns raised by health
professionals about the use of digital therapy alone, including
perceived nonsuitability for patients due to symptom severity,
lack of digital access and literacy, and perception of digital
treatment as being less engaging than face-to-face treatments.
This review indicated that blended psychological therapy (also
called “blended therapy” or “blended care”) was perceived as
a midway option between digital and face-to-face therapy.

Blended Therapy
Blended therapy (BT) is a model of care that combines digital
and face-to-face delivery of psychological therapy, integrating
benefits from both modalities. Specifically, the face-to-face
component is delivered by a mental health professional, such
as a psychologist, while the digital component is patient driven
[21-23]. Integrating digital therapy with face-to-face
interventions in a blended model has the potential to save
professionals’ and patients’ time (eg, transport to and from the
clinic); increase the frequency of sessions; improve treatment
uptake, adherence, and maintenance; and boost therapy effects
[24-26].

A systematic review by Erbe et al [24] (N=44) found that BT
may improve dropout rates and save health professionals’ time
compared with exclusively face-to-face interventions. Despite
increasing evidence of the benefits of blended psychological
therapy for patients [22,24], there is a lack of research
specifically focused on “what, how, where, and when” BT is
effective to inform future BT interventions [21,22,27]. The
rationale for our systematic review emerges from the scarcity
of data specifically focusing on BT processes including BT
content and structure, which hinders scientific reproducibility
of BT and impacts its implementation success.

Objectives of This Review
Seeking to address these gaps in BT literature, our systematic
review and meta-analysis expands on the work of Erbe et al
[24] and aims to (1) identify and describe the structure, content,
and ratio of the face-to-face and digital components in BT
interventions applied for the treatment of psychological disorders
and (2) investigate whether there is an association among the
structure, content, and ratio of blended components and the
treatment efficacy of, uptake of, and adherence to BT.

Methods

Design
This review followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [28] guidelines
and was registered with PROSPERO (CRD42021258977). The
PRISMA checklist is provided in Multimedia Appendix 1.

Search Strategy
The PsycINFO, CINAHL, Embase, ProQuest, and MEDLINE
databases were searched using keywords and Medical Subject
Headings terms—“blended”; “online”; “face-to-face”;
“treatment”; “therapy”; “care”; “mental disorders”;
“psychological distress”; and “psychological disease”—for
articles published in English (Multimedia Appendix 2). The
search included articles published till May 2022, and an updated
search was conducted in March 2023. Reference lists of the
included studies were also manually searched.

Study Selection

Inclusion and Exclusion Criteria
Studies that described or applied an intervention where both
digital and face-to-face elements were integrated or delivered
sequentially were included. We included studies in which the
participants were aged ≥18 years and diagnosed with a
psychological disorder. Studies solely investigating populations
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other than this target group (health care professionals, student
cohorts, employees, etc) were excluded.

Comparators
The comparator or control groups included treatment as usual
(pharmacological or psychological intervention and standard
medical care), waitlist, or other interventions.

Data Abstracted
The primary focus was the intervention design, including
descriptions of the structure, content, and ratio of the sessions
used in each model. Secondary outcomes were (1) a
psychological therapy approach used in the BT models, (2)
patient groups for which BT was applied, (3) treatment efficacy,
(4) uptake and adherence, (5) health service outcomes (eg,
cost-effectiveness), (6) patients’ acceptability of BT, (7)
therapeutic alliance rates, and (8) barriers and facilitators
reported.

Article Screening and Selection
All search results were uploaded into Covidence software [29].
Two reviewers (KFN-Z and JMS) screened the titles and
abstracts independently. Full-text reviews based on the eligibility
criteria were conducted by KFN-Z and PB or JMS.

Data Extraction
Data extraction was conducted by KFN-Z using a
purpose-designed data extraction template. Extraction results
were partially reviewed (6/29, 20%) by a second coder (JMS)
to assess accuracy. To capture any missing data, the
corresponding authors were e-mailed twice. Data extracted

included the following: (1) study characteristics—authors, year
of publication, country, study setting, study aims, study type,
sample size, control group (where applicable), therapy approach
applied, primary or secondary psychological outcomes, and
symptom assessment measures and participant characteristics
such as age, sex, diagnosed psychological disorders, severity
of symptoms, and individual study outcomes; (2) intervention
characteristics—BT intervention design based on the structure,
content, and ratio of BT sessions; number, periodicity, and
duration (in minutes) of face-to-face and digital sessions;
treatment length (in weeks); and (3) BT intervention
outcomes—treatment efficacy, uptake, adherence,
cost-effectiveness, acceptability, therapeutic alliance, and
barriers and facilitators to BT reported.

Data Analysis
To address the objectives of this review, quantitative variables
regarding the BT intervention structure were summarized and
described. We used descriptive statistics (mean, percentages,
and range) to describe quantitative data regarding study and
participant characteristics; BT intervention uptake, adherence,
and completion rates; treatment length (in weeks); number, time
(in minutes), ratio, and periodicity of face-to-face and digital
sessions; treatment acceptability; efficacy; and therapeutic
alliance. Barriers to and facilitators of BT were qualitatively
analyzed using a thematic analysis [30] approach. Qualitative
data on BT structure and content were analyzed using a content
analysis approach [31]. Categories and subcategories were
summarized in a framework that builds on the concepts
described by Erbe et al [24] (Textbox 1).
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Textbox 1. Classification—blended model designs.

Interaction between face-to-face and digital components: integrated vs sequential

• Integrated models present both the digital and face-to-face components as collaborating parts within a therapy regimen, with both components
delivered within the course of the intervention [24].

• Sequential models present the digital component delivered in entirety before or after face-to-face component delivery [24]. Sequential interventions
start by delivering a “batch” of either face-to-face or digital sessions. Once the first “batch” is finished, the other component gets delivered.

• Stepped care is considered a special type of sequential design in which the digital component is a step in the intervention sequence [24].
Stepped care interventions deliver the least intensive or costly treatment first and then progress to more intensive or aftercare treatment, if
required. Hence, the “blend” in stepped care only effectuates after the first stage (digital) of treatment is complete and if patients require
additional (face-to-face) care.

Role of the components in the intervention: core vs supplementary

• Core components are an indispensable part of the blended intervention, as they deliver new therapeutic elements (ie, modules complement each
other).

• Supplementary components present content that has already been discussed during the intervention, that is, content of one component is
supplementary to the content delivered in the main component. For example, face-to-face content may be supplemented by reinforcing exercises
and homework on the web.

Delivery pattern of face-to-face or digital components: alternate vs case by case

• Alternate delivery is a configuration in which each session is delivered by alternating face-to-face or digital components in a fixed ratio. The
distribution of components is preset for the entire intervention; this may feature as a 1:1 ratio, but other ratios (eg, 2 digital to1 face-to-face) of
distribution are possible.

• Linear delivery is specific to sequential designs in which all digital sessions are delivered in a row followed by all face-to-face sessions in
a row, or vice versa.

• Case-by-case delivery is a configuration in which therapists assess and formulate a strategy for distributing the face-to-face or digital sessions
adapted to the clients’ or patients’ needs on a case-by-case basis.

Digital content assignment: personalized vs standardized

• Personalized content assignment is not preset; therapists and patients decide which materials to complete, tailoring them to patients’ needs.

• Standardized content assignment is largely preset; materials are delivered to all patients undergoing treatment with little or no changes to content.

Meta-Analyses
Although a meta-analysis was not originally included in the
registered protocol, data collection and analysis processes
indicated the relevance of meta-analyzing treatment outcomes
for enhancing systematic review results. The meta-analysis was
conducted using the Comprehensive Meta-Analysis program
[32] to investigate treatment efficacy between the treatment and
control dyads. A meta-analysis of BT interventions only was
also conducted to investigate associations between BT structure
and content and treatment outcomes. Pre-post outcome means
and SD, alongside data on sample size at post–time points were
included in the analysis. Standardized difference in means
(Cohen d) and 95% CIs were used as effect size (ES) measures,
and z values were used to test the null hypothesis (ES=0). We
used a random effects meta-analysis due to expected
heterogeneity. ES was set to negative numbers to show the
change in symptoms (the lower the number, the higher the
reduction in symptoms). Heterogeneity was assessed using Q

test (Q), I-squared (I2), Tau-squared (T2), and Tau (T) scores.

Publication bias was assessed using funnel plots and the trim
and fill method by Duval and Tweedie [33].

Risk of Bias and Quality Assessment
Two independent reviewers (KFN-Z and JMS) assessed the risk
of bias using the National Institutes of Health Study Quality
Assessment Tool (quantitative) [34], the Critical Appraisal
Skills Programme qualitative checklist [35], or the Mixed
Methods Appraisal Tool [36].

Results

Database Search Results
Database searches identified 2650 papers after removal of
duplicates. Title and abstract screening resulted in 103 articles
for full-text review. A total of 30 eligible articles were identified
but only 29 were included in the review—one eligible paper
was excluded as it reported the same data. The PRISMA diagram
in Figure 1 [28] provides the details of the process.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram.

Quality Assessment
Quality assessment deemed most studies (n=22) to be of “good
quality” as they addressed most of the quality assessment criteria
applied. Seven articles [23,37-42] were classified to be of “fair”
quality (Multimedia Appendix 3).

Study Characteristics
Of the 29 articles, 25 (86%) were prospective studies
(randomized controlled trials [RCTs], n=14; feasibility or pilot,
n=4; cohort or single arm, n=7); 3 (10%) were retrospective
analyses of cohort studies; and 1 (3%) study used qualitative
methods only. Most BT interventions (22/29, 76%) primarily
treated depression, either exclusively (13/29, 45%) or in

combination with anxiety treatment (9/29, 31%). Most studies
(28/29, 96%) used a CBT approach, with 3 (10%) combining
CBT and other approaches such as dialectical behavioral therapy
and acceptance and commitment therapy (n=2) and motivational
interviewing (n=1). Outcomes assessed were primarily symptom
reduction (25/29, 86%), although 4 (14%) studies reported on
the intervention process or working alliance outcomes as the
primary focus (Table 1).

Collectively, the studies included a total of 12,322 (range
3-4448) patient participants, with 57.71% (n=7111) receiving
BT interventions. Of the studies reporting on symptom reduction
(28/29, 96%), all prescreened for clinical levels of psychological
morbidity (Table 2).
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Table 1. Characteristics of reviewed studies.

Therapy type; clinical
outcomes

Participants, N; BTa

group, n; comparator, n

Study designStudy aimsStudy settingStudy; country

CBT; WA, depressive
symptoms

76; 38; 38; comparator:

F2Fe CBTf
Exploratory; secondary

analysis from an RCTd
Explore if WAc pre-
dicted treatment out-
comes

Specialized mental
health care

Askjer and Mathiasen
[43], 2021 and Mathi-

asen et al [44],b 2022;
Denmark

CBT; depressive
symptoms

98; 51; 47; comparator:

TAUg: psychotherapy

Two-armed, pragmatic
RCT

Investigate web-based
treatment as adjunc-
tive to depression

Routine outpatient psy-
chotherapy practices

Berger et al [45], 2018;
Germany

treatment vs regular
psychotherapy

CBT; severity of
symptoms of PTSD

196; 97; 99; compara-
tor: F2F CBT-TF

Pragmatic, multicenter,
noninferiority RCT

Determine if CBT-

TFh was noninferior

Primary and secondary
mental health settings

Bisson et al [46], 2022;
United Kingdom

to F2F CBT-TF for

PTSDi

Transdiagnostic, trau-
ma-informed CBT;
PTSD and depression

202; 202; NCjQuasi-experiment with
a noninferiority design

Assess 2 ratios of F2F
sessions to self-guided
work on trauma-ex-
posed veterans

Routine care in mental
health outpatient clinics

Cloitre et al [47], 2022;
United States

CBT; anxiety and de-
pression and work and
social functioning

123; 123; NCUncontrolled feasibility
design (open study)

Investigate iCBTk as
a prequel for high-in-
tensity depression and
anxiety treatment

Specialized mental
health care service

Duffy et al [48], 2020;
England

CBT; NDl depression15; 15; NCQualitative, semistruc-
tured interviews

Evaluate patient expe-
rience of a blended
iCBT service

Routine care practice
(clinics)

Etzelmueller et al [49],
2018; Germany

CBT; depression
symptoms

106; 52; 54; compara-
tor: delayed treatment,
waitlist, or TAU

RCTEvaluate effectiveness
and acceptability of a
guided web-based
program for depres-
sion

University outpatient
clinic

Høifødt et al [37],
2013; Norway

CBT; depression lev-
els

9; 9; NCSingle-arm, pretest-
posttest study

Assess cost-effective-
ness and convenience
of partially digital de-
pression treatment

Psychology private
practice

Jacmon et al [42], 2009;
Australia

CBT; ND depression231; 231; NCExploratory, secondary
study from RCT

Examine use of and
engagement to blend-
ed CBT for depression

Multisetting (special-
ized mental health and
routine primary care)

Kemmeren et al [50],
2019; France, Germany,
Poland, and Nether-
lands

PSTm; ND depres-
sion, anxiety, and
burnout

104; 55; 49; compara-
tor: waitlist

Observational study
(electronic patient
database)

Report on the uptake
of digital treatment,
on the profile of pa-
tients who prefer digi-

Mental health care cen-
ter; routine care

Kenter et al [51], 2013;
Netherlands

tal therapy, and on
symptom reduction vs
waitlist

CBT; ND depression
and anxiety

4448; 168; 4280; com-
parator: TAU: F2F

Naturalistic study: ex-
amined records of pa-
tients

Compare the effects
and costs between
blended and F2F
treatments

Mental health serviceKenter et al [52], 2015;
Netherlands

Psychotherapy; pho-
bia and avoidance be-
havior

212; 105; 107; compara-
tor: waitlist

RCTAssess clinical effec-
tiveness of internet-
based guided self-help
vs waitlist

Outpatient clinicsKok et al [38], 2014;
Netherlands

CBT; ND depression30; 9; NC (12 patients)Focus-groups and sin-
gle-arm, pre-post

Develop and evaluate
a structured, blended
CBT protocol for pa-
tients with depression

Outpatient specialized
mental health care cen-
ter

Kooistra et al [23],
2016; Netherlands
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Therapy type; clinical
outcomes

Participants, N; BTa

group, n; comparator, n

Study designStudy aimsStudy settingStudy; country

CBT; self-reported
depression severity

102; 53; 49; compara-
tor: CBT-F2F

Pilot RCT with 2 paral-
lel groups

Compare costs and ef-
fectiveness of blended
vs standard CBT for
depression

Specialized mental
health care (outpatient
services)

Kooistra et al [26],
2019; Netherlands

CBT; ND depression
levels

92; 47; 45; comparator:
regular CBT

Exploratory, secondary
study from pilot RCT

Investigate WA in

bCBTn for depression

Outpatient specialized
mental health clinics

Kooistra et al [53],
2020; Netherlands

CBT+UTPo, ACTp,

and DBTq; ND depres-
sion and anxiety

385; 385; NCRetrospective cohort
study

Evaluate the effective-
ness of a video-based
CBT and internet inter-
vention

Employer programLungu et al [54], 2020;
United States

BA; depression93; 46; 47; comparator:

F2F BAr
Noninferiority RCTEvaluate a blended

treatment for depres-
sion

Clinical settingLy et al [55], 2015;
Sweden

CBT; ND anxiety and
depression

23; 15; NC (patients,
n=15; therapists, n=8)

Mixed methods, case
series, pilot study (pre-
post re BT testing)

Explore clinical out-
comes and user experi-
ences of internet-deliv-
ered therapy. To devel-
op or test a bCBT
model

Clinical settingMånsson et al [39],
2013; Sweden

CBT; ND anxiety and
depression symptoms

54; 45; NC (patients,
n=45; therapists, n=9)

Feasibility studyEvaluate an internet-
based support as ad-
junct to F2F CBT

Outpatient psychiatric
clinic

Månsson et al [40],
2017; Sweden

CBT; ND depression
levels

64; 45; NC (patients,
n=45; therapists, n=19)

Observational studyExplore therapist be-
haviors; adherence;
and patient outcome
in digital therapy

Outpatient clinicMol et al [56], 2018;
Netherlands

CBT; depression
symptoms

40; 20; 20; comparator:
waitlist + pharmacolog-
ical treatment

Single-blinded RCTEvaluate effectiveness
of web-based bCBT
in reducing therapist
time in patients with
depression

Outpatient medical insti-
tutions

Nakao et al [57], 2018;
Japan

CBT; anxiety symp-
toms

114; 52; 62; compara-
tor: CBT F2F

Mixed methods (de-
rived from a larger
RCT)

Explore therapist fi-
delity to bCBT proto-
cols for anxiety disor-
ders

Outpatient specialized
mental health care cen-
ters

Romijn et al [41], 2021

and Romijn et al [58];b

Netherlands

CBT + motivational

interviewing; —s (in-
tervention system us-
ability)

32; 22; NC (develop-
ment: 7 therapists+3
patients)

Feasibility and pilot
study

Describe development
and testing of a digital
program; participant
experiences; and us-
ability of BT

Public municipal outpa-
tient alcohol clinics

Tarp et al [59], 2022;
Denmark

CBT; depression
symptom severity

154; 77; 77; compara-
tor: CBT F2F

Noninferiority RCTEvaluate the efficacy
of computer and thera-
pist-assisted CBT vs
standard CBT

Department of psychia-
try of medical schools

Thase et al [60], 2018;
United States

CBT; FCR severity88; 45; 43; comparator:
TAU (any)

RCT: 2-arm, parallel
group, longitudinal

Investigate the effica-

cy of BT for FCRt in
cancer survivors

Cancer hospitals: aca-
demic, regional, and
outpatient

van de Wal et al [61],
2017; Netherlands

CBT; depression lev-
els

151; 75; NCExploratory secondary
study from RCTs

Explore patient- and
therapist-rated WA in
bCBT and WA as a
predictor for change

Mental health care cen-
ters

Vernmark et al [62],
2019; Sweden

ACT; anxiety severity314; 150; 164; compara-
tor: TAU (FTF CBT)

RCT (single-blinded)Examine the effective-
ness of blended ACT
for older adults with
anxiety

Mental health service at
general practices

Witlox et al [63], 2021;
Netherlands
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Therapy type; clinical
outcomes

Participants, N; BTa

group, n; comparator, n

Study designStudy aimsStudy settingStudy; country

CBT-based + CBT,
DBT, and ACT; anxi-
ety and depression
symptoms

1496; 1496; NCRetrospective cohort
analysis

Evaluate the outcomes
of a blended care
coaching program for
anxiety and depres-
sion

Employer mental health
program clinical ser-
vices

Wu et al [64], 2021;
United States

CBT+DBT and ACT;
anxiety and depres-
sion symptoms

3401; 3401; NCRetrospective cohort
analysis

Examine the effective-
ness and the impact of
bCBT on anxiety and
depression

Employer mental health
program clinical ser-
vices

Wu et al [65], 2021;
United States

aBT: blended therapy.
bLinked study.
cWA: working alliance.
dRCT: randomized controlled trial.
eF2F: face to face.
fCBT: cognitive behavioral therapy.
gTAU: treatment as usual.
hiCBT-TF: internet-guided cognitive behavioral therapy with trauma focus.
iPTSD: posttraumatic stress disorder.
jNC: no comparator.
kiCBT: internet-delivered cognitive behavioral therapy.
lND: not disclosed.
mPST: problem-solving therapy.
nbCBT: blended cognitive behavioral therapy.
oUTP: unified transdiagnostic protocol.
pACT: acceptance and commitment therapy.
qDBT: dialectical behavioral therapy.
rBA: behavioral activation.
sNot applicable.
tFCR: fear of cancer recurrence.

Primary outcomes of individual studies included efficacy or
effectiveness (14/29, 48%) [37-39,45,46,48,54,55,57,
60,61,63-65]; working alliance (3/29, 10%) [43,53,62]; usability
and uptake (3/29, 10%) [50,51,59]; feasibility (2/29, 7%)
[23,42]; and patient or therapist (4/29, 14%) [40,41,49,56]

experience. One (4%) study [47] explored multiple primary
outcomes of therapeutic alliance, compliance, and symptom
reduction, and 2 (7%) studies [26,52] reported dual outcomes
of efficacy and cost.
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Table 2. Patient participants’ characteristics.

Pre-post time points, assessment tool, psychological
symptoms per group: mean (SD) and severity at baseline

Female, n (%)Age (y), mean (SD); rangeStudy

56 (74)35 (13.96); 18-71Askjer and Mathiasen [43],
2021

• Baseline and 12 wk
• PHQ-9a, Depression

• BTb: 14.4 (4.1), moderate to severe
• Comparator: 16.05 (3.8), moderate to severe

65 (66)43 (12.0); 19-73Berger et al [45], 2018 • Baseline and 12 wk
• BDI-IIc, Depression

• BT: 29.6 (8.4), severe
• Comparator: 30.2 (11.2), severe

• GAD-7d, Anxiety
• BT: 11.7 (4.9), moderate
• Comparator: 12 (4.6), moderate

125 (64)36 (13.4); 18 to >65Bisson et al [46], 2022 • Baseline and 16 wk
• CAPS-5e, PTSDf

• BT: 34.6 (6.8), mild to moderate
• Comparator: 35.6 (6.7), mild-moderate

• PHQ-9, Depression
• BT: 15.1 (6.7), moderate to severe
• Comparator: 13.4 (4.6), moderate

• GAD-7, Anxiety
• BT: 13.9 (4.9), moderate
• Comparator: 13.4 (4.6), moderate

122 (60)44 (11.73); 22-77Cloitre et al [47], 2022 • Baseline; 10 wk
• PCL-5g, PTSD

• BT: 50.7 (15.5), severe

• PHQ-9, Depression
• BT: 15.6 (5.4), moderate to severe
• Comparator:—h

85 (69)41 (13.1); 17-80Duffy et al [48], 2020 • Baseline; at iCBTi end
• PHQ-9, Depression

• BT: 15.6 (5.5), moderate to severe

• GAD-7, Anxiety
• BT: 14.8 (4.5), moderate to severe
• Comparator: —

18 (72)55 (—); 24-64Etzelmueller et al [49], 2018 • Weekly assessments, —
• QIDS-16-SRj, Depression

• BT: 14.8 (4.4), moderate
• Comparator: —

77 (73)36 (11.3); 19-63Høifødt et al [37], 2013 • Baseline and 7 wk
• BDI-II, Depression

• BT: 21.1 (6.85), moderate
• Comparator: 22.3 (6.7), moderate

• BAIk, Anxiety
• BT: 12.05 (11.1), mild
• Comparator: 15.3 (10.9), mild
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Pre-post time points, assessment tool, psychological
symptoms per group: mean (SD) and severity at baseline

Female, n (%)Age (y), mean (SD); rangeStudy

• Baseline; 6 wk
• BDI-II, Depression

• BT: 26.5 (1.5), moderate
• Comparator: —

4 (44)35 (10.37); —Jacmon et al [42], 2009

• Baseline; —
• PHQ-9, Depression

• BT: 16.2 (4.7), moderate to severe
• Comparator: —

129 (64)42 (12.9); 18-74Kemmeren et al [50], 2019

• Baseline; 5 wk
• BDI-II, Depression

• BT: 23.5 (7), moderate
• Comparator: 22.4 (8.7)

• HADSl, Anxiety
• BT: 10.6 (2.9), moderate
• Comparator: 11.1 (2.4)

• MBIm, Burnout
• MBI-EE, BT: 2.5 (1.7); Comparator: 2.6 (1.4)
• MBI-D, BT: 2.0 (1.5); Comparator: 2.0 (1.5)
• MBI-C, BT: 3.5 (1.3); Comparator: 3.6 (1.3)

73 (70)37 (10.8); 18-61Kenter et al [51], 2013

• First and last F2F sessions
• GAFn, Depression group

• BT: 54.6 (4.9), moderate
• Comparator: 54.7 (4.7), moderate

• GAF, Anxiety group
• BT: 59 (5.3), moderate
• Comparator: 59.1 (5.2), moderate

2442 (55)47 (18.7); 18-91Kenter et al [52], 2015

• Baseline; 5 wk
• FQo, Phobia

• BT: 42.4 (23.4)
• Comparator: 38.2 (21.9)

• CES-Dp, Depression
• BT: 25 (8.6), severe
• Comparator: 24.7 (8.4), severe

• BAI, Anxiety
• BT: 45 (13.8), severe
• Comparator: 44.48 (13.1), severe

130 (61)35 (11.7); —Kok et al [38], 2014

• Baseline; 10 wk
• IDS-SR30q, Depression:

• BT: 40.4 (12.9), moderate

• BAI, Anxiety
• BT: 22 (12.4), moderate
• Comparator: —

5 (55)38 (8.36); 27-50Kooistra et al [23], 2016

• Baseline; 10 wk
• IDS-SR30, Depression:

• BT: 45.2 (12.1), moderate
• Comparator: 41.5 (11.6), moderate

64 (63)39 (10.9); —Kooistra et al [26], 2019

43 (60)38 (11.0); —Kooistra et al [53], 2020
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Pre-post time points, assessment tool, psychological
symptoms per group: mean (SD) and severity at baseline

Female, n (%)Age (y), mean (SD); rangeStudy

• Baseline; 10 wk
• QIDS-SR, Depression

• BT: 16.6 (4.9), severe
• Comparator: 15.9 (4.1), severe

• Baseline and 6 wk
• PHQ-9, Depression

• BT: 10.8 (4.7), moderate

• GAD-7, Anxiety
• BT: 11.7 (3.9), moderate
• Comparator: —

244 (64)33 (8.0); —Lungu et al [54], 2020

• Baseline; 9 wk
• BDI-II, Depression

• BT: 29 (8.1), severe;
• Comparator: 27.3 (7.9), severe

• PHQ-9, Depression
• BT: 15.4 (4.7), moderate to severe;
• Comparator: 15.3 (4.5), moderate to severe

• BAI, Anxiety
• BT: 15.7 (12.1), mild to moderate;
• Comparator: 17.5 (9.2), moderate

65 (70)31 (11.4); 18-73Ly et al [55], 2015

• Baseline; 9 wk
• BAI, Anxiety

• BT: 18.1 (7.7), moderate

• GAD-7, Anxiety
• BT: 11.9 (6), moderate

• PHQ-9, Depression
• BT: 12.1 (6), moderate

• MADRS-Sr, Depression
• BT: 21.2 (4), moderate
• Comparator: —

10 (67)43 (15); 22-70Månsson et al [39], 2013

• Baseline; 12 wk
• PHQ-9, Depression

• BT: 13.3 (5.2)

• MADRS-S, Depression
• BT: 21 (8.7), moderate

• BAI, Anxiety
• BT: 20.5 (9.8)

• GAD-7, Anxiety
• BT: 10.3 (6), moderate
• Comparator: —

36 (80)30 (10.6); 18-60Månsson et al [40], 2017

• Baseline; approximately 26 wk
• QIDS, Depression

• BT: 15.8 (3.8), moderate to severe
• Comparator: —

33 (73)36 (12.3); 21-64Mol et al [56], 2018

20 (50)40 (9.7); —Nakao et al [57], 2018
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Pre-post time points, assessment tool, psychological
symptoms per group: mean (SD) and severity at baseline

Female, n (%)Age (y), mean (SD); rangeStudy

• Baseline; 12 wk
• GRID-HAMDs, Depression

• BT: 18.3 (3.7), moderate to severe;
• Comparator: 18.5 (3.6), moderate to severe

• BDI-II, Depression
• BT: 28 (8.8), moderate;
• Comparator: 24.4 (7.8), moderate

• QIDS, Depression
• BT: 14.8 (4.2), moderate;
• Comparator: 13.5 (4), moderate

• Baseline; 15 wk
• BDI-II, Depression

• BT: 24 (12.2), moderate;
• Comparator: 24 (10.3), moderate

• BAI, Anxiety
• BT: 27.9 (12), severe;
• Comparator: 27.15 (11.7), severe

23 (52)37 (11.0); 19-62Romijn et al [41], 2021

• Addictive disorder: —7 (32)47 (12); 28-73Tarp et al [59], 2022

• Baseline and week 16
• Depression: HDRSt

• BT: 19.8 (3.5), moderate to severe
• Comparator: 19.6 (3.8), moderate to severe

102 (66)46 (14.3); —Thase et al [60], 2018

• Baseline and 12 wk
• CWSu, FCR

• BT: 19.6 (3.7), high;
• Comparator: 19.6 (3.7), high

• HADS-D, Depression
• BT: 5.9 (4.2), low;
• Comparator: 6.8 (4.7), low

• HADS-A, Anxiety
• BT: 8.1 (4.1), mild;
• Comparator: 8.4 (4.9), mild

47 (53)59 (11.3); 31-77van de Wal et al [61], 2017

• Baseline; 10 wk
• PHQ-9, Depression

• BT: 14.3 (5.1), moderate
• Comparator: —

54 (74)35 (13.9); —Vernmark et al [62], 2019

• Baseline; 12 wk
• PHQ-9, Depression

• BT: 7 (4), mild;
• Comparator: 7.9 (3.5)

• GAD-7, Anxiety
• BT: 8.2 (4), mild to moderate;
• Comparator: 8.8 (3)

192 (61)63 (5.70); 55-75Witlox et al [63], 2021

921 (62)33 (8.62); —Wu et al [64], 2021
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Pre-post time points, assessment tool, psychological
symptoms per group: mean (SD) and severity at baseline

Female, n (%)Age (y), mean (SD); rangeStudy

• Wk 0-7 and wk 8-15
• PHQ-9, Depression

• BT: 6 (3), mild

• GAD-7, Anxiety
• BT: 9.6 (2), mild to moderate
• Comparator: —

• Wk 0-7 and wk 8-15
• PHQ-9, Depression

• BT: 10.7 (4.9), moderate

• GAD-7, Anxiety
• BT: 11.8 (4.1), moderate
• Comparator: —

2218 (65)33 (8.68); —Wu et al [65], 2021

aPHQ-9: Patient Health Questionnaire-9.
bBT: blended therapy.
cBDI-II: Beck Depression Inventory II.
dGAD-7: Generalized Anxiety Disorder-7.
eCAPS-5: Clinician-Administered Posttraumatic Stress Disorder Scale for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
fPTSD: posttraumatic stress disorder.
gPCL-5: Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
hNot available.
iiCBT: internet-delivered cognitive behavioral therapy.
jQIDS-16-SR: 16-Item Quick Inventory of Depressive Symptomatology, self-reported.
kBAI: Beck Anxiety Inventory.
lHADS: Hospital Anxiety and Depression Scale.
mMBI: Maslach Burnout Inventory.
nGAF: Global Assessment of Functioning.
oFQ: Fear Questionnaire.
pCES-D: Centre for Epidemiologic Studies Depression Scale.
qIDS-SR30: Inventory of Depressive Symptomatology Self-Rated.
rMADRS-S: Montgomery Åsberg Depression Rating Scale—self-rating version.
sGRID-HAMD: 17-item GRID-Hamilton Depression Rating Scale score.
tHDRS: Hamilton Depression Rating Scale.
uCWS: Cancer Worry Scale.

Classification of BT Models
On the basis of the models defined by Erbe et al [24], the
majority (26/29, 90%) of the studies reported an integrated
intervention design, where new therapeutic content was
delivered either (1) across both the face-to-face and digital
modalities (core; n=14) or (2) primarily using one modality
(usually the face-to-face component) with additional content
delivered as supplementary material (n=12). Integrated
interventions were the most common designs for addressing
depression (n=14) and depression and or anxiety (n=8). Three
studies were classified as sequential designs and described a
core role for both face-to-face and digital components. One
sequential model was delivered as stepped care in which most
patients received digital therapy only.

BT delivery was further differentiated based on whether both
components were delivered in a preset, alternate format or a
tailored, case-by-case arrangement. Most integrated
interventions (17/26, 65%) used an alternate delivery format.
Therapeutic content within integrated and alternate designs had
either core (9/17, 53%) or supplementary (8/17, 47%) roles.

In 19 (65%) studies, patients engaged with digital content
following a standardized program with minimal tailoring of the
materials presented. In contrast, 10 (35%) studies described a
more personalized manner of assigning or interacting with
digital content where the therapist and patient have more
autonomy to choose, change, or create digital content according
to individual need. An overview of model classifications is
presented in Table 3.
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Table 3. Blended therapy model classification per study.

Digital content deliveryPattern of delivery of F2F
and digital

Role of F2F and digital
components

Interaction of F2Fa and digital
components

Study

StandardizedPersonalizedCase by caseAlternateSupplementaryCoreSequentialIntegrated

✓✓✓✓Askjer and Mathi-
asen [43], 2021

✓✓✓✓Berger et al [45],
2018

✓✓✓✓Bisson et al [46],
2022

✓✓✓✓Cloitre et al [47],
2022

✓✓✓Duffy et al [48],

2020b

✓✓✓✓Etzelmueller et al
[49], 2018

✓✓✓✓Høifødt et al [37],
2013

✓✓✓✓Jacmon et al [42],
2009

✓✓✓✓Kemmeren et al
[50], 2019

✓✓✓Kenter et al [51],

2013b

✓✓✓✓Kenter et al [52],
2015

✓✓✓Kok et al [38],

2014b

✓✓✓✓Kooistra et al [23],
2016

✓✓✓✓Kooistra et al [26],
2019

✓✓✓✓Kooistra et al [53],
2020

✓✓✓✓Lungu et al [54],
2020

✓✓✓✓Ly et al [55], 2015

✓✓✓✓Månsson et al [39],
2013

✓✓✓✓Månsson et al [40],
2017

✓✓✓✓Mol et al [56], 2018

✓✓✓✓Nakao et al [57],
2018

✓✓✓✓Romijn G et al [41],
2021

✓✓✓✓Tarp et al [59], 2022

✓✓✓✓Thase et al [60],
2018

✓✓✓✓van de Wal et al
[61], 2017
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Digital content deliveryPattern of delivery of F2F
and digital

Role of F2F and digital
components

Interaction of F2Fa and digital
components

Study

StandardizedPersonalizedCase by caseAlternateSupplementaryCoreSequentialIntegrated

✓✓✓✓Vernmark et al [62],
2019

✓✓✓✓Witlox et al [63],
2021

✓✓✓✓Wu et al [64], 2021

✓✓✓✓Wu et al [65], 2021

aF2F: face to face.
bSequential models present a linear pattern of delivery.

Structure, Content, and Ratio of Sessions in BT Models

Overview
Within the integrated model, 81% (21/26) of studies reported
commencing BT with the face-to-face component. Five
integrated interventions began treatment with the digital
component; of those, 4 [38,42,47,51] used the digital component
as the intervention “anchor”—that is, the digital component led
the therapeutic process. One [48] sequential intervention
(stepped care) used the digital modality as a prequel for
high-intensity face-to-face treatment based on patient symptom
severity. Digital sessions were mostly delivered via website
platforms with individualized access. Overall, digital session
components presented CBT-based content and followed the
frameworks used in face-to-face settings. Digital content was
typically asynchronous. Intervention structure and content is
summarized in Multimedia Appendix 4.

Face-to-Face Versus Digital Sessions Distribution in
BT Models
In total, 26 (87%) studies reported the number of face-to-face
sessions, which ranged from 3 to 21 sessions (mean 7, SD 4.2).
Of those reporting the number of face-to-face sessions, 24 (92%)
used an integrated intervention design. Mean face-to-face
session duration across studies was 49 minutes (SD 11.7, range
27-65 min/session). Periodicity of sessions were reported by

24 studies, with most of those studies describing face-to-face
sessions as delivered weekly (12/24, 50%)
[23,26,37,39,41,42,45,49,53,57,59,64].

A total of 20 (69%) studies reported on the number of digital
sessions (mean 8, SD 3, range 4-14 sessions)—of those studies,
18 (90%) presented an integrated design. Although the mean
time for digital sessions was largely undefined and unreported,
12 (41%) studies [37,40,45,47,50,52,57,60-63,65] reported that
digital modules were typically developed to range between 15
and 60 minutes. Eight (28%) studies [42,45,46,48,57,59,60,64]
allowed patients to complete modules at their own pace; 13
(45%) studies [39,40,42,45,48,49,54-56,60,61,64,65] reported
digital sessions’periodicity to be flexible; weekly (14/29, 48%)
[23,26,37,38,41,46,47,51-53,57,59,62,63] or fortnightly (2/29,
7%) [43,50] completion was also reported.

Face-to-Face and Digital Ratio
In total, 16 (55%) studies [23,26,37,41,42,45-50,53,56,60,62,65]
reported the ratio of face-to-face and digital sessions. Most of
those studies had an integrated design (14/16, 88%) and
typically delivered sessions at a 1:1 ratio (1 face-to-face to 1
digital).

Treatment Length
The BT mean length of treatment was 12 (SD 5.1, range 6-26)
weeks; however, this was unreported for 5 studies
[38,49,51,52,63] (Table 4).
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Table 4. Model classification versus session structure.

Standardized
(n=19)

Personalized
(n=10)

Lineara

(n=3)

Case by case
(n=9)

Alternate
(n=17)

Supplemen-
tary (n=12)

Core (n=17)Sequential
(n=3)

Integrated
(n=26)

14 (8-26); 1510 (6-21); 921; (—); 110 (6-12); 713 (6-26);
16

11 (6-21); 1113 (6-26); 1321; (—c); 112 (6-21); 23Treatment

lengthb, mean
(range); n

Face-to-face sessions

6 (0-12); 179 (4-21); 910; (—); 19 (4-21); 67 (3.5-12);
17

9 (4-21); 116 (0-12); 153.5 (0-10); 38 (3.5-21);
23

Number,
mean
(range); n

47 (27-65);
11

53 (44-60); 6NR; 055 (45-60); 546.5 (27-
65); 12

51 (45-65); 847 (27-65); 9NRd; 049 (27-65);
17

Time
(min),
mean
(range); n

1w: n=7;
2w: n=4;
3w: n=1;
var: n=4

1w: n=5;
var: n=3

NR1w: n=6;
var: n=1

1w: n=6;
2w: n=4;
3w: n=1;
var: n=6

1w: n=6;
var: n=4;
2w: n=1

1w: n=6;
2w: n=3;
3w: n=1;
var: n=3

NR; (0)1we: n=12;

2wf: n=4;

3wg: n=1;

varh: n=7

Periodicity

Digital sessions

8 (4-14); 158 (4-14); 54; 110 (6-14); 67 (4-10);
11

9 (7-14); 87 (4-14); 114 (4-5); 29 (4-14); 17Number,
mean
(range); n

40 (28-65); 436 (6-62); 4NR; 038 (6-62); 338 (28-65);
5

32 (6-62); 444 (30-65); 4NR; 038 (6-65); 8Time
(min),
mean
(range); n

1w: n=12;
2w; n=2;
any: n=5

1w: n=1;
any: n=9

1w: n=2;
any: n=1

1w: n=2;
any: n=7

1w: n=9;
2w: n=2;
any: n=6

2w: n=4;
any: n=8

1w n=9; 2w:
n=2; any:
n=6

2w: n=1;

anyi: n=2

1w: n=13;
2w: n=1;
var: n=12

Periodicity

aLinear describes the delivery pattern typical of sequential designs.
bTreatment length is measured in weeks.
cNot applicable.
dNR: not reported.
e1w: weekly.
f2w: 2-weekly.
g3w: 3-weekly.
hvar: variable (eg, varied from weekly to fortnightly or other pattern).
iany: anytime (ie, no pattern from the outset).

Outcomes of BT Interventions

Treatment Uptake
In total, 25 (86%) studies reported on BT uptake mean rates
(mean 91%, SD 10.2%, range 60%-100%). Of those, 24 (96%)
studies [23,26,37-43,45-48,50,51,53,55-57,59-63] reported a
mean uptake of 92% (SD 8.2%, range 73%-100%) and 1 (4%)
study [49] reported a lower uptake (60%). A total of 14 (48%)
studies reported on treatment completion rates, with an average
of 61% (SD 29.4%, range 11.5%-100%) of patients completing
treatment.

Treatment Adherence
Our review considered adherence as completing a minimum
number of sessions determined by each study. However,
adherence criteria differed across studies and there was a lack
of data to confirm whether session structure or ratio influenced

adherence to intervention. A total of 23 (279%) studies reported
on BT adherence rates, with a mean of 81% (SD 11.8%). In
total, 20 (69%) integrated studies reported on BT adherence
(mean 83%, SD 11%, range 62%-100%). In contrast, all
sequential studies (3/29, 10%) had a comparatively lower mean
adherence (64%, SD 1.8). Dropout rates were reported in 25
(86%) studies, with 24 of those reporting <40% dropout rates
(mean 18.5%, SD 17.2%, range 0%-38%). The intervention
with the lowest adherence rate (16%) and highest dropout rate
(84%) [38] had a sequential design.

Regarding the role of components within BT, interventions with
supplementary designs presented higher adherence (mean 88%,
SD 9%, range 72.5%-100%) than core designs (mean 76%, SD
11.7%, range 16%-100%). Details on the uptake and adherence
reported per study are available in Multimedia Appendix 5.
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Health Service Outcomes
Four (14%) studies reported on the impact of BT on therapist
time: 2 studies [42,55] found a decrease, one study reported an
increase [52], and one found no change [26] in the time needed
to deliver therapy. Findings related to efficacy and costs were
mixed, with one study [52] suggesting that BT was not
cost-effective compared with face-to-face therapy, while another
study [55] highlighted reduced costs due to the potential of BT
for treating twice as many patients as compared with face-to-face
treatment.

Patient Satisfaction and Working Alliance
Eight (28%) studies [23,37,38,43,45,46,49,63] reported on
patient satisfaction with BT treatment—criteria for determining
patient satisfaction were heterogeneous, but all studies reported
it as “high.” Four (14%) studies [43,47,53,62] reported on
working alliance and reported it as “high.” Two (7%) studies
[43,62] suggested that the therapist-rated working alliance
predicted treatment outcomes and that this may be specific to
BT.

Barriers to and Facilitators of Intervention Uptake and
Engagement
Potential barriers to intervention uptake reported
[23,46,49,51,59] included a lack of understanding about the
intervention and digital challenges. Reported [42,51,59]
facilitators to intervention uptake included convenience and
flexibility of the digital component, anonymity, and autonomy
enabled by the BT design. Barriers to intervention engagement
identified [37,38,42,45,46,48-50,56,61] included the good
enough effect (ie, when patients drop out during the initial stages
of the intervention arguing they “feel better” and “no longer
need therapy” [66]), being left unchecked, reduced therapy
support (ie, lack of therapist follow-up regarding digital
activities), and digital challenges. Facilitators of intervention
engagement included experience in the use of technology, a
program tailored to patient-specific needs, patient-therapist
digital communication between sessions, and a patient-therapist
working alliance fostered throughout the intervention
[37-39,43,45-50,52,57,64,65].

Treatment Efficacy
We conducted a meta-analysis to examine differences in
treatment outcomes. There were only a sufficient number of
studies to meta-analyze depression and anxiety outcomes.

Data pooled from 9 RCT studies demonstrated a moderate to
large, significant improvement in depression symptoms (Cohen
d=–1.1, 95% CI –0.6 to –1.6, P<.001). However, comparing
treatment outcomes for anxiety interventions with controls
(n=5), there was no significant improvement across studies
(Cohen d=–0.1, 95% CI –0.3 to 0.05, P=.17). Between-study
heterogeneity was high and did not change after conducting
publication bias assessment using the funnel plot trim and fill

method, both in the depression (Q=90.3; P<.001; I2=91.1;

T2=0.1; T=0.7) and anxiety groups (Q=1.1; P=.17; I2=0; T2=0;
T=0). We noted that estimates of heterogeneity are impacted
by the very small number of studies analyzed (<10 studies).

Meta-analysis was also conducted to examine associations
between depression and anxiety scores on various scales and
BT structure. For depression, mixed-effect analysis suggested
higher effects sizes for interventions where the therapeutic
content was delivered primarily face to face with digital content
supplementing the face-to-face content (n=11; Cohen d=–0.75,
95% CI –0.56 to –0.95) compared with digital therapeutic
content delivered as core (n=10; Cohen d=–0.5, 95% CI –0.4
to –0.7)—however, differences were not statistically significant
(P<.08). Similar associations were found for anxiety, with higher
ESs for supplementary (n=8; Cohen d=–0.9, 95% CI –0.6 to
–1.2) compared with core structure (n=5; Cohen d=–0.6, 95%
CI –0.22 to –0.98). Mixed-effect analysis also indicated
statistically significantly (P<.001) higher ESs for interventions
with ≤6 face-to-face sessions both for depression (n=9; Cohen
d=–0.7, 95% CI –0.5 to –0.9) and anxiety (n=7; Cohen d=–0.8,
95% CI –0.3 to –1.3) compared with interventions with >6
face-to-face sessions for depression (n=11; Cohen d=–0.6, 95%
CI –0.4 to –0.8) and anxiety (n=5; Cohen d=–0.7, 95% CI –0.4
to –1). Similarly, interventions with >50% of sessions delivered
digitally had higher ESs (P<.001) both for depression (n=5;
Cohen d=–0.8, 95% CI –0.6 to –1.1) and anxiety (n=4; Cohen
d=–0.8, 95% CI 0.006 to –1.6) compared with interventions
where >50% sessions were delivered face to face, both for
depression (n=9; Cohen d=–0.5, 95% CI –0.3 to –0.7) and
anxiety (n=3; Cohen d=–0.58, 95% CI –0.3 to –0.9). Data
regarding meta-analyses are available in Multimedia Appendix
6.

Discussion

Overview
We reviewed blended psychological therapy models and
classified them according to their structure, content, and ratio
of face-to-face and digital sessions. Most BT interventions were
CBT-based and addressed depression—for which models with
integrated and supplementary designs resulted in improved
treatment efficacy. Interventions typically used an integrated
design with the face-to-face component “anchoring” the
intervention. Essential, therapeutic content across treatment
designs was typically delivered as both face to face and digital
(ie, a core design) and in an alternate pattern. However, several
studies used digital components to supplement therapeutic
content delivered face to face. Most interventions also relied
on standardized digital content rather than content tailored to
individual patients.

Our study confirms that BT leads to improved overall patient
uptake (mean 91%) and adherence (mean 81%), contrasting
with the lower uptake and adherence rates previously reported
for digital therapy alone. For example, an observational cohort
study analyzed clinical data from 15,882 patients assessed for
digital-only treatment of various psychological disorders,
reporting 22% uptake and 68% adherence rates [14]. In addition,
review studies on digital therapy for depression and anxiety
symptoms [16] and for depression alone [17] indicated mean
uptake rates of 56% (range 21%-88%) and 88% (range
42%-100%), respectively, as well as mean adherence rates of
18% (range 7%-42%) and 60% (range 14%-93%), respectively.
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These contrasting findings suggest a potential connection
between improved engagement with digital components when
these are integrated into an intervention with a more prominent
role of the therapist, that is, in a blended format.

Meta-Analysis Results: Treatment Versus Control
Dyads
Across CBT-based RCTs, symptom reduction was observed
for both depression and anxiety—although the reduction in
anxiety symptoms was not substantial. Our result contrasts with
overall findings on effectiveness of digital-only interventions
exclusively addressing anxiety [67], which indicate effective
outcomes. However, a subgroup analysis in that study confirmed
similar ESs of both digital and face-to-face anxiety treatments.
The lack of significance of our results might reflect the fact that
only 1 included study addressed anxiety as a primary
intervention outcome, while the other 4 interventions primarily
targeted posttraumatic stress disorder, Fear of Cancer
Recurrence, or depression. This suggests that transdiagnostic
interventions may not be sufficient for treating anxiety—even
with therapist guidance.

Meta-Analysis Results: BT Treatment Outcomes
Versus the BT Model
Our analysis indicated that interventions that delivered
face-to-face sessions for depression and anxiety in a lower ratio
(≤50%) and in a lower number (≤6) had higher, statistically
significant overall ESs. As the ratio of face-to-face sessions was
similar in core or supplementary models, it is unclear what role
digital sessions played in the delivery of therapeutic content
compared with simply supplementing face-to-face sessions.
Moreover, ESs for depression and anxiety in supplementary
designs (Cohen d=–0.75 and Cohen d=–0.87, respectively) were
higher than those in core designs (Cohen d=–0.53 and Cohen
d=–0.6, respectively). Those findings suggest that therapeutic
content may achieve better results when introduced by therapists
and reinforced digitally—a characteristic of supplementary
models, in which the digital component extends or reinforces
face-to-face content. In addition, supplementary models might
provide a more seamless transition between face-to-face and
digital content as therapists can identify and discuss challenging
topics with patients before they go on the web, what could result
in enhanced patient engagement, adherence and treatment
results. This argument is supported by studies on participants’
preference for BT models that enable greater therapist-patient
interaction [21,50,68,69]. In addition, participants’ views
reported across our study also suggest that improved digital
access and support from therapist facilitated BT engagement.

The higher ESs of supplementary versus core designs may also
reflect the therapists’ preference for face-to-face contact. This
argument finds support in studies on health professionals’
preferences regarding face-to-face versus digital delivery, both
in blended [68,70] and digital-only [20,71] interventions. Those
studies suggest that, despite recognizing the advantages of digital
interventions, professionals perceive face-to-face delivery as
more attractive than digital delivery, which could influence the
endorsement of digital therapy delivery as a supplement. This
suggests that therapists might feel more comfortable engaging
with and promoting the digital arm in a supplementary way.

In addition, it is possible that both therapists and patients expect
the “bulk” of the therapeutic content to be delivered face to face
in blended interventions, explaining why we found BT core
models to be less efficacious than supplementary. Therapy
expectations would also help explain the contrast of our results
with research [67,72] on using digital therapy alone for
depression and anxiety, which found digital interventions to be
as good as or better than face-to-face interventions. Perhaps
because patients engaging in digital-only treatment would expect
therapeutic content to be delivered digitally, as there is no
face-to-face option, they fare better on the digital component
than they would in a BT model.

Optimizing Effectiveness, Time, and Resources in BT
Treatment
One aim of BT interventions [24] is to enable better balance
between treatment effects; patient engagement; treatment time;
and the use of resources for both patients and therapists. BT
models with integrated, core, alternate, and standardized
designs allow for optimized treatment delivery. However, the
results of our meta-analysis suggest that supplementary BT
models are more effective. Considering these arguments, perhaps
a midway alternative would be to promote a more digitally
focused role of the therapist in a blended design. Following this
idea, therapists would support and encourage patients to
complete digital content as an enhancing adjunct to face-to-face
contact—and not only as an “add-on” feature. A more digitally
focused role of the therapist might promote increased patient
engagement, enabling improved outcomes with lower doses of
face-to-face treatment.

Study Limitations
We optimized database search terms with the assistance of a
librarian; however, it is possible that eligible studies were not
included in this review. In addition, the analysis did not assess
the potential impact of heterogeneities found among selected
studies on the variables analyzed, for example, whether different
populations, settings, or therapeutic approach applied in the
interventions might affect uptake or adherence or even the way
blended sessions are delivered. Furthermore, the small number
of studies included in our meta-analysis impacted the breadth
of our results. In addition, there were limited studies describing
intervention structure and content of both face-to-face and digital
components in detail. Despite having contacted authors
regarding missing data, several gaps remained on key variables
investigated (eg, number and time of face-to-face and digital
sessions, adherence parameters, and acceptability of
intervention), which impacted the depth of analysis. Hence, the
outcomes reported in this study should be interpreted with
caution.

Recommendations
Despite growing evidence regarding BT efficacy, the lack of
clearer, detailed data reporting on its structure and content poses
challenges to scientific reproducibility of BT, possibly affecting
its implementation success. Details related to the number, time,
and distribution of sessions; specific content of both digital and
face-to-face sessions, as well as the role, relevance, and
influence of the digital component within the therapy plan;
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feedback on face-to-face and digital session content; and the
use of assigned digital materials as well as the perception of its
usefulness from the perspective of both therapists and patients
are examples of useful data that are not adequately reported.
We recommend that future studies include a more detailed
reporting of methodology, particularly regarding the structure
and content of sessions.

Conclusions
This systematic review examined blended models for the
treatment of psychological disorders to identify what aspects
of BT underpin effective treatment and improved engagement.
Evidence suggests that implementing an integrated model is
feasible in the treatment of psychological disorders. BT was
reported as being either more effective or noninferior to
face-to-face treatment, particularly when applied to the treatment

of anxiety and depression. BT interventions studied reported
high mean uptake and adherence rates, showing promise in
improving engagement to treatment. Higher ESs were found
for depression and anxiety outcomes in interventions with
integrated, supplementary models; with a lower number of
face-to-face sessions; and with a lower ratio of face-to-face
versus digital sessions, suggesting that combining a more
digitally focused therapist role with fewer face-to-face sessions
can be effective and increase access to treatment.

To support improved reporting, we have developed a taxonomy
for BT models based on the key themes identified in this review
regarding model structure and components. Future studies
detailing the structure and content of BT models may help
identify suitable models for the treatment of different
psychological disorders.
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Abstract

Background: Depression is a prevalent global mental health disorder with substantial individual and societal impact. Natural
language processing (NLP), a branch of artificial intelligence, offers the potential for improving depression screening by extracting
meaningful information from textual data, but there are challenges and ethical considerations.

Objective: This literature review aims to explore existing NLP methods for detecting depression, discuss successes and limitations,
address ethical concerns, and highlight potential biases.

Methods: A literature search was conducted using Semantic Scholar, PubMed, and Google Scholar to identify studies on
depression screening using NLP. Keywords included “depression screening,” “depression detection,” and “natural language
processing.” Studies were included if they discussed the application of NLP techniques for depression screening or detection.
Studies were screened and selected for relevance, with data extracted and synthesized to identify common themes and gaps in
the literature.

Results: NLP techniques, including sentiment analysis, linguistic markers, and deep learning models, offer practical tools for
depression screening. Supervised and unsupervised machine learning models and large language models like transformers have
demonstrated high accuracy in a variety of application domains. However, ethical concerns related to privacy, bias, interpretability,
and lack of regulations to protect individuals arise. Furthermore, cultural and multilingual perspectives highlight the need for
culturally sensitive models.

Conclusions: NLP presents opportunities to enhance depression detection, but considerable challenges persist. Ethical concerns
must be addressed, governance guidance is needed to mitigate risks, and cross-cultural perspectives must be integrated. Future
directions include improving interpretability, personalization, and increased collaboration with domain experts, such as data
scientists and machine learning engineers. NLP’s potential to enhance mental health care remains promising, depending on
overcoming obstacles and continuing innovation.

(Interact J Med Res 2024;13:e55067)   doi:10.2196/55067

KEYWORDS

depression; natural language processing; NLP; sentiment analysis; machine learning; deep learning; transformer-based models;
large language models; cross-cultural; research domain criteria; RDoC
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Introduction

Background
Depression is a prevalent mental health disorder affecting 280
million people worldwide and accounts for more than 47 million
disability-adjusted life-years [1,2]. Characterized by symptoms
such as persistent feelings of sadness, diminished interest, and
impaired daily functioning, depression can severely impact an
individual’s quality of life [3] and is associated with suicide
and premature mortality from comorbidities [4]. However,
traditional methods of diagnosing and screening for depression
primarily rely on subjective clinical assessments, which can be
time-consuming and susceptible to the inherent biases of health
care professionals [5].

In recent years, researchers have explored advanced technologies
like natural language processing (NLP) to address the limitations
of traditional methods in detecting and understanding depression
[6,7]. NLP, a field of artificial intelligence (AI), enables
machines to automatically analyze and extract valuable insights
from textual data [8]. This technology shows immense potential
in transforming how we identify and manage mental health
disorders. By leveraging the vast amount of digital information
generated daily, including social media posts, electronic health
records, and web-based forums, NLP can assist in detecting
subtle linguistic cues and patterns that may indicate depressive
symptoms [9].

The integration of NLP in detecting depression offers multiple
advantages. Not only does it promise improved accuracy and
efficiency, but it also brings the advantage of scalability. By
analyzing large amounts of textual data on a population level,
NLP enables a comprehensive understanding of depression,
potentially leading to early detection and intervention. In
addition, NLP-based approaches might contribute to the
reduction of the stigma surrounding mental health [10] by
providing a more objective and nonjudgmental assessment of
individuals’ emotional well-being. This shows that NLP can
help create a more supportive environment for those dealing
with depression.

However, while NLP shows significant potential for mental
health care, we must also recognize the challenges and ethical
considerations that come with its implementation. Issues like
privacy concerns, data security, and potential biases demand
critical analysis. In this literature review, we aim to explore the
current state of research on using NLP techniques for detecting
depression. We will discuss the successes and limitations of
this rapidly evolving technology, along with its future scenarios
in improving mental health diagnosis and care. By shedding
light on this rapidly evolving field, our goal is to foster informed
discussions and encourage further advancements that will
ultimately benefit individuals living with depression while
promoting more effective mental health screening systems.

This Review
This literature review aimed to provide a broad overview of the
potential and challenges of using NLP for depression screening
by extracting valuable information from textual data. While we
discuss various NLP techniques and their applications, the focus

is on presenting a comprehensive view of the field rather than
delving into technical details. Our goal is to offer readers a
high-level understanding of the opportunities and limitations
presented by NLP in detecting depression while also
highlighting ethical considerations and future directions. By
providing this broad perspective, we hope to foster further
exploration and innovation in applying NLP to enhance mental
health support systems.

Methods

Literature Search Strategy
A comprehensive literature search was conducted using 3
web-based databases—Semantic Scholar, PubMed, and Google
Scholar. These databases were chosen for their extensive
coverage of research in the fields of computer science, health
care, and AI. The search aimed to identify studies focusing on
depression screening using NLP techniques.

The search strategy involved using a combination of relevant
keywords and Boolean operators. The following search terms
were used: “depression screening” OR “depression detection”
AND “natural language processing” OR “NLP.” This search
query was tailored to each database to ensure compatibility with
their specific search functions.

The inclusion criteria for selecting studies were broad,
encompassing a range of study designs, including original
research articles, review papers, and technical reports. Studies
were included if they discussed the application of NLP
techniques for depression screening or detection, addressed the
successes and limitations of such approaches, or explored ethical
considerations and potential biases. No restrictions were placed
on the publication date to ensure a comprehensive overview of
the historical development and current state of the field.

Study Selection and Data Extraction
The initial search yielded many results. To manage the screening
process efficiently, the titles and abstracts of the retrieved studies
were imported into reference management software (Zotero).
Duplicates were removed, and the remaining studies were
screened.

During the initial screening, studies were assessed based on
their relevance to the research topic. Studies that did not
specifically address depression screening or detection using
NLP were excluded. Studies focusing solely on other mental
health disorders without a clear connection to depression were
also excluded.

In the study selection process, 2 independent reviewers initially
screened titles and abstracts against the predefined inclusion
and exclusion criteria. Discrepancies between the reviewers
were identified and resolved through a consensus meeting, where
both reviewers discussed their decisions and clarified any
misunderstandings related to the criteria. If consensus could not
be reached, a third independent reviewer was consulted to
provide an additional perspective and make the final decision.
The full texts of the remaining studies were then reviewed in
detail by the 2 independent reviewers, following the same
process described for the title and abstract screening. Studies
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were included in the final selection if they provided substantial
contributions to the understanding and application of NLP in
depression screening. This included discussions on NLP
techniques, depression detection methods, classification models,
datasets, ethical considerations, cross-cultural perspectives, or
future directions in the field.

Data extraction was performed concurrently with the full-text
review. Relevant information from each study was extracted
and organized into a structured format. This included details,
such as the study’s main objectives, methodologies used, key
findings, limitations, and potential future directions suggested
by the authors. The extracted data were then synthesized and
analyzed to identify common themes and gaps in the literature,
forming the basis for the discussion section of this literature
review.

This review aimed to provide an up-to-date overview of the
field by following the literature search strategy. It highlights
the potential and challenges of using NLP for depression
screening, along with ethical considerations and future research
directions.

Task Definition and Scope

Overview
The primary task addressed in this literature review is the
detection or screening of depression using NLP techniques.
This task involves the automatic analysis of textual data, such
as social media posts, electronic health records, or clinical
interview transcripts, to identify indicators of depressive
symptoms and provide a classification or assessment of an
individual’s mental health status.

The scope of this review encompasses various subtasks and
aspects related to depression detection, including the following:
(1) classification, (2) severity classification, (3) depressive
symptoms identification, (4) risk assessment, and (5)
personalized depression analysis.

Classification
This involves categorizing textual data into depressive or
nondepressive states, often using supervised machine-learning
algorithms. The goal is to accurately distinguish between
individuals experiencing depression and those who are not.

Severity Classification
Beyond binary classification, some studies focus on assessing
the severity of depressive symptoms. This involves categorizing
depression into different levels or stages, such as mild, moderate,
or severe, based on the linguistic cues present in the text.

Depressive Symptoms Identification
NLP techniques are used to identify specific depressive
symptoms, such as negative emotion, persistent feelings of
sadness, changes in cognitive processes, or expressions of
hopelessness. This task helps in understanding the nuanced
emotional and cognitive states associated with depression.

Risk Assessment
Some studies aim to go beyond detection and focus on assessing
the risk of depression-related outcomes, such as suicide risk or
the likelihood of developing major depressive disorder. This
task involves analyzing linguistic cues that may indicate a higher
risk for adverse events.

Personalized Depression Analysis
There is a growing interest in personalized depression analysis,
where NLP techniques are used to tailor interventions and
treatments to individuals. This involves identifying unique
linguistic patterns and behaviors associated with specific
subgroups of depressed individuals.

By outlining these tasks and scope, we provide a clear
framework for the literature review and ensure that the
discussion remains focused on the application of NLP in
depression detection and related areas.

Results

Overview
The literature search strategy described in the Methods section
returned a diverse range of studies focusing on various aspects
of depression detection using NLP techniques. These studies
spanned different methodologies, including original research,
review articles, and technical reports. The key findings from
these studies focusing on the NLP techniques are summarized
in Table 1 below and presented in a structured format for clarity.
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram is presented in
Figure 1 and the PRISMA checklist is presented in Multimedia
Appendix 1.
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Table 1. Summary of natural language processing (NLP) techniques for depression detection.

ResultsMethodDatasetSample size, nStudyLimitationsRelevance to
depression de-
tection

MethodologyNLP techniques

R2 value of
0.104

LIWCa

based fea-
tures

Recruited
participants
were asked
to reflect on

220 partici-
pants

Rathner et al
[11], 2017

Limited under-
standing of de-
pression

Identifies nega-
tive language

Analyzes the
emotional tone
of the text

Sentiment analy-
sis

their past
year

82.3% accu-
racy

Word2vec
feeds them
as input to

DAIC-

WOZb
189 sessionsPrabhu et al

[12], 2022
Limited under-
standing of de-
pression

Identifies nega-
tive language

Analyzes the
emotional tone
of the text

Sentiment analy-
sis

long short-
term memo-
ry

F-measure
of 0.71

Decision tree
classifier
from feature

Facebook us-
er comments

7145 com-
ments

Islam et al
[13], 2018

May overlook
contextual com-
plexities

Captures cogni-
tive distortions
and identifies
the use of cer-

Identifies lin-
guistic features
related to de-
pression

Linguistic
markers

obtained
through LI-
WC

tain types of
words

72.4% accu-
racy

LIWC for
determining
22 specific

Twitter554 usersDe Choudhury
et al [14],
2021

May overlook
contextual com-
plexities

Captures cogni-
tive distortions
and identifies
the use of cer-

Identifies lin-
guistic features
related to de-
pression

Linguistic
markers

linguistic
stylestain types of

words

F1-score of
63.4%

Word embed-
dings and
support vec-

CLEFc and
eRisk 2017

887 usersStankevich et
al [15], 2018

May miss nu-
anced semantics

Preserves se-
mantic relation-
ships

Creates vector-
ized word repre-
sentations

Word embed-
ding

tor machine
model

F1-score of
73%

GLoVed vec-
tor inputs

DAIC-WOZ189 sessionsLopez-Otero
et al [16],
2017

May miss nu-
anced semantics

Preserves se-
mantic relation-
ships

Creates vector-
ized word repre-
sentations

Word embed-
ding

Unweight-
ed average

GloVe em-
beddings

DAIC-WOZ189 sessionsMallol-Ragol-
ta et al [17],
2019

May miss nu-
anced semantics

Preserves se-
mantic relation-
ships

Creates vector-
ized word repre-
sentations

Word embed-
ding

recall of
0.66

F1-score of
84%

Pretrained
word embed-
dings (EL-

Moe)

DAIC-WOZ189 sessionsDinkel et al
[18], 2020

May miss nu-
anced semantics

Preserves se-
mantic relation-
ships

Creates vector-
ized word repre-
sentations

Word embed-
ding

AUCf of
0.8

GloVe word
embedding

American
English
spontaneous
speech

16,000 ses-
sions

Rutowski et al
[19], 2020

May miss nu-
anced semantics

Preserves se-
mantic relation-
ships

Creates vector-
ized word repre-
sentations

Word embed-
ding

91% accu-
racy

Recurrent
neural net-
work with

Twitter—gKorti and
Kanakaraddi
[7], 2022

Complex architec-
tures, data-hun-
gry

Models lan-
guage patterns
of depressed in-
dividuals

Captures local
and sequential
information in
language data

Convolutional
neural networks
and recurrent
neural networks long short-

term memo-
ry

87% accu-
racy

Fasttext with
long short-
term memo-
ry

Reddit and
Twitter

13,000 postsTejaswini et al
[20], 2022

Complex architec-
tures, data-hun-
gry

Models lan-
guage patterns
of depressed in-
dividuals

Captures local
and sequential
information in
language data

Convolutional
neural networks
and recurrent
neural networks
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ResultsMethodDatasetSample size, nStudyLimitationsRelevance to
depression de-
tection

MethodologyNLP techniques

F1-score of
0.62

Fine-tuning

BERTh and
its variants

DAIC-WOZ189 sessionsSenn et al
[21], 2022

Computationally
expensive and re-
quires specific
fine-tuning

Achieves high-
level under-
standing

Captures com-
plex linguistic
nuances and
context

Large language
models

F1-score of
0.64

Few-shot
learning on

GPTi-3

Interview
questions

53 participantsHayati et al
[22], 2022

Computationally
expensive and re-
quires specific
fine-tuning

Achieves high-
level under-
standing

Captures com-
plex linguistic
nuances and
context

Large language
models

73% preci-
sion

Fine-tuning
DistilBERT

Data ac-
quired
through Sen-
tiOne

Approximate-
ly 80,000
posts

Németh et al
[23], 2022

Computationally
expensive and re-
quires specific
fine-tuning

Achieves high-
level under-
standing

Captures com-
plex linguistic
nuances and
context

Large language
models

aLIWC: Linguistic Inquiry and Word Count.
bDAIC-WOZ: Distress Analysis Interview Corpus–Wizard-of-Oz set.
cCLEF: Conference and Labs of the Evaluation Forum.
dGLoVe: global vectors for word representation.
eELMo: embeddings from language models.
fAUC: area under the curve.
gNot available.
hBERT: bidirectional encoder representations from transformers.
iGPT: generative pretrained transformer.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Historical Timeline of NLP Development and
Relevance of Depression
NLP has gone through substantial development over the years,
with technological advances and research contributing to its
growth. Throughout its history, the field of NLP has continually
expanded its capabilities, and the relevance of depression
screening within this timeline has become increasingly
noticeable.

Early Years and Rule-Based Systems (1950s-1970s)
The origins of NLP can be traced back to the 1950s with the
development of early computer programs like the
Georgetown-IBM Experiment (developed jointly by Georgetown
University and IBM) [24], which attempted to translate Russian
sentences into English using basic rules and structures. In the
1970s, rule-based systems gained prominence. Systems like
SHRDLU [25] demonstrated limited language understanding
by manipulating blocks in a virtual world based on user
commands. However, these systems had difficulty handling the

complexity of natural language, including expressions of
emotions and sentiment.

Knowledge-Based Approaches and Syntax Analysis
(1980s-1990s)
In the 1980s, there was a shift toward knowledge-based
approaches, including expert systems [26]. Researchers
attempted to encode linguistic rules and world knowledge to
improve language understanding. In the 1990s, statistical
methods, such as the hidden Markov model (HMM) [27] and
part-of-speech tagging [28], gained popularity. These methods
improved parsing and syntactic analysis, but the understanding
of context, semantics, and emotions in language remained
challenging.

Machine Learning and Statistical Methods (2000s-2020s)
Machine learning algorithms, such as support vector machine
and multi-layer perceptron improved performance on several
NLP tasks, including sentiment analysis. Deep learning models,
such as recurrent neural networks (RNNs) and convolutional
neural networks (CNNs), later enhanced NLP. Word embeddings
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like Word2Vec and global vectors for word representation
(GloVe) captured semantic relationships between words.
Attention mechanisms and transformers, used in models like
bidirectional encoder representations from transformers (BERT)
and generative pretrained transformer (GPT), achieved
remarkable results in language understanding and generation.
These methods in relation to depression will be explained in
detail in the Classification Models for Depression Detection:
Machine Learning and Current State of the Art Models in
Depression Detection sections.

Relevance of Depression in the NLP Timeline
With the growth of web-based platforms and social media,
textual data became abundant, and there was increased interest
in the application of NLP for sentiment analysis and mood
detection. Early efforts to identify emotional states and linguistic
markers of depression emerged. The deep learning revolution
then enabled more nuanced sentiment analysis and emotion
recognition. Researchers started to explore the detection of
mental health conditions, including depression, using NLP
techniques. Studies focused on extracting linguistic cues related
to depressive symptoms and emotional states from text data.
Specific methods of depression detection using NLP will be
further discussed in the following sections.

NLP Techniques for Depression Detection
NLP techniques have been shown to be important in obtaining
valuable insights from textual data acquired through social
media, web-based forums, or textual health records for
depression detection [13,20]. Given certain textual data, NLP
can convert—through multiple steps—the textual data into a
format that can point toward the presence or absence of
depression. Among the initial steps in depression detection
through NLP, text preprocessing and feature extraction play an
essential role. Text preprocessing involves converting text data
into a structured format suitable for analysis. Researchers have
used techniques like tokenization, stemming, and lemmatization
to achieve this [12]. Tokenization breaks down a certain
transcript into individual words or tokens (which are parts of
words). Stemming and lemmatization are both processes that
involve reducing words to their base or root forms. Stemming
often uses chopping (eg, jumps → jump, caring → car), while
lemmatization applies language and context analysis for accurate
reductions (eg, better → good, caring → care).

Another NLP technique that has been used to convert text into
a more usable representation that has led to an increase in the
accuracy of depression detection is feature extraction from text.
Some examples of these methods include bag of words and term
frequency-inverse document frequency [6]. The bag of words
method creates a count-based representation of words present
in a certain text by treating each word as a separate unit and,
therefore, ignoring the order of the words. Term
frequency-inverse document frequency assigns weights to words
based on their count in a document and across the entire dataset,
giving more importance to rare but distinctive words. These

methods enable researchers to transform raw textual data into
a quantitative representation, which can be used for further
processing down the road.

One of the most widely used NLP techniques, and one that has
been used as a proxy for identifying depression in language is
sentiment analysis [29]. This approach examines the emotional
tone of a text. Prior studies have shown a higher correlation
between individuals with depression and the use of more
negative words and the frequent expression of emotions related
to sadness and hopelessness in their written language [30]. The
linguistic inquiry and word count tool [31] is one example of
such a sentiment analysis technique. This tool enables the
automatic analysis of texts into preset word categories associated
with depression—including negative emotions and cognitive
processing [11]. By quantifying the emotional expressions in
text data, researchers can gain valuable insights into the
emotional state of individuals, which can in turn point toward
the identification of potential depressive symptoms.

Researchers have also made substantial efforts to identify
linguistic markers and cues that capture patterns related to
depression. For example, prior studies have revealed that certain
linguistic features, such as an increased use of first-person
pronouns and a decreased use of third-person pronouns, can
indicate the presence of depression [14,32]. In addition, the
presence of cognitive distortions, characterized by negative
thinking, has been found in the language of individuals with
depression [33]. This suggests that by examining language
patterns, NLP techniques offer a window into the cognitive and
emotional processes underlying depression.

Recent advancements in NLP have enhanced the field of mental
health disorder detection in general, especially using vectorized
representations of language. Word embeddings and contextual
analysis using deep learning models have substantially improved
the accuracy and performance of depression detection models
[34-37]. Word embeddings are created by transforming words
into continuous vector representations, capturing semantic
relationships and contextual meaning between words. To grasp
the concept of word embeddings, envision a vector space where
words are positioned based on their semantic meanings, allowing
for intriguing relationships like “king” – “man” + “woman” =
“queen” (see Figure 2 for the visualization of this analogy).
Static word embeddings, such as GloVe [37], transform words
into fixed vector representations that capture global semantic
relationships, while dynamic embeddings, like embeddings
from language model (ELMo) [38], provide context-dependent
word representations. In the context of depression-related text
data, previous studies have leveraged both GloVe [15-17] and
ELMo [18] embeddings to capture word semantics and have
achieved better accuracy in depression detection tasks. By
preserving semantic relationships, word embeddings enable
NLP models to better understand the meaning of words in
context, which enhances the capacity to identify linguistic
indicators of depression.
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Figure 2. Visualization of how word embeddings capture analogy information from the words.

In summary, the use of NLP techniques, such as sentiment
analysis, linguistic markers, and recent advancements like word
embeddings contribute to a powerful toolkit for detecting
depression from the text. These techniques have enabled
researchers and clinicians to gain valuable insights into an
individual’s mental health state through their written and spoken
languages, potentially giving rise to more accurate detection
and intervention strategies for depression and other mental
health disorders. As research in this domain continues to evolve,
combining the strengths of classic NLP with cutting-edge
developments—which will be described in the coming
section—promises to enhance the understanding of depression
further, leading to improved mental health outcomes for
individuals worldwide.

Classification Models for Depression Detection:
Machine Learning
Machine learning models have emerged as a powerful tool in
depression and mental health disorder detection in general,
offering good capabilities to classify depressive and
nondepressive states accurately. Leveraging the large amount
of digital text data generated daily, these models have the
potential to enhance mental health care by enabling more
efficient and objective approaches to identifying and managing
depression.

One approach is supervised machine learning where various
algorithms have been applied to depression detection tasks,
particularly binary classification (depressed or nondepressed)
based on linguistic features extracted from text. Logistic
regression, support vector machines, random forests, naive
Bayes, and multi-layer perceptron classifiers are among the
commonly used models, and they have shown promising results
in accurately identifying and classifying depressive states
[11,23,39]. These models use labeled datasets to learn patterns
and relationships between textual features and depression status,
contributing to more accurate and robust predictions.

Another set of approaches are the unsupervised machine learning
techniques which have been used to uncover hidden structures
within the depressed population. Techniques, such as K-means
and hierarchical clustering, aim to identify distinct subgroups
based on their linguistic patterns [40]. By grouping individuals

with similar language use together, these clustering approaches
have the potential to uncover different characteristics of
depression. Such insights could lead to the development of
personalized treatment strategies, catering to the unique needs
of subgroups within the larger depressed population.

The introduction of deep learning has further advanced
depression detection in the scope of NLP. For example, in the
context of depression detection, CNNs and RNNs have gained
popularity for their ability to capture sequential information and
model temporal dependencies in language data [7,20]. CNNs
effectively analyze local patterns within a text, while RNNs are
well-suited for understanding the contextual dependencies that
arise from sequential data. By capturing the linguistic cues
related to depression, these deep learning architectures have
substantially increased the performance of depression detection
models from prior machine learning models. For example,
Tejaswini et al [20] developed a novel approach called Fasttext
convolution neural network with long short-term memory to
detect depression in social media text data obtained from Reddit
and Twitter. Their method achieved an 87% accuracy in
distinguishing depression from nondepression in a dataset
comprising of 13,000 samples, highlighting its potential for
early detection of depressive states.

Current State of the Art Models in Depression
Detection
Transformer-based large language models (LLMs), another
class of deep learning models, have also shown exceptional
results in mental health detection tasks [41]. These models,
characterized by their substantial number of parameters, often
in the hundreds of millions to trillions, are artificial neural
networks designed for natural language understanding and
generation, using a self-attention mechanism to process input
data in parallel and capture contextual information across long
sequences. The transformer architecture [42] has been widely
used in language modeling tasks and has proved to be highly
effective in sentiment analysis [29,43-45]. In the context of
depression detection, these models excel at understanding the
complex and nuanced emotional language used by individuals
experiencing depression [21,22,39].
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One of the essential attributes of LLMs in the context of
depression detection lies in their ability to do transfer
learning—a technique that involves pretraining a model on a
large and comprehensive dataset before fine-tuning it for a
specific task. This paradigm has exhibited immense potential
in the domain of depression detection [19]. Notable pretrained
language models, such as BERT [46], MentalBERT [47], and
GPT [48] have been fine-tuned on datasets curated from
depression-related text sources. This strategic adaptation enables

these models to grasp the details of the lexicon and linguistic
context unique to depression [21,22]. The outcome is a refined
model capable of discerning and contextualizing the language
manifestations that accompany depression, thereby enhancing
both accuracy and generalizability in depression detection
models. Figure 3 shows the typical steps taken to generate a
fine-tuned model from a pretrained model to make an inference
and predict depression.

Figure 3. Steps to generate a typical large language model (LLM)–based depression detection model. BERT: bidirectional encoder representations
from transformers; GPT: generative pretrained transformer.

By pretraining on vast and diverse linguistic datasets, these
LLMs develop an innate comprehension of the structures and
nuances of human language. This foundational knowledge
enables them to decode the unique linguistic markers and
emotional cues exhibited by individuals struggling with
depression. The understanding of context enables these models
to not only identify obvious expressions of depressive thoughts
and emotions but also to identify the subtle and sometimes
ambiguous linguistic signals that often evade traditional
diagnostic approaches.

In summary, incorporating machine learning and deep learning
models into depression detection has not only enhanced accuracy
but also opened new avenues for understanding and managing
mental health disorders. The ability of these models to identify
patterns, relationships, and distinct subgroups within the
depressed population offers valuable insights for early detection,
personalized treatment, and more effective mental health
interventions. As research in machine learning and deep learning

continues to advance, the potential for further improving
depression detection and mental health care becomes
increasingly promising. Using the power of these technologies
responsibly will be critical in realizing their full potential in
enhancing mental health care and supporting individuals affected
by depression. Table 1 summarizes the different NLP techniques
discussed above.

Datasets Used for Depression Detection
The availability of appropriate datasets plays a vital role in
training and building NLP models, including for tasks, such as
depression detection. In recent times, several publicly accessible
datasets, which include a depression label, have emerged
[49-55]. Some of the datasets used for depression detection are
presented in Table 1.

One of the most popular datasets is the “distress analysis
interview corpus/wizard-of-Oz set” [51]. This dataset consists
of audio (which includes transcript) and video recordings that
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simulate clinical interviews designed to assess distress levels
related to depression, anxiety, and posttraumatic stress disorder.
During these interviews, some participants act out distress,
showcasing symptoms and experiences associated with
depression, while others take on the role of interviewers, referred
to as the “Wizard-of-Oz.” Researchers use this dataset to
develop and evaluate computational methods and algorithms
for automatic distress detection and analysis, specifically
focusing on cues related to depression-related distress. In another
dataset, as presented in the study by Matcham et al [56], they
presented data collected from 623 participants with a history of
recurrent major depressive disorder. The study used smartphone
sensors, wearable devices, and app-based questionnaires over
11 to 24 months. In addition, speech data were collected every
2 weeks through a speech task involving predetermined text
and open-ended responses, with 82.2% of participants providing
speech data.

However, despite these advancements, certain characteristics
of the datasets present challenges when it comes to the trained
models’ ability to generalize. For example, small and
imbalanced datasets (as observed in Jamil et al [55], where only
5% of the tweets contained a reference to depression) can cause
underfitting or overfitting, such that the model becomes too
tailored to the training data, making it less effective in handling
new and unseen data [57]. In addition, the lack of diversity in
the data, with most of the samples originating from specific
demographics, may limit the applicability of the models across
different populations. These limitations highlight the need for
continuous improvement in dataset curation and selection to
enhance the performance and applicability of depression
detection models.

Validation and Evaluation Metrics
Evaluating NLP models for depression detection involves
carefully selecting appropriate metrics to assess their
performance. In this context, some commonly used quantitative
evaluation metrics include accuracy, precision, recall, F1-score
[58], and the area under the receiver operating characteristic
curve [59]. The results of different studies using these metrics
can be seen in Table 1. Researchers often use cross-validation
and external validation strategies to ensure the models’
generalizability and effectiveness.

However, being mindful of the potential limitations and biases
associated with these quantitative metrics and validation
techniques is essential. For instance, while accuracy is a
commonly used metric, more informative evaluations metrices
are needed for imbalanced datasets—where one class
significantly outweighs the others. The model may achieve high
accuracy in such cases by classifying most samples into the
majority class [60], but might not reflect the actual performance
of the prediction model.

Cross-validation techniques [61], which are widely used for
model evaluation, also have limitations that need to be
considered. One common approach involves splitting the dataset
into 2 parts, using one for training the model and the other for
testing its performance. However, this method may introduce
higher bias, as crucial information from the unutilized data is
left out during the training phase.

Another cross-validation technique, leave-one-out
cross-validation, attempts to mitigate bias by training on the
entire dataset while sequentially leaving out one data point for
testing. Although this approach uses all data points, it can lead
to higher variation in the testing phase, mainly if the omitted
data point is an outlier. In addition, the leave-one-out
cross-validation method demands substantial execution time as
it iterates over the number of data points, making it
computationally expensive for large datasets.

Alternatively, researchers can opt for k-fold cross-validation,
where the dataset is divided into k subsets, and the model is
trained on all except one subset reserved for evaluation. This
approach helps reduce bias compared with simple two-part
cross-validation, but it can still introduce variation in the testing
phase due to the different subsets used for evaluation.

As researchers use cross-validation to assess NLP models for
depression detection, they must be mindful of these limitations
and biases. Ensuring accurate and reliable model assessment
requires understanding the trade-offs of each method and
carefully selecting the most appropriate validation technique
based on the dataset’s characteristics and research objectives.
By being aware of these considerations, we can ensure more
robust and trustworthy evaluations of NLP models in the crucial
domain of depression detection.

Aside from quantitative metrics, qualitative evaluation metrics
also play a substantial role in assessing the performance of NLP
models for depression detection, as they offer insights beyond
numerical measurements. While quantitative metrics provide
valuable information about the models’accuracy and efficiency,
qualitative evaluation metrics explore the models’
interpretability, user experience, and overall impact.

One important qualitative evaluation metric is interpretability
[62]. NLP models, especially those using complex deep learning
techniques, are often considered “black boxes” because it is
challenging to understand how they arrive at their predictions.
However, interpretability is essential in applications related to
mental health. Clinicians, researchers, and users must
comprehend how the model reaches its conclusions to trust its
decisions. Therefore, techniques that explain the model’s
predictions, such as attention mechanisms or feature
visualization [63], are essential for ensuring the model’s
transparency and interpretability.

User experience and acceptability are also crucial qualitative
metrics to consider. When deploying NLP-based depression
detection systems in real-world settings, it is vital to measure
end users’ experiences—such as patients and therapists.
Feedback from users can shed light on the system’s usability,
ease of integration into existing workflows, and its ability to
provide valuable insights during the prediction. Exploring user
perspectives can help improve the model’s design, its
practicality, and effectiveness in real-world mental health
settings.

Ultimately, qualitative evaluation metrics complement
quantitative assessments by offering a more comprehensive
understanding of the NLP model’s impact on mental health
care. By considering interpretability and user experience, we
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can develop more well-rounded and effective NLP-based
depression detection systems that align with the needs and
expectations of both patients and mental health professionals.

Cultural and Multilingual Perspectives
The cultural and linguistic diversity surrounding mental health
expressions presents distinctive challenges when it comes to
detecting depression across different languages and cultures
[64,65]. Researchers have recognized these challenges and
sought to address them through cross-cultural research,
highlighting the necessity for culturally sensitive depression
detection models [66].

An illustrative example of such efforts is the study conducted
by Lyu et al [67]. In this research, the focus was on depression
detection using text-only social media data from the Chinese
platform Weibo. The researchers considered a broader range of
linguistic features that are relevant to depression, considering
cultural factors and suicide risk specific to the Chinese language.
To achieve this, they analyzed depression scores and past posts
from 789 Weibo users. The outcome was a predictive model
that showed promising results in detecting depression among
the Chinese-speaking population.

This study served as an important reminder of the need for
cultural expressions when it comes to improving the recognition
of depression within specific linguistic and cultural groups. By
considering the unique ways in which individuals from different
languages and cultural backgrounds communicate their mental
health experiences, we can improve the accuracy of depression
detection models and make them more inclusive. As we continue
to explore and expand our understanding of cross-cultural and
multilingual perspectives on depression detection, we can move
toward providing better mental health support and care for
diverse populations around the world.

Discussion

Principal Findings
This literature review explored the potential of NLP in
enhancing depression screening by analyzing textual data. The
review revealed a range of NLP techniques, including sentiment
analysis; linguistic markers; word embeddings; and deep
learning models, such as CNNs, RNNs, and LLMs, that have
been successfully applied to depression detection. The studies
demonstrated the efficacy of these techniques, with machine
learning models achieving high accuracy in classifying
depressive states. However, ethical concerns, including privacy,
bias, and interpretability, were also identified as critical
challenges. In addition, the importance of cross-cultural and
multilingual perspectives was emphasized, highlighting the
need for culturally sensitive models. The review further
discussed the integration of depression detection using NLP
within the research domain criteria (RDoC) framework, mapping
linguistic cues to psychological and biological constructs.
Overall, the findings showcase the potential of NLP in
enhancing mental health support systems while also presenting
ethical and technical challenges that require continued
innovation and collaboration.

Comparison to Prior Work
The main findings of this review align with prior work in the
field, which has also identified the potential of NLP techniques
in mental health detection [9,10,29]. However, this review
extends the understanding by incorporating the latest
advancements in LLMs and their application to depression
detection. Previous studies have largely focused on traditional
machine learning techniques, while this review highlights the
significant potential impact of deep learning and LLMs, as well
as the comparison of current state-of-the-art models with prior
classification models for depression detection.

Integration of Depression Detection Using NLP Within
the RDoC Framework
The RDoC framework provides a comprehensive approach to
investigating mental health and psychopathology by focusing
on fundamental psychological and biological systems rather
than relying solely on traditional diagnostic categories. The
RDoC framework acknowledges the complexity of mental health
conditions and aims to foster new research approaches that lead
to improved diagnosis, prevention, intervention, and treatment
[68]. Here, we will explore how the detection of depression
using NLP aligns with the principles and objectives of the RDoC
framework.

The RDoC framework is organized into several major functional
domains, each containing psychological and biological
dimensions or constructs that span the range from normal to
abnormal functioning [68]. Depression, a multifaceted mental
health condition, touches upon multiple domains within the
RDoC framework. These domains include negative valence
systems, positive valence systems, cognitive systems, and social
processes. NLP techniques for depression detection often
analyze textual data to extract linguistic cues, sentiment, and
cognitive patterns related to depression [14,29,30,32]. These
patterns can be mapped onto constructs within the RDoC
domains to gain insights into the underlying psychological and
biological mechanisms associated with depressive symptoms.

For example, persistent negative emotions, such as sadness,
hopelessness, and irritability, often characterize depression.
This can be mapped to the negative valence systems domain in
the RDoC framework. Some NLP methods that practice
sentiment analysis for depression detection use linguistic
markers associated with negative emotions and cognitive
distortions [29,30]. Similarly, the cognitive systems domain in
the RDoC framework focuses on cognitive processes and
depression often involves cognitive distortions. NLP techniques
can identify linguistic markers indicative of cognitive distortions
within a text, connecting cognitive processes and linguistic
expressions in depression [33].

Depression can also be mapped to the social processes domain
within the RDoC framework which encompasses constructs
related to social behavior, social cognition, and social
communication. NLP methods offer insights into individuals’
social expressions and interactions through their textual data,
including social media posts and web-based forum discussions
[20].
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Ethical Considerations and Limitations in NLP for
Depression Detection
As NLP holds great potential in enhancing depression detection,
it also gives rise to a range of ethical concerns that require
careful consideration. Mental health data are highly sensitive.
The information shared by individuals could include personal
experiences, emotions, and medical history. Therefore, one of
the main concerns includes safeguarding privacy and security
of mental health data. To ensure the protection of individuals
seeking support through NLP-based mental health services, it
becomes crucial to use robust privacy and security measures.
For privacy, even if data are anonymized, there may be a risk
of reidentification. Clinical notes provide significant contextual
information (eg, favorite movies and sports) that could be used
by adversaries to be linked back to some other background
information (eg, age group, general location information, etc)
and identify the individual. Privacy regiments for NLP-based
models, in addition to anonymization, should include guaranteed
statistical privacy through differential privacy [69]. For security,
in addition to cryptographic protection of data storage with
support for provable worst-case security, an authentication and
authorization regimen should be put in place to ensure the
prevention of accidental or intentional unauthorized access.

Further ethical challenges arise from the potential biases that
NLP models may inherit from the training data, giving rise to
concerns regarding the robustness of depression detection
[70-72]. Lack of robustness can have several adverse impacts
when NLP is deployed in analyzing mental health text. A poor
NLP model generalization (the distribution shift from the data
the model is trained with to the data used in deployment) may
lead to the model’s failure to generalize well across various
linguistic styles, terminologies, or expressions used by
individuals. Lack of contextual understanding is another
challenge as it might lead to the model losing essential
contextual information, making it challenging to understand the
full spectrum of an individual’s mental state. Finally, bias and

fairness issues are important aspects of model robustness. For
instance, if certain demographic groups are underrepresented
in the training data, it can lead to reduced accuracy for those
specific populations, causing inequalities in health care.

In addition to these concerns, another substantial challenge
arises from the integration of third-party application program
interfaces and cloud-based services in NLP-based depression
detection. While using third-party application program interfaces
can enhance the capabilities of NLP models by, for example,
incorporating pretrained language embeddings, it introduces a
layer of dependency and potential security risks. These risks
come from the need to share sensitive mental health data with
external services, raising questions about data ownership, use,
transparency, and compliance with privacy regulations.

A recent study by Straw et al [70] shed light on the integration
of AI in health care. It underscored the critical need for
collaboration between computer scientists and medical
professionals to address biases in NLP models used in
psychiatry. The research involved a comprehensive literature
review of NLP applications in mental health, specifically
evaluating biases in GloVe [37] and Word2Vec [36] word
embeddings. The findings revealed significant biases related to
religion, race, gender, nationality, sexuality, and age. Moreover,
the review highlighted the need for more attention to these biases
in existing research, signaling a limited cross-disciplinary
collaboration in this domain.

Straw et al [70] emphasized the importance of addressing biases
to prevent health gaps caused by AI and data-driven algorithms.
They offered valuable recommendations for future research to
minimize potential harm. By proactively working to identify
and mitigate biases in NLP models, we can strive to create more
equitable and just mental health support systems, ensuring that
the benefits of NLP technology are accessible and effective for
all individuals, regardless of their background or demographic
characteristics. Textbox 1 summarizes some of the challenges
and opportunities in using NLP for detecting depression.

Textbox 1. Challenges and opportunities in natural language processing for depression detection.

Challenges and opportunities

• Privacy concerns: robust anonymization techniques

• Biases: transparency and fairness

• Interpretability: explainable artificial intelligence

• User feedback: user-centric design

• Cross-cultural variations: culturally sensitive models

• Small, imbalanced datasets: data diversity

Limitations of the Study
While this review provides valuable insights into the application
of NLP for depression screening, some limitations should be
acknowledged. First, the scope of the literature search was
confined to 3 databases: Semantic Scholar, PubMed, and Google
Scholar. Although these sources cover a wide range of academic
publications, the exclusion of other major databases like IEEE
Xplore and Scopus may have resulted in the omission of relevant

studies, particularly those focusing on technical advancements
in NLP. This may limit the breadth of the findings and leave
certain innovations in NLP techniques underrepresented.

In addition, this review relies on qualitative synthesis without
performing a meta-analysis of the selected studies. A
quantitative meta-analysis could have provided a more robust
statistical evaluation of the effectiveness of different NLP
techniques in depression screening. Furthermore, while ethical
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and cross-cultural issues were discussed, the review does not
deeply analyze how these concerns are addressed across different
studies. This omission could overlook critical gaps in ensuring
the fairness and applicability of NLP models across diverse
populations, limiting the generalizability of the findings.

Future Directions
Despite the substantial potential that NLP has shown in
depression detection, several challenges still lie ahead. The
ambiguous characteristics of natural language and the
ever-changing nature of language use in diverse contexts make
it difficult to achieve consistently accurate detection. In addition,
the risk of overfitting on small datasets and the necessity for
large-scale, diverse datasets to ensure robust model training
remain pressing concerns [41].

Future studies should focus on tackling these challenges to
advance the field of NLP in depression detection. One important
avenue for exploration is improving the interpretability of NLP
models. As complex deep learning techniques become prevalent,
it becomes increasingly crucial to understand and explain how
these models arrive at their predictions. For example, the use
of LLMs for interpretable mental health analysis has been
explored in studies like that of Yang et al [73]. These models
aim to provide not just predictions but also explainable insights
into the mental health status of individuals. This direction holds
the potential for improving the trustworthiness and clinical
applicability of LLMs in depression screening. Future research
should continue to address the challenges of accuracy, ethical
considerations, and collaboration between NLP experts and
mental health professionals to fully realize the benefits of LLMs
in this context.

Personalization is another crucial aspect that future research
should address. Depression is a complex and highly
individualized condition, and so a one-size-fits-all approach
may not be sufficient to meet the variable needs of individuals.
Developing personalized depression detection tools that consider
an individual’s unique linguistic pattern, behavior, and context
can enhance the accuracy of the detection process. These tools

can cater to specific user requirements and provide tailored
support and interventions.

Integrating user feedback and domain expertise in developing
NLP models to achieve these advancements is crucial. Engaging
with end users, including patients and mental health
professionals, can provide valuable insights into the strengths
and limitations of the models and help refine them to suit
real-world applications better. Collaborating with domain
experts, such as psychologists and psychiatrists, can ensure that
the models align with clinical practices and address the most
relevant aspects of depression detection and treatment.

Overall, the future of NLP in depression detection holds
significant potential, but it also demands continued innovation
and collaboration. By addressing challenges, improving
interpretability, and personalizing depression detection tools,
we can pave the way for more effective, user-centric, and
clinically relevant solutions that contribute substantially to
mental health care.

Conclusions
In conclusion, adopting NLP techniques for depression detection
holds significant potential in enhancing mental health support
systems. This literature review has explored various NLP
methodologies, applications, and challenges in detecting
depression using textual data. While obstacles remain, ongoing
advancements in NLP, ethical considerations, and cross-cultural
insights pave the way for more accurate, accessible, and
equitable mental health solutions.

The evolving field of NLP offers the potential for more effective
detection of depression, but challenges persist. Overcoming the
complexity of natural language and obtaining diverse datasets
are key focus areas. Ethical considerations underscore the need
for data privacy and model transparency. Integrating
cross-cultural insights ensures culturally sensitive solutions that
cater to diverse populations. With continued progress and
collaboration, NLP can improve mental health care and
well-being worldwide.
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AI: artificial intelligence
BERT: bidirectional encoder representations from transformers
CNN: convolutional neural network
ELMo: embeddings from language model
GloVe: global vectors for word representation
GPT: generative pretrained transformer
HMM: hidden Markov model
LLM: large language model
NLP: natural language processing
RDoC: research domain criteria
RNN: recurrent neural network
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Abstract

Background: Co-creation is increasingly recognized for its potential to generate innovative solutions, particularly in addressing
complex and wicked problems in public health. Despite this growing recognition, there are no standards or recommendations for
method use in co-creation, leading to confusion and inconsistency. While some studies have examined specific methods, a
comprehensive overview is lacking, limiting the collective understanding and ability to make informed decisions about the most
appropriate methods for different contexts and research objectives.

Objective: This study aimed to systematically compile and analyze methods used in co-creation to enhance transparency and
deepen understanding of how co-creation is practiced.

Methods: To enhance transparency and deepen understanding of how co-creation is practiced, this study systematically
inventoried and analyzed methods used in co-creation. We conducted a systematic methods overview, applying 2 parallel processes:
one within the peer-reviewed Health CASCADE Co-Creation Database and another within gray literature. An artificial
intelligence–assisted recursive search strategy, coupled with a 2-step screening process, ensured that we captured relevant methods.
We then extracted method names and conducted textual, comparative, and bibliometric analyses to assess the content, relationship
between methods, fields of research, and the methodological underpinnings of the included sources.

Results: We examined a total of 2627 academic papers and gray literature sources, with the literature primarily drawn from
health sciences, medical research, and health services research. The dominant methodologies identified were co-creation, co-design,
coproduction, participatory research methodologies, and public and patient involvement. From these sources, we extracted and
analyzed 956 co-creation methods, noting that only 10% (n=97) of the methods overlap between academic and gray literature.
Notably, 91.3% (230/252) of the methods in academic literature co-occurred, often involving combinations of multiple qualitative
methods. The most frequently used methods in academic literature included surveys, focus groups, photo voice, and group
discussion, whereas gray literature highlighted methods such as world café, focus groups, role-playing, and persona.

Conclusions: This study presents the first systematic overview of co-creation methods, providing a clear understanding of the
diverse methods currently in use. Our findings reveal a significant methodological gap between researchers and practitioners,
offering insights into the relative prevalence and combinations of methods. By shedding light on these methods, this study helps
bridge the gap and supports researchers in making informed decisions about which methods to apply in their work. Additionally,
it offers a foundation for further investigation into method use in co-creation. This systematic investigation is a valuable resource
for anyone engaging in co-creation or similar participatory methodologies, helping to navigate the diverse landscape of methods.
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Introduction

Overview
Co-creation has emerged as a powerful approach for fostering
collaboration and innovation across various disciplines [1].
Co-creation has the potential to produce new or improved
tailored practices and solutions, which address complex
challenges and generate meaningful outcomes for a defined
need [2,3]. In health care, co-creation is thought of as a potential
way to bridge the bench-to-bedside divide [4,5] by developing
interventions that are more acceptable and contextually
appropriate, thereby potentially enhancing their effectiveness
and impact on health outcomes [6]. It can be used to address
complex problems in public health (eg, the obesity epidemic,
persisting poverty, or food insecurity), which are particularly
resistant to resolution [1,4]. Additionally, co-creation has been
widely used in health care at a rapidly expanding rate [7].

At the core of co-creation is the active engagement of multiple
stakeholders in a collective intelligence process to
collaboratively design and implement projects, processes,
services, and solutions [7-9]. Rooted in the potential for tapping
into diverse perspectives, skills, expertise, and experiences,
co-creation stands as a dynamic approach to fostering innovation
and stakeholder engagement [10] and an effective means to
avoid top-down approaches or mere stakeholder consultations
[5].

There is a growing recognition of co-creation as a valuable
methodology, yet, to date, there is no common practice or
standardized approach [1,11]. Co-creation has increasing traction
in terms of involving stakeholders, but the extent to which this
creates a fundamental change in practices is still unclear, and
there is a strong potential that it will remain tokenistic [12].
Major challenges remain and need to be confronted to make
co-creation trustworthy and unlock its full potential [1,2,11-13].

Fragmentation of Co-Creation
A well-documented challenge in co-creation research is its
fragmentation. Slattery et al [14] describe the literature as
complex, contradictory, and poorly synthesized, noting that
inconsistent terminology makes it difficult to retrieve and
understand relevant studies. Agnello et al [1] further highlight
this fragmentation, attributing it to inconsistencies in
terminology and inadequate cross-referencing and knowledge
sharing among co-creation researchers. Smith et al [15] found
that researchers operationalize co-creation in various ways,
while Grindell et al [16] emphasize the interchangeable and
often ambiguous use of the co-creation, co-design, and
coproduction terms. These issues hinder the identification of
best practices and the establishment of robust evidence for
co-creation.

Methods for Co-Creation
Research methods provide a structured and systematic approach
to gathering and analyzing data, ensuring that findings are valid,
reliable, and generalizable. Detailed insight into these processes
is essential to truly understand and assess the quality of research
[14,15,17-19]. Furthermore, well-documented research methods
enable others to replicate studies and build on findings, which
is crucial for advancing knowledge in any field [17]. Using
appropriate methods allows researchers to control potential
biases that might affect their results, making their findings more
trustworthy and credible [20].

However, co-creation has been plagued with poor reporting of
the steps involved in the process, in particular the methods used.
Smith et al [15] urged the research community to improve
reporting by clearly and consistently documenting methods.
Similarly, Slattery et al [14] highlighted the need for better
reporting on methods used in co-creation as a foundation for
understanding its effectiveness and cost. An et al [13] also
discovered limited reporting of methods in the co-creation
literature and Lee et al [21] drew attention to the difficulty in
evaluating co-creation due to a lack of systematic
comprehension of methods. This challenge is also documented
by Durugbo and Pawar [22], who highlighted the absence of a
detailed description of the methods used to facilitate the
interaction between the convener and the cocreators.

More than any other aspects of research, methods have the
potential for adaptation or reuse across different contexts,
research questions, and disciplines [6,17,23]. Consequently,
poor reporting or restricted access to reliable methods creates
inefficiencies and can slow progress. Given the numerous
benefits of co-creation, it is surprising that there are no clear
recommendations regarding methods appropriate for ensuring
accurate, impactful, and trustworthy co-creation. The
transferability of these methods suggests they could adapt the
co-creation process to various contexts and research questions.
However, poor reporting and limited access to trustworthy
evidence about co-creation methods pose significant barriers,
making it difficult to contextualize research, evaluate
co-creation, replicate studies, or scale up co-creation research
[1,14,15]. This lack of clarity also limits researchers’ ability to
build on existing knowledge and apply best practices [24].

While some studies have highlighted individual methods for
co-creation, a comprehensive inventory or systematic overview
of the full range of methods used in co-creation is lacking.
Researchers striving to apply co-creation often lack the time to
systematically search, retrieve, review, and compare all the
available literature to develop a thorough and critical sense of
the varied methods [1,25]. Therefore, a systematic methods
overview could increase clarity and enhance collective
understanding of which methods have been used in co-creation
[25,26].
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As Slattery et al [14] noted, there is considerable value in a
greater synthesis and differentiation of the co-creation literature,
highlighting that methodological and theoretical barriers in
co-creation often prevent systematic comparison using
traditional means. Consequently, this study aims to address this
gap using a nontraditional means, by systematically inventorying
and analyzing methods used in co-creation. By providing a
comprehensive overview and analysis, this research will lay the
groundwork for developing a robust taxonomy and compendium
of co-creation methods in future research.

Methods

Definitions
We expanded on the definition of participatory methods by
Vaughn et al [27] to establish a definition of methods used in
co-creation: “Co-creation methods encompass a diverse range
of tools, activities, approaches, and techniques strategically
employed across the entirety of the co-creation process. These
methods serve various purposes, including but not limited to
data collection, facilitation, recruitment, reflection, data analysis,
and dissemination, allowing for flexibility in achieving diverse
objectives.”

We defined co-creation according to Agnello et al [1]:
“Co-creation is any act of collective creativity that involves a
broad range of relevant and affected actors in creative
problem-solving that aims to produce a desired outcome.”

Systematic Methods Overview

Overview
Reviews on methods topics, known as methods overviews, are
valuable for advancing research methods, making a systematic
methods overview the ideal approach for thoroughly
investigating methods used in co-creation [25,26,28]. This
approach aims to synthesize guidance on methods from the
literature; therefore, principles and strategies for a systematic
approach were sourced from Gentles et al [25]. The strategies
sourced from Gentles et al [25] and how they were applied in
this study are described in Multimedia Appendix 1.

The first search sourced empirical research that provided
examples of applying co-creation. The second search aimed to
investigate gray literature to identify nonjournal publication
types that provide guidance or information about co-creation
methods, or include the use of co-creation methods.

Search 1: Empirical Research
Health CASCADE, a European Commission-funded network
that aims to develop a coherent methodology for co-creation
research in public health, created a peer-reviewed curated
database of co-creation literature containing 13,501 papers [29].
Since this study investigated methods used in co-creation, it

was logical to source the methods from that database. However,
since it contains a vast number of papers with different study
types from various disciplines, a 2-step screening process was
applied. First, a recursive search strategy was used to group the
literature by method, reducing the number of papers for title
and abstract screening. Second, title and abstract screening was
conducted to categorize papers by study type.

The recursive search involved analyzing titles, abstracts, and
keywords to identify relevant studies based on specific
keywords, using Rayyan (Qatar Computing Research Institute),
a systematic review manager [30]. This process included (1)
screening titles and abstracts, (2) grouping by the method name,
(3) screening grouped literature, and (4) iterating these steps
until a stop rule was met. Details of this process are outlined in
Multimedia Appendix 1.

Papers identified in the recursive search were extracted in
Microsoft Excel and then reuploaded into Rayyan for
classification by study type. We included empirical studies,
protocols, exploratory studies, and case studies, while excluding
evaluations and reflections on co-creation, to ensure the
relevance of the extracted methods. This approach ensured that
our inventory accurately reflects methods used in the co-creation
process. For additional details, and the full set of inclusion and
exclusion criteria, please refer to Multimedia Appendix 1. The
classified literature was exported in a Microsoft Excel format
and then taken to the analysis step.

Two approaches were used to analyze the final set of method
names: one to deduce the frequency of the method names and
one to validate the results. The first approach used pattern
analysis, and the second approach used a more complex
algorithm, commonly used by search engines. The pattern
analysis provided initial frequency estimates, while the advanced
algorithm validated these results by assessing the relevance of
each method name in the context of the literature. This dual
approach aimed to clarify which co-creation methods were most
frequently used and which were less common. Further details
can be found in Multimedia Appendix 1.

Search 2: Gray Literature Search
An initial step in a systematic methods overview is identifying
and selecting relevant literature, which can be poorly indexed
in standard databases [25]. To address this, we conducted a
search in Google’s Advance Search tool for co-creation
guidelines, toolkits, books, and nonjournal publications, as
detailed in Multimedia Appendix 1.

Search strategies were aligned with those used to create the
Health CASCADE Co-Creation Database covering literature
dating back to January 1, 1970 [1]. We targeted specific domains
and used co-creation and methods terms. The gray literature
search strategy is outlined in Table 1 and provided in
Multimedia Appendix 1.
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Table 1. Gray literature search strategy.

Search 4Search 3Search 2Search 1Parameter

co-creation AND methods
AND guideline

“co-creation methods”“co-creation methods”“co-creation methods”Exact word or
phrase

EnglishEnglishEnglishEnglishLanguage

Any regionAny regionAny regionAny regionRegion

AnytimeAnytimeAnytimeAnytimeLast updated

June 16, 2012, to June 16, 2022any timeJanuary 1, 1970, to June 16, 2022January 1, 1970, to June 16, 2022Date

.org.gov.edu.orgDomains

Anywhere in the pagesAnywhere in the pagesAnywhere in the pagesAnywhere in the pagesTerms appearing

Any formatAny formatAny formatAny formatFile type

We applied inclusion and exclusion criteria in 2 rounds to
determine relevance. Initially, we included papers, reports,
guidelines, books, and web-based tools relevant to co-creation,
as defined by Agnello et al [1], provided they were absent from
the Health CASCADE Co-Creation Database version 1.5 [1]
and were written in English. Materials such as conference
proceedings, abstracts, dissertations, non-English content, or
those already included in the database were excluded. In the
second round, selected full-text documents were rescreened to
ensure they introduced and described at least 1 co-creation
method, including its application or guidance on its use.
Nonrelevant texts were excluded. The snowballing approach
was used to trace citations and references of included literature
to identify additional relevant resources, continuing until
saturation was reached.

Literature that met all criteria was processed using a predefined
Microsoft Excel extraction table. Data were validated by
cross-checking the extracted method names with those found
in both academic literature and gray literature, and the results
were discussed among the coauthors (DMA, AS, and SC). Once
all the extraction tables were completed, a list of methods and
frequency of appearances across the included literature was
generated, to ascertain the relevant prevalence of each method.

Analysis
To analyze co-creation methods, we calculated method
co-occurrence to understand how methods are combined in
co-creation projects. The results were visualized using a Sankey
diagram to illustrate the relationships between methods. We
also conducted a bibliometric analysis of the included literature
to investigate methodological trends and fields represented in
the literature. Additionally, we examined the overlap between
methods reported in academic literature and gray literature to
determine if practitioners engage in co-creation similarly to
those documented in academic research.

To understand how methods were combined, we analyzed
co-occurrence in the academic literature by examining which
methods appeared together in titles or abstracts. We used Python
to map method names and count their co-occurrences, ensuring
accuracy by marking and skipping already identified
combinations. RAWGraphs (version 2.0; DensityDesign
Research Lab) [31] was used to create Sankey diagrams that
visualized these co-occurrences, removing method names with

no co-occurrence. For ease of visualization, methods were
categorized into three groups: (1) qualitative; (2) participatory;
and (3) quantitative, mixed, and ethnographic. Separate Sankey
diagrams for each group were produced to simplify and clarify
the visualization of method combinations and their prevalence
in co-creation research.

To gain insights into the methodological paradigms and fields
within the academic literature, we performed a bibliometric
analysis using VOSviewer (The Centre for Science and
Technology Studies) [32]. This tool helped us construct and
visualize bibliometric networks to assess the prevalence of
different methodologies and research areas. By analyzing the
source landscape and methodologies, we aimed to identify
dominant fields and approaches represented in the included
academic literature. Detailed steps for this analysis using
VOSviewer are provided in Multimedia Appendix 2.

To determine if co-creation practices differ between academic
and gray literature, we compared methods from both sources
using a Venn diagram. We identified overlaps and unique
methods by comparing the 2 lists of methods in Microsoft Excel
using Conditional Formatting. Methods were categorized into
three groups: (1) exclusively in academic literature, (2)
exclusively in gray literature, and (3) found in both. We
calculated the number and percentage of methods in each group
and visualized these findings in a Venn diagram. This
comparative analysis highlighted similarities and differences
in co-creation approaches between academic and
practitioner-focused literature.

Results

Systematic Methods Overview

Search 1: Empirical Research
For academic literature, the full set of literature from the Health
CASCADE Co-Creation Database version 1.5—a total of 13,501
papers—were identified as relevant for screening. There were
2 subsequent screening processes for this literature: (1) grouping
the papers by whether a method was present or not (n=13,501)
and (2) screening the papers by study type (n=6472). During
this 2-step screening process, a total of 10,905 papers were
excluded, and 2590 papers were included.
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The extraction of methods from academic literature involved 2
steps: first, method names were identified through a recursive
search in Rayyan, and then, these names were used to determine
their frequency in the final set of included literature. The
identified methods were then subjected to co-occurrence
analysis.

Search 2: Gray Literature Search
A parallel search was conducted in gray literature, and a total
of 605 materials were identified. As shown in Figure 1, there
were two steps to screening the gray literature: (1) screening
for relevance based on 1 set of selection criteria (n=56) and (2)
screening the extracted full text based on a different set of

selection criteria (n=37). These 2 screening steps resulted in the
exclusion of 568 materials and the inclusion of 37 materials.

Method names from gray literature were manually extracted
using a predetermined extraction form. The frequency of each
method was calculated by counting its appearances across the
included materials. For example, a method found in 5 different
sources was assigned a frequency of 5.

A total of 2590 papers were included, and the gray literature
search resulted in the inclusion of 37 materials. The adapted
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flowchart of this parallel process is shown
in Figure 1, and a filled-in PRISMA checklist is provided in
Multimedia Appendix 3.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the screening processes for the systematic
methods overview with two sources as follows: (A) academic literature and (B) gray literature.
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Analysis
We assessed the relative presence of methods in the different
types of literature by examining their frequency of occurrence.
In academic sources, the frequencies ranged from 349 to 1,
reflecting the varying specificity of method names. For example,
“interview” appeared in 124 papers, while the more specific
“Lego serious play” method was found in only 1 paper.
Examples of the most and least frequent methods in academic
literature are listed in Table 2, with the full set of methods and
their frequencies provided in Multimedia Appendix 4.

In terms of gray literature, frequencies were manually tallied
based on the extraction tables, ranging from 12 to 1. Examples
of the most and least frequent methods sourced from gray

literature are listed in Table 3, with the full set of methods and
their relative frequencies provided in Multimedia Appendix 5.

Of the 252 methods extracted from academic literature, 91.3%
(n=230) co-occurred within the same title or abstract. The
resulting Sankey diagram visualizing this co-occurrence is too
large to include in this manuscript and is therefore presented as
an open-access figure on Zenodo [33], allowing readers to delve
into the detailed co-occurrences and gain a deeper understanding
of methods used in co-creation research. The full dataset of
co-occurrence is provided in Multimedia Appendix 6. For
clarity, the methods were categorized into three groups: (1)
qualitative methods; (2) participatory methods; and (3)
quantitative, mixed, and ethnographic methods, which are each
visualized in separate Sankey diagrams.

Table 2. Examples of the most and least frequent methods that were sourced from academic literature. The percentage represents the percentage of
total method hits.

Values (n=3520), n (%)Method name

Most frequent methods

349 (9.91)Survey

337 (9.57)Focus group

189 (5.37)Photo voice

150 (4.26)Group discussion

142 (4.03)Questionnaire

139 (3.95)Semistructured interview

124 (3.52)Interview

Least frequent methods

1 (0)Consensus workshop

1 (0)Social mapping

1 (0)Participatory theme elicitation

1 (0)Lego serious play

1 (0)User persona

1 (0)Emotional touchpoints

1 (0)Structured brainstorm
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Table 3. Examples of the most and least frequent methods that were sourced from gray literature. The percentage represents the percentage of total
extracted method hits.

Values (n=1151), n (%)Method name

Most frequent methods

12 (1)World café

10 (1)Focus group

9 (1)Role playing

8 (1)Persona

7 (1)Brainstorming

7 (1)Card sorting

7 (1)Storyboarding

Least frequent methods

1 (0)What if brainstorming

1 (0)Trigger storming

1 (0)The blue sky vision exercise

1 (0)System mapping

1 (0)Sorting important to/for

1 (0)Sky the limit brainstorm

1 (0)Service safari

The co-occurrence analysis of the qualitative methods, shown
in Figure 2, features 22 source methods (qualitative) on the left
and 149 target methods (multiple types) on the right side of the
Sankey diagram. This analysis revealed that focus group, one
of the most frequently used methods, often co-occurs with other
qualitative methods like group discussion, interviews, and
in-depth interviews, as well as qualitative analysis such as
content analysis and thematic analysis. Additionally, focus
group commonly co-occurs with participatory methods like
prototyping, photo voice, storytelling, and various ethnographic
methods, including participant observation, field notes, and
narrative.

The co-occurrence analysis of the participatory methods,
visualized in Figure 3, includes 42 source methods
(participatory) on the left and 132 target methods (multiple
types) on the right side of the Sankey diagram. This analysis
highlighted that some of the most frequently used methods,
such as photo voice, and prototyping, often co-occur with other
participatory methods like experience prototyping, concept
mapping, and participatory mapping. Photo voice is also
commonly linked to narrative and group discussion, and a mix
of ethnographic and qualitative methods, including thematic
analysis, field observation, and various types of interviews.
Additionally, deliberative workshops frequently co-occur with
other deliberative or participatory methods such as user
committee, participatory budgeting, fuzzy cognitive mapping,
and collective reflection.

The co-occurrence analysis of quantitative, mixed, and
ethnographic methods is presented in Figure 4, with 24 source
methods (quantitative, mixed, and ethnographic) on the left and
156 target methods (multiple types) on the right side of the
Sankey diagram. This analysis showed that the most frequently
used method, survey, often co-occurs with other high-frequency
methods like questionnaire and narrative. Survey is also strongly
linked to qualitative methods such as focus groups, group
discussions, various types of interviews, and qualitative analysis
methods. The ethnographic method, field notes, is associated
with a combination of ethnographic and participatory methods,
including participatory observation, participatory reflection,
and group model building.

The VOSviewer co-occurrence analysis of keywords related to
methodologies in the title and abstracts of the academic literature
is visualized as a network map in Figure 5. This map includes
34 keywords, interconnected a total of 385 times, and organized
by VOSviewer into 4 clusters [32]. Cluster 1 (in yellow) includes
terms related to participatory research, community-based
participatory research, and community engagement or
participation. Cluster 2 (in teal) focuses on various forms of
co-creation, value co-creation, and design methodology
approaches. Cluster 3 (in pink) includes coproduction, co-design,
public and patient involvement, and user involvement. Cluster
4 (in blue) groups together different forms of participatory action
research and action research. The main terms across these 4
clusters are co-creation, coproduction, co-design, participatory
action research, and participatory research. Further details about
these clusters are provided in Table 4.
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Figure 2. Sankey diagram illustrating the co-occurrence of qualitative methods with other research methods in academic literature. Source methods
are displayed on the left side (n=22) and target methods are on the right (n=149). The thickness of the line indicates the frequency of co-occurrences
across the literature, with thicker lines representing more frequent co-occurrences between methods.
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Figure 3. Sankey diagram illustrating the co-occurrence of participatory methods with other research methods in academic literature. Source methods
are displayed on the left side (n=42) and target methods are on the right (n=132). The thickness of the line indicates the frequency of co-occurrences
across the literature, with thicker lines representing more frequent co-occurrences between methods.
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Figure 4. Sankey diagram illustrating the co-occurrence of quantitative, mixed, and ethnographic methods with other research methods in academic
literature. Source methods are displayed on the left side (n=24) and target methods are on the right (n=156). The thickness of the line indicates the
frequency of co-occurrences across the literature, with thicker lines representing more frequent co-occurrences between methods.
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Figure 5. VOSviewer generated an image representing the co-occurrence of keywords representing methodologies across the title and abstracts of the
academic literature. The size of the keyword bubble represents its importance in the number of co-occurrences. Each line represents a co-occurrence
of the terms. cbpr: community-based participatory research; par: participatory action research; ppi: public and patient involvement.

Table 4. Co-occurrence of methodologies in academic literature.

Related methodologiesCo-occurrence links
(n=385), n (%)

Methodology (Cluster)

Participatory process, participatory method, participatory research approach, participatory research
method, participatory research project, community-based participatory research, community-based
participatory research approach, public participation, stakeholder engagement, community engagement,
and community participation.

31 (8)Participatory research
(yellow)

Co-creation process, design methodology approach, value co-creation, and value creation.29 (8)Co-creation (teal)

Co-design, co-design process, design process, iterative process, mixed method, participatory design,
patient involvement, public and patient involvement, public involvement, and user involvement.

28 (7)Coproduction (pink)

Action research, participatory action research, participatory action research project, and participatory
action research approach.

25 (7)Participatory action re-
search (blue)

The VOSviewer co-occurrence analysis of the keywords related
to fields in the title and abstracts of papers in the database is
visualized as a network map in Figure 6. This map includes 150
keywords, interconnected 181 times and organized by
VOSviewer into 48 clusters [32]. Focusing on the 8 most
prominent clusters, which contain at least 5 keywords each,
cluster 1 (in red) includes health service research, community
health services, medical education, occupational therapy,
primary health care, and social work. Cluster 2 (in blue) covers
health promotion, health policy, and school health services.
Cluster 3 (in green) includes dementia, emergency nursing,
home care services, home nursing, long-term care, and terminal
care. Cluster 4 (in purple) features palliative care, emergency
medical services, and hospital emergency services. Cluster 5
(in orange) focuses on women’s health, maternal welfare, rural
health, and supported employment. Cluster 6 (in yellow)

includes humanities, pediatric hospitals, organizational
innovation, quality health care, and vaccinations. Cluster 7 (in
brown) is centered on health and nursing education. Cluster 8
(in teal) covers family health, child development disorders,
learning disorders, and self-evaluation programs. Full details
on these clusters are provided in Table 5.

This study extracted a total of 956 methods used in co-creation,
which were then categorized into 3 distinct categories based on
their sources. Of these, 16% (155/956) were found exclusively
in academic literature, 74% (704/956) were sourced solely from
gray literature, and 10% (97/956) were identified in both
academic literature and gray literature. The comparison of these
categories is visualized in Figure 7, and a complete list of
methods per source type is provided in Multimedia Appendix
7.
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Figure 6. VOSviewer generated an image representing the co-occurrence of keywords representing fields across the titles and abstracts of the academic
literature. The size of the keyword bubble represents its importance in the number of co-occurrences. Each line represents a co-occurrence of the terms.

Table 5. Co-occurrence of fields and diseases in academic literature.

Related topicsCo-occurrence links
(n=181), n (%)

Field (cluster)

Community health services, medical education, health service accessibility, occupational
health, occupational therapy, primary health care, social work, and substance-related disorders.

46 (25)Health services research (red)

Health policy, mental health, professional practice, school health services, rheumatic diseases,
and spinal cord injuries.

18 (10)Health promotion (blue)

Emergency nursing, home care services, home nursing, long-term care, community health
nurses, social support, and terminal care.

12 (7)Dementia (green)

Emergencies, emergency medical services, hospital emergency services, pregnancy, and
lung diseases.

7 (4)Palliative care (purple)

Brain injuries, maternal welfare, rural health, and supported employment.7 (4)Women’s health (orange)

Disease management, pediatric hospitals, chronic disease, organizational innovation, quality
health care, and vaccinations.

7 (4)Humanities (yellow)

Nursing education, health educators, and health status.5 (3)Health education (brown)

Anxiety, autistic disorder, child development disorder, disabled persons, learning disorders,
and self-evaluation programs.

3 (2)Family health (teal)
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Figure 7. Venn diagram of methods sourced from academic, gray literature, or both. Percentages represent the portion of the total methods (n=956).

Discussion

Principal Findings
This study is the first systematic methods overview of
co-creation, identifying and delving into both academic and
gray literature to extract 956 methods from 2627 sources,
analyzing these methods and their interrelationships within and
across source types. This study can facilitate the identification
of methods suitable for co-creation endeavors, while also
highlighting discrepancies between co-creation in research and
nonacademic contexts. By offering a comprehensive and reliable
snapshot of co-creation and its associated methods, this research
enhances transparency regarding how co-creation is executed
in both research and practice in the health research fields. The
study serves as a foundational resource, providing an
evidence-based and systematic inventory of methods, as well
as shedding light on which methods are commonly used in
conjunction with one another across the health research fields.
This innovative approach to conducting a systematic methods
overview enables the comprehensive analysis of a vast amount
of literature and methods, offering valuable insights into the
landscape of co-creation practices and methods globally and
across disciplines.

Principal Results
A notable strength of this study lies in its utilization of methods
sourced from a published and high-quality database of
co-creation literature spanning from 1970 to 2022. This literature
represents the largest known dataset of methods used in
co-creation. This study serves as a foundational work that can
be used to elucidate the interrelationships between different
co-creation methods and co-creation processes. This study
adopts an unbiased approach by providing a comprehensive
overview of current co-creation practices, without prescribing
specific methods or recommendations. By providing an
overview of current co-creation practices, this study establishes
a platform for further research and analysis into the various
ways in which people design and execute co-creation.
Furthermore, this study reveals a stark difference between
academic and practitioner approaches to co-creation,
highlighting the importance of understanding and bridging these
disparities.

Multimethod Approach
In the realm of research methodologies, each type has its unique
characteristics and applications. Recently, Messiha et al [11]
discussed how naïve realism (a singular objective reality) often
favors quantitative methods, while relativism (multiple realities
exist) tends to favor qualitative approaches. For instance,
approaches such as qualitative, quantitative, and ethnographic
studies offer different lenses through which to explore
phenomena. Qualitative methods delve into the subjective
experiences and perspectives of individuals, capturing rich
narratives and deep insights; valuing methodological pluralism
and diversity rather than universal truths [34]. Quantitative
methods, on the other hand, focus on numerical data and
statistical analysis to uncover patterns and relationships to
uncover universal truths about reality. Finally, participatory
methods emphasize collaboration between researchers and
stakeholders; unlike traditional research methods, which
prioritize objectivity, participatory methods prioritize
engagement and collective decision-making [27]. Furthermore,
Messiha et al [35] found that applying methodological principles
of critical realism (recognizes independent reality and
acknowledges multiple perspectives), namely using multiple
method types to understand complex phenomena, enriched the
evidence base for co-creation in public health research.

This study reveals that co-creation represents a fusion of various
types of methods, and well-known methods for analysis, such
as thematic analysis, are combined with qualitative methods
like interviews. Co-creation combines methods for qualitative
inquiry and analysis, quantitative analysis, ethnographic
observation, and participatory collaboration. This amalgamation
of methods offers great potential for generating innovative
solutions, fostering stakeholder engagement, and addressing
complex challenges. However, the convergence of multiple
methods also introduces challenges, including potential
divergences in processes and outcomes between co-creation
projects. Overall, the mixed nature of co-creation presents both
opportunities and challenges.

The Gap Between Academics and Practitioners
While analyzing the data within this study, a clear gap exists
between the practices reported in academic literature and those
used by practitioners in nonacademic settings. This divergence
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may stem from various factors, including differences in reporting
styles, publication platforms, and the emphasis placed on
outcomes versus process documentation. Academic publications
often prioritize the reporting of research outcomes and their
impact, allocating limited space for detailing the intricacies of
the co-creation process. Conversely, practitioners may opt to
disseminate their co-creation endeavors through alternative
channels, such as reports, case studies, or web-based platforms,
where they have more flexibility to document their methods.
However, this discrepancy in reporting practices poses a
significant challenge for the scientific community, which is well
documented by various researchers who are calling for
researchers to transparently document the entire process of
co-creation, including the methods [6,14,15]. Without detailed
documentation of each method used in the co-creation process,
replication and validation of findings become challenging.
Furthermore, the lack of transparency in documenting
co-creation methods hinders knowledge sharing and
collaboration among researchers and practitioners. This gap
underscores the importance of adopting standardized reporting
guidelines and best practices for documenting co-creation,
regardless of the publication platform.

One notable observation is the prevalence of co-creation
methods outside of academic literature. While academic research
may provide valuable insights into academic rigor, and
application of theory, it appears that the majority of the
co-creation methods are published on nonacademic platforms.
This raises questions about the transparency and documentation
of co-creation processes. Efforts to bridge the divide between
academic and practitioner perspectives on co-creation are
essential for advancing knowledge, promoting collaboration,
and maximizing the impact of co-creation initiatives. By
fostering greater transparency, documentation, and knowledge
sharing, researchers and practitioners can enhance the rigor and
reproducibility of co-creation.

Comparison With Prior Work
Grindell et al [16] underscore the distinctiveness of collaborative
approaches like co-creation, co-design, and coproduction,
contrasting them with traditional applied health research
methodologies; emphasizing that these coapproaches are
designed to foster meaningful engagement with a broader range
of cocreators, including those not typically involved in research.
However, the network analysis of the methodologies in the final
dataset reveals a different story. While coapproaches and
participatory research methodologies are prevalent, the actual
methods used in these projects fall short of truly embracing
collaborative engagement. This highlights a disconnect between
the intended methodological goals and the practical application
of collaborative methods.

Our findings align with recent work by Slattery et al [14] and
Smith et al [15], who reported similar trends in the types of
methods being used. Slattery et al [14] observed that the most
frequently used methods were focus groups, interviews, and
surveys, with less frequent use of methods like citizen juries
and voting. Smith et al [15] also found that commonly reported
methods included interviews, focus group discussions, surveys,
discussion meetings, and workshops. This consistency across

studies is encouraging, as it underscores a broader trend in the
field and validates our findings about the dominant reliance on
certain qualitative methods.

Louise and Annette [12] highlight the significance of using
participatory methods, emphasizing their potential applicability
to intervention development and their capacity to transcend
traditional boundaries. When executed effectively, participatory
methods offer numerous benefits, including genuine stakeholder
involvement, a holistic understanding of multiple perspectives,
an iterative and investigative approach, and a commitment to
enacting meaningful change for those directly affected by the
outcomes [12]. Maenhout et al [6] also found that co-creation
is feasible with adolescents with intellectual disabilities if the
correct methods are selected, specifically creative methods.
Furthermore, studies favoring creative methods found that
design and participatory approaches effectively engaged
cocreators with their emotions, and abilities, and retained their
involvement throughout the process [16,36]. Prototyping
methods were found to be valuable for translating knowledge
into tangible objects, while visual design methods facilitated
the rapid communication of ideas in an accessible manner. The
utilization of creative methods was observed to promote a shared
understanding of the problem and identify critical needs, thus
addressing power differentials and fostering a sense of
ownership among stakeholders [16].

Grindell et al [16] illustrated how researchers rely on qualitative
research methods (such as focus groups, observations, and
interviews) when other, more creative methods, can achieve the
same aim (such as role-playing, personas, and user journeys).
These findings underscore the importance of using participatory
and creative approaches in co-creation processes to build trust,
confidence, and collaborative solutions. Considering the
documented benefits of using these types of methods, this study
reveals that the way people are currently cocreating is leaning
heavily on qualitative methods. While qualitative methods
provide rich insights into individual subjective experiences and
perspectives, incorporating diverse approaches such as creative
or participatory methods could further enhance stakeholder
engagement, understanding, and problem-solving in co-creation
processes.

There is a growing concern regarding participation fatigue in
co-creation, alongside the risk of heightened inequity when only
specific demographic groups engage, potentially leading to
disengagement [37,38]. Amundrud et al [38] stress that
co-creation should empower individuals to participate actively
as citizens with the chance to genuinely influence outcomes.
Various methods, including focus groups, one-on-one
discussions, and creative workshops, are utilized for involvement
and engagement. However, patients increasingly advocate for
greater autonomy in determining the extent and nature of their
involvement in research processes. In contexts like coproduction
and participatory action research, traditional distinctions between
researchers and participants are challenged, resulting in blurred
boundaries and a reassessment of power dynamics [12]. This
study reveals that the multi-method approach to co-creation
primarily integrates various qualitative methods, while more
creative or participatory methods are often found in
nonacademic gray literature. Consequently, academics appear
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to rely solely on qualitative methods and rarely draw from
nonacademic sources for guidance and inspiration. This heavy
reliance on qualitative methods may increase the risk of
disengagement, reassessment of power dynamics, or
participation fatigue.

Consequences and Future Research
This systematic inventory of methods used in co-creation
provides an interesting dataset that should be mined, for
instance, to make further distinctions between the methods and
their intended purpose and impact. We intend to use it to develop
a taxonomy facilitating more consistent and better reporting,
which other reviews highlighted as an important gap [14,15].
In turn, this could facilitate a more robust evaluation of the
impact of co-creation, which is fundamental for the progression
of this methodology [15,16]. Co-creation researchers could
make use of such a taxonomy or apply our novel artificial
intelligence and data science approach, to extract additional
information about the methods used in co-creation, mirroring
the approach of the Human Behavior Project for behavior change
science [39]. This approach could help identify specific clusters
of methods or sequences of methods that are particularly
effective in certain contexts, for certain purposes, and in certain
phases of the co-creation process. The data generated in this
study also raises interesting questions about how and when
collective intelligence and creative methods are best placed or
used, and how scientific practices might have to change to
provide room for effective collective creativity based on
evidence.

Limitations
Although we achieved our objectives by conducting a systematic
overview of methods, our approach has some limitations
including single screening of the gray literature and the lack of

full-text screening of the academic literature. However, we
recognize that this work was conducted in a peer-reviewed,
precurated database of co-creation literature, and the complexity
of the screening of gray literature was not high enough to
necessitate double screening and extraction.

Conclusions
This study has yielded the first systematic overview of methods
utilized in co-creation, intending to provide researchers and
practitioners with a comprehensive understanding of methods
used in co-creation to date. By increasing awareness of methods
used in co-creation, we seek to unlock the full potential of
co-creation and contribute to its advancement as a transformative
methodology for research and practice. The analysis of methods
sourced from both academic and gray literature revealed a rich
array of methods used in co-creation, spanning participatory,
qualitative, quantitative, mixed, and ethnographic approaches.
This diversity underscores the versatility of methods, which can
adapt to varying study objectives, target groups, contexts, and
other influencing factors. However, it also highlights the need
for more detailed guidance on method selection, method
grouping, and application to ensure co-creation remains effective
and meaningful.

This systematic exploration of co-creation methods offers
valuable insights for individuals currently involved in
co-creation, as well as those aspiring to participate in it. By
illuminating the diverse landscape of co-creation methods, this
study aims to enable researchers and practitioners to make
informed decisions and enhance methodological rigor and
innovation in co-creation. Through continued research and
collaboration, we can further advance co-creation as a dynamic
and impactful approach for addressing some of the most pressing
complex or wicked public health challenges.
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Abstract

Background: Patient pathways (PPs) are presented as a panacea solution to enhance health system functions. It is a complex
concept that needs to be described and communicated well. Modeling plays a crucial role in promoting communication, fostering
a shared understanding, and streamlining processes. Only a few existing systematic reviews have focused on modeling methods
and standardized modeling languages. There remains a gap in consolidated knowledge regarding the use of diverse visual modeling
languages.

Objective: This scoping review aimed to compile visual modeling languages used to represent PPs, including the justifications
and the context in which a modeling language was adopted, adapted, combined, or developed.

Methods: After initial experimentation with the keywords used to describe the concepts of PPs and visual modeling languages,
we developed a search strategy that was further refined and customized to the major databases identified as topically relevant. In
addition, we consulted gray literature and conducted hand searches of the referenced articles. Two reviewers independently
screened the articles in 2 stages using preset inclusion criteria, and a third reviewer voted on the discordance. Data charting was
done using an iteratively developed form in the Covidence software. Descriptive and thematic summaries were presented following
rounds of discussion to produce the final report.

Results: Of 1838 articles retrieved after deduplication, 22 satisfied our inclusion criteria. Clinical pathway is the most used
phrase to represent the PP concept, and most papers discussed the concept without providing their operational definition. We
categorized the visual modeling languages into five categories: (1) general purpose–modeling language (GPML) adopted without
major extension or modification, (2) GPML used with formal extension recommendations, (3) combination of 2 or more modeling
languages, (4) a developed domain-specific modeling language (DSML), and (5) ontological modeling languages. The justifications
for adopting, adapting, combining, and developing visual modeling languages varied accordingly and ranged from versatility,
expressiveness, tool support, and extensibility of a language to domain needs, integration, and simplification.

Conclusions: Various visual modeling languages were used in PP modeling, each with varying levels of abstraction and
granularity. The categorization we made could aid in a better understanding of the complex combination of PP and modeling
languages. Standardized GPMLs were used with or without any modifications. The rationale to propose any modification to
GPMLs evolved as more evidence was presented following requirement analyses to support domain constructs. DSMLs are
infrequently used due to their resource-intensive development, often initiated at a project level. The justifications provided and
the context where DSMLs were created are paramount. Future studies should assess the merits and demerits of using a visual
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modeling language to facilitate PP communications among stakeholders and use evaluation frameworks to identify, modify, or
develop them, depending on the scope and goal of the modeling need.

(Interact J Med Res 2024;13:e55865)   doi:10.2196/55865

KEYWORDS

patient pathways; visual modeling languages; business process model and notation; BPMN; unified modeling language; UML;
domain-specific modeling languages; scoping review

Introduction

Background
The concept of patient pathways (PPs) has been widely used to
improve health system functions across a range of health
conditions, care levels, and regions [1]. PP implementation
spans from emergency care [2] to specialized fields such as
cancer care [3,4], with recent adaptations to address conditions
like the COVID-19 pandemic [5]. Effectiveness reviews of PP
implementation indicated improved patient outcomes, reduced
length of stays and cost of care, enhanced teamwork, and
improved documentation [6-11]. Depending on the type of
pathology and nature of the organization where the concept was
introduced, the evidence on the effect of the outcomes is
inconclusive. The confusion around the concept [12], the
variability in its quality [13], and the deficiencies in the process
of contextualization were among the implicated factors in the
effectiveness studies that reported on patient, health system,
and finance outcomes [14]. Seys et al [14] indicated the dual
complexity, that is, the PP itself is a complex concept
implemented in a complex health system. This calls for clarity
in all aspects, including simplification of the description to
facilitate communication and common understanding to enhance
its effectiveness [15-17].

Multifaceted factors pose varying challenges to maximizing the
benefits of PPs. Yet, there is an ongoing discussion on the
unified definition and frameworks for their development,
implementation, and evaluation [12]. Efforts are being made to
synthesize and consolidate the various terms used and their
definitions since the first identification of several alternative
names is in action [18]. Furthermore, 84 different definitions
along with the differing focus of pathways in the United States
and the United Kingdom were identified shortly after their use
[19]. One of the pioneering definitions, also adopted by the
European Pathway Association, states that “A care pathway is
a complex intervention for the mutual decision-making and
organization of care processes for a well-defined group of
patients during a well-defined period” with characterizing
features [20]. To identify studies for an effectiveness review,
Kinsman et al [21] proposed an operational definition, later
refined by Lawal et al [22], and validated it in an emergency
medicine review [23]. The use of terms evolved from merely
clinical orientation of care provision (clinical pathways) to the
inclusion of more stakeholders and from elements of care
organization (care pathways) to the inclusion of multiple levels
of care (integrated pathways or integrated care pathways) to
develop a patient-focused systemic approach (PPs). Schrijvers
et al [24] argued that adding qualifiers such as in “integrated
care pathway” is unnecessary because the care pathways are

integrated by definition. Such comments seem not to have held
on because the most recent concept analysis paper proposed an
even longer term, a “patient-centered care pathway,” showing
an increase introduction of terminologies [12]. Their proposed
definition, “a long-term and complex managerial intervention
adopting a systemic approach, for a well-defined group of
patients who journey across the entire continuum of care, from
prevention and screening to recovery or palliative care,” with
several attributes [12], however, is indicative of perspectives
added toward comprehensive and patient-centric concepts. The
key characteristics and elements were listed, and their
importance was stressed beyond the proposed definitions in
each article [12,19,21,22], with slight variations. In this review,
we use “patient pathways” to represent the concept from a
patient-centered care perspective [12] while using the criteria
proposed for a Cochrane systematic review [21,22] to identify
the articles. Patient journey studies, which focus on
patient-centric mapping and analysis of health care delivery
processes, are increasingly being introduced to the scene [25].
To simplify, we use “patient pathways” to represent a plan as
a blueprint of the care process, while patient journey denotes
an individual experience of the planned PPs revealed
retrospectively. In this review, we used different terms
interchangeably in the identification and review of articles.
Confusion in the definition and conceptualization leads to
variabilities in the analysis and modeling of PPs [12].

The rampant siloed and local productions with varying
representations of a PP [1] call for more standardized ways to
describe and communicate PP to have a shared understanding
of the concept. This can be argued in the same manner as
consensus frameworks have been proposed [12,14,26,27] in an
attempt to standardize the stepwise development,
implementation, and evaluation of PPs. The standardization
process starts with the modeling languages that are used to
describe and communicate PPs. Particularly, visual modeling
“not only enables easy interpretation but moreover denotes a
useful means for communication and understanding” [28] of a
process. Graph-based formalism is one of the two most common
process-modeling approaches [29]. The benefits of visual
modeling over other forms of representation have been
extensively discussed in business process modeling, although
there remains a scarcity, particularly in the PP domains, of
effectiveness studies using a traditional approach [29-31]. Lack
of a common language also exacerbates the interoperability
challenge in the increasingly digitized care processes, including
digitized PPs integration to other electronic patient records and
quality improvement digital tools [32,33].
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Prior Systematic Reviews on Modeling Languages
The modeling of PPs can be done to understand and analyze
the current state, which is often referred to as an “As-Is” model,
or a redesigned or improved PP modeling can be done in a
“To-Be” model. The “As-Is” model is often “data-driven”
modeling that uses clinical data from various electronic tools,
for example, electronic health records (EHRs) and registers.
Clinical data-based mathematical modeling often focuses on
exploring the patient journey retrospectively, the focus being
on simulation studies, data mining, machine learning, and
artificial intelligence to predict the most efficient path for a care
process [33,34]. The “To-Be” model considers PPs as a complex
concept, which is prescriptive in nature and created by a
multidisciplinary team. One of the challenges for this model is
the absence of a common process-modeling language that is
complex enough to incorporate all the necessary aspects in a
model while being simple enough to be used by nonmodeling
domain experts, either manually or digitally [35].

There are many different process-modeling languages coming
from different scientific traditions, and their characteristics and
intended use vary greatly [36-38]. However, the complex nature
of health care delivery has led to a modest uptake of business
process–modeling languages that are shown to be useful in
sectors with predictable work processes [39]. Although choosing
a modeling language has generally been a challenge [37,38],
there are a few systematic reviews that have targeted specific
modeling languages or notations in the care process [39-41].
Specific to PP-related concepts, there is a comprehensive review
on modeling [42] while other reviews are more inclined toward
data-driven pathway description and optimization [36]. The
most similar review to our scoping review was conducted by
Mincarone et al [37] in which only standardized modeling
languages were included on the entirety of care process, which
is wider in scope than PPs. To improve the domain
expressiveness of a modeling language, extending or combining

a general purpose–modeling language (GPML) or developing
a domain-specific modeling language (DSML) can often be
done. To our knowledge, the justification for and the “how” of
such efforts have not previously been summarized. In addition,
focusing on standardized languages and notations potentially
excludes DSMLs, which are costly to develop but may display
higher expressiveness than the GPMLs, including their
domain-extended versions.

Goal of This Scoping Review
This review’s scope is to include both DSMLs and standardized
GPMLs with emphasis on how they were used to meet the
domain-specific requirements. Our focus is on visual modeling
languages but not on 1D textual languages as delineated by
Moody [43]. Visual languages in this case include ontological
modeling languages that depict terms and concepts with their
relationships in a visual manner. Most of the PPs are described
in natural languages, with flowcharts and tables accompanying
for simplicity, but we did not include simple flowcharts and
diagrams as a visual notation. Wand and Weber [44] introduced
a framework for research on conceptual modeling consisting of
4 elements to ease communication. To reduce potential
confusion around terms in this scoping review, we introduce
an adapted version of this model (Figure 1, adapted from Wand
and Weber [44]). The modeling grammar constitutes the inner
core because it provides definitions, constructs, and rules to
produce a model. The modeling script is the end product of the
modeling process. The modeling method describes how grammar
can be used to produce a script. The modeling context has a
wider perspective and describes the setting in which the
modeling occurs. We do not intend to provide a comprehensive
review of the script because our focus lies at the core of the
framework. While grammar is the core, modeling method and
context are of interest in this review because this review aims
to contribute to the different ways in which a modeling language
is presented.

Figure 1. Framework for research on conceptual modeling (adapted from Wand and Weber [44]).

Review Questions
A scoping review was conducted to systematically identify and
map visual modeling languages used to describe and
communicate PPs. The review addresses the following review
questions:

• Review question 1: Which visual modeling languages were
used in the modeling of PPs?

• Review question 2: What are the justifications provided to
adopt, adapt, or develop a visual modeling language to
describe and communicate PPs?
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• Review question 3: Within what contexts are the visual
modeling languages applied in PP projects?

Methods

Overview
The reporting of this review follows the systematic review
extension for scoping reviews PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) [45]. We followed the
methodological framework proposed by Arksey and O’Malley
[46], which was further improved by Levac et al [47] and the
Joanna Briggs Institute [48], to conduct this scoping review.
The review questions were proposed and refined after a thorough
exploration of the existing synthesis on the topic, as presented
earlier. The rest of the framework is integrated into the reporting
format as presented in subsequent sections.

Eligibility Criteria
To be included in the review, papers needed to satisfy the
operational definitions (Textbox 1) for both PP and a visual
modeling language. The article’s main aim could be either a
theoretical discussion or empirical research on a modeling
language that is created, adopted, adapted, or combined.
Peer-reviewed journals, conference and congress proceedings,
and gray literature that are accessible on the internet, regardless
of the geographical location, type of health condition, and
publication date up until the last systematic search dated
November 21, 2022, were eligible. For papers published in a
conference proceeding, we searched for and opted to include
the more complete peer-reviewed publication in a scientific
journal, if it existed, in expectations of detailed information.
Only papers published in English were considered. No
restrictions on study design, population characteristics, type of
health care facility, or level of care were applied.

Papers were excluded if their focus was mainly on mathematical
models, simulation studies, or machine learning without having
information to report on the visual graphical presentation of a

model for facilitating communications, including to
nonmodeling expert stakeholders. Comprehensive reviews
[35,36,42] have been done to cover modeling methods and
languages applied in data-driven retrospective models.
According to the conceptual framework proposed by Wand and
Weber [44], we excluded papers that have primarily emphasized
the presentation of a pathway using a known modeling language
without an adequate description of how it is being used
differently in the domain it is being applied to. Papers uniquely
reporting modeling tools (software artifacts) without discussing
the underlying modeling language used, or its semantics and
ontologies for reasons of extension or visual presentation were
excluded. Ontology-based and semantic modeling languages,
with or without the inclusion of visual modeling as an output,
were included in the review given the aim of this study is to
facilitate communication of PPs among the stakeholders.
According to a review by Zarour et al [49], representation of
business process model and notation (BPMN) extensions can
be of one of the 3 formats: metamodel, XML Schema, or
graphical elements, and therefore, we included metamodels in
this review.

We excluded simple flowchart presentation of pathways, which
is the most common description and communication approach
in medical domain but is now headed toward extinction [42]
because the more mature notations were extensions of it and
the relevance of including and discussing its use was perceived
to be not adding to the standardization and wide acceptance of
visual modeling for PP discussion. The enforcement of inclusion
criteria began with the development of search strategies broadly
and gradually narrowed down during the selection process. In
the initial screening stage, articles were included if they
mentioned or described 2 concepts, PPs and visual modeling
language, in the abstract. The second stage involved a closer
examination of these concepts. For instance, papers mentioning
terms related to PPs but discussing broader concepts such as
general care processes were excluded. Similarly, articles
mentioning a visual modeling language but failing to describe
how it was used in their research context were also excluded.

Interact J Med Res 2024 | vol. 13 | e55865 | p.388https://www.i-jmr.org/2024/1/e55865
(page number not for citation purposes)

Bogale et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Components and Definitions according to population, concept, and context framework proposed by the Joanna Briggs Institute.

Population and Participants

• Regardless of the professional background of the experts behind the modeling language; irrespective of the health condition and level of care.
The paper can be a theoretical exploration of how existing process-modeling languages, particularly general purpose–modeling languages
(GPMLs) applied to other domains, can be adopted or adapted. This extends to the development of domain-specific modeling languages (DSMLs)
for describing and communicating patient pathways (PPs) to facilitate common understanding among intended stakeholders.

Concept

Two concepts are as follows:

• Patient pathways: We based the PPs concept definition on a refined operationalization criterium by Kinsman et al [21] and by Lawal et al [22]
in that they used it to identify articles for a Cochrane systematic review. Articles primarily focusing on theoretical discussions of a modeling
language without empirical studies (including a case study for the sake of demonstration) might not reflect the aforementioned criteria. Such
articles were included as long as the authors clearly stated that the application is for patient pathway concepts. As the terms used have evolved
through time and are sometimes used interchangeably, we relied on the concept definition and explanations by the authors. Papers containing
terms and phrases that are often used interchangeably, such as care process, workflow, etc were excluded if the paper did not explicitly state the
PP concept dealing both with the organization and clinical part of the care.

• Visual modeling language: general-purpose or domain-specific modeling languages that may or may not be standardized, can be graphical,
rule-based, or combined presentations, aimed at describing a PP, regardless of the origin and the extent to which a given modeling language has
been implemented. The modeling language can be adopted, adapted, combined (as in complementary combinations of stand-alone modeling
languages), or developed to model a PP and can or cannot have digital applications and tools accompanying the language. Modeling languages
used in mathematical models, simulations, artificial intelligence, and machine learning are outside the scope of this review

Context

• The modeling language applied regardless of disease or health condition, treatment and intervention options, clinical settings, and service delivery
level (primary, secondary, or tertiary care facilities). No restrictions based on geographical location and scope within the location.

Information Sources
We conducted searches in the following databases: MEDLINE
via PubMed, PsycINFO, Embase, CINAHL, and Scopus after
iteratively developing search strategies. We used Joanna Briggs
Institute [48] population, concept, and context framework to
exhaustively list search terms under each component. The
following initial search terms were used: “Patient Pathway*,”
“Care Pathway*, “Clinical pathway*,” along with the Medical
Subject Heading term “Critical pathway/” in MEDLINE and
CINAHL databases to decide on what additional terms to
combine with them to identify papers relevant to our inclusion
criteria. For words describing modeling language and related
concepts, terms like “language*,” “model*,” “framework*,”
“formalism*” were used and search was expanded by including
additional similar terms from retrieved articles. We narrowed
the scope of the terms by adding descriptors. The search
strategies were drafted in consultation with an experienced
librarian and customized to each database after iterative rounds
of improvements. We limited our search strategy to the title and
authors’ keywords after discovering that including the abstract
greatly increased the number of search hits. The final search
strategies for each selected database are available in Multimedia
Appendix 1. Gray literature search and hand searches of relevant
articles referenced by included papers were done by the first
author. After learning that the IEEE website has useful
collections on the topic, we made searches in addition to the
initial database search. As a forward search strategy, Web of
Science and Google Scholar databases were used.

Selection of Sources of Evidence
The librarian used EndNote (Clarivate) to deduplicate the
retrieved articles. After importing them into Covidence (Veritas

Health Innovation Ltd) software, any remaining duplicates were
identified and automatically removed using the software’s
built-in feature. In total, 2 reviewers independently screened
publications in 2 stages after importing all the retrieved papers
into the Covidence software [50]. To have consistency in the
screening process, we defined and discussed the inclusion and
exclusion criteria and documented them in the Covidence
software for easy referencing and to use the automated word
detection features of the software. Accordingly, the 2 reviewers
conducted the screening of the title, index words, and abstract
at stage 1 and full-text review screening at stage 2 guided by
the predetermined inclusion and exclusion criteria. In case of
discordance, a third reviewer voted the article as in or out in
stage 1 screening, and a consensus-based resolution of
disagreements was reached in stage 2 between the 2 reviewers.

Data-Charting Process
A data-charting form was developed by the first author and
discussed with the second reviewer who participated in all the
screening stages. The 2 reviewers discussed and iteratively
improved the data-charting form while retrieving the results
from the included papers. The data-charting form was developed
to capture key information about the modeling language in
addition to the identifying characteristics of the papers (author,
title, date of publication, region or country, and journal or
source). The form featured a free text section dedicated to
capturing details about the modeling language including its
name, descriptions, justification, and its application within the
research context. In addition, categorical information, such as
yes or no responses, was included accompanied by a follow-up
free text area. For example, questions like “Is there an associated
digital tool?” allowed for documentation of tool names, if
applicable. Regarding the concept of PPs, we extracted the
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phrases used to define or represent the concept, as well as any
stated definitions within the document. All the data-charting
process was conducted using the Covidence software and
eventually exported to a Microsoft Excel spreadsheet.

Synthesis of Results
The synthesis of the results followed the review questions where
we descriptively categorized the modeling languages into
thematic groups. We also thematically analyzed the justification,
purposes, and context in which the modeling language was
created or implemented.

Results

Selected Articles
We imported a total of 1835 articles from the selected databases
to Covidence after removing duplicates (Figure 2). In addition,

we discovered 5 more articles through hand searching, including
gray literature searches from the Object Management Group
(OMG). Of the 22 papers included in our review, half were
published in conference proceedings and mainly retrieved from
IEEE. The other half, except for 1 article from gray literature,
were obtained from peer-reviewed scientific journals (Table 1).
We included papers that were published as far back as 2008 to
as recent as 2022. Most of the papers were from Europe
(Germany and Italy), and almost all of them were from
high-income countries. We found that more than 1 modeling
language was contributed by similar groups of coauthors in
another paper included in the review.

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Table 1. Summary information of the included publications.

Case study or demonstrated onModeling language usedPublication source (cat-
egorized)

CountryStudy

Colon and rectum carcinoma (treatment
of)

BPMNa (tBPMb)JournalGermanyScheuerlein et al [51], 2012

Multiple surgical conditionsBPMNJournalItalyBarbagallo et al [52], 2015

(Post) stroke rehabilitationUML cJournalItalyFerrante et al [53], 2013

Stroke rehabilitationUMLJournalItalyFerrante et al [54], 2016

Not mentionedUMLProceedingdGermanyMauro et al [55], 2010

Catheter-related bloodstream infectionsBPMN for process and
UML for data

ProceedingSpain and
United
States

Zerbato et al [56], 2015

StrokeBPMN4CP 2.0 eProceedingGermanyBraun et al [57], 2016

Integrated stroke careBPMN, with Quality
BPMN, with quality indi-
cator extension

ProceedingGermanyRichter and Schlieter [58], 2019

Major gynecological surgeryBPMN, with norm exten-
sion

ProceedingUnited King-
dom

Tehrani et al [59], 2012

COPDgBPMN and DMN fJournalItalyCombi et al [60], 2017

Contraceptive useBPMN and DMNJournalUnited
States

Sooter et al [61], 2019

Multiple conditionsBPM+health hGrayUnited
States

Object Management Group Healthcare
Domain Taskforce [62], 2020

Diabetes and hypertensionBPMN and LES iProceedingGermanyBowles et al [63], 2018

HeadachesMetamodel; EER j ,
BPMN and UML

JournalItalyArdito et al [64], 2020

Catheter-related bloodstream infectionTP-VML kJournalSpainIglesias et al [65], 2022

85 different care pathways: including
low-back pain, diabetes, syphilis, etc

MedPathJournalBrazilTrajano et al [66], 2021

Tooth extractionCP-ModProceedingGermanyBurwitz et al [67], 2013

Cardiac diseasesIcebricksProceedingGermanyShitkova et al [68], 2015

None, theoreticalOWL lProceedingChinaLi et al [69], 2008

None, theoreticalCPO m , domain ontolo-

gy, and SWRL n

ProceedingChinaYe et al [70], 2008

7 different diseasesCHARM o : ontologicalProceedingJapanNishimura et al [71], 2014

Prostate cancerOWLProceedingCanadaAbidi and Abidi [72], 2012

aBPMN: business process model and notation.
btBPM: tangible business process modeling.
cUML: unified modeling language.
dIncludes congress, conference, symposium, and published papers mainly on the IEEE and IEEE Xplore websites.
eBPMN4CP 2.0: business process model and notation for clinical pathways 2.0.
fDMN: decision model and notation.
gCOPD: chronic obstructive pulmonary disorder.
hBPM+Health: business process management for health care.
iLES: labeled event structure.
jEER: enhanced entity relationship.
kTP-VML: task planning visual modeling language.
lOWL: web ontology language.
mCPO: clinical pathway ontology.
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nSWRL: semantic web ontology rule language.
oCHARM: convincing human action rationalized model.

Modeling Languages

Overview
Modeling languages that have their origin and wider uptake
outside of the health domain and others developed within health
domains were identified. We have collectively called the former
GPML, and the latter DSML. In this context, GPML means a
widely used modeling language or notation to visualize
processes that transcend the health domain. These modeling
languages can be used in the health care domain either (1)
directly and without major extension or formal combination,
(2) by extending the specifications following extension
recommendations, or (3) by combining to enhance their
expressiveness. On the basis of the presentation of the output,
some can be formal notations and others visually presented
concept relationships. To provide a detailed and simplified
account, we grouped the included modeling languages into
categories mentioned in subsequent sections.

GPMLs: Without a Formal Extension to the Domain
Requirement
This category contains adopted process-modeling languages
that are standardized and widely applied in other sectors. The
2 OMG standards, BPMN [51,56] and unified modeling
language (UML) [53-55], were used without any demonstrated
extension or modification to the original specifications. The
methodology to enhance GPML uptake, especially to include
nonmodeling experts in the modeling process, was not
considered as a change to the modeling grammar and syntax.
In the case of tangible business process management (BPM)
[51], the authors used physical icons instead of digital tools that
enhanced the participation of the domain experts. Zerbato et al
[56] stated extending with additional time primitives to represent
temporal constraints, which is not supported by the BPMN
version that they have used. However, the details of the
extension and its outcome were not provided. In the latest of
the 2 papers [54], Ferrante et al [53] discussed the method
around the modeling process to the original paper where UML
is used to model the stroke rehabilitation pathway.

GPMLs: With a Formal Extension to the Domain
Requirement
By adapting the widely used standardized notation, Braun et al
[57] provided an extension formalism called BPMN4CP
(business process model and notation for care pathways) to
include care pathway—specific aspects. The revised BPMN4CP
2.0 covers additional domain-specific requirements to the
original recommendations. Whereas Richter and Schlieter [58]
extended BPMN to add the quality indicator specifications based
on the BPMN4CP extension framework. Tehrani et al [59]
extended the BPMN specification from the results of their norm
analysis, together with organizational semiotic methods, which
focus on describing the human behavior and conditions under
which the human behaviors occur. In the notation, the extension
was indicated by labeling (N#). In all 3 cases, it is imperative

to take advantage of the widely used process models with their
extension possibilities.

A Combination of Modeling Languages
To satisfy the domain requirements and specific needs that arise
in the modeling processes, 2 or more visual modeling languages
were used in combination, often complementing one another
as required by the nature of each part in a given model. The
OMG BPM+health provides a possibility to combine 3
independent modeling languages (BPMN, case management
model and notation [CMMN], and decision model and notation
[DMN]) [62], while Combi et al [60] and Sooter et al [61]
combined BPMN and DMN in their respective studies.
Extensive use of other modeling languages in combination,
including the use of data modeling to identify comorbidity was
presented in 2 instances [63,64]. One could argue that these
may not be identified as visual modeling languages.

Developed DSMLs
Three articles [65-67] discussed the development of a DSML;
one was called MedPath, which was specifically developed for
the PP modeling process [66], and the other 2 radically improved
[65,67] the base modeling language that inspired the
development of specific DSML to model PPs.

Ontological Modeling Languages
This category is made acknowledging the differences between
the promises of visual modeling and ontologies. While visual
models do not intend to present a complete description of the
domain and the constructs, rules should reflect some ontological
commitments. Ontological models go beyond such restriction
and cover a possible set of concepts and premises in a domain
[72]. Ontology-based modeling languages were supported by
other methodological approaches, such as semantic and norm
analyses, and specifically dealt with terms and expressions to
satisfy the PP requirements. Li et al [69] built an ontology chart
that is presented in a diagrammatic visualization of the
constructs following semantic and norm analysis. The widely
used web ontology language and Protégé (a free, open-source
ontology editor and framework for building intelligent systems)
were used to personalize the pathways. To align
institution-specific PPs in an automated solution, Abidi and
Abidi [72] used semantic web-based modeling using web
ontology language to align pathway ontologies. In another study,
semantic web ontology rule language was used to represent the
temporal relationship that was not covered by the time
subontology of the clinical pathway ontology together with
domain ontology [70]. Aimed at confirming the practical ability
of convincing human action rationalized model to represent
medical actions, promoting knowledge sharing, and inheritance
in a computer-interpretable way, Nishimura et al [71] built the
convincing human action rationalized model tree that contributed
to finding the commonalities, variations, and reasons for
differences among pathways.
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Justification to Adopt, Adapt, Combine, or Develop
Modeling Languages for PPs
The justification provided by authors for the identification,
selection, use, and development of each modeling language
varied across many different factors. These include but are not
limited to the aim, level of analyses, the composition of the
group behind the language, and when it was proposed during
the progressive maturity of visual process languages.

Justification to Adopt a Visual Modeling Language
The justification given to adopt the GPMLs without extension
was mainly to test the applicability of the modeling languages

in health care domain and how the digitization process can be
supported. The popularity and wider tool support made it easier
to identify from the vast selection that already exists. Some
authors provided comparative analysis to justify their choice.

Justification to Extend a Visual Modeling Language
To extend a modeling language, the main rationale emanates
from the understanding of the deficiencies of GPMLs to meet
the PP domain requirements. Apart from the popularity and
resources around the modeling language, the presence of
extension metamodel and the frameworks to guide the extension
process are necessary to begin assessing whether the
requirements can be met without extension (Table 2).

Table 2. The justification to extend a modeling language.

Justification to adapt or extendModeling languageStudy

BPMN4CPaBraun et al [57], 2016 • Domain requirements are not fully represented, and the extension procedure needs
to follow a framework

BPMNb, with quality indica-
tor extension

Richter and Schlieter [58], 2019 • Widely accepted and established standard
• Gives a metamodel, suitable for extension
• Presence of extension framework [56] to build on

BPMN, with norm extensionTehrani et al [59], 2013 • BPMN is “a rigorous method that provides a rich set of techniques and notations
for process modeling”

• Absence of techniques to describe human behavior and the conditions under
which the behavior occurs

aBPMN4CP: business process model and notation for clinical pathway.
bBPMN: business process model and notation.

Justification to Combine Visual Modeling Languages
No single modeling language can adequately cover the
requirements because the health care domain in general, and
the PP modeling in particular, is a complex process. In this
category (Table 3), the main rationale for combining modeling
languages emerges from the conviction that complementing the
deficiency of one model with the strength of the other is
possible. In three of the cases, all the combinations were made
progressively and included the specifications from OMG
[60-62].

The health care Domain taskforce of the OMG has introduced
a field guide called shareable clinical pathways version 2.0
introducing amalgamation of their 3 standard notations for
clinical pathway modeling [62]. Although not officially endorsed
as a standard, it serves as a valuable discussion paper. The
primary objective is to establish a modeling technique that is
universally comprehensible among various stakeholders,
including business analysts, health care professionals, and IT
developers.

Implementing health information technology based on a care
model that is universally developed and understood contributes
to the efficiency, cost-effectiveness, and quality of health care
delivery. The guide proposes the use of BPMN for prescribed
models, CMMN as a complement for actual workflows, and
DMN to address decision modeling, encompassing a complex
set of factors to arrive at the most appropriate clinical decision.
The suggested combination facilitates the creation of business

flow diagrams and decision tables, offering coverage for clinical,
administrative, and revenue cycle processes. This model, using
a blend of these languages, addresses diverse aspects essential
in the health care domain and is standardized for seamless
sharing across organizations.

The BPM+ community of interest was assigned the task of
examining the alignment between 2 OMG standard notations,
namely BPMN and DMN. The focus was on bridging the gap
between narrative guidelines and their digital representation
with the aim of achieving a “true integration” of guidelines and
pathways within electronic medical record systems. Sooter et
al [61] illustrated the feasibility of modeling a clinical guideline
for contraception in a standardized format suitable for
digitization. Their approach involved listing and defining all
data points using a spreadsheet, which subsequently indicated
an area for extension to the BPMN 2.0 specification. The team
showcased the challenges encountered in mapping
SNOMED-CT (Systematized Nomenclature of
Medicine–Clinical Terms) codes and presenting all terms in a
summary chart. The decision logic and the business process
aspects related to contraceptive choices and delivery were
effectively modeled with a low level of abstraction using a
modeling tool.

Combi et al [60] developed a framework using DMN to model
decision-intensive care aligned with clinical practice guidelines
directed at clinicians. Simultaneously, they used BPMN for
modeling the care organization aspect. The authors rationalized
the misuse of BPMN for modeling the entire pathway, including
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clinical decisions, to conduct their research. However, they
acknowledged the limitations of BPMN, particularly its
shortcomings in fully supporting temporal relationships, domain
knowledge, and the integration of complex structural data. The
discussion explored the potential use of extensions to address
these drawbacks. The steps outlined in the framework are more
suitable for stakeholders with modeling expertise because the
implementation of the modeling tool demands such skills.

Ardito et al [64] argued that finding a modeling language that
is detailed enough to balance a machine-executable model yet
simple enough to be human understandable is a challenging
task. They proposed a modular approach for executing complex
machine-level processes separately that uses a task-oriented
chatbot approach based on the modeled pathways while
interacting with the social media chatbot with the end user. The
process used a stepwise approach and is method-intensive by
nature, and it also includes patients, who are often forgotten as
stakeholders in modeling efforts.

Table 3. The justification to combine modeling languages.

Justification to combineModeling languagesStudy

BPMNa and DMNbCombi et al [60], 2017 • Merely using a BPMN to model a decision-intensive care pathway is a
misuse of the specification

• Need for a framework that guides the use of DMN for a decision and
BPMN for a structured process

BPMN and DMNSooter et al [61], 2019 • A “true integration” with electronic health records is not yet achieved
• The compatibility of the 2 modeling languages to change narrative

guidelines to digital instantiations is not checked

BPM+Healthc (BPMN, CMMNd,
and DMN)

Object Management Group
Healthcare Domain Taskforce
[62], 2019

• Health care domain needs process models for prescriptive workflows,
case models for reactive workflows, and decision models for complex
business rules, hence appropriate modeling languages

• Need to use accepted standards to make pathways shareable

BPMN and LESeBowles et al [63], 2017 • Other available presentations of CPsf for multimorbidity have inherent
ambiguity. There is a need to resolve pathway conflicts using standardized,
coordinated back-end and front-end models

Metamodel; EERg, BPMN, and

UMLh

Ardito et al [64], 2020 • Finding a balance between modeling language expressiveness and the
automated execution of modeled processes is difficult, and investing in
it is unprofitable. To find the balance that does not require the domain
experts to adopt a complex process-modeling language, what about dedi-
cating the burden to an executing module—a chatbot engine?

aBPMN: business process–modeling notation.
bDMN: decision model and notation.
cBPM+Health: business process management for health care.
dCMMN: case management model and notation.
eLES: labeled event structure.
fCP: clinical pathway.
gEER: enhanced entity relationship.
hUML: unified modeling language.

Justification to Develop a DSML
Justifications to develop a modeling language included verbosity
and issues related to customization and execution, limitations
to cover PP domain requirements sufficiently, and needs such
as integration. Furthermore, using domain-oriented existing
languages was mentioned in this context (Table 4).

MedPath [66] is a process-based DSML that was developed to
capture all the components in a clinical context while
minimizing the verbosity challenges encountered by adopting
the GPMLs. The language has syntax, semantics, and a visual
notation. MedPath is a layer between the expert who develops
a model and the engine that translates the metamodel into visual
elements to be easily understood by the domain experts. The
authors stated that the language is designed to be comprehensive

enough to capture all aspects of care organization, simple
enough to be understood by health care domain experts and
detailed enough to be integrated into the health information
system.

The openEHR foundation strives for interoperable EHR systems
and the use of standardized models in care processes and is also
behind the task planning (TP) initiative. TP is a clinically
oriented specification that also has a visual modeling language
called task planning visual modeling language (TP-VML) [65].
The authors credit the BPMN extensions that are aimed at
solving the temporal constraints to model clinical workflow.
However, TP formalism can better represent the health care
domain because it has a more domain-specific orientation than
the extensions. The original TP-VML icons and semantics are
not discussed, while the displayed visual notation in the paper
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references its source to the tool that the authors used. Possible
extensions of the TP specifications were presented after a
thorough analysis following the stepwise methods. The authors
concluded that following the extension procedures suggested
for BPMN to pathways by Braun et al [57], TP can be extended
to include domain requirements and can be used for complex
PPs as demonstrated in the case study on the catheter-related
bloodstream infection. Future work should focus on furthering
the decision logic specification to evoke rules from TP supported
by an expression language and a basic metamodel of openEHR.

Burwitz et al [67] developed a DSML named CP-Mod based
on the clinical algorithms basic process-modeling concepts and
extended to include evidence-based medicine and decision
support, classification of treatment alternatives, and time events
and waiting periods following the requirement they set for PP

modeling. The justification for using the base modeling concept
and the need for extension in comparison to the widely used
modeling languages were presented, and good arguments were
made.

Icebricks [68] is a modeling methodology and digital tool that
also provides a human-readable representation of care pathways.
It meets the need for a notation that depicts activities, annotates
information, and supports standardization while facilitating
collaborative work with easy learning. The model can be
exported to Microsoft Word with full process documentation,
including diagrams (although not shown in the paper) and
annotated information. The authors raised important questions
that qualify a useful notation, but more emphasis was given to
the methodology and the tool than to the core of the language.

Table 4. The justification to develop a modeling language.

Justification to developModeling lan-
guage

Study

TP-VMLaIglesias et al [65], 2022 • More clinically oriented business process management standards can provide an adequate repre-
sentation of the temporal orientation of clinical workflow than BPMNb or its extension.

MedPathTrajano et al [66], 2021 • GPMLsc verbosity and not easily customized to medical context.
• Also sometimes lack infrastructure for integration and execution.

CP-ModBurwitz et al [67], 2013 • Reviewed common modeling languages used against their set requirement and identified deficits.
• Clinical algorithm can be used as a base and organizational aspect and individual data can be

added.

IcebricksShitkova et al [68], 2015 • Generic modeling languages did not sufficiently cover PPd requirements.
• A notation needs to allow the representation of activities and process flows, annotate relevant

information, and represent knowledge on an appropriate level of abstraction.

aTP-VML: task planning visual modeling language.
bBPMN: business process model and notation.
cGPML: general-purpose modeling language.
dPP: patient pathway.

The Contexts in Which the Languages Were Applied
The context in which the modeling process occurred can take
several aspects. Here, we focus on the profile of involved
experts, the organizational structure, the coverage and scope,
the tool support, the nature of the study, and the level of
standardization, among other relevant information to a language.
Additional discussion of the context is provided in Multimedia
Appendix 2 [57-68] and for selected papers in the earlier section.

Almost all articles were method-intensive and primarily focused
on theoretical discussion with empirical demonstration on
selected medical conditions. Only 3 articles discussed the topic
without demonstrating on a case [55,69,70]. While the majority
demonstrated on a single condition, a few attempted the
application on several conditions [52,63,66,68,71]. The field
guide [62] and contraceptive guideline modeling [61] are meant
to be applied widely at several levels of abstraction. One paper
focused on interinstitutional care standardization [72],
integration of PPs to deal with comorbidity [63], and that it can
be applied at any level of abstraction.

The drivers of the modeling language creation or use are mostly
modeling experts who attempt to involve novice modelers. The
domain experts were also involved at some level in the presented
concept or script ranging from design to the evaluation phases.
Different techniques, such as making the vocabularies tangible
[51] and producing a chatbot that facilitated the participation
of novice modelers [64], were identified. The intention to
simplify the modeling process for stakeholders with less
modeling expertise was indicated by several authors. The use
of modeling languages was tied to digitization in several of the
cases, particularly to facilitate machine executability
[52,64-66,68].

The OMG is responsible for UML, BPMN, as well as CMMN
and DMN proposed for combination with BPMN [51-56,60-62].
Languages like TP-VML that have domain-specific engagement
are linked to a foundation with a potential to be widely accepted
[65].

Tool support is one of the main criteria for increasing the
adoption and subsequent improvement of modeling languages.
More than two-thirds of the modeling languages were
accompanied by a tool or software artifact
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[52,54,55,61-67,69-71] and the remaining did not specify in the
report.

PPs: Terminologies and Concept Definition
The terms and operationalization of the concept synonymous
with PPs varied among the included articles. The most
frequently used phrase was “clinical pathways” alone or
interchangeably with other phrases including “care pathways”
or “integrated care pathways.” There were no justifications
provided as to why a given terminology was adopted. The phrase
“patient pathways” appeared in only 1 paper [58]. In most of
the papers, the concept of PPs (or their synonyms) was briefly
discussed in the Introduction section. Almost all referenced the
definitions forwarded by de Bleser et al [19], Vanhaecht [20],
or Kinsman et al [21], among others. Almost all included papers
lacked operationalization of the concept in relation to the
context.

Discussion

Principal Findings
We identified and categorized visual modeling languages used
in the representation of PPs. In addition to the direct adoption
of standardized and widely used modeling languages originating
outside of the health domain, there are extensions and
combinations of languages proposed to meet the domain
requirements. We identified DSMLs that are also important
contributions to the discussion of PP modeling efforts. The
justifications for selecting a visual modeling language varied
depending on the modeling scope and goal. The rationale to
propose any modification to the language evolved as more
evidence was presented following requirement analyses to
support domain constructs. The direct use of standardized
modeling languages without any domain-specific adaptation
was done mostly to test whether the standards can also be
applied to the health domain. After having evidence regarding
the deficiencies to fully represent the domain needs, extension
by addition and combinations of more than 1 standardized visual
modeling language were introduced. The presence of extension
formalisms for widely used standard modeling languages,
specifically BPMN, is promising, while the process of
standardizing those extensions remains unclear. Standing on
the shoulders of previous extensions would contribute to
subsequently expanding the specification to the domain
requirements with minimum effort. There are valid reasons put
forward by the DSML developers, but these need further
discussion considering the cost, rate of uptake, and likelihood
of standardization. Given that there are more mature languages
with already advanced tools, including the advantage of
execution languages to automate the model, it is essential to
conduct an exhaustive comparison of which languages to choose
or whether there is a need to develop a new one before
embarking on the long journey.

The taxonomy that we created corresponds to the approaches
used to find the best possible ways to appropriately model PP.
Similar approaches were used in other related reviews mainly
to facilitate the ease of understanding of such a complex field
[12,42]. The purpose of using a visual modeling language,
otherwise stated as “the dependent variable/the design goal” by

Moody [43], was reflected in the included papers in various
ways. It has been used to facilitate communication between
designers and domain experts [51,66], involve patients to
interact with their PPs [68], facilitate the digitization of the PPs
[61-67], and facilitate integration with the EHR system [61].
The reviewed papers attempted to fulfill these purposes fully
or partly.

The application of standardized modeling languages in the health
care domain has previously been reported in systematic reviews
[38,39]. This scoping review adds the process in which the
GPMLs were being used to model PP-specific requirements. In
this review, BPMN is categorized into GPMLs because its
syntax can be used in various domains despite its business
process–specific nature [56]. We believe that it is a good
example to illustrate how GPMLs were being used to model
PPs. From early experimentations to check for its suitability to
model PPs [51,52,56], followed by the identification of
domain-specific requirements resulting in extension approaches
[57-59], to the recent recommendation to combine other
specifications to overcome its inherent limitation [60-62],
BPMN presented itself as a leading standardized
process-modeling language for PP. Gartner et al [12] also
reported in their review that the process nature is one of the
most common attributes of care pathways and is modeled using
BPMN or improved by combining with decision support
modeling languages. The popularity, expressiveness and
extensibility, and tool support with an execution language were
presented as justifications for its use, which are parts of the
parameters in most evaluation criterion frameworks [28,44,73].
According to a comprehensive systematic review, the relative
simplicity of use with strong research and implementation
experiences in nonhealth domains supported by OMG is
convincing to agree to the notion that one should justify why
they did not use BPMN over their chosen modeling language
[74]. However, to fully represent the domain requirements,
combinations of standards that cover aspects other than
predefined and stable processes must be considered [62].

It is widely accepted that the use of DSMLs may boost the
modeling practice and enhance the flexibility, maintainability,
and sustained use of a model compared with using a GPML
[74,75]. Developing a DSML is very costly and time consuming.
It is premature to declare the impact and possibility of continued
use of all the included DSMLs in this review because of their
recent appearances [65,66]. However, the justifications for
embarking on such a time-consuming and costly process need
to be recognized to gain inputs to build the most expressive and
simplified modeling language for the domain. For example,
TP-VML aimed at replacing all the extensions to GPMLs that
are not built to represent all the needs in the domain [65].

On the basis of the anatomy of visual modeling languages [43],
a visual vocabulary (graphical symbols), grammar (a set of
compositional rules), semantics (definitions of the meaning of
each symbol), and its visual (concrete) syntax are included.
Most articles included in this review did not specifically aim at
the core aspects of a modeling language by discussing its
grammar, ontologies, and semantics fully. As this scoping
review aims at mapping but not quality appraising the modeling
languages, we did not seek out further information for those
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developed or traced back to the original specifications for those
adopted, adapted, or combined known visual modeling
languages. There are frameworks with comprehensive evaluation
criteria to measure the quality of a modeling language, although
the criteria confuse the script with grammar [44]. A few papers
included in this review also presented their criteria for selecting
one modeling language over another. Future studies need to
find a good framework and evaluate all modeling languages
used in PP in general and DSMLs in particular. As clearly
recommended by Gemino and Wand [73], a comparison of
modeling languages should be based on their grammar
(constructs and rules) rather than the scripts (specific models
and end product of a modeling process).

The modeling and selection of the appropriate modeling
language go in line with the data sources. Aspland et al [42]
stated that there are 2 common ways of obtaining data: either
data-driven approaches or through collaboration with those who
interact with the pathway. They recommended coordinating
both sources to advance on the advantages of each. The
increasing presence of digital technology presents the
opportunity to use a data-driven approach, which also gives the
opportunity to evaluate progress in a dynamic manner
[12,33,40]. More emphasis is being placed on the presence of
an EHR to have access to reliable data at all phases to “identify
the relationships between the context, the mechanisms, and the
results obtained” [12]. Of note is the extensive use of other
modeling languages that are more relevant to the modeling
methods categorized as stochastic, data mining and machine
learning, simulation, and optimization and heuristics by Aspland
et al [42]. Our review encompasses the use of modeling
languages for pathways created by multidisciplinary teams in
a prospective manner.

With the increasing use of patient-centric pathway development
[12], modeling languages that reflect the patient perspectives
are of interest. The patient journey concept, or customer and
user journey in a wider context, is getting more attention;
although, the literature on the subject is incoherent [76]. One
such language that covers the perspective of patients is the
customer journey modeling language (CJML), which is making
its way to the health domain [77] targeting novice modelers
[78]. CJML is developed from the human end user’s perspective,
as opposed to the software-centric UML and the business-centric
BPMN (refer to the diagrams of CJML from one of the authors’
previous works for illustration purposes in Multimedia Appendix
3). This modeling language has been explored to support the
design, management, and analysis of patient journeys. CJML
is designed to capture both planned (prescribed) and actual
patient journeys, allowing for the analysis of deviations and the
inclusion of the end-users' experience [79]. CJML provides
vocabulary, a metamodel, and a visual notation. It is easy to
learn and does not require complex technical competence to
use. CJML provides a graphical notation for the planned and
actual journeys with specific constructs such as journey phases,
experience, channel, and actor information, which is limited or
lacking in other process-modeling languages [77-79].

Limitations of This Scoping Review
We restricted our inclusion criteria based on several factors.
Although this has merits to focus this review on modeling
languages that emphasized description and communication of
PPs, our narrow focus, including restrictions of the search
strategies to the title and keywords only, might have excluded
papers that have relevance regarding how the modeling
languages were used to address domain issues while used in the
modeling of data-driven pathways. Our effort to include DSMLs,
which are not yet standardized, posed a challenge as to where
to draw the line in the abundance of modeling languages [38,74]
with varying levels of abstraction and granularity. We excluded
simple flowchart and diagram presentations, the most common
visual notations, because the scope of this review includes
advanced languages. However, a few matured visual
presentations with less structured description of the language
might have been excluded. We did not include all the standards
and accompanying modeling languages and methods that focus
on standardizing interoperability between different IT systems,
such as HL7 (Health Level Seven International), and textual
languages that support international or interinstitutional coding
to classify and standardize terminologies, such as SNOMED-CT
[80]. We excluded the so-called task-based modeling languages
commonly used to digitize clinical practice guidelines [81],
because they lie outside of our inclusion criteria. This
complexity is exacerbated in the overall confusion of the PP
definitions, as also presented in the Result section of this review.

Identifying the operational definitions of the PP by the authors
has been challenging. We filtered articles based on their
emphasis on defining and explicitly stating where the focus of
their work mainly targets. However, there is a fine line between
closely similar concepts, such as workflow and clinical practice
guidelines, which were understood as synonyms in a few
original papers and previous reviews [12,37,42]. In contrast,
even though terms that are used to represent similar concepts
with PPs (those that were highlighting the organizational aspects
of a care delivery) are presented in the title of the paper, the
definition and the emphasis given to the concept in the body of
the paper did not demonstrate the intention. These papers were
excluded. We did not include patient journeys in the search
strategy because it differs from the PP concept definition (in 1
review included synonymously [12]), which resulted in
excluding modeling languages that are patient centric, such as
CJML.

We have not conducted ontological analysis to check for the
correspondence of ontologies and notations [28] or any other
quality appraisal frameworks [73]. The use of such tools would
have excluded a few papers that are more focused on scripts
and are more method-intensive where limited information on
the core modeling language and notations were presented. We
have not stated a strict definition of a modeling language that
implicates the need for a quality appraisal. Identifying the known
and standardized modeling languages was simple. Applying
strict operational definitions to those lesser-known DSMLs was
complex and required careful analysis. Therefore, we considered
the authors’ description of the modeling language to
accommodate in this scoping review. This resulted in the
inclusion of papers focused on techniques and methods with
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less information about the modeling languages that were used.
Some raised important questions about a modeling language
but used a more generic description in the part where they
described the tool [68].

The variability in extractable data from each paper significantly
influenced the focus of our discussion. Despite using the Wand
and Weber framework [44], the lack of detailed information
within each manuscript constrained our ability to engage in
deeper discussions within this review. While the aim of this
scoping review was not to conduct quality appraisal, the
limitations in available data impeded our ability to thoroughly
identify research gaps in a more nuanced manner.

Gaps Identified for Future Research
Finding effective ways of describing and communicating a PP
is essential to enhance its impact. It is as important as having a
framework for its development and implementation. A
considerable number of frameworks suggesting a standardized
development of a PP to set common and shared practices do
exist [12,27]. However, less focus has been given on how to
simplify and optimize the description and communication of a
model beyond the use of customary box-and-arrow type
flowcharts and narrative text descriptions. Given the amount of
locally made PPs, the effort directed toward the use of visual
modeling language is very scarce. A report from PPs in oncology
care research group [82] found that many of the cancer care
pathways were presented in the form of flowcharts and texts.
We also reviewed the national websites where the popular
standardized cancer care pathways, for example, locally known
as “pakkeforløp for kreft” in Norway, are presented in
Scandinavian countries [83-85]. The pathways for several cancer
cases were presented in a flowchart, a narrative text, and a table
format. We have not explored how they are presented at each
institution level, including the process of integration with EHR
systems. As per the process steps of the cancer care pathways,
the need for a standardized visual modeling language may not
be argued provided that the intended goal is achieved by the
current representations. This example and the overall limited
adoption of visual modeling languages suggest that despite the
inherent ambiguity and lack of precision and consistency
associated with narrative and text descriptions [62], many
institutions still rely on these representations over visual models.
This reliance may stem from factors such as organizational
culture, lack of awareness, and apprehension about the
complexity of modeling languages. However, raising awareness
and fostering a better understanding of the benefits and
drawbacks of visual models, particularly in the context of
specific PP projects, could help shift attitudes and reshape
organizational culture regarding the choice of process
representation.

Efforts to develop simplified visual modeling languages
accessible to nonmodeler domain experts can help alleviate
concerns about complexity and encourage broader adoption.
While balancing ease of understanding with the expressiveness
of modeling languages poses challenges [65], it is essential for
all contributions in this field to prioritize this as a principle. In
addition, as digital technology plays an increasingly prominent
role in this domain, emphasis should be placed on visual

languages equipped with execution engines and tools, facilitating
integration with existing digital tools, and streamlining the
modeling process.

In larger projects intended for widespread implementation, such
as those aiming to serve as common documents for local
implementations, incorporating visual models of business
processes benefits the project while normalizing the use of such
representations. For instance, the World Health Organization’s
smart guideline documents have integrated visual representations
of business processes [86]. However, further research is needed
to thoroughly evaluate the advantages and disadvantages of
visually modeling such projects using an accessible and
expressive modeling language.

Using the decision model to select the most appropriate
process-modeling language for a given modeling task is
proposed for research modelers, which can be applied in the PP
domain as well [74]. Guizani and Ghannouchi [75] argued that
none of the languages that they reviewed fully supported the
following 7 criteria: expressiveness, flexibility, formality,
readability, support tools, usability, and ease of learning.
Therefore, multicriteria decision support analysis is suggested
as the most appropriate approach for comparison. We
recommend that modelers and PP developers should
exhaustively scrutinize the suitability of existing standards to
model their PP before embarking on developing a DSML from
scratch. However, reviews are needed to avail comprehensive
knowledge of the gaps in the existing potential candidate
languages and weigh the merits of developing new ones in
relation to whether all requirements in a PP concept are covered
or not.

Extension of existing languages, especially extension by
addition, is a good approach to cover domain requirements but
the standardization process of the extensions is a challenge
[39,49]. By contrast, the latest OMG-recommended
combinations of modeling languages have to be tested in
different contexts as it is a promising approach to cover all the
domain needs [62]. With the move toward a more patient-centric
nature of pathways, more research is needed on how to reflect
the patients’ views in the modeling product [12,25,87].

Conclusions
Diverse visual modeling languages were used to model PPs
fully or partially. The GPMLs were used directly without any
modification to the grammar, extended following extension
protocols, or combined with other languages to complement
the inherent limitations of each language. We identified a few
attempts of developing DSMLs in this review. A limited number
of papers presented a DSML that is developed to meet the
specific requirements of the PPs. Purely ontological modeling
languages were also identified. We have shown the need to
consider the rationale, context, and the ways in which the
identified visual modeling languages were used. This provides
additional useful information to stakeholders in the process of
selecting a modeling language. Furthermore, one should use
quality appraisal tools to check the conformity of a modeling
language to their specific pathway project before deciding to
use, extend, combine, or develop a visual modeling language.
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Abstract

Background: Nations of considerable wealth and sophisticated health care infrastructures have experienced high rates of illness
and death from COVID-19. Others with limited economic means and less developed health systems have achieved much lower
burdens. To build a full understanding, an appraisal of the contribution of social relationships is necessary. Social cohesion
represents a promising conceptual tool.

Objective: This study aimed to examine scholarship on social cohesion during the COVID-19 pandemic: specifically, the
constructions of social cohesion being deployed, the variables chosen for representation, and the effects of and on social cohesion
being reported.

Methods: The PubMed, Scopus, and JSTOR databases were searched for relevant journal articles and gray literature. A total
of 100 studies met the inclusion criteria. Data were extracted and analyzed from these using spreadsheet software.

Results: Several constructions of social cohesion were found. These concerned interpersonal relationships, sameness and
difference, collective action, perceptions or emotions of group members, structures and institutions of governance, locally or
culturally specific versions, and hybrid or multidimensional models. Social cohesion was reported to be influential on health
outcomes, health behaviors, resilience, and emotional well-being, but there was some potential for it to drive undesirable outcomes.
Scholarship reported increases or decreases in quantitative measures of social cohesion, a temporary “rally round the flag” effect
early in the pandemic, the variable impacts of policy on social cohesion, and changing interpersonal relationships due to the
pandemic conditions. There are numerous issues with the literature that reflect the well-documented limitations of popular versions
of the concept.

Conclusions: Social cohesion has been used to express a range of different aspects of relationships during the pandemic. It is
claimed to promote better health outcomes, more engagement with positive health behaviors, and greater resilience and emotional
well-being. The literature presents a range of ways in which it has been altered by the pandemic conditions. There are significant
weaknesses to this body of knowledge that greatly impede its overall quality.

(Interact J Med Res 2024;13:e51214)   doi:10.2196/51214

KEYWORDS

social cohesion; social capital; COVID-19; infrastructure; tool; social; economic; interpersonal; interpersonal relationship;
emotions; pandemic; engagement; health behaviors; resilience; emotional well-being; well-being

Introduction

Overview
The COVID-19 pandemic has offered a challenge to those
seeking to understand the operation of social relationships and
patterns of health and illness. Throughout what is likely the first

truly global pandemic to begin in the information age, humans
have had access to real-time data from across the globe. What
we have seen has frequently surprised us. For example, the 2019
Global Health Security Index positioned the United States and
the United Kingdom in the top 2 positions in the league table
of pandemic preparedness [1], yet these nations have
experienced among the highest rates of illness and death from
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COVID-19 on the planet [2]. The same report placed, for
example, Aotearoa–New Zealand (Aotearoa-NZ) and Singapore
much lower in the rankings, but these nations have managed to
limit their burdens of this kind [2].

Analyses have sought to explain unequal COVID-19 outcomes
between populations using, among other independent variables,
features of physical geography [3], previous experiences of
infectious disease outbreaks [4], ethnic composition [5], and
even leaders’ gender [6]. Although some of these may make
important and valid points, none tell the whole story: an
understanding of the patterns of health and illness cannot be
complete without attention to social determinants. After all, it
is physical, in-person interaction between humans that allows
the virus to spread. In most cases, a nation’s ability to slow or
stop the spread of the virus has depended on collective action
from a large majority of its population. More fundamentally,
the ability of a government to enact policy for protection of
public health in the face of COVID-19 is contingent on there
being political infrastructure to permit it and, following this,
the likelihood that the policy will be adhered to at the population
level. At every juncture, the progress of the disease is contingent
on social relationships.

Social Cohesion
One useful tool for the examination of social relationships is
social cohesion. Comprehensive accounts of social cohesion
have already been written recently [7-9]; however, a brief
discussion here may provide context to the current work. Most
basically, it is a tool for the analysis or characterization of social
relationships. There are several theoretical lineages underpinning
social cohesion as it currently appears, their relative presence
in different incarnations of the concept being frequently noted
in the more critical literature [10-14]. The inception of social
cohesion into academic inquiry is usually attributed to Durkheim
[15], who sought to understand what brings and holds societies
together in the context of the rapid industrialization of the 19th
and early 20th centuries. His answers to this question—shared
values and culture and functional interdependence—are at the
foundation of one theoretical lineage, present through Parsons’
[16] and the functionalists’ scholarship and are a notable feature
of more recent work by Jenson [10]. Attention to the Marxian
theory of capitalist socioeconomics, the division of labor and
wealth inequality is also frequently present, with inequality
presented as an impediment to social cohesion, which in such
accounts is largely synonymous with order and stability [17].

Some scholars, such as Green and Janmaat [11], indicate the
importance of the state in the operation and maintenance of
social cohesion and, in doing so, draw attention to the work of
political theorists. Liberal, contractarian, romantic conservative,
and French republican thought traditions are each cited in this
work. Such ideas are carried through into the contemporary
social cohesion scholarship from policy, development, and
political science fields. In this general area, social cohesion is
again a question of a social order, underpinned by particular
understandings of the nature of the human condition and
sociality, for which the state is ultimately responsible.

Another influential theoretical lineage, though one that has seen
rather less explicit acknowledgment in the more recent social

cohesion literature, grew from roots in social psychology. The
pioneering work by Le Bon [18] on behavioral contagion paved
the way for a range of contributions, including those from Freud
[19], Lewin [20], and the field theorists and group identity
scholars, such as Hogg and Turner [21]. Although this work
was primarily small-group experimentation, some of its
principles and lexicon have become established in the social
cohesion scholarship seeking to characterize larger groups, of
course in those from psychological fields making reference to
the topic [22], but also notably in the characterization of
intergroup relationships, identification with the local or national
community, and in the nature and operation of trust.

The more recent construction of social capital concepts adjacent
to social cohesion has also been influential. Building in part on
the work of social network analysts [23], Bourdieu [24], and
Coleman [25] each introduced their own versions of social
capital. This concept draws attention specifically to interpersonal
relationships and the opportunities and resources these may
offer to the individual. In this form it had relevance to social
cohesion but still remained reasonably distinct: where social
cohesion was, for the most part, to operate at the population
level, social capital was concerned with individual-level social
networks. However, with the popular version of social capital
from Putnam [26-28] the boundaries between the two became
less clear. Putnam’s work departed from the use of the individual
as the unit of analysis to focus on groups’ and communities’
extent and practices of civic engagement and the operation of
social norms, the implications these have for population-wide
trust, and, following this, the effectiveness of democracy and
successful economic growth. Putnam’s social capital thus began
a literature trajectory that appraised variables and conditions
that would have found a comfortable home under the social
cohesion banner as social capital, and in many cases that treats
the two as synonymous (eg, Kawachi and Berkman [29]).

Most recently, policy and development scholars, and, following
them, those from several other fields, including public health,
economics, and geography, have brought these theoretical
lineages of social cohesion and its fraught relationship with
social capital into dialog with contemporary social and political
problems or change and have sought to operationalize them
quantitatively. The manner in which social cohesion is
represented in such work is often contingent on the problems
or processes of change under scrutiny. For example, scholars
seeking to draw attention to the human casualties of the
neoliberal dismantling of the welfare state, tend to foreground
the problems of inequality [30]; those looking to solve the
problem of ethnic intergroup tension frequently look to
explanations around shared culture, values, and interpersonal
connection [31]; and those concerned about the social order and
operation of democracy can commonly be found emphasizing
the role of the state and the quality of its institutions [32]. It has
been used to represent or understand—among many other sets
of relations—collective action [33], relationships between
populations and the state [24,34], trust [29], and neighborhood
networks’ resilience to hardships or shocks [35].

The diversity of the lineages of social cohesion and contexts in
which it has been deployed have produced significant diversity
within the concept. In practice, there are many different social

Interact J Med Res 2024 | vol. 13 | e51214 | p.406https://www.i-jmr.org/2024/1/e51214
(page number not for citation purposes)

WareINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


cohesions, and there is rarely any basis to claim one of them
more valid or useful than the next. This has long been observed
in the literature: Bernard [17] famously referred to social
cohesion as a “quasi-concept,” imbued with “a vagueness that
makes [it] adaptable to various situations...to follow the
meanderings and necessities of political action from day to day,”
and Cheong et al [36] suggested that it is “a moveable feast,
aligned with the political and ideological positions of policy
makers, practitioners, and academics.” Despite the currency it
has come to hold in both policy and academic debates, it is rare
that all parties to a conversation on the topic are talking about
the same thing.

Although this ambiguity has produced definitional and
conceptual confusion, it may also lend the social cohesion
concept a flexibility that can be a source of strength in
examining human sociality. Given the collective nature of the
problems of COVID-19 and the requirement for collective
solutions, it appears to be especially promising in the analysis
of social relationships in such a context. This work is an initial
step into such a line of inquiry. Beyond this specific topic, and
as the direct impacts of the COVID-19 pandemic diminish in
magnitude, the accumulation and persistence of further wicked
problems, such as environmental degradation and climate
change, poverty and inequality, recurring financial-economic
crises, etc, the imperative for understanding collective behaviors
becomes ever more pressing. Social cohesion is a concept that
might be of use to human endeavors therein.

The Current Work
As part of a broader research project using social cohesion to
understand the operation of social relationships within and upon
the COVID-19 pandemic, a review of what others have
contributed is necessary. Reported here are the processes and
results of an integrative review on the topic. Given the
definitional ambiguity and broadness of the scope of the social
cohesion concept, in addition to its effects, it was of interest to
investigate the different ways in which social cohesion has been
constructed. It is thus not the intention of this work to seek
solutions to its ambiguity and vagueness, or indeed to imprint
its own framework or claims as to the nature of social cohesion
onto the endeavor. Rather, reported here is an exploratory
mission to seek out how social cohesion has been deployed by
others: which versions are being used, how they are being used,
and the effects on and of the experience of the pandemic being
claimed.

Methods

Search Strategy
A computerized search strategy was conducted on the PubMed,
Scopus, and JSTOR databases on October 10, 2022, then
repeated on August 8, 2024. The dual purpose of the review—to
explore the range of versions of social cohesion being deployed
to characterize the social relationships in operation during the
COVID-19 pandemic and the effects thereon and
thereof—necessitated the casting of a broad net in the literature
search. This need was magnified by the newness of the topic.
Given the slippage between social cohesion and such adjacent
concepts as social capital, it was worthwhile to maintain singular

interest in those accounts specifically and explicitly using the
social cohesion concept as an important component in the
analysis. The following search string was used: “social
cohesion” AND (“coronavirus” OR “Covid”).

Searches were limited to journal articles and gray literature
published since 2020 to exclude results from before the
COVID-19 pandemic. For the PubMed search, the search
parameters were set at title and abstract. For the Scopus search,
this was widened to also include keywords, and for the JSTOR
search, to include the whole text as initial title and abstract
searches alone yielded limited results.

From an initial return of 698 results, 89 (12.75%) were reviewed.
A further 11 (1.5%) articles and reports were included from the
reference lists, bringing the total number of papers to 100
(14.3%). Inclusion criteria were as follows:

1. Social cohesion formed a substantial part of the analysis.
Across social scientific scholarship, the term is frequently
used without a definition or significant discussion. Including
papers where social cohesion was present in this manner
would not be of value to the task of generating detailed
knowledge on social cohesion during the COVID-19
pandemic.

2. Discussion was present on COVID-19 outcomes or social
cohesion in the context of the pandemic. The purpose of
this review being to understand the relationships between
COVID-19 and social cohesion meant that any papers not
dealing with these were not relevant.

3. The full text was available through the associated database.
4. The full text was available in English.

Data Extraction
All 100 studies were accessed electronically. In each case, PDF
files were downloaded from the database on which they were
found. Data were extracted using the integrative method from
Whittemore and Knafl [37], which was chosen for its capacity
to draw together a range of methodologies. This consists of data
reduction and coding, display, comparison, and the drawing of
conclusions. A coding matrix was developed using the Microsoft
Excel spreadsheet software. During initial coding, the literature
was arranged by methodology and discipline. Following this,
through an inductive process, it was organized by further
categories becoming salient during a second pass. These
included the nature of the work (empirical, analytical, or
theoretical), the units of analysis, the objects of focus, the
construction of social cohesion being deployed, and the
outcomes being described. A third pass over the literature
informed by this was then conducted, which yielded the thematic
structure described in the following section. The extraction
focused in particular on the manner in which social cohesion
was conceptualized, the components or indicators thereof
proposed, and the argument being presented regarding its
operation during the pandemic.

Results

Selection and Exclusion Process
The selection and exclusion process is shown in Figure 1.
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Figure 1. Literature selection and exclusion diagram.

Study Features
Tables 1 to 3 provide details of the papers reviewed relating to
location of interest, the methodological approach, and the effects
on or of social cohesion being investigated.
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Table 1. Reviewed papers and their locations of interest (N=100).

ReferencesPapers, n (%)Location of interest

[13,38-49]13 (13)United Kingdom

[50-65]16 (16)United States

[66-71]6 (6)Germany

[72-79]8 (8)Australia

[80-83]4 (4)Aotearoa–New Zealand

[84-86]3 (3)Iran

[87,88]2 (2)South Africa

[89]1 (1)Indonesia

[90]1 (1)Spain

[91-94]4 (4)China

[95]1 (1)Canada

[96]1 (1)Argentina

[97]1 (1)Peru

[98]1 (1)Denmark

[99]1 (1)Kenya

[100,101]2 (2)Italy

[102]1 (1)Poland

[103]1 (1)Romania

[104,105]2 (2)Japan

[106]1 (1)Chile

[107]1 (1)Netherlands

[108]1 (1)Brazil

[109]1 (1)Colombia

[110]1 (1)Switzerland

[111-132]22 (22)Two or more nations

[133-136]4 (4)No specific location

Table 2. Reviewed papers and their modes of inquiry or analysis (N=100).

ReferencesPapers, n (%)Methodology

[13,50,79,80,84,89,111-118,124,125]16 (16)Analytic commentary

[56,83,88,100,126,127,133-135]9 (9)Theoretical commentary

[39,41,48,49,51,53-55,57,59-62,64-66,68,70,71,73,75-78,81,86,91-95,98,99,101-106,
119,120,123,129-132]

47 (47)Empirical: quantitative

[38,46,47,52,58,63,72,74,82,85,87,90,97,107-109,121,122,128]19 (19)Empirical: qualitative

[42-45,96]5 (5)Empirical: mixed methods

[40,67,69,110]4 (4)Theoretical and empirical combined
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Table 3. Effect on or of social cohesion under investigation (N=100).

ReferencesPapers, n (%)Effect on or of social cohesion being investigated

[13,41-44,46,48,52,57,59,66,68,69,71,74,79,80,82-84,87,88,90,98,101,
102,106,112,113,118,120,126,133,134,136]

35 (35)Interplay between pandemic conditions and social cohesion

[39,53,54,56,62,111,119,123,127,129,130]11 (11)Social cohesion as explanatory variable for patterns of
health and illness

[50,94,99,108,114-116,124,125]9 (9)The role of governance institutions in maintaining social
cohesion during the pandemic

[38,40,55,58,60,75,78,85,92,93,104,121,122]13 (13)Social cohesion as explanatory variable for adherence to
public health measures

[51,61,64,65,73,76,77,81,86,91,95,100,105,132]14 (14)Relationship between social cohesion and mental or emo-
tional well-being during the pandemic

[49,63,67,70,72,89,96,97,103,109,110,117,131,135]14 (14)Social cohesion as resilience to pandemic hardships

[45,47]2 (2)Voluntary work as determinant of social cohesion during
the pandemic

[107,128]2 (2)Within-group social cohesion as determinant of medical
professionals’ performance

Different Models of Social Cohesion
A range of constructions of social cohesion were presented.
These may be sensibly organized as clusters of objects that are
used to represent social cohesion one way or another. These
clusters commonly describe the same or similar sets of behaviors
or situations using different terminology. In total, 7 categories
are proposed for the papers reviewed: interpersonal
relationships, sameness and difference, groups’collective action
or members’ choosing to act toward the overall benefit of the
group, the sum of the perceptions or emotions of group
members, and the operation of structures and institutions of
governance. The sixth category is a small one that contains
locally and culturally specific constructions of social cohesion,
and the seventh consists of accounts presenting large hybrid
and multidimensional models incorporating several other
categories. In each case, the chosen version of social cohesion
is represented by particular constructs or variables that act as a

representation of the whole. Table 4 contains a summary of this
information.

Each model of cohesion naturally implies the units of analysis
between which relations are being characterized. The
interpersonal group measures characteristics of the individual
human, and in its purpose to appraise the operation of their
social networks, often resembles what has been more commonly
characterized as social capital. The individual is also used as
the unit of analysis in the process of calculating the sum of
emotions and perceptions. Analyses of sameness and difference
tend to span the individual and group. A common example of
this practice is the measurement of individual group members’
characteristics to make inferences about the group. The same
general practice is also apparent in the working together
category. Analysis of institutions and governance usually
situates the particular structures under scrutiny as the units of
analysis.
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Table 4. Models of social cohesion and constructs chosen for measurement.

ReferencesLocus and aspect under analysis

Interpersonal relationships

[38,48,52,55,57,60,61,63,72,82,90,93,97,109,113,131]Provision of social support

[53,104]Interpersonal reciprocity

[38,72,104]Information sharing

[39,41,44-46,48,49,56,59,67,89,94,96,120]Number of social interactions

[41,45,46,49,55,61,64,73,76-78,84,89,90,92-95,113,117,120,132,133]Quality of social connections

[44-46,54,120]Relative salience of different types of social relationships

[43,48,72,73,82]Within ethnic group

[107,128]Within professional group

Sameness and difference

[63,72,82,106]Interethnic group relations

[13,43,44,49,75,78,99,134]Shared identity

[58,91,94,109,134]Norms

[69,93,95,109,121]Values

[38,58,69,72,122]Behavioral conformity

Working together for the good of the collective

[38,48,50,74,75,87,103,111,114,115,124]Collective action

[49,69,90,99,102,114]Cooperation

[88,125]Collaboration

[117]Limited conflicts of interest

[101,107,109,121]Pursuit of a shared goal

[13,38,64,87,94,108,119,122]Meeting social responsibility

[50,68,85]Orientation to common good

[84,117]Mutual aid

[50,73]Altruism

[50,91,108,117,118,121,122,135]Solidarity

The sum of individual group members’ emotions or perceptions

[13,43,65,69,74,94,122,131]Feelings of togetherness

[44,46,66-68,75,79,90,108,119]Trust in others in the nation

[39,41,43,44,51,53,57,61,64,67,68,73,75-77,84,85,90,91,95,105,109-111,119,132]Trust in those from local community

[42-44,69]Trust in others to follow public health rules

[43-45,48,50,67,69,75,78,79,86,87,90,96,98,99,111,119]Trust in politicians or political institutions

[41,85]Perceived cohesion

[13,43,49,53,60,64,65,67,79,82,86,105,109,110,131]Feelings of belonging

[65,73,130]Feelings of safety

The operation of institutions and structures of governance

[108,123]Effectiveness of democracy

[116]Integrity of the social contract

[79,115,116,119]Within-nation inequality

[98,135]Action to uphold human rights

[108,121,125]Strength of state institutions

[85,99,126]Integration of state institutions

Interact J Med Res 2024 | vol. 13 | e51214 | p.411https://www.i-jmr.org/2024/1/e51214
(page number not for citation purposes)

WareINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ReferencesLocus and aspect under analysis

[127,130,135]Management of disorder

[115,125]Effective leadership

[50,69,88,90,91,103]Locally or culturally specific expressions

[13,48,67,69-71,75,82,99,121,129,135]Hybrid or multidimensional models

The Different Effects of Social Cohesion

Health Outcomes
Those works presenting social cohesion as a determinant of
health most commonly held it to be producing comparatively
positive population health outcomes from COVID-19. Such
reporting included the negative association of social cohesion
(frequently referring to social capital, either explicitly or
implicitly, as a proxy) with the likelihood of death
[54,123,129,130]; or the spread of infections of COVID-19 in
groups and populations [53,56,127,129,130]; hospitalization
[62]; or antibody response to vaccination [39]; or, in the case
of some analytical and theoretical work, a less precisely defined
and more general “health outcomes” [111]. For example,
Gallagher et al [39] used a 5-item questionnaire to measure
frequency of contact with neighbors, and perceptions of
neighborhood trustworthiness, willingness to help, similarity
and friendship; and vaccination-related blood antibody
concentration among 676 people from the United Kingdom,
finding a positive association between their measure of social
cohesion and blood antibody concentration.

Some works sought to isolate the effect of different components
or variables within their model of social cohesion on health
outcomes from COVID-19 [53,54,119] or different effects of
the same components on different populations [53]. For
example, Elgar et al [119] drew on existing data from surveys
across 84 countries and used a Putnam-inspired construct
measuring trust in other people, membership of community
groups, civic activity, and confidence in the state (thus
resembling social capital) to investigate a hypothesized
association between social cohesion and COVID-19 deaths in
the early days of the pandemic. They reported that while
mortality was positively associated with interpersonal trust and
group affiliations, it was negatively associated with civic
engagement and confidence in the state. Ransome et al [53]
measured feelings of belongingness, trust in neighbors,
perceptions of neighbors’ willingness to help, civic and social
participation, and collective engagement across a selection of
neighborhoods in Philadelphia, looking for any associations
with rates of COVID-19 diagnosis. They found that social
cohesion operated differently in different places: neighborhoods
predominantly occupied by African Americans found some of
their indicators of choice to be associated with higher rates of
diagnosis, while those in which African Americans were the
minority saw the same indicators associated with lower rates.

Information for and Practice of Health Behaviors for
the Prevention of COVID-19
Several studies described the effects of their chosen construction
of social cohesion on the promotion of health behaviors intended

to prevent transmission of SARS-CoV-2. These included
commentary on those behaviors made compulsory by legislation
and access to or transmission of information around them. This
body of work includes notable contributions from those who
deployed qualitative methods to explore in detail the motivators
and barriers for practicing recommended and required public
health behaviors [38,60,85,121,122]. Each of these introduced
social cohesion at the latter stages of their analyses to draw
together a collection of influences on opinions and behaviors
into a single explanation. In keeping with the qualitative
approach, these presented a more complex arrangement of forces
than the single-axis scales or binaries commonly expressed by
quantitative work. For example, Zimmerman et al [122] used
social cohesion to explain those behaviors informed by feelings
of togetherness, commonality, empathy, and compassion, linking
this to the spread of uptake of health-promoting behaviors across
a group. They noted that these can encourage closer adherence
to public health guidelines through care for the collective, while
at the same time may cause people to deviate from guidelines
and regulations when doing so is perceived to benefit another
or others who may be in need.

Others produced quantitative analyses using self-report surveys
to capture the practice of specific sets of COVID-19–related
health behaviors [55,75,93,96]. For example, Cheng and Lo
[55] surveyed older adults from the United States on the number
of preventative behaviors from a given list in which they
engaged and a 3-item Likert scale measuring social cohesion
at the neighborhood level. They reported a positive association
between the two. Cárdenas et al [75] surveyed a large sample
of Australians to investigate whether engaging in physical
distancing and hand hygiene behaviors were susceptible to
sociopolitical determinants. They used a model of social
cohesion incorporating social identification, confidence in
government, and social relations captured by a 14-item tool.
They reported a complex set of findings in which their measures
relating to social cohesion are spread across being positively
associated with these health behaviors, negatively associated
with them, evidencing no apparent relationship, or associated
with one and not the other.

The place of social cohesion in the distribution, provision, and
accessing of good-quality health-related information has also
been of interest to scholars [38,72,104]. The interview research
by Burton et al [38] and Healey et al [72] presented the sharing
of health information as a form of social support and, in turn,
as a component of social cohesion. Machida et al [104]
suggested that the offering and uptake of health information
between groups bound by ethnic and cultural sameness may be
an explanation for the positive relationship they found between
social cohesion and rates of vaccination.
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Some authors engaged in commentary on relationships between
social cohesion and whether people choose to become
vaccinated against COVID-19 [40,78,92,104]. For example,
Machida et al [104] in a cross-sectional study in Japan found
social capital (in their Putnam-derived construction containing
social cohesion) to be associated with both previous vaccination
and intent to receive a booster vaccine.

Social Cohesion Promoting Resilience and Emotional
Well-Being
The effects of social cohesion on resilience and mental and
emotional well-being have seen significant attention in the
literature. These works commonly noted the heightened states
of stress and anxiety brought about by the pandemic and the
isolating effects of the physical distancing measures that were
used to prevent transmission of SARS-CoV-2. There are those
who referred to the resilience of groups in this respect, proposing
that their chosen model of social cohesion is supportive of this
[49,59,60,63,64,70,72,76,77,89,96,97,103,107,109,110,117,128,131].
For example, Rela et al [89] offered an analysis of the action
of a Putnam-influenced fusion of social cohesion and social
capital in Indonesia. An argument is presented for social
cohesion as a determinant of community resilience, defined as
the capacity of a group to cope with changing environments
while continuing to improve the living conditions of its
members. Garcia-Rabines and Bencich [97] and Healey et al
[72] both argued that within-group cohesion in marginalized
communities (transgender women and ethnic minorities,
respectively) can act as a source of resilience in times of crisis
in the forms of practical and moral social support. Group
resilience is also, by some, explicitly held as important for
groups’ protection against psychosocial distress and clinical
versions of this [67,96]; and groups of health care professionals’
ability to maintain stability and the provision of care [107,128].
Most commonly, however, the various constructions of social
cohesion at the group level are offered as a resource for
individuals’ protection from poor mental health outcomes
[51,65,73,81,86,91,95,100,105,132,135]. For example, Best et
al [95] surveyed 1381 Canadians on perceptions of social
cohesion in their neighborhoods and levels of panic, depression,
emotional stability, and worry, alongside a range of other
variables. They found that the COVID-19 pandemic and the
restrictive responses to it were responsible for heightened
distress, but that their social cohesion indicators were
unequivocally negatively associated with all measures thereof.
O’Donnell et al [73] reported, based on longitudinal research
with Australian informants, that neighborhood-level social
cohesion was associated with lower levels of depression during
periods of high infection rates and restrictions on social activity;
but that there was no effect on anxiety and loneliness.

The Negative Effects of Social Cohesion
Some authors offered commentary on the opposites of social
cohesion, or its less-desirable effects. These include social
cohesion or elements of it as a driver of increased infection or
death rates. Ransome et al [53], using data collected from across
the United States, and Thomas et al [56], in a San
Francisco–based simulation, suggested that social cohesion,
viewed as collective engagement or frequency of interpersonal

connection respectively, may offer a mechanism by which
increases in social cohesion may explain ethnic differences in
infection rates. Brief commentary was also made by Hangel et
al [121], Zimmermann et al [122], and Schneiders et al [46] on
how demands made by commitments to the cohesion of a larger
social group might come to negatively impact the well-being
of those in one’s close circle. One example of this is in the
demands for physical distancing to stop the population-level
spread of SARS-CoV-2, meaning that some family members
experience isolation.

Some works presented commentaries suggesting that social
cohesion may operate to produce in-group versus outgroup
orientations or sharpen existing ones in populations in the
pandemic environment and explored some of the implications
[58,80,82,90,98,114]. Comment was made on group
constructions that preexisted the pandemic and their boundaries
and operation in its context: age [82], ethnicity
[62,65,79,82,86,106,130], gender [114], wealth [79,130] and
neighbors versus “outsiders” [58,90]. Others suggested that new
groups have formed in response to the pandemic and the
requirements of the public health response [80,98]. Ergler et al
[80] offered an analysis of the procession of groups that have
become marked as outsiders because of the Aotearoa-NZ
pandemic response, which included political efforts to generate
national unity in opposition to the virus. Schuessler et al [98]
measured the extent to which compulsory vaccination policy
in Denmark brought into being group boundaries that excluded
those resisting vaccination from some aspects of social life.

Changing Social Cohesion During the Pandemic

“Increasing” and “Decreasing” Cohesion During the
Pandemic
Some commentators suggested that the pandemic conditions
facilitated increases in social cohesion in the manner in which
they constructed it. These suggestions were based on
observations of increases in the provision of social support
[52,74,82,109]; the fruitful interaction between pandemic
conditions and previous policy efforts to bolster social cohesion
at the local level [48,76]; and perceptions of increases in local
unity and solidarity [13,43,44,71,94]. For example, Morgan et
al [82] conducted in-depth interviews with older people
following the first wave of the COVID-19 pandemic in
Aotearoa-NZ and found participants feeling a greater sense of
belonging in their communities due to the help they received
from family and friends during a difficult time, this being
experienced in different manners by different ethnic and age
groups.

Some (including some of the same authors) also painted the
opposite picture: the pandemic environment bringing about a
reduction in social cohesion. Such evidence presented includes
declining trust in others from the population under investigation
[48,60,71], and in politicians and political institutions
[43,44,70,71]. Perceptions of declining national unity are also
referenced in this respect [13,43,44,70]. Others, as covered
above, reference the action of policy responses to the pandemic
to create division [67,80,98]; and the occasional failure of
national policy approaches to cater to and include all groups
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[82,108]. Also raised in this respect is the sometimes polarizing
effects of pandemic politics and public health responses and
the interplay thereof with social cohesion, adherence to public
health measures, and population health outcomes
[98,102,123,126]. Three contributions, characterizing social
cohesion as mutual support and trust between neighbors,
reported no change [57,79,105].

Several works presented social cohesion and division as
antithetical and offered broad commentaries on the operation
of the latter [13,43,44,115,126,129]. For example, Bisiada [126],
in a theoretical discussion of social life in Germany and Spain
over the course of the pandemic, countered the argument that
social divisions have been primarily ideological in nature and
presented another, that socioeconomics have been the major
axis. Abrams et al [43,44] presented data to show that the United
Kingdom’s experiences of the COVID-19 pandemic have been
marked by increasing perceptions of unity at the local level but
of disunity at the national level.

“Rally Round the Flag” and Its Diminishing Returns
An observation that is made frequently across the literature,
especially in works that have engaged in longitudinal research
or ongoing analysis, is that there was a moment of increased
cohesion in the early stages of the COVID-19 pandemic, which
gave way to a return to form—or worse—toward the end of
2020. This was characterized by the British Academy [13] as a
“rally round the flag” effect. This effect has been described
occurring in relation to a range of different constructions of
social cohesion and their indicators: interpersonal interaction,
social support, and feelings of togetherness [13,52,87]; trust in
“most people” [66], those in one’s neighborhood [42] and
government [13,43,96]; political polarization [102]; feelings of
national and local unity [13,42-44]; commitment to a common
goal [101]; and collaboration between nations [118]. The British
Academy’s [13] UK-based narrative suggested preexisting
division and declining cohesion in the years before the
COVID-19 pandemic, followed by a “coming together” during
the first wave, in which people were brought to trust each other
more, have increased perceptions of local and national unity,
identify more closely with their communities, and offer both
emotional and practical support to others. The authors suggested
that this moment had come to an end by September 2020, at
which point almost all indicators returned to prepandemic levels.
Perceptions of local unity in some cases remained higher, and
trust in government declined to still lower levels, the latter effect
being most pronounced in socioeconomically deprived
communities and “key” workers, such as those used in frontline
social care, who were concentrated in these lower socioeconomic
strata and who experienced the greatest exposure to risk of
contracting the virus.

The Effects of Policy
A smaller body of work looked into the effects of policy on
social cohesion in pandemic conditions. There have been those
already mentioned who held vaccination policies [98] and a
framing of collective action against the virus [80] as responsible
for driving division. Others pointed to the greater levels of social
cohesion experienced by nations that focused policy toward
fostering it in their pandemic response—including those

emphasizing solidarity and agency [114]; “we-ness,” that is,
feelings of unity [115]; and the swift rollout of generous social
protections [116]. Contrary to this, Strupat [99], in an analysis
of the Kenyan response, considered that the burden placed on
the nation by the COVID-19 pandemic was too great for the
welfare approach overseen by the government to have any real
effect. In the study by Di Giulio et al [108], the extended critique
of Bolsonaro and the central government’s role in the pandemic
response in Brazil shows it to have damaged a version of social
cohesion centered on political trust and civic engagement, and,
in turn, to have led to worse population health and widened
inequality. A further set of commentaries, all from the early
stages of the COVID-19 pandemic, offered analyses and advice
for policy authors toward prioritizing social cohesion in the
pandemic response [50,117,124,125].

Changing Interpersonal Relationships
A significant thread in the literature, involving those
constructions of social cohesion where interpersonal
relationships are at the center, is analysis of how changes in
relationships brought about by the COVID-19 pandemic have
affected social cohesion. Such accounts include the suggestions
that frequency of contact and quality of relationships with people
from outside the family circle have diminished
[41,43,44,68,84,120]; and that bonding with those in one’s close
environment has strengthened [42-44,46,82,120]. Other
interesting observations on the changing nature of interpersonal
relationships includes their becoming politically polarized or
depolarized over time [46,102]; and the manners in which the
requirements of remaining physically distant can function in
cultures of communal sociality [88,112].

A common suggestion is that the conditions of the COVID-19
pandemic have produced a fundamental reformation of the
manners and practices by which social relationships are
enacted—and therefore a change in a cohesion that is reliant on
these. These range from, most simply, the observation that the
novel social conditions of the pandemic may bring new
conditions for the construction of personal identity, group
identity, and thus group interactions [134], that the extent of
disruption to established practices has required a conscious and
intentional reformation of relationships [46], to the idea that
times of crisis bring the requirement for specific sets of practices
of interaction [69,73,97]. More specific observations include
those on details of the large-scale shift of interaction to remote
communication technologies [52,74]; the use of outdoor singing
as a communal negotiation of grief and solidarity [100,133];
and signing up to volunteer programs as an expression of
commitment to the collective and a means of engaging in
meaningful interpersonal interaction [45,47,68]. There are
numerous commentaries dealing with the changing practices of
interaction of different groups, including the changing
construction of oldness in relation to older people’s increased
vulnerability during the pandemic and how this has affected
intergenerational relations [74,82,113]; the “closing ranks” of
transgender people in expectation of heightened oppression
[97]; increasing victimization experienced by ethnic minorities
[43]; the increase in disconnection and isolation felt by key
workers [45]; and the disproportionate decline in quality and
frequency of social relations felt by socioeconomically
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marginalized peoples [13,115,116,126] and those of lower
formal education levels [68].

Of particular interest due to their novel nature are the accounts
that identify the intersection between local culture and pandemic
environment to create conditions of possibility for new practices
of interaction. Schröder et al [69], upon their aforementioned
theoretical model in which cohesion arises in a space of latency
from an underlying milieu of social relations, noted that in
Germany these practices took different forms in different
geo-cultural regions. These authors held the distribution of
socioeconomic resources and values to be of special importance.
Villalonga-Olives et al [90] described a “bounded solidarity”
on the island of Menorca in which there was an increase in
solidarity and support in the communities of the island but a
tension between mistrust of outsiders as potential carriers of
disease and the reliance on the same outsiders to bring in capital
to maintain islanders’ financial well-being.

Critique
The literature on social cohesion and the COVID-19 pandemic
contains numerous weaknesses. A large proportion of these
limitations are a function of the already well-documented issues
with the social cohesion concept. The broad diversity of
definitions and constructions of social cohesion have long been
the subject of discussion and appear to be no closer to a
resolution [7,8,12]. In respect of the current work, this means
that there is such a spread of versions of social cohesion in
circulation that its explanatory power is weakened and it is
difficult to make stable comparisons across the body of
knowledge. In general, the observation by Bernard [17] remains
apt: social cohesion appears as a “quasi-concept,” amenable to
the imprinting of any political-ideological or discipline-bound
framework within which those using it are working.

The presence of such diversity within social cohesion and its
value-laden construction would logically require explicit
theoretical engagement and clear justification of choice for the
version of the concept being deployed. With some notable
exceptions [69,82], this work is not—beyond an
acknowledgment of diversity—undertaken with detailed
attention in the literature reviewed. As such, social cohesion
does not carry as much explanatory strength in analyses of the
conditions of the pandemic as it might: a model built without
theoretical justification leaves its conclusions open to question
and becomes open to such criticisms as that from Schröder et
al [69]: that the concept is in danger of becoming an “empty
signifier.” This issue is compounded by the use of measures
that do not appear to be a good operationalization of the
definition of social cohesion provided. It is a frequent occurrence
in the literature that the diversity across constructions is
acknowledged, a brief summary given, and a particular
definition settled upon, following which a measure is chosen
for its previous validation or its ease of administration rather
than its reflection of the construction of social cohesion offered.

In this body of literature, social cohesion is, as mentioned,
situated among a group of concepts clustered around a set of
behaviors, orientations, and situations. Social cohesion is
frequently not precisely defined or distinguished from those
adjacent concepts. This is especially true in respect of social

capital, where the two are often treated as synonymous [72,89]
or where social capital is used as a proxy for social cohesion
without a detailed justification [40,96]. There is also frequent
unacknowledged definitional imprecision across social cohesion
and “solidarity” [50,121]; engagement with democratic
processes [123]; the social contract [66,116]; and activity in the
civic space [103,104]. Where these concepts are not defined
and differentiated with care and clarity, analyses become unclear
as to the networks of cause and effect being invoked, and, again,
explanatory power is impeded.

It is possible that a large portion of the imprecision across social
cohesion, social capital, and civic engagement is a consequence
of the broad influence of Putnam’s [26,28] work on the field
and the use of this and other models derived from it. Putnam’s
framework, nominally of social capital, incorporates several
diverse elements. It situates social cohesion in part as a product
of interpersonal connections and individuals’access to resources
(finance, support, etc); a notion present in other constructions
of social capital [24,25]. However, it also measures political
and civic engagement and uses whole groups as the units of
analysis—practices that might sit more comfortably under the
social cohesion banner. This may invite conflation of these
concepts. The frequent use of Putnam’s framework also means
that the body of knowledge focusing on social cohesion during
the pandemic is heavily skewed toward a cluster of constructions
of social cohesion kept inside its boundaries: at the local or
neighborhood level, contingent on its specific set of indicators
and its knowledge produced by quantitative inquiry. One
common consequence of this is a self-fulfilling deficit
orientation by which social cohesion is held to be reliant on
face-to-face interpersonal interaction and trust and is measured
quantitatively with models designed for normal conditions.
However, in the context of stay-at-home and physical distancing
requirements, this leads to an inevitable conclusion that there
are problems for social cohesion as a result.

Inattention to theoretical justification and the overrepresentation
of quantitative models are made more problematic by an
overreliance on older self-reported measures of social cohesion
that impede the quality of knowledge in the area. Although the
complexity and local specificity of social relationships and the
unprecedented nature of the pandemic environment are well
recognized, the measurement of social cohesion using, for
example, Likert scales with ≤5 items—sometimes one alone—is
common. This is unlikely to be sufficient to describe the
complexity of the relationships across groups and the
populations under scrutiny, especially in novel circumstances.
One such frequently deployed tool is the scale by Sampson et
al [137]. This was devised in 1997 to measure disorder and
collective efficacy (over and above social cohesion) in the
suburbs of Chicago and measures a small number of perceptions
of the neighborhood on a 5-item Likert scale. Aside from the
potential problems with validity in the novel pandemic context,
the problems with making firm conclusions on self-reported
data of this kind are well documented [138]. Even when cultural
specificity and the newness of the pandemic environment are
explicitly acknowledged, the complexity and diversity of social
relations are recognized, and the ongoing issues with the social
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cohesion concept engaged with, some still fall back on such
limited manners of measurement.

At the other end of the spectrum, there are some models that
appear to be so large and all-encompassing that social cohesion
becomes the basic determinant of almost all psychosocial life
and culture. For example, the construction by Godara et al [135]
includes social connections (capital), interaction, inclusion,
civic engagement, identity, social structures, norms and values,
loyalty, solidarity, human rights, trust, conflict management,
equality, and order; across micro-, meso-, and macro-levels;
involves both structures and groups of various sizes; and
includes vertical and horizontal relationships. Scholarship of
this kind creates a version of social cohesion that becomes
deterministic, mechanistic, and inattentive to local difference,
while at the same time being too large to make work within the
limits of the capacities of knowledge-production apparatus. Its
broadness also, again, weakens its explanatory power. There
may be a sweet spot between reductionism, expansionism, and
the particular that few contributing to this body of knowledge
have managed to achieve, although there are some notable
examples, predominantly using qualitative or mixed methods
[13,43,82,90].

Two further problems with the literature reviewed here are also
noted by commentators on the social cohesion literature more
generally. The first, in relation to the quantitative work, and
described previously by Janmaat [139] and Green and Janmaat
[11], is that the indicators contained within commonly deployed
constructions of cohesion almost always do not covary [75].
This calls into question the validity of the construction of a
concept that aims to provide a single coherent explanation—or
independent variable—for social life. The second is that there
is some ethical concern with works [53,56] that apply
closed-ended quantitative approaches to identify ways in which
social cohesion may be driving higher rates of sickness and
death from COVID-19 in marginalized populations and
minorities. As has been pointed out elsewhere [140], this comes
with the danger of blaming the victims of structural violence
for its effects.

A final comment here relates to the quality of data regarding
COVID-19 outcomes. Such was the speed at which the
pandemic achieved great size, the data collection infrastructures
were overwhelmed, and the quality of data describing its effects
is not currently of a quality most would hope to have. This
means that commentaries on effects on population health
outcomes, especially those relying on quantitative data, should
be treated with caution until better data are produced. This effect
is most prominent in those commentaries undertaken early in
the pandemic when the quality of data was at its worst.
Furthermore, a number of those accounts authored in the early
stages of the pandemic may have produced different conclusions
if they were undertaken with a longer period of experience,
evidence, and context from which to draw.

Discussion

Principal Findings
It is valuable to understand the ways social relationships have
influenced and have been influenced by the COVID-19
pandemic. This work reviewed the body of literature that has
made use of the social cohesion concept in this endeavor. A
range of different constructions of social cohesion were found
and can be categorized into the following broad groups:

1. Those considering it a product of interpersonal relationships
2. Those claiming a reliance on sameness
3. Social cohesion as collective action or acting for the benefit

of the collective
4. The accumulation of individual subjective perceptions or

emotions relating to togetherness
5. The operation of structures of governance
6. Locally or culturally specific arrangements
7. Hybrid models

Some commentaries center on the effects of social cohesion on
other objects or processes of interest. In these, the following
broad themes are present:

1. Cohesive groups or societies are generally said to see lower
burdens of ill-health during the pandemic, depending on
how social cohesion is constructed and the population under
study.

2. Cohesive groups or societies are generally said to engage
in better health-related practices in the context of
COVID-19, though there are some tensions identified
between the requirements of the larger collective and
smaller groups.

3. Social cohesion is said to be a resource for resilience,
emotional well-being, and protection against clinically
diagnosable mental states during the pandemic.

4. There are indications of an emergence of novel social
groupings in relation to the demands of the pandemic and
related policy and evidence of in-group–outgroup dynamics.

Some work describes social cohesion itself during the pandemic.
In such scholarship, the following broad themes are present:

1. Changes to social cohesion claimed during the pandemic
depend on the way it is constructed and the groups under
investigation. Changes are distributed and experienced
unequally.

2. There was a “rally round the flag” moment early in the
pandemic where many populations exhibited higher social
cohesion by many different appraisals. This gave way to a
return to type—or worse—toward the end of 2020.

3. Government policy before and during the pandemic has
been of real importance to the operation of social cohesion
ongoing.

4. There have been significant and fundamental changes to
the practices around interpersonal relationships. These
changes have not been distributed equally across
populations.

Problems identified in the literature by and large reflect the
wider and well-documented issues with the social cohesion
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concept and the diversity of forms it takes [12,17,36]. This
makes comparison across the literature and the development of
coherent thematic structures somewhat problematic. There is
an overreliance on long-established quantitative tools of
measurement, which are likely not appropriate for such a new
and complex situation. One of the major issues in this respect
is the reduction of a complex and diverse arrangement of
culturally bound relationships to a limited number of
closed-ended measures.

Much of what has been reported here aligns with previous
relevant scholarship. Interrelationships between social cohesion
and health have been studied extensively, usually suggesting a
positive association and a health-promoting effect [29,141].
The importance of social cohesion in preparing for and
responding to times of difficulty effectively has also been the
topic of extensive scholarship, including violent conflict [142],
significant social change [143], natural disasters [144,145] and
pandemics [146,147]. Moreover, the transmission of social
cohesion to individual psychological and emotional resilience
against distress is well studied [148]. The situation-specific
forms of bonding, collective action, and support in response to
moments of increased need (the “rally round the flag” effect
[13]) have also been studied previously under the banner of
social cohesion (eg “emergent social cohesion” [149]), such
that scholars early in the COVID-19 pandemic engaged in
hurried efforts to set out how this effect might be promoted and
harnessed [150].

However, new knowledge has been produced by this literature.
Obviously, some of this is in relation to COVID-19, which is,
of course, itself new, but there has also been novel insight and
development of existing ideas on how social cohesion may be
conceptualized, its operation, and important considerations
therein. A good portion of the more notable insights are raised
by qualitative work, which is well-represented in the body of
work reviewed here and which is untypical of the social
cohesion scholarship in general. One of the more significant
directions taken up by the literature reviewed is the
acknowledgment of a diversity of potentialities for social
cohesion. These included the new arrangements of identities,
group membership, relationships, and manners of interaction
demanded by the pandemic environment and policy responses
[46,47,66,134]. Positions maintaining that distinct locally and
culturally bound arrangements of cohesion exist, were also
forwarded, taking up Green and Janmaat’s [11] somewhat
neglected invitation to investigate the idea using a particularist
lens [69,90,103]. Commentaries also extended the understanding
of the temporal nature of certain expressions of cohesion
[13,43,116].

Another area of interest where significant new ground was
broken was the place of information and communication
technology in the functioning of social relationships and
therefore social cohesion, an area identified as neglected by
Bayliss et al [9] in their 2019 review. Commentaries highlighted
the importance of communications technology (and, of course,
having possession of it and necessary skills to make use of it)
for maintaining relationships over distance and therefore for
the strengthening of cohesion [52,82]; and thus, by implication
calling into question the usefulness of constructions of the

concept that rely heavily on the occurrence of face-to-face
interaction. In addition, scholarship drew attention to the
technologically mediated processes of in and out group
formation and political polarization [98,102,126].

This review has several limitations. First, although as broad a
net as possible was cast intentionally, the knowledge being
produced is bounded by the limits of the search terms deployed.
There are, for example, relevant literatures dealing with social
capital (without mention of social cohesion), communitas, “tight
and loose” cultures, and more that are not captured by the
singular focus on social cohesion. Second, there are likely
relevant works that were not held by any of the 3 libraries
searched here and which have thus been omitted. Third, as has
been suggested in the findings section, during the period from
which literature was obtained the situation and knowledge on
it developed—and in many cases misunderstandings and errors
were corrected—at a great pace. This means that those published
earlier in the pandemic did not have the benefit of the
developments, context, corrections, and hindsight that those
published later did. This means that the knowledge being
produced here is, at least in part, also subject to this issue.
Fourth, related to the third, data quality relating to COVID-19
(especially on morbidity and mortality and, again, especially
from early in the pandemic) is still not of the standard one would
wish to have to make robust claims. Finally, the great diversity
of forms and manners in which social cohesion has been
conceptualized, constructed, and measured means that it is
frequently difficult and problematic to make broad and sweeping
statements on the body of literature. Indeed, as is common across
social cohesion literatures, much of the scholarship uses similar
nomenclature but is commenting upon and measuring a
surprisingly diverse range of phenomena, experiences, and
subjectivities.

Future Work
Overall, there is a need for work in this field to use more care
and precision when deploying the social cohesion concept.
Perhaps the single most compelling piece of evidence from the
current review to support this notion is the large number of
papers returned that were excluded due to their neglect to offer
a definition of the term or any real detail on what it might add
to the analysis. It is introduced all too frequently as if there were
consensus as to its conceptual stability and as a public good
whose benefits are self-evident—and as such without need for
any explication. As has been demonstrated by this review and
a long lineage of critical work, there is no such consensus,
stability, or grounds for presumption of goodness. It appears
that, in the face of the uncertainty and imprecision that have
long plagued the concept, any scholarship seeking to make use
of it must necessarily undertake important groundwork if it is
to be of real value to the body of knowledge.

There are a number of areas where such care and precision might
be focused. First, and most importantly, there is an immediate
need for engagement with and development of the theory
underpinning the range of constructions of social cohesion to
sharpen them and make them more useful—both for
understanding the pandemic and other aspects of social life.
There are some promising beginnings offered by those, such as
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Schröder et al [69], which engage in robust theoretical
justification for their choices in their process of model
construction, allow for flexibility of group boundaries, and seek
to capture important context-specific features of social life. Such
works may be built upon and put to use in improving the
concept, its components, and ways of measurement toward
understanding the social world. Theoretical work currently
appears especially necessary for establishing the robust
connections between constructions of social cohesion and the
variables chosen for its representation, which are currently
largely sorely lacking. Such work will help both to sharpen the
concept and end the overreliance on older and more limited
measures. This will also necessarily involve considered and
explicit disambiguation of the cluster of concepts that have thus
far been confused—especially social cohesion and social capital.

Following this, there is a need for more qualitative research to
generate new knowledge on the ways social cohesion may be
understood to operate in the context of COVID-19 and beyond.
Work, such as that from Morgan et al [82], appears to push at
the boundaries and demand evolution of the older model of
social cohesion selected for use. This is a demonstration of the
usefulness of detailed and in-depth qualitative work for
understanding the unprecedented social conditions and
relationships operating during the pandemic and of the
opportunity to develop the existing quantitative frameworks
toward greater depth of understanding. Scholarship in both
arenas will assist both in improving the social cohesion concept
and the social cohesion scholarship on the COVID-19 pandemic
in relation to contextual specificity. The importance of this line

of inquiry has been noted by Green and Janmaat [11] for social
cohesion generally and by Schröder et al [69] on the pandemic
environment, but work of this nature remains thin on the ground.
Work to explore subjective perceptions of togetherness, the
reorganization of priorities and practices taking place during
the pandemic, and the effects of swift and radical new policy
directions would all be of value.

The literature contains an overrepresentation of analyses
conducted at the neighborhood level and, relatedly, a
preponderance of constructions of social cohesion that may
more comfortably be called social capital. This is true of both
the COVID-19–related scholarship and the wider social cohesion
field [140]. More work is needed to understand the operation
of societies at the national level. The ongoing project conducted
by Abrams et al [42-45] in the United Kingdom offers an
excellent example of the value of such scholarship. There is
also room for more (and more detailed) analysis at the
small-group level under the social cohesion banner; for example,
what are the subjective mechanics of togetherness and
identification with the group in the pandemic environment? The
operation of information and communication technology in
respect of social cohesion also represents a promising avenue
for future research offered by the work reviewed: in the
pandemic’s requirement for physical distance, what does the
replacement of interpersonal interaction with technologically
mediated modes mean for the nature of togetherness? This may
also provide interesting and useful insights around the notion
of cohesive transnational groups and populations connected by
such technologies beyond the pandemic environment.
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Abstract

Background: Clinical decision support systems (CDSSs) are designed to assist in health care delivery by supporting medical
practice with clinical knowledge, patient information, and other relevant types of health information. CDSSs are integral parts
of health care technologies assisting in disease management, including diagnosis, treatment, and monitoring. While electronic
medical records (EMRs) serve as data repositories, CDSSs are used to assist clinicians in providing personalized, context-specific
recommendations derived by comparing individual patient data to evidence-based guidelines.

Objective: This targeted literature review (TLR) aimed to identify characteristics and features of both stand-alone and
EMR-integrated CDSSs that influence their outcomes and benefits based on published scientific literature.

Methods: A TLR was conducted using the Embase, MEDLINE, and Cochrane databases to identify data on CDSSs published
in a 10-year frame (2012-2022). Studies on computerized, guideline-based CDSSs used by health care practitioners with a focus
on chronic disease areas and reporting outcomes for CDSS utilization were eligible for inclusion.

Results: A total of 49 publications were included in the TLR. Studies predominantly reported on EMR-integrated CDSSs (ie,
connected to an EMR database; n=32, 65%). The implementation of CDSSs varied globally, with substantial utilization in the
United States and within the domain of cardio-renal-metabolic diseases. CDSSs were found to positively impact “quality assurance”
(n=35, 69%) and provide “clinical benefits” (n=20, 41%), compared to usual care. Among CDSS features, treatment guidance
and flagging were consistently reported as the most frequent elements for enhancing health care, followed by risk level estimation,
diagnosis, education, and data export. The effectiveness of a CDSS was evaluated most frequently in primary care settings (n=34,
69%) across cardio-renal-metabolic disease areas (n=32, 65%), especially in diabetes (n=13, 26%). Studies reported CDSSs to
be commonly used by a mixed group (n=27, 55%) of users including physicians, specialists, nurses or nurse practitioners, and
allied health care professionals.

Conclusions: Overall, both EMR-integrated and stand-alone CDSSs showed positive results, suggesting their benefits to health
care providers and potential for successful adoption. Flagging and treatment recommendation features were commonly used in
CDSSs to improve patient care; other features such as risk level estimation, diagnosis, education, and data export were tailored
to specific requirements and collectively contributed to the effectiveness of health care delivery. While this TLR demonstrated
that both stand-alone and EMR-integrated CDSSs were successful in achieving clinical outcomes, the heterogeneity of included
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studies reflects the evolving nature of this research area, underscoring the need for further longitudinal studies to elucidate aspects
that may impact their adoption in real-world scenarios.

(Interact J Med Res 2024;13:e58036)   doi:10.2196/58036

KEYWORDS

clinical decision support system; digital health; chronic disease management; electronic health records; noncommunicable diseases;
targeted literature review; mobile phone

Introduction

Clinical decision support systems (CDSSs) are designed to assist
health care professionals (HCPs) in making evidence-based
decisions using patient information, clinical knowledge, and
other health care data [1]. CDSSs are typically developed as
computer-based tools or software applications and can function
independently (termed stand-alone) or be connected to an
electronic medical record (EMR) database (termed
EMR-integrated systems). According to regulations for software
as medical devices in Canada and the United States and a
medical device regulation in the European Union [2,3], a CDSS
can be classified as a medical device or can be exempt from
regulations as a nonmedical device, depending on its specific
functions and intended purpose; however, the specific criteria
and regulations may differ across countries or regions.

CDSSs are used to provide support across a spectrum of health
care activities, including early disease detection, diagnosis, data
interpretation, treatment planning, patient care, monitoring, and
prognosis [4]. These functions can be enabled via specific CDSS
features, such as the ability to estimate treatment efficacy or
level of risk, recommend a treatment regimen or a referral,
predict drug-drug interactions and dosing alerts, flag potential
aspects for further monitoring, and facilitate shared
decision-making [5,6]. CDSSs can be knowledge based, using
predefined clinical decision rules (such as reinforcement-based
methods), or non–knowledge based, relying on data-driven
approaches like artificial intelligence, machine learning, or
statistical pattern recognition, instead of being programmed to
follow expert medical knowledge [7]. CDSSs can integrate data
from multiple sources such as clinical guidelines, peer-reviewed
literature, historical patient data, and EMRs [4]. In integrated
CDSSs, input data (ie, relevant patient information) are acquired
from an EMR database, such as Epic [8], Allscripts [9], Aifred
Health [10], and Eclinicalworks [11], which serve as primary
platforms for clinicians to check patient laboratory results,
clinical documentation, and reports [4]. In contrast, stand-alone
systems require manual data entry such as Epocrates [12], a
CDSS that provides accurate, reliable, and actionable clinical
tools to support clinicians in making point-of-care decisions
[4].

CDSSs aim to improve health care delivery by enhancing
medical decisions and tailoring patient care with targeted clinical
knowledge and multidimensional medically relevant health
indicators. These indicators can span across several dimensions
of patient health and include but are not restricted to vital signs
(eg, blood pressure and heart rate), laboratory values (eg, blood
glucose levels and cholesterol levels), diagnostic test results
(eg, electrocardiogram and magnetic resonance imaging),

disease-specific biomarkers (eg, tumor markers and hemoglobin
A1c [HbA1c]), patient-specific data (eg, allergies and
medications), and predictive models (eg, Framingham risk
score). Since CDSSs first originated in the 1970s, a manifold
of systems has been developed and implemented using different
modalities (eg, PC and tablet) as EMR-integrated or stand-alone
systems for the management of numerous conditions at different
stages, with a vast scope of functions (flagging, drug control,
shared decision-making, etc), users (eg, HCPs, patients, and
nurses), and settings (eg, ambulance, surgery room, and general
practitioner’s office) to address unmet needs of a given region
or country [13]. In the context of ongoing digital transformation
in the health care sector, the potential of CDSSs for improving
the quality and efficacy of care has been increasing. Indeed,
CDSSs have been associated with a positive impact on the
quality of clinical practice and patient adherence in the
management of chronic diseases [4,6,14]. It is noteworthy that
while some CDSS significantly improved clinical practice, some
yielded limited results, and others failed to meet expectations
[15-17]. To date, a body of research sheds light on the reasons
behind the lack of success or adoption of CDSSs from both
theoretical and practical standpoints [6,16]; however, while
previous research addresses clinical practice in general terms
for both computer-based and manual systems, this review aims
to complement previous work by focusing on the studies that
address electronic and guideline-based CDSSs for the
management of chronic, noncommunicable diseases in a primary
care setting. Specifically, we aim to identify features and
characteristics that impact the efficacy of CDSSs based on the
outcome measures, consequently contributing to several value
areas. We sought to gain a deeper understanding of the various
value areas where improvements could be made through these
systems, as well as the features that contributed to positive
outcomes in the studies evaluating the benefits of CDSSs for
HCPs.

Methods

Overview
This targeted literature review (TLR) was conducted to identify
features of stand-alone and EMR-integrated CDSSs that
positively impacted multiple value areas (Multimedia Appendix
1) and overall success (as measured by respective clinical
outcomes) as reported in peer-reviewed literature. The TLR was
conducted using multiple sources, including the Embase,
MEDLINE, and Cochrane databases, and searches were limited
to literature published from January 2012 to October 2022. The
searches were performed using a combination of free-text search
terms and controlled vocabulary terms specific to each database
(Tables S1-S4 in Multimedia Appendix 2). Only studies

Interact J Med Res 2024 | vol. 13 | e58036 | p.427https://www.i-jmr.org/2024/1/e58036
(page number not for citation purposes)

Grechuta et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/58036
http://www.w3.org/Style/XSL
http://www.renderx.com/


published in the English language were eligible for inclusion.
The TLR searches were conducted with no geographical
restriction. All conferences indexed in Embase were searched
to identify relevant abstracts published within a 2-year
timeframe from January 2020 to October 2022. The search
strategies are detailed in Tables S1-S4 in Multimedia Appendix
2.

The eligibility criteria were developed based on population or
scope of interest, intervention, comparators, outcomes, and
study design (Table 1). The scope of interest was all health care
providers. The TLR included studies on computerized,

guideline-based CDSSs with a focus on chronic disease areas.
Clinical trials, as well as observational studies (ie, cohort,
case-control, cross-sectional, and case series) conducted using
CDSSs with HCPs across chronic noncommunicable disease
areas were included in the TLR. Narrative reviews, conference
abstracts published before 2020, and any CDSSs that were not
computerized (based on software application) or not based on
guidelines were excluded. Studies reporting evidence for CDSSs
from the patient benefit perspective or studies in
patient-oriented, self-management tools [18] were out of the
scope of this review.

Table 1. Study selection criteria.

Exclusion criteriaInclusion criteria

Population or scope of interest •• Decision support systems that are not
computerized or guideline based

Guideline-based CDSSa for care and treatment management
• Disease area: chronic, metabolic, or noncommunicable etiol-

ogy • Disease areas (duration of disease [acute],
natural course of disease [curable], and
non–disease-specific CDSSs)

• Use group (including but not restricted to PCPsb, nurse prac-
titioners, nurses, specialists, pharmacists, medical students,
educators, patients, and caregivers) • User group is out of scope (eg, patients)

—cIntervention or approach of in-
terest

• CDSS

—Comparator • Any or none

Outcomes or variables of inter-
est

•• Intended purpose of the CDSS is out of
scope (blood transfusion, antibiotics treat-
ment, treatment of attacks [including stroke,
management of infections, fractures or pain,
and support for organ transplants], or sys-
tems used in diagnostic purposes exclusive-
ly [eg, screening or testing only])

Features of CDSSs that impact the successful adoption of
these systems (including but not restricted to system type:

stand-alone or incorporated in an EMRd)
• Value areas (clinical benefits, patient safety and risk, work-

flow improvements, educational aspects, user satisfaction,
quality assurance, guideline adherence, and patient behavioral
change or self-management)

• Diseases are out of scope (eg, dermatology
and rheumatology)

• Investigational or marketed device?
• Main function of the CDSS in disease management (treatment

management only or treatment management + combined di-
agnostic)

• Study setting (inpatient, ICUe, or emergen-
cy department)

• Study setting (primary health care setting, hospital outpatient
setting, community health care setting, or rehabilitation clinic)

Study design (full-text publica-
tions only)

•• Qualitative studies (eg, interviews)Observation studies (ie, cohort, case-control, cross-sectional,
or case series) • Conference abstracts

• Randomized and nonrandomized studies • SLRs
• Database studies • Narrative reviews
• Modelling studies • Methods or protocol papers
• Economic evaluations
• SLRsf (for reference chasing only)

Geography •• No restrictionGlobal, with a specific focus on Canada, the United States,
and Germany

Timeframe •• Studies published before January 201210 years (from January 212 to October 2022)

aCDSS: clinical decision support system.
bPCP: primary care provider.
cNot applicable.
dEMR: electronic medical record.
eICU: intensive care unit.
fSLR: systematic literature review.
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Study Selection
Following the searches, all identified studies were screened for
inclusion by a single reviewer and verified by other CDSS
domain experts (KG and PS) by reviewing the title and abstract,
based on predefined study eligibility criteria (Table 1). Selected
studies then underwent full-text screening by a single reviewer,
followed by CDSS domain expert (KG and PS) verification.
The TLR used a comprehensive approach by tagging
information at the full-text screening stage to help narrow the
scope and prioritize key evidence needed to answer the research
question. Tagging captured information on categorical variables
such as disease area, CDSS features, value area or areas (as
shown in Table 1), methods used to implement CDSS, target
user groups, product category (investigational or marketed
CDSS), function of CDSS in disease management, and
environment of use. All categories of tagging are detailed in
Table S5 in Multimedia Appendix 2. The tagging information
was quality-checked for accuracy by 2 other reviewers (CR and
KG). Any disagreements between reviewers about screening
decisions were resolved by CDSS researchers (KG and PS).
Studies that met all inclusion criteria and none of the exclusion
criteria were eligible for inclusion in the review.

Data Extraction
A data extraction form was designed and developed in Excel
(Microsoft Corp), which included key variables such as study
objectives, study design, CDSS tool details, disease area,
outcome measurement, CDSS value areas, CDSS features,
methods of CDSS integration, and study conclusions, among
others. An exhaustive list of all data of extracted variables is
provided in Table S6 in Multimedia Appendix 2. The design of
the data extraction form, selection of variables for extraction,
classification of value areas (Multimedia Appendix 1),
classification of features (Multimedia Appendix 3), and
classification of disease areas (Multimedia Appendix 4) were
iterative processes supported by literature classification
frameworks within existing CDSS literature and inputs from
CDSS domain experts (PS, KG, and AA). Furthermore, in
alignment with available literature [6,16], the selected CDSS
studies were heterogeneous in terms of architecture, modality,
setting, input and output data, functionalities, type of integration,
and intended user group, which provided additional insights
into identifying the variables of interest. To compare the

included CDSSs in an unbiased manner, we screened all studies
for common differentiators, which, in addition to the established
criteria, further informed the design of the data extraction
framework. CDSSs evaluated in the reviewed studies were
classified as successful or unsuccessful. Success was defined
as having achieved the study outcomes and met the study
objectives. To evaluate the performance of CDSSs as reported
in the identified studies, we extracted information pertaining to
their “objectives” and “success” for each study. We defined 3
criteria of success based on whether a given study met primary
and secondary objectives (ie, successful study), did not meet
any objectives (ie, unsuccessful study), or met some of the goals
(ie, partially successful study). An example of meeting set
objectives includes rejecting the null hypothesis in the case of
randomized controlled trials (RCTs) by showing improved
cardiovascular risk associated with the utilization of a CDSS
[19] or acquiring desirable scores on satisfaction scales or
positive qualitative feedback from HCPs in the case of an
observational study [20]. While not fully explored in this review,
another measure of the success of a CDSS is adoption (or
uptake), as it indicates whether the system is fulfilling its
intended purpose in practical, everyday health care settings.
Data were extracted into the form by one investigator (SP) and
further verified by a second investigator (CR). The completed
data extraction form was validated for accuracy and
completeness by two additional domain experts (PS and KG).
The results of the validated data extraction were analyzed using
a narrative approach to synthesize the findings of the review.

Results

Literature Search Results
The electronic database searches yielded 3268 records. After
removing 1167 duplicates, 2101 unique records were screened
by reviewing titles and abstracts. Of these, 80 publications met
the eligibility criteria for full-text screening (Figure 1). Figure
1 summarizes the complete screening process in a TLR flow
diagram. Following a full-text review, 49 unique records met
the study eligibility criteria and were included in the review
(Multimedia Appendix 5 [19-67]). Of these, 37 full-text
publications were identified from electronic searches, and 12
were identified through manual searches of reference lists of
journal studies.
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Figure 1. TLR flowchart. CDSS: clinical decision support system; EHR: electronic health record; EMR: electronic medical record; TLR: targeted
literature review. *Examples of categories are provided in Table S5 in Multimedia Appendix 2.

Study Characteristics
The TLR included RCTs (n=24, 49%), nonrandomized studies
(n=2, 4%), and observational studies (n=23, 47%). The studies
were performed in various environments of use, and primary
care settings (n=34, 69%) were represented most frequently,
followed by specialty clinics (n=7, 14%), and hospital outpatient
settings (n=7, 14%); one study did not report study settings.
The disease areas of CDSSs varied across studies, and
cardiorenal diseases were reported most frequently (n=32, 65%),
followed by diabetes (n=13, 56%) and atrial fibrillation (n=5,
10%).

Stand-alone Versus EMR-Integrated CDSS
Of the 49 included studies, 32 (65%) studies evaluated CDSSs
integrated into EMRs, while 17 (35%) studies were on
stand-alone CDSSs (ie, operating independently).

Geographic Distribution
The included studies were conducted across diverse geographical
locations, spanning a total of 15 countries (Figure S1 in
Multimedia Appendix 2). Of the 17 studies on stand-alone
CDSSs (17/49, 35% of all studies), 6 (35% of the 17 stand-alone
studies) were conducted in the United States, and the others
originated from Austria (1/17, 6%), Brazil (1/17, 6%), Canada
(2/17, 12%), China (1/17, 6%), Iceland (2/17, 12%), India (1/17,
6%), the Netherlands (1/17), and the United Kingdom (1/17,
6%; Figure S2 in Multimedia Appendix 2). One stand-alone
study was a multicenter study conducted in Austria, Germany,
Italy, and the United Kingdom. Of the 32 EMR-integrated CDSS

studies (32/49, 65% of all studies), 15 (46% of the 32
EMR-integrated studies) were conducted in the United States,
followed by Canada (3/32, 9%), the Netherlands (2/32, 6%),
and China (2/32, 6%); 1 (3%) study originated from each,
Australia, Sweden, Brazil, Belgium, India, Spain, Sri Lanka,
United Kingdom, and Singapore (Figure S2 in Multimedia
Appendix 2), and 1 (3%) EMR-integrated CDSS study was a
multicenter study conducted in India and Pakistan.

Disease Areas
Stand-alone CDSSs, as well as integrated CDSSs, were widely
used in the management of type 2 diabetes (stand-alone: 5/17,
29%; integrated: 8/32, 25%). Additionally, both types of CDSSs
were used in managing cardiovascular diseases (CVD), such as
atrial fibrillation (stand-alone: 1/17, 6%; integrated: 4/32, 13%).
Stand-alone CDSSs were used to manage CVDs such as heart
failure (1/17, 6%) and cardiac rehabilitation (1/17, 6%; Figure
S3 in Multimedia Appendix 2), while integrated CDSSs were
used in managing CVDs such as atherosclerotic CVD (2/32,
6%; Figure S4 in Multimedia Appendix 2). Only a limited
number of CDSSs were used in cancer management
(stand-alone: 1/17, 5.9%; integrated: 4/32, 13%). Fewer CDSSs
focused on disease areas including mental health (stand-alone:
2/17, 12%; integrated: 3/32, 9%), respiratory (stand-alone: 1/17,
6%; integrated: 1/32, 3%), musculoskeletal (stand-alone: 2/17,
12%; integrated: 0/32, 0%), and neurogenic conditions
(stand-alone: 0/17, 0%; integrated: 2/32, 6%). One CDSS
supported multiple chronic conditions such as hypertension,
diabetes mellitus, and depression (stand-alone: 0/17, 0%;
integrated: 1/32, 3%).
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Environment of Use
Both CDSS types were extensively used in primary care settings
in 69% (34/49) of studies (stand-alone: 11/17, 65%; integrated:
23/32, 74%), followed by specialty clinics in 14% (7/49) of
studies (stand-alone: 4/17, 23%; integrated: 3/32, 10%), and
hospital outpatient settings in 14% (7/49) of studies (stand-alone:
2/17, 12%; integrated: 5/32, 16%). One study did not report the
study settings.

Modality of Use and Data Sources
Both types of CDSS used various modalities, ranging from
desktop applications on computers to smartphones and tablets.
Several integrated CDSSs, as well as stand-alone CDSSs, were
only accessible via desktop computer platforms (stand-alone:
11/17, 65%; integrated: 29/32, 90%). Stand-alone CDSSs were
delivered as smartphone apps across 23% (4/17) of studies
compared to 6% (2/32) of studies with integrated CDSSs. One
stand-alone CDSS was also deployed on a tablet (6%); however,
no tablet-based EMR-integrated CDSS was reported. Across
studies, combinations of manual, automated, and mixed input
data types were reported. The majority of EMR-integrated
CDSSs were interpreted as being fully automated (25/32, 78%),
and in some cases, they combined both manual and automated
data entry (6/32, 19%); one study reported on a manual CDSS
that included a form of a questionnaire to be filled by patients,
whereby the data were processed to the CDSS by HCPs to
generate recommendations. In a large proportion of stand-alone
CDSSs (9/17, 53%), data were provided by the HCPs who
manually entered relevant information into the system to
generate recommendations. Finally, 18% (3/17) of CDSSs were
automated systems continuously monitoring patient data to
provide real-time decision support, and some were a mix of
manual and automated systems (4/17, 23%; one study did not
provide this information).

Information on whether the CDSS was still in the
research-and-development phase or fully developed and
commercially available was lacking in 78% (38/49) of the
studies (stand-alone: 17/17, 100%; integrated: 21/32, 66%).
Overall, only 12% (6/49) of CDSSs, especially those integrated
with EMRs (stand-alone: 0/17, 0%; integrated: 6/32, 19%), were

understood to be commercially available or ready to be used in
health care settings.

User Groups
CDSSs were found to target diverse user groups based on a
broad spectrum of roles and accountabilities across the health
care ecosystem. The key user groups identified through the TLR
were combinations of physicians, nurses or nurse practitioners,
medical assistants, and care coordinators in 55% (27/49) of
studies. Primary care physicians were the sole users of CDSSs
in 33% (16/49) of CDSS studies. Meanwhile, other studies
indicated exclusive use by specialists, including cardiologists
(1/49, 2%), nephrologists (2/49, 4%), and oncologists (2/49,
4%). This pattern of mixed CDSS users was reflected across
stand-alone and integrated types of CDSSs (mixed users:
stand-alone CDSSs 11/17, 65%; EMR-integrated CDSSs 16/32,
50%). Among mixed user groups, a group of physicians and
nurses (stand-alone: 5/17, 46%; EMR-integrated: 11/32, 65%)
was most frequently reported across both stand-alone and
EMR-integrated CDSS studies. Primary care physicians were
the exclusive user group in 29% (5/17) of stand-alone and 34%
(11/32) of EMR-integrated studies.

Value Areas
CDSSs provide value across the diverse domains of health care
systems, including quality assurance, clinical benefits, guideline
adherence, user satisfaction, patients’safety or risk management,
workflow improvement, patient behavior, educational aspects,
and financial aspects (Table 2). Value areas in the TLR were
linked to the outcome measures reported in the studies. The
studies evaluated the effectiveness of CDSSs by assessing their
impact on a range of value areas. These value areas collectively
demonstrated the broad range of CDSS benefits across all studies
identified in the TLR. The value areas are described in
Multimedia Appendix 1. Quality assurance stood out as a
prominent value area reported across 69% (35/49) of studies,
followed by clinical benefits (20/49, 41%) and user satisfaction
(20/49, 41%). The primary value areas were similar in
stand-alone and integrated CDSS, which most frequently were
reported to contribute to improving quality assurance, clinical
benefits, user satisfaction, and guideline adherence.
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Table 2. Value areas identified across stand-alone and integrated CDSSsa.

Stand-alone studies (n=17), n (%)EMRb-integrated studies (n=32), n (%)c

12 (71)23 (72)Quality assurance

5 (29)15 (44)Clinical benefits

6 (35)14 (44)User satisfaction

5 (29)9 (28)Guideline adherence

3 (18)7 (22)Workflow improvements

1 (6)4 (13)Educational aspects

2 (12)3 (9)Patient behavior or self-management

4 (24)2 (6)Patient safety and risk

0 (0)2 (6)Financial aspects

aCDSS: clinical decision support system.
bEMR: electronic medical record.
cPercentages indicate the proportion of studies reporting on the respective value area. The percentages do not add up to 100%, as one study may report
on more than one value area.

CDSS Key Features
CDSSs offer a variety of features, each contributing to key value
areas (Multimedia Appendix 1). These features include the
ability to flag potential issues for screening and follow-up;
ensure safety by monitoring for incorrect indications; and
provide support for treatment management, including estimating
efficacy, recommending dosages, and suggesting
pharmacotherapy options. The features of CDSSs may also
facilitate shared decision-making, allow for result exporting,
offer screening recommendations, support monitoring, provide
referral recommendations, estimate risk levels, aid in diagnosis,
contribute to patient education, and enable audits to identify
deviations from recommended clinical pathways. Features
pertaining to treatment recommendation and flagging were
interpreted to be most used across all value areas identified in
the TLR. Across stand-alone CDSSs, the most used feature was
treatment recommendation by way of assisting HCPs in selecting
appropriate pharmacological options; however, across integrated
CDSSs, the features of flagging related to noncompliance to
guideline-directed therapy [21], treatment eligibility [22], and
screening with follow-up [23] were the most beneficial in
enhancing all value areas.

Key Features of Successful and Unsuccessful CDSSs

Successful CDSSs
Over two-thirds (34/49, 69%) of all CDSSs identified in the
TLR achieved the study outcomes and met the study objective,
thus they were categorized as successful in the TLR.
Approximately 8% (4/49) of CDSS studies were found to have
achieved some (≥1) study outcomes and fallen short in other
areas and were considered partially successful. The majority of
stand-alone CDSSs (13/17, 76%), as well as EMR-integrated
CDSSs (21/32, 66%), achieved their objectives. For the
stand-alone CDSSs, 12% (2/17) were deemed unsuccessful and
another 12% (2/17) were classified as partially successful. These
were reported as 16% (5/32) and 19% (6/32), respectively, for
the EMR-integrated CDSS.

Of the 34 successful CDSSs, positive impacts on value areas
were reported across all studies, and quality assurance was
reported most frequently (n=24, 71%), followed by user
satisfaction (n=13, 38%), and clinical benefit (n=15, 44%).
Other value areas such as guideline adherence (6/34, 18%),
workflow improvement (6/34, 18%), patient safety and risk
(4/34, 12%), educational aspects (2/34, 6%), patient’s behavioral
change (3/34, 9%), and financial aspects (2/34, 6%) were less
frequently reported across successful CDSSs. Treatment
recommendations and flagging were the features that emerged
as the most frequent for successful studies across all the value
areas (Figure S1 in Multimedia Appendix 6). Flagging typically
involved the CDSS highlighting specific information or events
to the attention of the HCPs. Flagging across included CDSS
studies encompassed various types, such as flagging to notify
of best practice advice, clinical guideline adherence, eligibility
for preventative screening and follow-up, glycemic target
deviation in diabetes, safety monitoring, out-of-range patient
data, and flagging for incorrect indications. The flagging feature
played a more important role in patient safety and risk than in
any other value area across all successful CDSSs (Figure S1 in
Multimedia Appendix 6). Similarly, treatment recommendation
was also a frequently used feature in ensuring guideline
adherence across all successful CDSS studies included in the
TLR (Figure S1 in Multimedia Appendix 6). Other frequently
reported features included risk level estimation, diagnosis,
education, data export, and monitoring (Figure S1 in Multimedia
Appendix 6).For successful stand-alone CDSSs, the most
frequent feature was treatment recommendation, which was
crucial across all value areas except educational aspects (Figure
S1 in Multimedia Appendix 6). This feature played a central
role in assisting health care systems and impacting multiple
value areas such as patient behavior or self-management,
guideline adherence, quality assurance, and user satisfaction.
CDSS features such as referral recommendations and screening
recommendations were less commonly used than other features
(Figure 2).
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Figure 2. Features of CDSSs for all successful studies. CDSS: clinical decision support system; dec.: decision; rec.: recommendation.

Across studies on successful EMR-integrated CDSSs, the
flagging feature was particularly notable as the most reported
feature that contributed to multiple value areas such as quality
assurance, clinical benefits, user satisfaction, and patient safety
and risk management (Figure S2 in Multimedia Appendix 6).
Additionally, alongside flagging, studies on successful
EMR-integrated CDSSs also reported treatment
recommendations, especially to ensure guideline adherence
(Figure S3 in Multimedia Appendix 6).

Unsuccessful CDSSs
Unsuccessful CDSS studies were reported to have achieved
neutral or negative study outcomes across measured value areas.
Only a small number of CDSSs (7/49, 14%) failed to meet the
study objectives, including 16% (5/32) of integrated CDSSs
and 12% (2/17) of stand-alone CDSSs. Across unsuccessful
CDSS studies, flagging and treatment recommendations were
also the features most frequently reported across value areas
(Figure S5 in Multimedia Appendix 2). The flagging feature
was present across value areas comprising patient safety and
risk management, quality assurance, and guideline adherence.
The treatment recommendation feature was reported in relation
to guideline adherence, quality assurance, patient safety and
risk management, and patient behavior. Table 2 summarizes
the study characteristics of 49 CDSS studies.

Discussion

Key Findings
This TLR aimed to provide a comprehensive assessment of
CDSSs reported in peer-reviewed literature. The specific
objective was to identify features of CDSSs that positively
impact medically relevant value areas and the overall study
success as measured by corresponding clinical outcomes.

According to our findings, in most studies, the application of a
CDSS was associated with added clinical value for HCPs. A
positive impact of CDSSs was reported for quality assurance
in patient care, in particular by improving adherence to clinical
guidelines, as well as better diagnostic support, monitoring
practices, and additional opportunities for preventative screening

and treatment. Using CDSSs was also associated with important
clinical benefits, including improved accuracy in diagnoses,
clinical decision-making, treatment selection, and thereby,
enhanced patient outcomes.

Studies examined in this TLR offered valuable insights into the
functions of an effective CDSS depending on its intended
purpose. Besides features of successful CDSSs, the studies
frequently reported that irrelevant and interruptive alerts led to
so-called “alert fatigue” and low use rates, consequently leading
to the failure of CDSSs [21,24,25]. These insights underscore
the importance of prompting clinician action, integrating CDSSs
seamlessly into workflows, and mitigating alert fatigue, all of
which are crucial factors for the successful adoption of a CDSS
[21,24,25]. A study by Ballard et al [68] found that incentivizing
HCPs to use the tool through financial bonuses and other
promotional incentives resulted in an increase in CDSS use
rates. While the design of a CDSS is a fundamental criterion,
other factors such as the organizational and technological
infrastructure of the primary care system can also markedly
influence the success of a CDSS [24].

The review found that the type of CDSS was not a crucial factor
for its success, as both integrated and stand-alone CDSSs
contributed to improved outcomes and were identified as
beneficial for use in health care. While EMR-integrated CDSSs
may have the advantage of ongoing access to patient data in
real-time, stand-alone CDSSs offer the flexibility of operating
independently from other systems, portability, and faster
deployment (ie, the process of making the CDSS available and
operational across the health care system) [69-71]. Therefore,
the choice between a stand-alone or integrated CDSS should
be guided by the needs and preferences of HCPs, intended use
and application settings, regulatory considerations, and goals
for improving patient care.

Successful CDSSs
Flagging was a feature in 59% of the studies reporting successful
CDSSs and emerged as a pivotal feature, especially in the
context of patients’ safety and risk management (Figure S1 in
Multimedia Appendix 6). Flagging features were used in a
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variety of scenarios including notifications of best practice
advice or clinical guideline adherence, eligibility for
preventative screening, glycemic target deviation in diabetes,
screening and follow-up, safety monitoring, out-of-range patient
data, and incorrect indications. Other value areas such as clinical
benefits, user satisfaction, and quality assurance were also
frequently enhanced by the flagging feature. In addition to
flagging, treatment recommendations (including
recommendations for pharmacotherapy, dosage optimization,
and nonpharmacological therapy) also played a notable role
across multiple value areas, especially regarding guideline
adherence. Although less frequently reported, successful CDSSs
offered a range of other features beyond flagging and treatment
recommendations, including risk level estimation, diagnosis
suggestions, and the ability to export information. The popularity
of these features may be explained by the specific needs of
health systems, health care providers, or disease areas.
Therefore, the effectiveness of a CDSS may often rely on a
combination of features that collectively contribute to improved
patient care, safety, and clinical status. Developers of CDSSs
should consider the specific needs and priorities of HCPs in
terms of target value areas when designing and implementing
a CDSS to ensure that it addresses the unmet need and is
effectively and seamlessly integrated within the HCPs’
workflow.

Unsuccessful CDSS
Only 7 (14%) studies identified in this review reported CDSSs
to be unsuccessful, that is, failing to fulfill study outcomes,
compared with conventional approaches to disease management.
Similar to successful studies, unsuccessful studies commonly
reported the utilization of flagging and treatment
recommendation features. Flagging was most often reported to
address patient safety and risk management, while treatment
recommendation was reported to address guideline adherence
in unsuccessful studies. There were no recognizable aspects
among unsuccessful CDSS studies that may have contributed
to their failure. While unsuccessful CDSSs did not achieve the
study objectives, it is important to note that the efficacy of a
CDSS may vary depending on various factors, which this review
found very little data on (only 7 CDSS studies failed). The
included publications did not provide sufficient granularity to
fully understand the reasons for which the CDSSs were not
successful; however, the authors suggested that the failure of a
CDSS was mostly attributed to ineffective design, low use rate,
organizational challenges, and issues with CDSS alerts. The
authors also highlighted the importance of rigorous testing and
undertaking quality improvement initiatives to ensure the
effectiveness of a CDSS.

Importance of the Findings
The findings of our review suggest that CDSSs can improve
screening for CVD risk factors, such as diabetes, as well as
quality assurance and user satisfaction, resulting in clinical
benefits for the management of cardio-renal-metabolic diseases.
This is of particular interest to the development of novel CDSSs
in this disease area such as Exandra, a tool supporting Canadian
HCPs in the management of type 2 diabetes by offering
individualized, patient-specific recommendations based on the

Diabetes Canada Clinical Practice Guidelines [72] (Exandra as
a product has been decommissioned; however, the
recommendation engine that supported Exandra is being used
under different names in Canada and other countries).

The success of a CDSS may not always result in its adoption
across studies. Adoption measures for the uptake of a CDSS in
health care settings were largely underreported and inadequately
described across successful CDSS studies. Only two studies
reported some plans in place for the successful adoption of
CDSS in health care settings. A single-arm, longitudinal,
observational study conducted in Brazil on HealthRise, a CDSS
designed for diabetes and hypertension management in primary
care, reported plans to expand the CDSS to primary care units
in other towns, include more diseases, and implement it in
various settings. Efforts were also underway to address the
challenge of integrating the CDSS with the Brazilian public
health system’s Electronica-Sistema Unico de Saude. Further,
a retrospective study conducted in the United States included
a CDSS prototype built on the drools platform that can interpret
Papanicolaou test (Pap) reports and provide cervical cancer
screening and management guidelines. The authors reported
that after physician validation, the developed CDSS would be
deployed in the Mayo Clinic’s outpatient departments with user
feedback collected on its performance. The CDSS will integrate
with an EMR interface listing all preventive care reminders. An
impact analysis was also planned to compare screening and
referral rates before and after deployment. It should be noted
that the assessment of the successful adoption of a CDSS, as
well as the identification of key attributing factors, may have
been compromised by the heterogeneity of outcomes evaluated
across studies and by the study design (ie, RCTs, whereby
participants were incentivized to use a given system). RCTs in
the TLR focused predominantly on the efficacy of CDSSs in
improving quality assurance and other value areas as the primary
outcome, with less emphasis on reporting planned adoption
measures for their CDSSs. In contrast, a few observational
studies noted challenges with CDSS adoption related to scaling,
portability, generalizability of results, limited transferability to
different settings, and resource constraints. Among the CDSS
studies included in the review, only two observational studies
confirmed adoption to health care settings. The primary reasons
for the deployment of CDSSs included a high level of CDSS
accuracy, user satisfaction, and the potential to improve
guideline adherence. Deployment included essential measures
to optimize CDSS performance such as user feedback, impact
analysis, and intervention monitoring and refinement. Therefore,
real-world evidence from marketed or integrated CDSSs, as
well as insights from longitudinal observational studies
encompassing diverse perspectives, may shed further light on
features that contribute to long-term adoption. It is important
to note that successful CDSS adoption depends on a combination
of factors, including alignment with objectives of HCPs,
workflow integration, clinical relevance, usability,
customization, training and support, interoperability, technical
expertise, resource constraints, financial viability, and
multi-level engagement, as well as governmental regulations
and barriers [5,73-75]. Active engagement and collaboration
by the end users, and in particular, HCPs, to address challenges
are vital to ensure that a CDSS meets its objectives [76].
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Comparison With Previous Reviews
Our findings show that CDSSs improved quality assurance and
user satisfaction, and they provided clinical benefits in
cardio-renal-metabolic conditions, though heterogeneity in
population characteristics, interventions, and outcomes limits
the generalizability of these findings. A recent systematic review
on the impact of CDSS on clinical and patient-reported outcomes
in patients with chronic disease found inconclusive evidence,
primarily attributed to the heterogeneity and methodological
biases of included studies. Similarly, a previous review on the
effect of CDSS on cardiovascular risk factors found no definitive
clinical benefits but highlighted the clinical relevance of CDSS
in enhancing shared decision-making [77]. Both reviews
emphasize the heterogeneity of studies and methodological
differences that reflect the immaturity and the evolving nature
of research in the field [77,78].

Previous reviews on the impact of CDSSs in multiple disease
areas including CVD and diabetes report a positive effect on
physician performance, such as adherence to clinical guidelines
and prescription of drugs, whereas they had no impact on other
outcomes [4,79,80]. Evidence demonstrating the positive impact
of CDSS on prescribing treatments, facilitating preventative
care services, and ordering laboratory tests across diverse venues
was reported in another review [81]. This study builds on
previous findings and has identified key features, such as
flagging and treatment recommendations, which are associated
with improved patient outcomes. This is in agreement with a
previous review assessing features of CDSSs, which identified
that features that provided support as part of clinician workflow
and those that provided actionable recommendations were
strongly associated with CDSS’s ability to improve clinical
practice [6].

Study Limitations
The TLR followed robust, protocol-driven methods, ensuring
a structured and rigorous review process. However, it should
be acknowledged that there are no standardized gold standard
methods for conducting a TLR; reviews can range from very
rapid and targeted searching to comprehensive mimicking a

systematic review (but using only one reviewer), which was the
case with this TLR. While single screening may increase the
potential risk of bias, this was effectively mitigated by
leveraging the expertise of subject matter experts to validate
the decisions. In addition, it is important to note limitations
within the evidence itself. CDSS studies exhibited a high degree
of heterogeneity in terms of architecture, modality, setting, input
and output data, functionalities, type of integration, and intended
user group, which can pose limitations in terms of the
generalizability of our findings. On a similar note, the absence
of an organized framework outlining all value areas required
the research team to develop their own set of value areas
building on existing classification frameworks from the CDSS
literature, by adding common value areas identified in the
reviewed literature. Although this approach may also introduce
a possible risk of bias, the potential impact was minimized
through expert review and validation. Another limitation was
the lack of granularity provided in the publications regarding
the factors contributing to the limited success of certain CDSS
implementations. While some authors mentioned factors such
as suboptimal design, low adoption rate, organizational
challenges, and issues with CDSS alerts, more detailed insights
would greatly benefit future CDSS development.

Conclusions
The utilization of CDSSs varied globally, with substantial
application in the United States and within the domain of chronic
cardio-renal-metabolic diseases. Overall, both integrated and
stand-alone CDSSs have been successful in providing benefits
to HCPs, regardless of the integration type. Our findings suggest
that CDSSs have an important role in quality assurance in patient
care. Flagging and treatment recommendation features are
commonly used in CDSSs to improve patient care, while other
features, tailored to specific requirements, collectively contribute
to the efficiency of health care delivery. Due to a lack of
granularity, as well as extensive heterogeneity in the evidence
available, there remains uncertainty around the role of specific
factors contributing to the success of CDSS. There is a need for
real-world evidence from longitudinal studies to identify the
challenges of the adoption and deployment of these systems.
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Abstract

Background: Depression is a highly prevalent psychopathological condition among older adults, particularly those institutionalized
in nursing homes (NHs). Unfortunately, it is poorly identified and diagnosed. NH residents are twice as likely to fall as
community-dwelling older adults. There is a need for more knowledge about the mechanisms and relationships between depression
and falls.

Objective: This study aims to identify, analyze, and synthesize research on the relationships between depression and falls among
NH residents.

Methods: A literature search was conducted in October 2023 in the following bibliographic databases: MEDLINE ALL Ovid,
Embase, CINAHL with Full Text EBSCO, APA PsycInfo Ovid, Web of Science Core Collection, the Cochrane Database of
Systematic Reviews Wiley, and ProQuest Dissertations & Theses A&I. Clinical trials were searched for in the Cochrane Central
Register of Controlled Trials Wiley, ClinicalTrials.gov, and the World Health Organization International Clinical Trials Registry
Platform. Additional searches were performed using Google Scholar, the DART-Europe E-theses Portal, and backward citation
tracking. The Newcastle-Ottawa Scale and the Appraisal tool for Cross-Sectional Studies were used to evaluate study quality.

Results: The review included 7 quantitative studies published in 7 different countries from 3 continents; of these, 6 (86%) were
cross-sectional studies, and 1 (14%) was a prospective cohort study. Results suggested high frequencies of depressive symptoms
and falls among older adults living in NHs, and depressive symptoms were considered a risk factor for falls. The 15-item and
10-item versions of the Geriatric Depression Scale were the most commonly used measurement tools, followed by the Cornell
Scale for Depression in Dementia and the Resident Assessment Instrument-Minimum Data Set 2.0. The prevalence of depression
was heterogeneous, varying from 21.5% to 47.7% of NH residents. The studies used heterogeneous descriptions of a fall, and
some considered the risk of falls, recurrent fallers, and near falls in their data. The prevalence of fallers was disparate, varying
from 17.2% to 63.1%. Of the 7 retained studies, 6 (86%) reported a relationship between depression and falls or the risk of falls.
Among the 19 other risk factors identified in the review as being associated with falls among NH residents were a history of falls
in the last 180 days, >1 fall in the past 12 months, and respiratory illnesses.

Conclusions: There is a paucity of research examining falls among older adults with depressive symptoms in NHs. These
findings should alert nurses to the need to consider depression as a risk factor in their work to prevent falls. More research is
needed to gain a comprehensive understanding of fall risk among NH residents with depressive symptoms.

International Registered Report Identifier (IRRID): RR2-10.2196/46995
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Introduction

Background
The demographic transition to older societies is occurring
worldwide [1]. The World Health Organization (WHO) predicts
that the number of people aged ≥65 years will double from 703
million in 2019 to 1.5 billion in 2050, rising from 6% to 16%
of the planet’s population [1]. The number of people aged ≥80
years is expected to rise from 143 million to 426 million during
the same period [1]. Aging exposes people to a variety of health
problems and debilitating chronic diseases that can result in
functional dependency. Unfortunately, many older adults
experiencing multiple chronic conditions of different etiologies
can no longer remain at home and must transition to a nursing
home (NH) [2]. Depression or other mental disorders also
represent a substantial risk of NH admission [3].

Depressive disorders are characterized by depressive mood or
loss of pleasure, accompanied by other cognitive, behavioral,
or neurovegetative symptoms that persist for at least 2 weeks
and significantly affect an individual’s ability to function [4,5].
The International Classification of Diseases, 11th Edition
defines a depressive episode as having at least 5 out of a list of
10 symptoms, and these must manifest themselves most of the
day, nearly every day, or for at least 2 weeks [6,7]. Despite its
elevated prevalence of approximately 50%, depression among
NH residents is often underdiagnosed and consequently
undertreated [8]. With a characteristic pattern of cognitive
deficits, mainly affecting executive function, attention, and
processing speed, depression affects everyday life [9,10]. NH
residents with depressive symptoms often have less ability to
perform basic functions, and the condition sometimes speeds
them toward functional disability, with an increased risk of falls
[11].

Falls are frequent among NH residents, who often already have
diminished functional capacities [12]. The WHO defines a fall
as “an event in which a person inadvertently lands on the ground
or any other surface at a lower level than that at which he was
previously standing” [13]. The incidence of falls in NHs is
estimated to be twice as high (at 1.7 falls per resident-year) as
in the community, and residents are 10 times more likely to
sustain a significant injury [14,15]. Indeed, a recent systematic
review and meta-analysis estimated the incidence of falls among
older adults in NHs to be 43% (95% CI 38-49) [11]. The
consequences of falls among NH residents can extend beyond
immediate physical harms. Falls can result in serious injuries
such as long-standing pain, fractures, and head trauma, which
often lead to transfer and admission to hospital, increasing
medical costs and impacting the residents’ quality of life
[16-18]. Falls increase disability, and injured older adults
frequently fail to recover their previous level of function [19].
Hip fractures are associated with high morbidity rates, often
leading to a reduced ability to perform daily activities [20-23].

Falls are responsible for a significant number of deaths, making
them the second leading cause of death by unintentional or
accidental trauma worldwide [24,25]. In addition to being costly
for both older adults and the health care system, falls can cause
anxiety among health professionals and lead to family
complaints [26].

Physical injuries and falls also have psychological consequences
[27]. Many people who have experienced a fall are afraid of
falling again, leading to immobility, followed by pressure ulcers,
pneumonia, weakness, and an increased risk of falls [28].
Excessive fear of falling, which is frequently associated with
depression, increases the risk of falls [29]. Both depression and
fear of falling are associated with impaired gait and balance, an
association that is mediated along cognitive, sensory, and motor
pathways. A systematic review and meta-analysis by Gambaro
et al [29] highlighted the association between depression and
the fear of falling, which in turn increased the likelihood of
falls.

Depression has been reported as an independent risk factor for
falls and has been shown to increase the risk of future falls
[30-32]. Four determinants of recurrent falls are reported:
postural sway, history of falls, handgrip strength, and depressive
symptoms [33,34]. The relationships between depression,
cognitive performance, motor performance, and the risk of falls
were also illustrated in a recent study that also found that
depression slowed choice stepping reaction time, mediated by
quadriceps strength and executive function [35]. Vascular
disease and its related burden of white matter lesions may
produce concurrent changes in balance, gait, and mood [36].
The interaction between depression and falls may also be
self-perpetuating among those who are recurrent fallers,
inducing the demoralizing effect of repeated falling.

Although antidepressant medication can mitigate depressive
symptoms, which should lower fall risks, it also increases fall
risk independent of depression. Recent studies reported that
people using antidepressant medication no longer experienced
depressive symptoms (with only 18% scoring ≥5 on the 15-item
Geriatric Depression Scale [GDS-15]), and the use of
antidepressants was an independent risk factor for falls [37,38].

A multifaceted approach is crucial for fall reduction, which
includes staff training, systematic use of decision support tools,
and implementing falls prevention actions [39]. A recent study
demonstrated that a program combining individually prescribed
progressive resistance training with balance exercises
significantly reduced fall rates and improved physical
performance among NH residents [40]. To ensure equitable
access and guarantee high-quality care precisely when and where
needed, new care models incorporating technological
advancements are proving effective and well accepted [41].
Given the evidence that NH residents are particularly susceptible
to both depression and falls, this study aims to enhance
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understanding of these issues within this setting. This is crucial
for developing tailored care strategies that address their specific
needs effectively.

Objectives
This integrative review aimed to focus on and synthesize the
literature from studies on the relationship between depression
and falls among NH residents. The review’s guiding research
question was “What is the relationship between depression and
falls among NH residents?” The review also sought to briefly
report on the factors contributing to falls identified in the
retrieved studies.

Methods

Design
This study used an integrative review design to synthesize
published papers on the relationship between depression or
depressive symptomatology and falls among NH residents
receiving or not receiving treatment with antidepressant
medication. It reported factors contributing significantly to falls
based on the guidelines developed by Toronto and Remington
[42]. The review rigorously applied the 6 steps of the integrative
review process by (1) formulating a review question, (2)

systematically searching for and selecting literature, (3)
assessing the quality of the studies selected, (4) analyzing and
synthesizing studies retained, (5) discussing new knowledge,
and (6) proposing further steps for a dissemination plan [43].
Regarding the protocol for this integrative review, published in
JMIR Research Protocols (ISSN 1929-0748) [44], the authors
modified the exclusion criteria for article types and the statistical
analysis. In line with the concepts of an integrative review,
which impose no restrictions on the designs of the studies
evaluated, we considered some study designs other than primary
studies, including literature reviews. In addition, no
meta-analysis of the results on the relationships between
depressive symptoms and depression and falls was computed.

Inclusion and Exclusion Criteria
This review considered papers reporting on falls and their
relationship with depression or depressive symptoms among
older adults with a mean or median age of ≥65 years living long
term in NHs. NHs were considered institutions providing
24-hour room and board services and assistance with the
activities of daily living (ADLs) or the instrumental ADLs, as
well as health services for the management of the chronic
conditions of older adults with physical and cognitive or mental
impairments [45]. Textbox 1 presents the complete inclusion
and exclusion criteria.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Population: older adults aged ≥65 years

• Depression: depression (diagnosed by a medical professional) or depressive symptoms (assessed by health care professionals using validated
tools)

• Falls: incidence of falls, prevalence of falls, and reported or assessed risk of falls

• Health care setting: nursing homes and geriatric or psychiatric nursing homes

• Article types: original prospective research studies with a descriptive, correlational, or cohort design; retrospective cohort studies; mixed methods
studies; and literature reviews

• Language: no restrictions

Exclusion criteria

• Population: adults below the age of 65 years

• Depression: antidepressant medication prescription without diagnosed depression or recognized depressive symptoms

• Falls: near falls

• Health care setting: intrahospital units, older adults’ houses or apartments, community care living, and assisted living apartments

• Article types: meeting abstracts, conference abstracts, posters, guidelines, commentaries, editorials, opinion papers, book reviews, and case
reports

Information Sources and Search Strategy
A literature search of the following bibliographic databases was
conducted in October 2023 in collaboration with a medical
librarian (JRA): MEDLINE ALL Ovid, Embase, CINAHL with
Full Text EBSCO, APA PsycInfo Ovid, Web of Science Core
Collection, the Cochrane Database of Systematic Reviews
Wiley, and ProQuest Dissertations & Theses A&I. Clinical trials
were searched for in the Cochrane Central Register of Controlled
Trials Wiley, ClinicalTrials.gov, and the WHO’s International

Clinical Trials Registry Platform. Searches were performed
without language or date restrictions. Additional searches were
performed using Google Scholar, the DART-Europe E-theses
Portal, and backward citation tracking. Multimedia Appendix
1 provides details of the search syntax, keywords, and index
terms used.

Selection Process
The initial search yielded 2345 references, and after the removal
of duplicates, 1337 unique citations were identified and imported

Interact J Med Res 2024 | vol. 13 | e57050 | p.444https://www.i-jmr.org/2024/1/e57050
(page number not for citation purposes)

Matos Queirós et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


into EndNote (Clarivate) software. Two reviewers (AMQ and
HV) independently screened the titles and abstracts to identify
documents to be included in the second phase. Disagreements
over whether studies met the inclusion and exclusion criteria
were resolved by discussion between the reviewers. A total of
105 studies were identified as suitable for a full-text review and
were independently assessed by 2 reviewers (AMQ and HV).

Backward citation searching identified 6 further studies, but
they failed to meet the inclusion criteria. The coauthors
discussed and resolved disagreements over inclusion (AMQ,
AvG, MMM, AML, and HV). Finally, 7 studies were identified
as thoroughly matching the inclusion and exclusion criteria.
These studies then underwent a quality appraisal and, finally,
continued to the data extraction step. The 2020 PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) standards were followed for reporting
information from each step of the review selection process [46].

Data Extraction
Two reviewers (AMQ and HV) developed the data extraction
process using a specific, structured data extraction matrix. The
following variables were included to answer the research
question and meet the integrative review’s aims: (1) authors,
year of publication, country location, and study duration; (2)
study design and sample size; (3) participants’ characteristics,
including sex, mean or median age, and SD or interquartile 25th
to 75th percentile; (4) information about depression or
depressive symptoms, depression evaluation tools, information
about falls; (5) statistical results about the relationship between
depression and falls; and (6) factors contributing to falls.

Assessment of the Risk of Bias in Included Studies
The quality of studies retained was assessed using the
Newcastle-Ottawa Scale (NOS) [47] and the Appraisal tool for
Cross-Sectional Studies (AXIS) [48]. The NOS comprises 2
different scales designed to evaluate cohort or case-control

studies [47]. The NOS scale enables the attribution of scores,
up to a total maximum score of 9, in 3 different domains:
selection (maximum score 4), comparability (maximum score
2), and outcome (maximum score 3). The AXIS was developed
by a panel of experts using a Delphi methodology, and it focuses
principally on studies’published methods and results [48]. Two
authors (AMQ and HV) performed the evaluations
independently. Each study’s 3 evaluation domains were
meticulously analyzed to evaluate each domain and item based
on the reported information. Any assessment score
disagreements were resolved through discussion until a
consensus was reached, and no third author had to be solicited.

Statistical Analyses
Descriptive statistics of the population’s median age, the
distribution of men and women, and the number of falls recorded
in the studies retained were computed. Additional descriptive
statistics on the prevalence of falls and depressive symptoms
were computed to report differences between NH residents’
profiles and types of NH.

In line with integrative review methodology, which focuses on
the comprehensive analysis and synthesis of research findings,
a meta-analysis was not conducted, given the substantial
heterogeneity among the retained studies [42,49]. Data were
analyzed using SPSS software (version 29.0; IBM Corp).

Results

Overview
The selection process (Figure 1 [46]) identified 7 eligible articles
that rigorously met the review’s inclusion criteria, including a
description of the study population, measures of depressive
symptoms, fall measures, and statistical results for the
relationship between depression or depressive symptoms and
falls, summarized in Tables 1 and 2.
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Figure 1. The integrative review flow diagram. ICTRP: International Clinical Trials Registry Platform.
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Table 1. Characteristics of the studies retained.

Scales of de-
pression as-
sessment

Age (y)SexSample
size, N

Design, data, and periodStudy aimsCountryStudy

GDS-15aAge groups:
60-69, n=47
(13.3%); 70-
79: n=162
(45.7%); 80-
89, n=145
(41.0%)

Female=230
(65%); male=124
(35%)

354Cross-sectional study col-
lected data from October
2016 to July 2017 in 10
nursing homes

Determine the prevalence
and risk of falls and their
associated factors among
nursing home residents

MalaysiaKioh and
Rashid [50],
2018

GDS-10bMean 83.4
(SD 11.5% ;
95% CI
82.6-84.1)

Female=408
(76%); male=325
(24%)

733Cross-sectional study col-
lected data from June 1998
to June 1999 in 55 living
institutions

Measure the frequency of
falls and associated factors
among older adults living
institutions

SpainDamian et al
[51], 2013

GDS-15Mean 71.9
(SD 7.2)

Female=48
(57.1%);
male=36 (42.9%)

84Prospective cohort study
collected data from June
2009 to May 2010 in 3
nursing homes

Evaluate the incidence of
falls and the risk factors
among nursing home resi-
dents

EgyptKhater and
Mousa [52],
2012

GDS-15Mean 85.5
(SD 5.72)

Male=940
(100%)

940Cross-sectional study col-
lected data from December
2009 to December 2010 in
4 long-term stay veterans’
settings

Investigate the prevalence
and frequency of falls and
identify factors of falls
among older adult men in
Taiwan

TaiwanKu et al
[53], 2013

GDS-15Mean 81.9
(SD 6.16)

Female=193
(67.5%);
male=93 (32.5%)

286Cross-sectional study col-
lected data over 1 year in
4 long-term care institu-
tions

Examine the combined ef-
fects of medical conditions
and depression status on
fall incidents among insti-
tutionalized older adults

ChinaWang et al
[54], 2012

Cornell
Scale for De-
pression in
Dementia

Mean 84.8
(SD 6.86)

Female=839
(73.1%);
male=308
(26.9%)

1147Cohort study with a 1-year
follow-up collected data
from November 2004 to
January 2025 in 20 nursing
homes

Examine whether the
severity of dementia, be-
havioral and psychological
symptoms, and depression
can predict falls among
nursing home residents

NorwaySylliaas et al
[55], 2012

Minimum
Data Set of
the Resident
Assessment
Instrument,
version 2.0.

Mean 84.0
(SD 7.0)

Female=363
(77%); male=109
(33%)

472Prospective observational
study collected data from
October 1998 to Septem-
ber 1999 in 3 long-term
care institutions

Identify individual predis-
posing risk indicators for
falls in a sample of institu-
tionalized, frail older
adults

GermanyKron et al
[56], 2003

aGDS-15: 15-item Geriatric Depression Scale.
bGDS-10: 10-item Geriatric Depression Scale.

Interact J Med Res 2024 | vol. 13 | e57050 | p.447https://www.i-jmr.org/2024/1/e57050
(page number not for citation purposes)

Matos Queirós et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Depressive symptomatology and falls or risk of falls among nursing home residents.

Main findings about
the relationship be-
tween depression or
depression symp-
toms and falls

Other findings on the rela-
tionship with falls or risk of
falls

Statistical results for the re-
lationship between depres-
sion or depressive symptoms
and falls or risk of falls

Statistical results of fallsStatistical results
of depression and
depressive symp-
toms

Study

Depression was
strongly associated

Depression

(GDSa score)
n=76 (21.5%)

Kioh and
Rashid [50],
2018

••• Respiratory illnesses
and falls: OR 3.38,
95% CI 1.11-10.30;
P<.05

Depression and falls:

ORb 1.71, 95% CI
1.00-2.91; P<.05

Fallers: n=116 (32.8%); 1
fall: n=68 (19.2%); >1
fall: n=48 (13.6%); with the prevalence

of falls and the risk
of falls.

Respiratory illness
was also significant-

• Depression and risk of
falls: OR 1.83, 95% CI
1.06-4.23; P<.05

• Risk of fall (Fall Risk As-
sessment Tool): low risk:
n=307 (86.7%); moderate-
high risk: n=47 (13.3%)

• History of >1 fall in the
past 12 months and risk
of falls: OR 3.90, 95%
CI 1.72-8.8; P<.05 ly associated with

falls.

A history of >1 fall
in the past 12
months was signifi-
cantly associated
with the risk of falls.

Depression was asso-
ciated with falls

Depression (dis-
ease) n=154
(21%)

Depressive symp-
toms (GDS

Damian et al
[51], 2013

••• Number of diseases ≥1:
RR 1.40, 95% CI 1.27-
1.54; RR 1.32, 95% CI
1.17-1.50

Depression and falls:

RRc 2.49, 95% CI
1.38-4.50; RR 1.55,
95% CI 0.95-2.5

Fallers: n=88 (12%; 95%
CI 9-15), 1.5 falls/person-
year when adjusted for

age, sex, cognitive
status, and function-
al dependence.

Multimorbidity, uri-
nary incontinence,

• Falls: n=146, 2.4 falls/res-
ident-year (95% CI 2.04-
2.82); 1 fall: n=60 (68%);
2 falls: n=18 (21%); ≥3
falls: n=10 (12%)

• Urinary incontinence:
RR 2.89, 95% CI 1.48-
5.65; RR 2.56, 95% CI
1.32-4.94

• Depressive symptoms
(GDS score) and falls:
RR 1.06, 95% CI 0.95-
1.19; RR 1.01, 95% CI

score) n=193
(33%)

• 1-year risk of falling=0.78 arrhythmias, and an-
0.92-1.1 • Arrhythmias: RR 3.36,

95% CI 1.80-6.30; RR
tidepressants were
the most relevant
factors for falls.2.00, 95% CI 1.05-3.81

• Antidepressants: RR
3.40, 95% CI 1.65-
7.04; RR 2.32, 95% CI
1.22-4.40

Depression did not
differ significantly

Depression (GDS
score): n=39
(46.4%)

GDS score: mean
4.61 (SD 2.55)

Khater and
Mousa [52],
2012

••• Frailty: OR 2.340, 95%
CI 1.542-16.746; P=.01

GDSFallers: n=53 (63.1%)
• •Falls: n=163, 5.3

falls/1000 resident days;
631 fallers/1000 resident-
years; 1940 falls/1000
resident-years)

Fallers: mean 4.8 (SD
2.5); P=.51 between fallers and

nonfallers.

Frailty and poorer
results in Timed Up

• Timed Up and Go test:
OR 3.271, 95% CI
1.287-19.539; P<.001

• Nonfallers: mean 4.4
(SD 2.7); P=.51

and Go tests were
the only independent
risk factors for falls.

Depression was an
independent variable

Depression (GDS
score) n=334

Ku et al
[53], 2013

••• Advanced age: OR
1.04, 95% CI 1.01-
1.07; P=.02

Depression and falls:
OR 1.05, 95% CI 1.01-
1.10; P=.01

Fallers: n=162 (17.2%); 1
fall: n=97 (59.9%); 2 falls:
n=31 (19.1%); 3 falls:(35.5%); GDS: for predicting falls,

as were increasingn=17 (10.5%); 4 falls: n=7mean 4.3 (SD
4.05)

• Stroke: OR 2.16, 95%
CI 1.18-3.96; P=.01(4.3%); 5 falls: n=6

(3.7%); 6 falls: n=1
age, stroke, gout,
and cataracts.• Gout: OR 1.96, 95% CI

1.36-2.81; P<.001(0.6%); ≥7 falls: n=3
(1.9%) • Cataract: OR 1.48,

95% CI 1.03-2.15;
• Fall incidence: mean 3.6

(SD 2.5)
P=.04
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Main findings about
the relationship be-
tween depression or
depression symp-
toms and falls

Other findings on the rela-
tionship with falls or risk of
falls

Statistical results for the re-
lationship between depres-
sion or depressive symptoms
and falls or risk of falls

Statistical results of fallsStatistical results
of depression and
depressive symp-
toms

Study

Depression status,
using ancillary de-
vices, and multiple
medication use were
significantly associat-
ed with the risk of
falling.

• Ancillary device use
and risk of falls: OR
2.70, 95% CI 1.50-
4.86; P<.01

• Medications ≥4 and
risk of falls: OR 3.23,
95% CI 1.44-7.26;
P<.01

• Depression, ancillary
device, and risk of fall:
OR 6.52, 95% CI 2.62-
16.3; P<.01

• Depression, neural sys-
tem diseases and risk
of fall: OR 11.3, 95%
CI 1.96-65.2; P<.01

• Depression, medication
≥4 and risk of fall: OR
5.28, 95% CI 1.46-
19.1; P<.05

• Depression and risk of
fall: OR 1.92, 95% CI
1.00-3.64; P<.05

• Fallers: n=81 (28.3%)Depression (GDS
score) n=68
(23.8%)

Wang et al
[54], 2012

Severe depression
(higher scores on
CSDD) significantly
predicted ≥1 falls in
a bivariate Cox re-
gression.

Age; higher scores
on the NPI, CDR,
and PADL; and use
of sedatives were all
independent predic-
tors in a multivariate
regression analysis.

• NPIe: RR 1.15, 95% CI
1.08-1.19; P<.001

• Age: RR 1.03, 95% CI
1.01-1.04; P=.002

• CDRf Scale: RR 1.06,
95% CI 1.03-1.08;
P<.001

• PADLg: RR 0.95, 95%
CI 0.92-0.97; P<.001

• Use of sedatives: RR
1.08, 95% CI 1.04-
1.23; P=.003

• CSDDd and falls: RR
1.37, 95% CI 1.13-
1.65; P=.001

• Fallers: n=459 (40%); 1
fall: n=459 (40.0%); ≥2
falls: n=379 (33.0%)

Cornell Scale for
Depression in
Dementia: mean
5.35 (SD 5.1)

Sylliaas et al
[55], 2012

Depression, transfer
assistance, urinary
incontinence, and a
positive fall history
were important risk
indicators associated
with the risk of ≥2
falls.

• Total transfer assis-
tance: OR 0.4, 95% CI
0.2-0.7; P=.002

• Urinary incontinence:
OR 2.1, 95% CI 1.2-
3.6; P=.007

• Fall in last 180 days:
OR 5.2, 95% CI 3.2-
8.5; P<.001

• Depression and >2
falls: OR 1.6, 95% CI
1.0-2.6; P=.049

• Fallers: n=247 (52.3%),
• 645 fallers/1000 resident-

years,
• 2.558 falls/1000 resident-

years
• Frequent fallers: n=115

(24.4%)

Minimum Data
Set of the Resi-
dent Assessment
Instrument, ver-
sion 2.0: n=225
(47.7%)

Kron et al
[56], 2003

aGDS: Geriatric Depression Scale.
bOR: odds ratio.
cRR: risk ratio.
dCSDD: Cornell Scale for Depression in Dementia.
eNPI: Neuropsychiatric Inventory.
fCDR: Clinical Dementia Rating.
gPADL: Personal Activity of Daily Living.

Characteristics of the Included Studies
Most of the studies were published between 2012 and 2018
[50-55], with one published in 2003 [56]. The papers were
written by 7 different first authors and examined 7 countries
(Malaysia, Spain, Egypt, Taiwan, China, Norway, and
Germany), with 43% (3/7) of the studies carried out in Europe

[51,55,56], 43% (3/7) in Asia [50,53,54], and 1 (14%) in Africa
[52]. Of the 7 studies, 6 (86%) were cross-sectional
[50,51,53-56], and 1 (14%) was a prospective cohort study [52].

Population
The studies included a total of 4016 participants, with a mean
of 574 (SD 380) older adult participants and a significant
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variance in numbers from 84 [52] to 1147 participants [55]. The
total sample contained 48.2% (1935/4016) men and 51.8%
(2081/4016) women. The median age of the overall sample was
83 (IQR 79.4-84.9) years, with minimum and maximum ages
of 71.9 and 85.5, respectively.

Long-Term-Care Facility Definitions
The review considered studies focusing on NH residents with
at least a mean or median age of 65 years and living in a geriatric
or psychiatric NH, although different terms were used. Ku et al
[53] examined 4 long-term stay settings for male veterans only.
Of the 7 studies, 3 (43%) [50,52,55] specifically mentioned
NHs as their setting, 2 (29%) referred to long-term care
institutions [54,56], 1 (14%) described its location as a long-term
stay setting [52], and 1 (14%) described them as older people
living institutions [51].

Aims of the Studies
The 7 studies retained examined relationships between
depression or depressive symptoms and falls in different ways.
One cross-sectional study [54] focused directly on the directional
relationship between depression status and falls. Another
cross-sectional study [55] examined the effects of the severity
of dementia, behavioral and psychological symptoms, and
depression on falls. The studies retained frequently aimed to
describe the risk factors for and factors associated with falls,
including 4 cross-sectional studies [50,51,53,56] and 1 cohort
study [49].

Depression

Detection and Diagnosis of Depression
Several different depressive symptom measurement tools were
used. The 15-item and 10-item Geriatric Depression Scales
(GDS) were most commonly used, with 57% (4/7) of the studies
[50,52-54] using the GDS-15 and 14% (1/7) of the studies using
the GDS-10 [51]. Of these 4 studies, 2 (50%) [53,54] defined
depression as a GDS score≥5, but 1 (25%) study [50]
categorized participants with a score of 0 to 5 as normal. The
study using the GDS-10 [51] scored 0 to 3 as normal and scores
of 4 to 7 and 8 to 10 as moderate and severe depressive
symptoms, respectively. One study using the GDS-15 [52] did
not describe its categorization of depressive symptoms. One
study used the Cornell Scale for Depression in Dementia to
measure depressive symptoms [55], and the final study used
indicators of the Minimum Data Set of the Resident Assessment
Instrument, version 2.0 [56]. Neither of the studies mentioned
how they categorized depressive symptoms. Two studies
specified having based their depression assessments on
interviews with residents about their status over the previous 7
days [51] and self-related depressive symptoms [54]. One study
[55] was based on information from NH staff members. The
other 4 studies [51-53,56] did not specify this information. Only
one of the studies revealed a medical diagnosis of depression
[51]. Multimedia Appendix 2 [50-56] presents the depression
measurement strategies used by the studies retained.

Prevalence of Depression
Of the 7 studies, 6 (86%) included [50-54,56] showed a
prevalence of depression above 20%. The mean prevalence of

depressive symptoms in Asian studies was 26.9%, with a
significant variation observed between countries [50,53,54].
Ku et al [53] and Wang et al [54] used the GDS-15 scale, with
identical cutoff scores, resulting in an overall mean prevalence
of depression of 32.8% (402 participants with depressive
symptoms/1226 participants). The lowest prevalence of
depression was 21.5% (76 participants with depressive
symptoms/354 participants) as reported by Kioh and Rashid
[50]. In the European studies, Kron et al [56] reported the
highest prevalence of depression, at 47.7%, using data from the
MDS-RAI 2.0 assessments. Damian et al [51] reported a 33%
prevalence of depressive symptoms using the GDS-10 scale.
The study by Sylliaas et al [55] reported unclear data on the
prevalence and limited the data collected to reporting the odds
ratio (OR) of the relationship between depression and falls. No
additional data was available. The study by Khater and Mousa
[52], performed in Egypt, revealed a notably high prevalence
of depression, at 46.4%.

Falls

Descriptions of Falls
The studies included described falls heterogeneously. Khater
and Mousa [52] and Wang et al [54] referred to the studies by
Delbaere et al [57,58] to define a fall as an unexpected event in
which the person comes to rest on the ground, the floor, or a
lower level. Kioh and Rashid [50] and Kron et al [56] described
falls as unintentionally coming to rest on the ground, the floor
or another lower level, whether accidentally or nonaccidentally,
other than as a consequence of the sudden onset of paralysis,
an epileptic seizure or an overwhelming external force. Damian
et al [51] did not define falls. Ku et al [53] based their definition
on Tinetti’s, which defines a fall as an event that results in a
person coming to rest unintentionally on the ground or another
lower level, not due to any intentional movement, a major
intrinsic event (eg, stroke) or an extrinsic force (eg, being
forcefully pushed down, knocked down by a car) [59]. Finally,
Sylliaas et al [55] referred to Lord [60], who defined a fall as
an unexpected event in which the participant rests on the ground,
the floor or at a lower level.

Frequency of Falls or Fall Risks
Different methods were used to collect fall frequency. Two
studies [50,54] collected data on the history of falls in the past
12 months through a resident questionnaire and face-to-face
interviews. Kioh and Rashid [50] also used the Fall Risk
Assessment Tool to determine fall risk. Damian et al [51] used
physician and nurse interviews and annotations to determine
the number of falls in the preceding 30 days and used the Timed
Up and Go test to assess fall risk. Ku et al [53], Sylliaas et al
[55], Khater and Mousa [52], and Kron et al [56] explored data
collected on events recorded during the study period. Wang et
al [54] considered participants who had had a single fall or no
falls as “nonfallers,” and all other participants with ≥2 falls or
with at least 1 injurious fall as “fallers.” Kron et al [56]
distinguished “fallers” (participants with 1 or 2 falls) from
“recurrent fallers” (participants with >2 falls). Multimedia
Appendix 3 [50-56] presents the retained studies’ definitions
and measurement strategies for falls.
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Prevalence of Falls
All the studies reported the number of residents who had at least
one fall during the study period. Of the total combined sample
of 4016 participants, based on each study’s definition or
description of a fall, 1206 (30%) fell at least once. The highest
prevalence of fallers was 63%, with 53 of a sample of 84
participants falling during the 1-year follow-up period in the
study by Khater and Mousa [52] in Egypt. The mean prevalence
of falls in the studies conducted in European countries was
34.8% (SD 16.86%). The lowest prevalence was 12%, with 88
of 733 participants having at least one fall in the preceding 30
days in the study by Damian et al [51]. Fallers made up 52.3%
(247 fallers/472 participants) in the study by Kron et al [56]
and 40% (459 fallers/11,147 NH participants) in the study by
Sylliaas et al [55]. The prevalence of fallers in Asian studies
showed a mean of 26.1% (SD 5.6%). During the year of their
study, 162 (17.2%) of 940 participants fell in the study by Ku
et al [53], 81 (28.3%) of 286 participants fell in the study by
Wang et al [54], and 116 (32.8%) of 354 participants fell in the
study by Kioh and Rashid [50]. Ku et al [53] reported a
single-fall prevalence of 10.3% (97 fell once/940 male veteran
participants) and a recurrent-falls prevalence of 6.9% (65 with
a history of falls fell/940 participants). Three studies [51-53,56]
reported fall incidence rates. In the study by Khater and Mousa
[52], 163 falls occurred among 53 fallers, equivalent to 1940
falls/1000 resident-years (5.3 falls/1000 resident-days). Kron
et al [56] recorded 980 falls (2.558 falls/1000 resident-years)
among 247 fallers (645 fallers/1000 resident-years). With a total
number of 146, Damian et al [51] reported an incidence of 2.4
falls (95% CI 2.04-2.82) per resident-year. On the basis of the
FRAT scores, Kioh and Rashid [50] identified 307 (86.7%)
participants at a low risk of falls and 47 (13.3%) participants at
a moderate or high risk of falls.

The Relationship Between Depression and Falls
The main retrieved publications in our integrative review used
the OR to examine the relationship between depression and falls
among NHs residents [50,52-54,56]. The OR was used to
quantify the association between exposure to depressive
symptoms and the occurrence of falls. Consequently, the
findings of these studies reflected the odds of falls occurring in
the presence of depressive symptoms.

The remaining studies used the risk ratio (RR) to study the
mentioned relationship [51,55]. The RR allowed for a
comparison of the probability of falls occurring in NH residents
with depressive symptoms versus those without depressive
symptoms.

Four studies [50,53,54,56] identified a significant association
between depression and falls among NH residents. Kioh and
Rashid [50] revealed that having depression (OR 1.80, 95% CI
1.07-3.04) was a significant factor associated with falls. After
performing a binary logistics regression to take account of
possible confounders, depression was also associated with the
prevalence of falls among participants (OR 1.71, 95% CI
1.00-2.91) [50]. Ku et al [53] showed that fallers tended to have
more severe depression than nonfallers (44.4% vs 33.7%,
respectively; P=.01). Using multivariate logistic regression
analyses, they revealed that depression status (OR 1.05, 95%

CI 1.01-1.10; P=.01) was an independent variable for predicting
falls [53]. On the basis of the univariate analysis, Wang et al
[54] found depression to be significantly associated (OR 2.00,
95% CI 1.13-3.55; P<.05) with the risk of falling. In addition,
they reported that depression also had a significant association
in a multivariate logistic regression analysis (OR 1.92, 95% CI
1.00-3.64; P<.01). Kron et al [56] revealed that depressive
symptoms were a significant risk indicator (OR 1.6, 95% CI
1.0-2.6; P=.049) for predicting recurrent falls among their
participants. Damian et al [51] reported an association between
depression and falls (RR 2.49, 95% CI 1.38-4.50); however,
they found a mediating effect of antidepressant and anxiolytic
medication (RR 1.55, 95% CI 0.95-2.51). Khater and Mousa
[52] showed that levels of depression were not significantly
different between fallers and nonfallers. Sylliaas et al [55] found
that severe depression was 1 of the 4 strongest predictors of
falls (RR 1.38, 95% CI 1.13-1.65; P=.001), but it was no long
a significant independent variable after multivariate regression
analysis (RR 0.99, 95% CI 0.96-1.02; P=.55).

A total of 19 potential risk factors, other than depression, were
associated with falls among NH participants. Kioh and Rashid
[50] showed a significant association between respiratory
illnesses and falls (OR 3.38, 95% CI 1.11-10.30; P<.05) as well
as between a history of >1 fall in the past 12 months and risk
of falls (OR 3.90, 95% CI 1.72-8.8; P<.05). A history of falls
in the last 180 days was also identified as an important fall risk
indicator (OR 5.2, 95% CI 3.2-8.5; P<.001) in the study by
Kron et al [56]. Kron et al [56] documented that urinary
incontinence was one of the most relevant factors for falls (OR
2.1, 95% CI 1.2-3.6; P=.007), and in the study by Damian et al
[51], it was an important risk indicator associated with ≥2 falls
(RR 2.89, 95% CI 1.48-5.65). Wang et al [54] found that
polypharmacy was significantly associated with the risk of falls
(OR 3.23, 95% CI 1.44-7.26; P<.01). Damian et al [51] found
that antidepressants were a relevant factor for falls (RR 3.40,
95% CI 1.65-7.04), and Sylliaas et al [55] reported sedatives as
an independent predictor of an increased risk of falling (RR
1.08, 95% CI 1.04-1.23; P=.003). In addition, Damian et al [51]
found that multimorbidity (RR 1.40, 95% CI 1.27-1.54) and
arrhythmias (RR 3.36, 95% CI 1.80-6.30) were relevant risk
factors for falls. Stroke (OR 2.16, 95% CI 1.18-3.96; P=.01),
gout (OR 1.96, 95% CI 1.36-2.81; P<.001), cataracts (OR 1.48,
95% CI 1.03-2.15; P=.04), and advanced age (OR 1.04, 95%
CI 1.01-1.07; P=.02) were independent variables for predicting
falls in the study by Ku et al [53]. Age was also identified as
an independent predictor of a risk of falls in the study by Sylliaas
et al [55].

Frailty (OR 2.340, 95% CI 1.542-16.746; P=.01) and poorer
results in Timed Up and Go tests (OR 3.271, 95% CI
1.287-19.539; P<.001) were the only independent risk factors
for falls in one study [52]. Wang et al [54] found that ancillary
device use increased the risk of falls (OR 2.70, 95% CI
1.50-4.86; P<.01) and that the risk of falling was enhanced by
the interacting factors of depression, ancillary devices (OR 6.52,
95% CI 2.62-16.3; P<.01), nervous system diseases (OR 11.3,
95% CI 1.96-65.2; P<.01), and >4 medications (OR 5.28, 95%
CI 1.46-19.1; P<.05). Finally, in one study, higher scores on
the Neuropsychiatric Inventory, Clinical Dementia Rating scale,
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and Personal Activity of Daily Living were all independent of
other predictors of an increased risk of falling [55].

Assessment of the Risks of Bias in the Studies Retained
The quality and risks of bias of the studies retained were
assessed using the NOS [47] and AXIS [48]. One cohort study
[52] was classified as being of good quality, scoring 8 stars,
with 3 in the selection domain, 2 in the comparability domain,
and 2 in the outcome domain. Of the 6 cross-sectional studies
[50,51,53-56], 4 (67%) [50,51,53,54] were considered of good
quality and 2 (33%) of moderate quality [55,56] but sufficient
to be integrated into our integrative review and undergo data
extraction. Multimedia Appendix [52] 4 and 5 [50-56]
summarize the quality evaluation results of the cross-sectional
studies and the quality and risk of bias assessments of the cohort
study.

Discussion

Principal Findings
This integrative review rigorously searched for publications on
the relationship between depression or depressive symptoms
and falls among NH residents. A total of 7 studies were selected,
with 6 (86%) published in the last 10 years and 1 (14%)
published in 2003. The studies included 4016 participants with
an overall median age of 83 years. Of the 7 studies, 6 (86%)
reported a prevalence of depression >20%, and approximately
30% of the total sample had experienced at least one fall.
Despite the methodological differences between the studies,
their results predominantly showed a significant relationship
between depressive symptoms and depression and falls and the
risk of falls [50,51,53-56]. To the best of our knowledge, this
was the first review to synthesize relevant publications on how
depression is related to falls among NH residents. The results
highlight the significance of falls and depressive symptoms
among NH residents.

Most of the studies had small sample sizes (Table 1), but most
of them had a sufficient sample size individually, and they gave
the total sample the necessary statistical power [50-54]. The
studies did not all use the same precise definition of an NH or
an NH resident. A fall was defined in different ways: some
studies used the variable of risk of falls or near falls, and one
study considered a resident who had only had one fall to be a
nonfaller, making a detailed comparison between fall prevalence
between studies somewhat of a conundrum. These differences
can be explained by the studies’ designs and geographical
contexts and the use of heterogeneous fall assessment tools. To
increase comparability and improve the meta-analysis of existing
data, it is advisable that future studies adopt a universal
description of a fall, for example, the WHO’s definition [61].
Nonetheless, as previously mentioned, the heterogeneous clinical
practices of different countries make comparison difficult. In
addition, because some of the studies retained only received a
moderate quality assessment, any interpretations should be made
with care. The review revealed that the relationship between
depression and falls is complex and multifactorial, and that the
mechanisms of this relationship were not always completely
understood [62]. All the studies considered other risk factors.
The studies retained were unclear about the methods used to

diagnose depression, and although these were primarily based
on validated tools, they failed to mention whether physicians
had confirmed the diagnoses. The average occurrences of
depression reported in the studies retrieved were similar to other
studies conducted in NHs [63,64]. Our studies used 4 different
validated tools for depression, and there was not always
consistency in the cutoff scores used with the same diagnostic
tools. In the study by Kioh and Rashid [50], participants with
GDS-15 scores of 0 to 5 were categorized as normal, which
may explain its lowest prevalence of depression (76 depressed
residents/354 participants). This corroborated the findings from
similar studies conducted among community-dwelling older
adults [65,66]. The literature suggests that many NH residents
could have unidentified and thus untreated depression [67]. This
could be explained by the potential stigma surrounding mental
illness or the idea that depression is a normal state among NH
residents and thus has no additional consequences on their health
or social life.

Our integrative review did not include publications that took
into account NH residents receiving antidepressant medication
without a diagnosis of depression or without reported depressive
symptoms. Although it was difficult to discriminate whether it
was low mood or medication use that predisposed older adults
to falls. Kvelde et al [68] found that depressive symptoms
remained a risk factor for falls in a large subgroup of older adults
not taking antidepressant medications.

Our results seem to support the hypothesis of an interdependent
association between the presence of depression and falls or a
risk of falls, despite the high percentage of cross-sectional
studies preventing any inference of the association’s direction
[50,51,53-56]. This is consistent with the clinical review by
Iaboni et al [35], which stated that depression and falls had a
significant bidirectional relationship. An excessive fear of
falling, which is frequently associated with depression, also
increases the risk of falls. Both depression and the fear of falling
are associated with impaired gait and balance, an association
that is mediated through cognitive, sensory, and motor pathways,
and which consequently allows us to concur on the bidirectional
relationship between depression and falls [35].

In addition, NH residents form a huge population of older adults
with a significant number of comorbidities that can contribute
to falls. Using different strategies to assess the risk of falls [65]
makes causality and relationships extremely difficult to
demonstrate. In the studies addressing NH residents that we
retained, the prevalence of falls was 30% (1206 fallers/4016
participants), varying over the years. The risk factors of fall
history, impaired performance in the ADLs, and insomnia all
had strong associations with all falls. Risk factors with low to
moderate ORs were vertigo; walking aids; poor balance; use of
antidepressants, benzodiazepine, antipsychotics, and anxiolytics;
polypharmacy; dementia; unsteady gait; hearing problems; and
being male. Having bed rails was identified as a protective
environmental factor.

Considering the limitations of this integrative review, current
knowledge and the call to action laid out by Matos Queiros et
al [44], the bidirectional relationship between depression and
falls among NH residents has been inadequately studied. There
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is an urgent need to clarify their complex interplay [35], and
this will require robust, high-quality research. Our literature
search strategy found many references (Figure 1 [46]); however,
surprisingly, few studies considered the relationship between
depression and falls among NH residents as one of their
principal variables of interest—depression was regarded more
as a contributing factor [16,29]. Most studies focused on the
relationships between neurodegenerative diseases, functional
impairment, and falls, as well as the associations between these
factors and medication prescriptions for NH residents [69,70].
Another concern was that most of the studies were intervention
studies to prevent or reduce falls and fall risks among NH
residents [71,72]. Another avenue of research involved falls
among community-dwelling older adults in assisted living
facilities or their own homes [73-76].

Depression may lead to an increased risk of falls through
behavioral, neuromuscular, or pathological pathways, and
coherent with the fact that depressed NH residents are mostly
less active than those without depression [77]. Moreover, the
lower sense of self-efficacy and negative expectations about
the future found among repeated fallers with depression can
lead to decreased social participation [78].

Furthermore, our integrative review’s findings may draw
attention to the need to enhance comprehensive geriatric
assessment practices as a suitable, more multidimensional,
multidisciplinary approach to addressing NH residents’complex
needs [79]. Specifically, health care professionals should
implement regular screening for depressive symptoms as part
of comprehensive fall risk assessments [79]. This proactive
approach could lead to the early introduction of targeted
therapeutic strategies to address depressive symptoms among
NH residents, and it could also yield the positive outcome of
reducing fall incidents [68]. In addition, fostering
interdisciplinary collaboration among health care professionals,
including old-age psychiatrists, nurses, and physiotherapists,
should be encouraged to create a holistic, person-centered care
approach [80,81].

Study Limitations
This integrative review had some limitations. Despite a thorough
literature search using recognized methodological guidelines
and recommendations, the review may have missed some studies

meeting all the selection criteria due to search errors or
investigators’ mistakes. The studies retrieved evaluated NH
residents’ clinical state of depression using self-reported data,
which could have created a risk of bias. In addition, studies did
not clearly specify if there was a physician diagnosis of
depression. The studies selected mainly used depression as an
independent variable of interest, which may have led to this
variable’s overrepresentation compared to other factors affecting
falls. Substantial heterogeneity in the classification and
measurement of falls and depressive symptoms resulted in
studies using different constructs, making comparisons difficult.
Finally, any generalization of the present findings should be
made cautiously, as the NHs and residents studied were always
from a particular region or country.

Conclusions
By synthesizing existing research and drawing conclusions from
diverse studies, this integrative review provides a more holistic
understanding of the relationship between depression and
depressive symptoms and falls. Our findings suggested that
depression was a potential and independent risk factor for falls
among NH residents. Moreover, depression and depressive
symptoms should be addressed and systematically evaluated so
that nursing professionals can implement preventive measures.
Our results underscore the importance of policies that invest in
and support the implementation of depression and fall risk
assessment guidelines within NHs. These are essential for
developing personalized care plans, thereby reducing fall risks
and enhancing NH residents’ overall quality of care and life.
Although the precise associations of depression and depressive
symptoms have yet to be clarified, it seems certain that they are
risk factors for falls. The small number of studies published on
our phenomenon of interest emphasizes the need for further
research. Further longitudinal studies are urgently needed to
elucidate the complex relationship between depression and falls
in NHs. Considering their serious consequences, depression
and falls among NH residents are a significant public health
problem and require urgent attention from frontline health care
professionals, researchers, and policy makers. Addressing these
gaps through rigorous research will be critical to informing
effective interventions and enhancing outcomes for NH
residents.
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Abstract

Background: People with chronic diseases can benefit from wearable devices in managing their health and encouraging healthy
lifestyle habits. Wearables such as activity trackers or blood glucose monitoring devices can lead to positive health impacts,
including improved physical activity adherence or better management of type 2 diabetes. Few literature reviews have focused on
the intersection of various chronic diseases, the wearable devices used, and the outcomes evaluated in intervention studies,
particularly in the context of primary health care.

Objective: This study aims to identify and describe (1) the chronic diseases represented in intervention studies, (2) the types
or combinations of wearables used, and (3) the health or health care outcomes assessed and measured.

Methods: We conducted a scoping review following the Joanna Briggs Institute guidelines, searching the MEDLINE and Web
of Science databases for studies published between 2012 and 2022. Pairs of reviewers independently screened titles and abstracts,
applied the selection criteria, and performed full-text screening. We included interventions using wearables that automatically
collected and transmitted data to adult populations with at least one chronic disease. We excluded studies with participants with
only a predisposition to develop a chronic disease, hospitalized patients, patients with acute diseases, patients with active cancer,
and cancer survivors. We included randomized controlled trials and cohort, pretest-posttest, observational, mixed methods, and
qualitative studies.

Results: After the removal of 1987 duplicates, we screened 4540 titles and abstracts. Of the remaining 304 articles after
exclusions, we excluded 215 (70.7%) full texts and included 89 (29.3%). Of these 89 texts, 10 (11%) were related to the same
interventions as those in the included studies, resulting in 79 studies being included. We structured the results according to chronic
disease clusters: (1) diabetes, (2) heart failure, (3) other cardiovascular conditions, (4) hypertension, (5) multimorbidity and other
combinations of chronic conditions, (6) chronic obstructive pulmonary disease, (7) chronic pain, (8) musculoskeletal conditions,
and (9) asthma. Diabetes was the most frequent health condition (18/79, 23% of the studies), and wearable activity trackers were
the most used (42/79, 53% of the studies). In the 79 included studies, 74 clinical, 73 behavioral, 36 patient technology experience,
28 health care system, and 25 holistic or biopsychosocial outcomes were reported.

Conclusions: This scoping review provides an overview of the wearable devices used in chronic disease self-management
intervention studies, revealing disparities in both the range of chronic diseases studied and the variety of wearable devices used.
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These findings offer researchers valuable insights to further explore health care outcomes, validate the impact of concomitant
device use, and expand their use to other chronic diseases.

Trial Registration: Open Science Framework Registries (OSF) s4wfm; https://osf.io/s4wfm

(Interact J Med Res 2024;13:e55925)   doi:10.2196/55925

KEYWORDS

chronic diseases; self-care; self-management; empowerment; mobile health; mHealth; wearable; devices; scoping; review; mobile
phone; PRISMA

Introduction

Background
Noncommunicable diseases, commonly referred to as chronic
diseases, are the leading cause of death worldwide, responsible
for 41 million deaths annually and accounting for 74% of global
mortality [1]. Aging populations, combined with unhealthy
lifestyles such as poor diet and sedentary habits, contribute to
a significant rise in chronic disease risk factors, including
hypertension, hyperglycemia, and hyperlipidemia [1]. These
diseases are characterized by their long-term nature, slow
progression, and need for continuous care and self-management
[2]. Most patients with a chronic disease in primary care have
at least one additional chronic condition, making multimorbidity
(defined as 2 concomitant chronic diseases) a common challenge
that requires integrated, patient-centered care approaches to
reduce the treatment burden [3].

Self-management is a key element of the care plan, and
capturing meaningful information to empower individuals with
chronic diseases is essential. Technological advancements have
paved the way for wearable electronic devices and sensors that
empower individuals to manage their health conditions more
independently [4,5]. These innovations support the adherence
to disease-related recommendations, such as medication
regimens and symptom monitoring, by facilitating real-time
monitoring and data collection. Wearable devices operate as
data collection tools, transmitting information to software
applications for analysis and delivering actionable health updates
or notifications [6]. Key features of these devices include (1)
automatic data collection (eg, blood glucose [BG], blood
pressure [BP], physical activity, and heart rate); (2) direct
transmission of data to the patient and, in some cases, their
primary health care providers; and (3) availability of data across
multiple platforms (eg, smartwatches, smartphones, and
monitors). These systems offer real-time feedback either
automatically or via clinician intervention, promoting sustained
patient engagement with recommended health behaviors [4-6].

This potential for patient empowerment using wearables is
observed in several reviews that report positive effects on
clinical outcomes, such as glycemic control, and behavioral
outcomes, such as symptom self-management [7-15]. Systematic
reviews have explored the efficacy of wearables in managing
diabetes, especially in relation to glycemic control [8-15]. BG
monitoring devices, a common wearable for diabetes
management, exemplify the utility of these technologies in
facilitating behavior change and adherence to treatment
protocols [8-15]. Numerous literature reviews have explored

the use of wearable technologies in chronic disease management
focusing on specific devices and health outcomes. Existing
literature reviews are focused on specific wearable technologies,
such as activity trackers [16-20] or BG monitors [8,9,11], or on
self-management within particular chronic disease populations,
including patients with diabetes [8-15,21], cardiovascular
diseases [22,23], and cancer [7] and cancer survivors [17], as
well as populations at risk of chronic diseases [19,24].

Several reviews have emphasized the impact of wearables on
specific health outcomes, such as increased physical activity
[16,17,19,20]. While these focused reviews offer valuable
insights, they often do not capture the broader implications of
wearable technology across multiple chronic conditions and
diverse health outcomes. Despite the growing body of research,
few comprehensive reviews have examined the intersection of
various chronic diseases, wearable devices, and the range of
health outcomes assessed in intervention studies. A systematic
review identified a gap in understanding how wearables
influence health outcomes in chronic diseases despite their
potential for enhancing self-management [25]. To address this
gap, Mattison et al [25] conducted a comprehensive review
across multiple chronic diseases and outcome measures,
highlighting the importance of such an analysis particularly in
the context of primary health care.

Building on this work, our review adopted broad objectives
aiming to provide an overview of the role of wearables in
chronic disease management considering the clinical realities
of the variety of devices used and the high prevalence of
multimorbidity. A comprehensive analysis of wearable devices
across various chronic diseases and health outcomes is essential
for future research and patient-centered interventions in primary
care settings that will reduce the treatment burden.

Objectives
The objectives of this scoping review were to identify and
describe (1) the chronic diseases represented in intervention
studies, (2) the types or combination of wearables used, and (3)
the health or health care outcomes assessed and measured. This
scoping review uniquely presents a comprehensive overview
of the populations of patients with chronic diseases involved,
the wearable devices used, and the specific outcomes targeted
in intervention studies.

Methods

Overview
We conducted a scoping review informed by the Joanna Briggs
Institute guidelines [26] and reported our results based on the
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PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
checklist [27]. We registered the review protocol in the Open

Science Framework Registries [28]. We followed the population,
intervention, comparator, and outcome framework [29] in
establishing the study selection criteria (Textbox 1).

Textbox 1. Population, intervention, comparator, outcome, time frame, and study design framework elements [29].

Inclusion criteria

• Population: adult populations (aged ≥18 years) with chronic diseases (diseases characterized by their long-term nature, slow progression, and
need for continuous care [2]).

• Intervention: interventions using wearable devices or smart health devices, such as connected weighing scales, that automatically collect and
transmit biological or behavioral data to patients

• Comparator: usual care (without a wearable device)

• Outcomes: clinical, behavioral, patient experience with technology, holistic or biopsychosocial, and health care system outcomes

• Time frame and study design: between 2012 and 2022; randomized controlled trials, quasi-randomized controlled trials, prospective cohort
studies, pretest-posttest studies, observational studies, mixed methods studies, and qualitative studies; published in English or French

Exclusion criteria

• Population: participants aged <18 years; patients with acute diseases; hospitalized patients; patients with active cancer and cancer survivors;
participants with only a predisposition to develop a chronic disease, such as obesity, prediabetes, and prehypertension (without a diagnosis of
dyslipidemia or another chronic disease)

• Intervention: hospital inpatient setting; no automatic data collection or transmission by the device, manual device, or survey instrument; data
transmission only to caregivers or researchers (not to patients); studies only involving glucose monitoring devices and only measuring glucose
levels as an outcome; automated insulin delivery system, also known as “closed loop” control system

• Comparator: not applicable

• Outcomes: Outcomes not related to chronic diseases; studies only addressing development or validation outcomes

• Time frame and study design: reviews, surveys, quantitative descriptive studies, metrology or diagnostic studies, protocols or ongoing studies,
and conference papers

We included interventions involving at least one wearable device
that automatically collected and transmitted data to adult
populations with at least one chronic disease in a primary health
care setting. The term “wearables” refers to all devices that
collect patient data by directly capturing physiological signals,
including connected weighing scales, electronic medication
pillboxes, and ingestible sensors. Chronic diseases are defined
as health conditions that are likely permanent and can be
managed in primary health care settings. We excluded studies
involving participants who only had a predisposition to develop
chronic diseases, hospitalized patients, individuals with acute
diseases, patients with active cancer, and cancer survivors.

Our review included randomized controlled trials (RCTs), cohort
studies, pretest-posttest studies, observational studies, mixed
methods studies, and qualitative studies published between 2012
and 2022. We excluded reviews, surveys, quantitative
descriptive studies, metrology or diagnostic studies, protocols
or ongoing studies, and conference papers. Moreover, we
modified our published protocol [28] to exclude studies focused
solely on the efficacy of connected glucometers that only
measure glucose levels as there is already a strong evidence
base on this topic [8-15].

Search Strategy
We (MPG and MS) developed search strategies in the
MEDLINE (Ovid) and Web of Science (Science Citation Index
Expanded, Social Sciences Citation Index, Arts and Humanities
Citation Index, and Emerging Sources Citation Index) databases
with an experienced librarian (MCL) to identify sources

published between January 1, 2012, and June 30, 2022. The
search strategies can be found in Multimedia Appendix 1.

Data Collection
We imported all references on June 30, 2022, to the web-based
collaborative tool Covidence (Veritas Health Innovation) [30]
and removed duplicates manually and using the automated
function in Covidence before screening. We conducted a
calibration exercise with the reviewers (Victoria Bureau
Lagarde, EA, WS, SO, Rouwayda Elouni, and SA) and 2 senior
researchers (MPG and MS) using a sample of 10 sources to
ensure consistency in the application of the inclusion and
exclusion criteria before the full screening process. At the first
title and abstract screening phase, 8 reviewers (Victoria Bureau
Lagarde, EA, WS, SO, MPG, MS, Rouwayda Elouni, and SA)
independently assessed the titles and abstracts of the sources
by applying the inclusion and exclusion criteria. All titles and
abstracts underwent dual screening. Discrepancies in decisions
were resolved through team consensus. At the full-text review
stage, we searched and obtained all missing full texts of the
selected references and imported them into Covidence. We
conducted another calibration exercise with 10 full texts; 7
reviewers (SO, WS, MS, MPG, Victoria Bureau Lagarde, SA,
and EA) independently applied the same selection criteria, and
all exclusion motives were recorded in Covidence. All full texts
underwent dual screening, and any discrepancies were also
resolved through team consensus. From the included texts to
extract, we tagged those related to the same studies and
combined them for extraction. We also performed backward
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hand searching [31] for relevant articles in the bibliographies
of the included studies and added them to Covidence for
screening and extraction.

Data Extraction
Following the Joanna Briggs Institute recommendations [32],
we developed a grid to extract relevant data from the included
studies. We tested this grid in a meeting with reviewers (SO,
WS, and EA) and 2 senior researchers (MPG and MS). The data
extraction of each included study was performed once by 3
different reviewers (SO, WS, and EA) and validated by at least
one senior researcher (MPG or MS). In Covidence, we extracted
general information (eg, title of the paper, year of publication,
lead author, country, and potential author conflicts of interest),
methods (eg, RCT, nonrandomized experimental study, cohort
study, pretest-posttest study, mixed methods study, qualitative
research, or economic evaluation), intervention data (duration
of the intervention and follow-up), setting data (where patients
were sourced from), participant data (eg, target population,
chronic disease or chronic diseases, inclusion and exclusion
criteria, sampling methods, recruitment methods, and methods
of allocation to the intervention group), total number of
participants included in the analysis sampling (at the end of the
study), participant baseline characteristics, process of the
intervention (eg, wearable devices, intervention administration,
type of blinding, comparator administration, and control group
description), all outcomes measured and how they were
measured, and intervention effects or results.

Quality Assessment
We imported the assessment questions from the Mixed Methods
Appraisal Tool (MMAT) [33] into Covidence. According to
the MMAT, each study is assigned a score that ranges from 0
to 5 stars, with 5 stars signifying the highest quality and
reflecting the rigor of the study’s methodology. The quality of
each included study was assessed once by 3 different reviewers
(SO, WS, and EA), with each study’s score validated by at least
one senior researcher (MPG or MS). Discrepancies were
resolved through consensus among the reviewers and a senior
researcher.

Data Synthesis
We structured our analysis according to chronic disease clusters;
types and combination of wearable devices used; categories of
health and health care system outcomes; and reported effects
in terms of positive (reported in the studies as statistically
significant), neutral, or negative. We synthesized data using
tables explained through a narrative approach. We classified
the outcomes reported in the intervention studies into 5
categories. The first category involves clinical outcomes,
including indicators measured, such as glucose levels (glycated
hemoglobin [HbA1c]), BP, heart rate, weight, BMI, sleep time
and quality, and pain intensity. The second category includes
behavioral outcomes, such as physical activity levels, activation,
motivation, self-efficacy, and disease-related knowledge. The
third category involves patient technology experience, such as
satisfaction, use, adherence, and engagement. The fourth
category includes holistic and biopsychosocial outcomes, such
as health status, health-related quality of life (QoL), physical
well-being, anxiety, and depression. The fifth category involves
the health care system, such as effectiveness, cost-effectiveness,
admission or readmission to hospital, and emergency department
visits.

Results

Overview
After the removal of 1987 duplicates (n=1971, 99.19% through
Covidence and n=16, 0.81% manually), we screened 4540 titles
and abstracts. Of the remaining 304 references after exclusion,
we excluded 215 (70.7%) full texts and included 89 (29.3%).
Of these 89 texts, we tagged 10 (11%) [34-43] related to same
intervention studies and combined them for extraction, resulting
in 79 included studies. We also hand searched and found 8
relevant articles [44-51] related to the included studies, totaling
97 references: 10 (10%) combined articles [34-43], 8 (8%) hand
searched articles [44-51], and 79 (81%) main articles of the
included studies [52-130]. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) 2020 flow
diagram [131] of the study inclusion process can be consulted
in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Characteristics of the Included Studies
Of the 79 studies included, some were published in 2 or even
3 scientific articles. As a result, the number of references (n=97)
is higher than the number of studies (n=79). The 97 references
[34-130] of the 79 included studies [52-130] can be found in
Multimedia Appendix 2. Most studies (45/79, 57%) were
conducted in North America (39/45, 87% in the United States
and 6/45, 13% in Canada), followed by 9% (7/79) conducted
only in the United Kingdom, 5% (4/79) only in the Republic of
Korea, 5% (4/79) only in China (one of them was conducted in
Hong Kong), 4% (3/79) only in the Netherlands (3/79, and 4%
(3/79) only in Spain. 5% (4/79) of the studies were conducted
in 2 or more countries, and 11% (9/79) were conducted in other
single countries.

We used the MMAT [33] to assess the methodological quality
of the included studies. No studies were excluded based on
MMAT scores accordingly with the aim of our scoping review
to identify and describe existing knowledge [26]. The MMAT
scores of the 79 studies [52-130] can be consulted in Multimedia
Appendix 3 [34-130]. A total of 58% (46/79) of the studies used
an RCT design. Most RCTs (20/46, 43%) obtained a score of
4 stars, 26% (12/46) obtained a score of 3 stars, 24% (11/46)
obtained a score of 2 stars, and 7% (3/46) obtained a score of

1 star. Per the study context, an RCT could not have 5 stars due
to unfeasible patient blinding.

In Table 1, we structure our results according to 9 chronic
disease clusters: diabetes (18/79, 23% of the studies), heart
failure (13/79, 16% of the studies), other cardiovascular
conditions (10/79, 13% of the studies), hypertension (8/79, 10%
of the studies), multimorbidity and other combinations of
chronic conditions (8/79, 10% of the studies), chronic
obstructive pulmonary disease (COPD; 8/79, 10% of the
studies), chronic pain (6/79, 8% of the studies), musculoskeletal
conditions (6/79, 8% of the studies), and asthma (2/79, 3% of
the studies).

We also structured our results according to the technologies
used. The most frequent were wearable activity trackers (WATs;
eg, a smartwatch or a device worn at the chest, waist built-in
accelerometers, or connected pedometers). We found WATs in
53% (42/79) of the studies, BP monitors in 35% (28/79) of the
studies, weighing scales in 25% (20/79) of the studies, BG
monitors in 20% (16/79) of the studies, and electrocardiogram
(ECG) monitors/devices in 10% (8/79) of the included studies.
A total of 61% (48/79) of the intervention studies used a single
wearable (or smart health) device, whereas 39% (31/79) of the
studies used ≥2 devices.
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In Table 2, we structure our results based on the types or
combinations of wearables used. Table 2 provides an overview
of the outcomes measured for each wearable or combination of
wearables along with the reported effects. There are 2 points
that require clarification. First, the study designs and sample

sizes are not presented, but this information is available in
Multimedia Appendix 3 [52-130]. Second, confounding factors
such as multicomponent behavioral interventions are not
considered. Full details of the sources used for Table 2 can also
be found in Multimedia Appendix 3.

Table 1. Wearable devices per chronic disease category (N=79).

Other (an
ingestible
sensor and
a wearable
patch with
an ac-
celerome-
ter; n=1), n
(%)

Inhaler
adapter, in-
door air
quality
monitor,
portable
spirometer,
and a small
device at-
tached to
inhalers
(n=2), n
(%)

Photoplethys-
mography
signal (n=2),
n (%)

SpO2
f de-

vices
(n=4), n
(%)

Electronic
medication
tray or pill-
box (n=4),
n (%)

ECGe moni-
tors (n=8), n
(%)

BGd moni-
tors (n=16),
n (%)

WSsc

(n=20),
n (%)

BPb moni-
tors (n=28),
n (%)

WATsa

(n=42),
n (%)

0 (0)0 (0)1 (6)0 (0)1 (6)0 (0)10 (56)2 (11)2 (11)12 (67)Diabetes
(n=18)

0 (0)0 (0)0 (0)0 (0)0 (0)2 (15)2 (15)12 (92)11 (85)3 (23)Heart failure
(n=13)

0 (0)0 (0)0 (0)0 (0)0 (0)6 (60)0 (0)3 (30)5 (50)5 (50)Other cardio-
vascular condi-
tions (n=10)

1 (12)0 (0)0 (0)0 (0)3 (38)0 (0)0 (0)0 (0)5 (62)2 (25)Hypertension
(n=8)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)4 (50)2 (25)4 (50)3 (38)Multimorbidi-
ty and other
combinations
of chronic
conditions
(n=8)

0 (0)0 (0)0 (0)4 (50)0 (0)0 (0)0 (0)1 (12)1 (12)5 (62)COPDg (n=8)

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)6 (100)Chronic pain
(n=6)

0 (0)0 (0)1 (17)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)5 (83)Musculoskele-
tal conditions
(n=6)

0 (0)2 (100)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (50)Asthma (n=2)

1 (1)2 (3)2 (3)4 (5)4 (5)8 (10)16 (20)20 (25)28 (35)42 (53)Total studies

aWAT: wearable activity tracker.
bBP: blood pressure.
cWS: weighing scale.
dBG: blood glucose.
eECG: electrocardiogram.
fSpO2: oxygen saturation.
gCOPD: chronic obstructive pulmonary disease.
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Table 2. Summary of wearables used, outcomes, and reported effectsa.

Health care system
outcomes (eg, use,
effectiveness, and
cost-effectiveness)

Holistic or biopsy-
chosocial out-
comes (eg,

HRQoLf and phys-
ical well-being)

Patient technology expe-
rience outcomes (eg, use
or adherence, satisfac-
tion, and engagement)

Behavioral outcomes (eg, PAe

levels, activation, motivation,
self-efficacy, and knowledge)

Clinical outcomes (eg,

HbA1c
b or glucose levels,

BPc, HRd, weight, BMI,
sleep time or quality, and
pain)

Wearables

WATsg only
[52-82]

• 2 outcomesh

[60,78] (un-
planned hospi-

• 5 outcomesh

(intervention
group pretest-

• 13 outcomesi (pa-
tient experience or
satisfaction with

• 13 outcomesh (self-report-
ed walking and PA goals
[52], decreased depressive

• 19 outcomesh (BP
[56], sleep time and
quality [56], disabil-

tal visits [60]posttestWATssymptoms [56], PA [66],ity and pain [58];
and heart fail-health status[54,55,64-66,68,78,81],perceived walking habitsBP [62], weight
ure–related[59,60], QoLosatisfaction with

wearable motion
[70], MVPAm [70], daily
step count [72,75,76],

[62], waist circum-
ference [62], BMI
[62], BP [63], frailty

hospitalization
[78])

[78], HRQoL
[79], QoL andsensors with straps

[55], acceptability
work productivity at 3
months [74], fatigue [76],[65], weight [65],

BMI [65], disability
• 6 outcomesi

(unplanned
mental health
score [81])and usability [60],

and acceptance of
heart failure knowledge
[78], motivation to engageat 6 months [67],

pain [70], cardiores-
hospital visits
and admissions

• 1 outcomei

(KOOS and
forms of recommen-
dations [55,64,77])

in behaviors [78], and
minutes of daily PA [81])piratory endurance

[71], BMI [71],
during a 6-
month follow-

HRQoL [69])
• 2 outcomesn (some

technical or dexteri-
• 9 outcomesi (PA levels

[53], engagement levels
• 5 outcomesk

(HRQoL
functional status
[78], weight [79],

up period [59],
hospital admis-ty-related difficul-[55], work productivity [53,72],insomnia severity sions duringties [64], acceptabil-[55], PA [58], adherence health status[82], and acceptance follow-up [60],ity, and responses toto exercise guidelines changes be-of sleep difficulties continuity of[waist-worn] wear-[61], session attendance of tween inter-[82]) care [60], incre-able vibrationa behavioral lifestyle inter- vention and• 3 outcomesi (Pain mental cost-ef-prompts [73])vention [65], mean MVPA control fectiveness ra-[55], disability at 12 time [69], mean daily groupsmonths [67], and tio [59,60], andsteps and sedentary time [59,60], and

KOOSj, pain and person-cen-
teredness [60])

[69], and KOOS, activi-
ties, sport, and recreation

QoL [65])
symptoms [69])

function [69])• 11 outcomesk (se-
• 8 outcomesk (self-manage-vere COPDl exacer-

ment [52], functional activ-bations [53], glu-
ity capacity [53], self-effi-cose level
cacy [57], improvement in[62,66,71,80],
functioning and walkingweight [66], BMI
[64], work productivity at[66], waist circum-
6 and 12 months [74],ference [66], muscle
self-efficacy to maintainstrength [71,80],
PA [75], PA [79], andand cholesterol lev-
general self-efficacy [81])el [71])

• 1 outcomen (step count
[57])

Only BGp moni-
toring devices

• 2 outcomesh

(initiating web

• 1 outcomek

(HRQoL

• 2 outcomesh [84]
(overall treatment

• 2 outcomesh (medication
management [84] and

• 4 outcomesh (glu-
cose level
[83,84,86] and(but with more messages to[85])satisfaction [84],knowledge about diabetes
cholesterol controloutcomes mea- providers,willingness to rec-and BG testing [84])

ommend treatment[84])sured than only mostly nurse• 2 outcomesk (skill and
glycemic control)
[83-86]

care managers
[84], health ser-
vice navigation

to others [84])• 2 outcomesi (weight
[83] and glucose
level [85])

technique acquisition [85],
depressive symptoms and
lifestyle changes [85])

self-manage-• 5 outcomesk
ment [85])

(weight [84,86], BP
• 1 outcomek

[83,84], and cardio-
(health care usevascular risk [84])
[84])

———qWATs and BG
monitoring de-
vices [87,88]

•• 1 outcomeh (self-care ac-
tivity scores [88])

1 outcomeh (glucose
level [88])

• 1 outcomei (self-regula-
tion behaviors [87])
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Health care system
outcomes (eg, use,
effectiveness, and
cost-effectiveness)

Holistic or biopsy-
chosocial out-
comes (eg,

HRQoLf and phys-
ical well-being)

Patient technology expe-
rience outcomes (eg, use
or adherence, satisfac-
tion, and engagement)

Behavioral outcomes (eg, PAe

levels, activation, motivation,
self-efficacy, and knowledge)

Clinical outcomes (eg,

HbA1c
b or glucose levels,

BPc, HRd, weight, BMI,
sleep time or quality, and
pain)

Wearables

——• 1 outcomei (patient
experience and satis-
faction [89])

• 1 outcomei (reduction of
dose of oral hypoglycemic
agents or insulin [90])

• 2 outcomesn (changes in
caloric intake over time
[90], mean daily step
count [90])

• 1 outcomei (weight
[90])

WATs, BG moni-
toring devices,
and connected

WSsr [89,90]

• 1 outcomei (all-
cause 30-day
readmissions
[93])

• 1 outcomek

(EDt visits
[93])

——• 1 outcomeh (self-efficacy
[93])

• 1 outcomei (self-efficacy
[92])

• 1 outcomek (hypertension
knowledge and partici-
pants’ perspectives on an

mHealths-based care
model [91])

—BP monitoring
devices only
[91-94]

——• 1 outcomei (patient
experience and satis-
faction [95])

• 2 outcomesi (PA [95] and
adherence rates for self-
monitoring [95])

• 1 outcomeh

(VO2maxu [95])

• 2 outcomesi (weight
[95], waist circum-
ference [95])

WATs and BG
and BP monitor-
ing devices [95]

——• 1 outcomei (patient
experience and satis-
faction [96])

• 2 outcomesi (medication
adherence [97,99])

• 4 outcomesh (glu-
cose level [96], BP
control [97,99], and
resting BP [99])

• 1 outcomei (ambula-
tory BP [99])

BG and BP moni-
toring devices
and medication
tray or pillbox
devices [96]; BP
monitoring de-
vices and medica-
tion pillbox or
tray devices
[97-99]

• 1 outcomek

(health care re-
source use
[104])

—• 1 outcomei (patient
experience and satis-
faction [102])

• 1 outcomek (patient
experience and satis-
faction [100])

• 1 outcomeh (changes in
medication adherence,
general adherence to
treatment, adherence to
disease-specific activities,
and diabetes and hyperten-
sion knowledge [101])

• 1 outcomei (health self-
management [104])

• 1 outcomeh (BG
and BP control
[101])

• 2 outcomesi

(weight, BP, BG,
and symptoms re-
ported by patients
[102], BG, BP, and
weight [103])

• 1 outcomek (body
fat, BP, and BG
[100])

BG and BP moni-
toring devices
[100,101], WSs
[102,103], and

ECGv devices
[104]

————• 2 outcomesi (weight
change [105], waist
circumference, BP,
and BG [105])

Connected WSs
only [105]
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Health care system
outcomes (eg, use,
effectiveness, and
cost-effectiveness)

Holistic or biopsy-
chosocial out-
comes (eg,

HRQoLf and phys-
ical well-being)

Patient technology expe-
rience outcomes (eg, use
or adherence, satisfac-
tion, and engagement)

Behavioral outcomes (eg, PAe

levels, activation, motivation,
self-efficacy, and knowledge)

Clinical outcomes (eg,

HbA1c
b or glucose levels,

BPc, HRd, weight, BMI,
sleep time or quality, and
pain)

Wearables

• 2 outcomesh

(30-day all-
cause readmis-
sion after dis-
charge [109],
health service
use [112])

• 3 outcomesi

(unscheduled
ED revisits,
readmission to
hospital, and
overall length
of hospitaliza-
tion [107],
health system
cost-effective-
ness, including
cost reduction
and hospital
bed capacity
[107], proximi-
ty and commu-
nication with
health care
team or physi-
cians [113])

• 1 outcomek

(hospital re-
source use
[113])

• 1 outcomen

(traditional
communication
and engage-
ment with
providers pre-
vailed, delay-
ing access to
care [108])

• 1 outcomeh

(QoL [112])
• 2 outcomesi

(QoL
[107,113])

• 1 outcomek

(physical
well-being of
participants
[110])

• 5 outcomesi (usabil-
ity and adherence to
devices
[106,108,111], end-
user experience
[107], contribution
to a sense of safety
and security after
hospital discharge
[107])

• 1 outcomem (use of
the devices [109])

• 1 outcomeh (self-efficacy
and self-care management
[112])

• 4 outcomesi (self-efficacy
and self-care management
[107,108,113], daily mon-
itoring after the interven-
tion [108])

• 1 outcomek (the use of
guideline-recommended
medical therapy [110])

• 1 outcomei (BNPw

values [112])

BP monitoring
devices and WSs
[106-113]

—• 1 outcomeh

(two scales of
the MCS:
Role-Emotion-
al and Mental
Health [115])

• 1 outcomek

(HRQoL in
patients with
AF [114])

• 1 outcomei [114]
(monitor usage
among patients with
AF [114])

• 1 outcomeh (two scales of

the PCSy: Physical Func-
tioning and Role Physical,
and two scales of the

MCSz: Vitality and Social
Functioning [115])

• 2 outcomesh (detec-

tion of AFx, flutter
recurrence [114],
and detection of AF
or other atrial ar-
rhythmias [115])

ECG devices on-
ly [114,115]

—• 1 outcomei

[117] (QoL
[117])

• 1 outcomen

[116] (QoL
[116])

—• 2 outcomesh (self-care
management and confi-
dence [116], self-efficacy
and self-management
[117])

• 2 outcomesi (medication
adherence [116], number
of steps [117])

• 1 outcomeh (the

eGFRaa [117])
• 1 outcomek (body

weight and BMI
[117])

WATs and ECG
devices (a chest
strap) [116];
WATs, ECG de-
vices, and sleep
trackers [117]
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Health care system
outcomes (eg, use,
effectiveness, and
cost-effectiveness)

Holistic or biopsy-
chosocial out-
comes (eg,

HRQoLf and phys-
ical well-being)

Patient technology expe-
rience outcomes (eg, use
or adherence, satisfac-
tion, and engagement)

Behavioral outcomes (eg, PAe

levels, activation, motivation,
self-efficacy, and knowledge)

Clinical outcomes (eg,

HbA1c
b or glucose levels,

BPc, HRd, weight, BMI,
sleep time or quality, and
pain)

Wearables

ECG devices, BP
monitoring de-
vices, and WSs (a
small sensor
worn on the pa-
tient’s chest wall)
[118]; ECG de-
vices, BP monitor-
ing devices, and
WSs with
[119,120] or
without [121]
WATs and sleep
trackers

• 1 outcomei (re-
hospitalization
rates [118])

• 1 outcomek

(QoL [120])

• 2 outcomesi (patient
experience and satis-
faction [118], adher-
ence to mHealth
program [121])

• 1 outcomek (patient
experience and satis-
faction [119])

• 1 outcomeh (lifestyle be-
havior [120])

• 1 outcomei (self-care
management and confi-
dence [118])

—

• 1 outcomei (pa-
tients’ experi-
ences with
pharmacists
[122])

—• 1 outcomei (experi-
ences with a digital
health feedback sys-
tem [122])

—• 1 outcomei (BP
[122])

An ingestible
sensor and a
wearable patch
that incorporates
an accelerometer
[122]

• 1 outcomeh

(median num-
ber of visits to
practice nurses
[126])

• 1 outcomei

(median num-
ber of visits to
general practi-
tioners [126])

• 2 outcomesk

(hospitaliza-
tions, ED vis-
its, or clinic
visits
[125,126])

• 1 outcomeh

(between-
group generic
health status
differences
[126])

• 1 outcomei (continu-
ous wearing of a
vest may be stress-
ful [124])

• 3 outcomesh (awareness
level [123], self-efficacy
[123], behavioral intention
[123])

• 1 outcomei (self-manage-
ment skills [125])

• 1 outcomek (symp-
tom scores [125])

COPD multicom-
ponent systems
(monitoring of

SpO2
ab)

[123-126]; SpO2

device only
[123]; inhaler ad-
herence monitor-
ing device+BG
monitoring de-
vice [124]; SpO2

device+BP de-
vice+WS [125];
SpO2 de-
vice+WAT [126]

—• 1 outcomeh

(QoL [127])

• 1 outcomeh (technol-
ogy acceptance
[127])

• 1 outcomeh (inhaler use

[ICSac and SABAsad]
[128])

• 2 outcomesh (asth-
ma control [127],
exacerbations [127])

Asthma devices
(an inhaler
adapter, an in-
door air quality
monitor, a
portable spirome-
ter, and a fraction
exhaled nitric ox-
ide device [127];
a small electronic
medication moni-
tor attached to in-
halers [128])

——• 1 outcomei [129]
(patient experience
and satisfaction
[129])

• 1 outcomeh (between-
group frequency of diffi-
culty feeling high motiva-
tion [130])

• 3 outcomesh (differ-
ence in the AS-

DASae [130], total
pain [130], VO2max
[130])

• 3 outcomesi (glu-
cose level [129],
weight [129], and
BP [129])

Photoplethysmog-
raphy signal de-
vices [129,130]
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aThe results presented in this table can be interpreted as follows. Can we significantly improve clinical, behavioral, technology experience, psychosocial,
and health care system effects or results by using a specific wearable or a combination of wearables? Taking the first row as an example, we identified
31 intervention studies in which only wearable activity trackers were used. In these 31 interventions, we identified 19 clinical, 13 behavioral, 5 holistic
or biopsychosocial, and 2 health system outcomes showing positive effects or results (reported as statistically significant in the studies).
bHbA1c: glycated hemoglobin.
cBP: blood pressure.
dHR: heart rate.
ePA: physical activity.
fHRQoL: health-related quality of life.
gWAT: wearable activity tracker.
hPositive effect (identified as statistically significant).
iNeutral effect (positive effect but not identified as statistically significant).
jKOOS: Knee injury and Osteoarthritis Outcome Score.
kNeutral effect.
lCOPD: chronic obstructive pulmonary disease.
mMVPA: moderate to vigorous PA.
nNegative effect.
oQoL: quality of life.
pBG: blood glucose.
qNot applicable.
rWS: weighing scale.
smHealth: mobile health.
tED: emergency department.
uVO2max: volume of oxygen maximum.
vECG: electrocardiogram.
wBNP: B-type natriuretic peptide.
xAF: atrial fibrillation.
yPCS: physical component summary.
zMCS: mental component summary.
aaeGFR: estimated glomerular filtration rate.
abSpO2: peripheral capillary oxygen saturation.
acICS: inhaled corticosteroids.
adSABA: short-acting beta-agonist.
aeASDAS: Ankylosing Spondylitis Disease Activity Score.

The most frequently reported clinical outcomes were BP
control-related, in 23% (18/79) of studies [56,62,63,83,92,
93,95,97-101,103-105,112,122,129]. The other clinical outcomes
most reported were weight or BMI changes in 13% (10/79) of
studies. The most frequently reported behavioral outcomes were
PA or lifestyle changes, including the number of steps and
self-reported walking, in 27% (21/79) of studies
[52,53,57,58,61,63-66,69,70,72,75, 76,78-81,90,95,117]. Other
behavioral outcomes, such as self-efficacy (9/79, 11%)
[53,57,75,81,92,93,107,117,123], and self-care management
(6/79, 8%) [88,107,112,113,116,118], also appeared in a
substantial number of studies. Adherence to treatment or
recommendations (12/79, 15%) [61,65,78,94,95,97,99,101,106,
111,116,121] and engagement (6/79, 8%) [55,78,89,
108,113,115] are also frequently reported. Other commonly
reported outcomes include satisfaction with technology (12/79,
15%) [55,64,66,68,75,78,81,84,96,100,102,118], and technology
usability (6/79, 8%) [60,78,96,106,108,111]. QoL or
health-related QoL are assessed in 19% (15/79) of studies
[53,65,72,79,81,85,94,102,107,114-117,120,127], reflecting a
broad focus on clinical, behavioral, technological experience,
holistic, and biopsychosocial aspects.

In terms of positive results, BP control-related outcomes were
reported as statistically significant in 8% (6/79) of studies
[56,62,63, 93,97,98], and PA or lifestyle behavior changes in
10% (8/79) of studies [52,66,70,72,75,76,81,120]. Other
behavioral outcomes, such as self-efficacy and self-care
management enhancement, were reported as statistically
significant in 5% (4/79) [112,116,117,123] of studies. Positive
changes in weight or BMI were reported as statistically
significant in 4% (3/79,) of studies [62,65,79] but demonstrated
neutral or non-significant results in 9% (7/79) of studies
[83,86,88,103,105,117,129]. Other outcomes, such as QoL or
health-related QoL (8/79, 10%) [65,72,102,107,113,114,
117,120], technology usability (5/79, 6%) [60,96,106,108,111],
and adherence to devices (4/79, 5%) [65,95,101,111], also
demonstrated non-significant or neutral findings in those studies.

As shown in Table 3, we then counted the number of outcomes
measured for each chronic disease cluster according to our 5
outcome categories. The results showed that clinical and
behavioral outcomes were the most assessed and measured. Full
details of the sources used for Table 3 are available in
Multimedia Appendix 4 [52-130].
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Table 3. Effects of outcomes measured for each chronic disease cluster across 5 outcome categories (N=79)a.

Total,
n

Asthma
(n=2), n

Muscu-
loskeletal
conditions
(n=6), n

Chronic
pain
(n=6), n

COPDb

(n=8), n

Multimorbidity
and other combi-
nations of
chronic condi-
tions (n=8), n

Hyperten-
sion (n=8), n

Other cardio-
vascular condi-
tions (n=10),
n

Heart
failure
(n=13),
n

Diabetes
(n=18), n

Effect

Clinical (eg, HbA1c
cor glucose levels, BPd, HRe, weight, BMI, sleep time or quality, and pain)

372540253016Positive effect
(identified as sta-
tistically signifi-
cant)

18012032028Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

190002101015Neutral

0000000000Negative

Behavioral (eg, physical activity levels, activation, motivation, self-efficacy, and knowledge)

27141411744Positive effect
(identified as sta-
tistically signifi-
cant)

32043212275Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

12012221112Neutral

2000000002Negative

Patient technology experience (eg, use or adherence, satisfaction, and engagement)

3100000002Positive effect
(identified as sta-
tistically signifi-
cant)

27005021388Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

2000010100Neutral

4001200010Negative

Holistic and biopsychosocial (eg, health-related quality of life or physical well-being)

9110130120Positive effect
(identified as sta-
tistically signifi-
cant)

5011000120Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

10010310212Neutral

1000000010Negative

Health care system (eg, use, effectiveness, and cost-effectiveness)
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Total,
n

Asthma
(n=2), n

Muscu-
loskeletal
conditions
(n=6), n

Chronic
pain
(n=6), n

COPDb

(n=8), n

Multimorbidity
and other combi-
nations of
chronic condi-
tions (n=8), n

Hyperten-
sion (n=8), n

Other cardio-
vascular condi-
tions (n=10),
n

Heart
failure
(n=13),
n

Diabetes
(n=18), n

Effect

7000110032Positive effect
(identified as sta-
tistically signifi-
cant)

13020141140Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

7001210111Neutral

1000000010Negative

Total

—f510567611924Positive effect
(identified as sta-
tistically signifi-
cant)

—0811312672322Neutral (positive
effect but not
identified as sta-
tistically signifi-
cant)

—0239616320Neutral

—001200032Negative

aThe results presented in this table can be interpreted as follows. Can we significantly improve clinical, behavioral, technology experience, psychosocial,
and health care system effects or results by using one or more wearables? Taking the diabetes column as an example, 16 clinical, 4 behavioral, 2 patient
experience, and 2 health care system outcomes showed positive results (reported as statistically significant in the included studies). There are 2 points
that need to be clarified. First, the number of participants and the duration of the studies were not considered. Second, confounding factors such as
multicomponent behavioral interventions were not considered either.
bCOPD: chronic obstructive pulmonary disease.
cHbA1c: glycated hemoglobin.
dBP: blood pressure.
eHR: heart rate.
fNot applicable.

The following sections present the outcomes assessed and
measured, as well as the effects reported for each wearable or
combination of wearables within each chronic disease cluster.

Diabetes
We identified 23% (18/79) of the studies in which participants
with diabetes were recruited [54,62,65,66,68,71,80,83-90,95,
96,129]. The complete table with details is available in
Multimedia Appendix 4.

Participants with diabetes used a WAT in 67% (12/18) of the
studies. We identified 22% (4/18) of the studies that included
only a connected glucometer but measuring more outcomes
than only glycemic or HbA1c levels [83-86]. A total of 75%
(3/4) of these studies reported statistically significant positive
effects between groups on HbA1c or glycemic control at 6
[83,86] and 12 months [84]. In the remaining study, HbA1c

levels decreased in all groups but did not differ between groups
[85]. WATs were used in 67% (12/18) of all diabetes studies

and in 86% (12/14) of diabetes studies that did not use a
connected glucometer. With only using WAT without BG
monitoring, no effects were found on glucose or HbA1c levels
[62,66,71,80].

Across all 23% (18/79) of the diabetes studies included, positive
effects reported as statistically significant were found for 16
clinical (glucose or HbA1c levels [83,84,86], cholesterol control
[84], maximal oxygen consumption [95], frailty [65], weight
[62,65], BMI [62,65,71], cardiorespiratory endurance [71],
waist-to-hip ratio circumference [71], and BP [62]), 4 behavioral
(physical activity [66], self-care activity scores [88], medication
management [84], and knowledge about diabetes [84]), 2 patient
technology experience (overall treatment satisfaction [84] and
willingness to recommend to others [84]), and 2 health care
system (initiating web-based messages to providers [84] and
health service navigation self-management [85]) outcomes. No
holistic or biopsychosocial outcomes showed effects. In total,
2 weak negative behavioral effects were found on a small
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single-group study of 9 participants in which changes in caloric
intake and mean daily step count declined over the 12-week
intervention [90].

Heart Failure
We identified 16% (13/79) of the studies in which participants
with heart failure were recruited [61,78,102,106-113,116,118].
The complete table with details is available in Multimedia
Appendix 4.

Most heart failure studies used connected weighing scales
(12/13, 92%) and BP monitoring devices (11/13, 85%). WATs
were used in 23% (3/13) of the studies [61,78,116]. Clinical
outcomes were measured in 15% (2/13) of the studies [102,112],
and both studies showed no effects. Positive effects reported as
statistically significant were found for 4 behavioral (self-efficacy
or self-care management [112,116], heart failure knowledge
[78], and motivation to engage in behaviors [78]), 2 holistic or
biopsychosocial (QoL [78,112]), and 3 health system (30-day
all-cause readmission after discharge [109], health service use
[112], and heart failure–related hospitalization [78]) outcomes.
A total of 3 outcomes showed weak negative effects related to
technology experience (ie, use of the devices [109]), holistic or
biopsychosocial (ie, QoL related to wearing a chest strap [116]),
and health care system (ie, delaying accessibility to care as
traditional communication with providers prevailed [108])
outcomes.

Other Cardiovascular Conditions
We grouped 13% (10/79) of the studies in which participants
with cardiovascular diseases such as chronic heart disease,
coronary artery disease, atrial fibrillation or atrial flutter,
poststroke control or cardiac rehabilitation, acute myocardial
infarction, and any combination of heart failure and hypertension
were recruited [75,76,92,93,114,115,117,119-121]. The
complete table with details is available in Multimedia Appendix
4.

ECG devices were used in 60% (6/10) of the studies, WATs
and BP monitors were used in 50% (5/10) of the studies, and
connected weighing scales were used in 30% (3/10) of the
studies. Positive effects reported as statistically significant were
found for 3 clinical (detection of atrial fibrillation or atrial flutter
recurrence [114], detection of other atrial arrhythmias [115],
and slower decline in the estimated glomerular filtration rate
[117]) outcomes in which ECG devices were involved. Positive
effects reported as statistically significant were found for 6
behavioral (daily step count or walking time [75,76], fatigue
[76], self-efficacy or self-management [93,117], physical
functioning [115], and lifestyle behavior [120]) outcomes.
Positive effects were found for 1 holistic or biopsychosocial
outcome (mental health domain scores [115]). All other
outcomes had weak positive or neutral effects.

Hypertension
We identified 10% (8/79) of the studies in which participants
with hypertension were recruited [56,63,91,94,97-99,122]. The
complete table with details is available in Multimedia Appendix
4.

A total of 62% (5/8) of the hypertension studies used BP
monitors, 38% (3/8) used a connected medication tray or pillbox,
and 25% (2/8) used WATs. Positive effects reported as
statistically significant were found for 5 clinical (BP measures
or control [56,63,97,99] and sleep time or quality [5]) and 1
behavioral (decreased depressive symptoms [56]) outcomes.
No other patient technology experience, holistic and
biopsychosocial, or health care system outcomes showed
positive effects.

Multimorbidity and Other Combinations of Chronic
Conditions
We identified 10% (8/79) of the studies that recruited
participants with ≥2 chronic conditions
[60,79,81,100,101,103-105]. The complete table with details is
available in Multimedia Appendix 4.

A total of 50% (4/8) of the studies used BG and BP monitoring
devices [100,101,103,104], 38% (3/8) used only WATs
[60,79,81], 25% (2/8) used connected weighing scales [103,105],
and 12% (1/8) used ECG devices [104]. Positive effects reported
as statistically significant in the studies were found for 2 clinical
(weight [79] and BG and BP [101]), 2 behavioral (minutes of
daily physical activity [81] and hypertension knowledge [101]),
3 holistic or biopsychosocial (health status [60], health-related
QoL [79], and QoL and mental health score [81]), and 1 health
care system (unplanned hospital visits [60]) outcomes. The
wearable devices used had only weak positive or neutral effects
on patient technology experience outcomes.

Studies on COPD
We identified 10% (8/79) of the studies in which participants
with COPD were recruited [53,57,72,73,123-126]. The complete
table with details is available in Multimedia Appendix 4.

We identified a first group of 50% (4/8) of the studies
comprising multicomponent systems in which oxygen saturation
or inhaler adherence was monitored [123-126] and a second
group of 50% (4/8) of the studies that used only WATs
[53,57,72,73].

In the first group of 50% (4/8) of the studies, 1 clinical effect
was measured and found out to be neutral (symptom scores
[125]). However, positive effects reported as statistically
significant were found for 3 behavioral (awareness level,
self-efficacy, and behavioral intention [123]), 1 holistic or
psychosocial (generic health status [126]), and 1 health care
system (reduction of median number of visits to practice nurses
[126]) outcomes. Negative effects were found for 1 patient
technology experience outcome (stress related to continuously
wearing a monitoring vest [126]).

In the second group of 50% (4/8) of the studies, which used
only WATs, 1 clinical effect was measured and found out to be
neutral (severe COPD exacerbations [53]). Positive effects
reported as statistically significant were found for 1 behavioral
outcome (daily step count [72]), whereas step count decreased
over time in another study [57]. Another negative effect was
reported for 1 patient technology experience outcome (low
acceptability and responses to the waist-worn wearable vibration
prompts [73]).
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Chronic Pain
We identified 8% (6/79) of the studies in which participants
with chronic pain were recruited [52,55,58,64,67,77]. The
complete table with details is available in Multimedia Appendix
4.

Only WATs were used in the identified studies on chronic pain.
Positive effects reported as statistically significant were found
for 4 clinical outcomes (symptom score [58], disability [58],
pain [58], and chronic back pain–related disability at 6 months
[67]). Another positive effect was found for 1 behavioral
outcome (self-reported walking and physical activity goals [52]).
All other outcomes had neutral or weak and nonsignificant
positive effects, and negative effects were found on 1 patient
technology experience outcome (technical or dexterity-related
difficulties [64]).

Musculoskeletal Conditions
We identified 8% (6/79) of the studies in which participants
with osteoporosis, rheumatoid arthritis, systemic lupus
erythematosus, or ankylosing spondylitis were recruited
[59,69,70,74,82,130]. The complete table with details is
available in Multimedia Appendix 4.

We identified 83% (5/6) of the studies on osteoporosis,
rheumatoid arthritis, or systemic lupus erythematosus that all
used WATs [59,69,70,74,82]. The remaining study recruited
participants with ankylosing spondylitis, and their intervention
used photoplethysmography signal technology [130]. Positive
effects reported as statistically significant in this study were
found for 3 clinical (Ankylosing Spondylitis Disease Activity
Score [130]; total pain, fatigue, spinal pain, and morning
stiffness intensity [130]; and maximal oxygen consumption
back extensor endurance test and range of motion of cervical
lateral flexion [130]) and 1 behavioral (frequency of difficulty
with high motivation [130]) outcomes. Concerning the other
83% (5/6) of the studies, positive effects reported as statistically
significant were found for 2 clinical (pain reduction [70] and
Insomnia Severity Index score and acceptance of sleep
difficulties [82]) and 3 behavioral (perceived walking habits
[70], moderate to vigorous physical activity for participants
with rheumatoid arthritis [70], and work productivity at the
3-month follow-up [74]) outcomes. Regarding the latter work
productivity behavioral outcome, we noticed that the effects
were no longer significant at the 6- and 12-month follow-ups
[74].

Asthma
We identified 3% (2/79) of the studies in which participants
with asthma were recruited [127,128]. The complete table with
details is available in Multimedia Appendix 4. Positive effects
reported as statistically significant were found for 2 clinical
(asthma control [127] and asthma exacerbations [127]), 1
behavioral (inhaler use [128]), 1 patient technology experience
(technology acceptance [127]), and 1 holistic or biopsychosocial
(QoL [127]) outcomes. Health care system outcomes were not
investigated.

Discussion

Principal Findings
This scoping review aimed to achieve 3 main objectives related
to health intervention studies involving wearable devices. The
primary strength of this review lies in our broad portrayal of
interventions across multiple chronic diseases, various wearable
devices, and distinct categories of health and health care
outcomes, along with their reported effects (positive, neutral,
or negative). We selected these broad objectives because, as
other reviews have highlighted [24,25], providing a
comprehensive overview of this topic is relevant for informing
and shaping future research directions.

First, we identified and described clusters of chronic diseases
that have been studied. We observed significant
disparities—diabetes and heart failure have been extensively
researched, whereas musculoskeletal conditions and asthma
have been studied much less frequently despite showing
promising results. We intentionally excluded studies that solely
involved BG monitoring devices measuring BG levels as the
only outcome given the existing evidence [8-15]. Nevertheless,
diabetes emerged as the most represented chronic disease,
appearing in 23% (18/79) of the studies, whereas only 3% (2/79)
of the studies included participants with asthma.

Second, we identified and described the technologies used.
WATs were commonly used either alone or in conjunction with
other devices tailored to specific chronic conditions, such as
BG monitors, BP devices, ECG devices, and connected weighing
scales. There was notable variation in technology use—while
WATs were widely used, other devices such as oxygen
saturation monitors, photoplethysmography sensors, inhaler
adapters, indoor air quality monitors, portable spirometers, small
devices attached to inhalers, ingestible sensors, and wearable
patches with accelerometers were less common.

Third, we identified and described the outcomes measured in
5 distinct categories. Clinical and behavioral outcomes were
the most frequently assessed, whereas patient technology
experience, health care system (such as use or efficiency), and
holistic or biopsychosocial (such as QoL) outcomes were
reported less frequently.

Limitations
This scoping review has several limitations. We did not integrate
the individual interventions into our analysis. Although we
report the measured outcomes, these results must be interpreted
with caution as effect sizes were not considered. However,
informed readers can consult the appended files that contain all
the relevant information, including study design, sample size,
intervention and participant characteristics, outcomes measured,
and effects. We only conducted searches in the MEDLINE
(Ovid) and Web of Science (Science Citation Index Expanded,
Social Sciences Citation Index, Arts and Humanities Citation
Index, and Emerging Sources Citation Index) databases, which
may have led to missing sources. Confounding factors such as
multicomponent behavioral strategy interventions were also not
considered. Nevertheless, these confounding factors were
similarly not addressed in a previous systematic review and
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meta-analysis on the effectiveness of WATs due to the
heterogeneity of study designs and interventions [18]. In total,
3 reviewers extracted and assessed the quality of all the studies
only once, although this was mitigated by data validation from
an experienced researcher.

Comparison With Other Reviews
Our findings revealed significant disparities in the chronic
diseases studied. Type 2 diabetes and heart failure were
extensively researched, whereas conditions such as
musculoskeletal disorders, chronic pain, and asthma were less
represented. This both complements and contrasts with the
findings of another review, which noted type 2 diabetes,
Parkinson disease, and chronic lower back pain as among the
most studied conditions [25]. Many other reviews have focused
on diabetes [8-15,21] and cardiovascular diseases [22,23]. One
reason for this emphasis on cardiovascular disease and type 2
diabetes may be the inherent capabilities of wearables to monitor
and manage these conditions [4], along with their availability
and affordability. For instance, regarding asthma, we found
promising effects on health outcomes but identified only a
limited number of studies [127,128].

In terms of the technologies used, we observed that the most
common devices used were WATs. This aligns with the number
of reviews focusing on the effects of WATs for different
diseases [16-20], often in combination with disease-specific
devices. This observation is also consistent with those of other
reviews as wearable technologies have emerged as promising
tools for managing chronic diseases, offering continuous
monitoring of vital signs, physical activity, and disease-specific
markers [132,133]. Similarly to our findings, these devices have
shown potential across various conditions, including BP and
ECG monitors for cardiovascular diseases [22,23] and BG
monitoring devices for diabetes [8,9,11], by enabling early
detection of complications and promoting patient engagement
[25,132-134].

Regarding outcomes, we identified 5 distinct categories in our
review, with clinical and behavioral outcomes being the most
frequently reported. This aligns with the growing body of
research highlighting the role of wearables in monitoring
physiological parameters and behaviors [134]. Similarly to our
findings, other reviews have reported clinical outcomes such

as glycemic control [8-15] as well as behavioral outcomes,
including physical activity levels [16-20], medication adherence,
and self-management [5,18].

Future Directions
Despite the promising health outcomes reported, other reviews
have highlighted that the quality of evidence varies considerably,
with many studies limited by small sample sizes or short
durations [25]. Researchers emphasize the need for more
long-term studies and systematic reviews that incorporate RCTs
with larger sample sizes to measure the effectiveness of
wearables across a wider variety of chronic diseases [18,24,25].
There is a need for rigorous, long-term studies to establish the
clinical effectiveness and cost-efficiency of wearables in chronic
disease self-management [25,132].

Our findings indicate that patient technology experience, holistic
and biopsychosocial, and health care system outcomes have
been covered less and could benefit from more robust studies.
As the integration of wearable technology into health research
and clinical practice continues to expand, establishing
comprehensive guidelines to ensure effective use across diverse
chronic conditions and applications will be important, ranging
from chronic disease management to real-time health monitoring
for specific or underrepresented populations [134].

In line with our findings, which show that health care system
outcomes are reported less frequently than clinical and
behavioral outcomes and often have inconclusive effects, a
significant challenge will be integrating wearable data into
existing health care systems and clinical workflows [135].

Conclusions
This review provides a comprehensive overview of wearable
devices used in chronic disease self-management intervention
studies, revealing disparities in both the range of chronic
diseases studied and the variety of wearable devices used. We
described the clinical and behavioral benefits of wearable
devices, particularly for activity trackers, BG and BP monitors,
and ECG wearable devices. These findings lay a foundation for
future research, offering researchers valuable insights to further
explore health care system outcomes, validate the impact of
concomitant device use, and expand their use to other chronic
diseases.
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Abstract

Background: Mobile health (mHealth) technologies can be used for disease-specific self-management, and these technologies
are experiencing rapid growth in the health care industry. They use mobile devices, specifically smartphone apps, to enhance and
support medical and public health practices. In chronic disease management, the use of apps in the realm of mHealth holds the
potential to improve health outcomes. This is also true for mHealth apps on osteoporosis, but the usage and patients’ experiences
with these apps are underexplored.

Objective: This prospective survey study aimed to investigate the eHealth literacy of Danish patients with osteoporosis, as well
as the usability and acceptability of the app “My Bones.”

Methods: Data on patient characteristics, disease knowledge, eHealth literacy, usability, and acceptability were collected using
self-administered questionnaires at baseline, 2 months, and 6 months. The following validated questionnaires were used: eHealth
Literacy Questionnaire, System Usability Scale, and Service User Technology Acceptability Questionnaire.

Results: Mean scores for eHealth literacy ranged from 2.6 to 3.1, with SD ranging from 0.5 to 0.6 across the 7 domains. The
mean (SD) System Usability Scale score was 74.7 (14.4), and the mean (SD) scores for domains 1, 2, and 6 of the Service User
Technology Acceptability Questionnaire were 3.4 (1.2), 4.5 (1.1), 4.1 (1.2), respectively.

Conclusions: Danish patients with osteoporosis are both motivated and capable of using digital health services. The app’s
usability was acceptable, and it has the potential to reduce visits to general practitioner clinics, enhance health outcomes, and
serve as a valuable addition to regular health or social care services.

(Interact J Med Res 2024;13:e53995)   doi:10.2196/53995

KEYWORDS

eHealth literacy; health literacy; mHealth; mobile health; eHealth; mobile health apps; self-management; osteoporosis; usability;
acceptability

Introduction

Background
Osteoporosis ranks as the fourth most prevalent chronic disease
globally, carrying substantial negative personal and economic
consequences [1]. Osteoporosis affects approximately 40% of
women and 17% of men aged 50 years or older. Despite its high

prevalence, osteoporosis is significantly underdiagnosed [2].
Although osteoporosis may remain asymptomatic for many
individuals, it presents significant risks such as fractures, chronic
pain, reduced daily activity, compromised quality of life, and
increased mortality [1]. Lack of disease-specific knowledge
among patients with osteoporosis is a global issue [3]. It has
been shown that improved support for patients to understand
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osteoporosis upon diagnosis is required, along with support in
self-management of the disease [4,5].

Mobile health (mHealth) technologies can be used for
disease-specific self-management, and the technologies are
experiencing rapid growth in the health care industry. These
technologies use mobile devices, specifically smartphone apps,
to enhance and support medical and public health practices [6].
Studies have demonstrated that, particularly in chronic disease
management, the use of apps in the realm of mHealth holds the
potential to enhance health outcomes [7]. Despite Slomian et
al [8] addressing the potential of using mHealth apps to aid
patients in self-managing osteoporosis in 2014, the
implementation of such apps in the field of osteoporosis remains
inadequate. A recently published systematic review and
meta-analysis of digital health technologies for long-term
self-management of osteoporosis identified 23 relevant apps
for osteoporosis self-management and concluded that
osteoporosis apps have the potential to support and improve the
management of the disease. Furthermore, mHealth osteoporosis
apps also appear to be valuable tools for patients and health care
professionals. However, most of the identified apps that are
currently available in the field of osteoporosis lack clinically
validated evidence of their efficacy [9].

From 2015 to 2018, a team of researchers and health care
professionals from Odense University Hospital, Denmark,
developed and tested an mHealth app for women recently
diagnosed with osteoporosis [10]. The development of the app
was based on identified needs among patients and health care
professionals [11,12]. The app evaluation revealed that patients
perceived the app as providing confidence and reassurance,
fostering equitable dialog during consultations, and offering
readily accessible assistance for self-managing osteoporosis
[13]. After the test period, the app was implemented at Odense
University Hospital, Denmark. In 2019, the Danish Health
Authority decided to support a nationwide rollout of the app,
named “My Bones.” A group of health care professionals with
expertise in osteoporosis were engaged in the app’s further
development and testing. In September 2021, the app “My
Bones” was launched as a freely available app on both the App
Store and Google Play platforms. Visuals of the app are
available in Multimedia Appendix 1.

After the app’s launch, the Research Unit of the Medical
Department at Zealand University Hospital, Denmark, initiated
an evaluation of the app focusing on usability, acceptability,
eHealth literacy, and self-perceived knowledge of osteoporosis.
The Consumer Health Information System Adoption Model
was used as a theoretical framework, as a basis for the choice
of questionnaires used in this study. In this model, eHealth
literacy of the user, usefulness, and usability are all determining
factors for the adoption of consumer health information systems
like the app “My Bones.”

Objective
The aim of this study was to investigate the eHealth literacy of
Danish patients with osteoporosis and to assess the usability
and acceptability of the app “My Bones.” Additionally, the aim
was to assess the current level of disease knowledge within the
patient group.

Methods

Study Design
This prospective survey study was conducted at Zealand
University Hospital, Denmark, from January 2020 to February
2023. A total of 100 patients were recruited to test the app “My
Bones.” At the time of the study, the app was owned and
operated by OSAIA Health. The app provided patients with
comprehensive information about osteoporosis, its risk factors,
available treatment options, the diagnostic procedure for
osteoporosis, and the process of a dual-energy x-ray
absorptiometry (DXA) scan. Alongside this general information,
the app provided guidance on maintaining a bone-healthy
lifestyle, dietary requirements including calcium and vitamin
D supplements, and recommendations for physical activity. App
users also gained access to basic and safe training exercises
tailored to their individual fracture risk and functional level,
enabling them to engage in a foundational level of physical
activity. The app includes 2 interactive modules. One of these
was a calcium calculator that assists patients in measuring their
daily calcium intake and determining whether they require
calcium supplements. The second module was an interactive
DXA graph that gives patients the option to plot their T score
values for the spine and hip from each DXA scan.

Three self-administered questionnaires were developed and
internally pretested before distribution at baseline (Q0), at 2
months (Q2), and at 6 months (Q6). The questionnaires are
described under the Measures section. The results from the
baseline (Q0) and 2-month (Q2) questionnaires are presented
here. However, the results from the 6-month (Q6) questionnaire
are excluded because of technical issues preventing data
analysis.

Sampling and Recruitment
Patients were recruited from the Outpatient Clinic of
Endocrinology at Zealand University Hospital and through
advertisements on the Danish Osteoporosis Association’s
homepage and a Facebook page.

The inclusion criteria include patients diagnosed with
osteoporosis based on either the T score criterion (T≤–2.5 at the
lumbar spine, total hip, or hip neck) or a diagnostic osteoporotic
fracture (fragility fracture of a vertebra with >20% compression
or a hip fracture). Postmenopausal women or men over 45 years
of age who can read and understand Danish and have access to,
as well as the ability to use, a smartphone, tablet, or computer.

The exclusion criteria include patients with mental and cognitive
conditions impairing their ability to use an app and read and
understand questionnaire questions.

Procedures
Patients with osteoporosis interested in participating were
provided with both written patient-oriented materials and oral
information about the study. Informed consent was obtained
from the patients by the data controller. The signed consent
forms were stored in a secure location, only accessible by the
data controller. After signing the informed consent, participants
were asked to indicate their preferred method of receiving the
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study questionnaires—either by email, through e-Boks (a digital
postbox for communication between companies, public
authorities, and private citizens), or in a printed copy. Detailed
instructions on how to download the app from the App Store
or Google Play were provided. If patients required assistance,
the study staff aided in the process.

SurveyXact, a tool for creating electronic questionnaire-based
surveys, was used to distribute the questionnaires to the patients
and to establish a database. The data analyst gained access to
the database only after all data had been collected and
anonymized by way of a respondent key in the survey tool and
transferred to the database. The survey tool is compliant with
the European Union’s General Data Protection Regulation.

In cases of nonresponse, electronic reminders were dispatched,
followed by telephone follow-ups. If participants still did not
complete the questionnaire despite these attempts, they were
classified as dropouts.

Measures

Baseline Questionnaire (Q0)
Sociodemographic data include age, sex, education, occupation,
time since diagnosis, and knowledge of the disease (self-reported

T score of the spine and hip, medical treatment, and fracture
history).

Data regarding education were initially reported on 6 levels and
were subsequently consolidated into two levels for statistical
analysis: (1) shorter education and (2) longer education. Longer
education was defined as a bachelor’s degree or higher. Data
concerning occupation were reported across 8 levels and were
later condensed into two levels for statistical analysis: (1)
currently working and (2) not currently working. The various
education and occupation levels can be found in Table 1.

The eHealth Literacy Questionnaire (eHLQ) consists of 35 items
representing 7 scales covering the eHealth Literacy Framework
dimensions. Each scale has 4 to 6 items with a 4-point response
option. Mean scores are calculated from each scale with equal
weighting [14].

The International Physical Activity Questionnaire measures the
amount of time an individual spends physically active during
a normal 7-day week [15].

Table 1. Participant characteristics (N=95).

ParticipantsCharacteristics

66.3 (8.4)Age (years), mean (SD)

Sex, n (%)

5 (5)Male

90 (95)Female

42 (44)Shorter education, n (%)

8 (8)Primary school

21 (22)Vocational training, high school

12 (14)Higher education—short

53 (56)Longer education, n (%)

41 (43)Higher education—intermediate

12 (13)Higher education—long

33 (35)Currently working, n (%)

3 (3)Self-employed (professional)

23 (24)Civil servant

3 (3)Vocational

4 (4)Unskilled or semiskilled worker

62 (65)Not currently working, n (%)

3 (3)Unemployed

17 (18)Early retirement

41 (43)Retirement pension

1 (1)Leave of absence
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Two-Month Questionnaire (Q2)
The System Usability Scale (SUS) is a 10-item Likert scale
questionnaire that offers a global perspective on subjective
assessments of usability. The SUS generates a single number
that represents a composite measure of the overall usability of
the system under study, in this case, an app [16-18]. The
questionnaire is validated in the Danish population.

The Service User Technology Acceptability Questionnaire
(SUTAQ) is a questionnaire that consists of 22 items divided
into 6 different subscales. For the purpose of this study, 3 of
the 6 domains were included in the Q2 questionnaire. The
included domains are (1) “Enhanced Care,” (2) “Increased
Accessibility,” and (3) “Satisfaction.” The sum of each subscale
indicates the degree of average internal agreement with it [19].
The domains “Privacy and Discomfort,” “Care Personnel
Concerns,” and “Kit as a Substitution” were excluded because
of their irrelevance resulting from the lack of health monitoring
and interaction between patients and health care professionals
via the app. The questionnaire is validated in the Danish
population.

Statistical Analysis
Statistical analysis was conducted using the SPSS statistical
software (version 21; IBM Corp). Descriptive statistics were
generated for participants’ characteristics and other dependent
variables, with calculation of mean values and SD for normally
distributed data and median with range for data not normally
distributed. Frequency data were calculated for categorical data.

The relation between each of the 7 eHLQ domains and the
covariates age, education, and occupation was investigated using
a backward stepwise linear regression analysis.

The correlation between the SUS questionnaire score and age
was investigated using the Pearson 2-tailed correlation analysis.

All statistical outcomes were examined against a P value of .05
to determine statistical significance. The study was not an
intervention study, and no power calculation was performed.

Ethical Considerations
The study was conducted in accordance with the principles of
the Declaration of Helsinki. It received approval from the local
Data Protection Authority (Reg-152-2020). Although the study
did not meet the criteria that necessitate approval from the ethics
committee, guidelines for obtaining informed consent were
adhered to.

Results

Participant Characteristics
A total of 100 patients signed the informed consent. Of these,
95 responded to the entire or part of the baseline questionnaire
(Q0), as shown in the flow diagram in Figure 1.

Of the 95 respondents, 90 were women and 5 were men. The
mean (SD) age of the study population was 66.3 (8.4) years,
and education levels were reported as shorter by 44% (42/95)
of the participants and as longer by 56% (53/95) of the
respondents. Regarding occupational status, 35% (33/95) stated
a current connection to the labor market, while 65% (62/95)
stated that they were either retired, unemployed, or on leave of
absence (Table 1).

The mean time since the diagnosis of osteoporosis was 6 years
(0-34 years). Among the 95 respondents, 52% (49/95) did not
know the T score of the lumbar spine, and 68% (64/95) did not
know the T score of the hip. Regarding self-reported
osteoporosis status, 22% (21/95) and 4% (4/95) reported severe
osteoporosis (T score<–3.0) in the spine region and the hip
region, respectively (Table 2). Previous major osteoporotic
fractures were reported by 49% (46/95) of the respondents
(Table 2), while 67% (64/95) stated that they were currently
undergoing medical treatment, the majority in treatment with
bisphosphonate (Table 3).

Too much missing data hindered a meaningful analysis of the
data from the International Physical Activity Questionnaire,
and as a consequence, the results cannot be presented.
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Figure 1. Participant flow diagram.

Table 2. T scores and fractures (N=95).

ParticipantsCharacteristics

6 (0-34)Time since diagnosis(years), mean (range)

T score lumbar spine, n (%)

24 (26)–2.5 to –3.0

14 (15)–3.0 to –4.0

7 (7)≥–4.0

49 (52)Do not know my T score

T score hip, n (%)

26 (28)–2.5 to –3.0

3 (3)–3.0 to –4.0

1 (1)≥–4.0

64 (68)Do not know my T score

46 (49)Previous fractures, n (%)

21 (22)Wrist

3 (3)Upper arm

15 (16)Vertebrae

6 (6)Hip

19 (20)Othera

aOther fractures reported: fracture of foot, ankle, heel, toe, finger, elbow, and tibia.
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Table 3. Medication (N=93).

ParticipantsCharacteristics

64 (67)Current treatment plan, n (%)

16 (25)Oral BPa

26 (41)IVb BP

11 (17)Denosumab

1 (2)PTHc analog

2 (3)Romosozumab

6 (9)Unknown to me

2 (3)Other

aBP: bisphosphonate.
bIV: intravenous.
cPTH: parathyroid hormone.

eHLQ, SUS, and SUTAQ
A total of 90 participants completed the eHLQ section of the
Q0 questionnaire. Mean (SD) scores reported ranged from 2.6
(0.5) to 3.1 (0.6) across the 7 domains (Table 4). A definition
of each domain can be found in Multimedia Appendix 1.

A total of 79 participants responded to the SUS questionnaire
with a mean (SD) score of 74.7 (14.4), while 74 participants
responded to the SUTAQ, with mean (SD) scores for domains

1, 2, and 6 being 3.4 (1.2), 4.5 (1.1), and 4.1 (1.2), respectively
(Table 5). Answers to individual questions of the SUTAQ are
presented in Table 6.

The covariate “occupation” had an effect on eHLQ domain 4

(P=.04) with an adjusted R2 of 0.036 (Tables 7 and 8). No effects
of the other covariates were found for the remaining domains
of the eHLQ. No correlation was found between the SUS score
and age (P=.37).

Table 4. eHealth Literacy Questionnaire (eHLQ, N=90).

Value, mean (SD)Domain

2.9 (0.6)eHLQ1: using technology to process health information

3.1 (0.5)eHLQ2: understanding of health concepts and language

3.0 (0.6)eHLQ3: ability to actively engage with digital services

3.1 (0.5)eHLQ4: feel safe and in control

2.9 (0.6)eHLQ5: motivated to engage with digital services

2.9 (0.5)eHLQ6: access to digital services that work

2.6 (0.6)eHLQ7: digital services that suit individual needs

Table 5. System Usability Score (SUS, n=80) and Service User Technology Acceptability Questionnaire (SUTAQ, n=73) scores at 2 months (Q2).

Value, mean (SD)Questionnaire

74.6 (15.3)SUS

SUTAQ (scores from 1 to 6)

4.1 (1.2)Domain 1

3.4 (1.1)Domain 2

4.5 (1.1)Domain 3
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Table 6. Service User Technology Acceptability Questionnaire individual statements (n=73).

Agreement with statement, n (%)Statement

6a5a4a3a2a1a

Domain 1

10 (14)16 (22)13 (18)19 (26)3 (4)12 (16)The kit has allowed me to be less concerned about my
health status.

14 (19)16 (22)21 (29)15 (21)2 (3)5 (7)The kit has made me more actively involved in my health.

7 (10)13 (18)11 (15)13 (18)14 (19)15 (21)The kit allows the people looking after me, to better
monitor me and my condition.

33 (45)24 (33)7 (10)6 (8)1 (1)2 (3)The kit can be or should be recommended to people in a
similar condition to mine.

24 (33)20 (27)17 (23)7 (10)1 (1)4 (5)The kit can certainly be a good addition to my regular
health or social care.

Domain 2

8 (11)15 (21)18 (25)14 (19)6 (8)12 (16)The kit I received has saved me time in that I did not have
to visit my GP clinic or other health or social care profes-
sional as often.

3 (4)10 (14)22 (30)19 (26)7 (10)12 (16)The kit I received has increased my access to care (health
or social care professionals)

6 (8)16 (22)25 (34)13 (18)7 (10)6 (8)The kit I received has helped me to improve my health

2 (3)12 (16)16 (22)20 (27)8 (11)15 (21)The kit has made it easier to get in touch with health and
social care professionals.

Domain 6

19 (26)15 (21)12 (16)12 (16)10 (14)5 (7)The kit has been explained to me sufficiently.

23 (32)32 (44)11 (15)5 (7)1 (1)1 (1)The kit can be trusted to work appropriately.

21 (29)28 (38)7 (10)12 (16)3 (4)2 (3)I am satisfied with the kit I received.

a1=strongly disagree; 2=moderately disagree; 3=mildly disagree; 4=mildly agree; 5=moderately agree; 6=strongly agree.

Table 7. Summary of regression analysis showing the relationship between occupation and eHealth Literacy Questionnaire domain 4.

SE of the estimateAdjusted R2R 2RModel

0.50460.0360.0470.216a1

aPredictors: (Constant). Occupation.

Table 8. ANOVAa for occupation’s effect on eHealth Literacy Questionnaire domain 4.

P valueF (df)Mean squaredfSum of squaresModel 1

.04b4.315 (1,88)1.09911.099Regression

——c0.2558822.405Residual

———8923.504Total

aDependent variable: eHealth Literacy Questionnaire domain 4.
bPredictors: (Constant). Occupation.
cNot available.

Discussion

Principal Results
Our analysis revealed eHLQ scores ranging between 2.6 and
3.1 across the 7 domains, with domain 7 “Digital services that
suit individual needs” being the lowest-scoring domain and

domains 2 “Understanding of health concepts and language”
and 4 “Feel safe and in control” being the highest-scoring
domains. These findings are comparable to those of another
Danish study by Holt et al [20] on eHealth literacy conducted
on 246 patients diagnosed with diabetes, other endocrine
conditions, or gastrointestinal diseases. Holt et al [20]
demonstrated eHLQ scores ranging between 2.6 and 3.1, with
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slightly lower scores across the 7 domains. This suggests that
our findings are representative of Danish patients with chronic
diseases. A Spanish study investigating electronic health literacy
in 166 primary care patients, with a median age of 65 (52-78)
years, revealed somewhat lower eHLQ scores ranging from 1.7
to 2.8 across the 7 domains [21]. An Australian study of 525
patients at 3 primary care clinics, with a mean age of 56.7,
showed eHLQ scores ranging from 2.4 to 3.0 [22]. In
comparison with participants from other countries, Danish
patients seem to score higher on the eHLQ. These elevated
scores among Danish individuals could be attributed to the
extensive digitization of public services in Denmark. According
to the latest report on digitalization in Denmark (2022), 95%
of citizens reported receiving messages from public services
through the digital mailbox known as “e-Boks.” Additionally,
74% of citizens aged 15 to 89 years use digital public services
at least once a week, and 66% of citizens aged 16 to 74 years
have booked a doctor’s appointment via the web and accessed
health information through online sources [23]. On examining
the eHLQ scores in this study, high scores are observed in
domains 1-6, suggesting that Danish patients with osteoporosis
are both motivated and able to use digital services related to
health. The lowest-scoring domain, domain 7, indicates the
current state of technology regarding digital services and points
to a potential for developing more individualized services
designed to meet the needs of patients.

The statistical analysis revealed a significant but relatively small
effect of the covariate “occupation” on the scores of eHealth
literacy domain 4 “Feel safe and in control.” This suggests that
among the study sample, individuals who are currently working
tend to feel safer and more in control when using electronic
health services. However, given the small effect size within a
limited sample, no definitive conclusions can be drawn. In the
field of eHealth literacy, conflicting results have been reported
regarding determinants of eHealth literacy scores. A recent
systematic review demonstrated an association between eHealth
literacy and age, sex, educational level, and family income [24].
Another study conducted by Arcury et al [25] failed to find a
connection between eHealth literacy and sociodemographic
factors. However, they did discover associations between
eHealth literacy and the number of e-devices owned, as well as
computer stress [25]. A related finding was reported by
Richtering et al [26], who concluded that more time spent on
the internet was associated with higher eHealth literacy among
453 patients with moderate to high cardiovascular risk. These
findings suggest that factors other than sociodemographic
variables play a role in eHealth literacy.

The app “My Bones” aims to assist patients in managing
osteoporosis. To achieve this objective, it is crucial for the app
to be both usable and well received by its users, prompting an
investigation into its usability and acceptability. The analysis
of the SUS questionnaire at the 2-month mark resulted in a mean
(SD) score of 74.6 (15.3). According to Bangor et al [17], a
score of approximately 70 indicates a user-friendliness rating
of “Good.” Conversely, scores around 35 and 50 correspond to
ratings of “Poor” and “OK,” respectively. On the other end of
the spectrum, scores around 85 and 90 are associated with
ratings of “Excellent” and “Best imaginable,” respectively [17].

Based on the SUS score, the usability of the “My Bones” app
is considered acceptable.

The statistical analysis showed no correlation with age,
contradicting the finding by Bangor et al that indicated a slightly
negative correlation between the SUS score and age [27]. This
discrepancy could be attributed to both the small sample size
and the higher average age of this study population.

Analyzing the data from the 3 SUTAQ domains revealed a mean
(SD) score of 4.1 (1.2) for domain 1 “Enhanced care,” which
indicates a general agreement that the app “My Bones” can
improve the care patients receive. The mean (SD) score of 4.5
(1.1) for domain 6 “Satisfaction” suggests acceptance and
satisfaction with the app. However, the mean (SD) score of 3.4
(1.1) for domain 2 “Increased accessibility” indicates a lower
level of agreement with beliefs that the app has facilitated the
receipt of care from health care professionals.

In a Danish study involving 68 patients recruited from primary
care and an outpatient clinic, the acceptability of a telehealth
service was assessed using the SUTAQ. The scores obtained
for domains 1, 2, and 6 were 5.0, 4.2, and 5.5, respectively [28].
Another Danish study focused on telehealth services for patients
with chronic obstructive pulmonary disease, diabetes, and
inflammatory bowel disease, and pregnant women with either
diabetes or a need for enhanced care, demonstrated similar
results. Scores for domain 1 ranged from 4.4 to 5.1, domain 2
from 3.8 to 4.7, and domain 6 from 5.2 to 5.6 [29]. Both studies
exhibited higher scores across all 3 domains, indicating greater
satisfaction and acceptance with the telehealth services
compared with the “My Bones” app. One possible explanation
for the lower scores in this study is that the SUTAQ was
originally designed to assess the acceptability of telehealth
services involving remote monitoring by health care
professionals [19]. However, the app evaluated in our study
does not function as a telehealth system, as it lacks monitoring,
data collection by patients, and direct interaction with care
personnel. Therefore, the applicability of SUTAQ results in
describing the acceptability of the app among our study
population may be limited. Certain statements within SUTAQ
domains 1 and 2 are rendered irrelevant by the nature of the
app. For instance, one statement in domain 2 referred to
increased access to care through the received kit, which is not
applicable because the app does not connect users with health
care professionals. Similar issues were observed in other
statements within these domains.

Nevertheless, it is worth noting that specific statements
regarding the app’s usefulness showed promising results. Among
the 74 participants who answered the SUTAQ questions, 56%
agreed that the app saved them a visit to the general practitioner
clinic. In total 65% agreed that the app helped them improve
their health, 54% agreed that the app made them less concerned
about their health status, and 70% agreed that the app made
them more involved in their own health. Furthermore, 84% of
participants agreed that the app can be a valuable addition to
regular health or social care.

In summary, our findings from both the SUS and SUTAQ
questionnaires underscore a high level of satisfaction with the
“My Bones” app. While the usefulness of SUTAQ scores may
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be questionable, the responses to individual statements indicate
that the app holds value for patients with osteoporosis.

Other Findings
We discovered that over half of the 95 patients with osteoporosis
had a significant gap in their knowledge about their condition,
as they were not aware of their T scores. The T score reflects
the severity of bone loss and risk of fractures. Knowing the T
score can empower patients to take preventive measures in their
daily lives to avoid injuries. Osteoporosis is a silent disease that
often exhibits no symptoms; thus, the T score becomes a crucial
indicator for patients to manage their condition. The fact that
half of the patients lack awareness of the T score suggests a
communication issue within the Danish health care system.
Lack of disease-specific knowledge among patients with
osteoporosis is a global issue [3], which might be addressed by
apps like “My Bones.” However, because we did not inquire
about the T score in our follow-up questionnaires, further
research is needed to confirm whether the app can improve T
score knowledge among patients with osteoporosis.

Perspectives
Based on our findings, it appears that the app “My Bones” has
the potential to effectively support the self-management of
osteoporosis in this population as a supplement to current health
care services. Further investigation should be undertaken to
fully assess the app’s ability to enhance self-management among
patients.

Limitations
This study is subject to several limitations. First, the small
population size restricts the generalizability of our findings.
Additionally, individuals who are already accustomed to using

smartphones and health management apps on a daily basis may
have been more likely to participate, potentially introducing a
bias toward higher eHealth literacy, acceptability, and
satisfaction with the app. Recruitment primarily occurred at a
single outpatient clinic and through online advertisements on
the patient organization’s homepage and a Facebook page,
introducing a sampling bias as most patients with osteoporosis
in Denmark are typically treated at general practitioner clinics.

The use of questionnaires also presents limitations. Self-reported
data on fractures, T scores, and medication are susceptible to
response bias and may be less reliable than data obtained from
registries. Conversely, the questions on T score and medication
were specifically designed to provide insight into the patients’
understanding of their disease.

Despite these limitations, our study provides valuable insights
into the eHealth literacy of patients with osteoporosis and the
acceptability and usability of the first publicly available
osteoporosis management app in Denmark.

Conclusions
We uncovered a high level of eHealth literacy, indicating that
Danish patients with osteoporosis possess both the motivation
and ability to use mHealth services. The app demonstrated
acceptable usability and garnered general satisfaction among
users. These findings bolster the viability of an app for
self-management of osteoporosis to support Danish patients.
The app holds the potential to reduce visits to the general
practitioner clinic, enhance health outcomes, and serve as a
valuable addition to regular health or social care. However,
further investigation is necessary to thoroughly evaluate its
effectiveness in improving self-management of osteoporosis.
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Abstract

Background: In comparison to the general population, prison inmates are at a higher risk for drug abuse and psychiatric, as
well as infectious, diseases. Although intramural health care has to be equivalent to extramural services, prison inmates have less
access to primary and secondary care. Furthermore, not every prison is constantly staffed with a physician. Since transportation
to the nearest extramural medical facility is often resource-intensive, video consultations may offer cost-effective health care for
prison inmates.

Objective: This study aims to quantify the need for referrals to secondary care services and hospital admissions when video
consultations with family physicians and psychiatrists are offered in prison.

Methods: In 5 German prisons, a mixed methods evaluation study was conducted to assess feasibility, acceptance, and reasons
for conducting video consultations with family physicians and psychiatrists. This analysis uses quantitative data from these
consultations (June 2018 to February 2019) in addition to data from a sixth prison added in January 2019 focusing on referral
and admission rates, as well as reasons for encounters.

Results: At the initiation of the project, 2499 prisoners were detained in the 6 prisons. A total of 435 video consultations were
conducted by 12 physicians (3 female and 7 male family physicians, and 2 male psychiatrists during the study period). The
majority were scheduled consultations (341/435, 78%). In 68% (n=294) of all encounters, the patient was asked to consult a
physician again if symptoms persisted or got worse. In 26% (n=115), a follow-up appointment with either the video consultant
or prison physician was scheduled. A referral to other specialties, most often psychiatry, was necessary in 4% (n=17) of the cases.
Only in 2% (n=8) of the consultations, a hospital admission was needed. Usually, hospital admissions were the result of unscheduled
consultations, and the videoconferencing system was the method of communication in 88% (n=7) of these cases, while 12% (n=1)
were carried out over the phone. Reasons for admissions were severe abdominal pain, hypotension, unstable angina or suspected
myocardial infarction, or a suspected schizophrenic episode.

Conclusions: Most scheduled and unscheduled consultations did not require subsequent patient transport to external health care
providers. Using telemedicine services allowed a prompt patient-physician encounter with the possibility to refer patients to other
specialties or to admit them to a hospital if necessary.
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Introduction

In 2022 approximately 56,000 people were incarcerated in a
total of 172 German prisons. While 19,339 (34%) out of 56,557
inmates face imprisonment of over 1 year to 4 years, 5340 (9%)
out of 56,557 inmates serve prison sentences of 5 years or longer
[1,2]. By law, these prisoners have the same right to access
health care as patients with statutory health insurance outside
the correctional system. However, caring for incarcerated
patients is challenging. They are more likely to experience
alcohol or drug abuse, mental illnesses, or communicable
diseases, such as hepatitis C or HIV infections [3,4], and not
every prison is constantly staffed with a physician on-site.
Specialized (secondary care) services are less available to
inmates since a resource-intensive transport to the next
extramural facility has to be organized. Telemedicine offers the
potential to close this gap and improve intramural health care
[5]. In this context, the collective term telemedicine describes
heterogeneous concepts that aim at providing medical
diagnostics, therapy, and rehabilitation despite physical distance
or time lag [6]. In many countries, it has been used to facilitate
or enhance intramural care [7-10], but it has not been
implemented on a broad scale in the German correctional system
yet.

This study aims to assess the need and the reasons for referrals
to secondary care services, as well as hospital admissions, when
scheduled or unscheduled telemedicine consultations with family
physicians and psychiatrists are offered in prison.

Methods

Overview
The pilot project to establish video consultations in German
prisons was initiated by the Ministry of Justice
Baden-Württemberg in cooperation with A+ Videoclinic (VC),
a provider of telemedical services, and initially, involved 5
German prisons. Between June and December 2018, the pilot
project was evaluated in terms of feasibility and acceptance of
the video consultations, as well as consultation reasons by
conducting a mixed methods evaluation study. Quantitative and
qualitative data were collected through site visits in the prisons,
questionnaires, semistructured interviews, and consultation
documentation. Further details are reported elsewhere [11]. This
analysis is a retrospective subanalysis using a quantitative VC
data set that was generated during the evaluation study period
containing the information depicted in Table 1, as well as
additional data from a sixth prison, which was not part of the
initial pilot project.

All 6 prisons were located in the federal state of
Baden-Württemberg, Germany. Inmates were male and female
(adults and adolescents) and 18 years of age and older.
Participation in the pilot study was voluntary. Patients could
choose either a video consultation or regular medical care. If
the patient opted for a video consultation, he or she had to sign
an informed consent form.

Consultations that were conducted between June 2018 and
February 2019 were analyzed in this study. The
videoconferencing system (VCS) was the preferred method of
communication. The phone was used in case of any technical
problems with the VCS. Consultations were carried out by a
team of 12 physicians (3 female and 7 male family physicians,
and 2 male psychiatrists) employed by the telemedicine provider.
Scheduled encounters were conducted during fixed weekly
timeslots—either with VC-family physicians or a VC
psychiatrist. Outside of these consultation hours, prison nursing
staff could reach the on-call VC-family physician 24 hours 7
days per week. These patient-physician-contacts outside of
consultation hours were counted as unscheduled consultations.
Depending on the time of contact, there was not always a trained
nurse present in prison. If the on-call family physician required
help regarding a psychiatric problem, he or she could contact a
VC psychiatrist.

The VC provided the telemedical infrastructure for VC
physicians and prisons. Physicians documented the consultations
electronically with a VC laptop using a virtual private network
to access the VC software called Videoclinic Portal
(Videoclinic) developed by the Videoclinic. The participating
prisons were also equipped with VC laptops to receive the
documentation. No remote medical devices, such as
stethoscopes, that would have allowed the physician to directly
auscultate a patient were used during the pilot study. Either
prison nursing staff or correctional officers were present during
each encounter. Prison nursing staff could obtain the patient’s
vital signs (pulse, blood pressure, temperature, and oxygen
saturation) and write an electrocardiogram if necessary and
available. A total of 4 out of 6 prisons had an electrocardiogram
on-site. Further details on the medical equipment available in
the 5 prisons that were part of the initial pilot project can be
found elsewhere [11].

For this study, an anonymized data set was exported from the
VC software containing the variables depicted in Table 1. The
data analysis for this study comprised descriptive statistical
methods and was performed using Microsoft Excel 2016.
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Table 1. Data provided by A+ Videoclinic.

DescriptionVariable

Date of consultation • Date and time of the encounter

Prison • Name of the prison

Physician • Treating physician (pseudonymized number D1-12)

Medical specialty • Family medicine
• Psychiatry

Assessment • Current assessment (free text)

Diagnosis • Current diagnosis (free text and International Classification of Diseases, 10th revision code)

Plan • Recommended treatment (free text)

Medication • Current medication if any prescribed (free text)

Type of consultation • Scheduled
• Unscheduled

Method of communication • Video
• Phone

Interpreter • Foreign language if interpreter was used

Follow-up • No further treatment
• Follow-up if symptoms persist or worsen
• Planned follow-up appointment
• Referral
• Hospital admission

Ethics Approval
Ethics approval for the evaluation of the pilot project was
obtained from the ethics committee of the
Eberhard-Karls-University Tübingen (728/2018BO1) and the
ethics committee of the State Medical Association
Baden-Württemberg (F-2018-054) [11].

Results

Baseline Characteristics of the Participating Prisons
The ratio of prisoners to medical staff differed between the 6
prisons. Table 2 shows the sex and number of inmates of each

prison at the initiation of the pilot study, as well as the number
of physicians and nurses. Except for P4, prison staff comprised
at least 1 physician. In P4, 2 external physicians offered
scheduled consultation hours twice a week. Scheduled
consultations with external physicians from other specialties
(not family medicine) varied greatly. In most prisons, regular
visits from a dentist were established. P2 offered appointments
with a gynecologist and psychiatrist. In addition to dental care
and the care provided by the prison physician, P6 offered
consultations with a dermatologist and surgeon. Furthermore,
nursing staff from P6 was able to contact an external psychiatrist
if needed.

Table 2. Occupancy and staff per prison.

Number of nurses (n=69), n (%)Number of physicians (n=12), n
(%)

Number of prisoners (n=2499), n
(%)

CharacteristicsPrison

9 (13)2 (17)350 (14)Male adultsP1

6 (9)1 (8)350 (14)Female adults or adolescentsP2

9 (13)4 (33)395 (16)Male adolescentsP3

3 (4)0 (0)52 (2)Male adultsP4

22 (32)4 (33)772 (31)Male adultsP5

20 (29)1 (8)580 (23)Male adultsP6
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Referrals Following Video Consultations
From June 2018 to February 2019, VC physicians conducted
435 consultations. Out of that, 78% (n=341) of all consultations
were scheduled, and the remainder were unscheduled (94/435,
22%). In 68% (n=294), patients were asked to consult a
physician again if symptoms persisted or got worse. In 26%
(n=115) a follow-up appointment with the video consultant or
prison physician was scheduled. A referral to other specialties
was necessary in 4% (n=17). The VCS was the method of
communication in all 17 cases during which a referral was
necessary. A total of 3 of these encounters were unscheduled.
Patient transport to an extramural facility was indicated in none
of these cases since the secondary care physician could either
be contacted via video consultation, was able to come to the

prison, or was employed by the prison but off duty during the
initial encounter (Table 3).

Due to the small number of necessary referrals, it is hard to rank
specialties based on the frequency of necessary referrals. The
data showed mixed results with psychiatry as the most common
specialty referred to (3/17, 18%), followed by urology (2/17,
12%) and proctology (2/17, 12%). In 2 cases, patients were
referred to an external psychiatrist; and 1 patient had a follow-up
appointment with a prison psychiatrist. Referral diagnoses also
varied between the cases (Table 3). A total of 5 out of the 12
VC physicians (4 family physicians and 1 psychiatrist)
conducted the encounters resulting in a referral, however, the
number of overall encounters per physician varied greatly
ranging from 2 to 143. An interpreter was not needed in any of
the 17 consultations that resulted in a referral.

Table 3. Overview of the referrals to other specialties (n=17).

Medical specialty referred toDiagnosisMedical specialty (physician
number)

Type of consultation

Psychiatry (coming to site)Drug abuse, opiate withdrawalFMa (D7)Unscheduled

Child and adolescent psychiatryAdjustment disorderPSYb (D8)Scheduled

Dermatology (video consultation)Acneiform dermatitisFM (D9)Unscheduled

RheumatologyNausea, suspected adverse reaction, suspect-
ed melena

FM (D5)Scheduled

(missing data)(missing data)FM (D10)Scheduled

OphthalmologyPresbyopiaFM (D10)Scheduled

(missing data)(missing data)FM (D10)Scheduled

Physician licensed to treat work accidents (German:
Durchgangsarzt)

Ankle sprain RFM (D5)Scheduled

(missing data)(missing data)FM (D10)Scheduled

UrologyAdverse drug reactionFM (D5)Scheduled

DentistryToothacheFM (D10)Scheduled

Psychiatry or drug counseling (prison psychiatrist)Prison admission examFM (D9)Unscheduled

NeurologyChronic arm pain after car accident, insom-

niac
PSY (D8)Scheduled

GastroenterologyLiver cirrhosis, suspected ascitescPSY (D8)Scheduled

UrologyPriapismFM (D5)Scheduled

ProctologydFirst degree hemorrhoidsFM (D5)Scheduled

ProctologydFirst degree hemorrhoidsFM (D5)Scheduled

aFM: family medicine.
bPSY: psychiatry.
cNo diagnosis coded—information taken from medical history.
dReferral only necessary if symptoms persist despite ordered treatment.

Hospital Admissions Following Video Consultations
In 2% (n=8) of the cases, a hospital admission was required.
These cases were independent of the 17 cases that required a
referral to another specialty in an ambulatory care setting.
Hospital admission was usually the result of an unscheduled

consultation (7/8, 88%), and the VCS was used in 88% (n=7).
Gastrointestinal problems or pain were the most common reason
for admission (4/8, 50%) and 6 VC physicians (5 family
physicians and 1 psychiatrist) conducted the encounters (Table
4). An interpreter was not needed in any of these consultations.
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Table 4. Overview of hospital admissions (n=8).

DiagnosisMedical specialty (physician number)Method of communicationType of consultation

Suspected tuberculosis, hypotensionFMa (D1)VideoUnscheduled

Unstable anginaFM (D7)VideoUnscheduled

Severe hypotension suspected due to antipsychoticsFM (D1)VideoUnscheduled

Gastrointestinal hemorrhageFM (D11)VideoUnscheduled

Abdominal pain, kidney stonesFM (D2)PhoneUnscheduled

Gallbladder diseaseFM (D2)VideoUnscheduled

Abdominal pain (differential diagnosis: myocardial
infarction)

FM (D4)VideoUnscheduled

Suspected schizophreniaPSYb (D8)VideoScheduled

aFM: family medicine.
bPSY: psychiatry.

Hospital Admission and Referrals per Prison and
Physician
Almost half of the video consultations (194/435, 45%) were
conducted in prison P2 (Table 5). It was the only prison with
female inmates (adults and adolescents). At the time of the
initial visit to the participating prisons in the framework of the
pilot project (September 2018), the number of inmates was
similar to P1 (male adults) and P3 (male adolescents; Table 2).

A referral following a video consultation was needed in all
prisons apart from P1 and P6. P3 had the highest number of
referrals, but less than 10% of video consultations were
conducted there. A hospital admission following a video
consultation was required in all prisons except P3 and P4.

VC physicians D1 and D8 conducted more than 60% of all
encounters (Table 6). However, referrals and admissions were
rather scattered among physicians—except for D5, who initiated
6 (35%) of the referrals.

Table 5. Video consultations, referrals, and hospital admissions per prison.

Hospital admissions per prison, (n=8), n (%)Referrals per prison, (n=17), n (%)Video consultations per prison, (n=435), n (%)Prison

2 (25)0 (0)41 (9)P1

1 (13)5 (29)194 (45)P2

0 (0)6 (35)41 (9)P3

0 (0)4 (24)75 (17)P4

4 (50)2 (12)68 (16)P5

1 (13)0 (0)16 (4)P6

Table 6. Video consultations, referrals, and hospital admissions per physician.

Hospital admissions, (n=8), n (%)Referrals per physician, (n=17), n (%)Video consultations per physician, (n=435), n (%)Physician

2 (25)1 (6)143 (33)D1

2 (25)0 (0)9 (2)D2

0 (0)0 (0)5 (2)D3

1 (13)0 (0)18 (4)D4

0 (0)6 (35)14 (3)D5

0 (0)0 (0)8 (2)D6

1 (13)1 (6)2 (1)D7

1 (13)3 (17)124 (29)D8

0 (0)2 (12)9 (2)D9

0 (0)4 (24)97 (22)D10

1 (13)0 (0)3 (1)D11

0 (0)0 (0)3 (1)D12
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Discussion

Principal Findings
Most scheduled and unscheduled video consultations did not
require a subsequent patient transport to an extramural health
care provider or facility. A referral was only needed in 4%
(n=17) of the cases and hospital admission was only required
in 2% (n=2) of 435 cases.

Comparison to Prior Work
To our knowledge, this is the first study that focused on referral
and hospital admission rates in intramural health care when
video consultations with family physicians and psychiatrists
are offered. Another study evaluated telemedicine consultations
with an emergency room (ER) physician and found that 36%
of the patients from a correctional facility required transport to
the ER after a video encounter [12]. This rate was higher than
the referral and hospital admission rate of this study. If prison
physicians were given the possibility to refer patients to a
telemedicine satellite facility for subspecialty consults,
outpatient visits would increase by 40% in the 2 years after
implementation. In contrast, ER visits decreased. The authors
interpreted the effect as better access to care [13]. The same
authors examined telemedicine programs in the juvenile justice
system by measuring, for example, outpatient costs, ER costs,
and transportation costs [14], which are parameters that are
associated with referrals and admissions. Other studies focused
on the treatment of single diseases, such as hepatitis C or
diabetes, when telemedicine consultations were offered in prison
[15,16].

Other studies have shown that outside of the correctional system
home telemonitoring could reduce hospital admission rates in
people with chronic obstructive pulmonary disease [17,18] and
congestive heart failure [19,20]. Telemedicine consultations
with an emergency physician led to reduced transfers from
skilled nursing facilities to ERs and subsequently to lower
hospital admission rates [21], and Rosner et al [22] showed that
using telemedicine reduced readmissions after hip and knee
arthroplasties. In contrast, a meta-analysis that evaluated
different remote management strategies for patients with
inflammatory bowel disease demonstrated a reduction in
physician visits but no significant effect on relapse or hospital
admission rates [23].

Regarding a reduction of referral rates, previous studies outside
of the correctional system generally focused on electronic
solutions for primary care providers to contact other specialists
and have demonstrated mixed results. Liddy et al [24] reported
that implementing an electronic consultation service in Canada
that allowed family physicians to communicate with secondary
care providers regarding a patient’s care reduced referral rates
between 36% and 53%, which was in line with prior findings
of that group [25]. However, their randomized controlled trial
with 2 study arms (primary care physicians with and without
access to the electronic consultation service), showed a
significant referral reduction in both arms [26]. Furthermore,
according to an online survey among primary care physicians,
a phone consultation with an HIV specialist reduced the
perceived need to refer the patient to a secondary care provider,

although the authors acknowledged that actual referral rates had
not been studied [27]. In another study, web-based consultation
between primary care physicians and nephrologists did not
affect referral rates [28].

In comparison to referral rates of (extramural) family medicine
practices without the use of video consultations, a referral rate
of 3.8% found in this study is at the lower end of the expected
spectrum. Generally, referral rates to secondary care providers
vary between practices. A recent study showed an average
monthly rate of 20.3% with a range of 0.4%-67.1%. Outside of
the correctional system, mental health services were the 10th
most common specialty for referrals [29]. Older studies showed
mean rates of 1.4% to 37% [30-33]. Variance can also be found
regarding hospital admission rates of (extramural) family
medicine practices. Mean rates of approximately 50-53
admissions per 1000 patients per year have been reported
[34,35], which can only indirectly be compared with the data
of this analysis (8 admissions per 435 encounters within 9
months).

International studies showed that telemedicine was able to
deliver high-quality and timely primary care for adult and
adolescent prison inmates [13,36], reduce costs [37], and
facilitate mental health services [38,39]. Using telemedicine to
improve access, cost, and quality of secondary care, for example,
in the fields of ophthalmology [40,41], cardiology [42], and
dentistry [10,43] has also been described before and is still under
evaluation [44]. Especially, countries with remote regions
outside of metropolitan areas, such as the United States or
Australia, have reported the use of telemedicine in their
correctional systems [45], but also more densely populated
countries deemed the use as beneficial [10,46].

Strengths and Limitations
The pilot project was the first broad implementation of
telemedicine in the German correctional system. But there are
some limitations: first, a possible selection bias has to be
considered: prison staff may have chosen to directly call an
ambulance or organize a transport to an extramural facility
instead of using video consultations for more severe medical
cases. If only patients with less severe diseases were seen by
VC physicians, the likelihood of required hospital admission
was consequently decreased. Similarly, prison staff may have
directly scheduled an appointment with a secondary care
provider visiting the prison, which also might have reduced the
likelihood of referrals. However, it was crucial that not only
patients were given a choice to talk to a VC physician or receive
usual care, but that prison staff was also free to choose whether
or not to contact the VC—especially since 2 authors were VC
founding members. Neither prison staff nor patients received
incentives for contacting the VC. Second, there was no control
group in this study, and therefore, referral and hospital admission
rates cannot be compared with regular intramural care. Despite
the low rates when using video consultations, a referral or an
admission might not have been necessary if an in-person
consultation had been done at that time. Third, only data from
the VC portal was considered for this analysis. Fourth, it is
unknown how many patients refused a video consultation. Fifth,
at the beginning of the data collection, some VC physicians did
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not complete the entire documentation template, therefore, some
data were missing (the type of follow-up was not specified in
1 case, and in 2 cases, no diagnosis or reason for the referral
was listed). The documentation improved throughout the project
as physicians became more familiar with or received more
training regarding the use of the VC portal. Finally, all
consultations were carried out by a rather small group of
physicians, and therefore, the influence of individual experience
and working style cannot be excluded.

Implication for Practice and Research
The results show that a referral or admission was only required
in a few cases after video consultations were offered in prison.

Compared with extramural family medicine practices, the
referral rates found in this study were at the lower end of the
expected spectrum and support that the implementation of
telemedicine in intramural systems on a larger scale should not
be postponed or revised due to concerns of high referral and
admission rates. Further research, including controlled studies,
is needed to explore whether institutional factors contribute to
the effectiveness and safety, such as training of staff, use of
remote medical devices, and acceptance of telemedicine by
inmates, prison (nursing) staff, and physicians working
on-site—especially in the light of the fact that the data were
generated prior to the COVID-19 pandemic and video
consultations became much more common since then.
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Abstract

Background: The significant impact of digital health emerged prominently during the COVID-19 pandemic. Despite this, there
is a paucity of bibliometric analyses focusing on technologies within the field of digital health patents. Patents offer a wealth of
insights into technologies, commercial prospects, and competitive landscapes, often undisclosed in other publications. Given the
rapid evolution of the digital health industry, safeguarding algorithms, software, and advanced surgical devices through patent
systems is imperative. The patent system simultaneously acts as a valuable repository of technological knowledge, accessible to
researchers. This accessibility facilitates the enhancement of existing technologies and the advancement of medical equipment,
ultimately contributing to public health improvement and meeting public demands.

Objective: The primary objective of this study is to gain a more profound understanding of technology hotspots and development
trends within the field of digital health.

Methods: Using a bibliometric analysis methodology, we assessed the global technological output reflected in patents on digital
health published between 2017 and 2021. Using Citespace5.1R8 and Excel 2016, we conducted bibliometric visualization and
comparative analyses of key metrics, including national contributions, institutional affiliations, inventor profiles, and technology
topics.

Results: A total of 15,763 digital health patents were identified as published between 2017 and 2021. The China National
Intellectual Property Administration secured the top position with 7253 published patents, whereas Koninklijke Philips emerged
as the leading institution with 329 patents. Notably, Assaf Govari emerged as the most prolific inventor. Technology hot spots
encompassed categories such as “Medical Equipment and Information Systems,” “Image Analysis,” and “Electrical Diagnosis,”
classified by Derwent Manual Code. A patent related to the technique of receiving and transmitting data through microchips
garnered the highest citation, attributed to the patentee Covidien LP.

Conclusions: The trajectory of digital health patents has been growing since 2017, primarily propelled by China, the United
States, and Japan. Applications in health interventions and enhancements in surgical devices represent the predominant scenarios
for digital health technology. Algorithms emerged as the pivotal technologies protected by patents, whereas techniques related
to data transfer, storage, and exchange in the digital health domain are anticipated to be focal points in forthcoming basic research.

(Interact J Med Res 2024;13:e48259)   doi:10.2196/48259
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Introduction

Background
Over the past few decades, the intertwining of health care and
digital technology has given rise to significant transformations
in the production, alignment, and consumption of health care
products [1]. This integration has contributed to the achievement
of safer and more cost-effective health care outcomes. The
conceptual emergence of terms such as “Digital Health,”
“Digital Medicine,” and “Digital Therapeutics” is a direct
consequence of this symbiotic relationship. The International
Digital Therapeutics Alliance (DTA), founded in 2017 in the
United States, stands as a nonprofit industry association
comprising stakeholders committed to evidence-based
therapeutic interventions aimed at preventing, managing, or
treating diseases [2]. As per the DTA’s classification, digital
therapeutics represents a specific niche within digital health and
digital medicine [3]. Notably, a range of digital therapeutics
products is currently available for managing diabetes [4,5],
treating patients with social anxiety disorder [6] or neurological
disorders [7], addressing mental illness [8], and developing
digital biomarkers designed to predict treatment response [9].
These products rely on real-world data, and clinical evidence
is imperative to substantiate claims regarding risk, efficacy, and
intended use [10].

Nielsen and Sahay [11] conducted a critical examination aimed
at identifying gaps in the literature, approaching the analysis
from an information systems perspective. Their study, based
on the analysis of 342 articles published in interdisciplinary
digital health research journals, revealed that these studies
tended to deviate from the complexities inherent in real-life
settings within health care organizations, particularly in relation
to the characteristics of digital technologies and the context of
their use. Notably, the literature on digital health primarily
emphasized the processing power of digital technology and its
potential effects [11]. In line with the observations from the
study by Nielsen and Sahay [11], a bibliometric analysis
conducted by Keng Yang et al [12] in 2022 spanning the period
from 1998 to 2021 demonstrated a rapid expansion in the
number of publications on digital health. The findings suggested
that heightened awareness of digital health had the potential to
improve health outcomes, bridge digital gaps, and reduce health
disparities [12]. Supporting this perspective, Ahmadvand et al
[13] used “digital health” as a keyword for their bibliometric
analysis, covering articles published between January 2000 and
August 2019 in JMIR Publications journals. Their study revealed
a significant increase in the number of articles focusing on
“digital health” over a 9-year period, with “mHealth” emerging
as the most frequently used keyword within this domain [13].
In addition, Gupta et al [14] conducted a scientometric
assessment of digital health research, examining 6981 global
publications sourced from the Scopus database during the period
2007 to 2016. Their research underscored medicine as the
dominant topic, constituting the largest publication share in
digital health research at 54% [14].

Previous studies primarily focused on published papers,
neglecting the distinctive value provided by patents as a special
and unique source of knowledge, given that a significant amount
of data and information contained in patents is not made
available through alternative channels. The patent system,
designed to stimulate innovation, concurrently ensures that the
benefits of inventive efforts are made accessible to the public.
In the field of digital health, considering the industry’s rapid
and iterative development, the patent system must leverage
digital technology to safeguard algorithms, software, and
advanced surgical instruments. Apart from furnishing
information on digital health patents, the patent system serves
an additional role by granting other researchers access to patent
information, thereby facilitating enhancements in existing
technologies.

Bibliometric analysis serves as a powerful tool for examining
research trends, identifying prolific authors, understanding
demographics, and exploring related information within specific
fields [15]. CiteSpace5.1R8, a widely used scientific mapping
software application, is adept at analyzing hot spots and trends,
visually illustrating a systematic understanding of the past across
various domains [16]. Bibliometrics, along with visual analysis,
of patent landscapes in the fields of digital technology within
public health is relatively scarce. Therefore, this study
predominantly relies on this methodology to investigate granted
patents related to digital technology in health care, shedding
light on its technical status and prevailing tendencies.

Objectives
The research uses the bibliometric method to delve into the
annual volume of patent applications and grants, scrutinizing
information related to countries, inventors, patentees, cited
patents, and Derwent Manual Code (DMC) classifications of
digital technologies. The primary objective of this study is to
gain a more profound understanding of technology hot spots
and development trends within the field of digital health.

Methods

Data Collection
The data for this study were sourced from the Derwent
Innovation Index, a database that amalgamates patent citations
from the Derwent Patents Citation Index with additional patent
data indexed from >50 patent issuing agencies in the Derwent
World Patent Index (1963 to present). Adhering to the
procedural guidelines by Chen [17], we retrieved patents
associated with “digital health,” “digital medicine,” and “digital
therapeutics,” along with a selection of other pertinent topics.
Our screening strategies incorporated DMC “T01-J06A,”
signifying “medical equipment and information systems,” and
“S05-G02G,” representing “hospital equipment with medical
IT systems,” based on the categorization of DMC. DMC serves
as a simplified classification system designed to categorize
patent documents across all technologies. This coding system
streamlines the categorization and indexing method used by
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Derwent for all covered patents, ensuring efficiency [18,19].
Figure 1 illustrates our specific screening strategies in the

flowchart for data collection.

Figure 1. The flowchart for data collection.

The patent retrieval process involved several steps to compile
a comprehensive data set related to digital health. Initially, we
extracted patents with topics relevant to digital health using the
topic tag for string retrievals through titles and abstracts of
patents in the Derwent Innovation Index. The first step (#1)
used the following query: Topics=(“digital therapeutics” OR
“medical software” OR “digital medic*” OR “digital health”

OR “digital diagnosis*” OR “digital surgery” OR “digital
biomarker” OR “software-driven medical intervention” OR
“data-driven medical intervention” OR “software medical
devices” OR “clinical data security”). Subsequently, we
retrieved patents using DMC. The query command for the
second step (#2) was Manual Codes=(T01-J06A OR
S05-G02G). In the third step, we combined the commands from

Interact J Med Res 2024 | vol. 13 | e48259 | p.507https://www.i-jmr.org/2024/1/e48259
(page number not for citation purposes)

Gu et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


#1 OR #2 and limited the publication date of patents from 2017
to 2021. This timeframe was chosen because significant
developments in digital health occurred in 2017, including the
establishment of the International DTA, release of guidelines
by the Chinese State Food and Drug Administration, publication
of the World Health Organization recommendations on digital
technologies for Tuberculosis care, and the US Food and Drug
Administration approval of the first prescription digital therapy.
We retrieved 93,780 published patents using this criterion.
Subsequently, in the fourth step, we focused on invention
patents, as they generally hold greater value in most countries,
resulting in 43,062 invention patents included in the sample.
As expired patents lack legal force, our analysis primarily
considered patents in force to reflect the latest trends in digital
technology in public health. We included patents from the
previous step (#4) with a granted and valid legal status, resulting
in a final data set of 15,763 patents included in our study sample.
According to our search methods, patents from the African
region have not been retrieved in this study.

As outlined in the introduction to the Derwent Innovation Index
database, the earliest time stamp for data collection extended
back to 1963. The initiation of patent retrieval for published
patents began in 2017. Given that some patents published in
2017 might have been granted in 2022, the conclusion of the
study period was set at the year 2022. The data retrieval process
was completed on September 22, 2022.

Analysis Methodologies
In conducting this study, CiteSpace 5.1 R8 SE and Excel 2016
software were used. By configuring parameters such as time
slicing and thresholds, diverse results could be obtained [20,21].
Furthermore, CiteSpace offered the capability to visualize the
outcomes of the analysis [22], using linkages and nodes to
illustrate the quality of various elements and their
interrelationships [23]. The software also had the ability to
cluster items using statistical techniques such as log-likelihood
ratio and assess the burst of themes to identify DMCs with
prolonged bursts and high strength [24]. CiteSpace contributes
to enhanced clarity and interpretability of visualizations
compared to other tools, thereby reducing cognitive load on
users as they explore significant trends and turning points in a
technological framework [25,26].

The chosen records were exported from the Derwent Innovation
Index in plain text format and subsequently imported into

CiteSpace for comprehensive analysis and visualization of cited
patents, research hot spots, and frontiers. A total of 15,763 patent
records, encompassed by the CiteSpace version, were retrieved
based on their patent publishing timeframe spanning from 2017
to 2022. The data were segmented into 1-year time slices, and
the top 50 most cited strings were extracted from each slice.
The thematic analysis incorporated various fields from the plain
texts, encompassing inventors, cited patents, patent assignees,
cited authors, DMC, and International Patent Classification
(IPC). Node types were specified as country, institution, author,
and category, and the results were visualized in this specified
order. This approach allowed for a detailed exploration of
relationships and patterns within the data set, providing insights
into the geographical, institutional, and authorship aspects of
digital health patents.

The chosen records were exported from the Derwent Innovation
Index in a table format and subsequently imported into Excel
2016 for thorough analysis. The study focused on examining
the annual volume of applications, granted patents, the most
productive countries, institutions, inventors, highly cited patents,
and institutes. This approach in Excel allowed for a systematic
exploration of quantitative aspects related to digital health
patents, providing insights into the dynamics of patent activity
over time and identifying key contributors and influential patents
in the field.

Results

Applications and Granted Trends Across Diverse
Sectors
We conducted an analysis of all 15,763 granted patents related
to digital health published between 2017 and 2021. In 2017, a
total of 48 patents were granted, followed by a surge to 428
granted patents in 2018. As illustrated in Figure 2, the annual
applications for patents in the digital health domain experienced
a sharp increase from 2017 to 2019, followed by a slight
stagnation in 2020. However, a renewed upward trend was
observed from 2020 to 2021. A general upward trajectory was
noted in granted patents from 2017 to 2022. The fluctuation in
2022 may be attributed to the timing of data retrieval, as patents
published between 2017 and 2021 might not have been granted
by September 22, 2022.
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Figure 2. Applied and granted patents from 2017 to 2022.

Geographical Distribution
Applicants have the option to apply for patents through
intellectual property offices (IPOs) in various countries or
regions, thereby extending the scope of protection for their
technological innovations in the field of digital health. Table 1

and Figure 3 present the top 10 IPOs for published patents and
the top 10 patent applicant countries concerning patent
publications. These insights offer a comprehensive view of the
global landscape in terms of patent activities related to digital
health, highlighting the key contributors and regions involved
in the innovation and protection of digital health technologies.

Table 1. Top 10 intellectual property offices for published patents (N=15,763).

Published patents, n (%)Intellectual property office

7253 (46.01)China National Intellectual Property Administration

4052 (25.71)United States Patent and Trademark Office

2174 (13.79)Japanese patent office

1242 (7.88)European patent office

244 (1.55)IP Australia

228 (1.45)Inspirations Property Institution

216 (1.37)World Intellectual Property Organization

172 (1.09)Deutsches Patent- und Markenamt

94 (0.6)Canadian Intellectual Property Office

46 (0.29)Spanish Patent and Trademark Office
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Figure 3. Intellectual property office for published patents (marked according to the country where the intellectual property office is located).

A total of 99.73% (15,721/15,763) of the published patents
originated from the top 10 IPOs, as detailed in Table 1. The
China National Intellectual Property Administration (CNIPA)
held the majority share, contributing 46% (n=15,763) published
patents, surpassing other IPOs. The United States Patent and
Trademark Office (USPTO) secured the second position with
25.71% (4052/15,763), followed by the Japanese patent office
(JPO) at 13.79% (2174/15,763), the European Patent Office at
7.88% (1242/15,763), IP Australia at 1.55% (244/15,763),
Inspirations Property Institution at 1.45% (228/15,763), and the
World Intellectual Property Organization at 1.37% (216/15,763).

A total of 95.86% (15,110/15,763) of the published patents
originated from the top 10 applicant countries, as illustrated in
Figure 3. Among these, China emerged as the leading country,
submitting the highest number of patents at 6540 (41.5%) of
the total 15,763 publications. The United States secured the
second position, contributing 23.69% (3734/15,763) of the
publications, followed by Japan with 17.9% (2822/15,763).

The alignment of the top 3 IPOs with the leading patent
applicant countries, namely, China, the United States, and Japan,
underscores these regions as highly competitive in safeguarding
technological innovations within the realm of digital health.
This correlation suggests that institutions, enterprises, and
individuals from these countries are at the forefront of
technological innovation in the field of digital health. China,
the United States, and Japan collectively stand out as leaders
in driving advancements and securing intellectual property
protection in the dynamic landscape of digital health
technologies.

Multimedia Appendix 1 provides an overview of the nationality
distribution of patent applicants within the top 3 IPOs.

Specifically, 92.72% (2001/2158) of patent applicants to the
JPO were from Japan, with 4.45% (96/2158) and 0.65%
(14/2158) of applicants originating from the United States and
South Korea, respectively. For the CNIPA, 87.08% (6316/7253)
of patent applicants were from China, whereas 3.38%
(245/7253) and 3.25% (236/7253) were from Japan and the
United States, respectively. In the case of the USPTO, 69.32%
(2953/4260) of patent applicants were from the United States,
with 6.1% (269/4260) and 3.87% (165/4260) from Japan and
China, respectively. Notably, the JPO had the highest proportion
of domestic applicants, closely followed by the CNIPA.
Japanese patentees, who also held the second-largest share of
granted patents in China and the United States, actively
expanded their digital health patents globally. Chinese patentees,
despite ranking third based on the nationality of patent applicants
in JPO and USPTO, exhibited a notable gap in percentage
compared to their American and Japanese counterparts.

Institution Distribution
A total of 671 institutions or individuals were identified as
publishers of patents related to digital health. As detailed in
Table 2, Koninklijke Philips emerged as the leading enterprise
with 329 published patents, followed by Siemens Healthcare
GmbH (252 publications), Shanghai United Imaging Healthcare
(151 publications), Samsung Electronics (121 publications),
and Canon Medical Systems (118 publications). Notably, all
these published patents were granted, with Koninklijke Philips
having the highest number of granted patents. The top 10
institution types were exclusively enterprises, with Japanese
corporations leading the count at 339 published patents, followed
by American companies with 211 published patents, as indicated
in Table 2.
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Table 2. Top 10 institutions with the most published patents (N=15,763).

Published patents, n (%)Country of originInstitution

329 (2.09)The NetherlandsKoninklijke Philips

252 (1.6)GermanyNV Siemens Healthcare GmbH

151 (0.96)ChinaShanghai United Imaging Healthcare

121 (0.77)South KoreaSamsung Electronics Co Ltd

118 (0.75)JapanCanon Medical Systems Corp

115 (0.73)JapanFujifilm Corp

106 (0.67)JapanHitachi Ltd

106 (0.67)United StatesInternational Business

105 (0.67)United StatesGeneral Electric Company

97 (0.62)IsraelBiosense Webster (Israel) Ltd

Table 3 highlights the top 10 highly cited institutions, all of
which are enterprises. Auris Health Inc and Masimo Corporation
stand out with 849 and 983 citations globally, respectively,
underscoring their substantial technological influence in the

digital health field. It is noteworthy that Lepu (Beijing) Medical
Equipment, founded in 1999, is the only Chinese company listed
in Table 3.

Table 3. Top 10 highly cited institutes in the world.

CountryProportion (cited frequency/patents)Patents, nCited frequency, nInstitute

United States44.6819849Auris Health Inc

United States35.1128983MASIMO corporation

United States29.1724700Ethicon Llc

United States25.1010251BERTEC Corporation

United States14.00570VIGNET Incorporated

United States12.00560Bardy Diagnostics Inc

China11.4613149Lepu (Beijing)

United States9.86769Medical Hi LLC

United States9.25874Amazon Technologies

United States7.17643Heartflow Inc

The analysis of coauthorship among institutions revealed
noteworthy insights, as depicted in Figure 4. CiteSpace
autonomously identified 215 institutions with 212 links,
constructing a network illustrating institutional cooperation.
The visual representation in Figure 4 incorporates color-coded
circles denoting the publication year, node size representing the
quantity of published patents, annual-ring width indicating the
number of published patents in each year, and link thickness
reflecting cooperation strength. Notably, Figure 4 highlights
limited international cooperation in the field of digital health

among institutions. However, the analysis identifies 2 notable
enterprise alliances in Japan. The first alliance involves Fuji
Film Corp, whereas the second features Panasonic Intellectual
Property Management Corporation collaborating with both Fuji
Film and Hitachi. Another noteworthy collaboration in Japan
involves Canon, with Olympus maintaining a partnership, albeit
with a lower link strength. These collaborative efforts signify
strategic partnerships within the Japanese digital health
landscape.
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Figure 4. Institutional coauthorship network.

Conversely, there were relatively few local corporations
collaborating with entities in the United States. General Electric
Company exhibited robust research and development
capabilities, evident by its limited linkages with other
institutions, including universities.

In China, extensive collaboration was observed among hospitals,
universities, and research institutions, providing substantial
technological support to Shanghai United Imaging Healthcare.
This collaborative landscape underscores the active engagement
of various entities in China’s digital health sector, fostering
advancements through cooperative efforts. Multimedia
Appendix 2 illustrates the collaboration direction between
Shanghai United Imaging Healthcare, the sole Chinese company
listed in Table 3, and Zhongshan Hospital, its primary joint
patent application agency, depicted through a word cloud. The
primary focus of collaboration between these 2 entities centered
around medical imaging, particularly in the fields of tumors and
the spine. This collaboration highlights the synergy between

Shanghai United Imaging Healthcare, and Zhongshan Hospital
in advancing medical imaging technologies, with a specific
emphasis on tumor and spine-related applications.

Inventor Distribution
Table 4 outlines the top 10 most active inventors based on patent
filings, featuring 7 Americans and 3 Chinese innovators. This
compilation was conducted using Microsoft Excel 2016.
Notably, Assaf Govari secured the top position with 43 (0.3%)
patents of the total 15763. Frederick E published 31 (0.2%)
patents of the total 15,763. Ammar Al Ali, Gary A, Jason L,
Yong Wang, and Hairong Zheng collectively published 25
(0.2%) patents of the total 15,763, earning them the third spot
in terms of publications. Among the top 10 inventors, 1 hailed
from Zhejiang University, the remaining 9 were all affiliated
with enterprises, highlighting the significant contributions of
both academic and corporate entities in the realm of digital
health innovation.

Table 4. Top 10 inventors with published patents.

Published patents, nInstitutionNationalityThe first inventora

43Biosense Webster (Israel) LtdIsraelAssaf

31Ethicon LlcUnited StatesFrederick E

25Masimo CorporationUnited StatesAmmar Al

25Zoll Medical CorporationUnited StatesGary A

25Ethicon LlcUnited StatesJason L

25Chison Medical Technologies Co LtdChinaYong Wang

25Shenzhen National Res Institute of High-Performance
Medical Devices Co Ltd

ChinaHairong Zheng

24Bardy Diagnostics IncUnited StatesGust H

23Align Technology IncUnited StatesAvi

20Zhejiang UniversityChinaTao Liu

aInventors publishing the same number of patents were sorted alphabetically.
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Assaf Govari, a prominent inventor, served as a fellow in
research and development at Biosense Webster, a leading
international company specializing in diagnosing and treating
heart rhythm disorders [27]. A comprehensive search in the
incoPat Patent Data System revealed 565 patent applications
listing Assaf Govari as one of the inventors. Figure 5 depicts
the analysis of technology themes using the patent 3D sandbox.
This innovative visualization represents the competitive
landscape of technologies in a 3D topographic map, where peaks
signify technology-intensive areas and troughs represent

technology gaps. Each dot represents a patent, and proximity
indicates relevance. The most frequently mentioned technology
theme was data point location tracking for analyzing magnetic
resonance imaging data (176 patents). The second most frequent
theme was electroporation technology used in ablation
procedures during cardiac surgery (173 patents). The third most
frequent theme involved an inflatable balloon (138 patents).
These insights provide a glimpse into the diverse and impactful
contributions of Assaf Govari in advancing technological
frontiers in the field of digital health.

Figure 5. Top 10 technology topics of Assaf Govari.

Ammar Al Ali held a position as a fellow at Masimo
Corporation, a global health care technology enterprise
renowned for its research and development of cutting-edge
noninvasive patient monitoring techniques. Masimo Corporation
also secured the second position among the top 10 leading
institutes globally, as indicated in Table 3. Frederick E and
Jason L Harris were affiliated with Ethicon Llc, ranking third
among the top 10 institutions. Ethicon Llc is widely recognized
for its research and development in advanced tissue
management. Gust H Bardy served as the founder and chief
medical officer of Bardy Diagnostics, a company that held the
sixth position among the top 10 institutes globally. Bardy
Diagnostics specialized in the development of heart monitors
and arrhythmia detection devices, emphasizing the delivery of
diagnostically accurate and patient-friendly heart patches and

other monitoring solutions. Gust H Bardy oversaw all clinical
services related to ambulatory cardiac monitoring within the
company.

Our analysis extended to coauthorship, using CiteSpace to
scrutinize inventor networks. The software meticulously tallied
all inventors in each patent, resulting in a coauthorship network
of 168 inventors, 639 linkages, and a density of 0.05. Figure 6
visually represents this coauthorship network, with colors of
circles denoting the publication year, node size indicating the
quantity of published patents, annual-ring width reflecting the
number of published patents in each year, and link thickness
conveying cooperation strength. Figure 6 reveals that most
inventors published patents in 2016 or 2017, and a decline is
observed in the number of inventors contributing to technology
innovation over subsequent years. This temporal trend offers
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insights into the dynamics of inventor collaboration,
emphasizing the early surge in collaborative efforts in the field

of digital health innovation.

Figure 6. Inventor coauthorship network.

Centrality serves as an indicator of a node’s essentiality within
a system. CiteSpace uses this metric to discern the relevance of
authors or institutions, highlighting those with a centrality of
at least 0.1 using a purple circle. In our analysis, Wang X
emerged as a highlighted node, and we identified 142 published
patents listing Wang X as the inventor.

Technological Topic and Patents With a High Citation
Number
We conducted an investigation into the technological themes
of digital health patents using the IPC Code and the DMC. Our
searches and categorizations of patent materials were guided
by hierarchical classification systems. The IPC, as the sole
global classification system for patent documents, serves as a
valuable tool for systematically organizing patents, establishing
a foundation for the selective release of information, and
providing a starting point for research into the state of the art
in specific technological fields. The seventh edition of the IPC
comprises 8 parts, divided into 120 classes, 628 subclasses, and
approximately 69,000 groups [28]. Data for these research

categories were extracted from search results in the Derwent
Innovation Index database system and the incoPat system.

Table 5 delineates the foremost 10 technology domains within
the realm of digital health, as categorized by DMC and IPC
numbers. It is noteworthy that a single patent may fall under
multiple IPC and DMC classifications, thereby impacting the
overall count of patents. Of particular significance in the
classification system of DMC were “diagnostic devices”
(9081/15,763, 57.61%) and “claimed software products”
(3781/15,763, 23.99%), which emerged as the 2 paramount
technology subjects in the landscape of digital health patents.
In addition, “medical equipment and information systems”
(14,579/15,763, 92.49%) played a pivotal role in the overall
categorization. Within the spectrum of coding, T01-J (data
processing system), P31-A (diagnosis or surgery apparatus),
and S05-D (electrical diagnosis) predominated as the primary
codes for the sample patents. Notably, the special code listed
was B11-C11, denoting “general computing methods and
apparatus,” a prevalent technique within the realm of computer
science. This underlines its ubiquity and relevance in the digital
health patent landscape.
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Table 5. Top 10 technology topics classified by Derwent Manual Code and International Patent Classification.

Published patents, nContent

Derwent Manual Code

14,579Medical equipment and information systemsT01-J06A

9081Diagnostic devicesP31-A05

3781Claimed software productsT01-S03

2573Image analysisT01-J10B2

1982Electrical diagnosisS05-D

1278General computing methods and apparatusB11-C11

804Measuring and recording systemsS05-D01

1028Image enhancementT01-J10B1

933Syringes for removing and introducing fluids into the bodyP34-A02

894Surgical tools and instrumentsP31-A01

756Diagnostic displays and monitorsS05-D07

International Patent Classification number

5962Measurement for diagnostic purposes; human identification instruments used
for radiation

A61B5

1769Diagnosis combined with radiotherapy equipmentA61B6

1523Image analysisG06T7

1214Method or device for pattern recognitionG06K9

957Manipulators or robots specially adapted to surgery; computer-assisted surgeryA61B34

878Diagnosis with an ultrasonic, acoustic, or infrasonic waves input device used to
convert the data to be processed into a form that can be processed by the com-
puter

A61B8

696Output device used to transfer data from the processor to the output device, for
example, interface device equipment for testing eyes

G06F3

690Instrument for checking eyes electrotherapyA61B3

659ICTa dedicated to arranging or managing health care resources or facilitiesA61N1

650ICT dedicated to operating medical equipment or devicesG16H40

aICT: information and communication technology.

From the perspective of the IPC number, pivotal metrics in the
field of digital health were evident, with diagnostic and
identification measurements (5962/15,763, 37.82%), instruments
used for radiation diagnosis (1769/15,763, 11.22%), and image
analysis (1532/15,763, 9.72%) emerging as the top 3 technology
categories. Within the IPC classification, the sample patents
displayed extensive distribution, notably within A61B
(diagnosis, surgery, and identification) and G06 (computing
and calculating or counting). A noteworthy inclusion in the
coding spectrum was the special code G16H04, indicating that
information and communication technology has been
purposefully designed for the management or administration of
health care facilities or resources or the operation of medical
equipment and devices. This specialized code underscores the
intentional convergence of technology and health care
management within the digital health patent landscape.

CiteSpace served as the analytic tool to scrutinize category
phrase bursts, facilitating a comprehensive exploration of

temporal trends and hot spots within technological themes.
Subject categories exhibiting robust burst strengths are indicative
of heightened attention from the scientific community during
specific periods. These subject categories, derived directly from
the DMC of cited patents, encapsulate the primary areas of focus
and exploration within a given field during a distinct timeframe.
To map the landscape of subject categories, a cocitation network
was constructed using the top 20 category themes identified
each year. The extraction of the 20 most bursty category themes
relied on CiteSpace’s burstiness findings, cataloged in Table 6.
The “Year” column denotes the year when a code first appeared,
whereas “Strength” quantifies the citation burst intensity for
the listed codes. The sorting of these categories is based on the
inception year, indicating when a category first exhibited bursts,
and is detailed in the fourth column. The “End” column signifies
the concluding year of a bursting category, providing a temporal
context to the identified trends.
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Table 6. Top 10 patents according to number of citations.

Client-related productClientCited frequency, nYearInstitutePublication number

Maryland elbow closed
cutting surgical instrument

Physicians802019Covidien LpUS10420551B2

Ottava laparoscopic
surgery robot

Physicians772021Ethicon LlcUS10980535B2

Auris robotic endoscopy
system

Physicians632019Auris Health IncUS10464209B2

Monarch robot endoscope
platform

Physicians542020Auris Health IncUS10539478B2

Swoop portable MRIaPhysicians542019Hyperfine Research IncUS10416264B2

Monarch robot endoscope
platform

Physicians522019Auris Health IncUS10426559B2

σ-Discover or Stroke CTbPhysicians50201812 Sigma TechnologiesUS10140544B1

Pison AIc neural insightsPatients492018Pison Technology IncUS10070799B2

Root platformPatients472021Masimo CorporationUS10932729B2

VRdPhysicians432019Bao Tran; Ha TranUS10282914B1

aMRI: magnetic resonance imaging.
bCT: computed tomography.
cAI: artificial intelligence.
dVR: virtual reality.

As illustrated in Figure 7, the temporal evolution of digital
health technology topics is graphically represented. The red line
denotes the commencement year of each topic burst, whereas
the subsequent timeline is delineated in green. Figure 7
showcases the top 20 DMC with the most robust burst strength
in patents within the digital health domain, characterized by
distinct thematic trajectories. The early phase of technological
exploration predominantly encompassed topics such as “hospital

equipment for patients’medical records” and “general diagnostic
image processing.” These themes garnered widespread citations
from 2016 to 2017, exhibiting burst strengths of 33.171 and
24.483, respectively. This implies that patients’medical records
served as a primary data source, and general diagnostic image
processing emerged as a principal application scenario for digital
health technology during this period.
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Figure 7. Top 20 subject categories with the strongest citation bursts.

A subsequent thematic surge in digital health technology
research occurred from 2017 to 2019, with a focus on
establishing electronic image and data security. The second
burst peak materialized in 2019 with the emergence of “medical
IT system,” holding the strongest strength in the identified list,
and its influence persisted until 2022. In addition, themes such
as “knowledge processing by artificial intelligence with neural
networks,” “medical equipment with the medical system,” and
“medical information system for data processing” coincided
with this burst period. Distinct trends unfolded from 2020 to
2022, with themes such as “sterilization and disinfection
devices,” “electrical diagnosis for neurological currents and
signals,” and “medical simulation systems” gaining prominence.
The technology topics with the highest burst strength can be
broadly categorized into 4 domains. First, the integration of
medical equipment or apparatus with information technology
systems, exemplified by themes such as “surgical tools,”
“sterilization and disinfection devices,” “medical equipment
with the medical system,” and “hospital equipment for patients’
medical records.” Second, themes related to medical information
systems, such as “general diagnostic image processing,”
“web-based medical information system,” “medical simulation
systems,” “medical information technology system for data
transfer or storage,” and “medical information system for data

processing.” The third category encompasses methods for
processing medical data, including themes such as “signal
pattern recognition,” “forming electronic image,” “knowledge
processing by artificial intelligence with neural networks,”
“information retrieval and storage,” and “data exchange with
distant stations by radio link.” The last category pertains to the
specific application of digital health technology in medical
fields, including themes such as “general diagnostic image
processing,” “processing of recording image of radiation
diagnosis using x-rays,” “electrical diagnosis for neurological
currents and signals,” and “nonvehicle navigation.” Furthermore,
key technology topics are intricately linked to data security and
machine quality, as reflected in the themes of “program security
management” and “computerized control of manufacturing of
industrial machines and quality control.”

Table 6 outlines the top 10 most cited patents in the digital
health field, categorized by the intended users—physicians and
patients. Key features of these highly cited patents include a
predominant focus on technologies benefiting physicians, with
most patentees representing US-based corporations. The granted
technologies are primarily method patents, featuring algorithms
for tasks such as capturing real-world anatomy, detecting
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misalignment of robotic arms during surgery, and precise
segmentation of medical digital images.

Among the top 10 patents, 4 (40%) prominently center around
algorithmic technology. Notably, convolutional neural networks
played a pivotal role in advancing the technological landscape.
They significantly contributed to the development of image
detection in the human brain through magnetic resonance [29]
and played a key role in the accurate and efficient segmentation
of medical images of human organs [30]. The patent
US10426559B2, owned by Auris Health Inc, revealed a method
for calibrating a medical instrument equipped with an articulable
elongated shaft [31], showcasing advancements in instrument
precision. In contrast, the patent titled “Systems and methods
for computer-assisted operation” stood out as the sole patent
applied by individuals. It unveiled a comprehensive technique
for capturing real-world anatomy, implemented in 3D printing
within the medical field [32].

Furthermore, 2 additional patents delve into the domain of
robotic arms extensively used in surgical procedures. These
patents are under the ownership of Auris Health Inc, a
Subsidiary Corporation of Ethicon Llc. The patent
US10464209B2 presents a system designed to control the
position of manipulators both before and during medical
procedures. It provides an illustrative example of this technology
in action during a diagnostic “and” or “or” therapeutic
bronchoscopy procedure [33]. Moreover, the patent addressing
the “Detection of misalignment of robotic arms” unveils a
system engineered for identifying undesirable forces on
manipulators within a surgical machine system. This innovative
technique is exemplified in the context of ureteroscopy and
laparoscopic procedures [34].

In addition, 2 patents focus on technological advancements
aimed at enhancing surgical instruments. The most widely cited
patent describes a powered surgical instrument designed to
enhance the reliability of communication between the disposable
loading unit and the handle assembly. This patent, applied by
Covidien Lp, a globally recognized enterprise in the
development, production, and sales of health care products, was
acquired by Medtronic in 2015 [35]. The patent with the
identifier US10980535B2 introduces a surgical instrument
tailored for use in endoscopic surgical cutting and fastening
procedures [36]. Notably, this patent served to upgrade the Auris
Robotic Endoscopy System, the first endoscopic robot developed
by Auris Health Inc for the treatment of lung diseases. The
system had successfully obtained approval from the US Food
and Drug Administration in 2016. It is evident that these 2
highly cited techniques are product patents, conferring a broader
scope of protected rights compared to method patents. This
distinction underscores the significance of innovations in
surgical instrument design and functionality within the realm
of digital health.

Moreover, it is noteworthy that the technique titled “Detecting
and using body tissue electrical signals,” owned by Pison
Technology Inc, holds a prominent position in Table 6 and finds
widespread implementation in wearable devices. Pison
Technology Inc has articulated the versatile application of this
technique across industrial, business, medical, and military

domains. Functionally, it is designed for monitoring, control,
feedback, actuation, communication, and comprehensive data
accumulation and analysis. This innovative technique has
practical applications such as monitoring heart rate and
electrocardiograph from the wrist or foot. In addition, it is
instrumental in measuring or analyzing fitness parameters,
including muscular strength and stamina. In the medical field,
it plays a crucial role in observing the state and progression of
neurological disorders such as amyotrophic lateral sclerosis and
other neurodegenerative conditions. The technique’s carrier is
a wireless wrist-mounted user interface device, complemented
by an app and a universal human-machine interface platform,
as detailed in the patent [37]. This comprehensive approach
reflects the broader impact and potential of digital health
technologies, particularly in the realm of wearable devices and
health monitoring.

The final patent to be highlighted is the one titled “Opioid
overdose monitoring,” owned by Masimo Corporation. This
innovative technique comprises an oximeter designed to be
compatible with a handheld monitor for physiological
parameters. The system is specifically engineered for monitoring
indications of opioid overdose and facilitating the delivery of
therapeutic drugs [38].

Discussion

Principal Findings
It is crucial to acknowledge that a patent represents an exclusive
right granted by a nation to an institution or individual for an
invention characterized by innovation, a technical solution, and
industrial applicability. Patent information encapsulates a wealth
of technological, commercial, and competitor knowledge, with
a substantial portion often remaining unpublished. Although
bibliometric analyses have been traditionally drawn from articles
in digital health–related journals, this study marks the first
systematic analysis of digital health technologies using patent
documents. This approach serves as a pioneering effort in
scientific knowledge dissemination, aiming to identify key
nations, inventors, and technological focal points within the
realm of digital health. The insights derived from this analysis
are intended to provide a valuable reference for researchers and
inventors navigating the dynamic landscape of digital health
innovation.

In this study, our analysis of patent layouts across different
countries revealed Japan as the most active nation in terms of
overseas patent distribution, as per statistics from CNIPA, JPO,
and USPTO. Notably, we identified distinct cooperation models
prevalent in major countries. During the developmental stages
of digital health, China, in contrast to the United States and
Japan, appeared to be in a startup phase and exhibited a
preference for collaborations involving universities, hospitals,
and enterprises. In Japan, where digital health industrialization
has reached a relatively mature stage, an intercompany
cooperation model was found to be more suitable. In the United
States, being the most advanced country in digital health
industrialization, the need for cooperation seemed less essential,
given the presence of formidable companies such as General
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Electric Company, equipped with robust technological
development capabilities.

Furthermore, our examination of patents allowed us to delineate
the top 20 subject categories exhibiting the strongest citation
bursts. This analysis serves to illuminate the technological
development paths within the field of digital health, offering
valuable insights into the trajectory of innovation in this domain.

The comparison with the latest bibliometric analysis on digital
technologies in health care by Sikandar et al [39], which focused
on published articles from 2017 to 2021, reveals interesting
disparities in findings. Sikandar et al [39] identified the United
Kingdom as the most active country in the research field of
digital technology in health care. Noteworthy themes from the
sampled articles included “Digital health literacy,” “Digital
health for healthcare workers,” “Digital health and covid 19,”
and “Applications of digital health” [39]. This comparison
underscores a significant divergence in the hot spots and
emphases between patents and articles within the digital health
domain. While the United Kingdom emerged as the most active
country in the article-centric analysis, our study, centered on
patents, identified Japan as the most active nation. Furthermore,
the themes that gained prominence in articles, such as “Digital
health literacy,” were notably absent or had limited mention in
the patent landscape. This discrepancy highlights the varied
perspectives and priorities of authors and inventors, suggesting
that the focus of researchers, as reflected in published articles,
may not entirely align with the areas of innovation and patent
activity in the digital health field.

The analysis of digital health patents spanning from 2017 to
2021 reveals a notable increase in granted patents in 2018,
driven by several key factors. First, supportive policies played
a pivotal role in promoting the implementation of digital
technology in the medical field. Initiatives such as the
“Framework for FDA’s Real World Evidence Program,”
“Regulatory decision making for medical devices supported by
real-world evidence,” and “Implementation of eHealth Records
in Clinical Trial Guidance for Industry,” launched by the US
Food and Drug Administration in 2017 and 2018, provided a
regulatory framework and impetus for digital health innovation.
Furthermore, the Chinese government’s strategic initiatives, as
outlined in the “Guidance on Promoting and Regulating the
Medical Data Applications” and “Regulations on promoting
the development of online healthcare,” released by the General
Office of the Chinese State Council in 2016 and 2018,
respectively, significantly contributed to the growth of digital
health in China. The introduction of the General Data Protection
Regulation by the European Union on May 25, 2018, marked
a milestone in the formation of industry standards for digital
health. This regulation, applicable to any entity handling
personal data related to European Union member states, had a
global impact on data protection practices. Moreover, the partial
coverage of digital health costs by medical insurance in some
countries, exemplified by the development of a digital formulary
in the United States in 2017, enhanced accessibility and financial
viability. This, in turn, stimulated innovation and contributed
to the surge in granted patents. In summary, a convergence of
regulatory support, strategic government initiatives, the
establishment of industry standards, and advancements in

insurance coverage collectively fueled the remarkable increase
in digital health patents in 2018.

There is no patent layout for digital health in Africa, and
possible reasons are as follows. Policy guidance, technological
innovation, and financial support are the foundation on which
digital health is born and grows. Africa lacks the corresponding
economic basis and talent reserve for the development of the
digital health. Meanwhile, few corporation giants focusing on
digital health are registered in this area because of the turbulent
politics situation, poor economic foundation, and low education
level, and this area also has no more mature commercial
application for the digital health technology.

This study reveals the top countries, key inventors, and hot
technologies in the patent landscape for digital therapies, which
provides guidance for implementers who are applying for
international patents on digital health. Innovation policies for
digital health should be formulated and implemented in countries
where patents are predominantly applied. The key inventors
and hot technologies proposed by the study can be used as both
a reference and as an inspiration for inventors to find
cooperation partners and pioneer new research and development
areas in the near future.

There is no established patent layout for digital health in Africa,
and several factors contribute to this absence. The growth of
digital health relies on a foundation of policy guidance,
technological innovation, and financial support. Unfortunately,
Africa lacks the corresponding economic basis and talent reserve
necessary for the development of digital health. In addition, the
turbulent political situation, poor economic foundation, and low
education levels in the region deter major corporations from
focusing on digital health, and there is a lack of mature
commercial applications for digital health technology. In
addition, it is possible that our search methods may impose
limitations on the retrieval of patents from the African region.

This study not only underscores the challenges but also reveals
key insights into the top countries, key inventors, and emerging
technologies in the global patent landscape for digital therapies.
These findings offer valuable guidance for international patent
applicants in the field of digital health. Countries where patents
are predominantly applied should consider formulating and
implementing innovation policies for digital health. Moreover,
the key inventors and emerging technologies identified in this
study can serve as both a reference and an inspiration for
inventors. They provide a road map for finding potential
cooperation partners and exploring new research and
development areas in the near future.

Limitations
Nevertheless, our study has certain limitations. First, we
retrieved only a partial data set from the Derwent Innovations
Index database, and some databases were not included. This
omission may have resulted in overlooking certain frontier
technologies. However, it is worth noting that the Derwent
Innovations Index database, from which we collected most
published patents, encompasses patents from >50 patent issuing
authorities worldwide. Second, our analysis focused solely on
granted and valid patents, emphasizing right stability. This
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approach may overlook some significant patents in the initial
application stage. Third, our study was dedicated to analyzing
the technical construction of digital health patents through
bibliometric analysis. We did not provide a detailed discussion
on the content of patents. For a more comprehensive
understanding, a systematic patent review in the future is
essential. For future work, expanding the scope of patent
searches by including searches on Google Scholar could enrich
and fill gaps in patents that were not investigated in this study.

Conclusions
We conducted an analysis of the digital health technology trend
from 2017 to 2021 using a data set of 15,763 published patents
extracted from the Derwent Innovations Index database. The
study not only identified the most productive countries,
institutions, and inventors but also delineated the various stages
of technology development, key technology categories, and the
most cited patents within the digital health domain.

In terms of patent participation rates, China emerged as a
frontrunner among the top 10 countries or regions, leading in
both the number of patents and technological advancements.
This dominance is attributed to China’s concerted efforts in
driving digital transformation across various sectors, particularly
in medicine. In addition, the substantial patient populations in
China contribute significantly to the wealth of data resources
available for advancing digital health technologies.

Among the top 10 institutions with the highest number of
published patents and the top 10 highly cited institutes globally,
all were enterprises. This underscores the pivotal role that
corporations play in shaping the patent landscape in the digital
health sector. The active engagement of these enterprises is
anticipated to yield considerable economic returns in the near
future.

Examining the top 10 inventors featured in each patent list, 6
hailed from the United States. Furthermore, the patentees of the
leading 10 patents, based on the number of citations, were all
Americans. Overall, 90% (9/10) of the highly cited institutes
globally also originated from the United States. Undoubtedly,
the United States has been a frontrunner in the digital health
technology domain. Illustrating a noteworthy collaboration
model is Shanghai United Imaging Healthcare, a leader in
advanced health care imaging techniques. The company closely
collaborated with Zhongshan Hospital, a renowned health
institution in the cardiovascular field in China, in the
development of digital health solutions.

In our analysis of highly cited patents, we observed that health
interventions and improvements in surgical devices were the
primary application scenarios for digital health technology.
Core to these advancements were algorithms, the focal point of
patent-protected technologies. In addition, technologies related
to data transfer, storage, and exchange, particularly in the
context of telehealth, are anticipated to be hot spots in basic
research in the near future.
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Abstract

Background: Hyperbaric oxygen (HBO2) treatment is used across a range of medical specialties for a variety of applications,
particularly where hypoxia and inflammation are important contributors. Because of its hypoxia-relieving and anti-inflammatory
effects HBO2 may be useful for new indications not currently approved by the Undersea and Hyperbaric Medical Society.
Identifying these new applications for HBO2 is difficult because individual centers may only treat a few cases and not track the
outcomes consistently. The web-based International Multicenter Registry for Hyperbaric Oxygen Therapy captures prospective
outcome data for patients treated with HBO2 therapy. These data can then be used to identify new potential applications for HBO2,
which has relevance for a range of medical specialties.

Objective: Although hyperbaric medicine has established indications, new ones continue to emerge. One objective of this
registry study was to identify cases where HBO2 has been used for conditions falling outside of current Undersea and Hyperbaric
Medical Society–approved indications and present outcome data for them.

Methods: This descriptive study used data from a web-based, multicenter, international registry of patients treated with HBO2.
Participating centers agree to collect data on all patients treated using standard outcome measures, and individual centers send
deidentified data to the central registry. HBO2 treatment programs in the United States, the United Kingdom, and Australia
participate. Demographic, outcome, complication, and treatment data, including pre- and posttreatment quality of life questionnaires
(EQ-5D-5L) were collected for individuals referred for HBO2 treatment.

Results: Out of 9726 patient entries, 378 (3.89%) individuals were treated for 45 emerging indications. Post–COVID-19 condition
(PCC; also known as postacute sequelae of COVID-19; 149/378, 39.4%), ulcerative colitis (47/378, 12.4%), and Crohn disease
(40/378, 10.6%) accounted for 62.4% (n=236) of the total cases. Calciphylaxis (20/378, 5.3%), frostbite (18/378, 4.8%), and
peripheral vascular disease–related wounds (12/378, 3.2%) accounted for a further 13.2% (n=50). Patients with PCC reported
significant improvement on the Neurobehavioral Symptom Inventory (NSI score: pretreatment=30.6; posttreatment=14.4; P<.001).
Patients with Crohn disease reported significantly improved quality of life (EQ-5D score: pretreatment=53.8; posttreatment=68.8),
and 5 (13%) reported closing a fistula. Patients with ulcerative colitis and complete pre- and post-HBO2 data reported improved
quality of life and lower scores on a bowel questionnaire examining frequency, blood, pain, and urgency. A subset of patients
with calciphylaxis and arterial ulcers also reported improvement.
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Conclusions: HBO2 is being used for a wide range of possible applications across various medical specialties for its
hypoxia-relieving and anti-inflammatory effects. Results show statistically significant improvements in patient-reported outcomes
for inflammatory bowel disease and PCC. HBO2 is also being used for frostbite, pyoderma gangrenosum, pterygium, hypospadias
repair, and facial filler procedures. Other indications show evidence for improvement, and the case series for all indications is
growing in the registry.

International Registered Report Identifier (IRRID): RR2-10.2196/18857

(Interact J Med Res 2024;13:e53821)   doi:10.2196/53821
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Introduction

Background
Hypoxia and inflammation are part of the pathophysiology for
various conditions across a range of medical subspecialties.
One approach to relieving hypoxia and reducing inflammation
is the use of hyperbaric oxygen (HBO2). HBO2 is 100% oxygen
delivered at pressures >1.4 atmospheres absolute (ATA) within
a pressurized chamber. Typically, pressures of ≥2.0 ATA are
used. HBO2 treatments greatly increase the amount of oxygen
dissolved in plasma and tissue during the treatment and are very
effective for relieving hypoxia. The high levels of oxygen in
tissue lead to a variety of biochemical effects including reduced
inflammation and the release of stem cells from the bone marrow
[1,2], leading to its application in several conditions, often in
cases when standard treatment is not effective.

Currently, the Undersea and Hyperbaric Medical Society
(UHMS) has identified 15 conditions where HBO2 can be
considered an approved treatment [3]. These range from caisson
disease (decompression illness), where the combination of
increased pressure, relief of hypoxia, and reduced inflammation
from HBO2 help combat the impaired circulation and endothelial
damage caused by bubbles [4], to radiation injury, where the
pulses of oxygen promote angiogenesis and wound healing [3].
Because of HBO2’s effects on hypoxia and inflammation, more
medical diagnoses likely exist that can benefit from HBO2.
However, HBO2 is typically given in long courses (20-40
treatments), and most centers see only a limited number of
patients. Therefore, gathering outcome data on HBO2 treatment
has been limited, and often, only case reports or small case
series are available to support its use. In addition, practice
patterns differ across centers, and some centers may use HBO2

successfully for an indication that other centers may not consider
it for. To gather more data on HBO2 applications, outcome data
from multiple centers need to be combined, but until 2011, no
major academic registry existed to record treated cases and to
track outcomes [5,6].

The International Registry for Hyperbaric Oxygen Treatment
was formed to gather consistent outcome data from multiple
centers [5]. The registry’s goal is to improve the use of HBO2

through evidence-based medicine. The registry records all
hyperbaric medicine cases seen at participating centers and
includes data on demographics, outcomes, complications,
treatment duration, treatment pressure, and quality of life (QOL),
among other markers. The registry started at the
Dartmouth-Hitchcock Medical Center and Elliott Hospital in
2011 but expanded significantly in 2020 when the number and
geographical distribution of participating centers grew. A total
of 32 centers are entering data as of May 2024. The registry
includes centers in the United States, the United Kingdom, and
Australia (Table 1), and the data are used in publications about
the use of HBO2 [6-8].

An important outcome from the registry is identifying emerging
medical indications for HBO2 treatment. Particularly at academic
centers, unique or challenging cases where hypoxia,
inflammation, or both are considerations for referring patients
for HBO2 treatment. The types of cases referred and the
outcomes from them can indicate which new indications may
need further study in controlled trials. This information can also
support the use of HBO2 for individual conditions when other
treatments are not effective. Since the registry’s inception, 378
cases have been recorded where treatment was given for a
condition falling outside of the current 15 UHMS-approved
indications.
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Table 1. Center totals for emerging indications contributing to the analysis (n=378).

Total emerging indications for
HBO2 therapy (n=378), n (%)

Total cases in registry
(n=9019), n

LocationCenter

1 (0.3)135Melbourne, AustraliaAlfred Health

10 (2.6)310Sioux Falls, South DakotaAvera McKennan Hospital

2 (0.5)67Beverly, MassachusettsBeverly Hospital

4 (1.1)109Plymouth, United KingdomDDRCa Health Care

74 (19.6)1118Lebanon, New HampshireDartmouth-Hitchcock Medical Center

4 (1.1)319Raleigh, North CarolinaDuke University Medical Center

4 (1.1)47Great Yarmouth, United KingdomJames Paget University Hospital

10 (2.6)495St Murray, UtahIntermountain Medical Center

2 (0.5)283Salt Lake City, UtahLatter Day Saints Hospital

12 (3.2)645Portland, OregonLegacy Health Group

6 (1.6)131London, United KingdomLHMb Health Care

1 (0.3)110Logan, UtahLogan Regional Medical Center

11 (2.9)947Rochester, MinnesotaMayo Clinic

152 (40.2)171Rugby, United KingdomMidlands Diving Chamber

36 (9.5)847Sydney, AustraliaPrince of Wales Hospital

6 (1.6)409Grand Rapids, MichiganSpectrum Health

5 (1.3)310St George, UtahSt George Regional Hospital

4 (1.1)15Chichester, United KingdomSt Richard’s Hospital

12 (3.2)385San Diego, CaliforniaUniversity of California San Diego

29 (7.7)1260Baltimore, MarylandUniversity of Maryland Medical Center

1 (0.3)223Philadelphia, PennsylvaniaUniversity of Pennsylvania

2 (0.5)63Rochester, New YorkUniversity of Rochester Medical Center

6 (1.6)450Provo, UtahUtah Valley Hospital

4 (1.1)233Brisbane, AustraliaWesley Hyperbaric

aDDRC: Diving Diseases Research Center.
bLHM: London Hyperbaric Medicine.

Objectives
The goal of this analysis is to: (1) quantify which
non–UHMS-approved indications are being treated at registry
centers and (2) provide outcomes for indications where sufficient
cases exist. This analysis is important to: (1) identify indications
deserving of further research, (2) inform both hyperbaric and
other practitioners on new and emerging uses of HBO2, and (3)
identify potential applications of HBO2 treatment across various
medical and surgical specialties for challenging cases.

Methods

Overview
To guide the presentation of data in this report, the RECORD
(Reporting of Studies Conducted Using Observational Routinely
Collected Health Data) statement was used [9]. RECORD was
created as an extension to the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) statement

to address reporting items specific to observational studies using
routinely collected health data such as registries. The checklist
is included as supplemental material.

Ethical Considerations
The structure of the web-based International Multicenter
Registry for Hyperbaric Oxygen Therapy has been described
previously [5]. Briefly, the registry is composed of hyperbaric
centers that agree to follow the registry consortium agreement
when becoming a member. Every site obtained institutional
review board (IRB) approval and gathered informed consent in
agreement with their IRB approval. Sites either obtain IRB
approval from their own IRB or establish a reliance agreement
with the IRB Dartmouth College (STUDY00024438). Informed
consent differs across centers, with some centers having an
approved waiver of consent and others requiring a separate
consent from the hyperbaric treatment consent for all patients.
Data are deidentified when they are sent to the data coordinating
center. Participants do not receive compensation.
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Registry Design and Data Collection
All centers use a free database application, REDCap (Research
Electronic Data Capture; Vanderbilt University) for data entry.
REDCap is a secure, web-based software platform designed to
support data capture for research studies, providing: (1) an
intuitive interface for validated data capture, (2) audit trails for
tracking data manipulation and export procedures, (3) automated
export procedures for seamless data downloads to common
statistical packages, and (4) procedures for data integration and
interoperability with external sources. Registry data from each
center are anonymized and collated every quarter at the
coordinating center (Dartmouth) and are available to all users
for research purposes [10,11].

Data are collected within a week of beginning and ending HBO2

treatment. All patients have relevant demographic data recorded
(age, biological sex, and race). Yes or no questions are asked
about any history of prior HBO2 treatment, prior seizures, or
current pregnancy. Patients are asked about diabetes (whether
controlled by diet, oral medications, or insulin) and about any
current or prior smoking history or other nicotine use. At the
end of treatment, the number of treatments given is recorded,
along with any treatment complications that may have occurred.

Several patient-reported outcome questionnaires are used. All
the questionnaires are maintained on the registry website. Any
updates to documents are thus easily distributed to the centers
that all have access. Patients are asked to complete the EuroQol
EQ-5D-5L QOL questionnaire at the beginning and end of
treatment [12]. This questionnaire asks about health in 5
dimensions: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression. Each dimension has 5
levels, and the answers to the 5 questions are combined into 1
composite score or index. Scores range from –0.59 to 1, where
1 is the best possible reported health. Overall health is also rated
on a 0 to 100 hash-marked, vertical visual analog scale (VAS).
The EQ-5D-5L questionnaire is a copyrighted evidence-based
assessment of health and has been registered for registry use.
It has been incorporated into all entries collected since 2019 to
evaluate overall health pre- and post-HBO2 therapy. Patients
treated before then do not have results for this questionnaire.

Depending on the indication, additional questionnaires (eg,
urinary distress inventory for radiation cystitis, European
Organisation for Research and Treatment of Cancer, Quality of
Life Questionnaire, Head and Neck 35 QLQ-H&N35 for head
and neck cancer) are administered in accordance with registry
protocols. For patients with Crohn disease, the perianal Crohn
symptom index is completed, which asks about the number of
fistulas, fistula drainage, rectal drainage, bowel movement

frequency, and the use of motility agents. The administration
of this questionnaire began in 2019, and it is included in
Multimedia Appendix 1. Patients with ulcerative colitis (UC)
receive a questionnaire that asks about bowel movement
frequency during the night and day, blood in the stool, urgency,
and pain. The frequency, blood, urgency, and pain factors are
combined into an overall score that ranges from 0 (no
symptoms) to 17 (maximum symptoms) to characterize symptom
severity. The administration of this questionnaire also started
in 2019, and it is included in Multimedia Appendix 2. Because
the Crohn and UC questionnaires were added later in the
registry’s development, patients treated before that time do not
have results from these questionnaires.

Patients with head trauma and post–COVID-19 symptoms are
presented with the Neurobehavioral Symptom Inventory (NSI)
[13]. The NSI has 22 questions designed to cover symptoms
related to concussion. Patients rate the severity of common
symptoms such as headache, fatigue, and nausea on a scale
ranging from 0 (none) to 4 (very severe), with the maximum
total score of 88. Initially, this questionnaire was only
administered to patients with carbon monoxide poisoning, but
in 2022, this questionnaire was expanded to any brain-related
condition, including those with post–COVID-19 condition (PCC;
also known as postacute sequalae of COVID-19). For frostbite,
the users are presented with a diagram of the hands and feet,
and they select the affected areas (Figure 1).

As the data are coded by indication, records are classified into
one or more of the 15 approved UHMS indications or
categorized as “other.” The design of this study was to focus
on all those records where the indication was “other” and to
combine data for those indications. Data entries fitting into the
“other” category were isolated and subsequently further divided
into subgroups for investigation in this study. Data were
reviewed manually to determine if the record fit into one of the
already recognized “other” indications or if it was an indication
that did not exist within the registry. For example, Crohn disease
is a selection on the “Other Indications” dropdown menu;
however, this option was not always present in the registry.
Previously, users would select “other” and then enter Crohn
disease in a text box. So, these text entries were examined to
ensure the cases were properly classified. Once the text had
been identified, data were processed using MATLAB 2023a
(The MathWorks Inc) using text-recognition algorithms to
classify the reasons for treatment properly. These results were
manually double-checked for accuracy using Microsoft Excel.
The study size was determined by the number of entries for
“other” indications in the registry from registry inception in
2011 through May 2024.
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Figure 1. Data entry screen for frostbite injuries. The registry provides different approaches to data entry to make data entry easy and consistent.

Missing Data Reasons
Either pre- or posttreatment data were missing for a variety of
reasons. For some of the questionnaires, data collection did not
start until the registry had been underway for several years. This
is true for the EQ-5D-5L and the Crohn, UC, and NSI
questionnaires. So, patients treated early in the registry did not
have results for these questionnaires. In other cases, data were
missing because the patient discontinued treatment, was
discharged from the hospital, or transferred to another facility
and was not available for the final questionnaire. Some patients
were too ill to complete the questionnaires.

Statistical Analysis
For those indications with sufficient responses (n≥6) and
complete pre- and posttreatment data for the variable in question,
pre- and posttreatment values were compared statistically.
Questionnaire responses or rating scales where the answers were
categories were analyzed using the sign test (eg, EQ-5D-5L,
NSI, and bowel questionnaire). Otherwise, data were compared
using the Wilcoxon signed-rank test (eg, fistula number on the
Crohn symptom index). Individuals who were missing a pre-
or posttreatment value for a variable were not included in the
primary analysis.

Treatment of Missing Data
The baseline characteristics of those with complete and
incomplete data on Crohn-, UC-, and PCC-related questionnaires
were calculated and presented in the results. We conducted
sensitivity analyses to tease out the potential impacts of missing
data as follows. Individuals who were missing EQ-5D
questionnaire responses but had other data in the registry
indicating they had a positive response to treatment were given
pre- and posttreatment values based on the pre- and
posttreatment mean values of those with complete data. For the

remainder, we used best, worst, and average case scenarios. In
the best case, we assumed all those with missing data improved
to the same degree on average as those with complete data. For
the worst case, we assumed all those with missing data worsened
by the same average percentage that those with complete data
improved. For the average case, we calculated the proportion
of individuals with complete data that improved and applied
that to the missing data. We took the view that sensitivity
analyses were not appropriate when the number of cases with
complete data was very small, and we used 10 as the limit,
accepting that this is an arbitrary limit.

Results

Overview
As of May 2024, a total of 32 sites were actively entering data
in the registry, and 24 (75%) of these centers contributed to the
indications labeled “other” (Table 1). In total, 378 cases were
marked as having diagnoses not currently UHMS approved and
receiving at least 1 HBO2 treatment. One center had an interest
in PCC and contributed 141 (94.6%) out of 149 cases for that
indication. Aside from PCC, UC was the most common
condition (n=47, 12.4%), followed closely by Crohn disease
(n=40, 10.6%). Combined, inflammatory bowel disease (IBD;
n=87) accounted for 23% of hyperbaric cases treated as “other”
(n=378). If combined with pouchitis (n=1) and pyoderma
gangrenosum (n=7), which are both often associated with IBD,
total IBD and related cases accounted for 25.1% (95/378) of
cases treated. Of the remaining diagnoses treated, calciphylaxis
(n=20, 5.3%), frostbite (n=18, 4.8%), and peripheral vascular
disease ulcers (n=12, 3.2%) each had ≥10 cases. There were 23
diagnoses with only a single case (Table 2). The result of this
was a series of case cohorts and individual case studies gathered
into a single database.
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Table 2. Summary of other indications (n=378)a.

Values, n (%)Indication

149 (39.4)Post–COVID-19 condition

47 (12.4)Ulcerative colitis

40 (10.6)Crohn disease

20 (5.3)Calciphylaxis

18 (4.8)Frostbite

12 (3.2)Peripheral vascular disease ulcer

9 (2.4)Acute COVID-19

7 (1.9)Pyoderma gangrenosum

7 (1.9)Pterygium

7 (1.9)Hypospadias

6 (1.6)Osteonecrosis and avascular necrosis

5 (1.3)Head trauma

5 (1.3)Infected implanted hardware

4 (1.1)Pneumatosis intestinalis

4 (1.1)Facial filler

3 (8)Ischemic bowel

2 (0.5)Raynaud syndrome

2 (0.5)Malignant otitis externa

2 (0.5)Nonarteritic anterior ischemic optic neuropathy

2 (0.5)Central retinal vein occlusion

2 (0.5)Cyclophosphamide cystitis

2 (0.5)Femoral head necrosis

1 (0.3)Invasive fungal infection

1 (0.3)Chronic anal fissure

1 (0.3)Vasculitic ulcer

1 (0.3)BKb virus cystitis

1 (0.3)Levamisole vasculitis

1 (0.3)Graft-vs-host disease

1 (0.3)Decubitus ulcer

1 (0.3)Greater trochanteric pain syndrome

1 (0.3)Rectovaginal fistula

1 (0.3)Argon poisoning

1 (0.3)Pouchitis

1 (0.3)Chemotherapy-related bladder ulcer

1 (0.3)After surgery in irradiated tissue

1 (0.3)Recurrent perianal abscess

1 (0.3)Tinnitus

1 (0.3)Clostridium enterocolitis

1 (0.3)Ligament and cartilage injury

1 (0.3)Branch retinal artery occlusion

1 (0.3)Axonotmesis
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Values, n (%)Indication

1 (0.3)Nonhealing bowel anastomosis

1 (0.3)Multiple sclerosis

1 (0.3)Inclusion body myositis

1 (0.3)Epidermolysis bullosa

aSome of the indications were case series with several cases; others were case reports of individual cases.
bBK: human polyomavirus 1.

IBD and Related Conditions

Crohn Disease
The 40 patients with Crohn disease had a mean age of 37 (SD
13) years, with 14 (35%) men and 26 (65%) women. The racial
breakdown was as follows: Asian (n=2, 5%); Black (n=2, 5%),
White (n=28, 70%), more than 1 race (n=1, 2%), and missing
(n=7, 18%). The median number of HBO2 treatments completed
was 30 (IQR 19.5-40.5). A total of 25 (62%) of the 40 patients
with Crohn disease had complete pre- and posttreatment data
for the EQ-5D-5L QOL measure; 7 (18%) patients were missing
data because they had been entered into the registry before the
adoption of the questionnaire; 3 (8%) did not complete the
pretreatment questionnaire, and an additional 5 (12%) did not

complete the posttreatment questionnaire. Of the 3 with no
pretreatment questionnaire, 1 transferred to another HBO2 center
and 1 was reported to have improved. Of those 5 with
pretreatment data but no posttreatment questionnaire data, 1
was improving, but insurance would not approve additional
treatments, 1 had closed a fistula and stopped treatment, and 1
was discharged from the hospital and could not continue as an
outpatient. One completed 6 treatments and was feeling too sick
to continue. Of those who completed the EQ-5D (n=25), 20
(80%) reported improvement and 5 (20%) were unchanged
(P<.001; Figure 2). Patients with perianal Crohn questionnaire
results (n=18) reported a significant decrease in discharge from
the fistulas after treatment (P=.01; Figure 3); 5 (28%) patients
also reported a decrease in the number of fistulas.

Figure 2. Results from the EQ-5D visual analog scale for patients with Crohn disease. A total of 20 patients had complete pretreatment and posttreatment
hyperbaric oxygen (HBO2) data. A sensitivity analysis using a best, worst, and average case for missing data shows that the results are significant in
all those cases.

For the sensitivity analysis, the 7 individuals with missing
EQ-5D questionnaires were slightly younger (32 vs 37 years)
with a similar total number of treatments (n=40 vs n=37) and
were considered to be missing at random. Of the remaining 8,
a total of 3 (38%) were reported to have improved elsewhere
in the registry and so were “given” values based on the pre- and
posttreatment mean values of those with complete data, and 1
(12%) was reported to be too sick to continue, so was assumed
to have worsened by the same average percentage that others
had improved (28% in this case). For the remaining 4 (50%),

the best, worst, and average case scenarios were used. The best
case assumed that all the 4 individuals improved on the EQ-5D
VAS by the average amount, and the worst case assumed that
they worsened by the same average percentage that others had
improved (28% in this case). For the average case, the same
proportion of improvement for those with data (20/25, 80%)
was applied to the 4 cases (ie, 3 improved and 1 worsened).
These gave the best case (27/33, 82% improved; P<.001), worst
case (23/33, 70% improved; P=.001), and average case (26/33,
79% improved; P<.001). If the 3 individuals with missing
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EQ-5D data, but were noted to improve, were assumed to have
worsened instead, this would still have been statistically
significant (P=.04).

For the fistula discharge data (n=18), there were 18 (45%)
individuals with complete data. For the sensitivity analysis, the

3 (7.5%) individuals who reported improvement elsewhere in
the registry were treated the same as the others with missing
data. The sensitivity analyses results are as follows: best (25/33,
76% improved; P<.001), worst (10/33, 30% improved; P=.33),
and average (18/33, 55% improved; P=.08).

Figure 3. Reported fistula discharge pre- and post-HBO2 therapy in patients with Crohn disease who had complete pre- and post-HBO2 data. The
sensitivity analyses results are follows: best case (25/33, 76% improved; P<.001), worst case 10/33, 30% improved; P=.33), and average case (18/33,
55% improved; P=.08).

HBO2 for UC
The 47 patients with UC had a mean age of 41 (SD 20.5) years,
with 24 (51%) women and 23 (49%) men. The racial breakdown
was as follows: Asian (n=1, 2%); Black (n=2, 4%); White (n=40,
85%); refused (n=1, 2%); and missing (n=3, 6%). The median
number of treatments was 5 (IQR 2.6-7.4). A total of 19 (40%)
patients had complete EQ-5D-5L questionnaire data; 6 (13%)
were missing data because they were in the registry before the
EQ-5D was adopted; 12 (26%) had no pretreatment
questionnaire data; and an additional 10 (21%) had no
posttreatment questionnaire data. Of those with no pretreatment
questionnaire data (n=12), 1 had cognitive impairment, 1 was
unable to complete the form, 2 declined, 1 decided to stop
treatment, 1 stopped because of an unrelated medical problem,
and 4 stopped because they had improved. For 2 the reason was
not listed. Among those with no posttreatment questionnaire
data (n=10) despite having a pretreatment result, 4 (40%) were
discharged before completing the form; in 3 (30%) cases, the
patient terminated treatment; and in an additional 3 (30%),
treatment ended unexpectedly. The group without pretreatment
questionnaire data tended to be older (mean 43 years, SD 23.2)
and receive more treatments (median 8.5, IQR 5.3-11.8). The
group missing posttreatment questionnaire data had a similar
mean age (40 years, SD 17.7) and median number of treatments
(4.5, IQR 2-7) to the group having the questionnaire data. Of

the 19 patients with UC who completed the EQ-5D, 3 (16%)
had slightly decreased QOL scores, while most (n=16, 84.2%)
had improvement (P=.008; Figure 4). The patients with UC
who had questionnaire results also reported lower (better) scores
on the bowel questionnaire (Figure 5). For the sensitivity
analyses, the 4 UC cases that reported improvement were
assumed to have improved by the mean of those with data. For
the remainder, data are as follows: best case (38/41, 93%
improved; P<.001), worst case (19/41, 46% improved; P=.76),
and average case (31/41, 76% improved; P=.002).

There were 7 individuals with pyoderma gangrenosum, 6 (86%)
women and 1 (14%) man with a mean age of 46 (SD 20.6) years.
The racial breakdown was as follows: Asian (n=1, 14.3%);
Black (n=1, 14.3%); and White (n=5, 71.4%). The median
number of treatments was 26 (IQR 17.4-34.6). The data for
these cases are limited because standard wound measures for
these cases were implemented late in the registry. Only 2 (29%)
cases had EQ-5D measurements; 2 (29%) cases were entered
in the registry before beginning EQ-5D assessments; 2 (29%)
had no pretreatment value; and 1 (14%) had no posttreatment
value. A total of 3 (60%) had subjective data on improvement,
and those 3 were reported to improve. One (20%) patient
stopped due to an unrelated medical problem, and another (n=1,
20%) decided to stop after 7 treatments. The registry also
includes 1 patient with pouchitis who improved.
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Figure 4. Results on the EQ-5D visual analog scale for patients with ulcerative colitis (UC) who had complete pre- and posthyperbaric oxygen (HBO2)
data. The sensitivity analyses results are follows: best case (38/41, 93% improved; P<.001), worst case (19/41, 46% improved; P=.76), and average
case (31/41, 76% improved; P=.002).

Figure 5. Results on the bowel questionnaire from the subset of patients with ulcerative colitis (UC) who had complete pre- and posthyperbaric oxygen
(HBO2) data. The sensitivity analysis showed the best (38/41, 93%; P<.001) and worst (19/41, 46%; P=.14) cases, indicating that the results are sensitive
to missing data.

Calciphylaxis
Calciphylaxis was the fourth most common “other” diagnosis
(n=20; Table 3). The mean age was 61 (SD 15.9), with 12 (60%)
women and 8 (40%) men. The racial breakdown was as follows:
Black (n=2, 10%); White (n=15, 75%); refused (n=1, 5%); and
missing (n=2, 100%). The median number of treatments was
27.5 (IQR 14.5-40.5). Only 3 (15%) patients had complete QOL
data, while 5 (25%) individuals did not have EQ-5D data
because they were treated before the EQ-5D was in the registry,
6 (30%) had no pretreatment questionnaire, and 6 (30%) had

no posttreatment questionnaire. Of the 20 patients, 4 (20%)
discontinued treatment, as they were too sick to continue, and
2 of these patients died. While 2 (10%) patients healed their
wounds, 5 (25%) showed notable improvement. For those who
improved, the median number of treatment sessions was 39
(IQR 31.1-46.9). The median number of hyperbaric treatments
in the remaining cases was 21 (IQR 7.9-34.1). Sensitivity
analyses were not used because the most useful outcome for
this condition is improvement versus no improvement because
of the high mortality. Many of the patients missing data either
died or were seriously ill.
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Table 3. Outcomes for the patients with calciphylaxis.

Notes on outcomeReason for miss-
ing EQ-5D

Posttreat-
ment EQ-
5D VAS

Pretreatment

EQ-5D VASb
Decrease
depth (%)

Decrease
width (%)

Decrease
length (%)

Original size
(cm), L×W×D

Total HBO2
a

treatments

Improved

Patient decided to
stop; better

Before EQ-5D in
registry

——c753033.312×10×48

ImprovedNot done——————32

Wounds healedBefore EQ-5D in
registry

——1008098.67×1×0.529

Wounds improv-
ing; stopped due to
other health issues

—4050———11.3×5.4×2.518

Despite size, con-
siderably improved
(granulation)

Patient unable to
return form

—300308.945×15×2540

Wounds improved—928710–2267.63.7×5×0.160

Transferred to oth-
er hospital, wounds
healed

Before EQ-5D in
registry

——1001001004.3×0.8×0.139

Wounds mildly
improved

Before EQ-5D in
registry

——82; 8240; 2658; 40L 1.9×5.0×2.2; R
2.0×9.5×2.2

48

Improvement in
quality of life

—8030————40

Not improved

No change (wound
care)

Unable——————17

Worsening or poor
nutrition; stopped
as futile

Patient did not re-
turn

—10–100–500–5005×2.5×111

Worsening. Too
sick to continue

Unable to com-
plete

—30————21

Patient decided to
stop; claustropho-
bia noted

Stopped care—10————9

No changeUnable—————110×100×521

Transferred from
outside hospital;
died

Patient died—50———7.1×4.9×3.526

Patient decided to
stop (nonmedical
reason)

Declined—————8×5×23

Developed respira-
tory illness, died

Before EQ-5D in
registry

——————10

Wounds un-
changed per mea-
surements

Not done–1006×5×040

No improvementDeclined——————40

No outcomes docu-
mented

Not done—40————40

aHBO2: hyperbaric oxygen.
bVAS: visual analog scale.
cNot available.
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Frostbite
Frostbite was the fifth most common “other” diagnosis with 18
patients (Table 4). The mean age was 49 (SD 13.7) years, with
17 (94%) men and 1 (6%) woman. The racial breakdown was
as follows: American Indian or Alaska Native (n=2, 11%); Black
(n=1, 6%); White (n=12, 67%); other (n=2, 11%); and missing
(n=1, 6%). The median number of treatments was 9 (IQR 7-11).
Only 1 (6%) individual did not have EQ-5D data because the
treatment occurred before the EQ-5D was in the registry, while
6 (33%) had no pretreatment questionnaire and 6 (33%) had no

posttreatment questionnaire. For 2, the questionnaire was not
done due to unspecified reasons; 3 either left treatment or
refused treatment before completing the questionnaire; 1 had a
language barrier; and 1 was not done due to inadequate staffing.
For the 11 patients who had complete EQ-5D VAS data, there
was a significant improvement (pretreatment score=48.2,
posttreatment score=67.5; 9/11, 82% improved; P=.02). The
sensitivity analyses results are as follows: the best case (16/18,
89% improved; P<.001), worst case (9/18, 50% improved;
P=1.0), and average case (15/18, 83% improved; P=.002).
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Table 4. Outcomes for patients treated for frostbitea.

Notes on outcomeReason for
missing EQ-5D

Frostbite classifi-
cation

Posttreatment
EQ-5D score

Pretreatment
EQ-5D score

Posttreatment
EQ-5D VAS

Pretreatment

EQ-5D VASc
Total HBO2

b

treatments

Improved

Improved, but had
amputations

—d30.0840.1660107

No amputations,
improved

—20.640.3980309

No amputationsNot done20.511010

Initial bilateral
transmetatarsal
amputations, subse-
quently improved

—40.440.3395854

Had a skin graftOnly VAS958027

No amputations,
good healing

—30.270.6975309

Wounds stabilized—20.370.53484510

No amputations,
wounds improved

—210.81250507

Partial improve-
ment, delay in
HBO2 due to detox

—20.420.40508010

No amputations,
wounds improved

—20.800.4170507

Wounds improved—20.820.8270509

——30.260.06502010

Not improved or insufficient data

Frostbite of hands,
insufficient out-
come data entered

Before EQ-5D
in registry

2————30

Amputations on
right and left foot.
Homeless or drug
use

Had amputa-
tions, left treat-
ment

3–0.074—015

Bilateral below-
the-knee amputa-
tions

Not done—————4

Behavioral issues
or refused treat-
ment. Bilateral be-
low-the-knee ampu-
tations

Language barri-
er

3————4

Psychiatric issues
or refused treat-
ment

Staffing—————6

Left treatmentDid not return——0.58—752

aThe frostbite classification scale: 1=first degree; 2=second degree; 3=third degree, 4=fourth degree (includes necrosis).
bHBO2: hyperbaric oxygen.
cVAS: visual analog scale.
dNot available.
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Peripheral Vascular Disease–Related Wounds
The sixth most commonly treated diagnosis was peripheral
vascular disease–related wounds (Table 5). The mean age was
63 (SD 19.1) years, with 8 men and 4 women. The racial
breakdown was as follows: 8 White, 2 Black, and 2 missing.
The median number of treatments was 19.5 (IQR 8.3-30.8).
Twelve cases were recorded, all involving arterial disease, but

some also with concurrent venous disease. All wounds involved
the lower extremities. Of those patients who had ≥20 HBO2

sessions, 5 of 6 improved, with the remaining 1 lacking enough
data to reach a conclusion. The remaining 6 cases had ≤15
sessions. Four of these were worse, with 2 not having sufficient
data recorded. The main outcome recorded was improved versus
not improved or insufficient data, and there were insufficient
EQ-5D data to do a sensitivity analysis.

Table 5. Outcome for patients with peripheral vascular disease.

Notes on outcomeReason for
missing EQ-
5D

EQ-5D
score

EQ-5D
score

EQ-5D
VAS

EQ-5D

VASb
Decrease in
depth (%)

Decrease in
width (%)

Decrease in
length (%)

Total HBO2
a

treatments

Improved

Improved or heal-
ing

Not given pre——60—c05071.430

Improved or heal-
ing

—1.00.839085047.359.730

Improved or heal-
ing

—0.620.68707083.383.366.730

Resolved or healedUnable to col-
lect

————10010010024

Stump wound
closed

—0.800.4290100100675660

No improvement or insufficient data

Limited informa-
tion

Unable to col-
lect

———————6

WorseBefore EQ-5D
in registry

———————10

Too sick to contin-
ue

Too sick to
complete

—0.88—75———15

Patient decided to
stop

Left treatment———————1

Patient decided to
stop

Left treatment———————1

Transferred to
nursing facility

Left treatment———————9

Had a skin graftNot done———————40

aHBO2: hyperbaric oxygen.
bVAS: visual analog scale.
cNot available.

Pterygium Surgery and Facial Filler Injections
One particularly interesting application of HBO2 was for
postoperative healing from pterygium surgery (Table 6). The
mean age was 47 (SD 18.1) years, with 6 (86%) men and 1
(14%) woman, and all participants (7/7, 100%) classified as
White. All cases came from a single center and were treated
with 5 sessions each. One case had an unchanged QOL

assessment before and after treatment but had no noted
complications via notes after surgery, and 1 had worse QOL
VAS scores after treatment (pretreatment score=85,
posttreatment score=75), although the patient was noted to have
uneventful recovery after surgery. The remaining patients (4/6,
67%) showed improvement in their QOL scores, with the overall
median EQ-5D-5L VAS score increasing from 82.5 to 97.5,
although this was not statistically significant (P=.38).
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Table 6. Outcomes for patients with pterygium and facial filler injections.

Notes on outcomeReason for
missing EQ-
5D

Posttreatment EQ-5D
score

Pretreatment EQ-5D
score

Posttreatment EQ-5D
VAS

Pretreatment EQ-5D

VASb
Total HBO2

a

treatments

Pterygium surgery

Uneventful—c0.83175855

No postoperative
problems

—10.8890905

No postoperative
problems

—10.86100905

——10.83100805

——10.88100705

——10.8295705

—Not done————5

Facial filler injection

ImprovedUnable————6

Had seizurePostictal state—0.81—951

Improvement in bruis-
ing or ischemia

—10.8285755

Necrosis improved
with HBO2 therapy

Not done———955

aHBO2: hyperbaric oxygen.
bVAS: visual analog scale.
cNot available.

HBO2 was also used for complications due to the use of facial
fillers (Table 6). The mean age was 46 (SD 14.5) years. All
participants (4/4, 100%) were women, with 2 (50%) classified
as White and 2 (50%) as missing. Of the 4 cases in the registry,
2 (50%) occurred after the use of Radiesse, a calcium
hydroxylapatite filler, while the other 2 (50%) were unspecified.
Of the 4 cases recorded, all were treated in a multiplace
chamber, and 3 (75%) showed improvement, with 2 (50%)
stopping prescribed treatment sessions early due to recovery.
Both that stopped early were on a twice twice-daily schedule,
with 1 at 2.0 ATA and another at 2.4 ATA. One did not have a
result listed other than stopping early secondary to a seizure as
a complication, but this patient was taken to 2.8 ATA, which

increases seizure risk. The final case was treated at 2.4 ATA
daily, completing the prescribed 5 cases with improvement. All
4 cases were treated within 1 day of referral.

Non–Radiation-Related Osteonecrosis
Six cases of non–radiation-related osteonecrosis were treated
(Table 7). The mean age was 58 (SD 17.1) years with 3 (50%)
men and 3 (50%) women. The racial breakdown was as follows:
White (n=4, 67%); more than 1 race (n=1, 17%); and missing
(n=1, 17%). The median number of treatments was 30 (IQR
10-50). In general, these patients received long treatment
courses. The improvements in QOL seen in most patients
suggest that the treatment was generally successful.
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Table 7. Outcomes for patients with non–radiation-related osteonecrosisa.

Notes on out-
come

Reason for miss-
ing EQ-5D

Posttreatment
EQ-5D score

Pretreatment EQ-
5D score

Posttreatment EQ-
5D VAS

Pretreatment EQ-

5D VASc
Anatomic loca-
tion

Total

HBO2
b

—Not asked————dKnee20

——0.830.738030Ankle60

Uneventful
course

—0.540.158060Lower leg20

—Only VAS——6560Left knee60

Uneventful
course

—0.570.235035Jaw40

Had lymphoma
on bone biopsy,
HBO2 suspend-
ed

Transferred be-
fore completion

—0.76—50Sinuses or
palate

3

aCurrently, no detailed outcome measures specific to osteonecrosis exist in the registry. The increase in the EQ-5D suggests improvement.
bHBO2: hyperbaric oxygen.
cVAS: visual analog scale.
dNot available.

Infected Implanted Hardware
Infected hardware was treated in 5 patients. The mean age was
49 (SD 9.6) years with 1 (20%) man and 4 (80%) women; 3
(60%) were White, and 2 (40%) were missing a racial
classification. A total of 2 (40%) cases had knee hardware
infection, and 2 (40%) cases had spinal hardware infection. All
were prescribed HBO2 at 2.4 ATA for 10 to 40 treatments, but
none completed >30% of their course for various reasons,
including patient decision, transfer to a different facility, and
significant visual disturbances. None of these patients had pre-
and post-QOL measurements.

Hypospadias
HBO2 was also used in the setting of hypospadias repair. Repairs
of hypospadias can lead to failed grafts with scarring, fistulas,
strictures, and potential deformities [14,15]. Some centers use
HBO2 before and after the repair to improve graft and surgical
outcomes. A total of 7 cases were entered into the registry. The
mean age was 3.7 (SD 2.6) years. The racial breakdown was as
follows: Asian (n=2, 29%); Black (n=1, 14%); White (n=3,
43%); and missing (n=1, 14%). For 5 (71%), the graft was
preserved and viable, while for 1 (14%), the graft was preserved
and partially viable and 1 (14%) was missing outcome data.

HBO2 for PCC
A new application of HBO2 was for PCC. All (n=141, 94.6%)
but 8 (5.4%) of the 149 cases were reported by a single center,
which has an interest in treating PCC with HBO2 [16]. Complete
pre- and post-HBO2 NSI data were available on 127 (85.2%)
patients (Figure 6). The NSI showed a significant improvement
(pretreatment score=30.6, posttreatment score=14.4; P<.001).
Complete EQ-5D data were available on 55 (36.9%) individuals.
The EQ-5D VAS also improved significantly (pretreatment
score=33.6, posttreatment score=64.1; P<.001). The group
included 80 (53.7%) women and 69 (46.3%) men (total n=149);
5.4% (8/149) of patients were Asian, 0.7% (1/149) Black, 91.9%
(136/149) White, 1.3% (2/149) more than 1 race and 1.3%
(2/149) were missing data on race. The median number of HBO2

treatments was 15 (11.5-18.5). The sensitivity analyses results
are as follows: the best case (133/149, 89.3% improved;
P<.001), worst case (111/149, 74.5% improved; P<.001), and
average case (131/149, 87.9% improved; P<.001). For the
EQ-5D, the cases are as follows: the best case (142/149, 95.3%
improved; P<.001 toward improvement), worst case (49/149,
32.9% improved; P<.001 towards worsening), and average case
(130/149, 87.2% improved; P<.001 toward improvement).
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Figure 6. Results from the Neurobehavioral Symptom Inventory (NSI) for patients treated for post–COVID-19 condition. In the sensitivity analyses,
the best (133/149, 89.3% improved; P<.001), worst (111/149, 74.5% improved; P<.001), and average (131/149, 87.9% improved; P<.001) cases all
showed significant improvement.

Other Diagnoses
For the other diagnoses, 1 group of indications was related to
the relief of hypoxia (eg, ischemic bowel, Raynaud syndrome,
nonarteritic anterior ischemic optic neuropathy, central retinal
vein occlusion, femoral head necrosis, branch retinal artery
occlusion, vasculitic ulcer). The data on chronic anal fissures
and Raynaud add to the existing case series for these conditions
[17,18]. Several cases focused on the treatment of cystitis (eg,
human polyomavirus 1 virus cystitis, cyclophosphamide cystitis)
likely motivated by the use of HBO2 for radiation cystitis
treatment [7]. Not enough information exists to come to
conclusions about the effectiveness of the treatment for these
individual cases, but this likely will change as the registry
matures.

Discussion

Principal Findings
The registry shows how HBO2 is being used across a range of
medical specialties for indications where hypoxia, inflammation,
or both are significant factors. The emerging diagnosis treated
most across the registry centers was IBD, primarily UC and
Crohn disease. For Crohn disease, there were sufficient entries
to show statistically significant patient-reported improvement
that remained significant even with the worst-case scenario
sensitivity analysis. Overall, the newly described PCC was the
most commonly treated diagnosis in this cohort, although the
results were predominantly from a single center. The
patient-reported results showed improvement, which supports
the need for further work in this area. The top 5 indications also
included calciphylaxis and frostbite, which are both conditions
where hypoxia is a significant consideration and where existing
treatments are often inadequate.

The results also showed indications that were concentrated at
particular centers, such as the use of HBO2 after complications
for facial filler injections or to improve outcomes with pterygium
surgery. The number of patients for each of these indications is
limited but indicates that they could be studied in more detail
to determine whether this approach should be adopted more
widely at other centers.

Comparison to Prior Work

IBD and Related Conditions
Several recent reviews have also concluded that HBO2 could
be useful for IBD [19-24]. The registry data on Crohn disease
support other studies showing improvement with HBO2

[19,25-29]. For fistulizing Crohn disease, a prospective trial
has shown reduced disease activity, reduced drainage, and
clinical remission when HBO2 is used in refractory cases [26].
The improvement in the registry of Crohn cases is noteworthy
because Crohn disease is not currently a UHMS-approved
indication for HBO2, and patients are almost always referred
because standard treatments have not been successful. The
patients reported significant improvement in QOL and reduced
fistula and rectal discharge. Five patients had their fistulas
closed. The QOL results were significant even with the
worst-case approach to the sensitivity analysis. The fact that 5
patients were able to close fistulas is significant because these
were likely refractory patients. Taken together, the results add
to a growing set of case series and case studies that show
improvement in difficult Crohn cases and support the need for
large-scale trials.

For UC, HBO2 therapy studies have shown clinical remission,
avoidance of colectomy, or progression to second-line therapy
in a randomized sham-controlled trial [30]. A follow-on phase
2B trial examined the dosing strategies and concluded that 5
sessions were superior to 3 for a UC flare [31]. Typically, HBO2
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is used adjunctively in UC with other treatments (steroids,
biological agents, etc), although in 1 case study, HBO2 was used
successfully as monotherapy for UC in an individual who had
contraindications to most standard treatments [32]. HBO2 can
be particularly useful in situations where the individual cannot
receive standard treatment due to allergy, antibodies, shingles,
or other reasons. The most common application of HBO2 in
IBD is patients admitted for an acute UC flare who are at risk
for colectomy or who cannot receive steroids or biological
agents or where there is a delay in being able to start those
agents [30,31]. In addition, patients admitted for an acute UC
flare who need a bridge between when IV steroids are begun
and when biological agents (ie, infliximab) start to have an
effect may benefit from HBO2. These registry results support
the idea that HBO2 can be useful in UC but should be interpreted
with caution. Many of the patients were hospitalized for
treatment and were receiving intravenous steroids and other
interventions. So, while the reports of improvement are
encouraging, separating the effect of HBO2 from the effects of
standard treatment is not possible in this data set. In addition,
the fact that 1 center (Dartmouth-Hitchcock) accounted for
many of the treated cases (roughly 75%) and had been involved
in an UC clinical trial may overrepresent the interest in UC
cases across the registry centers. Also, the QOL and bowel
questionnaire results were not significant in the worst-case
scenario of the sensitivity analysis. Randomized controlled trials
are needed to determine definitively if HBO2 improves on
standard care.

In addition to UC and Crohn disease, IBD-related conditions
where hyperbaric treatment could be applied include pouchitis,
nonhealing ileal pouch-anal anastomoses, and pyoderma
gangrenosum [33-37]. Two published case series and a case
report show relief of symptoms and decreased disease activity
in pouchitis [33,34,38]. Case series and case studies also show
reduced wound size in pyoderma gangrenosum [39]. The results
from this study align with these conclusions, but the registry
results are descriptive and do not include a control group for
comparison (as is true for most case reports and case series).

The IBD results support the idea that HBO2 could be considered
in UC flares when standard therapy, such as steroids and
biologics, is inadequate or not possible. Similarly, it could be
useful in fistulizing perineal Crohn disease refractory to medical
and surgical treatments. Pouchitis that has not responded to
antibiotics and immunomodulators as standard therapy and
pyoderma gangrenosum refractory to steroids and immunologics
are also potential applications of HBO2. IBD may be a disease
process that should be evaluated as a UHMS-approved
indication for HBO2, as accumulating evidence shows promising
results.

Calciphylaxis
Calciphylaxis was the fourth most treated diagnosis.
Calcification of small blood vessels leads to hypoxic painful
wounds, which led to the use of HBO2 in these patients. No
randomized control trials exist to guide the use of possible
calciphylaxis interventions. Such trials would likely be very
difficult to carry out because the disease is rare and disease

severity varies widely. Also, calciphylaxis has a very high
mortality. Most patients with calciphylaxis have end-stage renal
disease (ESRD), and the 1-year mortality for those with ESRD
and calciphylaxis is 45% to 80%; 1-year mortality is less but
still significant for those without ESRD (25%-45%) [40]. On
the basis of studies done to date, HBO2 has been recommended
by subject matter experts to facilitate healing of recalcitrant
calciphylactic ulcers after accounting for cost, availability, and
patient tolerance of treatment [41]. Physiologically, HBO2

addresses the tissue hypoxia caused by the damage to small
blood vessels, which is characteristic of calciphylaxis. HBO2

greatly increases the amount of oxygen in circulation reaching
hypoxic wounds, which promotes collagen formation and
stimulates angiogenesis.

The results from this study support what has been seen in prior
work. A retrospective study of HBO2 therapy for calciphylaxis
showed promising results; 34 patients received a full course of
HBO2, with 58% (n=20) of patients improving and 32% (n=11)
completely healing their wounds [42]. In this prospective
registry study, 45% (9/20) of patients improved. Similar to other
studies, the registry results for calciphylaxis are mixed, which
is not surprising considering the nature of this disease. Affected
patients often have significant medical comorbidities, and the
disease has a high morbidity and mortality rate secondary to
sepsis. For example, in this cohort, 2 patients treated died of
their disease, and 2 others were too sick to continue.

Nevertheless, there were several cases that improved
significantly, and these successful cases had more sessions of
therapy. Given the severe mortality and morbidity associated
with the disease and the difficult course of standard care, HBO2

is a treatment that has little risk with the potential for significant
benefit. The results support previous positive case series and
suggest that trials on HBO2 and calciphylaxis are needed, and
more research should be made to pursue calciphylaxis as a
possible UHMS indication.

Frostbite
Frostbite causes hypoxia and necrosis in affected tissues, and
HBO2 has been considered as a potential therapy for many years.
Kemper et al [43] summarized the literature on frostbite and
HBO2 in 2014. In 2021, Magnan et al [44] published a
multicenter prospective single-arm study of individuals with
stage 3 or 4 frostbite who received HBO2 in addition to iloprost
(n=28). The results were compared with a historical cohort that
received iloprost alone (n=30). The results showed a
significantly higher proportion of preserved frostbitten segments
in the HBO2+iloprost group. The registry results support the
results from these previous studies. Most individuals with
EQ-5D data reported an improved QOL. In the sensitivity
analysis, this was significant in the best and average cases but
not the worst case. Determining whether HBO2 offers an
additional benefit over standard treatment is not possible within
the current registry design, but future expansion efforts could
include trying to include registry centers without HBO2 that
treat similar cases.
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Peripheral Vascular Disease–Related Wounds
Many of the emerging indications shared the underlying problem
of tissue hypoxia. For the same reason that HBO2 therapy would
work in treating acute arterial insufficiency, it might assist in
the healing of chronic peripheral arterial disease ulcers. A
guideline from a wound care advisory panel for the treatment
of arterial insufficiency ulcers recommends adjuvant HBO2 for
patients with nonreconstructable anatomy or whose ulcer is not
healing despite revascularization. The guideline also
recommends determining if the hypoxia is reversible by HBO2

therapy [45].

The registry cases show that some people did respond.
Successful cases had at least 30 treatment sessions, while those
with <15 sessions generally did not improve. Detailed
information regarding each case is not available within the
registry, so it is not known whether those who improved did so
because they received more treatments or if they received more
treatments because they had fewer comorbidities or were
showing early benefits. In addition, whether the patients were
screened using in-chamber transcutaneous oxygen measurements
to document a local tissue increase in oxygen levels with
hyperbaric oxygenation is not recorded. Patient selection is
probably critical for deriving the most benefit from HBO2 in
these patients because those with very severe hypoxia and
vascular compromise may not respond. Further studies are
needed to define how to select patients with peripheral vascular
disease that might benefit from HBO2. In addition, information
on screening procedures used to select these patients for
treatment should be added to the registry.

Other Applications
An interesting application of HBO2 that was concentrated at 1
center, was the use of HBO2 after pterygium surgery. The
recurrence rate of simple surgical excision can be as high as
40% but can be lowered to 16% with a conjunctival autograft
procedure, although the recurrence rates are increased if the
pterygium is already recurrent when the procedure is used [46].
The use of postoperative HBO2 treatment is based on a
prospective trial published in 2011, which showed low
recurrence rates when patients with pterygium underwent
surgery with adjunctive HBO2 afterward [47]. A short 5-session
HBO2 prescription was used. There were no complications noted
with HBO2 in these cases and, importantly, no reported
recurrences of pterygium. This local protocol may be feasible
to attempt at other centers, should collaboration with
ophthalmology be obtained. At the very least, this is an
interesting condition to further evaluate for using HBO2 as a
successful adjunct treatment to standard therapy. Another
indication that is also focused on improving outcomes after
surgery is the use of HBO2 for individuals who have had
hypospadias repairs. There were 7 individuals in the registry
with this indication, and all reported preservation of the graft,
although in 1, the graft was partially viable. These results are
consistent with prior work [14]. In addition, this application
could be considered as an extension of the approved UHMS
indication of compromised flaps and grafts.

Facial filler complications present an emergency treatment
opportunity well suited for HBO2 and have been reported in
several case reports [48-51]. This was identified in the registry
cases as well. The experience of providers performing these
outpatient facial filler procedures varies widely as does the
ability and knowledge to address the complications. With rising
interest in esthetic therapy, complications from these procedures
are becoming more common. Facial fillers typically refer to
hyaluronic acid fillers or particulate-based fillers, both of which
are used for facial remodeling or tissue augmentation for
cosmetic or reconstructive purposes. These injections can cause
vascular obstruction and subsequent tissue ischemia; thus, the
goal of treatment is to restore perfusion to the affected area.
Although hyaluronic acid can be reversed with hyaluronidase,
particulate injections such as calcium hydroxylapatite cannot
easily be broken down, and HBO2 may play an even greater
role in these cases. Expert consensus protocols include HBO2

in treatment algorithms for these complications [52]. Similar
to acute arterial ischemic cases, success likely hinges on the
hyperbaric medicine consult occurring close to the initial injury.
Early intervention must be encouraged, as with other
UHMS-approved indications where acute ischemia is prominent
such as central retinal artery occlusion or compromised flaps,
because earlier intervention leads to improved results. Half of
the cases recorded were treated on the same day as the consult,
although information on time elapsed since filler injection is
not available. Ultimately, HBO2 can support threatened tissue
but cannot resuscitate dead tissue, and aggressive intervention
and resuscitation should be advocated. Information about the
use of HBO2 for this indication needs to be available to other
centers that administer facial filler injections.

When implanted hardware is infected, the medical standard of
care typically calls for hardware removal. Removal from certain
areas of the body (eg, brain and spine) can be difficult or involve
complicated surgical intervention. In these instances, salvage
of hardware has the lowest risk-to-benefit ratio or may be the
only viable option [53]. Ridding foreign bodies of infection in
vivo is notoriously difficult, which is why HBO2 was likely
attempted in these cases. None of the patients treated completed
their course of treatment, which may suggest that these cases
were refractory. The results suggest that the registry should be
revised to collect more detailed information about these cases.

The newly recognized PCC was treated multiple times in the
registry. The anti-inflammatory effects of HBO2 are thought to
be the mechanism of action underlying improvement. PCC is
not yet completely understood but likely results from a
dysregulated inflammatory process within the brain [54]. In
general, patients reported improvement with treatment. This
matches reports coming from case reports and series, as well
as from a randomized control trial out of Israel [55]. The results
need to be interpreted with caution, as placebo effects with
HBO2 are common. Nevertheless, the data support further
sham-controlled trials and suggest that HBO2 could be used to
treat other postinfectious syndromes in the future.

Many of the other individual case reports within the registry
are for indications where hypoxia is believed to be a significant
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factor. For example, femoral head necrosis results from a
compromised vascular supply, and healing of chronic anal
fissures is believed to be hampered by local hypoxia [56].
Ophthalmological conditions such as branch retinal artery
occlusion, retinal vein occlusion, and nonarteritic anterior
ischemic neuropathy involve hypoxia and a compromised blood
supply. Raynaud syndrome and vasculitic ulcers are also
characterized by local hypoxia. Currently, not enough data exist
within the registry to draw conclusions about outcomes for these
various conditions, but over time, additional cases will
accumulate.

The hyperbaric registry is still in its nascent stages. Greater
adoption of the registry by the community will lead to more
significant results. The cases highlighted in the report have
identified additional data that should be recorded for some of
these indications. For example, facial filler cases highlight the
need for further information such as the time of injury to help
determine the optimal timing for maximal HBO2 efficacy. In
addition, the facial filler cases should be documented in an
identified category, as is done with indications such as UC or
Crohn disease, rather than just marked as “other.” More specific
outcome measures are needed for non-radiation–related
osteonecrosis cases. In addition, long-term follow-up will be
essential for infected hardware cases because the outcome may
not be known until well after the treatments have stopped.

Many of the involved centers are academic, nonprofit, and
governmental entities with an interest in advancing
evidence-based medicine and research. The contributions made
by such centers are essential to evaluating the promise of HBO2

in various conditions and may lead to the adoption of them as
new UHMS indications. This review provides a snapshot to
clinicians of the diagnoses that have been treated by HBO2 that
are not officially on the UHMS indications list. This can be
useful in situations where patients are not improving with
standard therapy, and other approaches are being sought that
could address hypoxia and inflammation. It also focuses
attention on specific diagnoses worthy of further study.

Limitations and Strengths of This Study
The registry has limitations. To keep the time required for data
entry to a minimum, only a specific set of outcomes is collected.
The registry does not include extensive data on medications,
other comorbid conditions, or laboratory results. While this
approach has been successful at making the registry practical
for centers to adopt, it does affect the scope of conclusions that
can be drawn.

The registry undergoes active review and expansion over time,
so not all questionnaires currently in use existed in the registry

when it started. Missing data, particularly for the EQ-5D in
earlier cases, is understandable, as this questionnaire was added
later in registry development. In addition, data collection can
be missed if patients stop treatment early or unexpectedly or
transfer to another center. Nevertheless, the missing data are a
limitation of the registry. The registry does not include a control
or standard treatment group for every condition, so it is not
possible to compare outcomes with no treatment or placebo.
Registry results can be compared with publicly reported
treatment success rates of those using standard therapy.

For the analyses, the data were reviewed to fix indications that
were misclassified (ie, UHMS-approved indications that were
categorized as “other” or “other” indications that were
inappropriately classified as UHMS-approved indications).
There may be cases, however, that were missed. The data are
dependent on data entry, and there may be variations in data
entry quality between centers. Work is ongoing with data quality
checks throughout the registry centers to ensure that these
problems are limited in the future.

Nevertheless, the strength of the registry is that it allows
outcomes from less common conditions to be combined across
centers, which provides information that no individual center
would be able to achieve independently. The accumulated results
identify areas where more detailed trials would be useful. In
addition, some centers are beginning long-term follow-up with
treated patients to gather data on satisfaction with and longevity
of the results. This will expand the capabilities of the registry
although the responses will be affected by selection bias.

Conclusions
The registry is providing standardized outcome data on
conditions that are not currently UHMS approved but are being
treated with HBO2 at participating centers. This is adding
prospectively collected data to the mostly retrospective data
that exist in the literature. Results show statistically significant
improvements in patient-reported outcomes, such as QOL, for
IBD, frostbite, and PCC. HBO2 is also being used to improve
surgical outcomes for pterygium and hypospadias procedures
and to treat complications from facial filler injections. HBO2 is
also being tried for difficult cases involving hypoxia such as
femoral head necrosis, Raynaud syndrome, and chronic anal
fissures.

As time goes on and as more centers participate, significant
trends can be identified, which may identify a valuable treatment
option for medical conditions where hypoxia and inflammation
are important contributing factors. Indications developed at a
few centers initially can also be expanded to other centers based
on the outcomes.

 

Acknowledgments
The authors at the individual registry sites of the Multicenter Registry for Hyperbaric Oxygen Treatment Consortium are: Bridget
Devaney, MBChB, FACEM Alfred Health, Melbourne, Australia; Brian Pruss, RRT/CHT, Avera McKennan Hospital, Sioux
Falls, South Dakota; George Kacoyanis, MD, Beverly Hospital, Beverly, Massachusetts; Mark Bettley-Smith, MBBS, MRCGP,
DRCOG, The Diver Clinic, Poole, the United Kingdom; Gary Smerdon, PhD, DDRC Healthcare, Hyperbaric Medical Centre,
Plymouth, the United Kingdom; St George Regional Medical Center, St. George, Utah; Richard Moon, MD, Duke University

Interact J Med Res 2024 | vol. 13 | e53821 | p.542https://www.i-jmr.org/2024/1/e53821
(page number not for citation purposes)

Tanaka et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Medical Center, Durham, North Carolina; Pieter Bothma, MD, East of England Hyperbaric Unit, James Paget University Hospital,
Great Yarmouth, the United Kingdom, and LHM Healthcare Hyperbaric Unit, Whipps Cross University Hospital, London, the
United Kingdom (LHM); Renee Woodring, RN, Elliot Health System, Manchester, New Hampshire; Hyperbaric Medicine Unit,
St Richard’s Hospital, Chichester, the United Kingdom; Lindell Weaver, MD, Intermountain Medical Center, Salt Lake City,
Utah; Latter Day Saints Hospital, Salt Lake City, Utah; Enoch Huang, MD, Legacy Medical Group, Portland, Oregon; Logan
Regional Hospital, Logan, Utah; Gary Toups, MD, Mayo Clinic, Rochester, Minnesota; McKay-Dee Hospital, Ogden, Utah;
Midlands Diving Chamber, Rugby, the United Kingdom; Bruce Mathew, MD and Gerard Laden, North England Medical and
Hyperbaric Services, Hull, the United Kingdom; Northwest Recompression Unit, Birkenhead, the United Kingdom; Michael H
Bennett, MBBS, FANZCA, MD and Glen C Hawkins, MBChB, FANZCA, Prince of Wales Hospital, Sydney, Australia, St
Alphonsus Hospital System, Boise, Idaho; St. Luke’s Health System, Boise, Idaho; Ian Grover, MD and Hideaki L Tanaka, MD,
University of California at San Diego, San Diego, California; Melissa Schroder and Kinjal Sethuraman, MD, University of
Maryland Medical Center, Baltimore; Zachary Gaskill, DO. University of Pennsylvania Health System, Philadelphia, Pennsylvania;
Tammy Roman, EdD, MSN, RN, NEA-BC and Jennifer Wright, RN, BSN, CHRN, University of Rochester Medical Center,
Rochester, New York; Marc Robins, DO, Utah Valley Hospital, Provo, Utah (UVH); Susannah Sherlock, MBBS, BSc, FANZCA,
Wesley Hyperbaric, Auchenflower, AU; Bolaji Coker manages the United Kingdom central registry at King’s College London.

The registry receives support from the Undersea and Hyperbaric Medical Society and from the Clement F Burnap Endowment
to Support the Pressure Chambers for Clinical Medicine and Research at Dartmouth Medical School. The Department of Medicine
at the Dartmouth-Hitchcock Medical Center provided funding support for the registry through the Department of Medicine
Scholarship Enhancement in Academic Medicine Award Program. The Washington University School of Medicine also provided
funding support. The REDCap instance at Dartmouth receives support from the Biomedical Informatics Core grant (principal
investigator Sergio Duncan).

Data Availability
The data and code used for the study are available from the Steering Committee of the Multicenter Registry for Hyperbaric
Oxygen Treatment upon reasonable request.

Authors' Contributions
HLT contributed to investigation, formal analysis, original draft preparation, and manuscript review and editing; JRR contributed
to conceptualization, methodology, supervision, and manuscript review and editing; ZZ contributed to data curation and formal
analysis; JAP contributed to conceptualization, investigation, and statistical support; PMH contributed to investigation and
methodology; EMS contributed to investigation and manuscript review and editing; JLP contributed to methodology, supervision,
formal analysis, and manuscript review and editing; and JCB contributed to conceptualization, funding acquisition, formal analysis,
supervision, original draft preparation, manuscript review, and editing.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Perianal Crohn Symptom Index.
[PDF File (Adobe PDF File), 144 KB - ijmr_v13i1e53821_app1.pdf ]

Multimedia Appendix 2
Bowel Symptoms Questionnaire.
[PDF File (Adobe PDF File), 81 KB - ijmr_v13i1e53821_app2.pdf ]

References
1. Thom SR. Hyperbaric oxygen: its mechanisms and efficacy. Plast Reconstr Surg 2011 Jan;127 Suppl 1(Suppl 1):131S-141S

[FREE Full text] [doi: 10.1097/PRS.0b013e3181fbe2bf] [Medline: 21200283]
2. Thom SR, Bhopale VM, Velazquez OC, Goldstein LJ, Thom LH, Buerk DG. Stem cell mobilization by hyperbaric oxygen.

Am J Physiol Heart Circ Physiol 2006 Apr;290(4):H1378-H1386 [FREE Full text] [doi: 10.1152/ajpheart.00888.2005]
[Medline: 16299259]

3. Weaver LK. Hyperbaric oxygen therapy indications. Thirteenth edition. Undersea and Hyperbaric Medical Society. 2014.
URL: https://www.uhms.org/images/indications/UHMS_HBO2_Indications_13th_Ed._Front_Matter__References.pdf
[accessed 2024-08-05]

4. Butler WP. Caisson disease during the construction of the Eads and Brooklyn Bridges: a review. Undersea Hyperb Med
2004;31(4):445-459. [Medline: 15686275]

Interact J Med Res 2024 | vol. 13 | e53821 | p.543https://www.i-jmr.org/2024/1/e53821
(page number not for citation purposes)

Tanaka et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ijmr_v13i1e53821_app1.pdf&filename=8136876c924201b020ffd63a87b30676.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e53821_app1.pdf&filename=8136876c924201b020ffd63a87b30676.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e53821_app2.pdf&filename=5fe9947a583bfd691b872b92a5fee3e5.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e53821_app2.pdf&filename=5fe9947a583bfd691b872b92a5fee3e5.pdf
https://europepmc.org/abstract/MED/21200283
http://dx.doi.org/10.1097/PRS.0b013e3181fbe2bf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21200283&dopt=Abstract
https://journals.physiology.org/doi/10.1152/ajpheart.00888.2005?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/ajpheart.00888.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16299259&dopt=Abstract
https://www.uhms.org/images/indications/UHMS_HBO2_Indications_13th_Ed._Front_Matter__References.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15686275&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Harlan NP, Ptak JA, Rees JR, Cowan DR, Fellows AM, Kertis JA, et al. Development of an international, multicenter,
hyperbaric oxygen treatment registry and research consortium: protocol for outcome data collection and analysis. JMIR
Res Protoc 2020 Aug 17;9(8):e18857 [FREE Full text] [doi: 10.2196/18857] [Medline: 32579537]

6. Harlan NP, Ptak JA, Rees JR, Cowan DR, Fellows AM, Moses RA, et al. International multicenter registry for hyperbaric
oxygen therapy: results through June 2021. Undersea Hyperb Med 2022;49(3):275-287. [Medline: 36001560]

7. Moses RA, Hunter AE, Brandes ER, Zhang Z, Rees JR, Peacock JL, et al. Patient-reported outcome measures following
hyperbaric oxygen therapy for radiation cystitis: early results from the multicenter registry for hyperbaric oxygen therapy.
J Urol 2024 Jun;211(6):765-774. [doi: 10.1097/JU.0000000000003929] [Medline: 38573938]

8. Sedlacek M, Harlan NP, Buckey JCJ. Renal effects of hyperbaric oxygen therapy in patients with diabetes mellitus: a
retrospective study. Int J Nephrol 2021 Jun 12;2021:9992352 [FREE Full text] [doi: 10.1155/2021/9992352] [Medline:
34234965]

9. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al. The REporting of studies conducted using
observational routinely-collected health data (RECORD) statement. PLoS Med 2015 Oct 06;12(10):e1001885 [FREE Full
text] [doi: 10.1371/journal.pmed.1001885] [Medline: 26440803]

10. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap consortium: building an international
community of software platform partners. J Biomed Inform 2019 Jul;95:103208 [FREE Full text] [doi:
10.1016/j.jbi.2019.103208] [Medline: 31078660]

11. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

12. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]

13. Soble JR, Silva MA, Vanderploeg RD, Curtiss G, Belanger HG, Donnell AJ, et al. Normative Data for the Neurobehavioral
Symptom Inventory (NSI) and post-concussion symptom profiles among TBI, PTSD, and nonclinical samples. Clin
Neuropsychol 2014;28(4):614-632. [doi: 10.1080/13854046.2014.894576] [Medline: 24625213]

14. Chua ME, Kim JJ, Ming JM, De Jesus MJ, See MC4, Bagli DJ, et al. The utilization of hyperbaric oxygenation therapy in
hypospadias repair: a systematic review and meta-analysis. Int Urol Nephrol 2022 Feb;54(2):273-285. [doi:
10.1007/s11255-021-03096-y] [Medline: 35024997]

15. Neheman A, Rappaport YH, Verhovsky G, Bush N, Snodgrass W, Lang E, et al. Hyperbaric oxygen therapy for pediatric
"hypospadias cripple" - evaluating the advantages regarding graft-take. J Pediatr Urol 2020 Aug;16(4):517-518. [doi:
10.1016/j.jpurol.2020.05.149] [Medline: 32576432]

16. Robbins T, Gonevski M, Clark C, Baitule S, Sharma K, Magar A, et al. Hyperbaric oxygen therapy for the treatment of
long COVID: early evaluation of a highly promising intervention. Clin Med (Lond) 2021 Nov;21(6):e629-e632 [FREE
Full text] [doi: 10.7861/clinmed.2021-0462] [Medline: 34862223]

17. Cundall JD, Gardiner A, Laden G, Grout P, Duthie GS. Use of hyperbaric oxygen to treat chronic anal fissure. Br J Surg
2003 Apr;90(4):452-453. [doi: 10.1002/bjs.4054] [Medline: 12673747]

18. Dowling GB, Copeman PW, Ashfield R. Raynaud's phenomenon in scleroderma treated with hyperbaric oxygen. Proc R
Soc Med 1967 Dec;60(12):1268-1269 [FREE Full text] [Medline: 6066573]

19. Feitosa MR, Féres Filho O, Tamaki CM, Perazzoli C, Bernardes MV, Parra RS, et al. Adjunctive hyperbaric oxygen therapy
promotes successful healing in patients with refractory Crohn's disease. Acta Cir Bras 2016;31 Suppl 1:19-23 [FREE Full
text] [doi: 10.1590/S0102-86502016001300005] [Medline: 27142900]

20. You JH, Jiang JL, He WB, Ma H, Zhou M, Chen XX, et al. Addition of hyperbaric oxygen therapy versus usual care alone
for inflammatory bowel disease: a systematic review and meta-analysis. Heliyon 2022 Oct 13;8(10):e11007 [FREE Full
text] [doi: 10.1016/j.heliyon.2022.e11007] [Medline: 36276722]

21. Chen P, Li Y, Zhang X, Zhang Y. Systematic review with meta-analysis: effectiveness of hyperbaric oxygenation therapy
for ulcerative colitis. Therap Adv Gastroenterol 2021 Jul 17;14:17562848211023394 [FREE Full text] [doi:
10.1177/17562848211023394] [Medline: 34349835]

22. McCurdy J, Siw KC, Kandel R, Larrigan S, Rosenfeld G, Boet S. The effectiveness and safety of hyperbaric oxygen therapy
in various phenotypes of inflammatory bowel disease: systematic review with meta-analysis. Inflamm Bowel Dis 2022
Mar 30;28(4):611-621. [doi: 10.1093/ibd/izab098] [Medline: 34003289]

23. Singh AK, Jha DK, Jena A, Kumar- M, Sebastian S, Sharma V. Hyperbaric oxygen therapy in inflammatory bowel disease:
a systematic review and meta-analysis. Eur J Gastroenterol Hepatol 2021 Dec 01;33(1S Suppl 1):e564-e573. [doi:
10.1097/MEG.0000000000002164] [Medline: 33905214]

24. Wu X, Liang TY, Wang Z, Chen G. The role of hyperbaric oxygen therapy in inflammatory bowel disease: a narrative
review. Med Gas Res 2021;11(2):66-71 [FREE Full text] [doi: 10.4103/2045-9912.311497] [Medline: 33818446]

25. Lansdorp CA, Buskens CJ, Gecse KB, D'Haens GR, Van Hulst RA. Wound healing of metastatic perineal Crohn's disease
using hyperbaric oxygen therapy: a case series. United European Gastroenterol J 2020 Aug;8(7):820-827 [FREE Full text]
[doi: 10.1177/2050640620934915] [Medline: 32529922]

Interact J Med Res 2024 | vol. 13 | e53821 | p.544https://www.i-jmr.org/2024/1/e53821
(page number not for citation purposes)

Tanaka et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.researchprotocols.org/2020/8/e18857/
http://dx.doi.org/10.2196/18857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32579537&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36001560&dopt=Abstract
http://dx.doi.org/10.1097/JU.0000000000003929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38573938&dopt=Abstract
https://doi.org/10.1155/2021/9992352
http://dx.doi.org/10.1155/2021/9992352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34234965&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001885
https://dx.plos.org/10.1371/journal.pmed.1001885
http://dx.doi.org/10.1371/journal.pmed.1001885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26440803&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://europepmc.org/abstract/MED/21479777
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21479777&dopt=Abstract
http://dx.doi.org/10.1080/13854046.2014.894576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24625213&dopt=Abstract
http://dx.doi.org/10.1007/s11255-021-03096-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35024997&dopt=Abstract
http://dx.doi.org/10.1016/j.jpurol.2020.05.149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32576432&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1470-2118(24)03040-9
https://linkinghub.elsevier.com/retrieve/pii/S1470-2118(24)03040-9
http://dx.doi.org/10.7861/clinmed.2021-0462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34862223&dopt=Abstract
http://dx.doi.org/10.1002/bjs.4054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12673747&dopt=Abstract
https://europepmc.org/abstract/MED/6066573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6066573&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86502016001300019&lng=en&nrm=iso&tlng=en
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86502016001300019&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/S0102-86502016001300005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27142900&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(22)02295-2
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(22)02295-2
http://dx.doi.org/10.1016/j.heliyon.2022.e11007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36276722&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/17562848211023394?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/17562848211023394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34349835&dopt=Abstract
http://dx.doi.org/10.1093/ibd/izab098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34003289&dopt=Abstract
http://dx.doi.org/10.1097/MEG.0000000000002164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33905214&dopt=Abstract
http://www.medgasres.com/article.asp?issn=2045-9912;year=2021;volume=11;issue=2;spage=66;epage=71;aulast=Wu
http://dx.doi.org/10.4103/2045-9912.311497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33818446&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2050640620934915?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2050640620934915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32529922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Lansdorp CA, Gecse KB, Buskens CJ, Löwenberg M, Stoker J, Bemelman WA, et al. Hyperbaric oxygen therapy for the
treatment of perianal fistulas in 20 patients with Crohn's disease. Aliment Pharmacol Ther 2021 Mar;53(5):587-597 [FREE
Full text] [doi: 10.1111/apt.16228] [Medline: 33326623]

27. Dulai PS, Gleeson MW, Taylor D, Holubar SD, Buckey JC, Siegel CA. Systematic review: the safety and efficacy of
hyperbaric oxygen therapy for inflammatory bowel disease. Aliment Pharmacol Ther 2014 Jun;39(11):1266-1275 [FREE
Full text] [doi: 10.1111/apt.12753] [Medline: 24738651]

28. Colombel JF, Mathieu D, Bouault JM, Lesage X, Zavadil P, Quandalle P, et al. Hyperbaric oxygenation in severe perineal
Crohn's disease. Dis Colon Rectum 1995 Jun;38(6):609-614. [doi: 10.1007/BF02054120] [Medline: 7774472]

29. Noyer CM, Brandt LJ. Hyperbaric oxygen therapy for perineal Crohn's disease. Am J Gastroenterol 1999 Feb;94(2):318-321.
[doi: 10.1111/j.1572-0241.1999.00848.x] [Medline: 10022622]

30. Dulai PS, Buckey JCJ, Raffals LE, Swoger JM, Claus PL, O Toole K, et al. Hyperbaric oxygen therapy is well tolerated
and effective for ulcerative colitis patients hospitalized for moderate-severe flares: a phase 2A pilot multi-center, randomized,
double-blind, sham-controlled trial. Am J Gastroenterol 2018 Oct;113(10):1516-1523. [doi: 10.1038/s41395-018-0005-z]
[Medline: 29453383]

31. Dulai PS, Raffals LE, Hudesman D, Chiorean M, Cross R, Ahmed T, et al. A phase 2B randomised trial of hyperbaric
oxygen therapy for ulcerative colitis patients hospitalised for moderate to severe flares. Aliment Pharmacol Ther 2020
Sep;52(6):955-963. [doi: 10.1111/apt.15984] [Medline: 32745306]

32. Harlan NP, Roberts J, Siegel C, Buckey JC. Hyperbaric oxygen as successful monotherapy for a severe ulcerative colitis
flare. Inflamm Bowel Dis 2022 Sep 01;28(9):1474-1475. [doi: 10.1093/ibd/izac141] [Medline: 35771656]

33. Hasan B, Yim Y, Ur Rashid M, Khalid RA, Sarvepalli D, Castaneda D, et al. Hyperbaric oxygen therapy in chronic
inflammatory conditions of the pouch. Inflamm Bowel Dis 2021 Jun 15;27(7):965-970. [doi: 10.1093/ibd/izaa245] [Medline:
32944766]

34. Fahad H, Dulai PS, Shen B, Kochhar GS. Hyperbaric oxygen therapy is effective in the treatment of inflammatory and
fistulizing pouch complications. Clin Gastroenterol Hepatol 2021 Jun;19(6):1288-1291. [doi: 10.1016/j.cgh.2020.06.029]
[Medline: 32565291]

35. Seo HI, Lee HJ, Han KH. Hyperbaric oxygen therapy for pyoderma gangrenosum associated with ulcerative colitis. Intest
Res 2018 Jan;16(1):155-157 [FREE Full text] [doi: 10.5217/ir.2018.16.1.155] [Medline: 29422812]

36. Zeina T, Levy AN. Adjunctive hyperbaric oxygen therapy for high risk peristomal pyoderma gangrenosum. Dig Dis Sci
2022 Oct;67(10):4597-4598. [doi: 10.1007/s10620-022-07646-x] [Medline: 35989384]

37. Hill DS, O'Neill JK, Toms A, Watts AM. Pyoderma gangrenosum: a report of a rare complication after knee arthroplasty
requiring muscle flap cover supplemented by negative pressure therapy and hyperbaric oxygen. J Plast Reconstr Aesthet
Surg 2011 Nov;64(11):1528-1532. [doi: 10.1016/j.bjps.2011.03.024] [Medline: 21514259]

38. Nyabanga CT, Kulkarni G, Shen B. Hyperbaric oxygen therapy for chronic antibiotic-refractory ischemic pouchitis.
Gastroenterol Rep (Oxf) 2017 Nov;5(4):320-321 [FREE Full text] [doi: 10.1093/gastro/gov038] [Medline: 26319238]

39. Tutrone WD, Green K, Weinberg JM, Caglar S, Clarke D. Pyoderma gangrenosum: dermatologic application of hyperbaric
oxygen therapy. J Drugs Dermatol 2007 Dec;6(12):1214-1219. [Medline: 18189061]

40. Nigwekar SU, Thadhani R, Brandenburg VM. Calciphylaxis. N Engl J Med 2018 Jul 26;379(4):399-400. [doi:
10.1056/NEJMc1807324] [Medline: 30044942]

41. Nigwekar SU, Kroshinsky D, Nazarian RM, Goverman J, Malhotra R, Jackson VA, et al. Calciphylaxis: risk factors,
diagnosis, and treatment. Am J Kidney Dis 2015 Jul;66(1):133-146 [FREE Full text] [doi: 10.1053/j.ajkd.2015.01.034]
[Medline: 25960299]

42. An J, Devaney B, Ooi KY, Ford S, Frawley G, Menahem S. Hyperbaric oxygen in the treatment of calciphylaxis: a case
series and literature review. Nephrology (Carlton) 2015 Jul;20(7):444-450. [doi: 10.1111/nep.12433] [Medline: 25707425]

43. Kemper TC, de Jong VM, Anema HA, van den Brink A, van Hulst RA. Frostbite of both first digits of the foot treated with
delayed hyperbaric oxygen: a case report and review of literature. Undersea Hyperb Med 2014;41(1):65-70. [Medline:
24649719]

44. Magnan MA, Gayet-Ageron A, Louge P, Champly F, Joffre T, Lovis C, et al. Hyperbaric oxygen therapy with Iloprost
improves digit salvage in severe frostbite compared to Iloprost alone. Medicina (Kaunas) 2021 Nov 22;57(11):1284 [FREE
Full text] [doi: 10.3390/medicina57111284] [Medline: 34833502]

45. Hopf HW, Ueno C, Aslam R, Burnand K, Fife C, Grant L, et al. Guidelines for the treatment of arterial insufficiency ulcers.
Wound Repair Regen 2006;14(6):693-710. [doi: 10.1111/j.1524-475X.2006.00177.x] [Medline: 17199834]

46. Figueiredo RS, Cohen EJ, Gomes JA, Rapuano CJ, Laibson PR. Conjunctival autograft for pterygium surgery: how well
does it prevent recurrence? Ophthalmic Surg Lasers 1997 Feb;28(2):99-104. [Medline: 9054479]

47. Assaad NN, Chong R, Tat LT, Bennett MH, Coroneo MT. Use of adjuvant hyperbaric oxygen therapy to support limbal
conjunctival graft in the management of recurrent pterygium. Cornea 2011 Jan;30(1):7-10. [doi:
10.1097/ICO.0b013e3181da58a4] [Medline: 20847683]

48. Dong C, Chen CL, Wang HB. Monocular vision loss after ear filler injection. Aesthetic Plast Surg 2024 Feb 22 (forthcoming).
[doi: 10.1007/s00266-024-03903-8] [Medline: 38388798]

Interact J Med Res 2024 | vol. 13 | e53821 | p.545https://www.i-jmr.org/2024/1/e53821
(page number not for citation purposes)

Tanaka et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33326623
https://europepmc.org/abstract/MED/33326623
http://dx.doi.org/10.1111/apt.16228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33326623&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/apt.12753
https://onlinelibrary.wiley.com/doi/10.1111/apt.12753
http://dx.doi.org/10.1111/apt.12753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24738651&dopt=Abstract
http://dx.doi.org/10.1007/BF02054120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7774472&dopt=Abstract
http://dx.doi.org/10.1111/j.1572-0241.1999.00848.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10022622&dopt=Abstract
http://dx.doi.org/10.1038/s41395-018-0005-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29453383&dopt=Abstract
http://dx.doi.org/10.1111/apt.15984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32745306&dopt=Abstract
http://dx.doi.org/10.1093/ibd/izac141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35771656&dopt=Abstract
http://dx.doi.org/10.1093/ibd/izaa245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32944766&dopt=Abstract
http://dx.doi.org/10.1016/j.cgh.2020.06.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32565291&dopt=Abstract
https://europepmc.org/abstract/MED/29422812
http://dx.doi.org/10.5217/ir.2018.16.1.155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29422812&dopt=Abstract
http://dx.doi.org/10.1007/s10620-022-07646-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35989384&dopt=Abstract
http://dx.doi.org/10.1016/j.bjps.2011.03.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21514259&dopt=Abstract
https://europepmc.org/abstract/MED/26319238
http://dx.doi.org/10.1093/gastro/gov038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26319238&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18189061&dopt=Abstract
http://dx.doi.org/10.1056/NEJMc1807324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30044942&dopt=Abstract
https://europepmc.org/abstract/MED/25960299
http://dx.doi.org/10.1053/j.ajkd.2015.01.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25960299&dopt=Abstract
http://dx.doi.org/10.1111/nep.12433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24649719&dopt=Abstract
https://www.mdpi.com/resolver?pii=medicina57111284
https://www.mdpi.com/resolver?pii=medicina57111284
http://dx.doi.org/10.3390/medicina57111284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34833502&dopt=Abstract
http://dx.doi.org/10.1111/j.1524-475X.2006.00177.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17199834&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9054479&dopt=Abstract
http://dx.doi.org/10.1097/ICO.0b013e3181da58a4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20847683&dopt=Abstract
http://dx.doi.org/10.1007/s00266-024-03903-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38388798&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


49. Jalilian F, Hetz SP, Bostwick J, Boet S. Hyperbaric oxygen therapy for treatment of a late presenting ischaemic complication
from hyaluronic acid cosmetic filler injection. BMJ Case Rep 2022 Jul 07;15(7):e249190. [doi: 10.1136/bcr-2022-249190]
[Medline: 35798493]

50. Simman R, Bach K. Role of hyperbaric oxygen therapy in cosmetic and reconstructive surgery in ischemic soft tissue
wounds: a case series. Eplasty 2022 Dec 07;22:e61 [FREE Full text] [Medline: 36545638]

51. Uittenbogaard D, Lansdorp CA, Bauland CG, Boonstra O. Hyperbaric oxygen therapy for dermal ischemia after dermal
filler injection with calcium hydroxylapatite: a case report. Undersea Hyperb Med 2019;46(2):207-210. [Medline: 31051067]

52. Urdiales-Gálvez F, Delgado NE, Figueiredo V, Lajo-Plaza JV, Mira M, Moreno A, et al. Treatment of soft tissue filler
complications: expert consensus recommendations. Aesthetic Plast Surg 2018 Apr;42(2):498-510 [FREE Full text] [doi:
10.1007/s00266-017-1063-0] [Medline: 29305643]

53. Hoit G, Bonyun M, Nauth A. Hardware considerations in infection and nonunion management: when and how to revise
the fixation. OTA Int 2020 Mar 23;3(1):e055 [FREE Full text] [doi: 10.1097/OI9.0000000000000055] [Medline: 33937680]

54. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al. Post-acute COVID-19 syndrome. Nat
Med 2021 Apr;27(4):601-615 [FREE Full text] [doi: 10.1038/s41591-021-01283-z] [Medline: 33753937]

55. Zilberman-Itskovich S, Catalogna M, Sasson E, Elman-Shina K, Hadanny A, Lang E, et al. Hyperbaric oxygen therapy
improves neurocognitive functions and symptoms of post-COVID condition: randomized controlled trial. Sci Rep 2022
Jul 12;12(1):11252 [FREE Full text] [doi: 10.1038/s41598-022-15565-0] [Medline: 35821512]

56. Schouten WR, Briel JW, Auwerda JJ, De Graaf EJ. Ischaemic nature of anal fissure. Br J Surg 1996 Jan;83(1):63-65. [doi:
10.1002/bjs.1800830120] [Medline: 8653368]

Abbreviations
ATA: atmospheres absolute
ESRD: end-stage renal disease
HBO2: hyperbaric oxygen
IBD: inflammatory bowel disease
IRB: institutional review board
NSI: Neurobehavioral Symptom Inventory
PCC: post–COVID-19 condition
QOL: quality of life
RECORD: Reporting Of Studies Conducted Using Observational Routinely Collected Health Data
REDCap: Research Electronic Data Capture
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
UC: ulcerative colitis
UHMS: Undersea and Hyperbaric Medical Society
VAS: visual analog scale

Edited by T de Azevedo Cardoso, G Eysenbach; submitted 20.10.23; peer-reviewed by E Mehraeen, H Matsui; comments to author
17.01.24; revised version received 17.02.24; accepted 30.07.24; published 20.08.24.

Please cite as:
Tanaka HL, Rees JR, Zhang Z, Ptak JA, Hannigan PM, Silverman EM, Peacock JL, Buckey JC, Multicenter Registry for Hyperbaric
Oxygen Treatment Consortium
Emerging Indications for Hyperbaric Oxygen Treatment: Registry Cohort Study
Interact J Med Res 2024;13:e53821
URL: https://www.i-jmr.org/2024/1/e53821 
doi:10.2196/53821
PMID:39078624

©Hideaki L Tanaka, Judy R Rees, Ziyin Zhang, Judy A Ptak, Pamela M Hannigan, Elaine M Silverman, Janet L Peacock, Jay
C Buckey, Multicenter Registry for Hyperbaric Oxygen Treatment Consortium. Originally published in the Interactive Journal
of Medical Research (https://www.i-jmr.org/), 20.08.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical Research, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.i-jmr.org/, as well as this copyright
and license information must be included.

Interact J Med Res 2024 | vol. 13 | e53821 | p.546https://www.i-jmr.org/2024/1/e53821
(page number not for citation purposes)

Tanaka et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/bcr-2022-249190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35798493&dopt=Abstract
https://europepmc.org/abstract/MED/36545638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36545638&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31051067&dopt=Abstract
https://europepmc.org/abstract/MED/29305643
http://dx.doi.org/10.1007/s00266-017-1063-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29305643&dopt=Abstract
https://europepmc.org/abstract/MED/33937680
http://dx.doi.org/10.1097/OI9.0000000000000055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33937680&dopt=Abstract
https://europepmc.org/abstract/MED/33753937
http://dx.doi.org/10.1038/s41591-021-01283-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33753937&dopt=Abstract
https://doi.org/10.1038/s41598-022-15565-0
http://dx.doi.org/10.1038/s41598-022-15565-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35821512&dopt=Abstract
http://dx.doi.org/10.1002/bjs.1800830120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8653368&dopt=Abstract
https://www.i-jmr.org/2024/1/e53821
http://dx.doi.org/10.2196/53821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39078624&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Telemedicine Research Trends in 2001-2022 and Research
Cooperation Between China and Other Countries Before and After
the COVID-19 Pandemic: Bibliometric Analysis

Hanlin Feng1, MSc; Karin Kurata2, MSc; Jianfei Cao3, PhD; Kageyama Itsuki4, PhD; Makoto Niwa5, PhD; Atsushi

Aoyama1, PhD; Kota Kodama4, PhD, RPh
1Graduate School of Technology Management, Ritsumeikan University, Ibaraki, Japan
2Course of Information Systems Engineering, National Institute of Technology, Tsuruoka College, Tsuruoka, Japan
3MergeSystem Inc, Fukuoka, Japan
4Medical Data Science Lab, Hoshi University, Tokyo, Japan
5Graduate School of Technology, Ritsumeikan University, Ibaraki, Japan

Corresponding Author:
Kota Kodama, PhD, RPh
Medical Data Science Lab
Hoshi University
2-4-41 Ebara
Shinagawa-Ku
Tokyo, 142-8501
Japan
Phone: 81 337861011
Email: kodama.kota@hoshi.ac.jp

Abstract

Background: Advancements in technology have overcome geographical barriers, making telemedicine, which offers remote
emergency services, healthcare, and medication guidance, increasingly popular. COVID-19 restrictions amplified its global
importance by bridging distances.

Objective: This study aimed to analyze Chinese and global literature data, present new global telemedicine research trends,
and clarify the development potential, collaborations, and deficiencies in China's telemedicine research.

Methods: We conducted bibliometrics and network analyses on relevant documents from the Web of Science database from
2001 to 2022. Data collection was completed on October 30, 2023. Considering COVID-19’s impact, 2020 was used as a baseline,
dividing the data into 2 periods: 2001-2019 and 2020-2022. The development potential was determined based on publication
trends. An international coauthorship network analysis identified collaboration statuses and potential. Co-occurrence analysis
was conducted for China and the world.

Results: We identified 25,333 telemedicine-related research papers published between 2001 and 2022, with a substantial increase
during the COVID-19 period (2020-2022), particularly in China (1.93-fold increase), moving its global publication rank from
tenth to sixth. The United States, the United Kingdom, and Australia contributed 62.96% of the literature, far ahead of China’s
3.90%. Globally, telemedicine research increased significantly post-2020. Between 2001 and 2019, the United States and Australia
were central in coauthor networks; post-2020, the United States remained the largest node. Network hubs included the United
States, the United Kingdom, Australia, and Canada. Keyword co-occurrence analysis revealed 5 global clusters from 2001 to
2019 (system technology, health care applications, mobile health, mental health, and electronic health) and 2020 to 2022
(COVID-19, children’s mental health, artificial intelligence, digital health, and rehabilitation of middle-aged and older adults).
In China, the research trends aligned with global patterns, with rapid growth post-2020. From 2001 to 2019, China cooperated
closely with Indonesia, India, Japan, Taiwan, and South Korea. From 2020 to 2022, cooperation expanded to Japan, Singapore,
Malaysia, and South Korea, as well as Saudi Arabia, Egypt, South Africa, Ghana, Lebanon, and other African and Middle Eastern
countries. Chinese keyword co-occurrence analysis showed focus areas in system technology, health care applications, mobile
health, big data analysis, and electronic health (2001-2019) and COVID-19, artificial intelligence, digital health, and mental
health (2020-2022). Although psychology research increased, studies on children’s mental health and middle-aged and older
adults’ rehabilitation were limited.
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Conclusions: We identified the latest trends in telemedicine research, demonstrating its significant potential in China and
providing directions for future development and collaborations in telemedicine research.

(Interact J Med Res 2024;13:e40801)   doi:10.2196/40801
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telemedicine; telehealth; coauthorship analysis; network analysis; bibliometric analysis; co-occurrence analysis

Introduction

Development of personal computers, communication
technology, and professional medical technology have led to
improvements in medical-related technology. Telemedicine
provides health care solutions in difficult-to-access areas. Health
care organizations worldwide are becoming increasingly
interested in implementing telemedicine technologies to improve
care and services [1]. Telemedicine is the delivery of health
care and the exchange of health care information across
distances [2]. Telemedicine dates back to the mid-to-late 19th
century [2]. Furthermore, one of the earliest reports was
published in the early 20th century, with electrocardiogram data
transmitted over telephone lines. Currently known telemedicine
was formed in the 1920s to 1960s and was largely driven by
military and space technology sectors [2,3]. Moreover, only a
few individuals used off-the-shelf commercial equipment at the
time [4]. Examples of early telemedicine technology include
the use of televisions to facilitate consultations between
specialists in institutions and general practitioners in state
psychiatric hospitals [5]. Furthermore, it was also used to
provide expert medical guidance to airport medical centers from
major teaching hospitals [6]. Continued development of
internet-based audio and video communication technologies,
coupled with high demand for a convenient and efficient way
to receive care, enabled the development of telemedicine
applications [7]. With the rapid development of telemedicine
equipment and information communication technology,
telemedicine has developed rapidly and is used widely around
the world as a new mode of medical service [8,9]. In particular,
in China, telemedicine has been used as a crucial method by
the government to address the inequality of medical resources
between urban and rural areas [10]. The development of
telemedicine in China began in the 1980s. In 1986, the
Guangzhou Ocean Shipping Company conducted a cross-sea
consultation for emergency patients on the oceangoing freighter
through telegraph, which was the earliest telemedicine activity
in China. In 1997, the Jinwei Medical Network in China was
officially opened to provide remote, off-site, real-time, and
dynamic live television consultations for patients with severe
illness. Subsequently, the medical institutions at all levels in
China began to explore and develop telemedicine. After years
of effort, the development of telemedicine entered its golden
age. In 2017, 22 provinces in China established telemedicine
platforms covering 13,000 medical institutions, providing
teleconsultation, telediagnosis, and remote medical education
[10].

Travel was restricted owing to the COVID-19 pandemic starting
in 2019 [11]. However, telemedicine is attracting attention
worldwide as it can overcome the problems caused by distances.

Telemedicine was increasingly used during the COVID-19
pandemic as a tool to reduce the spread of potential diseases
and fill gaps in health care services. Telemedicine emerged as
a crucial tool during the COVID-19 pandemic, playing a
significant role in health care delivery and management. The
global health crisis prompted by the pandemic accelerated the
adoption of telemedicine, highlighting its importance in ensuring
the continuity of medical services and reducing the risk of
infection transmission. Studies have shown that telemedicine
was particularly valuable in providing care to patients while
minimizing physical contact, especially in situations where
in-person visits may have posed health risks due to the highly
contagious nature of the virus [12]. Telemedicine could serve
as a public health tool to reduce hospital burden, provide
continuity of care, and support disease surveillance and
management. Particularly, China took protective measures and
relied on telemedicine as a response to the pandemic [13,14].
Zhang and Ma [15] quantified the differences between online
and face-to-face delivery of health services during the
COVID-19 pandemic through a discontinuous time series study
in Beijing, China. Moreover, they compared the impact of
COVID-19 on the primary outcomes of face-to-face (outpatient,
emergency visits, and discharge) and online (online inquiry)
health care services. The impact of COVID-19 on health care
for different diseases was also analyzed. The average monthly
outpatient and discharge volumes of 22 public hospitals in
Beijing dropped by 36.33% (2020: 1,720,180 cases; 2019:
2,701,790 cases) and 35.75% (2020: 21,600 cases; 2019: 86,770
cases), respectively, compared with those in 2019. In addition,
the average monthly online consultation volume increased by
90.06% (2020: 12,050 cases; 2019: 6340 cases) [15]. After the
COVID-19 lockdown, patients with nonsevere disease opted
for online consultations. Conversely, patients with severe disease
chose hospital care.

Simultaneously, studies are increasingly focusing on the further
development of telemedicine. Although telemedicine technology
has developed rapidly around the world, research on China's
specific development in this field, the challenges it faces, and
the status and potential of international cooperation is still
limited. Therefore, understanding the current trends and hot
spots of publication in telemedicine is necessary. Understanding
the pandemic’s effect on telemedicine research through Chinese
protective measures can play a significant role in promoting the
development of telemedicine.

In light of this, understanding telemedicine research trends in
China, where demand for telemedicine is high, and research
relationships among China and other countries is of particular
interest. This study aimed to analyze Chinese and global
literature data, present new global trends in telemedicine
research, and clarify the development potential of China's
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telemedicine research, potential collaborations, and deficiencies
in its own telemedicine research.

Bibliometric analysis is a research method that quantitatively
analyzes data from scientific literature and publications. Results
of a bibliometric analysis can guide future research by
identifying the quality of research and major research areas
[16,17]. It includes coauthorship analysis to identify the
relationships between institutions and countries [16,17].
Co-occurrence analysis is another methodology used in
bibliometric analysis. It investigates co-occurrence relationships
between keywords in academic literature and reveals their
relationships and structures [16,17]. Co-occurrence analysis
allows the identification of research hot spots and the main
research directions through keyword clustering. It also allows
researchers to obtain information on topics of interest [17-19].
It helps researchers understand the trends in academic research
and topics, areas of research focus, and evolution of research
fields. Keywords are extracted through co-occurrence analysis
[18].

Academically relevant literature on telemedicine bibliometric
analyses to date includes the analysis by Armfield et al [20] of
17,932 articles published between 1970 and 2013 in the PubMed
database. Furthermore, they divided the time period into 1970
to 1995 and 2009 to 2013. The study examined the themes
during the early adoption of telemedicine and compared them
with more recently published reports, which provided an
understanding of the maturity, scope, and perceptions of
telemedicine. Furthermore, they found that the focus of the field
shifted from technical issues to clinical applications and
assessment.

Sikandar et al [1] conducted a bibliometric analysis that
extracted data from 2011 to 2020 from the Scopus database.
This study analyzed 1401 articles to examine primary authors,
journals, research institutions and countries, and articles with
a high number of citations. However, this study lacked data
from 2001 to 2011, which was not conducive to an overview
of the development of telemedicine. They found that the United
States, the Netherlands, and the United Kingdom had many
publications in telemedicine. Furthermore, the 10 most studied
keywords were identified: mobile health (mHealth),
telemedicine, internet, eHealth literacy, technology,
self-management, digital health, primary health care, mental
health, and electronic health records. This study enabled
researchers to understand that telemedicine was an emerging
discipline as well as an understudied field. However,
telemedicine experienced rapid development after 2020 due to
the COVID-19 pandemic. Therefore, updating our understanding
regarding telemedicine is essential.

Yanga et al [7] used the Web of Science database to obtain data
on telemedicine over a 20-year period, from 1993 to 2012, which
produced 7960 publications. Bibliometric analysis revealed that,
although the total volume of telemedicine literature increased
significantly over the past 20 years, publication activity in each
country and region changed over time. The results revealed that
the number of telemedicine publications per year increased from
10 in 1993 to 996 in 2012. There was annual growth from 1993
to 2000; however, the growth rate declined between 2000 and

2008. Despite this, growth in telemedicine publications
continued to decrease and has remained steady since 2009 [7].
Although the United States leads the cumulative number of
telemedicine publications, Norway ranked the highest when
ranking countries by publications per capita. The study also
found that the annual increase in the number of publications
was inconsistent between 1993 and 2012. Moreover,
neuroscience and nursing were 2 significant subresearch fields
in telemedicine research.

Waqas et al [21] conducted a bibliometric analysis and extracted
data through the Web of Science from 2010 to 2019, with a
focus on English publications. They found that academic
research in telemedicine increased significantly over the 10-year
period. Furthermore, research on telemedicine was primarily
conducted by institutions in high-income countries. In addition,
telemedicine research shifted from radiology to specific
disciplines, such as telemedicine, teledermatology, and telecare.
Disciplines that promoted joint research included public
environment and occupational health, psychiatry, pediatrics,
health policy and services, nursing, rehabilitation, radiology,
pharmacology, surgery, respiratory medicine, neuroscience,
obstetrics, and geriatrics. However, after the COVID-19
pandemic, telemedicine research fostered telemedicine
development, which implies the need for further analysis.

Lan et al [14] discussed the research direction of telemedicine
during COVID-19, clarified the diseases for which telemedicine
technology was used, and identified the medical services it
provided. As of December 16, 2021, 5224 telemedicine research
papers on COVID-19 were retrieved from the PubMed database.
The United States had the most published articles on
telemedicine. Simultaneously, most research was related to the
provision of health care and mental health services. Although
the study mainly explained the application of telemedicine
during COVID-19, it did not consider the difference in the
timeline before and after the COVID-19 pandemic. Hence, there
is a need to further analyze the changes in telemedicine research
motivated by COVID-19. Telemedicine’s popularity and
acceptance, as well as the awareness and recognition of it by
patients and health care professionals, may have changed before
and after the COVID-19 pandemic. Clarifying these changes is
important when considering the future direction of telemedicine.

Waqas et al [21] also found that Web of Science indexed 6896
papers from 2010 to 2019, with an overall h-index of 87.
Furthermore, each study was cited an average of 10.64 times.
In total, 42,381 papers were cited 73,354 times. In addition,
both the number of published papers and number of citations
showed an increasing trend from 2010 to 2019. Regionally,
publication output (in English) was highest in high-income
countries: the United States, Australia, the United Kingdom,
Canada, and Germany. However, 2 middle-income countries,
India and China, also featured in the top 10 for publication
output. These results demonstrated the rapid growth in
telemedicine, even before the COVID-19 pandemic. We
anticipated that the research landscape and implementation of
telemedicine infrastructure would likely advance exponentially
during and after the COVID-19 pandemic. This was echoed by
a recent report from the American Medical Association, which
predicted that “$250 billion in care could shift to telehealth in
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the wake of COVID-19, boosting research and infrastructure”
[22].

Through preliminary research in telemedicine, we found that
the relevant literature increased or decreased every year [1,21].
However, the overall trend was rising. Simultaneously, the
United States made the largest contribution to the literature [21].
Research hot spots ranged broadly, including early technology,
teleconsultation, telepathology, teleradiology, teledermatology,
chronic disease care, and home care.

This study aimed to analyze Chinese and global literature data,
present new global trends in telemedicine research, and clarify
the development potential of China's telemedicine research,
potential collaborations, and deficiencies in its own telemedicine
research. By identifying and understanding its own opportunities
and shortcomings, China could further develop effective
strategies to promote the innovation and development of
telemedicine technologies and services. Identifying potential
countries with which to collaborate will help China establish
international collaboration in telemedicine, share knowledge
and experience, and jointly respond to global health challenges,
such as COVID-19.

Methods

Data Collection
We conducted a comprehensive literature search for
telemedicine research articles published between 2001 and 2022
in the Web of Science database. A combination of the following
keywords was used, with all relevant keywords in 1 search box:
topic search = (“telemedicine” OR “tele-medicine” OR “tele
medicine”) or (“telehealth” OR “tele-health” OR “tele health”).
This means that we searched for articles containing any
“telemedicine”-related terms and any “telehealth”-related terms
at once. In this way, we ensured that all results contained
relevant keywords in the fields of telemedicine and telehealth.
Our selection criteria were limited to articles published in
English within a specified time frame. The search was divided
into 2 periods: 2001-2019 and 2020-2022. As illustrated in
Figure 1, the initial search yielded 11,681 and 13,652 articles
in the first and second periods, respectively. Subsequently, we
extracted data that pertained to publications from China, which
resulted in 337 and 652 articles in the first and second periods,
respectively. Data collection was completed on October 30,
2023.

Figure 1. Data collection strategy for the bibliometric analysis of telemedicine research. TS: topic search.

We selected the Web of Science database to extract data for our
publication analysis. Since the use and definition of
“telemedicine” were not uniformly standardized across the
literature and had variations in spelling and terminology, it is
critical to encompass such diversity. The term “telemedicine”

and its synonymous term “telehealth” were used
interchangeably. A previous study highlighted the importance
of including both “telemedicine” and “telehealth” in searches
for comprehensive representation [7]. This database was chosen
for 2 primary reasons. First, it provided extensive citation
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coverage across more than 20,000 peer-reviewed journals in
diverse fields, such as health, social sciences, and engineering.
Second, it was the sole database that enabled citation
management across 250 distinct subjects [21]. These features
led numerous researchers to consider the Web of Science as an
optimal resource for conducting bibliometric analyses [23-25].

Before conducting data analysis, it is crucial to ensure the data's
accuracy and reliability. To this end, we performed data cleaning
to check for and remove possible duplicate entries in the
database, ensuring that each article appeared only once.
Databases may list multiple institutions as affiliations for a
single author due to the author's personal profile, which may
not match the affiliation listed in the article. In such cases, we
cleaned the entries to retain only the author's valid affiliation
at the time of publication. If the affiliation field for the same
author contained multiple institutions, we cleaned the data to
reflect only the primary affiliation associated with the
publication. This step is critical to preventing misrepresentation
of institutional contributions and collaborations. Through these
data cleaning steps, we ensured the data set's completeness and
accuracy, avoiding bias in the research results due to duplicate
or erroneous data, including titles, author names, journal names,
and publication dates.

Use of Software
This study used Microsoft Excel (version 2019), VOSviewer
(version 1.6.18), R studio (version 3.3.0), Bibliometrix package
(version 4.1.3), Statnet package (version 2019.6), and CiteSpace
(version 6.2.R4).

Data Analysis
We used Microsoft Excel (version 2019) to collect the statistics
and organize the following literature data [26,27]: the annual
number of publications in China and the world, the top 10
countries in the world in total number of publications from 2001
to 2022, the number of publications in these countries from
2001 to 2019 and 2020 to 2022, and magnification. We also
used Microsoft Excel (version 2019) to calculate the ratio of
the number of publications in each country to the total number
of publications and determine the contribution of each country
in this field. Magnification is the publication growth ratio in a
period, that is, comparing the ratio of the number of publications
in the 2 different time periods, 2001-2019 and 2020-2022. The
calculation used the following formula: N2/N1, where N is the
number of publications in each time period [28]. This
comparison can be used to measure how quickly the
telemedicine field or topic is growing or changing over time.
This ratio helps understand whether the field of telemedicine

has experienced significant research growth during and after
the COVID-19 pandemic.

Furthermore, we performed bibliometric analysis with
VOSviewer (version 1.6.18). VOSviewer is a software tool
designed to construct and visualize bibliometric networks [17].
Bibliometric analysis is the application of mathematics and
statistics [16]. We used VOSviewer and generated bibliometric
maps to visualize social networks based on geographical data,
which thereby showed international collaborations within the
telemedicine domain. Additional analyses were performed via
R Studio (version 3.3.0) and incorporated the Bibliometrix and
Statnet packages to delineate intercountry relationships in
telemedicine research. These packages are tools for bibliometric
analysis and scientific mapping, respectively. Bibliometrix is
an R package specially designed for bibliometric analysis and
provides functions for data import, cleaning, analysis, and
bibliometric data visualization [29]. Conversely, Statnet is a
software package used to describe and visualize networks of
relationships between countries in bibliometric data, with a
special focus on international research collaborations [30]. These
tools are valuable for researchers who conducted bibliometric
studies in various fields. They enable the analysis of publication
trends, citation networks, coauthorship patterns, and
international collaborations and provide insights into the
structure and dynamics of scientific research. By leveraging
these packages, researchers gain a comprehensive view of
scholarly communications and identify key contributors,
influential publications, and emerging trends. The use of
Bibliometrix and Statnet in R Studio was consistent with the
purpose of conducting bibliometric and network analyses to
describe international collaborations in telemedicine. These
tools facilitated the visualization and interpretation of social
networks for academic collaboration, elucidated the relationships
between countries, and disseminated research in telemedicine.
We established thresholds, setting the minimum numbers of
publications in a country and citations to 10 and 5 times,
respectively, to ensure the relevance and importance of network
analysis. This approach allowed us to identify China’s role and
evolution in international telemedicine collaboration [31,32].

Figure 2 presents a network diagram in which each point is
shown as a node within the network structure. Connections
between the points, indicative of relationships, are illustrated
as edges. Degree centrality is a key measure within this context
and was defined as the number of direct neighbors of a node.
It was calculated by adding the total number of direct links that
a node had with other nodes [33].
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Figure 2. Description of a network diagram.

Betweenness centrality quantified a node's role as an
intermediary within a network. It was measured by the frequency
with which a node occurred on the shortest paths between pairs
of nodes. In essence, a node with high betweenness centrality
acted as a critical bridge within the network’s shortest path
structure. The calculation of betweenness centrality was derived
from the aggregate shortest paths that passed through a given
node:

where σst was the total number of shortest paths between nodes
s and t and σst(υ) was the number of paths passing through
node υ [33,34].

Betweenness centrality is known as an “intermediary agency”
role in the network. If one node was in the path to other unique
nodes through communicating, connecting, transporting, or
trading, then it could be important and is likely to have a high
betweenness centrality [35].

We conducted co-occurrence analysis using author-provided
keywords in VOSviewer to identify research hot spots in
telemedicine. We chose binary counting when using VOSviewer
for analysis. This means that each keyword is counted only
once, no matter how many times it appears in the document.
This is done to ensure that the weight of each keyword in the
network graph is not affected by its frequency of occurrence in
a single document but is based on its occurrence in multiple
documents. The minimum number of co-occurrences was set
to 50. This is to ensure that the keywords analyzed are
sufficiently representative in international research. For China’s
data, since the amount of extracted data was lower, the minimum
number of co-occurrences was set to 5. This ensures that
important keywords are included even in smaller data sets. Due
to the search strategy, the keywords telemedicine and telehealth
(and keywords with similar meanings) appear more frequently
and occupy a larger weight in the co-occurrence network graph.

Such keywords are considered to affect the distribution of the
remaining keywords; therefore, when mapping the co-occurrence
of keywords in China and the world, the keywords used in the
search strategy that appeared in the results are deleted, and the
results are concentrated on valuable research topic buzzwords
[36]. Keywords were standardized, and synonyms and different
spellings were merged. For example, we combined synonyms
like “COVID19” and “covid-19” into 1 unified keyword.

To examine the changes in hot spots more comprehensively,
we used CiteSpace (Basic version 6.2. R4) to visualize the
changes over time for international telemedicine research trends
[37]. We used CiteSpace (version 6.2. R4) to analyze keyword
bursts. CiteSpace is popular scientometric software to analyze
and visualize trends, patterns, and frontiers in scientific
literature. It includes several key concepts, such as “keyword
burst,” and has 2 important concepts [38]. Keyword explosions
refer to sharp increases in the frequency of the use of certain
keywords within a specific period. An explosion could indicate
that the represented concept, technology, or topic represented
had received widespread attention or become a hot research
topic during that period. CiteSpace’s (version 6.2.R4) keyword
burst analysis helps identify and track research trends and hot
areas [38].

Results

Telemedicine Research Publications
The publication patterns in telemedicine revealed a global
upward trajectory, which was particularly significant over the
past 3 years. Although the growth from 2001 to 2019 was
gradual, a marked acceleration in publication volume was
observed after 2020. The number of telemedicine papers
published by the top 10 countries from 2020 to 2022 surpassed
those published in the preceding 19 years, as shown in Table
1. This was also notably true for China, where the publication
counts from 2020 to 2022 were approximately 1.93 times the
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aggregate for those in 2001 to 2019. Table 1 also shows the
global ranking of Chinese telemedicine research publications.
China’s global ranking increased from tenth in 2001 to 2019 to
sixth in 2020 to 2022. This surge highlighted the escalating
significance of telemedicine, propelled by technological
advancements in health care and intensified by the COVID-19
pandemic [20-22]. Figure 3 illustrates the burgeoning global

interest in telemedicine research, a trend expected to persist.
Figure 3 also charts the trajectory of telemedicine publications
in China, which shows a steady increase from 2001 to 2019,
followed by a sharp increase in the subsequent years. This
pattern mirrored the global trend and highlighted China's
intensified focus on telemedicine research in the face of recent
health challenges.

Table 1. Top 10 countries by publication volume (total number of publications=25,333).

MagnificationaPublications by time periodPublications in the country, n (%)CountryRank

2020-2022, n2001-2019, n

1.296817529512,112 (47.81)United States1

1.03103310022035 (8.03)Australia2

1.079318731804 (7.12)England3

0.977617821543 (6.09)Canada4

1.487164851201 (4.74)Italy5

1.055244981022 (4.03)Germany6

1.76636362998 (3.93)India7

1.93652337989 (3.9)China8

1.10441401842 (3.32)Spain9

0.89313352665 (2.62)Netherlands10

aNumber of publications before and after 2020.

Figure 3. Number of international telemedicine publications.

International Coauthorship Network for the
Telemedicine Research Field
Figures 4A and 4B depict the international coauthorship network
in the telemedicine field. The size of each node corresponds to
the number of publications in each country, and larger nodes
indicate a higher volume. Proximity between 2 nodes suggest
the degree of relatedness between the corresponding countries
regarding research. An interconnecting line represents

collaborative relationships, and thicker lines denote more
frequent or substantial collaborative efforts. The different colors
assigned by VOSviewer signifies different clusters within the
network, where nodes of the same color typically share common
properties or characteristics [39]. The network demonstrates
the global scale of telemedicine research, showcasing various
nations’contributions and cooperative efforts to improve health
care through telemedicine technologies. As shown in Figure
4A, the United States and Australia emerged as central hubs for
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coauthor networks between 2001 and 2019, which emphasizes
their critical roles in telemedicine research collaboration.
Although Brazil’s node is relatively small, its proximity to the
United States and the network’s core suggests an important
collaborative link. China maintained close cooperative relations
with Indonesia, India, Japan, Taiwan, and South Korea. China’s

main cooperation collaboratives were neighboring Asian
countries in the same geographical location. However, network
density was more concentrated in Europe and North America,
which could reflect more intensive collaboration in these
regions.

Figure 4. International co-authorship network in telemedicine: (A) 2001-2019 and (B) 2020-2022.

Figure 4B further illustrates the scale of international
collaboration in telemedicine between 2020 and 2022. The
United States remained the largest node, which represented the

most extensive international collaboration. The countries in the
center of the network included the United States, the United
Kingdom, Australia, and Canada. Importantly, China maintained

Interact J Med Res 2024 | vol. 13 | e40801 | p.554https://www.i-jmr.org/2024/1/e40801
(page number not for citation purposes)

Feng et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


close cooperation with countries from Asia including Japan,
Singapore, Malaysia, and South Korea. In addition, China, Saudi
Arabia, Egypt, South Africa, Ghana, Lebanon, and other African
and Middle Eastern countries unified from the different colored
clusters in Figure 4A to a common red cluster in Figure 4B.
Cooperation with countries in Africa and the Middle East was
also strengthening. Simultaneously, European countries unified
from the different colored clusters in Figure 4A to a common
green cluster in Figure 4B. Italy is in the central area, and the
size of the nodes is relatively large, which indicates more
contributions to publications.

This study used RStudio (version 3.3.0) to generate the degree
and betweenness centrality for 130 countries in the field of
telemedicine. Matrices of the top 50 countries in degree and
betweenness centrality from 2001 to 2019 (complete list shown
in Multimedia Appendix 1) and 2020 to 2022 (complete list
shown in Multimedia Appendix 2) are shown in Figures 5A and
5B, respectively. The central axis divides the matrix into 4
quadrants, with the degree centrality increasing along the X axis
from left to right and the betweenness centrality increasing
along the Y axis from bottom to top. The X axis quantifies the
degree centrality, which reflects the number of connections a
country has within the network. In contrast, the Y axis quantifies

betweenness centrality, which indicates a country's role as an
intermediary within the network.

In Figure 5, the span of the X and Y axes ranged from 0 to 140
and 0 and 4.5, respectively. From 2001 to 2019, shown in Figure
5A, to 2020 to 2022, shown in Figure 5B, the countries as a
whole moved to the right and downwards, indicating that
countries within the international telemedicine research
collaboration network exhibited a general increase in degree
and decrease in betweenness centrality. This trend implies that,
although the number of international collaborations increased,
the role of these countries in the dissemination of research
information diminished.

In Figure 5, the United States consistently occupied the quadrant
characterized by high degree and betweenness centralities, which
indicates its significant role as both a primary collaborator and
vital conduit for information flow. In contrast, China was
situated in a quadrant of low degree and betweenness centralities
from 2001 to 2019. However, from 2020 to 2022, China shifted
to the quadrant indicative of high degree centrality but low
betweenness centrality, which aligns with the general trend in
which international collaborations increased while the centrality
in information dissemination decreased [40,41].
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Figure 5. Matrix of degree and betweenness centrality in telemedicine: (A) 2001-2019 and (B) 2020-2022.

Co-Occurrence Analysis of Author Keywords for
China and International Trends in the Telemedicine
Research Field
Figure 6 presents the keyword co-occurrence network. Figures
6A and 6B represent international trends from 2001 to 2019

and 2020 to 2022, respectively. Figures 6C and 6D represent
trends in China from 2001 to 2021 and 2020 to 2022,
respectively.
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Figure 6. Keyword co-occurrence network in telemedicine in (A) the world in 2001-2019, (B) the world in 2020-2022, (C) China in 2001-2019, and
(D) China in 2020-2022.

In Figures 6A and 6C (2001-2019), the keyword analysis
revealed that “care” and “health” were the predominant nodes,
which signifies their foundational role in telemedicine research.
The prominence of “technology” underscores its critical
influence, while the association with terms, such as “mobile
health” and “eHealth,” reflects the importance of digital
innovation in telemedicine service provision. The emergence
of “user acceptance” and “self-management” as notable

keywords denotes the sector's focus on consumer engagement
and empowerment of patients in managing their health. The
keyword “outcomes” highlights the significance of research
results and evaluation of service efficacy in telemedicine.
Moreover, the keyword “mobile” suggests an intensive research
interest in the application of mobile technologies to telemedicine
services. “Health information” and “data” highlight the
importance of information management and data analysis, and
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the emergence of “quality of care” underscores a commitment
to service excellence.

The focus on “security” and “privacy” in Chinese research
indicates a growing awareness of the need for data protection
measures in telemedicine services. Comparison of Figures 6A
and 6C shows that, although international studies were inclined
toward nursing and health, China had a unique focus on
fundamental technology and systems management, with a
special emphasis on health data collection and analysis. This
difference could stem from specific telemedicine policies
implemented in China [41]. However, compared with Figure
6A, which shows global keyword co-occurrence, Figure 6C
shows that China’s telemedicine research had fewer keywords
in mental health.

As seen in Figures 6B and 6D, the keyword landscape from
2020 to 2022 was significantly reshaped by the emergence of
the COVID-19 pandemic, with the importance of “COVID-19”
and “pandemic.” This was demonstrated in research discourse.
These terms underscored the significant impact of health crises
on telemedicine research and implementation. The increase in
“mental health” keywords may have relationships with the
widespread use of telemedicine in mental health services and
psychotherapy. In addition, the mental health issues caused by
the pandemic may have provided potential opportunities for
telemedicine to implement psychological assistance. The
prominent appearance of “data,” “analytics,” and “artificial
intelligence” demonstrates an accelerated convergence of data
analytics and artificial intelligence in telemedicine, which points
to technological changes triggered by the pandemic.
Additionally, consistent references to “telemedicine,”
“technology,” and “digital” reaffirm the centrality of
technological innovation in telemedicine services. The
emergence of “children” as a keyword highlights the importance
of telemedicine for pediatric care. “Patient engagement” and
“self-management” suggest that patient autonomy was
increasing, which could have been influenced by increased
health awareness and limited access to physical care during the
pandemic.

Consistent with the global pattern, the term “COVID-19”
became the focus of telemedicine research in China during the
pandemic. This reflects the significant impact of the pandemic
on the health care system and the resulting shift in research

focus toward telemedicine. The clustering of terms, such as
“eHealth,” “mHealth,” and “digitalization,” highlight the critical
role that digital and mobile technologies played in health care
delivery in China. The observed increases in the keywords
“mental health” and “depression” may indicate an increasing
focus in telemedicine research on mental health services and
psychotherapy. In addition, the emergence of keywords such
as “children” and “rehabilitation” in telemedicine research
highlights the growing interest in specialist telemedicine
applications. This may reflect an increased awareness of diverse
health care needs, including those for the older adult population,
pediatric care, and rehabilitation services. These needs may be
impacted by the pandemic’s broader impact on health care
priorities and service delivery models.

Figure 7 shows the bursts of the top 50 global telemedicine
keywords between 2001 and 2022. International trends in
telemedicine have generally undergone 3 stages of
transformation: early focus, mid-term evolution, near-term
focus.

Keywords such as “system,” “telepsychiatry,” and “technology”
experienced citation explosions between 2001 and 2012, which
reflect the early days of telemedicine, system building, and
technology applications in specific fields (eg, telemental health).
From 2013 to 2017, there was a rapid increase in citations with
keywords such as “telecare,” “self-management,” and “mobile
health,” which indicates that telemedicine was beginning to
become more personalized as mobile technology became popular
and self-management tools developed. This was an indication
toward development in the direction of globalization and
mobility. Beginning from 2018, there was an explosion of
citations for keywords such as “social media,” “disparity,” and
“emergency medicine,” possibly due to the increased role of
social media in health communication, which heightened
concerns of inequalities in medical services and increased
demand for remote emergency medical services. Beginning
from 2020, pandemic-related keywords, such as “COVID-19,”
“coronavirus disease,” and “emergency department,” showed
significant citation explosions, which highlights the profound
impact of the new coronavirus pandemic on telemedicine
research and practice. Telemedicine’s focus underwent drastic
changes from the initial technical foundation and system
construction to the integration of mobile and self-management
tools and application of social media during the pandemic.
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Figure 7. Top 50 international trends with keywords from the co-occurrence network in telemedicine.

Discussion

Principal Findings
This study revealed significant insights into the evolution and
status of telemedicine research globally, with a special focus
on China. The primary findings indicate a substantial increase
in telemedicine-related publications over the years, particularly
noting a surge from 2020 to 2022, which aligns with the
COVID-19 pandemic. This increase reflects the growing global
and regional recognition of telemedicine as a critical component
of health care systems, especially during times of crisis. We
identified a total of 25,333 telemedicine-related research papers
published between 2001 and 2022, with the United States, the
United Kingdom, and Australia leading in publication numbers.
However, China's contribution and global ranking in
telemedicine research significantly improved after 2020,
showcasing the country's rapidly growing interest and efforts
in this field.

COVID-19 and Telemedicine Research
Overall, the development of communication and professional
medical technologies made it easier for many people to access
medical services [42]. Both international and Chinese trends
steadily increased from 2001, according to literature on
telemedicine. However, after 2010, the rapid development of
smartphones and mobile technologies enabled the further
development of telemedicine research [43]. The COVID-19
pandemic significantly influenced and increased the amount of
telemedicine research and number of publications from 2020

to 2022. The COVID-19 pandemic resulted in a significant
increase in telemedicine use across medical specialties and
geographic locations [44]. Telehealth services expanded rapidly,
with a significant shift toward virtual care. This shift was well
received by patients and health care providers and had high
patient satisfaction scores [45]. Additionally, the pandemic
accelerated the adoption of telemedicine in clinical practice
across various medical disciplines, such as dentistry, pediatric
care, endocrinology, rheumatology, and sports medicine [46].
The widespread adoption of telemedicine facilitated continuity
of care for patients and highlighted the potential for telemedicine
to be integrated into health care services long after the pandemic
[47]. In addition, telemedicine led to positive outcomes, such
as reduced hospitalizations and emergency department visits,
which demonstrated its effectiveness in remotely managing
various medical conditions [48].

Potential Possibilities in Telemedicine Research
China’s top researchers in telemedicine were actively engaged
in research in various medical fields. Specifically, research
conducted in western China demonstrated the feasibility,
acceptability, and effectiveness of telemedicine during the
COVID-19 pandemic. This highlighted the significant
contribution of researchers in this region toward the
advancement of telemedicine [49]. In addition, pilot studies
focused on the evaluation of the utilization rate and
cost-effectiveness of telemedicine programs in western China,
which indicated that researchers were actively involved in the
implementation and evaluation of telemedicine programs [50].
Simultaneously, research on the application of telemedicine in
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Gansu Province, China, emphasized that developed cities, such
as Beijing, Shanghai, and Guangzhou, had telemedicine
consultation centers and successfully managed diseases, such
as hypertension and diabetes [51]. Xu et al [52] examined
regional heterogeneity in the application and effect of
telemedicine in rural primary care centers in China and revealed
the diverse implementation and impacts of telemedicine in
different regions.

Overall, research by Chinese scholars in telemedicine spanned
across many regions, which included western China, Gansu
Province, and rural areas. This demonstrated comprehensive
and extensive participation in advancing telemedicine practices
and technologies.

From a Chinese perspective, Figure 3 shows a significant
increase in the number of Chinese publications in telemedicine
research over time, especially after 2020, which was consistent
with global trends. This growth trend demonstrates China's
increasing interest and investment in telemedicine research,
which reflects active research activities and potential research
momentum. Simultaneously, Table 1 shows China’s global
ranking in telemedicine research publications. China’s global
ranking is rising, which shows that its research is valued both
domestically and internationally. Moreover, among the
multiplier effects of publications in the top 10 countries in Table
1, China’s multiplier effect was greater than that of the other
countries, which further emphasizes its research potential.

International Coauthorship in Telemedicine
From 2001 to 2022, the United States was a central node in
telemedicine research and had extensive cooperative
relationships with other countries. During this period, China
gradually developed from a lower degree centrality and lower
betweenness centrality to a lower degree centrality and higher
betweenness centrality. This indicates that its role as an
information dissemination medium in the international
collaboration network was small; however, the number of
cooperating countries increased. International influence was
improved to a certain extent. South American countries (mainly
Brazil), western European countries (mainly Italy), and African
countries (mainly Egypt and countries in west Africa) all grew
in influence. China is currently conducting relatively close
cooperative research with Asian and African countries, led by
Egypt and countries in west Africa. However, joint research
with South American countries (mainly Brazil) and western
European countries (mainly Italy) remains relatively slow. These
countries are potential research collaborators. Simultaneously,
the United States, Australia, the United Kingdom, and Canada
were the most influential countries and maintained close
cooperation.

Research Hot Spots in Telemedicine
Between 2001 and 2019, “care” and “health” became the largest
research nodes in telemedicine literature, which reflected that
health care was the core of telemedicine research. Technology
played a significant role in telemedicine, particularly in mHealth
and eHealth applications. Telemedicine research in China
focused on the management and application of technology. User
acceptance, mobile technology, health information, and data

analytics were key points in Chinese studies, which reflects
China's special emphasis on telemedicine policy and data
management. From 2020 to 2022, “COVID-19” and “pandemic”
become prominent keywords in global telemedicine research,
which indicates that the pandemic greatly affected telemedicine
research and practice. This forced researchers to focus on various
areas, such as pandemic management, public health, medical
disparities, and digital health. Mental health, urgent care, and
data analytics were also areas of focus, which indicates the
impact of the pandemic on the demand for telehealth services
and technology. Simultaneously, the emergence of keywords
shown in Figure 7 reflects the forefront of the research field.
The emergence of some keywords, such as “big data” and
“artificial intelligence,” indicates that telemedicine research
was beginning to integrate advanced technologies, which could
potentially completely change the field.

Simultaneously, the world is working on telemedicine for all
ages. However, as far as Chinese keywords were concerned,
relatively few studies focused on telerehabilitation for children
and older adults. In addition, few studies examined telemental
health for children. China should also consider strengthening
telemedicine research across all age groups. The world's latest
telemedicine research direction is toward the development of
artificial intelligence, digital medicine, and individualization.
China has also conducted extensive research in these fields. In
the future, we will continue to deepen research on artificial
intelligence and digital medicine in telemedicine.

Future Prospects for Research in Telemedicine
This study demonstrated China’s significant development in
the research field of telemedicine. However, betweenness
centrality remained low, which indicates the need for Chinese
researchers to seek opportunities that allow them to be the
mediators while bonding in smaller subnetworks.

Through this analysis, we found that telemedicine research is
likely to focus on improving service efficiency and quality with
the advancement of technology, especially in artificial
intelligence and mHealth. Future telemedicine research should
explore the application and integration of these technologies in
the medical field. Personalized medicine and increased patient
engagement are expected to be crucial. As international
collaboration increases, future telemedicine research should
place greater emphasis on knowledge sharing and collaboration
internationally. Special keywords, such as “lockdown” and
“tracing,” were revealed in the co-occurrence analysis for China,
which suggests that telemedicine research also targeted specific
regional, social, and cultural factors. This demonstrates that
solutions must be identified for each culture, region, and country
when it comes to mitigating social problems and health
challenges through telemedicine development. Policy and
regulation will remain an important topic in telemedicine
research, particularly regarding data security and privacy
protection.

Simultaneously, the impact of the COVID-19 pandemic on
telemedicine will be reflected in future research, including the
exploration of public health emergency management,
vaccination, pandemic monitoring, and remote patient
management. Future research is expected to explore how
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telemedicine technology can help respond to global health crises.
Different cultural and social contexts may bring different
acceptance and needs for telemedicine. Considering how to
provide medical services that are more adaptable to different
cultural and social environments will be a direction for future
research.

Limitations
This study has 4 limitations. First, we only collected bibliometric
data from the Web of Science database and excluded other
search engines, such as Scopus, PubMed, IEEE, and Google
Scholar. Second, we extracted only articles published in English.
Third, although we aimed to identify research trends in
telemedicine in China, we obtained limited articles on
telemedicine, as we only used those published in Web of
Science. Fourth, some data in the literature data collected
through Web of Science could be changed due to electronic

publishing or document editing and publication time. Hence,
this may impact the data analysis results.

Conclusions
This study provides the latest trends in telemedicine research,
demonstrates that telemedicine research has considerable
potential in China, and provides directions for future
development. Simultaneously, China’s future remote medical
research collaboratives and research areas are also of reference
value. Although this study shows significant growth in
telemedicine research in China, it points out that China's status
as a center for international collaboration is still low. In the
future, telemedicine research is likely to focus on improving
service efficiency and quality, particularly by leveraging
technological advances in artificial intelligence and mHealth.
In addition, personalized medicine and increased patient
engagement will be important trends in the future.
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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that requires frequent clinic and laboratory
visits. However, patients with SLE, particularly those who are underresourced, have unacceptably high rates of no-shows.

Objective: This study aims to determine no-show rates associated with telemedicine visits during the COVID-19 pandemic in
comparison to no-show rates associated with contemporaneous and historic in-person visits.

Methods: We performed a retrospective cohort study in a publicly funded county hospital system in Houston, Texas. We
identified a cohort of established patients with SLE by the International Classification of Diseases codes that were independently
confirmed as SLE by a review of medical records. We identified patients who were seen from March to December in 2018, 2019,
and 2020 (to reflect the height of the COVID-19 pandemic and account for seasonal changes in disease activity). Our primary
outcome was the percentage of no-shows for rheumatology clinic appointments. Our secondary outcome was laboratory use
adherence, which was defined as lupus-specific blood and urine studies conducted within 30 days of the scheduled appointment.
Covariates included age, sex, race, ethnicity, and SLE-related prescription drugs.

Results: We included 156 patients with SLE in our analysis. Most were female (n=141, 90.4%), were Hispanic (n=75, 49.3%),
and had a median age of 43 (range 19-80) years. In 2020, the no-show rate for telemedicine was 5.5% (10/182) compared to a
no-show rate of 16.2% (31/191) for in-person visits (P=.002). After multivariable adjustment for covariates, the odds of no-show
were lower for telemedicine visits (odds ratio 0.39, 95% CI 0.20-0.77). There were no differences in adherence to laboratory
testing.

Conclusions: Telemedicine visits had decreased odds of no-shows without difference in laboratory testing adherence after
adjustment for covariates. More research is needed to determine the clinical impact of telemedicine on patients with SLE.

(Interact J Med Res 2024;13:e49065)   doi:10.2196/49065

KEYWORDS

lupus; systemic lupus erythematosus; telemedicine; COVID-19; access to care; autoimmune disease; no-show; socioeconomic
status; adherence; laboratory test; management

Introduction

The COVID-19 pandemic triggered widespread and emergent
use of telemedicine as an option for patients to avoid exposure
to the SARS-CoV-2 virus [1,2]. The use of telemedicine has
been especially important in patients with chronic diseases, such

as systemic lupus erythematosus (SLE), who are at a high risk
of severe COVID-19 and may benefit from less public exposure
[3,4]. Missed appointments in general are associated with an
increased risk of mortality and adverse outcomes [5-7].
Telemedicine has the potential benefit of improving no-shows
by making clinic visits more accessible. This may be particularly
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important for patients of lower socioeconomic status (SES) who
may have difficulties attending visits because of transportation,
work, or financial factors. Yet, it has been suggested that
telemedicine services are less likely to be used in populations
with lower SES [8,9].

Despite the potential advantages of telemedicine, especially for
patients of low SES, there are still important concerns, which
should be considered when telemedicine is implemented for
patients with SLE. First, patients with SLE are usually followed
every 3 to 4 months and require serial evaluations including
blood pressure monitoring, physical examination, and clinical
laboratory tests—regardless of the presence or absence of
symptoms or examination findings [10]. It is unclear how
telemedicine may affect adherence to visits and adherence to
laboratory testing since patients may be more likely to obtain
blood work if they are already at the clinic.

We performed a retrospective cohort study among patients with
SLE managed in a county hospital system in Houston, Texas.
This population is highly diverse, with most patients being
underinsured or uninsured and having low SES. We
hypothesized that patients with SLE in this system will have
lower no-show rates with telemedicine modalities, such as
telephone and video visits, compared to in-person visits.
Furthermore, we explored patient characteristics (such as
medications and age) and their association with visit types. We
also examined the impact of telemedicine on patients’adherence
to laboratory testing.

Methods

Design and Patient Population
We performed a retrospective analysis of patients with SLE
seen in the Harris Health System (HHS). The HHS is a fully
integrated health care system that provides care to residents of
Harris County, Texas, which has an estimated population of 4.7
million [11]. The patient population at the HHS includes 54%
who are uninsured, 22% who have Medicaid, 12% who have
Medicare, and 13% who have private insurance. Most uninsured
patients qualify for HHS insurance (“the gold card”) that
provides partial or full reimbursement for care to patients with
a household income that does not exceed 150% of the federal
poverty level. Once a patient receives a gold card, the copay
for any visits is dictated by income stratification and ranges.

Patient Selection
We identified a cohort of established patients with SLE using
the International Classification of Diseases, 10th Revision
diagnostic codes (M32.x, excluding M32.0). Patients with SLE
were included if they were seen at the HHS rheumatology clinics
by a rheumatologist at least once between March 2020 and
September 2020 (at a time when telemedicine was implemented
because of the pandemic). Data were initially collected through
the information technology services provided by the HHS.
Patients were seen at a large HHS rheumatology teaching clinic
staffed by 7 rheumatologists. The diagnosis of SLE was
independently confirmed by chart review by a rheumatologist
(SB) if they met the American College of Rheumatology 2019
diagnostic criteria. Patients were offered telemedicine visits

either by telephone encounters or by video with a secured
third-party platform (Doximity). Between March 2020 and
September 2020, the HHS rheumatology clinic offered both
in-person visits along with telemedicine encounters. The
decision to have a telemedicine versus in-person encounter was
driven by patient preference.

As controls, we identified cohorts of patients with SLE seen in
the HHS rheumatology clinic from March to September of 2018
and 2019 (before the pandemic). We limited the control cohort
to patients with SLE seen from March to September to account
for potential seasonal changes in practice patterns and disease
activity, which have been previously described [12]. We also
identified a subgroup for analysis of patients who were seen at
least once in both 2019 and 2020. This subgroup analysis of
“no-shows” was performed to examine trends for the same
patients who had attended at least 1 follow-up appointment each
year.

Outcomes
Our primary outcome was the percentage of no-shows for
rheumatology clinic follow-up appointments. No-shows were
defined as visits for which patients did not show up or that were
canceled by the patient within the same day. Clinic visits
rescheduled by patients prior to 24 hours before the clinic
appointment were not considered no-shows. Secondary
outcomes included laboratory testing such as complete blood
count, comprehensive metabolic panel, urinalysis, serum
complement levels (C3 and C4), and serum titers of
anti–double-stranded DNA (anti-dsDNA) antibodies within 30
days before or after each completed clinic visit. It is the standard
in rheumatology clinics that all patients with SLE obtain
laboratory testing and have a clinic appointment at least every
3 months, regardless of disease activity [10]. All laboratory
studies for patients seen at HHS clinics are done within the HHS
at 1 of 17 clinics or 2 large hospitals. Laboratory tests can be
ordered as a preclinic laboratory test (performed within 14 days
of a clinic appointment) or obtained on the day of their clinic
visit. For telemedicine encounters, blood work can be obtained
before the clinic or at patients’ convenience for any day of their
preference at the closest HHS clinical laboratory.

Covariates
Baseline demographics included age, sex, race, ethnicity, and
use of SLE-related prescribed drugs at the initial visit in the
period of interest. We included baseline demographics as a
covariate due to multiple studies showing differences in digital
literacy among patients of different ages, races, and ethnicities
[13]. The insurance coverage for each specific visit appointment
was not available, as insurance status can change over time;
however, as previously mentioned, over 85% of patients that
are seen in our clinics are uninsured or publicly insured.

We also included whether patients were prescribed SLE-specific
drugs (hydroxychloroquine, mycophenolate, azathioprine,
methotrexate, rituximab, belimumab, tacrolimus, prednisone,
and cyclophosphamide) in 2018, 2019, or 2020. Our data
included medications prescribed by providers at each visit but
did not include whether patients had filled prescriptions (ie,
could not measure adherence). Some patients may have a
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6-month active prescription for a drug that may not necessarily
be refilled at a 3-month follow-up visit. Due to this, we included
SLE-specific drug prescriptions as a variable of whether the
patient was ever (at any 1 time point) prescribed (or refilled) a
medication throughout the year (2018, 2019, or 2020) as
opposed to by visit. We also included codes for infusions of
rituximab, belimumab, and cyclophosphamide. We assumed
that drug therapies may be an important covariate as some drugs,
for instance, mycophenolate mofetil, require more frequent
laboratory monitoring than others, such as hydroxychloroquine.
We did not use drug therapy as a surrogate for disease activity.

We also used our covariates to determine any associations with
visit types in 2020 when telemedicine was more readily
available. We divided patients into either all in-person visits, 2
or more telemedicine visits, or in-person visit with 1
telemedicine visit to determine if there were differences between
the covariates.

Statistical Analysis
Patient and visit characteristics were summarized by means
with SDs, median with ranges, or frequencies with percentages.
Summary statistics were compared between groups using
ANOVA, independent 1-tailed t tests, median regression,
Wilcoxon rank sum, Fisher exact, or chi-square tests according
to the type and distribution of each variable of interest. Pairwise
tests with Holm P value adjustment were done when necessary.
Since patients had multiple visits, some comparisons were
performed using mixed effects linear regression or generalized
estimating equations (GEEs) to account for the correlated data
structure as appropriate. GEE models used an exchangeable
correlation structure, when possible; otherwise, an independent
correlation structure was used. A multiple GEE model was used
to determine whether not showing up was associated with
visit-type appointments. We included covariates that had
statistical significance associated with a no-show or visit type
(telemedicine vs in-person). For example, older age and certain
medications (methotrexate and belimumab) were more
associated with telemedicine visits and introduced into the GEE
model. Among patients seen both in 2019 and 2020, GEE was

used to determine factors associated with laboratory test
adherence (defined as being performed within 1 month of the
visit). For laboratory test visits, the first visit was used if a
patient had multiple visits less than 6 weeks apart. The GEE
models estimated odds ratios (ORs) with 95% CI. We performed
the analysis of “no-shows” on our subgroup of patients that
were seen in both 2019 and 2020 to account for the same
patients that historically followed.

Ethical Considerations
This retrospective study was approved by the Baylor College
of Medicine Institutional Review Board with waived informed
consent under protocol number H-45296. As this was a
retrospective review, a waiver of consent was granted. Our data
were deidentified and all results were stored in secure and
encrypted servers at the Baylor College of Medicine. The data
collected were deidentified prior to analysis.

Results

Baseline Characteristics
Baseline characteristics of included patients are shown in Table
1.

There were 156 patients included in our analysis. Most patients
were female (90.4%), were Hispanic (49.3%), had a median
age of 43 (range 19-80) years, and had received
hydroxychloroquine (n=144, 92%) or prednisone (n=120, 77%)
throughout the follow-up period. Baseline characteristics broken
down by visit type are shown in Table S1 in Multimedia
Appendix 1. We included 771 in-person visits and 182
telemedicine (including telephone or video) visits in our
analysis. We found that telemedicine visits were associated with
older age (median 45.3, range 19.9-81.5 vs 41.2, range 19.2-82.1
years; P=.01) and were less likely to occur in patients who were
prescribed mycophenolate (74/182, 40.7% vs 367/771, 47.6%;
P=.03) or prednisone (142/182, 78% vs 644/771, 83.5%; P=.02)
compared to in-person visits. Differences in all other
characteristics were not statistically significant (all P>.05; Table
S2 in Multimedia Appendix 1).
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Table 1. Baseline characteristics of patients with SLE (N=156).

ValuesBaseline characteristics

Sex, n (%)

141 (90.4)Female

15 (9.6)Male

Race (n=150), n (%)

74 (49.3)Hispanic

35 (23.3)Non-Hispanic Black

17 (11.3)Non-Hispanic White

24 (16)Other

43.2 (19.2-79.5) Age (years), median (range)

Prescription drug use (ever prescribed as per medical record), n (%)

144 (92.3)Hydroxychloroquine

63 (40.4)Mycophenolate

41 (26.3)Azathioprine

23 (14.7)Methotrexate

4 (2.6)Rituximab

16 (10.3)Belimumab

8 (5.1)Tacrolimus

120 (77)Prednisone

5 (3.2)Cyclophosphamide

Patient Characteristics Associated With Visit Type
We determined differences in patient characteristics between
those who had all in-person visits, 2 or more telemedicine visits,
or an in-person visit and 1 telemedicine visit in 2020 (Table 2).

Patients who had 2 or more telemedicine appointments were
less likely to be prescribed methotrexate (3/63, 4.8% vs 11/54,

20.4%; Holm adjusted P value=.03) or prednisone (27/63, 42.9%
vs 37/54, 68.5%; Holm adjusted P value=.03) during the year
compared to those with in-person appointments or only 1
telemedicine appointment. Whether the patient was prescribed
mycophenolate was significantly different between visit types
(P=.05), but when performing pairwise comparisons on each
visit type category, none of them were significant (all P>.05).
No patients had received cyclophosphamide in this study.
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Table 2. Patient characteristics associated with visit types in 2020.

P value , significant
pairwise comparison

resultsc

P valuebIn-person visit + 1
telemedicine visit
(n=54)

2 or more

telemedicine visitsa

(n=63)

All in-person
visits (n=21)

Patient characteristics

N/Ad.2545.2 (19.8-81.5)45.1 (20.6-77.0)36.7 (33.1-53)Age (years; first 2020 visit), median (IQR)

Sex, n (%)

N/A.7649 (90.7)59 (93.7)19 (90.5)Female

.08Race, n (%)e

N/A25 (49)32 (52.5)6 (30)Hispanic

N/A11 (21.6)13 (21.3)9 (45)Non-Hispanic Black

N/A5 (9.8)3 (4.9)4 (20)Non-Hispanic White

N/A10 (19.6)13 (21.3)1 (5)Others

Medications, n (%)

N/A.6744 (81.5)47 (74.6)N/AHydroxychloroquine

NSf.0524 (44.4)15 (23.8)9 (42.9)Mycophenolate

N/A.5214 (25.9)11 (17.5)5 (23.8)Azathioprine

.03g.0211 (20.4)3 (4.8)3 (14.3)Methotrexate

N/A>.991 (1.9)1 (1.6)0 (0)Rituximab

N/A>.992 (3.7)3 (4.8)1 (4.8)Belimumab

N/A.852 (3.7)3 (4.8)0 (0.0)Tacrolimus

.03g.00837 (68.5)27 (42.9)15 (71.4)Prednisone

aThis includes patients who have only 1 visit in 2020, and that visit is a telemedicine visit.
bCalculated using median regression test, Fisher exact test, or chi-square test.
cPairwise Fisher exact test with Holm P value adjustment.
dN/A: not applicable.
eAll in-person visits: n=20; two or more telemedicine visits: n=61; and in-person visit + 1 telemedicine visit: n=51.
fNS: Not significant.
gTwo or more telemedicine visits versus in-person visit + 1 telemedicine visit.

No-Shows for Clinic Visits
All clinic visits from March to September in 2018 and 2019
were in-person (275 in 2018 and 305 in 2019). From March
2020 to September 2020, of out a total of 373 visits, there were
191 (51.2%) in-person visits and 182 (48.8%) telemedicine
visits (Table 3). There was no statistical difference in the
no-show rates between in-person visits in 2018, 2019, and 2020
(31/275, 11.3% vs 38/305, 12.5% vs 31/191, 16.2%,
respectively). In 2020, when telemedicine was implemented,
the no-show rate for in-person visits was 16.2% (31/191) versus
5.5% (10/182) for telemedicine visits (P=.002). We used
independent GEEs to determine any characteristics associated
with no-shows (Table S3 in Multimedia Appendix 1). After
adjusting for age and significant SLE prescription drugs

(methotrexate and belimumab) in a multiple GEE, there was a
significantly decreased odds of no-shows for telemedicine versus
in-person clinic appointments (adjusted OR 0.39, 95% CI
0.20-0.77; P=.007; Table S4 in Multimedia Appendix 1).

We also performed a subgroup analysis on patients who were
seen at least once in 2019 and 2020. There were 300 visits in
2019 and 332 visits in 2020. The total no-show rates between
2019 and 2020 were similar (38/300, 11% vs 41/332, 10.5%;
P=.85). Among these visits, we also found that telemedicine
appointments had significantly lower odds of no-show compared
to in-person appointments (adjusted OR 0.31, 95% CI 0.14-0.69)
when adjusting for those SLE prescription drugs that were
significantly different (only rituximab) according to the type of
visit.
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Table 3. Visit characteristics stratified by type of visit.

Total, n (%)Telephone or video vis-
its (n=182)

Video visits (n=25)Telephone visits (n=157)In-person visits (n=771)Visit characteristics

Year, n (%)

275 (100)0 (0)0 (0)0 (0)275 (100)2018 (n=275)

305 (100)0 (0)0 (0)0 (0)305 (100)2019 (n=305)

373 (100)182 (48.8)25 (6.7)157 (42.1)191 (51.2)2020 (n=373)

No-shows, n/N (%)

31/275 (11.3)N/AN/AN/Aa31/275 (11.3)2018

38/305 (12.5)N/AN/AN/A38/305 (12.5)2019

41/373 (11)10/182 (5.5)3/25 (12)7/157 (4.5)31/191 (16.2)2020

aN/A: not applicable.

Laboratory Test Use
When comparing laboratory test use between 2019 and 2020,
the only significant difference was in urinalysis which was more
frequently performed for telemedicine visits than in-person
visits (38/289, 13.1% vs 7/257, 2.7%; P<.001; Table 4). We
also compared the use of laboratory tests between in-person and
telemedicine visits in 2020 using GEE. No statistically
significant differences were observed (all P>.05). We found
that there were no differences in nonadherence to laboratory

testing for all laboratory tests, although there was a trend toward
significance for anti-dsDNA testing (4/136, 2.9% nonadherence
for in-person visits vs 13/153, 8.5% nonadherence for
telemedicine visits; P=.06; Table 4), but it was not statistically
significant. We found that urine studies had the highest
proportion of nonadherence (16/136, 11.8% for in-person visits
vs 22/153, 14.4% for telemedicine visits; P=.51), although this
could be explained by other factors not measured such as
end-stage renal disease.

Table 4. Nonadherence to laboratory testing for completed visits in 2019 and 2020.

P valueaTelemedicine visits in
2020 (n=153), n (%)

In-person visits in
2020 (n=136), n
(%)

P valueaTotal visits in
2020 (n=289), n
(%)

Total visits in
2019 (n=257), n
(%)

Laboratory studies not completed
within 30 days of appointment

N/Ac4 (2.6)0 (0).284 (1.4)7 (2.7)CBCb

.335 (5.3)2 (1.5).717 (2.4)5 (1.9)BMPd or CMPe

.5122 (14.4)16 (11.8)<.00138 (13.1)7 (2.7)Urinalysis

.0613 (8.5)4 (2.9).4817 (5.9)19 (7.4)Anti-dsDNAf

.1013 (8.5)5 (3.7).1518 (6.2)9 (3.5)Complements

aCalculated using a generalized estimating equation with an independent correlation structure.
bCBC: complete blood count.
cN/A: not applicable.
dBMP: basic metabolic panel.
eCMP: comprehensive metabolic panel.
fAnti-dsDNA: anti–double-stranded DNA.

Discussion

We evaluated adherence to telemedicine visits in the
management of patients with SLE, at a publicly funded county
hospital serving primarily underserved patients. We also
determined whether there were differences in laboratory use
between patients who received telemedicine versus in-person
visits. Our results demonstrate that telemedicine encounters had
significantly lower odds of no-shows compared to in-person
encounters. We also found that no-show rates were similar for
2019 and 2020 despite the emergence of the COVID-19
pandemic, which could be due to the availability of telemedicine,
as no-shows for telemedicine versus in-person in 2020 were

significantly lower (10/182, 5.5% vs 31/191, 16.2%).
Furthermore, to our knowledge, this is the first study that shows
telemedicine visits do not affect laboratory use within 30 days
of the clinic visits.

Studies have shown that telemedicine can play a role in the
management of chronic diseases that require frequent clinic
visits [14]. Other studies in SLE have shown that telemedicine
was used as frequently as in-person visits during the initial
COVID-19 pandemic, although this is the first study to
demonstrate that this occurred in an underresourced patient
population [15,16]. Of note, the widespread use of telemedicine
is also seen in patients with severe chronic diseases such as
SLE. A recently published randomized controlled trial in Hong
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Kong found that the use of telemedicine in patients with lupus
nephritis was associated with more hospitalizations [17]. Our
study did not address disease activity or hospitalization, and
further research is needed to assess how the widespread use of
telemedicine may impact these factors.

Our study is consistent with studies in other populations that
suggest that telemedicine may provide advantages for
underserved populations by decreasing missed appointments.
One systematic review of 28 studies reported on the use of
telehealth for patients from racial and ethnic minority
populations. Results showed that the implementation of
telehealth improved access to care; however, there were still
barriers related to the technology needed for telemedicine [13].
A separate study using administrative claims data also examined
the use of telemedicine in general patient populations and found
that telemedicine was associated with fewer missed
appointments [18]. However, this study did not include patient
populations such as SLE that require frequent clinic visits and
laboratory studies (at least every 3 to 4 months). Although our
study suggests that telemedicine may be a strategy to decrease
the no-show rate in patients with low SES and SLE, more
research is needed to determine how other characteristics
(including primary language, digital literacy, and disease
activity) influence telemedicine and potentially disease
outcomes. Furthermore, telemedicine should now be studied as
the COVID-19 pandemic has entered the endemic phase.

The strength of our study includes a large number of patients
with SLE of low SES in 1 large hospital system where all clinic

appointments and laboratory values are documented. There are
several limitations in our study. First, we had a predominance
of telephone encounters compared to video visits, albeit this
has also been seen in other studies, especially among patients
of Black and Hispanic ethnicity and of low SES, which were
the majority [19]. The use of video visits may affect the no-show
rate by presenting technological challenges. Second, our study
did not adjust for disease severity according to validated indices
as it was retrospective, and it only used prescription drug use
as a surrogate for severity. Finally, we were unable to adequately
control for insurance type at the time of the scheduled
appointment as this information is not updated regularly;
however, we do not expect this to change the results as over
85% of patients in the HHS are publicly insured or uninsured.

In conclusion, our study shows that the use of telemedicine
during the initial phase of the COVID-19 pandemic was
associated with a low rate of no-shows in a population of
underserved patients with SLE without impacting laboratory
use. To our knowledge, this is the first study to demonstrate
that in patients with SLE telemedicine is not associated with
decreased laboratory screening, which is a critical component
to the care of patients with lupus. As such, we believe the results
of this study warrant further investigation to determine the
clinical impact of telemedicine on SLE in prospective studies,
as the design of this study was not able to capture important
clinical characteristics that may influence telemedicine and
clinical outcomes, including digital literacy and disease activity.
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Abstract

Background: To generate behavioral insights for the development of effective vaccination interventions, we need approaches
that combine rapid and inexpensive survey data collection with instruments based on easy-to-use behavior models. This study
demonstrates how an inexpensive digital survey helped identify the drivers of COVID-19 vaccination in Nigeria.

Objective: This study aims to illustrate how behavioral insights can be generated through inexpensive digital surveys.

Methods: We designed and conducted a cross-sectional survey with multistage sampling. Data were collected from Nigerians
(aged ≥18 years) from 120 strata based on age, sex, state, and urban or rural location. Respondents were recruited via advertisements
on Meta platforms (Facebook and Instagram) using the Virtual Lab open-source tool. We used a Meta Messenger chatbot for
data collection; participants were compensated with 400 naira (US $0.87 cents). Data collection took 2 weeks. In total, 957
respondents completed the survey, at an advertising cost of US $1.55 per respondent. An 18-item instrument measuring core
motivators, ability barriers, sociodemographic characteristics, and respondents’ vaccination status was pretested before data
collection. We ran separate logistic regression models to examine the relationships between vaccine uptake and core motivators,
ability barriers, and sociodemographic variables. A final model that predicted vaccine uptake included all 3 sets of variables.

Results: About 56% (n=540) of respondents reported that they had received at least 1 COVID-19 vaccination. Three core
motivators were positively associated with vaccine uptake: the belief that the COVID-19 vaccine promised a better life (adjusted
odds ratio [aOR] 3.51, 95% CI 2.23-5.52), the belief that the vaccine would allow respondents to do more things they enjoyed
(aOR 1.97, 95% CI 1.33-2.93), and respondents’ perception that their friends and family members accepted their decision to get
vaccinated (aOR 1.62, 95% CI 1.06-2.48). Two ability barriers were negatively associated with vaccine uptake: cost- or
income-related concerns lowered the odds of being vaccinated (aOR 0.35, 95% CI 0.24-0.50) and the lack of availability of
vaccines at places respondents routinely visited also lowered their odds of being vaccinated (aOR 0.29, 95% CI 0.21-0.40). After
adjusting for other variables, the perceived fear of getting COVID-19 and the hardship associated with the disease were no longer
associated with vaccine uptake.

Conclusions: These findings suggest that hope is more important for Nigerians than fear when it comes to vaccine adoption,
enjoying life is more important than worrying about getting the disease, and approval from friends and family is more powerful
than their disapproval. These findings suggest that emphasizing the benefits of leading a fuller life after being vaccinated is more
likely to succeed than increasing Nigerians’ fear of COVID-19. This study identifies a very different set of factors associated
with COVID-19 vaccine adoption than previous Nigerian studies.

(Interact J Med Res 2024;13:e47817)   doi:10.2196/47817
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Introduction

Background
Globally, the COVID-19 pandemic has highlighted the
importance of behavioral insights for increasing the use of
preventive behaviors such as wearing a mask, social distancing,
and getting vaccinated. However, recent studies on COVID-19
vaccination emerging from Nigeria and other low- and
middle-income countries (LMICs) have primarily focused on
identifying gaps in knowledge, attitudes, and beliefs associated
with vaccine hesitancy. A number of these studies recommend
educating health care workers (HCWs) and members of the
general population on vaccine safety and efficacy and assume
that equipping people with factually correct information will
allay their concerns, increase their perceived risk of acquiring
COVID-19, and lead to higher rates of vaccine adoption [1,2].

Data from other Nigerian studies, however, raise questions
regarding the strength of the relationship between risk perception
and vaccine acceptance. A recent hospital-based study in
southern Nigeria found that, while most HCWs perceived
themselves at risk of COVID-19, only about half were willing
to receive the COVID-19 vaccine [3]. Substantial gaps between
risk perception and willingness to accept a COVID-19 vaccine
have been observed in the general population in northern Nigeria
as well [4]. A study that interviewed over 5000 respondents
across all states in Nigeria found that COVID-19 was not
perceived as a threat by most respondents [5].

What seems to be an important determinant of vaccine
acceptability in Nigeria is trust in the vaccine manufacturing
process, health system, government [6], and institutions involved
in risk communication on behalf of the government [7]. Yet,
despite multiple studies showing a weak relationship between
risk perception and willingness to adopt a COVID-19 vaccine
in Nigeria, researchers continue to recommend the provision of
factually correct information to fill “information gaps” [4].

A recent systematic review of the COVID-19 literature in
Nigeria shows that vaccination rates among those at high risk
of COVID-19, such as HCWs, were lower than among those at
low risk of COVID-19 [8]. Given the weak relationship between
risk perception and vaccine uptake in Nigeria, it is not surprising
that a recent evaluation found that risk communication efforts
in Nigeria were inadequate in sustaining changes in behavior
observed at the beginning of the pandemic [9]. Lawal [9] showed
that during the first 30 days of the discovery of COVID-19 in
Nigeria, and until the national lockdown, public interest in
learning about the disease surged. Visits to public places such
as grocery stores declined during this period as stringent
government policies resulted in reduced mobility of the
population. The study by Lawal [9] found that, as the Nigerian
population started becoming aware of the disease, there was a
slight decline in the number of COVID-19 cases. However, this
decline occurred for a relatively short period of time. The
number of new cases started increasing again as the initial
effects of risk communication interventions dissipated. Lawal

[9] concluded that Nigerians listened to messages telling them
to take preventive measures such as social distancing or masking
for some time but eventually got tired of the messages and
stopped responding to them. In part, this was because the
recommended public health precautions did not fit well in the
context in which they lived their lives [9].

A clear picture of the drivers of COVID-19 vaccine hesitancy
does not emerge from the recent public health literature on
Nigeria, in part because much of this work is not based on a
behavioral framework. The importance of theory-based work
to understand the drivers of vaccine acceptance and design
appropriate interventions has been emphasized [10]. In the
absence of a clearly articulated framework for understanding
vaccine-related behavior, it is difficult to interpret the findings
of individual studies and arrive at a clear picture of what drives
vaccine uptake in Nigeria.

As a result, there is very limited guidance available to support
Nigerian practitioners in designing interventions that might
accelerate COVID-19 vaccine uptake. For example, although
many recent studies emphasize the importance of implementing
health promotion interventions or increasing HCWs’ ability to
communicate more effectively with members of the general
public, most of these studies do not provide any guidance on
what the content of this communication should be or what
strategy should be used to persuade adults to get vaccinated.
Thus, the available research is at a standstill in terms of
providing insights that would help in designing more effective
behavioral interventions to accelerate vaccine uptake in Nigeria.

An important reason that the literature does not provide a clear
direction for the design of behavioral interventions is the lack
of use of behavioral frameworks in explaining vaccine
acceptance and uptake. Of the more than 20 peer-reviewed
publications reviewed for this paper, we found only 1 that used
a behavior model to interpret its findings [5]. This is not
surprising as researchers have noted the limited use of behavioral
frameworks in public health research and practice for over a
decade [11-14].

The need for a behavior model that can be used to explain the
vaccine adoption process in simple terms that resonate with
practitioners is urgent. While a broader discussion of what a
practitioner-friendly behavior model should comprise of is
merited, the characteristics of such a model have been proposed
[15]. A minimum criterion should be that the use of the model
leads to deliberate programmatic decisions, a greater emphasis
on strengthening activities supported by behavioral research
findings, and the elimination of activities that are not evidence
based.

The practitioner-friendly model used in this study, the Fogg
Behavior Model (FBM), was introduced in the public health
literature in 2019 to explain the effects of a social marketing
behavior change campaign on the adoption of condoms by
married men in Pakistan [13]. More recently, it has been used
to identify behavioral drivers associated with the (1) adoption
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of COVID-19 vaccination by a low-income population in Cote
d’Ivoire [16], (2) adoption of iron folate by pregnant women in
India [15], (3) uptake of COVID-19 vaccination by HCWs in
Nigeria [17,18], and (4) use of contraception by adolescent girls
and young women in Nigeria [19]. A recent study also
demonstrates the use of the FBM in making timely
programmatic adjustments to a contraceptive social marketing
intervention implemented in Nigeria [20]. To the best of our
knowledge, this is the first time that the FBM is being applied
to understand the dynamics of COVID-19 vaccine adoption in
the general population of Nigeria.

FBM: Motivation and Ability as the Drivers of
Behavior
The FBM is a model developed for use by practitioners to
understand the drivers of human behavior and assist them in

the design of behavior change interventions. Fogg states that
behavior happens when motivation, ability, and a prompt happen
at the same moment. As shown in Figure 1, the model can be
visualized in 2 dimensions. Figure 1 shows motivation along
the y-axis and ability along the x-axis. Motivation ranges from
high to low for any behavior. Ability also ranges from high to
low for any behavior. For simplicity, we describe a behavior as
being easy to do or hard to do. For a prompt to work, a person
needs to have sufficient motivation and ability. The
motivation-ability threshold is reflected by an action line in the
FBM. Behavior occurs when a person whose motivation and
ability are above the action line is prompted. The prompt does
not work if the person does not have sufficient motivation to
undertake the behavior and finds the behavior hard to do, that
is, they are below the action line [21].

Figure 1. Fogg Behavior Model (reproduced from Fogg [22], with permission from BJ Fogg).

Methods

Questionnaire Design: Core Motivators
Fogg defines motivation as having 3 components: anticipation,
sensation, and belonging. Anticipation reflects the hopes and
fears a person associates with a behavior. Sensation reflects the
pleasure or pain a person associates with a behavior. Belonging
is reflected by the acceptance or rejection of the behavior by
people whose opinions a person considers important.

We conducted a review of the literature to identify relevant
constructs and appropriate measures of motivation and ability.
The survey questionnaire (Multimedia Appendix 1) was
designed using instruments developed to test motivation and

ability constructs in the FBM. These instruments had been
previously tested in the general population in Cote d’Ivoire and
with HCWs in Nigeria and had shown acceptable levels of
reliability [16,18]. Respondents were allowed to answer how
strongly they agreed or disagreed with 6-point Likert scale items
measuring core motivators, such as hope, fear, pleasure, pain,
acceptance, and rejection, associated with the adoption of the
COVID-19 vaccine.

Ability Barriers
Fogg defines ability in terms of 5 barriers: time, money, the
physical effort required to adopt a behavior, the mental effort
required to adopt a behavior, and whether the behavior fits into
the person’s routine [21]. Fogg initially considered social
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deviance (or social norms) as part of ability but did not include
social norms as an ability barrier in later iterations of the model
[22], possibly because of the complexity of the relationship
between norms and behavior. To capture ability barriers,
respondents could answer how strongly they agreed with items
on a 5-point Likert scale. These items captured the 5 ability
factors related to COVID-19 vaccine uptake: time, money,
mental effort, physical effort, and routine. The instrument also
contained questions on sociodemographic variables. In total,
the instrument comprised 18 questionnaire items.

The instrument was pretested twice in Nigeria with samples of
approximately 100 respondents. The first pretest showed that
the relationship among variables measuring motivation, ability,
and COVID-19 vaccine uptake was in the expected direction,
with 1 exception. The variable measuring agreement or
disagreement with the question “Many of my friends and family
would think poorly of me if they knew I had taken the
COVID-19 vaccine” did not demonstrate the expected
relationship with vaccine uptake. This was replaced with the
statement “Most people I know have obtained the COVID-19
vaccination.” The second pretest showed that the latter response
was associated with the outcome in the expected direction. All
other items included in the instrument demonstrated the expected
relationships with vaccine uptake in both pretests.

Survey Design and Sampling
We implemented a cross-sectional survey with multistage
sampling. Nigeria is a large and diverse country with 36 states
and the Federal Capital Territory of Abuja. These states and the
Federal Capital Territory are grouped into 6 geopolitical zones:
northwest, northeast, north central, southwest, southeast, and
south-south. Although this survey was not designed to be a
representative survey of Nigeria, we aimed to capture the
diversity of the country’s population by ensuring that
respondents from 1 state within each geopolitical zone were
sampled. Thus, the states were selected at the first stage. Sokoto
state was selected from the northwest, Bauchi state from the
northeast, Niger state from north central, Lagos state from the
southwest, Anambra state from the southeast, and Rivers state
from the south-south. The state selected within each zone
reflects its socioeconomic, religious, and ethnic diversity. In
addition, these 6 states had ongoing COVID-19 vaccination
campaigns to help ensure that survey findings would be useful
for COVID-19 program managers in Nigeria.

The sample was stratified by 6 states, 5 age groups, male and
female sex, and urban or rural location. This resulted in 120
strata from which respondents were sampled. We ran a total of
120 different ad sets targeting respondents based on the
characteristics mentioned above.

Respondents were recruited via advertisements on the Meta
digital ad platforms (Facebook and Instagram) using the Virtual
Lab open-source tool [23]. The Virtual Lab tool ran ads targeting
respondents in all 120 strata. We used a Meta Messenger chatbot
for the survey data collection, compensating respondents who
completed the survey with 400 naira (US $0.87 cents) in mobile
phone credit. Respondents who clicked on the ads were directed
to the messenger bot. Of the 214,335 male and female
respondents who reached through the ads, 3660 clicked on the

link, 1367 started the survey, and 1011 answered most survey
questions.

Respondents could complete the survey in one go or start the
survey, stop, and return to complete it later. In total, 957
respondents answered all questions in the survey at an
advertising cost of US $1.55 per person. Data from these 957
respondents are used for the analysis.

The outcome of interest for this study was having received at
least 1 COVID-19 vaccination. The Government of Nigeria’s
data on the number of vaccinations provided in 2022 suggested
that 50% of Nigerians had received at least 1 COVID-19
vaccination. A sample size calculation was made using an
outcome value of 50% and a design effect of 1.5. We estimated
that a sample size of 900 would provide a margin of error of 4
percentage points on the outcome of interest.

Statistical Analysis: Relationships Among Core
Motivators, Ability Barriers, and Vaccine Uptake
Univariate analysis was conducted to provide the frequency
distributions of core motivators, ability barriers, and
sociodemographic characteristics of the sample. Bivariate
analysis was conducted to explore the relationships between
core motivators, ability factors, sociodemographic
characteristics, and having received at least 1 COVID-19
vaccination. Multivariate logistic regression analysis was
conducted to identify which core motivators, ability factors,
and sample characteristics had a significant relationship with
vaccine uptake [24].

We also ran a final multivariate model to determine whether
there was any change in the relationship between individual
variables and vaccine uptake after taking the 3 sets of variables
(core motivators, ability factors, and sociodemographic
characteristics) into account. Adjusted odds ratios (aORs) from
the analyses are shown in the tables. P values were considered
statistically significant at P<.05.

Ethical Considerations
The ethical approval for the study was obtained from Nigeria’s
National Health Research Ethics Committee
(NHREC/01/01/2007). Informed consent was obtained from all
respondents to the quantitative survey. Respondents were
assured that all written and recorded data would be kept
confidential by using codes to identify participants instead of
names or any other personal identifiers. Respondents were
informed about their right to refuse to participate in the study
or withdraw at any time during the interview.

Results

Core Motivators and COVID-19 Vaccine Uptake
Table 1 shows the frequency distributions of core elements of
motivation identified by the FBM, cross-tabulations between
core motivators and COVID-19 vaccine uptake and the aOR of
COVID-19 vaccination. The first column of Table 1 shows that
about three-fourths (n=726, 75.9%) of survey respondents agreed
or strongly agreed with the statement that getting vaccinated
against COVID-19 allows a person to live a better life, a
measure of hope. Nearly half (n=444, 46.4%) of respondents

Interact J Med Res 2024 | vol. 13 | e47817 | p.577https://www.i-jmr.org/2024/1/e47817
(page number not for citation purposes)

Agha et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


reported that getting vaccinated protected them and their families
from hardship, a measure of fear. Nearly two-thirds (n=610,
63.7%) of respondents agreed or strongly agreed with the
statement that getting vaccinated allows a person to do the things
they enjoy, a measure of pleasure. About 81.5% (n=780)
reported that vaccination reduces the likelihood of getting or
spreading COVID-19, a measure of pain. About 79.1% (n=757)

of respondents reported that many of their family and friends
approve of the COVID-19 vaccination, a variable measuring
social acceptance. Consistent with the high social acceptance
of the COVID-19 vaccination, rejection of the vaccine was
much lower, that is, 37.1% (n=355) of respondents reported
that most of their family and friends did not approve of the
COVID-19 vaccination.

Table 1. Frequency distributions of core motivators, cross-tabulations, and the adjusted odds of COVID-19 vaccination in Nigeria.

Adjusted odds of obtaining at least
1 COVID-19 vaccination, aOR

(95% CI)a

P valueNigerian adults who obtained at
least 1 vaccination (n=540, 56.4%),
n (%)

Frequency distributions of core
motivators (N=957, 100%), n
(%)

Core motivators

<.001Hope: Vaccination allows a person to live a better life

3.40 (2.27-5.09)483 (66.5)726 (75.9)Agree or strongly agree

1.00 (Reference)57 (24.7)231 (24.1)Disagree or strongly
disagree or do not know

<.001Fear: Getting vaccinated protects people from hardship

1.09 (0.78-1.51)301 (67.8)444 (46.4)Agree or strongly agree

1.00 (Reference)239 (46.6)513 (53.6)Disagree or strongly
disagree or do not know

<.001Pleasure: Getting vaccinated allows people to do more things they enjoy

1.84 (1.30-2.62)411 (67.4)610 (63.7)Agree or strongly agree

129 (37.2)347 (36.3)Disagree or strongly
disagree or do not know

<.001Pain: Getting vaccinated reduces the likelihood of getting or spreading COVID-19

1.15 (0.76-1.73)477 (61.2)780 (81.5)Agree or strongly agree

1.00 (Reference)63 (35.6)177 (18.5)Disagree or strongly
disagree or do not know

<.001Acceptance: Many friends and family approve vaccination

1.76 (1.21-2.58)472 (62.4)757 (79.1)Agree or strongly agree

1.00 (Reference)68 (34)200 (20.9)Disagree or strongly
disagree or do not know

.56Rejection: Most family and friends do not approve of vaccination

1.06 (0.79-1.43)344 (57.1)355 (37.1)Agree or strongly agree

1.00 (Reference)196 (55.2)602 (62.9)Disagree or strongly
disagree or do not know

aPseudo R2=11.85%

The second column of Table 1 shows cross-tabulations between
the core motivators of vaccination and vaccine uptake. There
were large differences in vaccine uptake by core motivators at
the bivariate level. Respondents who associated a COVID-19
vaccination with the hope of a better life had a 42-percentage
point higher rate of vaccination (n=483, 66.5% vs n=57, 24.7%;
P<.001). Those who feared the hardship that COVID-19
infection would bring had a 21-percentage point higher
vaccination rate than other respondents (n=301, 67.8% vs n=239,
46.6%; P<.001). The pleasure that respondents associated with
being able to do what they enjoyed doing because of being
vaccinated was reflected by a 30-percentage point higher rate
of vaccination (n=411, 67.4% vs n=129, 37.2%; P<.001).
Respondents’ concern that not being vaccinated would result
in getting or spreading COVID-19 was associated with a

25-percentage point higher rate of vaccination (n=477, 61.2%
vs n=63, 35.6%; P<.001). Acceptance of the vaccine by friends
and family was associated with a 28-percentage point higher
vaccination rate (n=472, 62.4% vs n=68, 34%; P<.001). It is
interesting that social rejection, or the lack of approval of the
vaccination by family members, was not associated with vaccine
uptake.

The third column of Table 1 shows the adjusted odds of
COVID-19 vaccination. With all core motivators in the model,
Nigerians who believed that COVID-19 vaccination was
associated with a better life, had 3 times higher odds of getting
vaccinated (aOR 3.40, 95% CI 2.27-5.09). Those who believed
that getting vaccinated would allow them to do more things that
they enjoyed were more likely to be vaccinated (aOR 1.84, 95%
CI 1.30-2.62). Friends and family members’acceptance of their
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decision to get vaccinated was associated with a higher
vaccination rate (aOR 1.76, 95% CI 1.21-2.58).

Ability Barriers and COVID-19 Vaccine Uptake
Table 2 shows the frequency distributions of ability factors
identified by the FBM, cross-tabulations between ability factors
and COVID-19 vaccine uptake, and the adjusted odds of
COVID-19 vaccination. The first column of Table 2 shows that
about 54% (n=516) of respondents felt that their family or work
responsibilities made it difficult for them to get vaccinated. This
variable measures the constraint of time. Over a third (n=347,

36.3%) of respondents felt that the cost or loss of income
associated with getting vaccinated was a barrier. Nearly 40%
(n=382) of respondents felt that the physical effort required
made it difficult to get vaccinated. Nearly half (n=437, 46%)
of the respondents felt that the decision to get vaccinated was
difficult. This variable measures the mental effort required to
get vaccinated. About 42% (n=401) of respondents reported
that not having the vaccine available in places they routinely
visited was a barrier to getting vaccinated. The latter measures
the routine associated with adopting a behavior.

Table 2. Frequency distributions of ability factors, cross-tabulations, and the adjusted odds of COVID-19 vaccination in Nigeria.

Adjusted odds of obtaining at least

one COVID-19 vaccinationa
P valueNigerian adults who obtained at

least one vaccination (n=540,
56.4%), n (%)

Frequency distributions of ability
factors (N=957, 100%), n (%)

Ability

Time: Family or work responsibilities make it difficult to find time

0.94 (0.69-1.27).06277 (53.7)516 (53.9)Agree or strongly agree

1.00 (Reference)263 (59.6)441 (46.1)Disagree or strongly
disagree or do not know

Money: Costs or loss of income make it difficult

0.45 (0.33-0.62)<.001158 (45.5)347 (36.3)Agree or strongly agree

1.00 (Reference)382 (62.6)610 (63.7)Disagree or strongly
disagree or do not know

Physical effort: Physical effort makes it difficult

1.46 (1.06-2.01).74218 (57.1)382 (39.9)Agree or strongly agree

1.00 (Reference)322 (56.0)575 (60.1)Disagree or strongly
disagree or do not know

Mental effort: Decision to get vaccine is difficult

0.94 (0.70-1.27).21237 (54.2)437 (45.7)Agree or strongly agree

1.00 (Reference)303 (58.3)520 (54.3)Disagree or strongly
disagree or do not know

Routine: Vaccine not available where I routinely visit

0.21 (0.16-0.28)<.001141 (35.2)401 (41.9)Agree or strongly agree

1.00 (Reference)399 (71.8)556 (58.1)Disagree or strongly
disagree or do not know

aPseudo R2=12%.

The second column of Table 2 shows cross-tabulations between
ability factors and vaccine uptake. Respondents who agreed or
strongly agreed with the statement that costs or loss of income
were a barrier reported a 17-percentage point lower vaccination
rate compared to others (n=158, 45.5% vs n=382, 62.6%;
P<.001). The lack of availability of the COVID-19 vaccine in
places that they routinely visited was associated with a
37-percentage point lower rate of vaccination (n=141, 35.2%
vs n=399, 71.8%; P<.001).

The third column of Table 2 shows the adjusted odds of a
COVID-19 vaccination. With all ability factors in the model,
Nigerians who believed that the cost or the loss of income made
it difficult to obtain a COVID-19 vaccination were less likely
to get vaccinated (aOR 0.45, 95% CI 0.33-0.62). The lack of
availability of vaccines at places respondents routinely visited
was associated with a lower likelihood of vaccination (aOR

0.21, 95% CI 0.16-0.28). Contrary to our expectations,
respondents who felt that physical effort makes it difficult to
get vaccinated were more likely to be vaccinated (aOR 1.46,
95% CI 1.06-2.01).

Sociodemographic Factors and COVID-19 Vaccine
Uptake
Table 3 shows the frequency distributions of sociodemographic
characteristics of respondents in the sample, cross-tabulations
between these characteristics and vaccine uptake, and the
adjusted odds of COVID-19 vaccination. The first column of
Table 3 shows that, as expected from a digital survey, the sample
had relatively young participants: 56% (n=531) of respondents
were aged 18-29 years and 16% (n=151) were aged 40 years
and older. Male participants represented a higher proportion of
the sample (n=592, 61.9%). About 39% (n=371) of respondents
had a primary or secondary school certificate, one quarter
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(n=231, 24.1%) had an ordinary national diploma (OND) or a
higher national diploma (HND), and one-third of respondents
(n=317, 33.4%) had a bachelor’s or higher degree. A majority

of respondents were from urban areas: 57% (n=544) were from
cities, 34% (n=323) from towns, and 9% (n=90) from rural
areas.

Table 3. Frequency distributions of sociodemographic variables, cross-tabulations, and the adjusted odds of COVID-19 vaccination in Nigeria.

Adjusted odds of obtaining at
least 1 COVID-19 vaccination,

aOR (95% CI)a

P valueNigerian adults who obtained at
least 1 vaccination (n=540, 56.4%),
n (%)

Sample characteristics (N=957,
100%), n (%)

Demographic

.71Age (years)

1.31 (0.89-1.93)300 (56.5)531 (55.5)18-29

1.28 (0.85-1.93)159 (57.8)275 (28.7)30-39

1.00 (Reference)81 (53.8)151 (15.8)≥40

.06Sex

1.00 (Reference)348 (58.8)592 (61.9)Male

0.73 (0.56-0.95)192 (52.6)365 (38.1)Female

<.001Education

1.00 (Reference)188 (50.7)371 (38.8)Primary or secondary
school certificate

1.90 (1.22-2.98)72 (64.9)111 (11.6)Ordinary national
diploma (OND)

2.62 (1.64-4.19)87 (72.5)120 (12.5)Higher national diplo-
ma (HND)

1.12 (0.81-1.55)169 (53.3)317 (33.4)Bachelors or higher

1.79 (0.89-3.60)24 (63.2)38 (4)Other

.02Location

1.00 (Reference)320 (58.8)544 (56.8)City

0.88 (0.68-1.17)181 (56.0)323 (33.8)Town

0.56 (0.35-0.89)39 (43.3)90 (9.4)Rural

aPseudo R2=2.79%.

The second column of Table 3 shows cross-tabulations between
sociodemographic characteristics and vaccine uptake. There
was no statistically significant difference in the COVID-19
vaccination rate by age or sex. Education was associated with
vaccine uptake: respondents with an OND (n=72, 64.9% vs
n=188, 50.7%; P<.001) or an HND (n=87, 72.5% vs n=188
50.7%; P<.001) were more likely to be vaccinated than
respondents with a primary or secondary school certificate.
Urban residence was also associated with higher vaccine uptake:
respondents from rural areas were significantly less likely to
have obtained the COVID-19 vaccination (n=39, 43.3% vs
n=320, 58.8%; P=.02).

The third column of Table 3 shows the adjusted odds of
COVID-19 vaccination. With all sociodemographic
characteristics in the model, female participants were less likely
to get vaccinated (aOR 0.73, 95% CI 0.56-0.95). Having an
OND (aOR 1.90, 95% CI 1.22-2.98) or a HND (aOR 2.62, 95%

CI 1.64-4.19) increased a respondent’s likelihood of being
vaccinated. Nigerians living in rural areas were less likely to
be vaccinated (aOR 0.56, 95% CI 0.35-0.89).

Full Model: Core Motivators, Ability Barriers, and
Sociodemographic Characteristics
Table 4 shows the adjusted odds of COVID-19 vaccine uptake
in Nigeria. The 3 core motivators identified earlier remained
significant after adjusting for ability factors and
sociodemographic characteristics. Nigerians who believed that
the COVID-19 vaccination was associated with the promise of
a better life were more likely to be vaccinated (aOR 3.51, 95%
CI 2.23-5.52). Nigerians who felt that the vaccination would
allow them to do more things they enjoyed were more likely to
be vaccinated (aOR 1.97, 95% CI 1.33-2.93). Respondents’
friends’ and family members’ acceptance of their decision to
get vaccinated was associated with a higher likelihood of their
being vaccinated (aOR 1.62, 95% CI 1.06-2.48).
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Table 4. Adjusted odds (aOR) of COVID-19 vaccination in Nigeria.

Adjusted odds of obtaining at least 1

COVID-19 vaccination, aOR (95% CI)a

Core motivators

3.51 (2.23-5.52)Getting vaccinated allows a person to live a better life (hope)

1.03 (0.71-1.49)Getting vaccinated protects people from hardship (fear)

1.97 (1.33-2.93)Allows people to do more things they enjoy (pleasure)

1.17 (0.74-1.84)Reduces the likelihood of getting or spreading COVID-19 (pain)

1.62 (1.06-2.48)Many friends and family approve vaccination (acceptance)

1.18 (0.83-1.67)Most family and friends do not approve vaccination (rejection)

Ability factors

0.85 (0.61-1.19)Family or work responsibilities make it difficult (time)

0.35 (0.24-0.50)Costs or loss of income make it difficult (money)

1.45 (1.02-2.07)Physical effort makes it difficult (physical effort)

1.08 (0.77-1.51)The decision to get the vaccine is difficult (mental effort)

0.29 (0.21-0.40)Vaccine not available where I routinely visit (routine)

Sociodemographic factors

Age (years)

1.09 (0.68-1.74)18-29

1.14 (0.70-1.86)30-39

1.00 (Reference)≥40

Sex

1.00 (Reference)Male

0.80 (0.58-1.10)Female

Education

1.00 (Reference)Primary or secondary school certificate

2.27 (1.34-3.84)Ordinary national diploma (OND)

3.57 (2.04-6.24)Higher national diploma (HND)

1.26 (0.86-1.85)Bachelors or higher

1.88 (0.82-4.33)Other

Location

1.00 (Reference)City

0.90 (0.64-1.26)Town

0.54 (0.31-0.92)Rural

aPseudo R2=23.51%.

The relationships between ability factors and vaccine uptake
remained important after adjusting for sociodemographic
characteristics and core motivators. Nigerians with cost- or
income-related concerns were less likely to obtain a COVID-19
vaccination (aOR 0.35, 95% CI 0.24-0.50). The lack of
availability of vaccines at places they routinely visited made
them less likely to get vaccinated (aOR 0.29, 95% CI 0.21-0.40).

After adjusting for motivation and ability, female participants
were no longer less likely to obtain a COVID-19 vaccination.
Respondents with an OND (aOR 2.27, 95% CI 1.34-3.84) or
HND (aOR 3.57, 95% CI 2.04-6.24) were more likely to be

vaccinated than those with primary or secondary school
certificates. Rural residents were less likely to be vaccinated
than residents living in cities (aOR 0.54, 95% CI 0.31-0.92).

Discussion

Principal Findings
The findings of this study show that 56.4% (n=540) of Nigerian
adults who responded to the digital survey had obtained at least
1 COVID-19 vaccination by October 2022. Several core
motivators were associated with vaccine uptake, after adjusting
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for ability factors and sociodemographic variables. The beliefs
that COVID-19 vaccination allows a person to live a better life
and that it allows them to do more things that they enjoy
increases the likelihood of being vaccinated. The belief that
many friends and family members approve of COVID-19
vaccination is also associated with a greater likelihood of being
vaccinated. Several ability barriers were also correlated with
vaccine uptake, after adjusting for other variables. Respondents
who felt that costs or loss of income associated with getting
vaccinated made it difficult to get vaccinated were less likely
to get vaccinated. The lack of availability of the COVID-19
vaccine at places respondents routinely visited was also
negatively associated with vaccine uptake. The study also found
a higher likelihood of Nigerians with OND or HND being
vaccinated compared with those with primary or secondary
school certificates and a lower likelihood of being vaccinated
among rural respondents.

Strengths and Limitations
While this study provides useful insights for program design,
its limitations should be acknowledged. The first limitation of
this study is that no causal inferences can be made from it
because of its cross-sectional design. This design limitation may
explain an unexpected study finding: after adjusting for other
variables, the physical effort required to get vaccinated was
associated with a higher rate of vaccination. This finding may
reflect reverse causality; those who are vaccinated may be more
aware of the physical effort required to obtain a COVID-19
vaccination. Further investigation is needed to determine
whether the positive relationship between the perceived physical
effort required to get vaccinated and receiving a vaccination
holds only for those who have been vaccinated or for the full
sample.

The second limitation of this study is that variables that were
not measured may be responsible for the observed relationships.
For example, while the relationship between the belief that
vaccination allows a person to enjoy life more and vaccine
uptake is powerful, there is a possibility that unmeasured factors
are driving this relationship. Thus, developing messages around
how vaccination can help a person lead a fuller life and testing
them through relatively inexpensive digital campaigns would
be important prior to implementing an at-scale campaign that
focuses on this message.

The third limitation of the study is that it is not representative
of all Nigerians in the 6 states in which it was conducted. This
is reflected in the higher educational status of the survey sample:
about 33% (n=317) of respondents had a bachelor’s or higher
education. The participants were also relatively young; about
56% (n=531) of respondents were between 18 and 29 years.
Moreover, male participants comprised a higher proportion of
the sample than female participants. These findings are not
uncommon for digital surveys conducted in LMICs.

A strength of this study is its cost efficiency and the timeliness
with which the survey was conducted compared to face-to-face
household surveys. A major barrier to the use of behavioral
insights by practitioners in LMICs is the cost of data collection.
Behavioral research is not well-funded in LMICs. Inexpensive
digital surveys could substantially increase the ability of

practitioners in LMICs to use behavioral insights to develop
interventions that increase vaccine uptake.

Future Directions
We do not know the extent to which the findings from surveys
conducted by recruiting respondents through web-based
advertising are comparable to the findings from
population-based household surveys. Although some studies
show broadly similar patterns between digital and
population-based surveys [25], more research is needed to
identify what types of systematic differences may exist between
these 2 survey modalities. It is important, for example, to learn
whether inferences from digital surveys apply to the behavior
of individuals who are not on digital platforms.

Given our inability to generalize these findings beyond
Nigerians who are on Facebook and Instagram, how can the
findings of this survey be used? First, the findings may be used
to design interventions on digital platforms as well as to evaluate
the effectiveness of those interventions. Digital behavior change
interventions may be evaluated by experimental studies on
digital platforms that compare vaccine uptake between
intervention and control groups. A growing proportion of the
Nigerian population is now on Facebook and Instagram: between
31 million and 36 million Nigerians 13 and older use Facebook
and Instagram each month. High exposure to messages that
associate the COVID-19 vaccination with a better, more
fulfilling life is achievable through advertising on digital
platforms and at a fraction of the cost of advertising on
traditional mass media channels such as television.

Future interventions could build upon the findings of this study
by conducting qualitative research to determine which
motivation or ability factors are relevant in locations where
interventions are planned. A survey conducted in the most
densely populated, low-income commune in Yugpognon, Cote
d’Ivoire, using the FBM found broadly comparable findings:
motivation and ability were powerful drivers of vaccine
adoption, although the specific elements of motivation and
ability that were relevant in Yugpognon were, not surprisingly,
different [16].

Our findings raise several questions that should be answered
through additional research. Answers to these questions may
help in the design of more effective COVID-19 service delivery
interventions. It would be useful, for example, to learn whether
some of the places routinely visited by Nigerians are amenable
to serving as COVID-19 vaccine delivery sites. Are such
potential vaccine delivery sites likely to vary by age, sex, by
urban or rural residence and are they suitable for cost-efficient
provision of COVID-19 vaccinations?

Our sample consisted primarily of Nigerians living in cities and
towns, with a minority of respondents living in rural areas. A
larger proportion of rural respondents may be obtained from
digital surveys that oversample rural areas. This may be done
by capping the number of respondents from urban areas and
allowing more time for responses to come in from rural areas.
This would, however, have implications for the cost of the rural
component of the survey.
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Comparison to Prior Work
Overall, the findings of our study provide a very different
perspective on vaccine adoption in Nigeria than what is available
in the peer-reviewed literature. Recent Nigerian studies on
COVID-19 vaccine uptake have primarily focused on identifying
gaps in knowledge, attitudes, and beliefs associated with vaccine
hesitancy [1-3]. These studies place emphasis on the perceived
risk of disease as a driver of vaccine uptake, despite mixed
evidence on the role of risk perception on vaccine uptake in
Nigeria [5,6,9]. Several of these recent studies propose that
equipping people with factually correct information will allay
their concerns, increase their perceived risk of acquiring
COVID-19, and lead to higher rates of vaccine adoption. By
contrast, a small but rapidly growing body of work is putting
vaccine adoption in a behavioral context [13-19,26]. These
studies take motivation and ability for behavior change into
account in explaining the range of barriers that influence
immunization decisions and suggest how programs should help
individuals overcome them.

Conclusions
These findings help us consider a very different approach to
intervention design—one that builds upon what people want
for their future, what gives them pleasure, and how they are
influenced by the approval of their friends and family members.
Our findings suggest that hope is more important for Nigerians
than fear when it comes to vaccine adoption, social approval is
more powerful than social disapproval, and enjoying life is more
important than worrying about getting the disease.

These findings suggest that an approach that is based on
increasing the perception of hope and pleasure associated with
vaccine adoption as well as increasing network members’ social
approval is likely to increase COVID-19 vaccine adoption in
Nigeria. Our analysis also suggests that financial considerations
play an important role in the uptake of COVID-19 vaccination
in Nigeria. The costs associated with reaching a vaccination site
or the loss of income associated with being away from work
are important determinants of vaccine adoption. Nigerians with
limited flexibility at work may find it challenging to visit a
vaccination site during the hours that it is open. Consistent with
this finding, making COVID-19 vaccines available at places
that Nigerians visit routinely may have a large impact on vaccine
uptake.

The use of a behavior model to understand drivers of COVID-19
vaccine uptake in Nigeria has helped provide a different
perspective on vaccine-related decision-making in Nigeria than
what is currently available in the published literature. The FBM,
a model of human behavior rather than a model of health
behavior per se, considers a broad range of factors influencing
motivation, including an individual’s hopes and fears, the
sensation of pleasure or pain that they get from a particular
behavior, and the social influences on them associated with
their identity. The model also measures ability constraints
including bandwidth-related constraints such as time or cognitive
constraints, financial constraints, physical effort–related
constraints, and habits or routine-related constraints. By
comparison to behavior models that focus on perceived risk of
and susceptibility to disease, the FBM situates behavior within
the broader context of a person’s life.

 

Acknowledgments
The authors gratefully acknowledge the study participants for the information they provided. Funding for this study was provided
by The Bill & Melinda Gates Foundation. The funders had no input on the interpretation or publication of the study results.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
IN developed and submitted the institutional review board protocol to Nigeria’s National Health Research Ethics Committee. SA
and DB conceptualized the study. SA conducted the statistical analysis and wrote the first draft of the report. IN provided important
context on Nigeria that enabled the interpretation of the study findings. DB developed the survey instrument and interpreted the
study findings. DB and SF were responsible for acquiring funding for the study. SF and NR designed the digital data collection
instruments and implemented the data collection and quality control procedures. All authors read and approved the final version
of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Survey questionnaire.
[DOCX File , 22 KB - ijmr_v13i1e47817_app1.docx ]

References

Interact J Med Res 2024 | vol. 13 | e47817 | p.583https://www.i-jmr.org/2024/1/e47817
(page number not for citation purposes)

Agha et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ijmr_v13i1e47817_app1.docx&filename=9135afb01a58828458459bd821b86cec.docx
https://jmir.org/api/download?alt_name=ijmr_v13i1e47817_app1.docx&filename=9135afb01a58828458459bd821b86cec.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Robinson ED, Wilson P, ELeki BJ, Wonodi W. Knowledge, acceptance, and hesitancy of COVID-19 vaccine among health
care workers in Nigeria. MGM J Med Sci 2021;8(2):102-110 [FREE Full text] [doi: 10.4103/mgmj.mgmj_4_21]

2. Osuagwu UL, Mashige KP, Ovenseri-Ogbomo G, Envuladu EA, Abu EK, Miner CA, et al. The impact of information
sources on COVID-19 vaccine hesitancy and resistance in sub-Saharan Africa. BMC Public Health 2023;23(1):38 [FREE
Full text] [doi: 10.1186/s12889-022-14972-2] [Medline: 36609264]

3. Adejumo OA, Ogundele OA, Madubuko CR, Oluwafemi RO, Okoye OC, Okonkwo KC, et al. Perceptions of the COVID-19
vaccine and willingness to receive vaccination among health workers in Nigeria. Osong Public Health Res Perspect
2021;12(4):236-243 [FREE Full text] [doi: 10.24171/j.phrp.2021.0023] [Medline: 34289295]

4. Iliyasu Z, Umar AA, Abdullahi HM, Kwaku AA, Amole TG, Tsiga-Ahmed FI, et al. "They have produced a vaccine, but
we doubt if COVID-19 exists": correlates of COVID-19 vaccine acceptability among adults in Kano, Nigeria. Hum Vaccin
Immunother 2021;17(11):4057-4064 [FREE Full text] [doi: 10.1080/21645515.2021.1974796] [Medline: 34613864]

5. Babafunke F, Olajumoke O, Oluwatofunmi L, Oluyemi A, Oluseyi A, Oluwagbemisola F, et al. Perceived risk and protective
behaviors related to COVID-19 among the Nigerian general population: an application of the extended parallel process
model. Sci Afr 2022;16:e01259 [FREE Full text] [doi: 10.1016/j.sciaf.2022.e01259] [Medline: 35765588]

6. Allagoa DO, Oriji PC, Tekenah ES, Obagah L, Njoku C, Afolabi AS, et al. Predictors of acceptance of COVID-19 vaccine
among patients at a tertiary hospital in South-South Nigeria. Int J Community Med Public Health 2021;8(5):2165-2172
[FREE Full text] [doi: 10.18203/2394-6040.ijcmph20211733]

7. Ilesanmi OS, Akosile PO, Afolabi AA, Ukwenya VO. Handling distrust on risk communication in Nigeria: a strategy to
strengthening the COVID-19 outbreak response. Disaster Med Public Health Prep 2021;17:e27 [FREE Full text] [doi:
10.1017/dmp.2021.245] [Medline: 34308825]

8. Babatope T, Ilyenkova V, Marais D. COVID-19 vaccine hesitancy: a systematic review of barriers to the uptake of COVID-19
vaccine among adults in Nigeria. Bull Natl Res Cent 2023;47(1):45 [FREE Full text] [doi: 10.1186/s42269-023-01017-w]
[Medline: 36970323]

9. Lawal O. Understanding risk communication effectiveness from public interest, mobility, and COVID-19 cases: a case
study of COVID-19 in Nigeria. Front Commun 2022;7:921648 [FREE Full text] [doi: 10.3389/fcomm.2022.921648]

10. Olu-Abiodun O, Abiodun O, Okafor N. COVID-19 vaccination in Nigeria: a rapid review of vaccine acceptance rate and
the associated factors. PLoS One 2022;17(5):e0267691 [FREE Full text] [doi: 10.1371/journal.pone.0267691] [Medline:
35544545]

11. Glanz K, Bishop DB. The role of behavioral science theory in development and implementation of public health interventions.
Annu Rev Public Health 2010;31:399-418. [doi: 10.1146/annurev.publhealth.012809.103604] [Medline: 20070207]

12. Davis R, Campbell R, Hildon Z, Hobbs L, Michie S. Theories of behaviour and behaviour change across the social and
behavioural sciences: a scoping review. Health Psychol Rev 2015;9(3):323-344 [FREE Full text] [doi:
10.1080/17437199.2014.941722] [Medline: 25104107]

13. Agha S, Tollefson D, Paul S, Green D, Babigumira JB. Use of the fogg behavior model to assess the impact of a social
marketing campaign on condom use in Pakistan. J Health Commun 2019;24(3):284-292. [doi:
10.1080/10810730.2019.1597952] [Medline: 30945612]

14. Evans WD, Gerard R, Symington L, Shaikh H, Agha S. Implementation practice models for development in low- and
middle-income countries: systematic review of peer-reviewed literature. BMC Public Health 2022;22(1):1157 [FREE Full
text] [doi: 10.1186/s12889-022-13530-0] [Medline: 35681165]

15. Agha S. Use of a practitioner-friendly behavior model to identify factors associated with COVID-19 vaccination and other
behaviors. Vaccines (Basel) 2022;10(8):1261 [FREE Full text] [doi: 10.3390/vaccines10081261] [Medline: 36016149]

16. Pedersen B, Thanel K, Kouakou AY, Zo JR, Ouattara ML, Gbeke D, et al. Identifying drivers of COVID-19 vaccine uptake
among residents of Yopougon Est, Abidjan, Côte d'Ivoire. Vaccines (Basel) 2022;10(12):2101 [FREE Full text] [doi:
10.3390/vaccines10122101] [Medline: 36560511]

17. Agha S, Chine A, Lalika M, Pandey S, Seth A, Wiyeh A, et al. Drivers of COVID-19 vaccine uptake amongst healthcare
workers (HCWs) in Nigeria. Vaccines (Basel) 2021;9(10):1162 [FREE Full text] [doi: 10.3390/vaccines9101162] [Medline:
34696270]

18. Evans WD, Bingenheimer JB, Long M, Ndiaye K, Donati D, Rao NM, et al. Development and evaluation of an index to
measure the ability to get vaccinated for COVID-19. Vaccines (Basel) 2023;11(2):342 [FREE Full text] [doi:
10.3390/vaccines11020342] [Medline: 36851220]

19. Agha S, Morgan B, Archer H, Paul S, Babigumira JB, Guthrie BL. Understanding how social norms affect modern
contraceptive use. BMC Public Health 2021;21(1):1061 [FREE Full text] [doi: 10.1186/s12889-021-11110-2] [Medline:
34088295]

20. Meekers D, Onuoha C, Olutola O. Applying the Fogg Behavior Model to improve contraceptive social marketing during
the COVID-19 lockdown in Nigeria: a case study. Gates Open Res 2020;4:141 [FREE Full text] [doi:
10.12688/gatesopenres.13186.1]

21. Fogg B. A behavior model for persuasive design. New York, NY, US: Association for Computing Machinery; 2009 Presented
at: Persuasive '09: Proceedings of the 4th International Conference on Persuasive Technology; April 26-29, 2009; Claremont,
California, USA p. 1-7. [doi: 10.1145/1541948.1541999]

Interact J Med Res 2024 | vol. 13 | e47817 | p.584https://www.i-jmr.org/2024/1/e47817
(page number not for citation purposes)

Agha et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://journals.lww.com/mgmj/fulltext/2021/08020/knowledge,_acceptance,_and_hesitancy_of_covid_19.3.aspx
http://dx.doi.org/10.4103/mgmj.mgmj_4_21
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14972-2
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14972-2
http://dx.doi.org/10.1186/s12889-022-14972-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36609264&dopt=Abstract
https://europepmc.org/abstract/MED/34289295
http://dx.doi.org/10.24171/j.phrp.2021.0023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34289295&dopt=Abstract
https://europepmc.org/abstract/MED/34613864
http://dx.doi.org/10.1080/21645515.2021.1974796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34613864&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-2276(22)00166-1
http://dx.doi.org/10.1016/j.sciaf.2022.e01259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35765588&dopt=Abstract
https://www.ijcmph.com/index.php/ijcmph/article/view/7909
http://dx.doi.org/10.18203/2394-6040.ijcmph20211733
https://europepmc.org/abstract/MED/34308825
http://dx.doi.org/10.1017/dmp.2021.245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34308825&dopt=Abstract
https://europepmc.org/abstract/MED/36970323
http://dx.doi.org/10.1186/s42269-023-01017-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36970323&dopt=Abstract
https://www.frontiersin.org/articles/10.3389/fcomm.2022.921648/full
http://dx.doi.org/10.3389/fcomm.2022.921648
https://dx.plos.org/10.1371/journal.pone.0267691
http://dx.doi.org/10.1371/journal.pone.0267691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35544545&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.012809.103604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20070207&dopt=Abstract
https://europepmc.org/abstract/MED/25104107
http://dx.doi.org/10.1080/17437199.2014.941722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25104107&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2019.1597952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30945612&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13530-0
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13530-0
http://dx.doi.org/10.1186/s12889-022-13530-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35681165&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines10081261
http://dx.doi.org/10.3390/vaccines10081261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36016149&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines10122101
http://dx.doi.org/10.3390/vaccines10122101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36560511&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines9101162
http://dx.doi.org/10.3390/vaccines9101162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34696270&dopt=Abstract
https://www.mdpi.com/resolver?pii=vaccines11020342
http://dx.doi.org/10.3390/vaccines11020342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36851220&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11110-2
http://dx.doi.org/10.1186/s12889-021-11110-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34088295&dopt=Abstract
https://gatesopenresearch.org/articles/4-141/v1
http://dx.doi.org/10.12688/gatesopenres.13186.1
http://dx.doi.org/10.1145/1541948.1541999
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Fogg BJ. Tiny Habits: The Small Changes that Change Everything. Boston, MA: Houghton Mifflin Harcourt; 2020.
23. Rao N, Donati D, Orozco V. Conducting Surveys and Interventions Entirely Online: A Virtual Lab Practitioner's Manual.

The World Bank. 2020. URL: https://documents1.worldbank.org/curated/en/819191635501106862/pdf/
Conducting-Surveys-and-Interventions-Entirely-Online-A-Virtual-Lab-Practitioner-s-Manual.pdf [accessed 2024-01-23]

24. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC; 2017.
25. Shaver LG, Khawer A, Yi Y, Aubrey-Bassler K, Etchegary H, Roebothan B, et al. Using Facebook advertising to recruit

representative samples: feasibility assessment of a cross-sectional survey. J Med Internet Res 2019;21(8):e14021 [FREE
Full text] [doi: 10.2196/14021] [Medline: 31429409]

26. Pedersen B, Thompson G, Kouakou AY, Mujinga M, Nicholes S, Martinez A, et al. Development and assessment of a
six-item index to gauge motivation to receive COVID-19 vaccination. Vaccines 2023;12(1):6 [FREE Full text] [doi:
10.3390/vaccines12010006]

Abbreviations
aOR: adjusted odds ratio
FBM: Fogg Behavior Model
HCW: health care worker
HND: higher national diploma
LMICs: low- and middle-income countries
OND: ordinary national diploma

Edited by T Leung; submitted 02.04.23; peer-reviewed by J Smith, OO Oyewole; comments to author 27.04.23; revised version received
24.05.23; accepted 02.01.24; published 26.02.24.

Please cite as:
Agha S, Nsofor I, Bernard D, Francis S, Rao N
Behavioral Insights from Vaccine Adoption in Nigeria: Cross-Sectional Survey Findings
Interact J Med Res 2024;13:e47817
URL: https://www.i-jmr.org/2024/1/e47817 
doi:10.2196/47817
PMID:38407956

©Sohail Agha, Ifeanyi Nsofor, Drew Bernard, Sarah Francis, Nandan Rao. Originally published in the Interactive Journal of
Medical Research (https://www.i-jmr.org/), 26.02.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical Research, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.i-jmr.org/, as well as this copyright
and license information must be included.

Interact J Med Res 2024 | vol. 13 | e47817 | p.585https://www.i-jmr.org/2024/1/e47817
(page number not for citation purposes)

Agha et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://documents1.worldbank.org/curated/en/819191635501106862/pdf/Conducting-Surveys-and-Interventions-Entirely-Online-A-Virtual-Lab-Practitioner-s-Manual.pdf
https://documents1.worldbank.org/curated/en/819191635501106862/pdf/Conducting-Surveys-and-Interventions-Entirely-Online-A-Virtual-Lab-Practitioner-s-Manual.pdf
https://www.jmir.org/2019/8/e14021/
https://www.jmir.org/2019/8/e14021/
http://dx.doi.org/10.2196/14021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31429409&dopt=Abstract
https://www.mdpi.com/2076-393X/12/1/6
http://dx.doi.org/10.3390/vaccines12010006
https://www.i-jmr.org/2024/1/e47817
http://dx.doi.org/10.2196/47817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38407956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Influence of Environmental Factors and Genome Diversity on
Cumulative COVID-19 Cases in the Highland Region of China:
Comparative Correlational Study

Zhuoga Deji1,2, MSc; Yuantao Tong1, PhD; Honglian Huang1,3, PhD; Zeyu Zhang1, PhD; Meng Fang4, PhD; M James

C Crabbe5,6,7, PhD; Xiaoyan Zhang1, PhD; Ying Wang3, PhD
1Research Center for Translational Medicine, Shanghai East Hospital, School of Life Sciences and Technology, Tongji University, Shanghai, China
2Information School, The University of Sheffield, Sheffield, United Kingdom
3Department of Clinical Laboratory Medicine Center, Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Shanghai University
of Traditional Chinese Medicine, Shanghai, China
4Department of Laboratory Medicine, Shanghai Eastern Hepatobiliary Surgery Hospital, Shanghai, China
5Wolfson College, Oxford University, Oxford, United Kingdom
6Institute of Biomedical and Environmental Science & Technology, University of Bedfordshire, Bedfordshire, United Kingdom
7School of Life Sciences, Shanxi University, Shanxi, China

Corresponding Author:
Ying Wang, PhD
Department of Clinical Laboratory Medicine Center
Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Shanghai University of Traditional Chinese Medicine
110 Ganhe Rd
Shanghai, 200437
China
Phone: 86 021 65161782
Fax: 86 021 65161782
Email: nadger_wang@139.com

Abstract

Background: The novel coronavirus SARS-CoV-2 caused the global COVID-19 pandemic. Emerging reports support lower
mortality and reduced case numbers in highland areas; however, comparative studies on the cumulative impact of environmental
factors and viral genetic diversity on COVID-19 infection rates have not been performed to date.

Objective: The aims of this study were to determine the difference in COVID-19 infection rates between high and low altitudes,
and to explore whether the difference in the pandemic trend in the high-altitude region of China compared to that of the lowlands
is influenced by environmental factors, population density, and biological mechanisms.

Methods: We examined the correlation between population density and COVID-19 cases through linear regression. A zero-shot
model was applied to identify possible factors correlated to COVID-19 infection. We further analyzed the correlation of
meteorological and air quality factors with infection cases using the Spearman correlation coefficient. Mixed-effects multiple
linear regression was applied to evaluate the associations between selected factors and COVID-19 cases adjusting for covariates.
Lastly, the relationship between environmental factors and mutation frequency was evaluated using the same correlation techniques
mentioned above.

Results: Among the 24,826 confirmed COVID-19 cases reported from 40 cities in China from January 23, 2020, to July 7,
2022, 98.4% (n=24,430) were found in the lowlands. Population density was positively correlated with COVID-19 cases in all
regions (ρ=0.641, P=.003). In high-altitude areas, the number of COVID-19 cases was negatively associated with temperature,
sunlight hours, and UV index (P=.003, P=.001, and P=.009, respectively) and was positively associated with wind speed (ρ=0.388,
P<.001), whereas no correlation was found between meteorological factors and COVID-19 cases in the lowlands. After controlling
for covariates, the mixed-effects model also showed positive associations of fine particulate matter (PM2.5) and carbon monoxide
(CO) with COVID-19 cases (P=.002 and P<.001, respectively). Sequence variant analysis showed lower genetic diversity among
nucleotides for each SARS-CoV-2 genome (P<.001) and three open reading frames (P<.001) in high altitudes compared to 300
sequences analyzed from low altitudes. Moreover, the frequencies of 44 nonsynonymous mutations and 32 synonymous mutations
were significantly different between the high- and low-altitude groups (P<.001, mutation frequency>0.1). Key nonsynonymous
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mutations showed positive correlations with altitude, wind speed, and air pressure and showed negative correlations with
temperature, UV index, and sunlight hours.

Conclusions: By comparison with the lowlands, the number of confirmed COVID-19 cases was substantially lower in high-altitude
regions of China, and the population density, temperature, sunlight hours, UV index, wind speed, PM2.5, and CO influenced the
cumulative pandemic trend in the highlands. The identified influence of environmental factors on SARS-CoV-2 sequence variants
adds knowledge of the impact of altitude on COVID-19 infection, offering novel suggestions for preventive intervention.

(Interact J Med Res 2024;13:e43585)   doi:10.2196/43585
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COVID-19; environmental factors; altitude; population density; virus mutation

Introduction

Background
In recent years, the outbreak of COVID-19 has had substantial
impacts on human health, social life, and economic trends
worldwide. To comprehensively explore the impact of potential
factors on the strength and speed of viral infection, we first used
the zero-shot model to screen the literature related to broad
respiratory infectious diseases, including COVID-19, to identify
the major influencing factors through text mining [1]. A
significant ranking list of environmental factors was obtained
(Multimedia Appendix 1), in which temperature and atmospheric
pressure were highly correlated with respiratory viruses. Earlier
findings showed that the spread of COVID-19 was linked to
various factors, including the environment, sequence variants
of the virus, and government countermeasures to protect public
health in the face of outbreaks [2,3].

Previous studies also investigated the correlation between
COVID-19 and altitude. COVID-19 transmission in high-altitude
regions appears to differ from the global pattern, with a lower
number of cases reported at high altitudes [4-9]. Moreover,
population density was identified as a basic factor that
significantly catalyzed the spread of COVID-19 in numerous
countries, including India, the United States, China, and
Malaysia [10-13]. However, few studies have performed an
in-depth analysis of the effects of population density, altitude,
and environmental factors on the variation in the severity of the
COVID-19 pandemic among regions at different altitudes.

Moreover, virus mutation is another important factor in escaping
the immune protection derived from a previous infection or
vaccination [14-16]. Several studies have shown that people
living at high altitudes may be less susceptible to developing
severe adverse effects from COVID-19, along with reduced
case fatality rates [4,8]. Environmental factors have also been
shown to actively influence virus mutation and to play regulatory
roles in viral evolution [17-20]. Nevertheless, the underlying
physiological mechanism linking virus mutation and altitude
that could affect the rate of COVID-19 transmission remains
unclear.

Purpose
To fill this research gap, we aimed to explore the potential
factors contributing to the outcome of COVID-19 at high
altitudes in China in comparison to the lowlands. Toward this
end, we first assessed the contributions of altitude and

population density on the total number of COVID-19 cases at
different altitudes, and further explored the correlation between
COVID-19 cases and environmental factors.

In addition, a more detailed correlation analysis among regions
at different altitudes was performed at the city level using
mixed-effects multiple linear regression models controlling for
potential covariates, including meteorological and air quality
factors. Furthermore, we studied the genome diversity, mutation
frequency, and correlations with environmental factors in high-
and low-altitude regions. Overall, we aim to provide a better
understanding of the key factors that could influence the
cumulative infection and transmission rate of COVID-19 in
high-altitude regions of China, which can in turn help to inform
establishing improved policies for preventive interventions.

Methods

Study Area
We focused on the high-altitude southwestern regions of China
and several low-altitude regions from mainland China. A more
detailed description of each province included in the study area
along with city-level information is provided in Multimedia
Appendix 2.

Collection of Confirmed COVID-19 Cases
Data on COVID-19, including total confirmed cases at the
province level from January 23, 2020, to July 7, 2022, were
collected from the Dingxiangyuan (DXY-DX Doctor) website
[21]; historical cases at the city level over the same study period
were collected using the R package “nCovid2019.” The
population density for each region was calculated by the
following equation:

Population density = population size/area of the land

(km2) (1)

The normalized daily number of confirmed COVID-19 cases
was calculated using the following equation:

Normalized COVID-19 cases = total number of
confirmed cases/population density (2)

To reflect the COVID-19 infection situation in high-altitude
regions of China during the study period, descriptive statistics
were compiled for the daily average meteorological and air
quality parameters, as shown in Multimedia Appendix 3.
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Collection of Population, Meteorological, and Air
Quality Factors
To analyze the correlation between altitude and COVID-19
cases in China, altitude information of highland regions (>1500
m) and lowland regions (<1500 m) was collected from the
topographic map [22]. Meteorological factors were collected
from the World Weather Online site [23]. Air quality variables
were collected from the Statistical Yearbook for each
municipality or province, along with associated data on
population and land areas. Multimedia Appendix 4 provides a
more detailed description of all these variables.

Collection of SARS-CoV-2 Genome Data
SARS-CoV-2 whole-genome sequencing data were collected
from the GISAID (Global Initiative on Sharing All Influenza
Data) website [24], including 300 sequences from high-altitude
regions and 300 sequences randomly selected over the same
time period from low-altitude regions. The accession numbers
of the sequences included in this analysis are listed in
Multimedia Appendix 5.

Statistical Analysis
The Kolmogorow-Smirnov test was performed for each variable
(see Multimedia Appendix 6) with the null hypothesis of a
normal distribution; since the P value of each variable was less
than .05, the null hypothesis was rejected, indicating that the
test distribution was not normally distributed. Therefore, we
used the nonparametric Spearman correlation coefficient for
the correlation analysis of environmental factors and mutation
frequency with COVID-19 cases using SPSS software.

After taking into account the correlations for each of the
independent variables, a mixed-effects multiple linear regression
was used for an adjusted correlation analysis, with the model
defined as follows:

Y = Xβ + Zµ + ∈ (3)

where Xβ represents the fixed-effects set in this study, including
the covariates meteorological and air quality, and Zµ represents
an N×M design matrix containing each individual group (N)
for each covariate (M) of the random effects. Four sets of
mixed-effects models were analyzed using R software (version
4.2.1). Separate models were first run for each of the 12 random
effects (environmental covariates), followed by two separate
models that included all 6 meteorological indicators or air
quality indicators as fixed effects simultaneously. The final
model included all 12 indicators simultaneously.

Genome Analysis
The nucleotide sequences of the whole genome of SARS-CoV-2
were aligned to the reference sequence Wuhan-1 (NC_045512.2)
using minimap2 2.17-r974. All mapped sequences were merged
back with all others in a single alignment bam file. Variant
calling was performed using bcftools mpileup v1.91. Gene
sequences of SARS-CoV-2 were extracted and translated into
amino acid sequences, which were aligned to the reference
sequence by ClustalW. Variant calling was computed using an
in-house–developed R script.

Sequence Diversity Calculation
Sequence diversity was calculated using the Shannon entropy
(Sn) index in R software (version 4.2.1), which measures the
diversity of nucleotides, amino acids, and their respective variant
frequencies. The diversity of each nucleotide position
(nucleotide 1 to 29,903) was calculated as the Sn according to
the following formula [25]:

Sn = i∑(pilnpi)/lnN (4)

where pi represents the relative frequency of nucleotides or
deletion at this position and N represents the total number of
sequences. All high-altitude samples were compared with the
low-altitude samples to identify differential sequence variations
at both the nucleotide and amino acid levels.

Ethical Considerations
This study is based on an analysis of existing data and therefore
received exemption from ethical approval (reference number
041797). Some data sets were slightly modified after the study
received exemption from ethical approval; however, the updated
data were collected from the same publicly available database.
According to the University Research Ethics Policy, “the project
does not involve human participants which will only use publicly
available anonymized data; a project which will only use
existing clinical or research data that has been robustly
anonymized such that it no longer constitutes personal data”
[26] (pp. 3.1.10, p. 20-21); therefore, ethical approval was not
required for the above circumstance. In addition, Article 32 of
the Ethical Review Measures for Human Life Science and
Medical Research of the People’s Republic of China declares
that “research involving human life science and medicine under
the circumstances of using anonymized information data, legally
obtained publicly available data, or data generated through
observation without interference with public behavior, which
do not cause harm to the human body and do not involve
sensitive personal information or commercial interests, can be
exempt from ethical review to reduce unnecessary burdens on
researchers and promote the development of human life science
and medical research” [27] (chapter 3). Therefore, this study
falls within the exempt category from the institutional review
board. Further ethical approval by a review committee was not
required since the data utilized in this study have been sourced
from a publicly accessible database, ensuring full
anonymization, and the research process involved no direct
interaction with human subjects, solely relying on the analysis
of pre-existing and publicly available data, as mentioned in the
above legislation.

Results

Correlation Between Altitude and COVID-19 Cases
During the study period from January 23, 2020, to June 7, 2022,
a total of 732 COVID-19 cases were officially reported in the
high-altitude region of China, which excluded one imported
case in Tibet. The total numbers of confirmed COVID-19 cases
were lower in the high-altitude regions, including Tibet, Qinghai,
and Gansu, than in the low-altitude regions (Figure 1A); despite
variation among regions, 98.4% (24,430/24,826) of the total
COVID-19 cases were found in the lowland regions (Figure
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1B). Taking into account the hidden factors of the dimension
of population size (Multimedia Appendix 2) in different areas,
a significant positive correlation between confirmed COVID-19

cases and population density (Figure 1C) was found during the
study period.

Figure 1. Pattern of confirmed COVID-19 cases at high altitudes within the study period. (A) Geographic patterns of confirmed COVID-19 cases in
China as of July 7, 2022. (B) Comparison of confirmed COVID-19 cases reported in different cities at different altitudes. (C) Linear regression analysis
between population density and confirmed COVID-19 cases in China.

Correlation Between Meteorological Factors and
Confirmed COVID-19 Cases in High- and
Low-Altitude Regions
To gain a better understanding of the correlation of
meteorological factors with the spread of COVID-19 in
high-altitude regions when compared with that in the lowlands,

we performed a comparative correlation analysis of each
variable (Figure 2); the detailed numeric results are provided
in Multimedia Appendix 7. In the highlands of China, average
temperature (P=.003), sunlight hours (P<.001), and UV index
(P=.009) were negatively correlated with the number of
confirmed COVID-19 cases, whereas the wind speed (ρ=0.388,
P<.001) was positively correlated with confirmed cases.
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Figure 2. Spearman correlation analysis of confirmed COVID-19 cases and meteorological factors in high-altitude and low-altitude regions in China.
The color represents each region group. Area charts represent frequencies and the scatterplots with lines represent the correlation. P values are based
on 2-tailed tests; also see Multimedia Appendix 7.

Correlation Between Air Quality Factors and
Confirmed COVID-19 Cases in High- and
Low-Altitude Regions
As shown in Figure 3, we found significant correlations between
air quality factors and COVID-19 cases at high and low
altitudes. In the highlands, COVID-19 cases were positively
correlated with fine particulate matter (PM2.5; P=.002), coarse
particulate matter (PM10; P<.001), nitrogen dioxide (NO2;

P=.02), and ozone (O3; P<.001). In the lowlands, a negative
correlation was found between confirmed COVID-19 cases and
air quality index (AQI; P=.01), whereas positive correlations
were found for PM2.5 (P<.001), NO2 (P<.001), and carbon
monoxide (CO; P<.001); in contrast to the pattern in the
highlands, the average daily concentrations of PM10 and O3
were not significantly correlated with COVID-19 cases in
lowland regions of China. The detailed results are shown in
Multimedia Appendix 7.
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Figure 3. Spearman correlation analysis of confirmed COVID-19 cases and air quality factors in high- and low-altitude regions in China. The color
represents each region group. Area charts represent frequencies and the scatterplot with lines represent correlations. AQI: air quality index; CO: carbon
monoxide; NO2: nitrogen dioxide; O3: ozone; PM2.5: fine particulate matter; PM10: coarse particulate matter; SO2: sulfur dioxide. P values are based
on 2-tailed tests; also see Multimedia Appendix 7.

Correlations of Meteorological and Air Quality Factors
With Normalized Confirmed COVID-19 Cases After
Covariate Adjustment
The results of the mixed-effects multiple linear regression
among the 12 provinces (Multimedia Appendix 2) at different
altitudes are summarized in Table 1. In model 1, including each
of the fixed-effect indicators in 12 separate models, a lower
number of confirmed COVID-19 cases was significantly
associated with average temperature, sunlight hours, UV index,
air pressure, and air quality factors, including PM2.5, O3, and

CO. However, in model 2, including all of the meteorological
covariates considered simultaneously, only average temperature,
UV index, and air pressure were significantly associated with
the normalized confirmed COVID-19 cases. In model 3,
including all of the air quality covariates considered
simultaneously, only the average concentrations of O3 and CO
were significantly correlated with confirmed COVID-19 cases.
Finally, in model 4, including all 12 environmental indicators
considered simultaneously, only average temperature, wind
speed, and CO were significantly associated with confirmed
COVID-19 cases.
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Table 1. Mixed-effects multiple linear regression of the associations of normalized COVID-19 cases with meteorological and air quality factors including
adjustment for covariates.

Model 4dModel 3cModel 2bModel 1aFixed effects

P valueEstimate (SE)P valueEstimate (SE)P valueEstimate (SE)P valueEstimate (SE)

.001–27.90 (7.72)——e.004–21.44 (7.47).001–15.41 (2.55)Average temperature
(°C)

.56–8.86 (15.31)——.40–12.55 (15.04).001–45.31 (9.50)Sunlight hours

.05249.03 (71.84)——.001–257.41 (71.06).001–201.24 (27.53)UV index

.0216.71 (12.00)——.1316.72 (11.27).467.934 (10.81)Wind speed

.311.9 8 (1.94)——.27–1.99 (1.81).96–0.071 (1.42)Humidity

.0524.32 (5.58)——.00120.35 (5.51).00117.64 (2.51)Pressure

.900.11 (0.89).94–0.05 (0.88)——.03–1.45 (0.67)AQIf

.052.96 (1.36).154.28 (1.35)——.0014.71 (0.99)PM2.5g

.360.52 (0.58).390.49 (0.58)——.430.36 (0.47)PM10h

.1422.06 (6.94).6418.41 (6.75)——.246.93 (6.01)SO2i

.0710.21 (2.07).148.69 (1.97)——.241.88 (1.612)NO2j

.510.56 (0.86).0082.09 (0.8)——.0022.29 (0.77)O3k

.001564.31 (107.99).001471.52
(101.55)

——.001375.4 (75.5)COl

aModel 1 includes each of the fixed effects run in 12 separate models.
bModel 2 includes all meteorological covariates considered simultaneously.
cModel 3 includes all air quality covariates considered simultaneously.
dModel 4 includes all 12 environmental indicators considered simultaneously.
eExcluded from model.
fAQI: air quality index.
gPM2.5: fine particulate matter.
hPM10: coarse particulate matter.
iSO2: sulfur dioxide.
jNO2: nitrogen dioxide.
kO3: ozone.
lCO: carbon monoxide.

Diversity of SARS-CoV-2 Sequences in High- and
Low-Altitude Groups
Comparable sequence diversity was found among the full-length
SARS-CoV-2 genomes and 12 genes of SARS-CoV-2 in the
high- and low-altitude groups (Figure 4). In the high-altitude
group, the Sn values of nucleotides for each site were

significantly lower than those in the low-altitude group (Figure
4A; P<.001). Likewise, the Sn values of amino acids for three
open reading frames (ORFs; ORF1b, ORF7a, and ORF7b) in
the high-altitude group were lower than those in the low-altitude
group (Figure 4B; P<.001). Compared to those of the
low-altitude group, the Sn values of the S and N genes were
higher in the high-altitude group.
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Figure 4. Mean sequence diversity across high-altitude (red) and low-altitude (blue) groups identified by Shannon entropy in nucleotides and different
amino acids of the SARS-CoV-2 genome. (A) Mean sequence diversity identified by Shannon entropy in nucleotides of the whole SARS-CoV-2 genome.
(B) Mean sequence diversity identified by Shannon entropy in different amino acids. Error bars indicate SEM. P values are based on the Wilcoxon
signed rank test.

Comparison of SARS-CoV-2 Gene Variant Frequencies
in the High- and Low-Altitude Groups
To determine the gene variant frequency difference between
the high- and low-altitude groups, the Wilcoxon signed rank
test was used to evaluate the significance of variant frequency
in each of the ORFs (Figure 5A). The amino acid mutation
frequencies for the three ORFs (ORF1b, ORF7a, and ORF7b)
were significantly lower in the high-altitude group than in the
low-altitude group (P<.001) but were higher for the S and N
genes (P<.001). Among these, 44 nonsynonymous mutations

and 32 synonymous mutations were found between the high-
and low-altitude groups (Figure 5B; P<.001; mutation
frequency>0.1). There was a greater proportion of
nonsynonymous mutations in the low-altitude group than in the
high-altitude group, whereas the opposite pattern was found for
synonymous mutations. The –log10 P values for the differences
in nonsynonymous and synonymous mutations for each ORF
between the high- and low-altitude groups are shown in Figure
5C. Compared to the result in Figure 5A, the synonymous
mutations of the S genes and N genes had relatively higher
significance scores in the high-altitude group.

Figure 5. Distribution of mutations of SARS-CoV-2 in the high- and low-altitude groups. (A) Mean mutation frequency of open reading frames (ORFs)
in the high- and low-altitude groups. (B) Comparison of frequencies of nonsynonymous and synonymous mutations between the high- and low-altitude
groups. (C) Significance scores of nonsynonymous and synonymous mutations in each ORF. ***P<.001.
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Correlation Analysis Between Mutation Frequency
and Environmental Factors
The impact of 7 environmental factors on the nonsynonymous
mutation frequency was analyzed for all sequences (Figure 6
and Multimedia Appendix 8). Most of the nonsynonymous
mutations had a positive correlation with altitude, wind speed,
and atmospheric pressure, but had negative correlations with
UV index, relative humidity, and sunlight hours. The highest
correlation between mutation frequency and environmental
factors was found for altitude with N_G29427A,
ORF1b_C20320T, and ORF1a_C1191T (ρ=0.53, P<.001);
followed by UV index with ORF8_C28093T and S_A23063T
(ρ=–0.42, P<.001); and temperature with ORF8_C28093T,
S_C23604A, S_A23063T, and ORF1a_G6671A. Some

significant nonsynonymous mutational events were also
discovered in this study, including C22323T in the
receptor-binding domain (RBD) of the S gene, which had a
positive correlation with altitude (ρ=0.32, P<.001), indicating
higher frequencies at high altitude. S gene mutations A23063T
in the RBD region and C23604A in the fusion peptide (FP)
region had higher frequencies at low altitude, and demonstrated
a significant positive correlation with atmospheric pressure
(ρ=0.34 and ρ=0.31, respectively; both P<.001) and a significant
negative correlation with temperature and UV index (ρ=–0.42
and ρ=–0.41, respectively; both P<.001). Furthermore,
co-occurring point mutations in the N gene, specifically
G28881A, G28882A, and G28883C (R203K and G204R), had
a higher mutation frequency at low altitude and were positively
related to altitude (ρ=0.43, P<.001).

Figure 6. Spearman correlation coefficients of environmental factors and mutation frequencies among different sites in the high- and low-altitude
groups. The color represents the strength of the Spearman correlation. Also see Multimedia Appendix 8.

Discussion

Principal Findings
This study found that the lower number of confirmed COVID-19
cases in high-altitude regions of China may be related to
population density and environmental factors. By further
exploring SARS-CoV-2 sequences, we found different mutation
frequencies in the high- and low-altitude regions, which were
also correlated with environmental factors.

Population density is one of the most effective predictors related
to the regional pandemic; a larger population greatly increases
the infection and transmission rates of COVID-19 [28].
Therefore, our results suggest that when analyzing the
correlation between COVID-19 cases in regions with different
population dimensions and other possible factors, it is important
to take into account the normalized number of COVID-19 cases
to study the pandemic trend.

Meteorological factors may also influence COVID-19
transmission and cumulative infection in high-altitude regions.
Previous studies indicated that higher temperature and UV
radiation could contribute to a decrease in new cases of
COVID-19 infection at high altitude [29-31]. This is supported

by our Spearman correlation analysis showing that the average
daily temperature, sunlight hours, and UV index were negatively
related to the normalized COVID-19 cases in high-altitude
regions. A high-altitude environment is distinguished by lower
temperatures compared with those of low-altitude regions, along
with significant differences between daylight hours, air dryness,
and levels of UV light radiation [32-34]. Importantly, our study
further found that the wind speed in the high-altitude region of
China was significantly associated with the reducing trend of
COVID-19 cases, which is consistent with earlier studies
conducted in Italy, New York, and Singapore [2,35]. Analyzing
the correlation between covariates in regions at different
altitudes with different population dimensions showed positive
correlations of average temperature and wind speed with
normalized confirmed COVID-19 cases, in line with previous
research.

Air pollution is widely recognized as a major risk factor for
respiratory infection in humans, which has also played a
significant role in the spread of COVID-19. Previous research
suggested that the concentrations of NO2, PM2.5, PM10, and
O3 are positively correlated with the number of confirmed
COVID-19 cases [33,34,36-38]. Our Spearman correlation
results align with these previous findings. NO2 is often linked
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with vehicle emissions and energy production [39], which is
also an irritant of human respiratory diseases. Early research
findings [40] support the results of this study, suggesting that
travel restrictions should be among the specific actions
implemented to reduce the spread of COVID-19. Previous
studies indicated that PM2.5 and PM10 levels were positively
correlated to the number of new daily confirmed COVID-19
cases in mainland China [41-43]. Consistently, our findings
showed that lower average concentrations of PM2.5 and PM10
were related to a lower number of confirmed COVID-19 cases
in the highlands.

It is clear that all of the above correlated factors may have
influenced the cumulative infection trends of the pandemic in
the highlands of China. The main sources of CO are motor
vehicles and industrial source emissions; consequently, CO is
closely related to population density and human activity.
Therefore, taking into account the mixed correlations between
all the covariates of focus in this study by including the related
factors into a single mixed-effects model, among the air quality
factors, only the average concentration of CO was positively
associated with the normalized number of confirmed COVID-19
cases during the study period. This result also aligns with
previous research conducted in China [43,44].

In terms of variations in the SARS-CoV-2 genome at high and
low altitudes, the whole-genome sequences at high altitude
showed lower diversity based on the mean Sn values of
nucleotides and different amino acids compared to those in the
low-altitude sites. Previous studies have suggested an impact
of high altitude on the pathophysiology of COVID-19 [44,45],
implying improved tolerance to SARS-CoV-2 infection for
residents of high-altitude regions. Our study identified
differences in the frequencies of SARS-CoV-2 sequence variants
in various ORFs between high- and low-altitude regions, along
with correlations between mutation frequency and environmental
factors. Most of the nonsynonymous mutations identified have
been reported previously and have important biological
implications. We found that only the C22323T variant of the S
gene had a positive correlation with altitude, with a greater
frequency in the high-altitude group. Sivasubramanian et al [46]
found that the S255F (C22323T) variant could reduce the
affinity between the S protein and antibodies. We also identified
the variant A23063T in the RBD region and the variant
C23604A in the FP region of the S gene, with higher mutation
frequencies detected at low altitude, showing a significantly
positive correlation with atmospheric pressure and a strongly
negative correlation with temperature and UV index. Previous
studies found that the N501Y (A23063T) and Q493H variants
enhanced the binding affinity to the human angiotensin
converting-enzyme 2 receptor, thereby increasing infectivity
[47], and that the Omicron peptide with variants N679K and
P681H (C23604A) might increase viral infectivity and
transmissibility [48]. These results suggest that atmospheric
pressure, UV index, and temperature may affect the infectivity
of COVID-19 driven by specific mutations of the S gene in
low-altitude regions. In addition, three co-occurring variants
(G28881A, G28882A, G28883C) in the N gene had higher
mutation frequencies in the low-altitude group and were
positively related to altitude; these mutations were previously

reported to destabilize and decrease the overall structural
flexibility of the SARS-CoV-2 genome [48].

Notably, the potential impact of the strategy implemented by
the government in response to the pandemic in high-altitude
regions on the observed differences should not be ignored. This
study only included data collected from January 22, 2020, to
March 19, 2021, during which time there was only one imported
COVID-19 case in Tibet that was excluded from the analysis.
However, after several consecutive months of no new cases, a
newly confirmed case was reported in Tibet on August 7, 2022.
Since then, eight new cases have been added with a total of
1437 confirmed cases reported to date [21]. Several reasons for
this new outbreak are worth discussing. First, the virus
underlying the epidemic in Tibet is Omicron BA.2.76, which
has characteristics of strong, fast transmission ability and the
potential to more readily escape from immune protection.
Second, the first discovered infection on August 7 was a close
contact of a family, with suspected transmission occurring at a
family gathering, and August is the peak tourist season in Tibet.
Thus, under the conditions of relatively relaxed travel
restrictions, the close contact and population flow greatly
increased the spread of the virus. Third, the lack of epidemic
prevention and medical appliances in high-altitude regions
limited access to health care systems, and the limited capacity
for viral testing and contact tracing worsened the situation of
the pandemic in Tibet. Therefore, effective and accurate
government policies have played an important role in preventing
Tibet from being affected by the epidemic, and the government
policy in response to the pandemic must be considered; indeed,
the response needs to be strengthened, although China indicated
that they had ceased counting COVID-19 cases on December
23, 2022, and stated that the COVID-19 pandemic is effectively
now over [49].

Limitations
Our study has some limitations. First, among the data available
for confirmed COVID-19 cases, we only excluded the one
known imported case in Tibet during the study period as of
March 19, 2021, whereas the collected COVID-19 data from
the other four areas may include both local and imported cases.
This is mainly due to a lack of accurate publicly available
COVID-19 data at the city level. Similarly, the incompleteness
of some city-level information of genome sequences also led
to difficulties in studying the differences in genetic variants
among cities in the same province. Second, we aimed to evaluate
whether virus mutations are associated with particular viral
lineages. The sequences of SARS-CoV-2 in the high- and
low-altitude groups represented 33 different virus lineages
(Multimedia Appendix 9); B.1.617.2, AY.122, and B.1.36.16
were the major lineages, and the mutations of each lineage in
which the mutation frequency was greater than 0.5 are listed in
Multimedia Appendix 10. The number of different lineages
between high- and low-altitude groups is also unbalanced. Third,
we lacked the clinical information to study the potential
relationships between mutations and clinical outcomes of
infection at high and low altitudes. Therefore, future studies
should focus on exploring the underlying mechanisms
contributing to the links between patterns of SARS-CoV-2
mutation and case numbers at different altitudes.
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Conclusions
Compared to that in the lowland area of China, the total number
of confirmed COVID-19 cases in the highland was substantially
lower. Population density and environmental factors, including
average temperature, sunlight hours, UV index, wind speed,
NO2, O3, PM2.5, and CO, were identified as indicators with a
significant influence on the cumulative pandemic trend in the
highlands. Among these factors, average temperature and CO

were identified as the major meteorological and air quality
factors associated with the spread of COVID-19 infection in
China. Furthermore, we identified different mutations from
SARS-CoV-2 isolates between high- and low-altitude regions,
and there was a significant impact of environmental factors on
virus mutation. Overall, this study adds important knowledge
of the impact of altitude and related environmental factors on
the cumulative infection rate of COVID-19, providing novel
suggestions for preventive interventions.
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Abstract

Background: Prior literature suggests a dose-response relationship between physical activity (PA) and depressive symptoms.
The intensity and domain of PA are suggested to be critical to its protective effect against depression; however, existing literature
has shown mixed results.

Objective: The purpose of this population-based study is to examine the associations between depressive symptoms and weekly
duration of (1) total PA and (2) PA subset by intensity, domain, or both.

Methods: A cross-sectional analysis of National Health and Nutrition Examination Survey data from 2007 to 2018 was conducted
using multivariable logistic and linear regression models and survey weights. Participants (N=29,730) were 20 years and older
and completed the Physical Activity Questionnaire and Depression Screener. The primary outcome was the presence of depressive
symptoms, and the secondary outcomes were cognitive-affective and somatic symptoms of depression.

Results: Participants (N=29,730) had a weighted mean age of 47.62 (SD 16.99) years, and 15,133 (51.34%) were female. On
average, participants without depressive symptoms engaged in 10.87 hours of total PA per week, whereas participants with
depressive symptoms engaged in 8.82 hours (P<.001). No significant associations were seen between the weekly duration of total
PA and depressive symptom odds, somatic, or cognitive-affective symptoms (all P>.05). Participants with an increased weekly
duration of recreational PA had decreases in depressive symptom odds (adjusted odds ratio [aOR] 0.965, 95% CI 0.944-0.986)
and in somatic (adjusted coefficient [aβ]=–0.016, 95% CI –0.022 to –0.009) and cognitive-affective (aβ=–0.015, 95% CI –0.023
to –0.007) symptoms. When recreational PA was subset by intensity, participants with an increased weekly duration of
vigorous-intensity recreational PA had decreases in depressive symptom odds (aOR 0.926, 95% CI 0.883-0.972) and in somatic
(aβ=–0.021, 95% CI –0.032 to –0.010) and cognitive-affective (aβ=–0.022, 95% CI –0.035 to –0.009) symptoms. However,
significant associations were not seen for the weekly duration of work-related, moderate- or vigorous-intensity PAs (all P>.05).
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Conclusions: Findings suggest that recreational, not work-related PA is associated with reduced symptoms of depression. Future
studies should explore the impact of the different types and contexts of PA on depressive symptomatology.

(Interact J Med Res 2024;13:e48396)   doi:10.2196/48396

KEYWORDS

depressive disorder; exercise; physical activity intensity; recreational physical activity; work-related physical activity; National
Health and Nutrition Examination Survey; NHANES; nutrition surveys; recreational activity; physical activity; depression

Introduction

Depression is the leading cause of disability, affecting 280
million individuals globally, with limited treatment accessibility
due to stigmatization and financial barriers [1]. Physical activity
(PA) can have a positive impact on mood and mental health [2]
among individuals with a clinical diagnosis of depression, as
well as nonclinical community subsamples [3], providing the
potential for more accessible and cost-effective therapeutic
modalities that improve well-being [4,5]. Further, PA can be
protective against depression. A study on a community sample
from Alameda County in the United States showed that
individuals with low baseline levels of PA had a significantly
higher risk of depression at follow-up compared to those with
high baseline levels of PA [6].

PA intensity is determined by energy expenditure, which is
expressed as multiples of the metabolic equivalent of task, and
can be subdivided into 3 categories: light, moderate, or vigorous
[7]. There is substantial variability in the literature regarding
the optimal intensity for reducing depressive symptoms.
Light-intensity PA has been reported to reduce depression as
effectively as moderate-intensity PA among older adults [8].
Another study conducted with college students aged 15-24 years
found an association between light-intensity PA and reduced
depressive symptoms but not moderate- or vigorous-intensity
PA [9]. A recent review suggested that moderate-intensity PA
has a greater protective effect on depression than
higher-intensity PA [10]. Despite these inconsistencies, the
Centers for Disease Control and Prevention (CDC) recommends
150 minutes of moderate-intensity or 75 minutes of
vigorous-intensity exercise per week or a combination of the 2
intensities to gain health benefits, including a reduced depression
risk [7]. In line with these recommendations, a recent systematic
review and meta-analysis found an inverse curvilinear
association between PA and incident depression, wherein
individuals with an activity volume of 150 or 75 minutes per
week of moderate-intensity exercise reported a 25% and 18%
lower risk of depression, respectively [11]. Similarly, one study
using survey data of respondents to the Scottish Health Survey
reported that 20 minutes per week of any type of PA (eg,
low-intensity walking) is associated with a lower risk of
psychological distress [12], while another study using data from
the Swedish National March Cohort found that replacing 30
minutes of sedentary behavior per day with 30 minutes of
light-intensity or moderate- to vigorous-intensity PA reduced
the odds of depression by 13% and 19%, respectively [13]. This
suggests that the benefits of PA may be noticeable well below
the CDC’s recommended levels.

PA can also be classified by domain, wherein it can be
recreational (leisure) or work-related (nonleisure). PA domain
has a significant impact on a person’s psychosocial experience
[14,15]. Recreational PA is considered more enjoyable, variable,
and autonomous than work-related PA, which is often
“obligatory, repetitive, or routine” [14]. Recreational PA also
impacts one’s perceived level of control and can act as a
distraction from negative preoccupations [16]. As a result,
studies have found leisure-time PA to be associated with a lower
prevalence of depressive symptoms compared to nonleisure PA
[14,17], suggesting that work-related PA may act as a source
of stress [18]. Additionally, reducing sedentary work while
controlling for leisure-time PA [19] and engaging in a greater
frequency of domestic activities (eg, housework and gardening)
have both been associated with lower odds of psychological
distress [12]. There are also studies that have found no
association between work-related PA and depression [15,20].
Given these conflicting results, it is essential to further explore
the association between PA domain and depressive
symptomatology.

Depression is a heterogeneous disorder characterized by several
phenotypic manifestations. One modality of subtyping is based
on cognitive-affective (eg, negative mood) and somatic symptom
(eg, fatigue) domains [21,22]. By subdividing depression into
the 2 symptom domains, we can better understand the
mechanisms by which PA is associated with depression and can
ultimately inform public health guidelines.

This study explored the relationship between PA intensity and
domain and depressive symptoms using the National Health
and Nutrition Examination Survey (NHANES). We investigated
three primary aims: how are depressive symptoms related to
the weekly duration of (1) total PA; (2) PA, subset by intensity;
and (3) PA, subset by domain? We hypothesized that
participants with a higher weekly duration of total PA, moderate-
and vigorous-intensity PA, or recreational PA will experience
a decrease in depressive symptom odds. Our secondary aim was
to investigate the association between depressive symptoms
and PA, subset by intensity and domain. We hypothesized that
participants with a higher weekly duration of moderate- and
vigorous-intensity recreational PA, but not moderate- and
vigorous-intensity work-related PA, will experience lower
depressive symptom odds. In an exploratory aim, we
investigated the relationship between depressive symptom
subgroups and the weekly duration of total PA and PA subset
by intensity, domain, or both.
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Methods

Study Population
The study data were obtained from the 2007-2018 NHANES,
a cross-sectional survey administered by the National Center
for Health Statistics (NCHS) and the CDC [23]. NHANES
assesses the health and nutritional status of US civilians
(excluding institutionalized individuals) via a home interview
and a health examination. Sample selection included counties
or groups of neighboring counties as primary sampling units,
followed by selection of segments within primary sampling
units, selection of households within segments, and finally
selection of individuals within households [23]. This study
population consisted of respondents 20 years and older who
completed the Physical Activity Questionnaire (PAQ) and the
Mental Health—Depression Screener, which uses a standardized
depression scale (ie, the Patient Health Questionnaire-9
[PHQ-9]).

Ethical Considerations
The NHANES protocol was reviewed by the NCHS Research
Ethics Review Board (protocols 2005-06, 2011-17, and 2018-01)
with all participants providing informed consent prior to the
interview and examination. The original consent provided by
NHANES participants includes the use of their data for
secondary analyses. As such, the secondary use of these data
does not require additional consent from participants. The
NHANES data are deidentified with the omission of all direct
identifiers and characteristics that might lead to identification.
This analysis did not receive approval from an institutional
review board since the Data User Agreement provided by the
NCHS specifies that the data in the data set can be used for
statistical reporting and analysis [24].

Exposure
Exposure variables in this study included the weekly duration
of total PA and weekly duration of PA subset by intensity
(moderate and vigorous), domain (recreational and
work-related), or both. Each PA variable was analyzed on a
continuous scale of total hours per week. For details on the
questionnaire items used for the exposure variables, see Table
S1 in Multimedia Appendix 1.

Primary Outcome Measure
The primary outcome measure for this study was the sum of
items 1 to 9 of the PHQ-9 from the Mental Health—Depression
Screener. The PHQ-9 assessed the frequency of depressive
symptoms over the past 2 weeks based on the Diagnostic and
Statistical Manual of Mental Disorders—Fourth Edition major
depressive disorder diagnostic criteria [25]. Responses were
given on a 4-point Likert scale ranging from 0=not at all to
3=nearly every day. Participants were categorized as having
depressive symptoms (score≥10) or not (score<10) [25]. This
cutoff provides reliable sensitivity and specificity for the
detection of major depressive disorder [25]. The PHQ-9 has
also been shown to be a reliable measure of depression severity
and has been validated [25]. As a sensitivity analysis, statistical
analyses were conducted using continuous depressive symptom
scores.

Secondary Outcomes
Secondary outcomes were cognitive-affective (sum of responses
to PHQ-9 items 1, 2, 6, 7, 8, and 9) and somatic (sum of
responses to PHQ-9 items 3, 4, and 5) symptoms of depression
[21,26]. These symptom subgroups were analyzed on a
continuous scale.

Covariates
To account for potential confounding bias in the relationship
between PA and depressive symptoms, we adjusted for age [27],
sex [28], race [29], education [30], marital status, socioeconomic
status (ratio of family income-to-poverty threshold) [31], BMI
[32], sleep time on weekdays or workdays [33], hours of
sedentary activity [33], cigarette use [34], and general
self-reported health condition. Age was continuous by 1-year
increases. Sex was dichotomized. Race was categorized as
Mexican American, non-Hispanic White, non-Hispanic Black,
other Hispanic, and other race or multiracial. Education level
was categorized as less than high school, high school or
equivalent, some college or Associate of Arts degree, and
college graduate or above. Marital status was categorized as
married or living with partner, divorced or separated or
widowed, and never married. The ratio of family
income-to-poverty threshold was dichotomized: ≤1.3=low
income and >1.3=mid-to-high income [35]. BMI was

categorized as <18, 18 to <25, 25 to <30, and ≥30 kg/m2 [36].
Sleep time and sedentary activity were continuous by hourly
increases. General self-reported health condition was categorized
as poor, fair, and good or above. Cigarette use was
dichotomized; individuals who answered “Yes” to “Smoked at
least 100 cigarettes in life” and answered “Every day” or “Some
days” to “Do you now smoke cigarettes?” on the
Smoking-Cigarette Use Questionnaire were considered cigarette
users, and those who answered “No” or “Not at all” to the
respective questions were considered nonusers.

Statistical Analysis
Statistical analyses were performed using R (version 4.2.1, R
Foundation for Statistical Computing) and the package survey
to account for the NHANES survey design. Mobile Examination
Centre survey weights were used and divided by 6 to account
for merging 6 survey cycles. Weighted means and SDs were
estimated for continuous variables, and weighted proportions
with unweighted frequencies were calculated for categorical
variables. Continuous variables were compared using 2-tailed
t tests, while categorical variables were compared using
chi-square tests. The primary and secondary analyses for the
outcome of depressive symptoms were performed using
multivariable logistic regression models while adjusting for
covariates. The exploratory analysis for the secondary outcomes,
namely cognitive-affective and somatic symptoms scores, used
multivariable linear regression models, also adjusting for
covariates. The backward stepwise selection was used to develop
the final multivariable models with null models including age,
sex, race, and socioeconomic status. Statistical significance was
established as P<.05, and P values were adjusted using the Holm
method to account for multiple comparisons. Missing data were
accounted for using an available case analysis. The sample size
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depended on data availability and as such, no a priori power
calculations were performed.

Results

Descriptive Statistics
The final study sample consisted of 29,730 participants (51.34%,
n=15,133, were female) aged 20-80 (mean 47.62, SD 16.99)

years (refer to Figure 1 for a detailed breakdown of participant
inclusion). Depressive symptom prevalence was 2739 (8.07%)
participants. The descriptive statistics for each measure can be
found in Table 1.

Figure 1. Flowchart of inclusion in the cross-sectional analyses; participants from a nationally representative sample of the United States obtained
through the NHANES, 2007-2018. DPQ: Mental Health—Depression Screener; NHANES: National Health and Nutrition Examination Survey; PAQ:
Physical Activity Questionnaire.
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Table 1. Characteristics of included participants in the cross-sectional analyses from a nationally representative sample of the United States obtained

through the National Health and Nutrition Examination Survey, 2007-2018a.

P valueDepressive symptoms (≥10; n=2739)No depressive symptoms (<10; n=26,991)Characteristics

.1546.99 (15.94)47.68 (17.08)Age (years), mean (SD)

<.001Sex, n (%)

1748 (64.54)13,385 (50.18)Female

991 (35.46)13,606 (49.82)Male

<.001Race, n (%)

405 (8.03)4059 (8.52)Mexican American

588 (13.27)5775 (10.85)Non-Hispanic Black

1157 (63.31)11,210 (67.39)Non-Hispanic White

377 (8.01)2724 (5.59)Other Hispanic

212 (7.38)3223 (7.66)Other race or multiracial

<.001Education, n (%)

979 (25.51)6107 (14.41)Less than high school

653 (26.54)6173 (22.82)High school or GEDb

819 (33.78)8047 (31.4)Some college

285 (14.17)6643 (31.37)College and above

<.001Marital status, n (%)

1208 (46.9)16,366 (64.59)Married or living with other

948 (31.22)5718 (17.34)Divorced or separated or widowed

580 (21.88)4892 (18.07)Never married

<.001PIRc, n (%)

1319 (41.89)7335 (19.84)≤1.3 (low income)

1153 (58.11)17,248 (80.16)>1.3 (mid-to-high income)

<.001BMI (kg/m2), n (%)

50 (2.12)392 (1.42)<18

590 (23.9)7259 (27.93)18 to <25

708 (26.09)8975 (33.49)25 to <30

1350 (47.89)10,112 (37.16)≥30

<.001Cigarette use, n (%)

1014 (39.37)5054 (17.85)Yes

1725 (60.63)21,920 (82.15)No

<.001Health condition, n (%)

1111 (49.08)21,403 (85.17)Good or above

1111 (36.19)4989 (13.33)Fair

517 (14.73)597 (1.50)Poor

PAd (hours per week), mean (SD)

<.0018.82 (16.27)10.87 (16.85)Total PA

.0015.71 (10.83)6.81 (10.98)Moderate-intensity PA

<.0013.10 (8.50)4.06 (9.27)Vigorous-intensity PA

<.0011.52 (4.02)2.72 (4.46)Recreational PA

.067.30 (15.19)8.15 (15.83)Work-related PA
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P valueDepressive symptoms (≥10; n=2739)No depressive symptoms (<10; n=26,991)Characteristics

.074.64 (9.98)5.17 (10.27)Moderate-intensity work-related PA

.172.66 (8.09)2.98 (8.73)Vigorous-intensity work-related PA

<.0011.08 (3.09)1.63 (3.15)Moderate-intensity recreational PA

<.0010.44 (1.92)1.08 (2.63)Vigorous-intensity recreational PA

<.00114.06 (3.81)2.13 (2.39)PHQ-9e, mean (SD)

<.0017.85 (3.27)0.78 (1.34)Cognitive-affective, mean (SD)

<.0016.21 (1.94)1.35 (1.55)Somatic, mean (SD)

aUnweighted frequencies are paired with weighted percentages. Mean and SDs are weighted. P values are based on weighted values.
bGED: General Educational Development.
cPIR: poverty-income ratio.
dPA: physical activity.
ePHQ-9: Patient Health Questionnaire-9.

Weekly Duration of Total PA and Depressive
Symptoms
After controlling for all covariates, for every 1-hour increase
in the weekly duration of total PA, there was a nonsignificant

decrease in the odds of depressive symptoms (Table 2) and a
decrease in the somatic and cognitive-affective scores of
depression (Table 3). The association with weekly duration of
total PA remained nonsignificant in the sensitivity analysis
(Table S2 in Multimedia Appendix 1).

Table 2. Weighted ORsa and aORsb for associations between PAc and depressive symptoms for the cross-sectional analyses of participants from a

nationally representative sample of the United States obtained through the National Health and Nutrition Examination Survey, 2007-2018d.

Depressive symptoms (PHQ-9e≥10)PA

P valueaOR (95% CI)P valueOR (95% CI)

.200.996 (0.991-1.000).0020.992 (0.987-0.996)Total PA

.540.996 (0.989-1.003).0070.990 (0.983-0.997)Moderate-intensity PA

.140.991 (0.983-0.999).0050.986 (0.978-0.995)Vigorous-intensity PA

.0070.965 (0.944-0.986)<.0010.902 (0.877-0.928)Recreational PA

.540.997 (0.993-1.002).080.996 (0.992-1.000)Work-related PA

aOR: odds ratio.
baOR: adjusted odds ratio.
cPA: physical activity.
dP≤.05 indicates statistical significance, and P values are adjusted using the Holm method. Adjusted models adjusted for the following covariates: age,
sex, race, education, marital status, socioeconomic status (ratio of family income-to-poverty threshold), BMI, sleep time on weekdays or workdays,
hours of sedentary activity, cigarette use, and general self-reported health condition.
ePHQ-9: Patient Health Questionnaire-9.
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Table 3. Associations between PAa and somatic and cognitive-affective symptoms of depression for the cross-sectional analyses of participants from

a nationally representative sample of the United States obtained through the National Health and Nutrition Examination Survey, 2007-2018b.

Cognitive-affective symptomsSomatic symptomsPA

P valueaβ (95% CI)P valueaβc (95% CI)

.12–0.002 (–0.005 to 0.000)≥.99–0.001 (–0.003 to 0.001)Total PA

.36–0.002 (–0.005 to 0.001)≥.990.000 (–0.004 to 0.004)Moderate-intensity PA

.12–0.004 (–0.008 to 0.000).41–0.003 (–0.006 to 0.001)Vigorous-intensity PA

.003–0.015 (–0.023 to –0.007)<.001–0.016 (–0.022 to –0.009)Recreational PA

.36–0.001 (–0.004 to 0.001)≥.990.000 (–0.002 to 0.003)Work-related PA

aPA: physical activity.
bP≤.05 indicates statistical significance, and P values are adjusted using the Holm method. Adjusted models adjusted for the following covariates: age,
sex, race, education, marital status, socioeconomic status (ratio of family income-to-poverty threshold), BMI, sleep time on weekdays or workdays,
hours of sedentary activity, cigarette use, and general self-reported health condition.
caβ: adjusted coefficient.

Weekly Duration of PA, Subset by Intensity, and
Depressive Symptoms
After adjusting for all covariates, for every 1-hour increase in
the weekly duration of moderate- and vigorous-intensity PA,
there was no significant association with the odds of depressive
symptoms (all P>.05; Table 2) and the somatic and
cognitive-affective scores of depression (all P>.05; Table 3).
The association with weekly duration of moderate- and
vigorous-intensity PA remained nonsignificant in the sensitivity
analysis with the outcome of depressive symptoms (all P>.05;
Table S2 in Multimedia Appendix 1).

Weekly Duration of PA, Subset by Domain, and
Depressive Symptoms
After controlling for the covariates, for every 1-hour increase
in the weekly duration of recreational PA, there was a significant
decrease in the odds of depressive symptoms (aOR 0.965, 95%
CI 0.944-0.986; P=.007; Table 2) and the somatic and
cognitive-affective scores of depression (aOR –0.015, 95% CI
–0.023 to –0.007; P=.003; Table 3). The association with the
weekly duration of recreational PA remained statistically
significant in the sensitivity analysis (P<.001; Table S2 in
Multimedia Appendix 1).

Covariate-adjusted models showed that there was a
nonsignificant relationship between increased weekly duration
of work-related PA and decreased odds of depressive symptoms
(P=.54; Table 2). Furthermore, for every 1-hour increase in the
weekly duration of work-related PA, there was no significant
association with cognitive-affective and somatic scores of
depression (P=.36; Table 3). The association with weekly

duration of work-related PA remained nonsignificant in the
sensitivity analysis (P>.99; Table S2 in Multimedia Appendix
1).

Weekly Duration of PA, Subset by Domain and
Intensity, and Depressive Symptoms
A 1-hour increase in the weekly duration of vigorous-intensity
recreational PA (aOR 0.926, 95% CI 0.883-0.972; P=.009) was
significantly associated with 7.4% lower odds of having
depressive symptoms, but there was no significant association
between depressive symptom odds and the weekly duration of
moderate-intensity recreational PA (aOR 0.975, 95% CI
0.949-1.001; P=.19; Table 4). The association with the weekly
duration of vigorous-intensity recreational PA (P=.001) and
moderate-intensity recreational PA (P=.007) was statistically
significant in the sensitivity analysis with the outcome of
depressive symptoms (Table S3 in Multimedia Appendix 1).
For every 1-hour increase in the weekly duration of
vigorous-intensity recreational PA, the somatic (adjusted
coefficient [aβ]=–0.021, 95% CI –0.032 to –0.010; P=.001) and
cognitive-affective (aβ=–0.022, 95% CI –0.035 to –0.009;
P=.005) scores of depression decreased significantly, but
moderate-intensity recreational PA was only associated with
significant decreases in somatic scores of depression
(aβ=–0.016, 95% CI –0.025 to –0.007; P=.002). No significant
associations were found for the weekly duration of
vigorous-intensity work-related PA or moderate-intensity
work-related PA and depressive symptoms (all P>.05; Table
5). The association with weekly duration of vigorous-intensity
work-related PA or moderate-intensity work-related PA
remained nonsignificant in the sensitivity analysis (all P>.05;
Table S3 in Multimedia Appendix 1).
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Table 4. Weighted ORsa and aORsb for associations between PAc subcategories and depressive symptoms for the cross-sectional analyses of participants

from a nationally representative sample of the United States obtained through the National Health and Nutrition Examination Survey, 2007-2018d.

Depressive symptoms (PHQ-9e≥10)PA

P valueaOR (95% CI)P valueOR (95% CI)

.530.998 (0.990-1.005).190.995 (0.988-1.001)Moderate-intensity work-related PA

.350.995 (0.987-1.002).190.995 (0.989-1.002)Vigorous-intensity work-related PA

.190.975 (0.949-1.001)<.0010.916 (0.882-0.952)Moderate-intensity recreational PA

.0090.926 (0.883-0.972)<.0010.829 (0.783-0.879)Vigorous-intensity recreational PA

aOR: odds ratio.
baOR: adjusted odds ratio.
cPA: physical activity.
dP≤.05 indicates statistical significance, and P values are adjusted using the Holm method. Adjusted models adjusted for the following covariates: age,
sex, race, education, marital status, socioeconomic status (ratio of family income-to-poverty threshold), BMI, sleep time on weekdays or workdays,
hours of sedentary activity, cigarette use, and general self-reported health condition.
ePHQ-9: Patient Health Questionnaire-9.

Table 5. Associations between PAa subcategories and somatic and cognitive-affective symptoms of depression for the cross-sectional analyses of
participants from a nationally representative sample of the United States obtained through the National Health and Nutrition Examination Survey,

2007-2018b.

Cognitive-affective symptomsSomatic symptomsPA

P valueaβ (95% CI)P valueaβc (95% CI)

.55–0.001 (–0.004 to 0.002).790.002 (–0.002 to 0.006)Moderate-intensity work-related PA

.34–0.003 (–0.007 to 0.001).79–0.001 (–0.005 to 0.003)Vigorous-intensity work-related PA

.05–0.014 (–0.026 to –0.003).002–0.016 (–0.025 to –0.007)Moderate-intensity recreational PA

.005–0.022 (–0.035 to –0.009).001–0.021 (–0.032 to –0.010)Vigorous-intensity recreational PA

aPA: physical activity.
bP≤.05 indicates statistical significance, and P values are adjusted using the Holm method. Adjusted models adjusted for the following covariates: age,
sex, race, education, marital status, socioeconomic status (ratio of family income-to-poverty threshold), BMI, sleep time on weekdays or workdays,
hours of sedentary activity, cigarette use, and general self-reported health condition.
caβ: adjusted coefficient.

Discussion

Principal Findings
This study investigated the association of the weekly duration
of PA (including subsets by intensity, domain, or both) with the
overall presence of depressive symptoms and somatic and
cognitive-affective depression symptomatology. The results of
this study indicate that it is the PA domain, specifically
recreational PA, that may be crucial to the relationship between
PA and depressive symptoms. Depressive symptom odds
decreased significantly with an increase in the weekly duration
of recreational PA. When intensity was examined alone, neither
vigorous- nor moderate-intensity PA was significantly associated
with depressive symptoms. When domain and intensity were
considered together, only an increase in vigorous-intensity
recreational PA duration was significantly associated with a
decrease in the odds of depressive symptoms. Notably, based
on the demographic data collected in this study, participants
with depressive symptoms were more likely to be female, have
a higher BMI, have lower income, and participated in lower
weekly durations of PA regardless of being subset by intensity

and domain. This coincides with prior studies that have shown
gender [37], BMI [32], income status [38], and PA to be
associated with the likelihood of depression. As a result, to
address potential confounding bias, we incorporated these
variables as covariates when examining the association between
the weekly duration of PA and depressive symptoms.

Our findings coincide with results from previous studies that
found a significant association between decreased recreational
PA and greater depressive symptoms. In addition to the
neurobiological changes, such as an increased release of
endorphins and neurotransmitters like dopamine and
norepinephrine [39-41], the protective effect of recreational PA
involves social aspects and enjoyability of recreational activities
[14]. Recreational activities can be social or self-focused, both
providing time structure [42-44]. Social recreational PA offers
an added benefit of pleasurable social interactions with others,
which can provide a distraction from negative life events and
increase perceptions of social support [43,44]. Alternatively,
self-focused recreational PA can be conducted individually or
within a group setting and buffers against negative events
through personal transformation [43]. Thus, it may be expected
that recreational PA has a more comprehensive effect on
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depression with reduced cognitive-affective and somatic
depressive symptoms. Our results demonstrated that recreational
PA has similar associations with both symptom subgroups,
suggesting that its impact is not limited to changes in one’s
psychosocial experience. The influence on somatic symptoms
may be due to recreational PA frequently occurring outside,
being more enjoyable, and producing euphoric feelings that are
captured as somatic [45].

In examining the statistically significant associations between
the different aspects of PA and depressive symptoms, it is
important to note the statistical issue that the increased power
in a large sample study leads to narrower CIs for the effect
measures and smaller P values. However, by adjusting the
statistical significance using the Holm method, the chances of
false positives were minimized. Acknowledging that this can
still cause one to claim impractical significance for very small
effects, we prioritized clinical significance over statistical
significance.

While work-related PA has been associated with higher levels
of depression [17], our results did not reach statistical
significance. This could be attributed to sample differences, as
previous research examined adults aged 50 and older [17],
whereas our sample size consisted of participants aged 20-80
years. Since most work-related PAs entail heavy lifting and
strenuous overuse of the neck and back without adequate rest
and recovery [46], it may act as a burden for all adults, including
older adults, and contribute to higher depression levels. As this
study included both younger and older individuals aged 20-80
years, the impact of work-related PA on depressive symptoms
may be influenced by additional factors such as job satisfaction
and job type [47,48]. Additionally, in this study, work-related
PA encompassed paid and unpaid work, household chores, and
yard work. Given that research has found a greater frequency
of domestic activities, such as housework and gardening, to be
associated with lower odds of psychological distress [12], our
findings should be interpreted with caution, as the 2 types of
work cannot be distinguished based on the NHANES questions.
Furthermore, it is important to explore an individual’s interest
and competence in executing workplace PAs. Prior research
suggests that within the work domain, PA may be associated
with limited personal choice and is typically driven by the
demands of work output and the flow of work, which can be
strenuous [49]. Another study highlights the significance of
occupation type, shedding light on how work-related PA can
vary across different job categories [48]. For example, women
in trade, labor, or transport-related jobs who engage in
work-related walking experienced lower levels of psychological
distress, but this association was not present when considering
moderate or vigorous PAs [48]. This suggests that the nature
of the job and the type of PA involved are linked to mental
health outcomes. Further investigation into this will help parse
out the mechanism by which work-related PA is associated with
depressive symptoms.

Regular PA participation can provide a sense of mastery,
improved body image, sense of achievement, and feelings of
control that may distract one from negative thoughts [16].
However, this study found no significant association between
the weekly duration of total PA and depressive symptom odds,

which challenges previous literature that found a greater
frequency of PA has a protective effect on depressive symptoms
[50,51]. This contradiction may be attributable to the absence
of low-intensity PA duration in the total PA calculations due to
its unavailability in the NHANES data. As low-intensity PAs
involve reduced energy expenditure than moderate or
vigorous-intensity PA [7], they may be easier to engage in more
frequently and thus show important associations with depressive
symptoms. In fact, previous studies have found that light and
moderate intensities of PA were both associated with lower
likelihoods of depression [8,52].

Contrary to previous research [53,54], we found that hourly
increases in the weekly duration of moderate- and
vigorous-intensity PA did not significantly decrease depressive
symptom odds. Previous research shows intensity-dependent
physiological responses caused by increased frequencies of
higher-intensity PA, all of which correlate with reduced
depressive symptoms [55]. These physiological responses
include the adaptation of the hypothalamic-pituitary-adrenal
axis activity leading to increased stress resiliency [56], increased
neurogenesis from elevated brain-derived neurotrophic factor
expression [57], and reduced inflammation creating an
anti-inflammatory environment [40,55]. The discrepancy
between our study and prior literature may be attributed to the
fact that our PA variables are defined using weekly duration
rather than frequency. Therefore, participants with the same
weekly duration of moderate-intensity or vigorous-intensity PA
may be engaging in a different PA frequency (eg, 50 minutes
per day for 3 days vs 30 minutes per day for 5 days). Prior
research has shown that <10 minutes of exercise contributes to
minimal mood improvements, whereas a longer duration (>30
minutes) can contribute to fatigue and withdrawal-related
responses [58].

Limitations
This study is not without limitations. The exposure and outcome
variables were measured using self-report questionnaires, which
are subject to participant biases, including recall, social
desirability, and nonresponse bias. This study also used
secondary data and was subject to limited predefined variables.
As such, although data regarding PA domains were available,
we did not have information on respondents’ activities within
recreational or work-related PA. Recreational PA encompasses
sports, fitness, and brisk walking, whereas work-related PA
encompasses paid, unpaid work, and domestic activities.
Additionally, our analysis did not consider light-intensity PA
since it was not available in the NHANES questionnaire. Finally,
the cross-sectional design of the study limits the conclusions to
correlational rather than causal. There is a bidirectional
association between PA and depression, wherein it is possible
that there is a reverse causal relationship called the inhibition
hypothesis [59,60], which suggests that depression symptoms
such as anhedonia, low mood, and lack of energy may inhibit
individuals from engaging in PA due to a lack of interest or
motivation [59].

Conclusions and Future Directions
This study demonstrates that PA domain, specifically
recreational PA, might play an integral role in the protective
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effect of PA on depressive symptoms. Future studies should
further investigate the impact of different types of recreational
PA (social and self-focused) and their impact on depressive
symptoms. While we found that an increased weekly duration
of work-related PA was not significantly associated with lower
depressive symptoms, future studies should explore the different

types of occupational and household-based PA to further
elucidate which activities have a detrimental effect and which
have a beneficial effect. Furthermore, occupational PA can be
further subdivided into paid and unpaid work to examine their
effects on depressive symptoms, as these are likely to be driven
by different motivations.
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Abstract

Background: There is evidence that anxiety and stress increased among college students during the COVID-19 pandemic.
However, less is known about daily experiences of affect, worry, substance use behaviors, experiences of pleasure, concern over
food security, experiences of bias or discrimination, feelings of belongingness, and other indicators of well-being and how they
vary across days in this population.

Objective: This study surveyed a wide range of indicators of health and well-being in daily life over 21 days with a sample of
college students in a large university system in the United States during the pandemic. The overall variance in each daily measure
was partitioned to reflect the proportion due to (1) between-person differences versus (2) within-person, day-to-day variability.
This is important because measures that vary primarily due to between-person differences may be more amenable to interventions
that target particular students, whereas measures that vary more due to day-to-day variability may be more amenable to interventions
that target day-level contextual factors.

Methods: A sample of 2068 young adult college students (aged 18-24, mean 19.8, SD 1.3 years; 66.6% women) completed a
baseline survey; 97.3% (n=2012) then completed up to 21 consecutive daily surveys that assessed a comprehensive set of daily
markers of health, behavior, and well-being. The daily diary study produced a total of 33,722 person-days.

Results: Among all person-days, a minority were substance use days (eg, 14.5% of days involved alcohol use, 5.6% vaping,
and 5.5% cannabis). Experiences of pleasure were reported on most (73.5%) days. Between-person differences explained more
than 50% of the variance in numerous indicators of health and well-being, including daily vaping, cannabis use, other illicit
substance use, experiences of bias or discrimination, positive affect, negative affect, worry, food insecurity, and feelings of
belonging at the university. In contrast, within-person differences explained more than 50% of the variance in daily alcohol use,
cigarette use, stress, experiences of pleasure, where the student slept last night, and physical activity.

Conclusions: College student health and well-being are multifaceted, with some aspects likely driven by person-level
characteristics and experiences and other aspects by more dynamic, contextual risk factors that occur in daily life. These findings
implicate services and interventions that should target individual students versus those that should target days on which students
are at high risk for poor experiences or behaviors.

(Interact J Med Res 2024;13:e45689)   doi:10.2196/45689
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Introduction

College students’ well-being is multifaceted, including mental
health, substance use behavior, stress, belonging, flourishing,
and more. In terms of mental health, anxiety has been the most
common problem reported by students [1]. Further, the
prevalence of many substance use risk behaviors peaks during
college ages, including 35% of young adults reporting past
30-day binge drinking (4+ and 5+ drinks in a row for females
and males, respectively) [2]. This population also experiences
high rates of acute consequences from alcohol use, including
sexual assault and blacking out [3].

Much recent evidence shows that mental health problems among
college students increased substantially during the COVID-19
pandemic [4,5]. However, while social isolation, anxiety, and
depression increased during the pandemic, certain factors, such
as a sense of belonging with their college, seem to be protective
against the effects of the pandemic on key health outcomes,
particularly among underrepresented racial or ethnic minority
and first-generation students [6]. When considering college
student health and well-being more broadly, a longitudinal study
during the pandemic identified a large subgroup of students
with either very low mental and behavioral health risk or
elevated mental health symptoms but no other risks (eg, low
rates of substance use, sexual activity, physical inactivity, and
food insecurity) and a set of 4 smaller subgroups of students
with particular configurations of problematic health and
well-being, such as the intersection of elevated depression
symptoms, recent cannabis use, and recent sexual activity [7].

A more intensive surveillance study of college students can
shed important light on the dynamic nature of health and
well-being by elucidating both individual characteristics and
dynamic, contextual factors that may be linked to multiple facets
of student physical and mental health and well-being. Toward
this goal, the aim of the present study was to conduct a large
daily diary study of college student experiences at the main
campus of a large university in the Northeastern United States
throughout the 2021 calendar year when the pandemic was still
of great concern but students had fully returned to campus for
primarily in-person learning. We sought to determine whether
a broad range of daily indicators of health and well-being were
attributable more to between-person differences or to day-to-day
variability, which might indicate greater sensitivity to dynamic
and contextualized experiences.

Methods

Recruitment and General Procedures
Data for this observational study were collected via web-based
surveys from students at a large public university in spring 2021
and fall 2021 as part of the Student Engagement, Learning, and
Flourishing study (ie, Project SELF). Over 35,000 undergraduate
participants were invited to take part in the study. The inclusion
criteria were that participants were full-time undergraduate
students at this campus and aged 18-24 years.

Participants were sent the first recruitment email on a Tuesday,
with a follow-up (if they had not yet completed the baseline

survey) 1 week later. Undergraduate emails were separated into
batches and uploaded into REDCap (Research Electronic Data
Capture; REDCap Consortium). Participants received
individualized survey links in recruitment emails and verified
their school email accounts before proceeding. Once a
participant with their unique student ID had completed the
survey, they were no longer able to fill out another survey.
Recruitment emails were staggered, with approximately 2700
students contacted per week, so that experiences throughout the
spring and fall semesters would be captured. A total of 9 rounds
of emails were sent in the spring 2021 semester, and 9 additional
rounds were sent in the fall 2021 semester. Additionally, any
spring 2021 nonresponders were given one additional
opportunity to participate that fall. All questions were mandatory
to answer before moving on to the next question, but every
question had a “prefer not to answer” option. The survey was
determined to be “complete” when the participant clicked the
“submit” button at the end. In total, 2 automatic reminders were
sent from REDCap if participants had provided consent and
started the questionnaire but had not clicked the “submit” button.
Once participants moved on to the next page of the survey, they
were not able to go back and change an answer.

Surveys were comprised of multiple scales gathered from
collaborating faculty across the university. After compilation
and programming, the surveys were extensively tested for
branching completeness and automation fluidity. Ongoing spot
testing throughout the rollout process ensured that the
recruitment and survey responses were imported correctly in
REDCap.

Once participants completed the baseline survey, they entered
their phone number to receive SMS text messages for the daily
diary portion of the study. Daily diary prompts began on the
day following baseline survey completion, sent as both an SMS
text message and an email at 9 AM EST, with a reminder
message 1 hour later to participants who had not yet completed
that day’s survey. To be considered valid, participants had to
initiate the daily survey before midnight and complete the survey
before 1:00 AM EST. The web-based consent and baseline
survey were delivered securely via REDCap, which also
coordinated all SMS text message and email survey invitations.
For the daily diary portion of the study, REDCap invitations
pushed out Qualtrics daily survey links.

A baseline survey was completed by 2068 young adult college
students; 97.3% (n=2012) then participated in a 21-day diary
study. All recruitment, consent, text messaging, reminders for
the daily diary, and incentive payments were completed
remotely.

Ethical Considerations
This research was reviewed and approved by the Pennsylvania
State University’s institutional review board (approval number:
STUDY00015710). Prior to completing the baseline survey,
participants completed the informed consent process digitally.
This contained all the consent elements: purpose of study,
typical length of time to complete surveys, data storage and
security, potential risks to participants, and contact information
for the principal investigator and institutional review board.
Participants had an opportunity to download and print the
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consent form. Data from the baseline and daily surveys were
linked using numeric identifiers; personal identifying
information was removed prior to data analysis.

Participants were compensated US $15 for completing the
baseline survey and US $2 per daily diary survey, with 2
possible high-compliance bonuses of US $5, one if participants
completed at least 6 daily surveys during the first week and one
if participants completed at least 12 daily surveys during the
second and third weeks combined. Participants could earn up
to US $67 with high study compliance. Additionally, participants
received 1 raffle ticket for each high-compliance bonus, for a
1 in 100 chance of winning a US $50 gift card for high
compliance in the first week and a 1 in 100 chance of winning
a US $100 gift card for high compliance in the second and third
weeks. Of the 2012 students who participated in the daily diary
study, 1599 (79.5%) completed at least 6 of the first 7 days, and
1284 (63.8%) completed at least 12 of the last 14 days.

Surveys

Baseline Survey
Participants who completed the 15-minute baseline survey were
automatically enrolled in a 21-day diary study. The baseline
survey assessed a variety of topics, including demographics,
college standing, health, COVID-19 prevention behaviors and
beliefs, housing and food insecurity, antiracism behavior,
experiences of bias or discrimination, and substance use.

Demographic, Individual, and Family Characteristics
In the first part of the survey, general demographic questions
were asked, including questions about participants’ age, sex,
gender, sexual or gender minority status, race or ethnicity,
height, weight, current health conditions, and employment status
during the academic year. Participants reported on their high
school grade point average, recent and cumulative college grade
point average, country of origin, political ideology, whether
their permanent home was in or out of state, and their parents’
highest degree (used to identify first-generation college
students). Participants also reported on several different aspects
of their relationship with their caregivers, including family
cohesion and attachment, family conflict, identification with
parents, and conflict behavior [8-11].

College-Specific Characteristics
Participants reported their class standing and were asked about
their group affiliations in college (honors program, Greek
system, other philanthropic organizations), previous participation
in the university’s early start program, and current learning
modes. During the spring survey, participants could participate
in remote classroom lectures. The majority of classes were
reinstated in person for the duration of the fall survey; however,
a remote option was often available as well. Participants were
also asked about their use of on-campus health services and
their feelings of belonging at the university.

Food and Housing Insecurity
Food insecurity was assessed by a validated 2-item screening
instrument to assess participants’ access to enough food every
day. The screener asked about worries around food running out
and not having enough money to buy more food [12]. Students’

housing security, homelessness, and living situation were
assessed with modules from the Researching Basic Needs in
Higher Education instruments [13].

General Experiences of Discrimination and Antiracist
Behavior
Participants completed the 21-item Anti-racism Behavioral
Inventory [14], which included items such as “When I hear
people telling racist jokes and using negative racial stereotypes,
I usually confront them.” and “The police unfairly target Black
men and Latinos.” Participants also completed the 7-item
Williams Everyday Discrimination Scale [15], which assessed
perceptions such as people acting as if they think the individual
is not smart or as if they are afraid of the individual.

Mental Health
Depression symptoms were assessed using the 10-item Center
for Epidemiologic Studies Depression Scale (CESD-R-10) [16].
Anxiety symptoms were assessed using the 6-item General
Anxiety subscale of the Center for Collegiate Mental Health
Instrument (CCAPS-34) [17]. Social anxiety was assessed using
the 6-item Social Interaction Anxiety Scale (SIAS-6) [18]. The
adult attention-deficit/hyperactivity disorder (ADHD)
Self-Report Scale (ASRS, version 1.1) [19] was used to assess
adult symptoms of ADHD. Participants also completed the
16-item Social Responsiveness Scale (SRS-2-S) [20] and an
8-item instrument to assess their level of flourishing [21].

Behavior
Students’ histories of alcohol, cannabis, nicotine (including
vaping, cigarettes, and other tobacco products), and other illicit
substance use behaviors were assessed, as was their perception
of alcohol use on campus [22]. Recent sexual activity was
assessed.

21-Day Daily Diary Survey
Each morning, beginning the day after completing the baseline
survey, participants were sent a link to that day’s 5-minute
survey. Participants were required to click on the link to initiate
the daily survey by midnight and had until 1:00 AM to complete
the survey. Daily diary surveys asked in-depth questions about
substances used the day before (alcohol, marijuana, smoking,
and other illicit substances) and their consequences, health
behaviors, sleep, pleasurable experiences, and feelings of
belonging, engagement, and well-being, as well as COVID-19
prevention behaviors. If participants did not report any substance
use the day before, they were asked an alternative set of
questions about food and housing insecurity and physical
activity instead of the in-depth questions about substance use
and consequences.

Substance Use, Consequences, and Context of Use
Participants were asked if they used a substance (ie, alcohol,
marijuana, cigarettes, prescription painkillers, heroin,
psychedelics, sedatives, or stimulants). If they answered yes to
any of the substances, they were asked follow-up questions
regarding how much of each they took. If they answered yes to
alcohol or marijuana, they were asked a follow-up question
about impairment [23,24]. If a participant reported any substance
use, they were asked about any positive (eg, feeling buzzed,
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more energetic) or negative consequences (eg, blacking out or
feeling nauseated) of using those substances [25]. For each
substance participants reported using, they were asked where
they used the substance (eg, home, a friend’s house, and
outdoors). They also reported if they used that substance around
other people, and answered follow-up questions about who
those people were.

Daily Experiences of Discrimination
Discrimination was asked with 1 question, adapted from the
Williams Daily Discrimination Scale, assessing how strongly
they experienced bias or discrimination yesterday on a scale
from 0=not at all to 5=very strongly [15].

Mental Health
Daily stress was assessed on a 0-100 scale from 0=not at all to
100=very extremely, with follow-up questions asking if anything
COVID-19–related increased that stress. Participants were then
asked to rate how stressful school relationships with friends or
roommates and family interactions were. Daily affect was
assessed using a 10-item scale assessing different feelings and
emotions. This experience sampling method affect scale, taken
from Wichers et al [26], was modeled after the Positive and
Negative Affect Schedule Instrument [27], specifically selecting
high-loading items on the negative affect (ie, insecure, lonely,
anxious, low, guilty, and suspicious) and positive affect (ie,
cheerful, content, energetic, and enthusiastic) spectra.
Participants also answered 2 questions assessing worry (ie, I
worried what other people thought of me and I was worried that
I would say or do the wrong things), drawn from the social
anxiety scale from Kashdan and Steger [28].

Pleasure, Belonging, and Well-Being
Experiences of pleasure were measured with 3 questions asking
participants if they had any pleasure in activities yesterday and,
if so, what type of activities they were and with what intensity
they experienced pleasure [29]. Belonging questions asked the
extent to which the participant felt like they belonged in the
university environment [30]. Participants were asked 5 questions
from the flourishing scale about whether they led a purposeful
or meaningful life and were satisfied with their life, bored, or
engaged [21].

Eating and Food Insecurity
Participants reported where they ate yesterday. To assess food
insecurity, they were asked whether they were worried about
paying for food tomorrow and what their food situation was the
day before (food insecurity screening instrument) [12]. To help
balance the questionnaire length across all days, participants
were asked these questions only on days when they reported no
substance use.

Sleep and Physical Activity
Each day, participants reported the time they went to bed, the
time they woke up, and where they slept the night before (eg,
college housing, apartment, and family home). Physical activity
was assessed by 3 questions asking about vigorous and
moderate-intensity exercise and sitting and reclining time.
Participants were asked these questions only on days when they
reported no substance use.

Data Analysis

Scale Construction for Baseline Constructs
For the depression scale (based on the CESD-10), 10 items with
choices ranging from 0=rarely to 3=most of the time were
summed to create a depression score, which ranged from 0 to
30. For the anxiety scale (based on CCAPS-34), 6 items with
choices ranging from 0=not at all like me to 4=extremely like
me were averaged to create an anxiety score, which ranged from
0 to 4. For the social anxiety scale (based on SIAS-6B), 6 items
with choices ranging from 0 (not at all) to 4 (extremely) were
summed to create a social anxiety score, which ranged from 0
to 24. The ADHD symptoms scale (based on ASRS_part A) was
based on 6 items with response options from 0 (never) to 4 (very
often); these items were converted to binary variables, wherein
3 of the items were scored as 1 if their value was greater than
1 (0 otherwise) and the remaining 3 items were scored as 1 if
their value was greater than 2 (0 otherwise) [19,31]. The sum
of these binary indicators created the ADHD symptoms scale,
with a possible range of 0-6. For the social responsiveness score
(based on the SRS-2-S), 16 items with response options from
0 (not true) to 3 (almost always true) were summed to create an
SRS-2-S score, which ranged from 0 to 48. The original SRS-2
has 65 items, and scores could range from 0 to 195. The
SRS-2-S scores were converted to an estimated SRS-2 score
based on the recommended conversion table [32]. This estimated
score could range from 5.7 (corresponding to SRS-2-S values
of 0) to 181.5 (corresponding to SRS-2-S values of 48). For the
flourishing scale at baseline, 8 items with response options
ranging from 1=strongly disagree to 7=strongly agree were
summed. The 8 items on this scale had high reliability (Cronbach
α=0.98). To calculate the closeness with caregivers scale, 4
items with response options ranging from 0 (almost never) to
100 (almost always) were averaged. The items asked about
whether caregivers respected participants’ feelings and
encouraged them to talk about difficulties and whether they feel
close to caregivers and tell caregivers about problems. This
scale had high reliability (Cronbach α=0.87).

Scale Construction for Daily Constructs
For each observed day, the following scale scores were created.
In total, 3 items tailored to assess aspects of flourishing in daily
life were averaged to create a daily flourishing scale: All things
considered, I am satisfied with my life yesterday; I was engaged
and interested in my activities yesterday; and I led a purposeful
and meaningful life yesterday. Each item had response options
of 1=strongly disagree to 7=strongly agree. A daily positive
affect score and a daily negative affect score were calculated
using items from a 10-item scale where choices ranged from
1=never to 7=always [26]. In total, 4 of the items were averaged
to create a positive affect score, and the remaining 6 items were
averaged to create a negative affect score. A daily worry score
was calculated by averaging 2 items that asked participants the
extent to which they worried about what others thought of them
and the extent to which they worried they would say or do the
wrong things. Response options ranged from 1=not at all or
slightly to 5=extremely. This scale had high reliability
(Cronbach α=0.88).
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Statistical Modeling
Descriptive statistics were calculated for a variety of constructs
at baseline and in the daily study. Then, variance in daily
response variables due to between- versus within-person sources
was partitioned using multilevel models, with a separate
intercept-only linear mixed model specified for each variable.
In the case of a discrete outcome, this estimated percentage is
an approximation; this is a reasonable approximation when the
underlying probability of the response is not close to 0 or 1 [33].

All descriptive statistics and multilevel models were conducted
using R (version 4.1.2; The R Foundation).

Results

A summary of descriptive statistics from the baseline assessment
appears in Table 1, and Table 2 presents descriptive statistics
from the daily surveys, along with the proportion of variance
that can be attributed to between-person versus person-level
sources of variability.
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Table 1. Descriptive statistics from the baseline survey.

Population of UPa students (N=39,392)Study sample (N=2068)Baseline measure

18,639 (47.3)1378 (66.6)Identify as female gender, n (%)

Race or ethnicity, n (%)

3029 (7.7)162 (7.8)Hispanic ethnicity

1713 (4.3)56 (2.7)Non-Hispanic Black

25,674 (65.2)1433 (69.3)Non-Hispanic White

2651 (6.7)307 (14.8)Non-Hispanic Asian

6325 (16.1)110 (5.3)Other and multiple race categories

Class standing, n (%)

18,192 (46.2)1039 (50.2)Lower undergraduates (first or second year)

21,200 (53.8)1025 (49.6)Upper undergraduates (third year or later)

3988 (10.1)b284 (13.7)Foreign-born student, n (%)

6621 (16.8)348 (16.8)First-generation student, n (%)

23,289 (59.1)1330 (64.3)In-state student status, n (%)

—b19.8 (1.3)Age (years), mean (SD)

Employment status, n (%)

—20 (1.0)Full-time

—771 (37.3)Part-time

—1234 (59.7)Not employed

—361 (17.5)Sexual or gender minority, n (%)

—286 (13.8)Engaged with Greek system, n (%)

—395 (19.1)Food insecure (past month), n (%)

—170 (8.2)Housing insecure (past month), n (%)

—1316 (63.6)Past-month alcohol use, n (%)

—419 (20.3)Past-month heavy episodic drinking, n (%)

—372 (18.0)Past-month vaping, n (%)

—127 (6.1)Past-month cigarette use, n (%)

—378 (18.3)Past-month cannabis use, n (%)

—3.9 (0.4)High school GPAc, median (IQR)

—3.5 (0.4)Cumulative college GPA, mean (SD)

—67.7 (15.6)Antiracism behavior: scale of 21-105, mean (SD)

—4.85 (0.9)General experiences of discrimination: scale of 1=almost daily to
6=never, mean (SD)

—11.0 (6.4)Depression: scale of 0-30, mean (SD)

—1.40 (1.0)General anxiety: scale of 0-4, mean (SD)

—8.5 (6.0)Social anxiety: scale of 0-24, mean (SD)

—2.5 (1.8)ADHDd symptoms: scale of 0-6, mean (SD)

—49.4 (25.6)Social responsiveness: scale of 5.7-181.5, mean (SD)

—45.3 (7.4)Flourishing: scale of 8-56, mean (SD)

—74.0 (20.7)Closeness with caregivers: scale of 0-100, mean (SD)

aUP: University Park.
bNot applicable.
cGPA: grade point average.
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dADHD: attention-deficit/hyperactivity disorder.

Table 2. Descriptive statistics from daily diary study (based on 33,722 total person-days from n=2012 participants).

Proportion of variance, %ValuesDaily measure

Within-personBetween-person

80.6%19.4%4902 (14.5)aAlcohol use day

84.5%15.5%2453 (7.3)aHeavy episodic drinking day

30.2%69.8%1888 (5.6)aVaping day

60%40%254 (0.8)aCigarette use day

44%56%1846 (5.5)aCannabis use day

29.9%70.1%879 (2.6)aOther illicit substance use day

59.3%40.7%24,771 (73.5)aExperienced interest or pleasure in activity

62.6%37.4%36.3 (27.2)bStress: how stressful was yesterday on scale of 0=not at all to 100=extremely

47.7%52.3%1.17 (0.5)bHow strongly experienced bias or discrimination: 0=not at all to 5=very strongly

42.5%57.5%3.68 (1.5)bPositive affect: 1=never to 7=always

36.4%63.6%2.28 (1.1)bNegative affect: 1=never to 7=always

32.3%67.7%2.16 (1.1)bWorried: 1=not at all or slightly to 5=extremely

29.3%70.7%5.1 (1.6)bFeelings of belonging at the university: 1=strongly disagree to 7=strongly agree

29.8%60.2%4.63 (1.5)bFlourishing: 1=strongly disagree to 7=strongly agree

44.1%55.9%6103 (23.5)bPoor food situation in past 24 hoursc

48%52%855 (3.3)bWorried about how to pay for food tomorrowc

70.2%29.8%24,554 (94.4)bSlept in own dorm or room or apartment or family home last nightc

55.2%44.8%22,095 (84.9)bEngaged in moderate or vigorous physical activityc

aValues are n (%). Estimated percentages of variance are based on intraclass correlation coefficients in multilevel models; these numbers are approximations
in the case of binary response variables.
bValues are mean (SD).
cQuestions only asked on non–substance use days; thus, percentages are based on 26,020 days.

Participant Characteristics at Baseline
A total of 2068 students completed the baseline survey,
including 1378 (66.6%) female students. The participants’ ages
ranged from 18 to 24 (mean 19.8, SD 1.3) years at baseline.
The sample included 1039 lower-level undergraduates (50.2%
in the first or second year) and 1025 upper-level undergraduates
(49.6% in the third year or later).

Sample Versus Population Characteristics
Table 1 shows descriptive statistics for the data about the
population of 39,392 undergraduate students. Data are from the
Penn State data digest [34], compiled for the fall 2021 semester.
The racial-ethnic composition of the sample (7.8% Hispanic or
Latinx, 2.7% non-Hispanic Black, 69.3% non-Hispanic White,
14.8% non-Hispanic Asian, and 5.3% other or mixed races) was
similar to that of the population of students at this campus (7.7%
Hispanic or Latinx, 4.3% non-Hispanic Black, 65.2%
non-Hispanic White, 6.7% non-Hispanic Asian, and 16.1%
other or mixed races). The sample had a larger proportion of

female students than the broader university population (47.3%
in population), and slightly higher percentages of lower-level
students (50.2% vs 46.2% in the population), foreign-born
students (13.7% vs 10.1%), and in-state students (64.3% vs
59.1%). The proportion of first-generation students was 16.8%
in both the sample and the population.

Additional Sample Characteristics
Of participants who completed the baseline survey, 38.3%
(n=791) were employed, 17.5% (n=361) identified as a sexual
or gender minority, 13.8% (n=286) were affiliated with the
Greek system, 19.1% (n=395) reported food insecurity, and
8.2% (n=170) reported housing insecurity. The prevalence of
past-month substance use behaviors was 63.6% (n=1316) for
any alcohol use, 20.3% (n=419) for heavy episodic drinking
(ie, binge drinking), 18% (n=372) for vaping, 6.1% (n=127) for
cigarette use, and 18.3% (n=378) for cannabis use. The median
high school grade point average was 3.9 with an IQR of 0.4,
and their mean cumulative grade point average in college was
3.5 (SD 0.4). Mean scale scores for antiracism behavior,
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discrimination, depression, general anxiety, social anxiety,
ADHD symptoms, social responsiveness, flourishing, and
closeness with caregivers are provided in Table 1.

Student Health and Well-Being in Daily Life
On 21 consecutive days, participants were prompted to complete
a survey that assessed a comprehensive set of daily markers of
health, health behaviors, and well-being. Students completed
the daily survey in an average of 16.8 (SD 5.7) days.

Substance Use, Stress, Discrimination, Affect, and
Flourishing
Of the 33,722 person-days, a minority were substance use days;
4902 days (14.5%) involved alcohol use, 2453 days with heavy
episodic drinking (7.3%), 1888 days with vaping (5.6%), 254
days with cigarettes (0.8%), 1846 days with cannabis (5.5%),
and 879 days with other illicit substance use (2.6%). Experiences
of pleasure were reported on 24,771 of 33,722 days (73.5%).
Mean scale scores for daily stress, experiences of bias or
discrimination, positive affect, negative affect, worry, feelings
of belonging, and flourishing are provided in Table 2.

Additional Indicators of Well-Being
Based on data from the 26,020 person-days with no reported
substance use, a poor food situation was reported on 6103 days
(23.5%); worry about how to pay for food tomorrow was
reported on 855 (3.3%) days; students slept in their own
dormitory, room, apartment, or family home on 24,554 (94.4%)
days; and students engaged in moderate or vigorous physical
activity on 22,095 (84.9%) days.

Between- Versus Within-Person Variability
Partitioning variance into between- versus within-person sources
of variance for daily indicators of health and well-being provides
insight into which constructs tend to be more person-specific
and potentially explainable by person-level characteristics, as
opposed to those that are more day-specific and potentially
explainable by the contextual characteristics of a particular day.
Between-person differences explained the majority of variance
in daily vaping (69.8% attributable to between-person
differences), cannabis use (56%), other illicit substance use
(70.1%), experiences of bias or discrimination (52.3%), positive
affect (57.5%), negative affect (63.6%), worry (67.7%), feelings
of belonging at the university (70.7%), flourishing (60.2%),
poor food situation (55.9%), and worry about how to pay for
food (52%).

In contrast, within-person differences (ie, day-to-day fluctuations
within individuals) explained the majority of the variance in
daily alcohol use (80.6% attributable to within-person
differences), heavy episodic drinking (84.5%), cigarette use
(60%), experiences of pleasure (59.3%), stress (62.6%), where
a student slept last night (70.2%), and physical activity (55.2%),
indicating that day-level contextual factors may be more relevant
for these daily experiences and behaviors.

Discussion

Principal Results
This study examined a wide range of health and well-being
indicators among college students in daily life during the
COVID-19 pandemic. Consistent with prior research on
substance use in daily life, the proportion of variance attributed
to within-person fluctuations was particularly high for daily
alcohol use, heavy episodic drinking, and cigarette use,
suggesting that these behaviors are highly sensitive to contextual
characteristics [35-38]. In contrast, daily vaping behavior and
other illicit substance use behavior tended to be most stable as
person-level characteristics; this is consistent with recent
research that has shown level of dependence to be positively
associated with stability of behavior across days [39]. Variance
in other aspects of daily mental health (belonging, flourishing,
positive affect, negative affect, and worry) was also primarily
attributable to between-person (ie, trait-like) differences. This
finding is consistent with a coordinated analysis of 6 intensive
longitudinal studies of positive and negative affect; variance
decomposition of daily data reliably showed affect to be more
strongly characterized by between-person differences [40].

These findings suggest where student programming and
intervention efforts may be most effectively appropriated in this
population. For example, available mental health services and
interventions directed to certain individuals who would benefit
most may be the best strategy for resource allocation on college
campuses, whereas the provision of just-in-time mental health
interventions on days of particularly high negative affect or
worry or low positive affect may be less effective. In contrast,
interventions designed to reduce problematic alcohol use and
cigarette use may be best targeted toward risky contexts that
students move in and out of throughout their days.

This type of intensive surveillance provides data that
characterize not just population-average levels on aspects of
health and well-being and their correlates, but also sheds light
on day-to-day variability in student health and well-being and
dynamic contexts that may place students at heightened risk for
poor outcomes on a given day. By partitioning the variance of
daily indicators of health and well-being, this study design
provides the opportunity to determine which indicators of health
and well-being are more trait-like and which are more state-like.

Limitations and Future Work
One limitation of this study was the low rate of participation.
This may produce nonresponse bias, which has been documented
among college students, with survey respondents more likely
to be female, socially engaged, and financially secure, with
differences in personality compared to nonresponders (eg, [41]).
Another limitation of this study was that rolling recruitment
spanned from February through November 2020 (with no
recruitment during the summer term); thus, students participated
in the study at qualitatively distinct times during the COVID-19
pandemic. Most notably, vaccinations became widely available
in mid-2020, which could have impacted student mental health
and social behaviors. Thus, it may be important to determine
whether these findings replicate in future analyses using daily
diary data collected after the pandemic.
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Conclusions
Certain daily experiences and behaviors related to college
students’health and well-being, such as vaping, negative affect,
and feelings of belonging at one’s university, distinguish at-risk
individuals from other students. In contrast, other experiences
and behaviors, such as alcohol use and cigarette use, stress, and
physical activity, may be driven more by contextual risk factors
operating on certain days. These findings suggest that some
aspects of health and well-being may be most amenable to
services that target students more generally, while others may

be more amenable to interventions that target particularly risky
students, days, or contexts.

Daily diary studies can inform practical policy recommendations
to higher-education institutions, enabling them to make
data-informed decisions on university closures and the
development of programs to support student health and
well-being. This approach is essentially a community-based
surveillance system that can provide insight into student
characteristics and contextual factors that place individuals at
risk for negative outcomes.
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Abstract

Background: Clinical routine data derived from university hospitals hold immense value for health-related research on large
cohorts. However, using secondary data for hypothesis testing necessitates adherence to scientific, legal (such as the General
Data Protection Regulation, federal and state protection legislations), technical, and administrative requirements. This process is
intricate, time-consuming, and susceptible to errors.

Objective: This study aims to develop a platform that enables clinicians to use current real-world data for testing research and
evaluate advantages and limitations at a large university medical center (542,944 patients in 2022).

Methods: We identified requirements from clinical practitioners, conceptualized and implemented a platform based on the
existing components, and assessed its applicability in clinical reality quantitatively and qualitatively.

Results: The proposed platform was established at the University Medical Center Hamburg-Eppendorf and made 639 forms
encompassing 10,629 data elements accessible to all resident scientists and clinicians. Every day, the number of patients rises,
and parts of their electronic health records are made accessible through the platform. Qualitatively, we were able to conduct a
retrospective analysis of Parkinson disease over 777 patients, where we provide additional evidence for a significantly higher
proportion of action tremors in patients with rest tremors (340/777, 43.8%) compared with those without rest tremors (255/777,
32.8%), as determined by a chi-square test (P<.001). Quantitatively, our findings demonstrate increased user engagement within
the last 90 days, underscoring clinicians’ increasing adoption of the platform in their regular research activities. Notably, the
platform facilitated the retrieval of clinical data from 600,000 patients, emphasizing its substantial added value.

Conclusions: This study demonstrates the feasibility of simplifying the use of clinical data to enhance exploration and
sustainability in scientific research. The proposed platform emerges as a potential technological and legal framework for other
medical centers, providing them with the means to unlock untapped potential within their routine data.

(Interact J Med Res 2024;13:e51563)   doi:10.2196/51563

KEYWORDS

secondary use; hypothesis testing; research platform; clinical data; Parkinson disease; data; health-related research; health data;
electronic health record; EHR; tremor

Introduction

In recent years, there has been a growing interest in using
clinical routine data, especially electronic medical records, for

research [1]. Known as secondary data use, this practice is
significantly influenced by legislative actions such as the Health
Information Technology for Economic and Clinical Health Act
in the United States of America and publicly founded initiatives
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like the Medical Informatics Initiative (MII) in Germany [2,3].
University hospitals now serve as central hubs in bridging the
gap between research and patient care. Achieving connectivity
between previously isolated data silos necessitates adherence
to detailed standards, such as the custom FHIR (Fast Healthcare
Interoperability Resources) profile “Kerndatensatz” in Germany
and effective communication among diverse stakeholders within
national health systems [4]. Despite the inherent complexity,
these concerted efforts are expected to establish a new
foundation for evidence-based science.

Despite the advantages of adopting a state-wide approach to
secondary data use, we contend that certain research could be
more effectively conducted at the local level within individual
hospitals. Specifically, we have identified 2 critical use cases
where hypothesis testing on unmapped raw data is essential for
advancing evidence-based medicine:

First, to verify hypotheses derived from clinical practice on a
larger database, clinicians should be able to validate their
experiences easily through data-driven investigations. These
studies may involve data elements not comprehensively covered
by standardized data sets. In addition, expecting clinicians to
create intricate mappings between used data elements and
state-wide standards may prove ineffective.

Second, the replication of existing publications to assess their
generalizability must always consider the local context.
Conducting public health research, for example on large cohorts
of patients with Parkinson disease (PD), might miss important
external factors [5,6]. Accordingly, testing external validity on
a schema applied in practice rather than one developed for
collaboration appears more appropriate.

Beyond the clinical perspective, local solutions may better
accommodate regional or local legal requirements, as many
collaborative standardizations tend to converge on the “smallest
common divisor” between partners. Consequently, the
implementation of complementary systems for secondary data
analysis at both the local and global levels is deemed
appropriate.

Developments in recent years have led to the emergence of
research platforms that enable the analysis of clinical data in
compliance with data protection guidelines. Notable examples
include EPOCH and ePRISM (IP-ITT Corporation) [7], KETOS
(Friedrich-Alexander University Erlangen-Nürnberg) [8], and
Medical-Blocks (University of Bern) [9]. These platforms
provide environments that allow clinical scientists to train and
deploy statistical models. However, their primary focus is on
translating these models back into clinical practice rather than
testing hypotheses through the secondary use of data. In
addition, works such as EHR4CR (Electronic Health Records
for Clinical Research) [10] have implemented infrastructures
that enable the use of clinical data across multiple European
sites in a secure and privacy-preserving manner without focusing
on the subsequent analysis. Given our knowledge, a platform
for hypothesis testing on routine data has not been implemented
and evaluated in clinical reality.

This paper addresses this gap in research by introducing and
evaluating a novel platform explicitly designed for hypothesis

testing on clinical routine data. Starting by collecting the
requirements of clinicians, we strive to design and implement
a modular and, consequently, reusable platform. Similar to other
states, the federal law of Hamburg permits pseudonymized
retrospective data analysis without patient consent given specific
guarantees regarding data protection. The platform ensures those
guarantees in accordance with all European and German laws
and is directly integrated into the technical infrastructure of the
University Medical Center Hamburg-Eppendorf (UKE). The
evaluation process encompasses quantitative assessment,
exemplified by the replication of a public health finding in the
context of PD, and qualitative evaluation through the
examination of clinicians’ use in real-world clinical scenarios.
This dual-pronged evaluation strategy aims to judge both the
quantitative efficacy and practical use of the proposed platform
in clinical reality.

Methods

Technical Considerations
For developing the platform, we examined the challenges of
using routine hospital data for hypothesis testing through
extensive communication with the different business divisions
of the UKE, like the infrastructure department, division for
information technology, research data facility, data protection
officers, and internal boards. Informed by the project meetings
and discussions with clinicians as later users, we identified and
prioritized 4 critical process components necessitating
optimization.

Defining Appropriate Hypotheses
Precise hypothesis formulation relies on a thorough
understanding of metadata within the clinical information
system. For researchers, the accessibility of relevant data fields
may not be immediately evident. Challenges arise from both
nontechnical limitations and the opacity of data type and
structure. Filtering cohorts based on specific criteria may yield
statistically inappropriate sizes, and requested data may be
inadequately recorded [11]. The feasibility of research ideas is
thus not guaranteed, necessitating extensive consultation with
data integration experts for hypothesis refinement.

Obtaining Data From the Infrastructure
Efficient storage and retrieval of routine hospital data are crucial
for medical treatment and research. Hospitals use diverse IT
architectures, often a mix of specialized systems with proprietary
data structures and nonstandardized file formats. Access and
control vary widely, from centralized systems to more federated
approaches led by individual clinics. Clinicians aiming to test
hypotheses face challenges in accessing required documentation,
understanding these structures, and communicating with the
responsible data manager.

Analysis of the Hypotheses
To facilitate hypothesis tests, clinicians expressed a need for a
comprehensive and heterogeneous array of tools, encompassing
table-based software and standard scripting languages like
Python (Python Software Foundation) or R (R Foundation for
Statistical Computing). Established research data management
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platforms, such as Kaggle (Google) [12], Paperspace Gradient
(DigitalOcean) [13], Colab (Google) [14], or CodaLab
(Microsoft Research) [15], provide ideal support for efficient
data analysis: An integrated and simplified development
environment, a separate space for data analysis with access to
high-performance computing, and the ability to communicate
and collaborate with other users of the research community.
Rather than developing a novel solution, leveraging a platform
that accommodates diverse analysis methods appears to be a
pragmatic approach.

Reuse of Established Components
Based upon the preliminary work of the MII and the existing
research landscape, the following tools were explored as relevant
in the context of our work.

Data Integration
Data integration centers (DICs) enable the cross-site and
cross-institutional use of digital health data from patient care
and biomedical research in Germany [2,3,16]. All DICs are
located at university medical sites and have access to routinely
collected patient data. To this end, they build up interoperable
databases with quality-assured and internationally harmonized
data (based on HL7 [Health Level Seven International] FHIR)
and metadata. These are made available in anonymized form
through trustees. DICs make an important contribution to the
development of a research-orientated infrastructure for the
German health care system. The first use cases using the
functionalities are already in operation [17]. These
functionalities are reusable and valuable for our work. For
further details, we refer to the literature regarding the MII [2,3].

Data Usage Considerations
European, national, and local laws govern the use of sensitive
routine data. Those projects necessitate ethical approval and
explicit consent, a crucial yet burdensome process for both
researchers and ethics committee members. As the legislators
have already identified the need for simplification, we were
able to use §12 of the “Hamburgisches
Landeskrankenhausgesetz” [18]. This statute permits
pseudonymized retrospective data analysis without patient
consent, allowing us to forego consent-based data usage. With
approval from the ethics committee for hypothesis testing, the
board and the individual researcher might focus more on the
research question rather than time-consuming bureaucratic
processes. Without this general approval for hypothesis testing,
researchers would normally not be able to query the data without
extensive knowledge regarding the infrastructure and the law.
Furthermore, the UKE has established an independent trust
center, which is largely autonomous in legal terms. This center
uses suitable pseudonymization techniques to safeguard patient
data identity.

Metadata Processing
The processing of metadata is crucial in the context of data
harmonization with multiple data sources, as intended in this
project. Metadata repositories (MDRs) enable the structuring
of data for the technical extract, transform, and load (ETL)
process. They are also applications that make the syntax and
semantics of the data understandable for the end user. Both

attributes are relevant in our context. Numerous systems have
already been tested and evaluated in use [15-17]. In this case,
we prefer an MDR that is a further development of the already
used Samply.MDR [19], an ISO/IEC 11179-based metadata
repository built on a graph-based backend, making the MDR
applicable to many hierarchical data structures.

Quantitative and Qualitative Analysis
In the evaluation of the proposed tool, a dual assessment was
conducted, encompassing a qualitative analysis of its suitability
for replicating a public health-focused study and a quantitative
examination of clinicians’ usage behavior within the hospital.

Qualitative Analysis: Hypothesis Testing
The capabilities of the proposed platform for testing scientific
hypotheses appear to be valuable for replicating studies in other
cohorts. Comparable to existing publications [8], we applied
the platform to underscore its efficacy in promoting sound
scientific practices and for examining the generalizability of
findings regarding the circumstances present at a specific
hospital.

Due to its notable clinical implications [20,21], we chose PD
as a neurodegenerative disorder of interest for which routine
data may provide helpful insights. The International Parkinson
and Movement Disorder Society (MDS) developed a scoring
system to measure the severity of PD motor symptoms. This
movement test is called the Unified Parkinson’s Disease Rating
Scale (UPDRS) and is widely used in clinical routine [22].
While postural, kinetic, and isometric tremor are subcategories
of action tremor, the isometric tremor is difficult to measure in
routine clinical settings and is not routinely assessed [23,24].
Nonetheless, the exact relationship between these distinct types
of tremors remains incompletely understood.

Motivated by the findings of Gupta et al [25], our objective is
to validate their proposed correlation between rest tremor and
action tremor in patients with PD [26]. Consequently, we aim
to replicate their observation of a significantly higher prevalence
of action tremor in individuals also experiencing resting tremor.

By leveraging the proposed platform, we gained access to
routine data, expanding beyond the use of public data sets used
in the original study: The Parkinson Progression Marker
Initiative (PPMI) [27], the Fox Investigation for New Discovery
of Biomarkers (BioFIND) [28], and the Parkinson’s Disease
Biomarkers Program (PDBP) [29] data sets are 3 distinct clinical
oriented, observational studies collecting relevant
disease-specific data from patients with PD. The PPMI study
focuses on early-stage patients with PD who have recently been
diagnosed and are not yet receiving dopaminergic treatment. In
contrast, the BioFIND and PDBP studies encompass patients
at varying stages of PD, ranging from moderate to advanced
and early to advanced, respectively. Consequently, the PPMI
data set exclusively includes patients in the medication-off state,
while the latter 2 data sets include patients in both the
medication-off and medication-on states.

As the first step of the analysis, we identified those forms within
the clinical information system used to store classifications
according to the MDS-UPRDS. The platform facilitated the
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selection of a well-defined cohort, ensuring precise inclusion
criteria for the data query. Accordingly, we included all patients
with the designated ICD-10-GM (International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision, German Modification) code for Parkinson disease
(G20). Furthermore, we limited our cohort to admissions that
occurred between February 24, 2018, and February 24, 2023.
Although age limitations can be applied, we did not impose any
restrictions for the presented cohort. Leveraging the
aforementioned criteria, we executed the query and retrieved
all corresponding records stored in the system.

Quantitative Analysis
For the quantitative analysis, we focus on performance indicators
critical for assessing the relevance of our platform in clinical
reality. The practical use of the platform is measured with the
cumulative probability distribution and the absolute number of
requests after the initialization of the platform. The waiting
times are critical for user experience, which is expected of the
researcher’s experience when they receive the requested data.

Ethical Considerations
Based on the proposed pipeline for pseudonymization and data
security, the ethics committee of the Hamburg chamber of
physicians agreed on approval for all hypothesis tests conducted
through the platform (2022-100891-BO-ff).

Results

Technical Realization Within Clinical Reality
The central implementation detail of the platform is the usage
of the established systems through strategic interfacing within
the DIC. Notably, it circumvents the integration phase by
directly querying the databases of clinical systems. The
platform’s backend is incorporated into the DIC’s clinical and
research domains, using the central trustee service for
pseudonymization and the transfer unit for managing workflows
and facilitating data delivery to researchers. The underlying
architecture is constructed using standardized web technologies,
specifically HTTPS and REST (Representational State Transfer).

These procedural steps are fully automated, furnishing
transparent feedback on the ongoing progress (Figure 1).

The data architecture is organized into 3 primary sections:
clinical information systems, data integration center, and secure
research environment. A researcher initiates hypothesis testing
using the web application in the front end of the secure research
environment. Data selection for this process is facilitated through
a catalog of data elements supplied by the metadata repository.
The data integration center, which is divided into 2 domains,
the clinical domain, and the research domain, is responsible for
converting the researcher’s query into potentially multiple SQL
(Structured Query Language) commands to retrieve data from
the clinical information system’s database. The output is
exported as a CSV (comma-separated values) file and subjected
to the pseudonymization triangle, where identifiers like medical
record numbers and visit numbers are replaced with temporary
IDs by the clinical domain before transmitting the data set to
the research domain. The trustee service ensures that data from
various sources are assigned consistent pseudonyms, maintaining
the integrity of the hypothesis testing context. Subsequently,
the pseudonymized data is stored in the query-specific CSV file
storage within the backend of the secure research environment.
Researchers have access to these data sets for further analysis
and can use analytical tools such as Jupyter notebooks, which
are available on the front end.

Text data or images that contain sensitive information are not
exported. Subsequently, the research domain decodes temporary
IDs into definitive pseudonyms and stores the data set for
subsequent researcher access. Both the clinical and research
domains obtain temporary IDs and pseudonyms from the trustee
service, configured to issue unique ones for each identifier type
(eg, medical record number or visit number). The linkage
between original IDs and pseudonyms remains confidential to
both domains; solely, the trustee service retains this information
throughout the project’s duration. After this process, the
resulting file is automatically downloaded into a separate
network designed for research and stored on a file system
accessible only to the requesting clinician.

Figure 1. Components and data processing architecture of the platform. CSV: comma-separated value; SQL: Structured Query Language.
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Using a widely recognized solution for both clinicians and data
scientists, we incorporated JupyterLab, a prominent open-source
web-based development environment, as the principal front end
for ensuing data analyses. As a result, the proposed platform
empowers users to leverage a diverse array of tools and libraries
on the 639 forms encompassing 10,629 data elements that we
have made accessible from clinical routine.

Qualitative Results: Example of a Hypothesis Testing
For the qualitative assessment, all patients with the designated
ICD-10-GM code G20 and admissions that occurred between
February 24, 2018, and February 24, 2023, were included. The
majority of patients underwent multiple assessments during
their hospital visit. We only considered the first assessment to
ensure independent samples and discarded subsequent
assessments. This was necessary since we were mainly interested
in the patient cohort with any of the 3 basic tremor types rather
than the overall occurrence of all tremors assessed at any given
time point. The decision to choose the first assessment was
made since not every subject was assessed more than once, but
always at the beginning of their hospitalization, thereby ensuring

uniformity in tremor severity assessments shortly after
admission. Afterward, we derived the subtypes described in the
original work by considering the MDS-UPDRS items 3.17,
3.15, and 3.16 as surrogates for rest tremor, postural tremor of
the hands, and kinetic tremor of the hands, respectively. As a
result, we were able to include 777 patients in our qualitative
assessment.

Table 1 presents the prevalence of the primary tremor types and
the association between rest tremor and action tremor. The table
includes 4 distinct data sets, with the first 3 data sets obtained
from Gupta et al [25] and the fourth data set corresponding to
our analysis conducted using the proposed tool (UKE). The
provided values for rest tremor, postural tremor, and kinetic
tremor represent the count of patients with PD exhibiting each
respective tremor type while at rest, while holding their hands
stretched out, or during a finger-to-nose maneuver, respectively.
The severity rating for each tremor type is equal to or above 1,
as outlined in the MDS-UPDRS guideline. The aggregated
values presented in the table were derived following the
published protocol.

Table 1. Comparison of the tremor subtypes and their occurrences within the cohorts reported by Gupta et al [25]. In addition, the last column shows
the obtained results from routine data based on the proposed platform.

UKEd (N=777), n (%)PDBPc (N=874), n (%)BioFINDb (N=118), n (%)PPMIa (N=423), n (%)

340 (43.8)459 (52)75 (63.6)290 (68.6)Rest tremor

57 (7.3)104 (11.8)15 (12.7)87 (20.6)Pure rest tremor

255 (32.8)316 (35.8)46 (39)156 (36.9)Action tremor

76 (9.8)87 (9.9)10 (8.5)40 (9.5)Pure action tremor

416 (53.5)412 (46.7)69 (58.5)223 (52.7)Postural tremor

72 (9.3)31 (3.5)8 (6.8)18 (4.3)Pure postural tremor

301 (38.7)463 (52.5)61 (51.7)217 (51.3)Kinetic tremor

31 (4)86 (9.8)6 (5.1)23 (5.4)Pure kinetic tremor

258 (33.2)211 (23.9)19 (16.1)52 (12.3)No tremor

519 (66.8)663 (75.2)99 (83.9)317 (87.7)Any tremor

179 (23)229 (26)36 (30.5)116 (27.4)All tremor

aPPMI: Parkinson Progression Marker Initiative.
bBioFIND: Fox Investigation for New Discovery of Biomarkers.
cPDBP: Parkinson’s Disease Biomarkers Program.
dUKE: University Medical Center Hamburg-Eppendorf.

Our results represent a cohort of patients with PD irrespective
of any dopaminergic treatment since many patients lack
information regarding medication status due to the subsequent
addition of this data field into the clinical information system.
Through our data analysis, we observed a prevalence of 43.8%
(340/777) for rest tremors and 7.3% (57/777) for pure rest
tremors within the cohort. In contrast, the prevalence of total
action tremor was 32.8% (255/777), with a corresponding
occurrence of 9.8% (76/777) for pure action tremor. The
incidences of postural tremor and pure postural tremor were
found to be 53.5% (416/777) and 9.3% (72/777), respectively.
We identified a prevalence of 38.7% (301/777) for kinetic
tremor and 4.0% (31/777) for pure kinetic tremor. Finally, we
calculated the occurrence of patients exhibiting all 3 tremor

types simultaneously, the absence of any tremor, and the
presence of at least 1 tremor type, resulting in proportions of
23.0% (179/777), 33.2% (258/777), and 66.8% (519/777),
respectively. These relative figures closely resemble the reported
values from the original authors. Importantly, we also observed
a significantly higher proportion of action tremors in patients
with rest tremors (43.8%) compared with those without rest
tremors (32.8%), as determined by a chi-square test (P<.001).

Our analysis of routine data has yielded additional evidence
that aligns with the published findings, suggesting that action
tremor may be part of a broader tremor syndrome observed in
PD. This discovery emphasizes the need for a more dynamic
approach to tremor classification, considering the progressive
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worsening of rest tremor severity over time [30] and its potential
association with the occurrence of action tremor. Specifically,
our data set corroborates the previous findings by Gupta et al
[25], which propose a relationship between rest tremor and the
emergence of action tremor. The data we have obtained further
suggests that action tremor may represent a manifestation of
the underlying basal ganglia disease, highlighting the potential
requirement for additional neuroimaging studies to elucidate
this connection.

Quantitative Results
In the realm of quantitative results, we focus on performance
indicators critical for assessing the relevance of our platform
within the clinical reality. To that end, we compiled a
comprehensive list of successful queries executed using our
proposed tool before October 30, 2023. Subsequently, we
exclude queries carried out by members of the development
teams, as they were primarily intended for debugging purposes.

Figure 2 illustrates the cumulative probability distribution of
all incorporated queries across the temporal dimension. A
conspicuous observation is the initial absence of queries in the
early phase, signifying a notable delay in the adoption of the
tool by clinical researchers, spanning nearly 6 months. The

discernible rightward shift indicates an increasing interest among
researchers following an initial habituation period. Nevertheless,
the following data points reveal a marked acceleration in query
use, with over 50% of the total queries executed within the most
recent 3-month period.

Our platform offers the unique advantage of accessing multiple
systems integral to clinical care. However, it’s important to note
that these platforms are not optimized for the specific nature of
the queries in question. Substantial delays in data retrieval could
significantly impede the quality of research conducted using
our tool. Consequently, we analyzed to evaluate the waiting
times experienced by clinical researchers before they received
the requested data.

Figure 3 displays the distribution of the time it took for the
queried data to become available to the researcher. The plot
reveals a notable range of waiting times. While more than 50%
of all requests were processed within a time frame of 50 hours,
the longest queries extended to nearly a week. The pronounced
initial ascent up to the median highlights the prompt reception
of a substantial proportion of data despite the existence of
instances where requests experience prolonged processing
durations.

Figure 2. Cumulative probability distribution of researcher-initiated queries over time, starting from the public announcement of the platform, as
extracted from the platform logs.
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Figure 3. The percentiles illustrate all queries conducted by researchers until the availability of data for analysis extracted from the platform logs.

Discussion

Principal Findings
The development of a novel data platform at the University
Medical Center Hamburg-Eppendorf for hypothesis testing on
current clinical routine data according to all European and
German data protection laws is accepted and used by clinicians.
Accordingly, designing, implementing, and establishing a
streamlined process for conducting hypothesis testing in public
health by using secondary data appears possible. The initial
version presented in this study involves the development of an
analytical platform with a data protection-compliant
infrastructure and a comprehensive ethical mandate, which will
be extended with respect to semantic and syntactic
interoperability found in the literature. This innovation has
culminated in the establishment of a tool in clinical reality,
which occupies a unique niche within the national health care
landscape.

Given the illustrative use case, our findings indicate that routine
data can facilitate the creation of data sets on scales comparable
to prospective studies within significantly shorter time frames
than those. This observation carries profound implications for
diverse hospital roles: Patients gain transparency and trust in
research processes, as the platform serves as a reliable authority
for consent, enhancing confidence in the hospital’s practices.
Clinicians find empirical support for hypothesis testing, aiding
in evidence-based decision-making and simplifying
time-consuming replication studies. The Data Protection Officer
benefits from automated queries, reducing project-related risk
management burdens and minimizing infringement risks through
a secure, tested architecture. Research data infrastructure experts
receive structured support for handling researchers’ queries.
Finally, the hospital itself benefits from the efficient use of

routine clinical data, offering potential cost savings, increased
efficiency, and enhanced competitiveness.

Beyond the scope of our study, there is a discernible increase
in interest in the tool within clinical reality. Over the last 90
days, the number of successful queries has doubled, and in total,
clinical data from 600,000 patients or 1.6 million cases were
retrieved from the platform. Although the absolute figures
remain constrained, there is evident adoption by clinical
researchers, indicating active use of the new tool for their
hypothesis tests.

Limitations
Our investigation underscores that the long execution times of
queries on general-purpose databases in clinical systems, which
are not inherently designed for the queries executed by the
research platform, can limit the interactivity of researchers with
the clinical data. Similar systems in other hospitals may likely
face comparable issues. The complexity of supporting various
query formulations through SQL query adapters further
complicates optimization, often resulting in less efficient query
statements compared with those that are meticulously crafted
by hand. To enhance our platform and achieve shorter execution
times, further development is essential. By now, we established
a time limitation for queries, terminating excessively large ones.
In the future, we plan to use strategies such as horizontally
scaling the data sources, using alternative data stores or data
caches, or using FHIR search or the Clinical Query Language
as the query mechanism instead of traditional SQL [31].

Furthermore, our observations indicate a lack of universal
intuitiveness among clinical users in our hospital regarding the
Jupyter Notebooks used for analysis. Despite the formulation
of data queries, the execution of analyses experienced a notable
decline. The participation of clinicians in platform design
underscores a potential gap in data literacy among individual
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physicians. To mitigate this, we advocate for an additional
reduction in the entry barrier through the introduction of
user-friendly, broadly applicable dashboards and visualizations
tailored to each data query.

An additional aspect that holds potential for enhancing usability
in the future is the ability to share access to analysis spaces.
This feature would enable users with limited statistical expertise
to invite statistical or biomedical experts into their analysis
space, gradually receiving support throughout the analysis
process. By allowing collaborative access, inexperienced users
can benefit from the guidance and assistance of domain experts,
facilitating their learning and development in statistical analysis.
Accordingly, this feature is currently under development.

Conclusions
With the presented research platform, we were able to establish
a valuable tool for hypothesis testing and secondary use of
clinical data. By automating the retrieval process of
pseudonymized clinical data and providing a clear legal
framework, the platform contributes to the facilitation of the
research process. The practical usability of the platform was
demonstrated through the replication of a scientific study using
the example of PD, confirming the validity of the concept. In
further development stages and through the integration of
additional clinical data sources, we aim to continuously increase
the quantity of data and the usability of the platform. In the long
term, through further modularization and standardization, the
platform should be made usable for additional national and
European sites, significantly facilitating the secondary use of
clinical data.
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Abstract

Background: The Delta variant (B.1.617.2) was considered the most dangerous SARS-CoV-2 strain; however, in-depth studies
on its impact based on demographic and clinical characteristics of COVID-19 are scarce.

Objective: We aimed to investigate the shift in demographic and clinical characteristics of the COVID-19 pandemic with the
emergence of the SARS-CoV-2 Delta variant compared with the wild-type (WT) strain (B.1).

Methods: A cross-sectional study of COVID-19 cases in the Indian population caused by the WT strain (B.1) and Delta variant
of SARS-CoV-2 was performed. The viral genomic sequence metadata containing demographic, vaccination, and patient status
details (N=9500, NDelta=6238, NWT=3262) were statistically analyzed.

Results: With the Delta variant, in comparison with the WT strain, a higher proportion of young individuals (<20 years) were
infected (0-9 years: Delta: 281/6238, 4.5% vs B.1: 75/3262, 2.3%; 10-19 years: Delta: 562/6238, 9% vs B.1: 229/3262, 7%;
P<.001). The proportion of women contracting infection increased (Delta: 2557/6238, 41% vs B.1: 1174/3262, 36%; P<.001).
However, it decreased for men (Delta: 3681/6238, 59% vs B.1: 2088/3262, 64%; P<.001). An increased proportion of the young
population developed symptomatic illness and were hospitalized (Delta: 27/262, 10.3% vs B.1: 5/130, 3.8%; P=.02). Moreover,
an increased proportion of the women (albeit not men) from the young (Delta: 37/262, 14.1% vs B.1: 4/130, 3.1%; P<.001) and
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adult (Delta: 197/262, 75.2% vs B.1: 72/130, 55.4%; P<.001) groups developed symptomatic illness and were hospitalized. The
mean age of men and women who contracted infection (Delta: men=37.9, SD 17.2 years; women=36.6, SD 17.6 years; P<.001;
B.1: men=39.6, SD 16.9 years; women=40.1, SD 17.4 years; P<.001) as well as developing symptoms or being hospitalized
(Delta: men=39.6, SD 17.4 years; women=35.6, SD 16.9 years, P<.001; B.1: men=47, SD 18 years; women=49.5, SD 20.9 years,
P<.001) were considerably lower with the Delta variant than the B.1 strain. The total mortality was about 1.8 times higher with
the Delta variant than with the WT strain. With the Delta variant, compared with B.1, mortality decreased for men (Delta: 58/85,
68% vs B.1: 15/20, 75%; P<.001); in contrast, it increased for women (Delta: 27/85, 32% vs B.1: 5/20, 25%; P<.001). The odds
of death increased with age, irrespective of sex (odds ratio 3.034, 95% CI 1.7-5.2, P<.001). Frequent postvaccination infections
(24/6238) occurred with the Delta variant following complete doses.

Conclusions: The increased involvement of young people and women, the lower mean age for illness, higher mortality, and
frequent postvaccination infections were significant epidemiological concerns with the Delta variant.

(Interact J Med Res 2024;13:e44492)   doi:10.2196/44492

KEYWORDS

SARS-CoV-2; COVID-19; epidemiology; demographic shift; severity of illness; variant; virus; pandemic; population studies;
genomic analysis

Introduction

The Delta variant (B.1.617.2) of SARS-CoV-2 caused
COVID-19 waves and spikes in 2021 in multiple countries [1].
Structural and functional analyses of the lineage characterizing
mutations in the spike glycoprotein have predicted potential
alterations in virus-host interactions and masking of the antibody
binding sites, leading to increased transmissibility, lethality,
and immune escape capabilities for this variant [2-4], which
were further validated in recent animal models [5,6] and human
studies [7-10]. Available studies precisely indicate that the Delta
variant is at least 50% to 60% more transmissible than the Alpha
variant (B.1.1.7) [11] and is capable of immune escape against
natural infections with previous SARS-CoV-2 strains,
COVID-19 vaccines, and therapeutically used monoclonal
antibodies [5-11].

The emerging SARS-CoV-2 variants reportedly vary in
demographic characteristics, such as age- and sex-based
vulnerability for contracting infection, developing severe illness,
and mortality risk from wild-type (WT) strains (Wuhan strain
and B.1) [4,12-15]. Against the established pattern of higher
susceptibility for older adults and men, which is explained by
documented immunological reasons [16-20], the emerging
variants involve increasing proportions of the young and female
sex [4,12-15]. However, studies that have examined the shift
in demographic and clinical characteristics for the Delta variant
are currently limited. A devastating second COVID-19 wave
occurred in India in 2021, driven by the Delta variant [11,21].
An analysis of the official epidemiological data released by the
government of India suggested [21] that a rise in new cases was
recorded by February 2021; however, the rate of increase of
new cases was slow until the beginning of March and was not
reflective of an imminent second wave. A distinct new wave
was not in view before the end of March when a sudden spurt
was recorded in new cases. The rise in new cases then continued
throughout April and peaked by the end of the first week of
May 2021, when all global records were surpassed, reporting
more than 0.4 million new cases daily. As early as April 2021,
nearly 7 million new COVID-19 cases were recorded from the
19 million cases recorded in India during the pandemic. In

addition, more than 48,000 deaths occurred in April, of 0.2
million deaths due to COVID-19 reported at that point in India
[22]. A sudden rise in cases nationwide [21] shocked the health
response system. The first COVID-19 wave, as in other parts
of the world, was driven by WT strains in India [21]. The first
variant with significantly increased transmissibility and lethality
was the Alpha variant, which turned out to be a dominant strain
by 2020 [21]. The Alpha variant caused a frequent increase in
daily cases across the Indian states. In between, multiple other
variants were also reported; however, none of those variants
were able to contribute to a significant COVID-19 wave until
the arrival of the Delta variant [21]. The first case of the Delta
variant was reported in India by December 2020 [21]; however,
an exclusive rise in Delta cases was only evident by the end of
March 2021 [21]. The Delta variant–driven second wave
continued for months, only seeing a decline in July 2021 [21].

As per the official estimates in September 2022, more than 3.4
million cases and 0.52 million deaths were recorded in India,
and more than 89 million COVID-19 tests (632,930 per million
population) and 200 million vaccinations (at least a single dose)
were recorded in India [23]. Notably, the second wave
contributed significantly to the total cases and deaths [21].

Plausibly higher transmissibility and virulence of the Delta
variant and a lack of substantial vaccination at the time of the
second wave could have been the likely reasons for the massive
surge in new cases [4,11,21].

This study analyzed the shift in demographic and clinical
characteristics of the COVID-19 pandemic in the Indian
population with the emergence of the SARS-CoV-2 Delta
variant compared with the WT strain (B.1).

Methods

Data Collection and Processing
A cross-sectional study was conducted to study the critical
differences in demographic and clinical characteristics of the
SARS-CoV-2 B.1.617.2 (Delta) variant infections compared
with those caused by the WT B.1 strain (Wuhan strain with the
D614G mutation) in the Indian population. Genomic sequencing
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of the virus strain isolated from patient samples is a standard
method for confirmatory diagnosis of COVID-19 and
identification of the causative SARS-CoV-2 variant. We
analyzed the patient metadata information attached to the
genomic sequence reports for the SARS-CoV-2 Delta and WT
(B.1) strains detected in the patient samples from the Indian
population. The SARS-CoV-2 genomic sequence reports from
India (patient sample collection date no later than July 31, 2021)
were accessed from the EpiCoV database of the Global Initiative
on Sharing All Influenza Data (GISAID) [24] using the
automatic search function for information by geographical
location, SARS-CoV-2 lineage, and collection dates. A similar
search strategy was used to retrieve comparative metadata for
the COVID-19 cases with the WT B.1 strain reported on
GISAID since the first COVID-19 wave. The metadata files of
the Delta variant (test group) and WT (control group) strain
sequences were downloaded from the individual GISAID
accession numbers, checked and confirmed for accuracy of the
lineage information, and screened for demographic details (age
and sex) and vaccination status (for 2 complete doses). Further,
the clinical outcomes (information about the illness severity
and mortality during the disease course) of the WT and Delta
variant strains cases were assessed using a repeat search entering
“patient status” as additional input. The collected data were
filtered by discarding the sequence reports containing no or
incomplete information and duplications (repeat sequencing
from the same individuals). To prevent selection bias in the data
collection, no specific filters for age, sex, date of collection,
and geographical location were used during the search. A team
of 3 investigators rechecked and verified the sampling and data
entry errors of the complete data set by matching the original
details in the metadata files.

The sample size for the study was guided by serosurvey reports
from the Indian population during successive waves of the
pandemic [25,26]. Of note, nationwide seroprevalences of 24.1%
and 67.6% were reported in the studies conducted at the end of
the first and second waves, respectively [25,26]. Considering
a minimum of 24.1% seroprevalence in the current population
of India (approximately 1.35 billion) at 5% relative precision
(1.25% absolute precision) and 95% CI, a minimum sample
size of 4866 was determined for the study.

Data Analysis and Presentation

Quantitative Variables
The final data were entered in Excel sheets, and the distribution
was analyzed by age and sex. The age distribution of the Delta
variant infections was presented at 10-year intervals.
Additionally, for the analysis of clinical outcomes, all cases
were divided into 3 broad age groups as follows: “young” (0-19
years), “adult” (20-59 years), and “older adult” (≥60 years).

Clinical Outcomes
Clinical outcomes of the positive cases were categorized as
“asymptomatic/mildly symptomatic” (including cases in home
isolation and/or quarantine with no overt symptoms or mild
symptoms), “symptomatic/hospitalized” (including cases with
overt symptoms, currently hospitalized, or released or recovered

after hospitalization), and “demised.” These were also the
significant outcomes assessed in this study.

Data Distribution and Analysis, Statistical Assessment,
and Graphical Presentation
Individual outcomes were analyzed by age and sex distribution.
To determine mortality, the statuses of all the categories other
than “demised” were considered “living.” Categorical data are
presented as frequency or proportion. Continuous data are
presented as mean (or median) and SD. The relative contribution
of the geographical locations within India (states and union
territories) in the total available genomic data from India in the
study period was noted; however, no further distinction of
specific geographical locations was made while analyzing the
final data.

Statistical tests were performed to evaluate intergroup
differences in clinical outcomes with the help of Microsoft Excel
2019 and the XLSTAT package. The normality of the data was
examined using the Kolmogorov-Smirnov test. For normally
distributed data, 2-sample Student t tests and ANOVAs were
used. The Games-Howell post hoc test was applied for
intergroup comparisons. The Kruskal Wallis H test was used
to analyze skewed data. The chi-square test was used for
categorical variables. Multinomial logistic regression analysis
was used to estimate the relative measures of effect, considering
“demised” and “symptomatic/hospitalized” as the clinical
outcomes in reference to the Delta variant versus the WT (B.1)
strain. No specific theoretical nor statistical criteria were adopted
for “age”; however, “B.1” for the virus strain and “men” for
sex were set as the baseline or reference in the regression model.

Results were considered statistically significant at a P value
≤.05. Graphs were plotted to visualize the data trends.

Ethical Considerations
Approval from the institute ethics committee was precluded, as
the study used open-access data from the EpiCoVTM database
from the GISAID [24]. GISAID permits open access to data to
all individuals who agree to identify themselves and follow the
GISAID sharing mechanism governed by its Database Access
Agreement [27].

Results

Incidence
We assessed the genomic sequence reports for 8269 and 3767
cases with the Delta variant and WT B.1 strains, respectively,
that were uploaded on GISAID from the first case to July 31,
2021. The SARS-CoV-2 genomic sequences were noted from
nearly all the Indian states and union territories (Figure S1 in
Multimedia Appendix 1). After filtering the data, 6238 Delta
variant and 3262 WT B.1 strain cases were available for
demographic analysis.

Among the screened cases, there were 24 Delta infections
following 2 complete vaccine doses; however, no
postvaccination infections were noted with B.1. In the database,
659 and 320 sequence reports with information on “patient
status” were present for Delta and B.1 strains, respectively, and
after filtering the data, 647 and 276 cases, respectively, were
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available for analysis regarding illness severity and mortality
in terms of age and sex.

Demographic Distribution
Frequent incidences of Delta variant as well as B.1 strain
infections (N=6238) were noted across the age groups, including
in the young group (0-19 years; Figure 1). The prevalence of
infections was higher with the Delta variant than with the B.1
strain in the young group (0-19 years), with the highest
difference in prevalence in those aged 0 years to 9 years
followed by those aged 10 years to 19 years (P<.001).
Conversely, the differences in prevalences were relatively low

in those aged 20 years to 60 years, with a few exceptions
(P<.001; Figure 1). Although a greater proportion of men were
infected with both variants (both sexes: NDelta=6238; NWT

=3262) than women (Delta: 3681/6238, 59% vs 2557/6238,
41%; WT: 2088/3262, 64% vs 1174/3262, 36%), the proportion
of women contracting infection was higher with Delta than with
B.1 (Delta: 2557/6238, 41% vs B.1: 1174/3262, 36%; P<.001).
The mean ages when infected with the Delta variant were 37.9
(SD 17.2) years for men and 36.6 (SD 17.6) years for women
and when infected with the B.1 strain were 39.6 (SD 16.9) years
for men and 40.1 (SD 17.4) years for women (P<.001).

Figure 1. Demographic distribution of SARS-CoV-2 B.1.617.2 (Delta) variant versus the wild type (WT) strain (B.1) infections in Indian population.

Patient Status
The cases were noted for all categories for the Delta variant as
well as B.1 (asymptomatic/mildly symptomatic: NDelta=72,
NWT=24; symptomatic/hospitalized: NDelta=262, NWT=130;
living but symptom status not known: NDelta=228, NWT=102;
demised: NDelta =85, NWT=20). The demographic (age groups
and sex) distributions by patient status are shown in Figure S2
in Multimedia Appendix 1.

Symptomatic Illness and Hospitalization
The cases who developed symptoms and required hospitalization
were reported in each age group, including the young group
(0-19 years) for both strains (Figure 2A). However, the young
group (0-19 years; Delta: 27/262, 10.3% vs B.1: 5/130, 3.8%;
P=.02) contributed to the increased proportion of the total

number of symptomatic or hospitalized cases with the Delta
variant. Further, higher proportions of young (Delta: 37/262,
14.1% vs B.1: 4/130, 3.1%) and adult (Delta: 197/262, 75.2%
vs B.1: 72/130, 55.4%) women, but not men, developed
symptoms and required hospitalization with the Delta variant
than with B.1 (P<.001; Figure 2B). The mean ages at developing
symptoms or hospitalization for men and women were 39.6 (SD
17.4) years and 35.6 (SD 16.9) years, respectively, with the
Delta variant and 47 (SD 18) years and 49.5 (SD 20.9) years,
respectively, with the B.1 strain (P<.001). However, in the
multinomial logistic regression model, the risk of symptomatic
illness or hospitalization was marginally higher for those of a
lower age, with borderline statistical significance (odds ratio
[OR] –1.1992, 95% CI 0.95-0.99; P=.046) for both strains. The
viral lineage (OR 0.695, 95% CI 0.415-1.166; P=.17) and sex
(OR 1.052, 95% CI 0.659-1.679; P=.83) had no significant
effect on the estimates (Table 1).
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Figure 2. Distribution of symptomatic or hospitalized cases with SARS-CoV-2 B.1.617.2 (Delta) variant or wild-type (WT) strain (B.1) infections by
(A) age (P=.02; statistical significance set at P<.05) and (B) sex (P<.001; statistical significance set at P<.001).

Table 1. The viral and host factors influencing the clinical outcomes of death and symptomatic illness or hospitalization.

Odds ratio (95% CI)P valuez distributionClinical outcome and predictors

Death

3.034 (1.744-5.277)<.0013.93SARS-CoV-2 lineage: B.1a-Delta

0.934 (0.920-0.947)<.001–9.10Age

0.765 (0.477-1.227).27–1.11Sex: mena-women

Symptomatic illness or hospitalized

0.695 (0.415-1.166).17–1.378SARS-CoV-2 lineage: B.1a-Delta

0.977 (0.956-0.999).046–1.992Age

1.052 (0.659-1.679).830.213Sex: mena-women

aReference predictors: SARS-CoV-2 lineage, age, and sex.

Total Mortality and Odds of Death
Of the total cases, approximately 13.1% (85/647) and 7.2%
(20/276) died due to COVID-19 caused by the Delta and B.1
strains, respectively. However, no deaths were reported for the
Delta variant nor B.1 strain in those aged <20 years (Figure
3A). Further, the adult group contributed to a higher mortality
with Delta variant infections than with B.1 strain infections
(50/85, 59% vs 8/20, 40%; P=.01). When the adult and older
adult age groups were analyzed together, there was greater
mortality for men than women with the Delta variant (men:
58/85, 68% vs women: 27/85, 32%) and B.1 strain (men: 15/20,
75% vs women: 5/20, 25%; P<.001; Figure 3B). Notably,

mortality with the Delta variant was lower for men (Delta: 58/85,
68% vs B.1: 15/20, 75%) but higher for women (Delta: 27/85,
32% vs B.1: 5/20, 25%) than with the B.1 strain (P<.001). The
mean ages at illness-related mortality for men and women were
56.6 (SD 13.5) years and 58.8 (SD 11.4) years, respectively,
with the Delta variant and 60.7 (SD 15.5) years and 50.2 (SD
15.7) years, respectively, with the B.1 strain (P<.001). The odds
of death were higher with Delta variant infections irrespective
of sex (OR 3.034, 95% CI 1.7-5.2; P<.001). Age but not sex
influenced the effect estimates. Lower age was marginally
protective (OR 0.934, 95% CI 0.92-0.95; P<.001) with both
strains (Table 1).
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Figure 3. Distribution of demised cases with SARS-CoV-2 B.1.617.2 (Delta) variant versus wild type (WT) strain (B.1) infections by (A) age and (B)
sex. *Statistical significance set at P<.05; **statistical significance set at P<.001.

Postvaccination Infections
Of all the screened cases with the Delta variant or B.1 strain,
Delta infections following 2 complete doses of vaccines did
occur (24/6238: men=12, women=12); however, no
postvaccination infections were noted with B.1 (0/3262).
Postvaccination infections with the Delta variant were reported
across the age groups (except for those aged 0-9 years or 10-19
years, which is explained by the fact that COVID-19 vaccines

were not administered to individuals younger than 18 years in
India until the period of this study) and for both sexes (Figure
4). The mean ages at postvaccination infection were 44.48 (SD
16.17) years for all cases, 40.4 (SD 11.9) years for men, and
47.8 (SD 20.4) years for women. No significant differences
were noted in the frequency of postvaccination infections in
terms of age groups and sex. Of all postvaccination infections,
88% (21/24) were with Covishield [28], and the rest (3/24, 12%)
were with Covaxin [29].

Figure 4. Demographic distribution of postvaccination (2 complete doses) SARS-CoV-2 B.1.617.2 (Delta) variant infections.

Discussion

Principal Findings
Our analyses revealed essential observations indicating a shift
in clinical and epidemiological characteristics of the COVID-19
pandemic from the WT strain B.1 to the Delta variant. With the
Delta variant, more young individuals (<20 years) and adult

women contracted the infection. In addition, an increased
proportion of the young (<20 years) and adult population
developed symptoms and required hospitalization. The mean
age at COVID-19 infection and developing symptomatic illness
or hospitalization was considerably lower. A disproportionate
number of cases who developed symptomatic illness or were
hospitalized was noted by sex: An increased proportion of young
and adult women was affected. The mortality rate was about
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1.8 times higher. Sex-specific contributions to the mortality
data were lower for men but higher for women. However, the
odds of death increased with age, irrespective of sex. Further,
we noted multiple COVID-19 infections with the Delta variant
following 2 complete vaccine doses.

Studies analyzing the demographic characteristics of the Delta
variant in the Indian population are currently scarce. Recently,
Kumar et al [30] presented their observations on the Indian
population using data from the national clinical registry for
COVID-19. The authors studied the clinical profiles of
hospitalized patients during the second COVID-19 wave, mainly
driven by the Delta variant [11,21]. Authors have also studied
hospitalized cases in the first COVID-19 wave, primarily caused
by WT strains [11,21]. However, the diagnosis of COVID-19
in cases included in this study was based on polymerase chain
reaction test results, and no viral genomic sequencing was
performed to ensure that the analyzed cases only represented
those caused by the Delta variant or WT strains in the respective
waves. The authors noted a decrease in the mean age of the total
population who contracted infection and a reduction in the
proportion of cases who were men during the second wave. The
authors noted that mortality among hospitalized patients was
13.26% in the second wave, which was 3.1% higher than in the
first wave. The increase in mortality was seen in all age groups
in their study except for those aged <20 years, for whom
mortality decreased [30]. We observed a similar trend in the
susceptibility for contracting infection and risk of mortality in
terms of age and sex, except we noted greater total mortality
with the Delta variant (13.1%) than with the WT strain (7.2%).
However, no deaths with either strain were noted in those aged
<20 years in this study.

India is one of the world’s most populated countries, with a
very high proportion of young people (approximately 45% are
<20 years old) [31]. Our analyses show that, in comparison with
B.1, Delta variant infections have occurred at considerably
higher proportions in those <20 years old, particularly for those
aged 0 years to 9 years (Delta: 4.5% vs B.1: 2.3%). The
proportion of symptomatic cases and those requiring hospital
admission was also higher in the young group (Delta: 10% vs
B.1: 4%; Figure 2A). These findings indicate an age shift for
the Delta variant, as COVID-19 infections with the WT strains
were not common in young people and development of severe
symptoms and the need for hospitalization were primarily
limited to adults, more specifically older adults [17,18].

We observed that a higher proportion of women than men
contracted the infection and developed symptoms or were
hospitalized; in addition, mortality was lower in men but higher
in women with the Delta variant than with the B.1 strain.
Biologically, the severity of illness and mortality risks are
considered lower for women than men for infectious diseases
that affect mammals, including humans [32]. A higher
vulnerability for contracting infection and symptomatic disease
for women and narrowing the sex gap in mortality risk with the
Delta variant present a paramount epidemiological concern.

Increased involvement of the younger age groups, primarily
those aged 0 years to 19 years and of the female sex, in Delta
variant infections compared with WT strains was indicated by

studies and surveillance reports in the United Kingdom
following a surge in Delta variant infections [8,33]. Despite the
established immunological advantage for younger individuals
[19,20,34] and women [16], as were reflected in infections with
WT strains [16,18], increased risks of contracting infection and
greater illness severity in these demographic groups indicate
enhanced virulence and lethality with the Delta variant.

Last, the multiple Delta variant infections following 2 complete
doses of COVID-19 vaccines in our study are supported by
previous reports of vaccine breakthrough infections with this
variant, including those from the Indian population [9,35].

The findings of this study and others describing demographic
and clinical involvement in Delta variant infections confirm a
shift from the established pattern for WT strains. Multiple
factors could contribute to this epidemiological shift, most
importantly, the variant’s intrinsic properties, such as increased
transmissibility, virulence, and immune escape capabilities, as
have been indicated by recent studies [7-9,11,30,36]. A sudden
spurt in the number of cases during the second wave and
consequent burden on the emergency health response system
could have contributed to the increased mortality noted with
the Delta variant. In contrast, the prioritized vaccination of those
aged >45 years might have protected the vaccinated older adult
population and contributed to lowering the mean age for
COVID-19 involvement. On the other hand, in the initial period
of the first COVID-19 wave, there was a shortage of diagnostic
and COVID-19 care facilities and skilled health personnel in
the country as well as limited knowledge about the prevention
and therapeutic management of the pandemic. When combined,
these limitations might have had an impact on the quality of the
available epidemiological and clinical data related to WT strains.

Limitations of the Study
Our study has multiple limitations that must be considered when
interpreting the findings. First, our data for reporting
postvaccination infections and patient status are limited; hence,
related observations may require further validation from studies
with a larger sample size. Second, the vaccination status data
were unavailable in most of the accessed genomic sequence
reports; hence, our data for postvaccination infections do not
reflect the incidences of such cases in the total population. Our
study does not rule out that actual incidences of postvaccination
infections (after 2 complete doses) with the Delta variant could
be higher. In addition, the noted 0 postvaccination infections
with B.1 in our study could be an underestimation, as COVID-19
vaccines were yet to be made available to the masses in India
during the first wave when the WT strains caused most of the
infections.

Moreover, owing to the limited availability of vaccination status
details for the screened cases in the studied database, we cannot
comment conclusively on the efficacy of the vaccines noted in
this study. Third, we have not considered the influence of
confounding factors, such as comorbidities, vaccination status,
and previous COVID-19 infection, on the clinical outcomes of
the studied cases, which may have influenced the quality of the
results. Last, although we applied no age, sex, nor
region-specific filters when acquiring the data, a complete
absence of selection bias cannot be assured when uploading the
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primary data on GISAID. However, any inherent bias in the
primary data will likely be nondifferential and may not
significantly impact the comparative analysis between the viral
strains.

Conclusions
In conclusion, our study reveals greater proportions of infected
young individuals and women, a lower mean age for illness,

greater mortality, and frequent postvaccination infections with
the Delta variant than with the WT (B.1) strain. Collectively,
the findings of this study elaborate on the changing demographic
characteristics of the COVID-19 pandemic with the emergence
of the Delta variant. These findings are essential because we
have only considered in the analyses those COVID-19 cases
for whom Delta variant infections were confirmed by genomic
sequencing, ensuring the accuracy of the presented data.
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Abstract

Background: There has been a global decrease in seasonal influenza activity since the onset of the COVID-19 pandemic.

Objective: We aimed to describe influenza activity during the 2021/2022 season and compare it to the trends from 2012 to
2023. We also explored the influence of social and public health prevention measures during the COVID-19 pandemic on influenza
activity.

Methods: We obtained influenza data from January 1, 2012, to February 5, 2023, from publicly available platforms for China,
the United States, and Australia. Mitigation measures were evaluated per the stringency index, a composite index with 9 measures.
A general additive model was used to assess the stringency index and the influenza positivity rate correlation, and the deviance
explained was calculated.

Results: We used over 200,000 influenza surveillance data. Influenza activity remained low in the United States and Australia
during the 2021/2022 season. However, it increased in the United States with a positive rate of 26.2% in the 49th week of 2022.
During the 2021/2022 season, influenza activity significantly increased compared with the previous year in southern and northern
China, with peak positivity rates of 28.1% and 35.1% in the second week of 2022, respectively. After the COVID-19 pandemic,
the dominant influenza virus genotype in China was type B/Victoria, during the 2021/2022 season, and accounted for >98%
(24,541/24,908 in the South and 20,543/20,634 in the North) of all cases. Influenza virus type B/Yamagata was not detected in
all these areas after the COVID-19 pandemic. Several measures individually significantly influence local influenza activity,
except for influenza type B in Australia. When combined with all the measures, the deviance explained values for influenza A
and B were 87.4% (P<.05 for measures of close public transport and restrictions on international travel) and 77.6% in southern
China and 83.4% (P<.05 for measures of school closing and close public transport) and 81.4% in northern China, respectively.
In the United States, the association was relatively stronger, with deviance-explained values of 98.6% for influenza A and 99.1%
(P<.05 for measures of restrictions on international travel and public information campaign) for influenza B. There were no
discernible effects on influenza B activity in Australia between 2020 and 2022 due to the incredibly low positive rate of influenza
B. Additionally, the deviance explained values were 95.8% (P<.05 for measures of restrictions on gathering size and restrictions
on international travel) for influenza A and 72.7% for influenza B.

Conclusions: Influenza activity has increased gradually since 2021. Mitigation measures for COVID-19 showed correlations
with influenza activity, mainly driven by the early stage of the pandemic. During late 2021 and 2022, the influence of mitigation
management for COVID-19 seemingly decreased gradually, as the activity of influenza increased compared to the 2020/2021
season.
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Introduction

Seasonal influenza is an epidemic disease caused by the
influenza virus with a high burden and severity. The World
Health Organization (WHO) and the Centers for Disease Control
and Prevention of most countries jointly coordinate influenza
surveillance and report weekly data on human seasonal influenza
viruses, including the activities of A (H1N1), A (H3N2),
B/Victoria, and B/Yamagata. Data obtained through virology
surveillance in temperate locations have demonstrated a
consistent seasonal pattern with this seasonality being weaker
in subtropical and tropical locations [1].

The WHO declared the COVID-19 pandemic on March 11,
2020. Accordingly, governments worldwide launched different
levels of mitigation strategies. Subsequently, several
northern-hemisphere countries showed a notable decrease in
the acute respiratory tract infection or influenza-like illness (ILI)
consultation rates at the end of the 2019/2020 season and during
the 2020/2021 season compared with the rates in previous years
[2-4]. In 2020, there were decreased influenza burdens and
activity in southern-hemisphere countries, which varied among
the countries [5]. In China, compared to the average levels
during 2012-2019, the positive rate of influenza virus decreased
during 2020 with changes of –87.6% [6]. Similar variations
have been observed for other respiratory viruses in China and
the United States [6,7].

Decreased influenza transmission dynamics during the
2019/2020 season mainly resulted from the public health and
social measures implemented to mitigate the COVID-19
pandemic [8,9]. The reducing outpatient ILI consultations in
cities of China were also caused by the mitigation measures
[10]. Influenza activity and seasonal patterns were influenced
by COVID-19, and the activity of these 2 diseases suppressed
and competed with each other, showing a seesaw effect [11].
The study also found that population susceptibility increased
in both China and the United States, which might lead to large,
high-intensity influenza outbreaks in the 2022/2023 season [12].
Furthermore, the lack of exposure to influenza together with
unpredictable antigenic changes may have reduced population
immunity, which could lead to a more severe influenza season
after the COVID-19 mitigation measures are lifted [13].

Prior to the COVID-19 pandemic, influenza virus subtypes and
lineages were cocirculated and the predominant subtypes varied
each year, while after the pandemic the B/Victoria lineage
dominated in 2020/2021 in Chongqing, China [14]. Large
changes occurred in influenza subtype distribution during the
pandemic, including the sharp decrease in the global prevalence
of B/Yamagata viruses and a temporal increased prevalence of

B/Victoria virus in the Western Pacific Region [15]. The
unexpected activities of these viruses were potential risks.
Therefore, there is a need to elucidate variations in the
epidemiology and transmission characteristics of the influenza
virus since the COVID-19 pandemic [16]. Meanwhile, it is
necessary to monitor and update knowledge on the circulation
types and subtypes to prepare for future outbreaks [17].
Moreover, given the uncertainty regarding incoming influenza
strains and the influence of COVID-19 prevention measures, it
is important to perform surveillance of influenza activity and
reevaluate the influence of COVID-19 measures on it. Using
influenza surveillance data collected from the WHO, we aimed
to describe the epidemiologic characteristics of influenza from
2012 to 2023 as well as to explore the correlation between
influenza activity and public health and social measures.

Methods

Data Collection
We obtained influenza data from January 1, 2012, to February
5, 2023 (data download on February 17, 2023) for the countries
and areas of the United States, and Australia from the publicly
available platform WHO FluNet, which is remotely provided
by the National Influenza Centers of the Global Influenza
Surveillance and Response System (GISRS). We also obtained
data for the southern and northern areas of China from the
Chinese National Influenza Center database. We analyzed data
differently by region in China because influenza epidemiologic
features differ between the South and North [8]. Meanwhile,
the 2 regions have different climatic characteristics. We chose
these areas because they are members of WHO Collaborating
Centers, meanwhile, the United States and Australia are also
members of the WHO Essential Regulatory Laboratories within
GISRS, and we believed that there would be accurate data
reported to the GISRS from these areas. Meanwhile, China, the
United States, and Australia were selected as countries
representing each of the 3 WHO transmission zones, where each
zone covers a geographical group of countries with different
influenza transmission patterns [18]. China and the United States
both include tropical, subtropical, and temperate zones, and
they are part of the Eastern Asia influenza transmission zone,
and the North America influenza transmission zone,
respectively. Australia is mainly temperate and located in the
Oceania, Melanesia, and Polynesia influenza transmission zones.
The influenza activity from 2012 to 2023 is detailed in Figure
1, Table 1, and Multimedia Appendix 1. Then the
influenza-positive rates among surveillance samples are further
illustrated in Figure 2, and the proportion of influenza subtypes
is detailed in Figure 3.
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Figure 1. Seasonal influenza activity from 2012 to early 2023 with virus types or subtypes across different areas. Surveillance data are obtained from
WHO FluNet and the Chinese National Influenza Center database.
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Table 1. Comparison of influenza activity features during 2017-2022 in China, the United States, and Australia.

2017/20182018/20192019/20202020/20212021/2022Years

Southern Chinaa

393112022Influenza season duration
(weeks)

3551/7615 (46.6)4527/9935 (45.6)2262/4676 (48.4)387/4565 (8.5)1471/5244 (28.1)Influenza activity peak,
n/N (%)

1915/7615 (25.2)4503/9935 (45.3)1300/4676 (27.8)0/4565 (0)1/5244 (0)Influenza virus type A, n/N
(%)

1636/7615 (21.5)24/9935 (0.2)962/4676 (20.8)387/4565 (8.5)1470/5244 (28)Influenza virus type B, n/N
(%)

Week 3, 2018Week 3, 2019Week 1, 2020Week 39, 2021Week 2, 2022Week of peak

Northern Chinaa

182510017Influenza season duration
(week)

2874/5931 (48.5)2547/5681 (44.8)2363/5031 (47)228/2605 (8.75)1738/4946 (35.1)Influenza activity peak,
n/N (%)

1500/5931 (25.3)2513/5681 (44.2)2175/5031 (43.2)0/2605 (0)0/4946 (0)Influenza virus type A, n/N
(%)

1374/5931 (23.2)34/5681 (0.6)188/5031 (3.7)228/2605 (8.75)1738/4946 (35.1)Influenza virus type B, n/N
(%)

Week 1, 2018Week 3, 2019Week 1, 2020Week 21, 2021Week 2, 2022Week of peak

United Statesa

21191700Influenza season duration
(week)

22,933/75,195
(30.5)

17,178/58,082 (29.6)25,412/77,514 (32.8)72/26,843 (0.3)7682/83,426 (9.2)Influenza activity peak,
n/N (%)

18,948/75,195
(25.2)

16,660/58,082 (28.7)15,461/77,514 (20)38/26,843 (0.1)7652/83,426 (9.2)Influenza virus type A, n/N
(%)

3985/75,195 (5.3)518/58,082 (0.9)9951/77,514 (12.8)34/26,843 (0.1)30/83,426 (0)Influenza virus type B, n/N
(%)

Week 2, 2018Week 9, 2019Week 6, 2020Week 41, 2020Week 15, 2022Week of peak

Australiab

1240007Influenza season duration
(week)

73/409 (17.9)912/3119 (29.2)113/1170 (9.7)1/1606 (0.1)1460/9662 (15.1)Influenza activity peak,
n/N (%)

55/409 (13.5)844/3119 (27.1)103/1170 (8.8)1/1606 (0.1)1455/9662 (15.1)Influenza virus type A, n/N
(%)

18/409 (4.4)68/3119 (2.2)10/1170 (0.9)0/1606 (0)5/9662 (0.1)Influenza virus type B, n/N
(%)

Week 7, 2018Week 23, 2019Week 4, 2020Week 6, 2021Week 24, 2022Week of peak

aFrom week 40 of the previous year to week 39 of the next year.
bFrom week 45 of the previous year to week 44 of the next year.
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Figure 2. Influenza activity after the COVID-19 pandemic in China, the United States, and Australia. Surveillance data are obtained from WHO FluNet
and the Chinese National Influenza Center database. The dark red and red dot lines indicate positivity rates of 10% and 5%, respectively.

Figure 3. Influenza virus subtypes distribution from 2012 to early 2023 among different areas. (A) Southern China. (B) Northern China. (C) The United
States. (D) Australia. Red indicates the presence of the H1N1 influenza virus. Orange indicates the H3 influenza virus. Yellow indicates the unsubtyped
influenza A. Dark blue indicates the influenza virus of the Victoria lineage. Light blue indicates the influenza virus of the Yamagata lineage. Blue
indicates an unknown influenza virus of type B. The white areas indicate no reported cases of influenza from Australia to the FluNet during the period
from 2020 week 17 to 2022 week 6, and no reported cases to the Chinese National Influenza Center database from 2020 week 16 to 2020 week 53 in
China.
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The stringency index (SI) is a composite index for measuring
the strictness of “lockdown style” policies that primarily restrict
people’s behaviors, and it is rescaled to a value from 0 to 100
(100=strictest). It was proposed by the Balavatnik School of
Government, University of Oxford [19]. The SI is calculated
using 9 metrics as follows: C1, school closing; C2, workplace
closing; C3, cancel public events; C4, restrictions on gathering
size; C5, close public transport; C6, “shelter-in-place” and home
confinement orders; C7, restrictions on internal movements;

C8, restrictions on international travel; and H1, public
information campaign. Each index for all the 9 strategies was
calculated and acquired from the publicly available platform
proposed by the Balavatnik School of Government, University
of Oxford [20]. This data was downloaded on September 27,
2023, and updated until December 31, 2022. Further analysis
of the correlation between influenza activity and SI was detailed
in Tables 2 and 3, Figure 4, and Multimedia Appendix 1.

Table 2. Influence of individual management measure on influenza virus A and B activity in China, the United States, and Australia during 2020-2022a.

AustraliaUnited StatesNorthern ChinaSouthern ChinaMeasures

DEB (%, P value)DEA (%, P
value)

DEB (%, P
value)

DEA (%, P
value)

DEB (%, P
value)

DEA (%, P
value)

DEB (%, P
value)

DEA
b (%, P

value)

41.6 (.18)78 (<.001)d94 (<.001)d88.5 (<.001)d48.2 (<.001)d77.4 (<.001)d43.8 (<.001)d65.8 (<.001)dC1c

69.8 (.04)d88.5 (<.001)d97.5 (<.001)d80.9 (<.001)d56.5 (<.001)d70 (<.001)d51.2 (<.001)d51 (<.001)dC2e

69.4 (.049)d84.6 (<.001)d90.1 (<.001)d91.1 (<.001)d39.1 (<.001)d59.9 (<.001)d34.6 (.01)d38.3 (<.001)dC3f

67.9 (.02)d87.1 (<.001)d91.2 (<.001)d92 (<.001)d40.5 (<.001)d55.7 (<.001)d36 (<.001)d35.9 (<.001)dC4g

73.8 (.06)50.3 (<.001)d94.8 (<.001)d83.8 (<.001)d44.7 (<.001)d53.6 (<.001)d36.4 (.001)d47.5 (<.001)dC5h

43.1 (.19)66 (<.001)d94.9 (<.001)d79.6 (<.001)d54.2 (<.001)d54.2 (<.001)d37.2 (<.001)d37.2 (<.001)dC6i

62 (.04)d63.2 (<.001)d77.9 (.001)d54.1 (<.001)d43.4 (<.001)d51.9 (<.001)d37.6 (.004)d36.2 (<.001)dC7j

46.8 (.03)d84.3 (<.001)d77.7 (<.001)d65.2 (<.001)d53.2 (<.001)d76.6 (<.001)d53.2 (<.001)d80.7 (<.001)dC8k

45 (.02)d40.3 (<.001)d97.6 (<.001)d53.9 (<.001)d39.4 (<.001)d59.6 (<.001)d34.7 (.04)d37.8 (<.001)dH1l

aA implies the activity of influenza virus type A and B implies the activity of influenza virus type B.
bDE: deviance explained.
cC1: school closing.
dSignificant at P<.001.
eC2: workplace closing.
fC3: cancel public events.
gC4: restrictions on gathering size.
hC5: close public transport.
iC6: “shelter-in-place” and home confinement orders.
jC7: restrictions on internal movements.
kC8: restrictions on international travel.
kH1: public information campaign.
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Table 3. Influence of all the 9 management measures combined on influenza virus A and B activity in China, the United States, and Australia during
2020-2022

AustraliaUnited StatesNorthern ChinaSouthern ChinaMeasures

P value
(B)

P value
(A)

Deviance
explained

P value
(B)

P value
(A)

Deviance
explained

P value
(B)

P value
(A)

Deviance
explained

P value
(B)

P value
(A)

Deviance
explained

95.8%
(A),
72.7%
(B)

98.6%
(A),
99.1%
(B)

83.4%
(A),
81.4%
(B)

87.4%
(A),
77.6%
(B)

—d.44.35.90.04c.003c<.001c.72C1b

.73.06.46.04c.97.35.34.62C2e

.59.31.96.03c.16.11.48.13C3f

.62<.001c.75.22.08.22.15.15C4g

—.13.76.01c<.001c.02c<.001c.002cC5h

—.26.25.14.42.36.001c.13C6i

.67.43.99.61.07.16.001c.21C7j

.80.04c.02c.30.001c.06<.001c<.001cC8k

.49.30<.001c.004c.049.36.87.16H1l

aA implies the activity of influenza virus type A and B implies the activity of influenza virus type B.
bC1: school closing.
cSignificant at P<.05.
dNot applicable.
eC2: workplace closing.
fC3: cancel public events.
gC4: restrictions on gathering size.
hC5: close public transport.
iC6: “shelter-in-place” and home confinement orders.
jC7: restrictions on internal movements.
kC8: restrictions on international travel.
lH1: public information campaign.
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Figure 4. Correlation between the stringency index and the influenza positivity rate in different countries or areas since the COVID-19 pandemic. (A)
Southern China. (B) Northern China. (C) The United States. (D) Australia. The dark line represents the stringency index. The red line represents the
positivity rate of influenza type A, and the blue line represents the positivity rate of influenza type B. R-sq(A) represents the determination coefficient
between influenza type A and the stringency index. In contrast, R-sq(B) represents the determination coefficient between influenza type B and the
stringency index. Dashed lines indicate different management measures, including C1, C2, C3, C4, C5, C6, C7, C8, and H1. The measures that significantly
affected influenza activity are displayed in the figure. C1: school closing; C2: workplace closing; C3: canceling public events; C4: restrictions on
gathering size; C5: closing public transport; C6: stay-at-home requirements; C7: restrictions on internal movement; C8: restrictions on international
travel; H1: public information campaign.

Related Definitions
All of these 3 areas test for influenza virus through ILI cases,
and different countries followed their own definition for the
diagnosis of ILI. An ILI case in China is defined as a fever
(temperature ≥38 ℃) with a cough or sore throat [21]. ILI in
the United States is defined as a fever (temperature of 100 °F
[37.8 °C] or greater) and a cough or a sore throat [22]. The
Communicable Diseases Network Australia guidelines define
ILI as a triad of fever ≥38 °C, respiratory symptoms, and
systemic symptoms [23]. The WHO case definition for ILI is
an acute respiratory tract infection with temperature ≥38 ℃ and
cough, with onset within the last 10 days [23].

The number of specimens that tested positive for influenza virus
(with confirmation of the type and subtype) is presented as a
percentage of the total number of tested specimens. An influenza
positivity rate of ≥10% and <10% for ≥2 consecutive weeks
indicates the start and end of seasonal influenza activity,
respectively. Weeks were defined using the International
Organization for Standardization 8601 standard weeks. Each

season was analyzed from week 40 of the previous year to week
39 of the next year in China and the United States, and for
Australia, it was from the 45th week of the previous year to the
44th week of the next year.

Statistical Analysis
Heat maps were applied to depict the influenza virus subtypes
epidemiologic characteristics from 2012 to early 2023 (Figure
1). The influenza virus subtypes proportion was illustrated from
2012 to early 2023, and graphs were generated by Prime 8
(version 8.3.1; GraphPad Software, LLC; Figure 3). In the
current analysis, we used the SI as an index for the evaluation
of public health and social measures (Tables 2 and 3, Figure 4,
and Multimedia Appendix 1). The value of the index is the
average of 9 subindices about the individual policy indicators,
each taking a value from 0 to 100. The Balavatnik School of
Government provided daily SI, and the daily SI data were
converted to weekly averages to be consistent with the ILI data,
detailed in Multimedia Appendix 1. The general additive model
was used to assess the correlation between the SIs (defined as
an independent variable, Xi) and the influenza-positive rate
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(defined as the dependent variable, Yt). The deviance explained
was calculated to estimate the contribution value of the
independent variable to the dependent variable, and the

determination coefficient (R2) was calculated to assess the
goodness of fit of the models (Multimedia Appendix 1).

Statistical analyses were conducted using R (version 4.2.3; The
R Foundation). Statistical significance was set at P<.05.

Ethical Considerations
This study was conducted with data from publicly available
platforms, where the data were published. The research involves
the use of collections of information or data from which all
personal identifiers have been removed before being received
by the researchers. Additionally, according to the ethical
requirement from China (article 32), the United States (page
4), and Australia (section 5, article 5.1.17), the research using
these data may be eligible for a grant of exemption from ethics
review [24-26].

Results

Characteristics Regarding Seasonal Influenza Activity
From 2012 to Early 2023
We used over 200,000 influenza surveillance data in the current
analysis. In mainland China, the United States, and Australia,
the influenza activity showed obvious seasonal peaks previous
to the COVID-19 pandemic. Figure 1 shows the distribution of
all influenza genotypes from 2012 to 2023 (Figure 1). The
influenza epidemiologic features in these 4 regions differed
before and during the pandemic, and the new epidemiologic
features are also different in each area. Since the COVID-19
pandemic, there has been a gradual decrease in the influenza
positivity rate, which was <10% in China and Australia by the
time WHO declared COVID-19 a pandemic (Figure 2). The
influenza positivity rate remained <5% during the 2020/2021
season in all 4 regions. Influenza activity remained low in the
United States, and Australia during the 2021/2022 season, with
peak positivity rates of 9.2% (mainly influenza A), 7682 of
83,426 surveillance samples, in week 15, 2022, and 15.1%
(mainly influenza A), 1460 of 9662 surveillance samples, in
week 24, 2022, respectively. During the 2021/2022 season,
influenza activity significantly increased compared with the
previous year in southern and northern China, with peak
positivity rates of 28.1% (mainly influenza B), 1471 of 5244
surveillance samples, and 35.1% (mainly influenza B), 1738 of
4946 surveillance samples, in the second week of 2022,
respectively, and with 2 seasonal influenza activity peaks during
winter and summer in northern instead of southern China (Figure
2 and Table 1).

For China, the influenza season durations were significantly
shorter during the 2019/2020, and 2020/2021 seasons, however,
the durations tended to be similar to the prepandemic during
the 2021/2022 season (22 weeks in the south and 17 weeks in
the north). The influenza season durations were significantly
shorter during the 2020/2021 (0 weeks) and 2021/2022 seasons
(0 weeks) in the United States, and during the 2019/2020 (0
weeks), 2020/2021 (0 weeks), and 2021/2022 seasons (7 weeks)
in Australia (Table 1). For China and Australia, compared to

the 2020/2021 season, the influenza season duration was much
longer, and the activity peaks were higher during the 2021/2022
season (Table 1). For the United States, influenza activity
increased with a positivity rate of over 10% at the end of 2022
(Figure 2).

Variations in the Features of the Influenza Virus Since
the COVID-19 Pandemic
Figure 3 details the influenza virus types and subtypes. During
the last 8 prepandemic years, type A was the dominant influenza
virus genotype for most of the time in all 3 areas. The dominant
influenza virus genotype after the COVID-19 pandemic
gradually became type B (mainly Victoria) in China during the
winter of 2021/2022 (proportion >98%, 24,541/24,908 in the
South and 20,543/20,634 in the North). Then in April 2022,
type B/Victoria was decreased. However, type A (H3) became
the dominant subtype (proportion >99%) in southern China
(18,667/18,822) first and in northern China (3268/3278) later.
Contrastingly, the dominant influenza virus genotype during
the 2021/2022 season was type A in the United States and
Australia (proportion >90%, 153,735/155,565 and 8752/8769,
respectively) for the 2 countries. In all these 4 areas, influenza
virus type B/Yamagata has not been detected since the
COVID-19 pandemic.

Correlation of Public Health and Social Measures for
COVID-19 With Seasonal Influenza Activity
Seasonal influenza activity was impacted by the COVID-19
pandemic. We analyzed the correlation between the SI and the
influenza positivity rate (Tables 2 and 3, and Figure 4). All 9
management measures were individually evaluated and detailed
in Table 2. Most of these measures significantly affected the
positive rate of influenza types A and B. However, for influenza
B in Australia, measures C1 (school closing), C5 (closing public
transport), and C6 (shelter-in-place and home confinement
orders) affected the positive rate without significant differences
(Table 2).

We further analyzed the combined effect of all measures on
influenza-positive rates (Table 3 and Figure 4). When combined,
measures C1 (school closing), C5 (closing public transport),
C6 (shelter-in-place and home confinement orders), C7
(restrictions on internal movements), and C8 (restrictions on
international travel) significantly affected influenza A or B
activity (P<.05) in southern China. In northern China, C1 and
C5 significantly affected influenza (both A and B) activity
(P<.05), and C8 significantly affected influenza B activity
(P<.05). The deviance explained value for influenza A was
87.4% and for influenza B was 77.6% in southern China, while
for influenza A and B in northern China, it was 83.4% and
81.4%, respectively. In the United States, C2 (workplace
closing), C3 (cancel public events), C5, and H1 (public
information campaign) significantly affected the influenza A
positive rate, and C8 and H1 affected the positive rate of
influenza B. The correlation between the SI and influenza
activity was relatively stronger, with deviance-explained values
of 98.6% for influenza A and 99.1% for influenza B in the
United States (Table 3). In Australia, C5 and C8 affected
influenza A activity significantly (P<.05). As the positive rate
of influenza B was extremely low from 2020 to 2022, no
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significant effects were found on the influenza B activity. The
correlation between the SI and the influenza positivity rate in
Australia was 95.8% for influenza type A and 72.7% for
influenza type B. However, despite the high level of the SI in
China, influenza activity increased in 2021 compared to 2020.

Discussion

Principal Results
We analyzed influenza surveillance data from China, the United
States, and Australia to describe influenza activity within 10
years before and after the COVID-19 pandemic. The
implementation of public health and social measures in China
and the United States contributed to decreased influenza activity
during the 2019/2021 season [7,8]. However, we observed a
gradual increase in influenza activity starting from the beginning
of 2021 reaching 28.1% (1471/5244) in southern China and
35.1% (1738/4946) in northern China by the second week of
2022. Contrastingly, influenza activity in the United States, and
Australia during the 2021/2022 season remained low, even
though it was slightly higher than during the 2020/2021 season
(Figure 2 and Table 1). However, by the end of 2022 and early
2023, influenza activity increased in the United States, with a
positivity rate of 26.2% in the 49th week of 2022. Notably, the
dominant influenza virus genotype since the COVID-19
pandemic in China, especially during the 2021/2022 season,
was type B/Victoria, which then transformed to type A (H3) in
April 2022. The dominant virus was type A in the United States
and Australia during 2022 and early 2023. Postpandemic
variations in influenza activity were correlated with the public
health and social measures for COVID-19. However, it is
important to consider that there may be other factors affecting
influenza activity and emerging as new epidemiological features.

In Canada, surveillance data obtained during the 2021/2022
season revealed persistent sporadic influenza activity, with the
predominant virus subtype being A (H3N2) [27]. Similarly,
type A (H3) was predominant in the United States, with
laboratory-confirmed influenza showing a low positivity rate
during the 2021/2022 season. However, the positivity rate
increased at the end of 2022 and then decreased at the beginning
of 2023. In Australia, type A (H3) was dominant in May and
June 2022, and then the influenza positivity decreased and
maintained a low level until 2023. China showed unique changes
in the dominant influenza virus type, which was type B/Victoria
during the 2021/2022 season. Another study found that before
the COVID-19 outbreak, influenza A viruses dominated in
China, whereas influenza B/Victoria viruses dominated during
the 2020/2021 season [15]. Our results underscored that type
B/Victoria dominated in China until April 2022, with a positivity
rate of over 25% in both southern and northern regions during
the 2021/2022 winter. During the influenza season, type B
usually results in mild symptoms and less frequent epidemics
and has never caused pandemics in humans [28]. The
epidemiological characteristics of influenza during the
2021/2022 season in China, specifically before January 2022,
included single-type spreading and a relatively higher activity
peak compared to the previous year. These characteristics could
be attributed to restricted inbound travels and within-country

transmission, which was also the dominant transmission
mechanism for COVID-19 in China [29]. As results displayed
in our study, in China during 2020-2021, the SI remained at a
high level. However, the restrictions on population internal
movements were fluctuant, and sometimes even measures such
as “restrictions on internal movements” or “close public
transport” were canceled (Figure S1 in Multimedia Appendix
1). This led to the emergence of influenza cases in 2021, albeit
at a low level. Compared to domestic movement mitigation, the
mitigation of international travel had a larger effect [30]. The
measure of restrictions on international travel significantly
affected the activities of influenza in China, and the positive
rate of influenza (B/Victoria) increased by over 10% after the
relaxation of international travel in 2021 (Figure 4 and Table
3). Influenza type A (H3N2) first emerged in southwestern
China in early 2022, extensively spreading in southern China,
and finally reaching northern China in July 2022. It may have
entered China from Southeast Asia.

Currently, promoting vaccination coverage remains the primary
strategy for controlling influenza [31]. The COVID-19 pandemic
increased the likelihood of receiving an influenza vaccine in
the United States [32], England [13], and Australia [33].
However, in China, the influenza vaccination rate remains low;
moreover, parental acceptance of childhood vaccination is still
low (29% in northwestern China) [34]. This could explain the
relatively higher influenza activity in China compared with the
United States, and Australia.

The low influenza activity during the 2020/2021 season is
mainly attributable to public health and social measures [8]. A
modeling study predicted that influenza activity would return
to prepandemic levels during the 2021/2022 season after easing
the current mitigation measures for COVID-19 [35]. Even
though significant correlations between the SI and influenza
positivity rates were found in Australia and the United States,
these correlations were mainly driven by the early phase of the
pandemic and fluctuations in mitigation measures during 2022.
Although we observed a relatively higher influenza activity
peak during the 2021/2022 season in China, the local mitigation
measures were still strictly implemented, as indicated by the
SI. The potential explanation might be that the SI was a
composite index, and the high number of SIs for China might
be driven by international travel controls instead of restrictions
on internal movements (Figure S1 in Multimedia Appendix 1).
However, there are differences in the effectiveness of various
mitigation measures in reducing virus transmission. For
example, a previous study showed that mask-wearing was more
effective than mitigating travel or movement, while interventions
targeting international travel were more effective than those
targeting domestic travel [30]. Implementing optimized
strategies with composite measures would help in quickly
responding to unpredictable respiratory infectious diseases.
Furthermore, it is necessary to evaluate the effectiveness of
different measures, which can help establish optimized strategies
in the future.

There are immunopathological similarities between the influenza
virus and SARS-CoV-2 [36]. Additionally, influenza vaccination
is associated with reduced susceptibility to or severity of
COVID-19 [37]. Therefore, the observed correlations in this
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study might not be limited to the influence of public health and
social measures. Multi-pathogen mutual interference might also
play an important role in current influenza activities. During
the current unstable phase, it is important to monitor influenza
and other respiratory pathogens’activities simultaneously. Rapid
integration of multi-pathogen testing and surveillance would
help prevent emerging pathogens from evolving into another
pandemic [38]. Currently, it is crucial and timely to track the
activity of influenza and re-evaluate the effect of COVID-19
mitigation measures, because as the pandemic progresses and
after, more factors will emerge that affect influenza activity.
Meanwhile, it is also essential to strictly surveil the seasonal
influenza activity and the variation of pathogens because the
COVID-19 pandemic influenced the features of seasonal
activities.

Limitations
This study has several limitations. First, the evaluation of the
effect of other measures, such as mask-wearing, was not
supported by the currently available data, despite their reported
significant impact on influenza activities. Second, we did not
consider climate and environmental factors. In the early stage

of the COVID-19 pandemic, public health and social measures
had the strongest influence on influenza activity [6]. However,
temperature, wind speed, and a particulate matter level of 2.5
also influence the transmission of some respiratory infectious
diseases [39].

Conclusions
This study provides an updated report on influenza activity in
4 areas from 2012 to early 2023, as well as the impact of public
health and social measures for COVID-19 on influenza activity.
Our findings indicate an increase in influenza activity in these
3 countries. While there were correlations between mitigation
measures for COVID-19 and influenza activity, the main driving
force was the early stage of the pandemic. The role of mitigation
management in influencing influenza activity varied across
different stages of the pandemic and among different countries.
It is crucial to maintain vigilance to prevent influenza and other
respiratory pathogens from causing epidemics. Further studies
are warranted to investigate the reasons behind the variations
in dominant virus subtypes across regions and to assess the
influence of individual mitigation measures, climate factors,
and the activity of other pathogens on influenza.
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Abstract

Background: There is a lack of investigation into the dynamics of blood lipids before, during, and after diurnal fasting, especially
in inactive men.

Objective: This study determined dynamic changes in blood lipids in inactive men before, during, and after they underwent
diurnal fasting.

Methods: A total of 44 young men aged a mean 27.6 (SD 5.8) years were recruited to evaluate their habitual physical activity
and diet using a questionnaire developed for this study. Body composition was evaluated using a bioelectrical impedance analysis
machine (Tanita BC-980). An 8-ml blood sample was collected to evaluate blood lipids and glucose. All measurements were
taken 2-3 days before Ramadan, during Ramadan (at week 2 and week 3), and 1 month after Ramadan. A 1-way repeated measures
ANOVA was used to compare the measured variables before, during, and after the month of Ramadan. When a significant
difference was found, post hoc testing was used. Differences were considered significant at P<.05.

Results: There was a significant reduction in low-density lipoprotein during Ramadan compared to before and after Ramadan
(83.49 mg/dl at week 3 vs 93.11 mg/dl before Ramadan [P=.02] and 101.59 mg/dl after Ramadan [P=.007]). There were significant
elevations in fasting blood glucose (74.60 mmol/L before Ramadan vs 81.52 mmol/L at week 3 [P=.03] and 86.51 mmol/L after
Ramadan [P=.01]) and blood pressure (109 mm Hg before Ramadan vs 114 mm Hg after Ramadan; P=.02) reported during and
even after the month of Ramadan, although both fasting blood glucose and blood pressure were within normal levels.

Conclusions: Ramadan fasting could be an independent factor in reducing low-density lipoprotein. Further investigations are
encouraged to clarify the impact of diurnal fasting on blood lipids in people with special conditions.

(Interact J Med Res 2024;13:e56207)   doi:10.2196/56207

KEYWORDS

cardiovascular diseases; cardiovascular risk factors; lipids; glucose measurement; fasting; Ramadan; body composition

Introduction

Ramadan is a lunar month that varies between 29 and 30 days.
The world’s Muslim population is about 1.5 billion [1] and is
expected to increase to 2.2 billion by 2030 [2]. Ramadan fasting

is a form of religious diurnal fasting in which adult Muslims
abstain from having food and drink (unless necessary) during
the daylight hours, from dawn to sunset. The average diurnal
fasting time during Ramadan month is 15 (SD 3) hours per day,
depending on the season and the country’s geographical location.
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During the month of Ramadan, Muslims usually change their
daily lifestyle [3,4]. Muslim adults usually become less active
during Ramadan, especially in the daytime compared to the
nighttime [5-7]. These changes, in addition to diurnal fasting,
may negatively affect health-related blood biomarkers. Previous
evidence concluded that metabolic disease biomarkers, including
blood lipids, were elevated in women and urban residents [6].
Genetic factors are key in metabolic disease biomarkers,
including high blood cholesterol, in different ethnic groups [8].
For example, some studies reported heritability of up to 70%
for genes involving high-density lipoprotein (HDL) [9]. Diurnal
fasting has been found to improve blood lipids [4,5,10,11].

The negative role of physical inactivity on blood lipids is
evident. Physical inactivity has been found to play a key role
in developing cardiovascular and metabolic disease risk factors
such as obesity [12-15]. In a recent study conducted with young
Saudi medical students, one of the most common risk factors
of cardiovascular and metabolic disease was physical inactivity
(57.9%) [16]. Insufficient physical activity is responsible for
around 10% of all deaths globally, and sedentary behavior (SB)
costs global health care organizations billions of dollars each
year. Furthermore, the accumulation of low-density lipoprotein
(LDL) cholesterol in artery walls causes narrowing of the
arteries, which may lead to the development of cardiovascular
disease (CVD) [17].

The number of studies investigating the association between
Ramadan fasting and health promotion dramatically increased
from 2010 to 2021, with 1276 studies being published [18].
Although there is robust available evidence exploring the impact
of Ramadan fasting on health-related biomarkers, reports on
the effect of diurnal fasting on blood lipids in inactive adults
are scattered [5,11,18-20]. The impact of fasting during
Ramadan on body composition and physiological parameters
has been widely investigated [21-24]. During the month of
Ramadan, people may achieve a significant reduction in body
fat mass and blood lipids such as LDL. Some studies did not
report significant improvement in triglyceride (TG) levels and
fasting blood glucose (FBG) [23]. On the other hand, some
blood and metabolic changes that occur during Ramadan fasting
are temporary [21,25,26]. It seems that the positive change in
LDL levels as a result of diurnal Ramadan fasting is one of
these temporary changes [25]. The major changes in blood
parameters observed in previous studies could have been due
to the lifestyle of participants [22,24].

Despite the results of previous studies, there are few recent
studies that investigated the impact of fasting in the month of
Ramadan (this fasting lasts about 15 hours during the daytime)
during the summer season, where temperatures reach a mean
45 ºC (SD 3 ºC) during the daytime and about 35 ºC (SD 5 ºC)
during the night. Thus, the main aim of this study was to
investigate the dynamics of blood lipids before, during, and
after diurnal fasting in inactive men in hot environments.

Methods

Participants
This quasi-experimental pre-post design study was conducted
at 4 different time points (before Ramadan, at week 2 and week
3 during Ramadan, and after Ramadan). A total of 44 inactive
male students (mean age 27.6, SD 5.8 years) were recruited to
participate in this study. Inclusion criteria were being male, an
adult (aged 18-39 years), and inactive, that is, performing less
than the recommended level of physical activity (PA) for adults
(150 min of moderate PA per week, 75 min of vigorous PA per
week, or an equivalent amount of moderate-to-vigorous PA per
week). Smokers or individuals taking medicines that may have
affected the results were excluded from participating in this
study. The sample size was calculated based on the change in
LDL concentration reported in a previous study [27] with the
95% CI and 80% power for the test. The estimated sample size
was 38 participants. The number of recruited participants was
increased by about 10% to prevent the results being affected by
withdrawals or incomplete data; thus, 44 apparently healthy
inactive male students were recruited to participate in this study.

Ethical Considerations
A consent form was read and signed by each participant before
taking part in this study. Ethical approval was obtained from
the Deanship of Graduate Studies and Scientific Research at
King Saud University (CSSPA-22-07-35). The participants did
not receive any compensation. All data were saved anonymously
in a safe and confidential format by the principal investigator.

Procedures
Each participant was instructed by the principle investigator to
visit the laboratory on the same day of the week on all 4
occasions. The measured variables were obtained at each visit.
The first visit was 2 to 3 days before the month of Ramadan,
and the second and third visits were in the second week and
third week of Ramadan. The fourth visit took place 6 weeks
after the month of Ramadan. The procedures of this study were
performed consistently as described in the following sections.

Physical Characteristics
Body mass (BM), height, and waist circumference (WC) were
measured. BMI was calculated by dividing body weight in

kilograms by height in meters squared (kg/m2). Fat-free mass
(FFM), body fat (BF) percentage, and total body water (TBW)
percentage were evaluated using bioelectrical impedance
analysis (BC-418; Tanita) [28].

PA and Diet Assessment
PA and diet behavior were evaluated using a valid and reliable
self-reported questionnaire for the assessment of PA and diet
behavior in youth aged 15 to 25 years [29]. Each participant
was instructed on how to fill out the PA and diet questionnaire.
The questionnaire provided continuous variables (time in
minutes). The average time to complete the questionnaire was
10 minutes. The diet behavior section assessed the type and
frequency of the consumed food.
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Physiological and Lipid Profile
Resting heart rate (HR) and blood pressure (BP) were recorded
following 10 minutes of being seated on a chair. All participants
were instructed to fast at least 10 hours before attending the
laboratory for blood collection. A venous blood sample of 8 ml
was drawn by a phlebotomist to evaluate blood lipids, including
TG, total cholesterol (TC), HDL, and LDL. Blood samples were
analyzed in a specialized medical laboratory at the university.

Statistical Analysis
Data from this study were analyzed using SPSS (version 24.0;
IBM Corp). Results were illustrated as means with SDs. A
1-way repeated measures ANOVA was used to compare the
measured variables before, during, and after the month of
Ramadan. The Tukey post hoc test was used when a significant

difference was found. The χ2 test was used to determine the
statistical significance of associations between food consumed
per week for participants across all trials. Results were
considered statistically significant at P<.05.

Results

The main aim of this study was to investigate the dynamics of
blood lipids before, during, and after diurnal fasting in inactive
men. Table 1 shows the physical characteristics of the
participants before, during, and after Ramadan. This study did
not observe significant changes in any of the body composition
variables, including BM, BMI, WC, BF mass, BF percentage,
FFM, FFM percentage, and TBW between all measured
occasions.

Table 1. Measurements of body composition at the 4 time points (N=44).

P valueF test (df)After Ramadan,
mean (SD)

Ramadan week 3,
mean (SD)

Ramadan week 2,
mean (SD)

Before Ramadan,
mean (SD)

Body composition measurements

.990.03 (43)69.9 (12.9)69.6 (12.8)69.6 (12.4)70.0 (12.6)Body mass (kg)

.990.04 (43)24.3 (4.0)24.3 (3.8)24.3 (4.0)24.5 (4.0)BMI (kg/m2)

.960. 10 (43)81.8 (11.0)81.8 (10.5)82.3 (10.6)82.9 (10.9)Waist circumference (cm)

.940.13 (43)14.5 (6.9)13.9 (6.8)14.0 (6.9)14.7 (6.6)Body fat mass (kg)

.880.22 (43)19.7 (6.5)19.4 (6.6)19.5 (6.7)20.2 (6.2)Body fat percentage (%)

.990.04 (43)55.8 (7.3)55.5 (7.5)55.6 (6.9)55.3 (8.6)Fat-free mass (kg)

.940.13 (43)80.3 (6.5)80.6 (6.7)80.5 (9.0)79.8 (6.2)Fat-free mass percentage (%)

.690.49 (43)40.6 (5.4)40.5 (5.8)41.6 (6.8)40.1 (6.0)Total body water (liters)

.201.56 (43)58.9 (5.0)59.3 (5.3)59.0 (5.0)56.9 (7.2)Total body water percentage (%)

Physical Activity
Based on the PA guidelines (moderate-to-vigorous PA ≥150
min/week for ≥5 days/week or ≥70 min/week for ≥3 days/week)
[30], participants were physically inactive. Moreover, there was
no significant change in PA level across the 4 time points (99.8,

SD 210.9; 125.7, SD 260.4; 111.0, SD 275.4; and 56.7, SD
151.0 minutes before Ramadan, in the second and third weeks
of Ramadan, and after Ramadan, respectively; Table 2). The
average sedentary time of the participants was less than 6 hours
(ranging from 5.2, SD 1.9 to 5.8, SD 2.2 h/day) across all 4 time
points.

Table 2. Physical activity levels across all 4 time points (before Ramadan, in the second and third weeks of Ramadan, and after Ramadan; N=44).

P valueF test (df)After Ramadan,
mean (SD)

Ramadan week 3,
mean (SD)

Ramadan week 2,
mean (SD)

Before Ramadan,
mean (SD)

Physical activity and sleeping
time

.750.40 (43)34.6 (89.5)50.2 (154.51)64.4 (137.6)50.9 (121.7)Moderate activity (min/wk)

.430.92 (43)22.2 (76.0)60.8 (162.4)61.3 (143.9)48.9 (108.4)Vigorous activity (min/wk)

.530.74 (43)56.7 (151.0)111.0 (275.4)125.7 (260.4)99.8 (210.9)Moderate + vigorous
(min/wk)

.640.56 (43)5.5 (2.6)5.7 (3.0)5.2 (1. 9)5.8 (2.2)Sedentary behavior (h/day)

.062.58 (43)6.3 (1.1)6.7 (1.0)6.6 (1.1)6.9 (1.0)Sleeping duration (h/day)

Diet Behavior
Diet behavior was reported by evaluating types and frequencies
of consumed food. Diet behavior is one of the essential factors
that could have impacted this study’s outcomes. Thus,
participants’diet behavior was evaluated across all 4 time points.

Table 3 demonstrates the consumed food per week at all 4 time
points. The frequency of the consumed food was classified into
3 categories: no more than twice per week, 3 to 5 times per
week, and ≥6 times per week. There were no significant changes
in the frequency of consumed food per week across the 4 time
points.
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Table 3. Percentage of consumed food per week for participants across all 4 time points (before Ramadan, in the second and third weeks of Ramadan,
and after Ramadan; N=44).

P valueChi-square (df)Frequency of consumed food per week (participants), n (%)Food types

>6 times/w<3-5 times/w<2 times/w

.683.97 (43)14 (32)17 (40)12 (28)Vegetables

.179.11 (43)14 (32)21 (48)9 (21)Fruit

.475.62 (43)13 (30)18 (40)13 (30)Milk and dairy products

.0811.37 (43)10 (22)15 (34)19 (44)Soda and soft drinks

.273.90 (43)2 (1)4 (10)39 (89)Energy drinks

.406.20 (43)6 (14)18 (43)19 (43)Fast food

.723.70 (43)6 (14)17 (40)20 (46)Chips and french fries

.2211.97 (43)9 (20)11 (26)24 (55)Biscuits and cake

.169.30 (43)14 (33)13 (31)16 (36)Chocolate and sweets

Physiological and Blood Parameters
Physiological and blood parameters, including resting HR, BP,
and blood lipids, were analyzed. The results of this study showed
a significant effect of diurnal fasting on both FBG and LDL
(Figure 1). Furthermore, a significant elevation was recorded
in systolic blood pressure (SBP) 1 month after Ramadan
compared to before Ramadan (109 mm Hg before Ramadan vs

114 mm Hg after Ramadan). Similarly, FBG was slightly
elevated during week 3 of Ramadan and after Ramadan
compared to before Ramadan (74.60 mmol/L before Ramadan,
81.52 mmol/L at week 3, and 86.51 mmol/L after Ramadan).
However, the results showed an obvious reduction in LDL
during week 3 of Ramadan compared to before and after
Ramadan month (83.49 mg/dl at week 3 vs 93.11 mg/dl before
Ramadan [P=.02] and 101.59 mg/dl after Ramadan [P=.007]).

Figure 1. The effect of Ramadan fasting on resting heart rate (HR), systolic blood pressure, diastolic blood pressure, glucose, total cholesterol,
triglyceride, high density lipoprotein (HDL) and low-density lipoprotein (LDL), (n=44).
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Discussion

Principal Findings
The impact of diurnal fasting during the month of Ramadan on
blood lipids in inactive men was limited but positive and very
obvious for LDL. Although there were no significant changes
in PA or SB across all trials (P=.53 for moderate-to-vigorous
PA; P=.64 for SB), some blood lipids, such as LDL, may be
affected positively during fasting in the month of Ramadan.
The novelty of this study was controlling for the main related
factors that may affect blood lipid variables. In contrast, this
study did not find significant changes in the participants’ diet
behavior across the investigated time points (all P>.05). In
general, the findings of this study may help inactive individuals
control blood lipids, especially LDL, while fasting diurnally.

Body Composition
All body composition variables investigated in this study did
not change significantly across any of the 4 time points. The
novelty of this study was examining the impact of Ramadan
fasting in a hot and dry environment (≥45 ºC) on blood lipids.
In this study, body mass, BMI, and WC decreased gradually,
especially during the third week of Ramadan, compared to
before Ramadan. However, the recorded reduction was not
significant (P=.88 for BF percentage, P=.94 for FFM percentage,
P=.20 for BW percentage, P=.99 for both BM and BMI, and
P=.96 for WC). While some previous studies have reported
significant decreases in body composition parameters at the end
of Ramadan compared to measurements taken before Ramadan
[21], numerous previous studies have concurred with the
findings of this study [7,25,26,31-33]. In fact, the results of this
study are reasonable, as most of the participants were within
normal weight. However, some studies have reported a reduction
in BW due to a decrease in skeletal muscle mass and FFM [34].
Furthermore, the significant reduction in body composition in
the previous literature may be linked to the obesity status of the
participants [35]. The majority of the participants in this study
were within normal body composition measurements. Therefore,
the impact of Ramadan fasting may not influence body
composition in individuals with normal body composition [36].
Focusing on apparently healthy men could be one of the
limitations of this study. Further studies in different ages and
genders are encouraged to understand the impact of diurnal
fasting on body composition parameters.

Physiological and Blood Parameters
The results for both SBP and FBG were elevated significantly
during the month of Ramadan (P=.02 and P=.01, respectively),

especially during the end of Ramadan (week 3) compared to
levels before Ramadan. These findings concur with previous
studies [22,37]. However, the elevated values of SBP and FBG
were within the healthy range (SBP: 109 mm Hg before
Ramadan vs 114 mm Hg after Ramadan; FBG: 74.60 mmol/L
before Ramadan vs 81.52 mmol/L at week 3 and 86.51 mmol/L
after Ramadan). One novel aspect of this study was the impact
of diurnal fasting on LDL, as there were no significant changes
in the main factors that may impact LDL concentration, such
as body composition, PA, and diet behavior. Thus, diurnal
fasting itself could be an independent factor that positively
improved LDL. Our findings concur with the results of a
previous study that investigated the impact of Ramadan fasting
on college students [23,36,38]. However, it seems that the
observed positive, significant change in LDL concentration as
a result of diurnal fasting during the month of Ramadan was
temporary [25,38]. The novelty of this study is its examination
of the impact of diurnal fasting on blood lipids in inactive men
with a stable lifestyle. Blood biomarkers, including blood lipid
concentration, may be positively improved by diurnal fasting.
However, this study discovered that the changes in blood lipid
variables were limited in healthy but inactive young men. The
major changes in blood parameters observed in previous studies
may refer to the nature of participants’ lifestyles [22,24,39].
Further investigations are encouraged to clarify the impact of
diurnal fasting on blood lipids in people with special conditions,
such as older age and obesity.

This study has some limitations. First, it was conducted with
apparently healthy young adult men. Second, physical activity
was not assessed by an objective measurement such as an
accelerometer. Third, some other confounders were not
evaluated, such as the total energy expenditure and basal
metabolic rate of the participants. Moreover, the sample size of
the study may not have been enough to detect differences
between the time points.

Conclusion
Diurnal intermittent fasting seems to be an independent factor
that could improve blood lipids, including LDL, even in healthy
but inactive adults. Moreover, diurnal fasting has been found
to decrease LDL even in inactive adults with normal LDL levels.
However, the results of this study concur with previous studies
in terms of the temporary effect of diurnal fasting during the
month of Ramadan on blood lipids. More research is encouraged
to examine the impact of Ramadan fasting in people with special
health conditions, such as obesity or older age.
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FFM: fat-free mass
HDL: high-density lipoprotein
HR: heart rate
LDL: low-density lipoprotein
PA: physical activity
SB: sedentary behavior
SBP: systolic blood pressure
TBW: total body water
TC: total cholesterol
TG: triglyceride
WC: waist circumference
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Abstract

Background: The integration of artificial intelligence (AI) into health care has the potential to transform the industry, but it
also raises ethical, regulatory, and safety concerns. This review paper provides an in-depth examination of the benefits and risks
associated with AI in health care, with a focus on issues like biases, transparency, data privacy, and safety.

Objective: This study aims to evaluate the advantages and drawbacks of incorporating AI in health care. This assessment centers
on the potential biases in AI algorithms, transparency challenges, data privacy issues, and safety risks in health care settings.

Methods: Studies included in this review were selected based on their relevance to AI applications in health care, focusing on
ethical, regulatory, and safety considerations. Inclusion criteria encompassed peer-reviewed articles, reviews, and relevant research
papers published in English. Exclusion criteria included non–peer-reviewed articles, editorials, and studies not directly related
to AI in health care. A comprehensive literature search was conducted across 8 databases: OVID MEDLINE, OVID Embase,
OVID PsycINFO, EBSCO CINAHL Plus with Full Text, ProQuest Sociological Abstracts, ProQuest Philosopher’s Index,
ProQuest Advanced Technologies & Aerospace, and Wiley Cochrane Library. The search was last updated on June 23, 2023.
Results were synthesized using qualitative methods to identify key themes and findings related to the benefits and risks of AI in
health care.

Results: The literature search yielded 8796 articles. After removing duplicates and applying the inclusion and exclusion criteria,
44 studies were included in the qualitative synthesis. This review highlights the significant promise that AI holds in health care,
such as enhancing health care delivery by providing more accurate diagnoses, personalized treatment plans, and efficient resource
allocation. However, persistent concerns remain, including biases ingrained in AI algorithms, a lack of transparency in
decision-making, potential compromises of patient data privacy, and safety risks associated with AI implementation in clinical
settings.

Conclusions: In conclusion, while AI presents the opportunity for a health care revolution, it is imperative to address the ethical,
regulatory, and safety challenges linked to its integration. Proactive measures are required to ensure that AI technologies are
developed and deployed responsibly, striking a balance between innovation and the safeguarding of patient well-being.

(Interact J Med Res 2024;13:e53616)   doi:10.2196/53616
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artificial intelligence; safety risks; biases; AI; benefit; risk; health care; safety; ethics; transparency; data privacy; accuracy

Introduction

Artificial intelligence (AI) has rapidly proliferated across various
sectors in recent years, with the health care industry emerging
as a primary arena for its transformative potential. This
technological advancement holds promise for revolutionizing

patient care and administrative operations by leveraging vast
longitudinal patient data [1]. AI encompasses a spectrum of
technologies, including machine learning (ML), natural language
processing (NLP), rule-based expert systems (RBES), physical
robots, and robotic process automation, each offering unique
capabilities from predictive modeling and disease detection to
enhancing surgical precision and automating administrative
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tasks [2-7]. The integration of AI into health care promises
heightened diagnostic accuracy, informed decision-making, and
optimized treatment planning, thereby potentially reducing
medical errors and improving patient outcomes [1].

However, alongside these promising developments, AI adoption
in health care is accompanied by significant ethical and
regulatory challenges that require careful consideration [8].
Concerns range from safeguarding patient data privacy to
addressing algorithmic biases that may perpetuate disparities
in health care outcomes [9,10]. The regulatory landscape is
evolving to keep pace with technological advancements, aiming
to establish robust governance frameworks that ensure the
responsible use of AI in health care settings. Furthermore, the
advent of pretrained large language models, exemplified by
models like BERT (Bidirectional Encoder Representations from
Transformers), GPT (Generative Pre-trained Transformer), and
their variants, has further expanded the capabilities of AI in
health care [11-14]. These models leverage vast amounts of text
data to learn rich representations of language, enabling tasks
ranging from clinical documentation improvement to automated
summarization of medical literature [15,16].

Against this backdrop, this study presents a narrative review
aimed at comprehensively exploring the multifaceted role of
AI in health care. By synthesizing existing literature, this
research aims to provide insights into the diverse applications
of AI, its associated benefits, and the ethical and regulatory
considerations that underpin its integration into clinical practice
[9,10,17]. This review aims to facilitate informed
decision-making among health care professionals, policy
makers, and researchers, fostering a balanced approach that
maximizes the benefits of AI while mitigating potential risks
within the health care landscape.

This review seeks to contribute to ongoing discussions on AI
ethics, governance, and effective deployment strategies, thereby
guiding the responsible and impactful adoption of AI
technologies in health care. By examining current trends,
challenges, and future directions, this review aims to lay the
groundwork for advancing AI’s role in enhancing health care
delivery, improving patient outcomes, and supporting health
care systems globally.

Methods

Overview
This narrative review aims to assess the benefits and risks
associated with the integration of AI into health care, with a
primary focus on potential biases, transparency issues, data
privacy concerns, and safety risks. A literature review was
conducted to explore the current landscape of AI applications
in health care and to identify relevant ethical, regulatory, and
safety considerations.

Eligibility Criteria
Specific inclusion and exclusion criteria were established to
guide the selection of studies for this narrative review. Studies
were included if they were relevant to the 3 core concepts of
AI, ethics, and health and were written in the English language.
Articles were excluded if they did not explicitly address each

of the core concepts of AI, ethics, and health or if they were not
written in English. In addition, studies focusing solely on ethics
and big data without explicit mention of AI methods or
applications were excluded. Non–peer-reviewed academic
literature, such as letters and non–peer-reviewed conference
proceedings, as well as books and book chapters, were also
excluded as they were deemed irrelevant to this review. No
restrictions were applied regarding the publication date or study
design to ensure a broad overview of the topic.

Information Sources
The literature search used 8 electronic databases: OVID
MEDLINE (1946-present), OVID Embase (1947-present),
OVID PsycINFO (1806-present), EBSCO CINAHL Plus with
Full Text (1937-present), ProQuest Sociological Abstracts
(1952-present), ProQuest Philosopher’s Index (1940-present),
ProQuest Advanced Technologies & Aerospace (1962-present),
and Wiley Cochrane Library. Search strategies were tailored to
each database (Multimedia Appendix 1), using controlled
vocabulary, Medical Subject Headings (MeSH) terms, EMTREE
terms, American Psychological Association’s Thesaurus of
Psychological Index Terms, CINAHL headings, Sociological
Thesaurus, Philosopher’s Index subject headings, and Advanced
Technologies & Aerospace subject headings. The searches were
limited to English language–only articles, and filters excluding
animal studies were applied to specific databases. In addition,
a filter for health or medicine-related studies was applied to the
Advanced Technologies & Aerospace database.

The final searches of the peer-reviewed literature were
completed on June 23, 2023. Gray literature was not searched
in this narrative review.

Selection and Sources of Evidence
All identified records from the academic literature searches
were imported into the reference management software EndNote
(Clarivate). After removing duplicate records, screening was
conducted in 2 steps: initial title and abstract screening followed
by full-text review. Full-text reviews were conducted to ensure
that the selected studies provided substantial insights for the
narrative synthesis.

Data Charting Process
Data charting forms were developed and refined based on the
narrative review research question. The forms included fields
for recording data such as the objective of each paper,
institutional affiliations of authors, publication year, country of
the first and corresponding authors, conflict of interest
disclosures, health context of interest, AI applications or
technologies discussed, ethical concepts, issues or implications
raised, reference to global health, and recommendations for
future research, policy, or practice. Data were recorded directly
into the data charting form with corresponding page numbers
to ensure accuracy.

Synthesis of Results
Data analysis included thematic components. Thematic analysis
was conducted inductively, generating open descriptive codes
from a sample of records. Codes were applied to relevant data
points across all records, with new codes added as needed. These
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codes were then organized into themes, allowing for the
identification of commonalities and gaps in the literature. Results
are presented in a narrative format.

Results

Overview
Within the realm of integrating AI into health care, this narrative
review has revealed a broad range of insights that span a
spectrum of possibilities and challenges. This section categorizes
the findings into 2 overarching categories: “Benefits” and
“Risks.” Each category encapsulates a tapestry of themes that
emerged from an exploration of academic literature. As these
themes are explored, the multifaceted landscape of AI’s
influence on health care is illuminated. The “Benefits” section
unveils the potential for AI to revolutionize health care delivery,
ushering in more accurate diagnoses, personalized treatment
regimens, and streamlined resource allocation. Conversely, the
“Risks” section delves into the intricate ethical, privacy, and
safety concerns that accompany the integration of AI into
clinical settings. Through a comprehensive examination of these
themes, this review provides a nuanced perspective on the

implications and imperatives in harnessing AI’s potential for
the betterment of health care.

The systematic literature review process, as illustrated in the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram (Figure 1), outlines a
thorough and rigorous methodology. Initial searches across
multiple databases—MEDLINE, Embase, PsycINFO, ProQuest
Sociological Abstracts, CINAHL, ProQuest Philosopher’s Index,
ProQuest Advanced Technologies & Aerospace, and Cochrane
Library—yielded a total of 8796 articles. After removing 4798
duplicates using Endnote, 3738 unique records were screened
for relevance. Of these, 3155 articles were excluded based on
title and abstract review for not meeting the inclusion criteria.
The remaining 583 articles underwent full-text assessment for
eligibility. Further evaluation led to the exclusion of 539 articles
due to various reasons, such as unavailability of full text
(n=171), irrelevance to the primary outcome (n=290),
non-English language (n=22), not being peer-reviewed (n=29),
and not being original research (n=27). Ultimately, 44 studies
were included in the qualitative synthesis and data extraction.
This meticulous selection process ensured that the final set of
studies provided a robust and representative foundation for
examining the integration of AI in health care.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study selection flow diagram outlining the literature review
process when searching for articles on various databases.

Benefits of AI in Health Care
Textbox 1 below describes the main benefits of implementing
AI in health care. The benefits are explained in detail below.
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Textbox 1. Benefits of artificial intelligence (AI) in health care.

Medical benefits

• Helps in prediction of various risks and diseases

• Helps in prevention and control of various diseases

• Leads to better data-driven decisions within the health care system

• Assists in improving surgery

• Supports mental health

Economic and social benefits

• Reduction in posttreatment expenditures

• Cost saving through early diagnosis

• Cost saving with enhanced clinical trials

• Patient empowerment

• Relieving medical practitioners’ workload

Medical Benefits
AI adoption in health care offers various medical, economic,
and social benefits. This section discusses some of the key
medical benefits of AI.

Prediction of Risks and Diseases
AI leverages big data to predict diseases and assess risk exposure
among patients. For example, Google collaborates with health
delivery networks to develop prediction models that alert
clinicians of high-risk illnesses like sepsis and heart failure [18].
ML models can also be used to forecast populations at risk of
specific diseases or accidents [19,20]. In addition, AI algorithms,
such as deep learning, aid in disease classification and enable
more personalized care [21].

Prevention and Control of Diseases
AI can play a significant role in the prevention and control of
diseases. For instance, AI can enhance sexually transmitted
infection (STI) prevention and control by improving surveillance
and intervention. By analyzing publicly available social media
data, AI can predict county-level syphilis prevalence, enabling
faster and more efficient monitoring [22]. AI can also analyze
trends in web data to reduce the stigma associated with STI
prevention and care and identify and flag STI-related
misinformation [22].

Data-Driven Decision Making
AI enables better data-driven decisions within the health care
system. In a digitalized health care environment, the quality of
decision-making relies on the availability and accuracy of
underlying data [23]. AI can assist in decision-making by
offering real-time recommendations based on clinical guidelines
or advancements, reducing the likelihood of medical mistakes
[24]. For example, IBM Watson Health uses ML to provide
clinical decision support and achieved a high level of agreement
with physician recommendations [25].

Improvement in Surgery
AI has made significant advancements in surgical procedures.
Robotic surgery, such as in gynecologic, prostate, and oral and
maxillofacial surgery, enhances surgical precision and
predictability [7,26]. Telesurgical techniques driven by AI
enable remote surgery and provide better supervision of
surgeons [27]. AI-powered surgical mentorship allows skilled
surgeons to offer real-time advice and guidance to other
surgeons during procedures, improving surgical outcomes [28].

Mental Health Support.
AI use in mental health treatments is growing as patients prefer
simple and quick feedback [29]. According to Lovejoy et al
[30], psychiatric professionals have historically relied on
therapeutic discourse and patient narrative to assess mental
health since language is the primary means to communicate our
emotional and mental well-being. Recent advancements in AI
have opened up new perspectives on the subject by enabling
technology to infer emotional meaning from more data sources
[30]. According to Habermann [31], with a unique combination
of NLP and sentiment analysis, data scientists have developed
algorithms to comprehend human emotion from the text. Le
Glaz et al [32] mentions that in recent years, NLP models have
been used to track mental self-disclosure on Twitter, forecast
suicide risk online, and identify suicidal thoughts in clinical
notes. These models are used in medicine to give complete
details about a patient’s emotional and psychological health
[31].

Economic and Social Benefits
In addition to the medical health benefits, using AI in health
care has other economic and social advantages, as discussed
below.

Reduction in Posttreatment Expenditures.
AI-powered systems can analyze posttreatment result patterns
and identify the most effective remedies based on patient
profiles. This personalized approach to care can significantly
reduce the expenses associated with posttreatment
complications, which are a major cost driver in health care

Interact J Med Res 2024 | vol. 13 | e53616 | p.671https://www.i-jmr.org/2024/1/e53616
(page number not for citation purposes)

ChusteckiINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


systems worldwide [33]. By providing immediate diagnosis and
appropriate interventions, AI can help minimize the financial
burden of posttreatment complications and lead to substantial
cost savings.

Cost Saving Through Early Diagnosis.
AI has demonstrated superior accuracy and speed in analyzing
medical images, such as mammograms, leading to the early
detection of diseases like breast cancer. By enabling prompt
diagnosis and action before issues escalate, AI can help reduce
health care costs associated with late-stage diagnoses [28]. In
addition, AI’s ability to process and interpret various medical
tests, such as computed tomography scans, with high accuracy
reduces the likelihood of physician errors, contributing to cost
savings.

Cost Saving with Enhanced Clinical Trials.
AI-powered programs can simulate and evaluate numerous
potential treatments to predict their effectiveness against various
diseases, optimizing the drug development process in clinical
trials [34]. By leveraging biomarker monitoring frameworks
and analyzing large volumes of patient data, AI accelerates the
evaluation of potential treatments, leading to significant cost
savings in the development of life-saving medications.

Patient Empowerment.
AI has the potential to empower individuals in managing their
health. Wearable devices, such as smartwatches, can collect
standard health data, which AI algorithms can analyze to provide
personalized health recommendations and warnings for potential
diseases [35]. Smartphone apps that use ML algorithms can
help patients with chronic diseases better manage their
conditions, leading to healthier populations and reduced health
care expenses [36].

Relieving Medical Practitioners’ Workload.
AI technologies can alleviate the burden on health care workers
by assisting with administrative tasks, data analysis, and image
interpretation. AI can automate clerical responsibilities, analyze
patient data more efficiently, and aid in diagnosing various
medical conditions [37,38]. By reducing manual labor and
prioritizing critical cases, AI helps save time and resources for
medical practitioners, ultimately leading to increased
productivity and improved patient care.

Risks of AI in Health Care
The risks of AI in health care are listed in Textbox 2.

Textbox 2. Risks of artificial intelligence (AI) in health care.

Risks of AI in health care

• AI diagnosis is not always superior to human diagnosis

• AI programs may be difficult to understand and overly ambitious

• Implementation issues

• Transparency issues and risks with data sharing

• Biases

• Mistakes in disease diagnosis or AI cannot be held accountable

• Data availability and accessibility

• Regulatory concerns

• Social challenges

AI Diagnosis Is Not Always Superior to Human
Diagnosis.
While AI has the potential to improve accurate diagnosis, it is
not always superior to human diagnosis. Early AI systems, such
as the MYCIN program developed in the 1970s, showed promise
in diagnosing and treating diseases but did not outperform
human diagnosticians [39]. These RBES needed better
integration with clinical workflows and medical record systems
to be practical and effective. In addition, AI models can suffer
from overfitting, generating irrelevant correlations between
patient characteristics and outcomes, which can lead to incorrect
predictions when applied to new cases [40].

Challenges in Understanding and Ambition of AI
Programs
Physicians may find it challenging to understand AI programs,
particularly in complex domains like cancer diagnosis and
treatment. IBM’s Watson program, which combines ML and

NLP, garnered attention for its focus on precision medicine.
However, integrating Watson into care processes and systems
and programming it to handle certain types of cancer has proven
difficult [41]. The ambition of AI programs, such as tackling
complex cancer therapy, may exceed their current capabilities.

Implementation Issues
Implementing AI in health care faces several challenges. RBES
embedded in electronic health care systems are commonly used
but may lack the accuracy of algorithmic systems based on ML.
These RBES struggle to keep up with evolving medical
knowledge and handle large amounts of data [42]. The lack of
empirical evidence confirming the efficacy of AI-based
treatments in prospective clinical trials hinders successful
implementation [43]. Much of the AI research in health care is
preclinical and lacks real-world validation [44]. Integration into
physician workflow is crucial for successful implementation,
but there are limited examples of AI integration into clinical
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treatment, and training physicians to use AI effectively can be
a time-consuming process [45].

Transparency Issues and Risks With Data Sharing
The use of intelligent machines in health care decision-making
raises concerns about accountability, transparency, permission,
and privacy [2]. Understanding and interpreting AI systems,
such as deep learning algorithms used in image analysis, can
be challenging [2]. Physicians who lack comprehension of the
inner workings of AI models may struggle to communicate the
medical treatment process to patients [46]. Increased reliance
on AI may lead to automated decision-making, limiting the
contact and communication between health care workers and
patients [46].

The rapid emergence of new technologies in health care has
sparked skepticism due to the risks associated with data sharing
[17]. There is a need for public norms that ensure data
governance and openness, as well as improve patient
understanding of how and why data are used [17]. Concerns
about privacy violations arise from the collection of large data
sets and the potential for AI to anticipate personal information
[47]. Patients may perceive this as a violation of their privacy,
especially if the findings are made public to third parties [48].

Respecting patient confidentiality and acquiring informed
consent for data use are ethically required [49]. AI systems
should be protected from privacy breaches to prevent
psychological and reputational harm to patients [49]. Recent
incidents, such as the misuse of Facebook personal data by
Cambridge Analytica and the sharing of patient data without
explicit consent by the Royal Free London NHS Foundation
Trust, have raised concerns about privacy violations [49,50].

Biases
ML systems in health care can be prone to algorithmic bias,
leading to predictions based on noncausal factors like gender
or ethnicity [51]. Prejudice and inequality are among the risks
associated with health care AI [28]. Biases present in the data
used to train AI systems can result in inaccurate outcomes,
especially if certain races or genders are underrepresented [28].
Unrepresentative data can further perpetuate health inequities
and lead to risk underestimation or overestimation in specific
patient populations [52].

Mistakes in Disease Diagnosis and Lack of
Accountability
AI systems can make mistakes in patient diagnosis and
treatment, creating potential harm [28]. Holding AI systems
accountable can be challenging, as liability concerns arise
regarding errors and the allocation of responsibility [53]. The
lack of explanation from deep learning algorithms can hinder
both legal accountability and scientific understanding,
potentially eroding patients’ trust in the system [54].

Determining accountability for AI failures is an ongoing
challenge, as holding the physician accountable may seem
unjust, while holding the developer accountable may be too
removed from the clinical setting [24]. The question of who
should be held accountable when AI systems fail remains to be
answered [24].

Data Availability and Accessibility
Large amounts of data from various sources are required to train
AI algorithms in health care [55]. However, accessing health
data can be challenging due to fragmentation across different
platforms and systems [55]. Data availability in health care is
limited, and there is often a reluctance to share data between
hospitals [56]. The continuous availability of data for ongoing
improvement of ML-based systems can be difficult due to
organizational resistance [57]. Technological advancements
and improved algorithms can help address the problem of limited
data sets [57].

Regulatory Concerns
The autolearn feature of AI software poses regulatory challenges
as algorithms evolve continuously with use [58]. This creates
the need for additional policies and procedures to ensure patient
safety [58]. Many countries have yet to formalize regulatory
guidelines for assessing AI algorithmic safety, which can hinder
AI adoption and lead to risky practices [59]. The lack of industry
rules on the ethical usage of AI in health care further complicates
the accountability issue [60]. Efforts by the Food and Drug
Administration and National Health Service to establish
guidelines and standards are ongoing but pose barriers to
regulatory approval [60,61].

Social Challenges
Misconceptions about AI replacing health care jobs lead to
skepticism and aversion to AI-based interventions [43].
However, the arrival of AI does not necessarily mean job
obsolescence but rather job reengineering [62]. Overcoming
skepticism and fostering trust in AI requires a better
understanding of its capabilities and meaningful public discourse
[62]. Improving public and health care professionals’
understanding of AI is essential to managing expectations and
addressing concerns.

Discussion

Principal Findings
This narrative review delves into the dynamic landscape of AI
integration in health care, aiming to uncover a spectrum of
perspectives, concerns, and opportunities. This exploration
encompasses a diverse range of health care settings from
different countries and regions, unveiling a rich tapestry of AI
adoption. Overall, AI offers tremendous potential and will
continue to play a crucial role in future health care decisions.
If AI is successfully used, it can reduce pressure on health care
workers while improving work quality by lowering mistakes
and improving precision. It has the potential to give people more
control over their health decisions and can lower avoidable
hospitalizations. It can broaden the scope of medical knowledge
and build on the present clinical guidelines. Given its advantages
and capability to drive the development of precision medicine,
it is universally acknowledged to be a much-needed
enhancement in medicine. AI is anticipated to eventually master
most of the essential domains within health care.

However, there are some difficulties associated with
incorporating AI in health care. Acquiring enough data to train

Interact J Med Res 2024 | vol. 13 | e53616 | p.673https://www.i-jmr.org/2024/1/e53616
(page number not for citation purposes)

ChusteckiINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


precise algorithms is a continual effort that necessitates a shift
in attitude towards data sharing that promotes technical
advancement. Specific guidelines on how to securely adopt and
evaluate AI technology and research on AI’s potential and
limitations are required. Robust research is also required to
empirically demonstrate the benefits of AI use in the actual
world. While the perfect conditions for successful AI adoption
may not yet exist, there is still room for AI advancement in
health care.

Given that AI has tremendous potential and is the future, there
are a few crucial points to consider when using AI in health
care. First, given the need for more general agreement in AI
governance, it may be impossible to develop AI-based systems
whose algorithms can be generalized across all health care
domains. As a result, it may be wise to concentrate on systems
that can be implemented and used effectively in the health care
institutions for which they were designed. Fundamentally,
patient care must take priority over the excitement of
cutting-edge technology. The AI system’s safety and
competence must be weighed for use only when appropriate
and valuable to patients.

Second, AI in health care must still be complemented with
human input. Although AI has advantages in speed and
accuracy, physicians are still needed for more cognitively
complex or psychological elements and activities. Similarly,
although the detection and monitoring of vital disease symptoms
are now automated, the objective behind AI is not to eliminate
physician input but to focus their expertise on areas where they
are more necessary and on what computers cannot and may
never imitate. Therefore, focusing on developing
complementarity between the use of AI and physicians by
training is essential.

In addition, while it is critical to lower expectations, it is also
critical not to be excessively gloomy about the role of AI in
health care. While physicians may need to comprehend the
processes of AI algorithms, most physicians understand
magnetic resonance imaging or computed tomography to some
level. Despite a lack of individual physician comprehension of
their specific process, these studies are extensively used. The
lack of transparency in ML algorithms may thus be tolerable if
the algorithm’s efficacy can be demonstrated. Again, this can
be achieved with training and familiarizing the physician with
the AI system.

Rather than putting AI to a standard of either perfect or nil
results, one should compare the outcomes of using AI to those
of the natural world, where physicians can and will make
mistakes. Importantly, AI is dynamic in nature and can improve
using more extensive data sets. As a result, it is entirely possible
that the combined usage of physician and AI input would be
more successful over time. However, it is critical not to overstate
the status of AI. Its implementation in health care will be a
careful, deliberate, and progressive process, including strict
control and monitoring of its use and efficacy. AI can help
patients and increase the quality of care when combined with
input and oversight from health care professionals. AI systems
will not wholly replace human clinicians but will supplement
their efforts to care for patients. Human therapists may

eventually shift towards jobs and job designs that require
distinctly human skills, such as enthusiasm and knowledge to
use AI in health care.

As global communities live longer lives and the prevalence of
chronic disease rises, the rising cost of health care will remain
a hot topic among health care stakeholders. It is time to seek
the assistance of machines as they can potentially reduce
economic costs. Furthermore, coordination between government
and private sector industry partners is vital to realize this
potential and take advantage of AI’s full potential in health care
delivery.

With all this, the key challenge for AI in many sectors of health
care is ensuring its adoption in daily clinical practice rather than
whether the technologies will be equipped to be effective. AI
systems must be approved by regulators, linked with electronic
health record systems, standardized to the point that similar
products perform similarly, taught to medical practitioners, paid
for by public or private payer organizations, and modified in
the field over time for widespread adoption to occur shortly.
Since AI has a significant and lasting impact on lives and is the
future of health care, it is essential to address the associated
concerns. Given its importance, AI needs proper policy
guidelines and regulations regarding its usage in health care to
reap its maximum benefits.

Comparison With Previous Literature
In comparing the findings of this review with existing literature,
several key similarities and differences emerge. This review
aligns with Gazquez-Garcia et al [63] and Mooghali et al [64]
in highlighting the crucial role of health care professional
training for effective AI integration. Both emphasize the need
for proficiency in AI fundamentals, data analytics, and ethical
considerations, reinforcing the notion that successful AI
adoption requires a well-prepared workforce. The review also
echoes Sapci and Sapci’s [65] advocacy for incorporating AI
education into medical curricula to address future challenges.

However, this review diverges in its emphasis on practical AI
implementation challenges. While Moghadasi et al [66] and
Muley et al [67] discuss the risks associated with AI, including
the need for enhanced transparency and stakeholder
collaboration, this review adds a nuanced perspective on
balancing AI’s potential benefits with its ethical risks. For
instance, this review highlights the importance of human
oversight and the complementarity of AI with clinician expertise,
which aligns with Morley et al [68] and Zhang and Zhang [69]
but also offers additional insights into practical implementation
issues not fully covered in the previous reviews.

In terms of public perception, this review supports Kerstan [70]
and Castagno and Khalifa [71] by acknowledging that trust in
AI is influenced by knowledge and transparency. However, it
further explores the dynamic interaction between AI’s promise
and the necessity for rigorous validation and ethical governance,
as discussed by Macrae [72] and Tulk Jesso et al [73]. This
review underscores that while AI has the potential to
revolutionize health care, its integration must be handled with
careful consideration of both practical and ethical dimensions
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to achieve meaningful improvements in patient care and
outcomes.

Strengths and Limitations
First, the generalizability of the findings may be affected by the
inherent variations in study methodologies, AI implementations,
and health care settings across different regions. This
heterogeneity introduces variability that could influence the
applicability of the conclusions. To mitigate this limitation,
rigorous search strategies were used across multiple databases
to include a diverse range of studies. Future reviews could
benefit from incorporating more standardized studies to enhance
generalizability. Second, the reliance on published literature
from electronic databases introduces potential publication bias.
Studies with positive outcomes related to AI integration in health
care may be more likely to be published, which could skew
perceptions of AI effectiveness and adoption rates. Efforts were
made to address this bias by including a broad range of databases
and emphasizing recent literature. Future research should aim
to include unpublished studies or grey literature to provide a
more balanced view. Third, the rapid evolution of AI
technologies means that newer developments and
implementations may not have been fully captured in this
review. The review focused on the most current literature
available at the time of the search to address this issue. Regular
updates will be necessary to incorporate the latest advancements
and ensure the review remains relevant. In addition, the absence
of details around stakeholder engagement could have enriched
the study by providing additional depth and perspective.
Engaging stakeholders in such a dynamic field would offer
diverse viewpoints and further validate the conclusions. Future
research should consider incorporating stakeholder engagement
to enhance the robustness and applicability of the findings.

Despite these limitations, this review offers several notable
strengths. It provides a comprehensive overview of AI
integration in health care, leveraging rigorous search strategies
across multiple databases to ensure a diverse and current
collection of literature. This approach contributes to a nuanced
understanding of AI’s potential and limitations. Furthermore,
the emphasis on recent developments helps ensure that the
review reflects the most current trends and advancements in AI
technologies.

Future Directions
Moving forward, further research in the field of AI integration
in health care should address several key areas to advance
understanding and application. First, studies should prioritize
incorporating stakeholder engagement, including health care
providers, patients, policymakers, and technology developers,
to provide diverse perspectives on AI adoption and
implementation strategies, enhancing relevance and acceptance
in clinical practice. Second, longitudinal studies are crucial to
assess the long-term impacts of AI technologies in health care
settings, providing insights into sustainability, scalability, and
real-world effectiveness over time. Third, comprehensive
research focusing on the ethical implications of AI, including
data privacy, algorithm bias, patient consent, and regulatory
frameworks, is needed to build trust and ensure responsible
deployment. In addition, comparative effectiveness research
comparing AI-assisted interventions with standard care protocols
can provide evidence of AI’s impact on clinical outcomes,
patient safety, and health care efficiency. Interdisciplinary
collaboration between computer scientists, health care
professionals, social scientists, and ethicists is essential to foster
innovative approaches aligned with health care needs. Education
and training programs for health care professionals on AI
technologies will ensure proficiency in interpreting AI-generated
insights and integrating them into patient care effectively.
Finally, research should explore how AI can reduce health care
disparities and improve access to quality care, particularly in
underserved communities and low-resource settings. Addressing
these priorities will realize AI’s potential in transforming health
care delivery and improving patient outcomes globally.

Conclusions
In summary, AI presents a transformative force in health care,
with the potential to enhance patient care, reduce errors, and
broaden medical knowledge. However, its successful integration
requires adaptability; complementarity with human expertise;
transparency; and a deliberate, incremental approach. AI’s
impact on health care is evolutionary, not revolutionary, and
collaboration between stakeholders, standardization, education,
and robust policies are essential to harness its full potential
while upholding patient-centric care and innovation.
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BERT: Bidirectional Encoder Representations from Transformers
GPT: Generative Pre-trained Transformer
MeSH: Medical Subject Headings
ML: machine learning
NLP: natural language processing
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RBES: rule-based expert systems
STI: sexually transmitted infection
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Abstract

Background: Traditionally, patients who are critically ill with infection and fever have been treated with antipyretics or even
physically cooled. Presumed benefits of the reduction of body temperature are mostly based on decreased metabolic demands.
However, it has been shown that decreasing body temperature in patients who are critically ill is not associated with improvement
in treatment outcomes. Additionally, there is some data to support the use of temperature modulation (therapeutic hyperthermia)
as an adjuvant treatment strategy in patients with infection.

Objective: This study aims to determine the effect of body temperature on the course of intensive care unit (ICU) treatment of
patients who are mechanically ventilated with pneumonia, sepsis, and positive tracheal aspirates on admission.

Methods: We performed a single-center retrospective study. Core body temperature was measured in all patients. We analyzed
associations between average temperatures in the first 48 hours after admission to ICU and ICU treatment parameters. Additionally,
patients were divided into three groups: patients with negative tracheal aspirates 1 week after ICU admission (P-N group), patients
with a different pathogen in tracheal aspirates 1 week after ICU admission (P-HAP group), and patients with a persisting pathogen
in tracheal aspirates 1 week after ICU admission (P-P group). Differences in body temperature and interventions aimed at
temperature modulation were determined.

Results: We observed a significantly higher average temperature in the first 48 hours after admission to ICU in patients who
survived to hospital discharge compared to nonsurvivors (mean 37.2 °C, SD 1 °C vs mean 36.9 °C, SD 1.6 °C; P=.04). We
observed no associations between average temperatures in the first 48 hours after ICU admission and days of mechanical ventilation
in the first 7 days of treatment (ρ=–0.090; P=.30), the average maximum daily requirement for noradrenaline in the first 7 days
of treatment (ρ=–0.029; P=.80), average maximum FiO2 in the first 7 days of ICU treatment (ρ=0.040; P=.70), and requirement
for renal replacement therapy in the first 7 days of ICU treatment (mean 37.3 °C, SD 1.4 °C vs mean 37.0 °C, SD 1.3 °C; P=.23).
In an additional analysis, we observed a significantly greater use of paracetamol in the P-N group (mean 1.0, SD 1.1 g vs mean
0.4, SD 0.7 g vs mean 0.4, SD 0.8 g; P=.009), a trend toward greater use of active cooling in the first 24 hours after ICU admission
in the P-N group (n=11, 44% vs n=14, 33.3% vs n=16, 32%; P=.57), and no other significant differences in parameters of ICU
treatment between patient groups.

Conclusions: We observed better survival in patients who developed higher body temperatures in the first 48 hours after
admission to the ICU; however, we observed no changes in other treatment parameters. Similarly, we observed greater use of

Interact J Med Res 2024 | vol. 13 | e52590 | p.680https://www.i-jmr.org/2024/1/e52590
(page number not for citation purposes)

Guzelj et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:andrej.markota@ukc-mb.si
http://www.w3.org/Style/XSL
http://www.renderx.com/


paracetamol in patients with negative tracheal aspirates 1 week after ICU admission. Our results support the strategy of temperature
tolerance in patients who are intubated with pneumonia and sepsis.

(Interact J Med Res 2024;13:e52590)   doi:10.2196/52590

KEYWORDS

fever; targeted temperature management; pneumonia; sepsis; intensive care unit

Introduction

Increased body temperature has been recognized as a sign of
illness for more than 2000 years and antipyretics have been used
for at least 100 years with the aim of lowering body temperature
in patients who are febrile [1]. However, a body of evidence
exists ranging from studies in the preantibiotic era to a recently
published pilot trial, where increased body temperature is
investigated as a treatment option in patients with infection
[2-4]. A fever-range increase of body temperature is a highly
preserved response that is probably beneficial in patients who
develop fever as a part of a normal immune response to infection
[5]. Recently, we have observed that patients with lower body
temperatures are at a higher risk of acquiring the presence of
multidrug-resistant pathogens [6]. The aim of this study was to
investigate the association between body temperature and the
course of intensive care unit (ICU) treatment in patients with
pneumonia and sepsis and to evaluate the effect of temperature
on the persistence of positive control tracheal aspirates.

Methods

Study Design and Settings
We performed retrospective observational data collection from
January 1, 2018, to December 31, 2021. The study was
performed in a medical ICU in a tertiary center and supported
by an institutional research grant (grant IRP-2022/01-01).

Ethical Considerations
The study was approved by University Medical Centre Maribor
Ethical Committee, and informed consent was waived because
of the observational and retrospective nature of the study (No.
UKC-MB-KME-35/22). Patients’ data have been anonymized
and deidentified. No compensation was provided to the
participants.

Study Population
We included adult (aged >18 years) patients with pneumonia,
septic shock, positive tracheal aspirates within 24 hours after
admission (“admission” tracheal aspirates), and tracheal
aspirates withdrawn 8-14 days after admission to ICU (“week
2” tracheal aspirates). We excluded patients who were treated
with targeted temperature management for accidental hypo- or
hyperthermia, patients after cardiac arrest, and patients who are
neurocritical (eg, patients with meningitis, encephalitis, ischemic
or hemorrhagic stroke, or subarachnoid hemorrhage).
Temperature management in our patient cohort was as per the
treating physician.

Measurements
We collected basic demographic data and data related to ICU
treatment, namely outcome of ICU treatment, ICU length of
stay, core body temperature during ICU stay, use of renal
replacement therapy, use of acetaminophen, maximum
concentration of noradrenaline, maximum fraction of inspired
oxygen, maximum level of positive end-expiratory pressure and
maximum minute ventilation, and microbiological results of
tracheal aspirates. Source data was paper based for temperature
and therapeutic charts and electronic for other data. Core body
temperature was used for study data. As per department policy,
temperature was measured via thermal probe urinary catheters
(Rüsch Sensor Urinary Catheters, Teleflex Medical, Athlone,
Ireland), and temperature measurements were continuously
displayed on ICU monitors (Philips IntelliVue MX800 Patient
Monitoring System, Koninklijke Philips N.V., Amsterdam,
Netherlands). If insertion of a urinary catheter is not possible,
then an esophageal temperature probe is inserted, but
temperature measurement in all of the included patients was
performed via a urinary catheter. Temperature results from
2-hourly notations were used for statistical analysis. We
compared the association between body temperature and course
of treatment parameters between three groups of patients:
patients with sterile week 2 tracheal aspirates (P-N group),
patients with a different pathogen in week 2 tracheal aspirates
(P-HAP group), and patients with a persistent pathogen presence
in week 2 tracheal aspirates (P-P group).

Data Analysis
Statistical analyses were carried out using R (version 4.1.1; R
Foundation for Statistical Computing). Nominal variables are
presented with frequencies (percentages) and numerical
variables with means (SDs) or medians (IQRs) when the
normality assumption is violated. For the comparison of nominal
dichotomous variables, the Fisher exact test was used.
Continuous variables were first assessed for normality using
the D’Agostino omnibus test. A comparison of continuous
variables across groups was carried out using the Kruskal-Wallis
test. Dunn post hoc test with Bonferroni correction was used to
adjust for multiple comparisons. The association between
average temperature in the first 48 hours and the duration of
mechanical ventilation, the average maximum daily requirement
for noradrenaline and the average maximum FiO2 in the first 7
days was evaluated using Spearman correlation. Generalized
linear models were used to additionally estimate the ICU and
hospital survival in association with the abovementioned risk
factors. A statistically significant observation was considered
at P<.05.
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Results

Baseline Characteristics
In all, 117 patients were included in the study analysis; 84
(71.8%) were male, and the mean age was 63.7 (SD 13.5) years.
All patients were invasively mechanically ventilated in the ICU
on day 1. Mean APACHE II and SOFA scores on admission
were 21.7 (SD 6.6) and 10.1 (SD 2.6), respectively. A total of
77 (65.8%) were discharged alive from the ICU, and 46 (39.3%)

patients were discharged alive from the hospital. P-N, P-HAP,
and P-P groups consisted of 25, 42, and 50 patients, respectively.
We observed no significant differences between the P-N,
P-HAP, and P-P groups in all treatment parameters apart from
the use of paracetamol on day 1, which was significantly greater
in the P-N group (mean 1.0, SD 1.1 g vs mean 0.4, SD 0.7 g vs
mean 0.4, SD 0.8 g; P=.009). General demographic data and
parameters describing the course of the treatment in the ICU
are described in Table 1. The study patient population and
inclusion flowchart are presented in Figure 1.

Table 1. Demographic data and parameters describing the course of treatment in the intensive care unit (ICU).

P valueTotalGroupLabel and variable

P-HAPcP-PbP-Na

117 (100)42 (35.9)50 (42.7)25 (21.4)Patients, n (%)

.26Gender, n (%)

33 (28.2)10 (30.3)18 (54.5)5 (15.2)Female

84 (71.8)32 (38.1)32 (38.1)20 (23.8)Male

.21Age (years)

65.0 (57.0-74.0)67.0 (62.0-76.0)64.0 (57.2-71.8)62.0 (52.0-74.0)Median (IQR)

23.0-86.039.0-86.026.0-84.023.0-84.0Min-max

.19BMI (kg/m2)

28.6 (5.8)29.7 (6.4)27.6 (4.3)28.7 (7.0)Mean (SD)

16.3-47.716.3-44.818.8-39.217.2-47.7Min-max

.35Length of hospitalization (days)

20.0 (14.0-26.9)17.5 (13.0-26.8)19.5 (15.0-26.8)22.0 (17.0-29.0)Median (IQR)

8.0-69.08.0-69.010.0-43.08.0-53.0Min-max

.26ICU survival, n (%)

40 (34.2)18 (45.0)16 (40.0)6 (15.0)Died

77 (65.8)24 (31.2)34 (44.2)19 (26.1)Survived

.59Hospital survival, n (%)

71 (60.7)27 (38.0)31 (43.7)13 (18.3)Died

46 (39.3)15 (32.6)19 (41.3)12 (26.1)Survived

.76SOFAd at the time of admission

10.0 (9.0-12.0)10.0 (9.0-12.0)10.0 (9.0-12.0)9.5 (7.0-12.0)Median (IQR)

4.0-16.04.0-15.05.0-15.05.0-16.0Min-max

.53APACHEe II at the time of admission

21.7 (6.6)22.1 (7.2)22.0 (6.4)20.4 (6.3)Mean (SD)

5.0-40.05.0-40.07.0-36.06.0-32.0Min-max

.8638 (32.5)14 (36.8)17 (44.7)7 (18.4)Change of antibiotic in 7 days
after admission (no), n (%)

aP-N: patients with sterile week 2 tracheal aspirates.
bP-HAP: patients with a different pathogen in week 2 tracheal aspirates.
cP-P group: patients with a persistent pathogen presence in week 2 tracheal aspirates.
dSOFA: Sequential Organ Failure Assessment.
eAPACHE: Acute Physiology and Chronic Health Evaluation.
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Figure 1. Study patient population and inclusion flowchart. ICU: intensive care unit.

Main Results
Body temperature changes in the first 28 days of treatment are
presented in Figure 2. We observed a significantly higher
average temperature in the first 48 hours after admission to ICU
in patients who survived to hospital discharge compared to
nonsurvivors (mean 37.2 °C, SD 1 °C vs mean 36.9 °C, SD 1.6
°C; P=.04) and nonsignificant differences in average
temperatures in the first 48 hours after admission to ICU
between survivors and nonsurvivors to ICU discharge (mean

37.0 °C, SD 1.3 °C vs mean 37.0 °C, SD 1.2 °C; P=.60). We
observed no associations between average temperatures in the
first 48 hours after ICU admission and days of mechanical
ventilation in the first 7 days of treatment (ρ=–0.090; P=.30),
the average maximum daily requirement for noradrenaline in
the first 7 days of treatment (ρ=–0.029; P=.80), average
maximum FiO2 in the first 7 days of ICU treatment (ρ=0.040;
P=.70), and requirement for renal replacement therapy in the
first 7 days of ICU treatment (mean 37.3 °C, SD 1.4 °C vs mean
37.0 °C, SD 1.3 °C; P=.23).
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Figure 2. Average body temperature by groups in the first 28 days of treatment in the intensive care unit. P-HAP: patients with a different pathogen
in week 2 tracheal aspirates; P-N: patients with sterile week 2 tracheal aspirates; P-P: patients with a persistent pathogen presence in week 2 tracheal
aspirates.

P-N, P-HAP, and P-P groups consisted of 25, 42, and 50 patients
each, respectively. No significant differences in average body
temperature in the first 48 hours were observed between the
P-P, P-HAP, and P-N groups. Temperature variations increased
after day 16 (Figure 2), however, and approximately two-thirds
of patients were discharged from the ICU or died before day
16. Both hospital and ICU survival were higher in the P-N group
compared to the P-HAP and P-P groups; however, the

differences were not statistically significant (Figure 3). We
observed statistically significant greater use of paracetamol in
the first 24 hours after ICU admission in the P-N group
compared to the P-HAP and P-P groups (mean 1.0, SD 1.1 g
vs mean 0.4, SD 0.7 g vs mean 0.4, SD 0.8 g; P=.009). Active
cooling was used more frequently on day 1 in the P-N group,
but no significant differences were observed (Figure 4).

Figure 3. Intensive care unit (ICU) and hospital survival by groups. P-HAP: patients with a different pathogen in week 2 tracheal aspirates; P-N:
patients with sterile week 2 tracheal aspirates; P-P: patients with a persistent pathogen presence in week 2 tracheal aspirates.
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Figure 4. Active cooling on day one of hospitalization in the intensive care unit divided by groups. P-HAP: patients with a different pathogen in week
2 tracheal aspirates; P-N: patients with sterile week 2 tracheal aspirates; P-P: patients with a persistent pathogen presence in week 2 tracheal aspirates.

Microbiological Data
In all, 148 different causal pathogens were isolated. In admission
tracheal aspirates, the majority (n=124, 66%) of pathogens were
gram-negative bacteria, followed by gram-positive bacteria
(n=56, 29.8%) and fungal pathogens (4.3%). In week 2 tracheal
aspirates, the majority (n=128, 86.5%) of pathogens were
gram-negative bacteria, followed by gram-positive bacteria
(n=14, 9.5%) and fungal pathogens (n=6, 4.1%). We observed
no differences between the P-N, P-HAP, and P-P groups in

causative pathogens in admission tracheal aspirates (Table 2).
There were no differences between the P-N, P-HAP, and P-P
groups in the rate of change of antimicrobial therapy within the
first week after ICU admission, and we observed no changes in
the duration of initial (combined empiric and antibiogram-guided
antimicrobial therapy) and cumulative ICU-stay antibiotic
therapy (mean 7.6, SD 2.7 days vs mean 8.4, SD 3.1 days vs
mean 8.2, SD 2.9 days; P=.55; mean 15.2, SD 5.6 days vs mean
14.8, SD 6.8 days vs mean 15.9, SD 6.2 days; P=.70;
respectively).
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Table 2. Isolated pathogens from the first and second samples divided by groups.

Total, n (%)Group, n (%)Genus

P-NcP-HAPbP-Pa

Gram-positive bacteria

Sample 1

29 (15.4)6 (3.2)15 (8.0)8 (4.3)Staphylococcus

21 (11.2)5 (2.7)11 (5.9)5 (2.7)Streptococcus

6 (3.2)1 (0.5)2 (1.1)3 (1.6)Corynebacterium

56 (29.8)12 (6.4)28 (14.9)16 (8.5)Total

Sample 2

7 (4.7)N/Ad2 (1.4)5 (3.4)Staphylococcus

4 (2.7)N/A3 (2.0)1 (0.7)Corynebacterium

2 (1.4)N/A1 (0.7)1 (0.7)Streptococcus

1 (0.7)N/A1 (0.7)0 (0)Enterococcus

14 (9.5)N/A7 (4.7)7 (4.7)Total

Gram-negative bacteria

Sample 1

31 (16.5)8 (4.3)6 (3.2)17 (9.0)Klebsiella

17 (9.0)6 (3.2)7 (3.7)4 (2.1)Haemophilus

14 (7.4)1 (0.5)4 (2.1)9 (4.8)Escherichia

14 (7.4)2 (1.1)3 (1.6)9 (4.8)Enterobacter

11 (5.9)1 (0.5)0 (0)10 (5.3)Pseudomonas

37 (19.7)7 (3.7)7 (3.7)23 (12.2)Other

124 (66)25 (13.3)27 (14.4)72 (38.3)Total

Sample 2

28 (18.9)N/A12 (8.1)16 (10.8)Klebsiella

24 (16.2)N/A8 (5.4)16 (10.8)Pseudomonas

15 (10.1)N/A4 (2.7)11 (7.4)Escherichia

14 (9.5)N/A6 (4.1)8 (5.4)Enterobacter

13 (8.8)N/A3 (2.0)10 (6.8)Acinetobacter

34 (23.0)N/A16 (10.8)18 (12.2)Other

128 (86.5)N/A49 (33.1)79 (53.4)Total

Fungi

Sample 1

8 (4.3)1 (0.5)6 (3.2)1 (0.5)Candida

188 (100)38 (20.2)61 (32.4)89 (47.3)Total

Sample 2

6 (4.1)N/A1 (0.7)5 (3.4)Candida

148 (100)N/A57 (38.5)91 (61.5)Total

aP-P group: patients with a persistent pathogen presence in week 2 tracheal aspirates.
bP-HAP: patients with a different pathogen in week 2 tracheal aspirates.
cP-N: patients with sterile week 2 tracheal aspirates.
dN/A: not applicable.
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Discussion

Principal Findings
We observed higher initial body temperatures in patients who
survived to hospital discharge and a trend toward higher initial
temperatures in patients who survived to ICU discharge. We
did not observe any differences in body temperature between
the P-N, P-HAP, and P-P groups of patients, but we did observe
a significantly greater use of paracetamol in the P-N group of
patients and a trend toward greater use of active cooling in the
P-N group of patients. Additionally, we observed a trend toward
better survival to ICU and hospital discharge in the P-N group
of patients.

Traditionally, antipyretic therapy (mostly paracetamol), and in
some cases active cooling, have been used to lower body
temperature in patients who are febrile with infection. The
presumed patient benefit comes from decreased metabolic
demands associated with lower body temperature [7,8].

The survival of our patients is comparable to studies performed
by Gursel and Demirtas [9], Depuydt et al [10], and Qiao et al
[11] who reported survival to ICU discharge of patients who
were critically ill with pneumonia in the range between 46%
and 75%, compared to 65.8% survival to ICU discharge in our
patients. They included patients with similar severity of illness,
with SOFA scores in the range between 4 and 6 points and
APACHE II scores around 20 points, compared to the SOFA
score 10.1 (SD 2.6) and APACHE II score 21.7 (SD 6.6) in our
study.

Our findings are in line with a number of other studies where
better survival was observed in patients with infection and
physiological-grade fever (ie, body temperature between around
37 °C and 39 °C). Both Kushimoto et al [12] in a prospective
observational study and Shimazui et al [13] in a retrospective
observational study observed higher mortality in patients with
sepsis and lower body temperature on admission. Lee et al [14]
also observed lower mortality in patients with
physiological-grade fever in their prospective study. Rumbus
et al [15] performed a meta-analysis of 42 studies reporting
body temperature and mortality in patients with sepsis. They
discovered a correlation between higher body temperature and
lower mortality; higher body temperature predicted better
survival, and hypothermia predicted lower survival. Similar to
our findings the number of patients with body temperature over
39.5 °C was very low. Thomas-Rüddel et al [16] performed a
secondary analysis of a large data set of patients with sepsis
and discovered that initial body temperatures were distributed
in two peaks: a smaller peak at around 35.5 °C and a larger peak
approximately twice as large at around 38 °C. Again, the highest
survival rate was observed in patients with hyperthermia and
the lowest in patients with hypothermia. They also observed
that ambient temperatures were significantly associated with
body temperatures; lower ambient temperatures were associated
with hypothermia, and higher outside temperatures were
associated with hyperthermia. The potential benefits of active
warming of patients with infection were further highlighted by
Drewry et al [4], who performed a pilot randomized controlled
study evaluating the use of therapeutic hyperthermia in patients

with sepsis and observed a significantly better survival in the
hyperthermia group; however, there were no differences in the
primary results.

We can speculate that higher doses of paracetamol and greater
use of active cooling probably decreased body temperatures in
the P-N group of patients; however, this was not associated with
any improvement during ICU treatment. We observed no
differences in the use of noradrenalin, parameters of mechanical
ventilation, requirement for renal replacement therapy, or organ
dysfunction scores, and we observed a trend toward greater ICU
and hospital survival in the P-N group. Our results suggest that
there is probably no clinical benefit associated with the treatment
of physiological-grade fever. Similarly, Zhang et al [17] and
Ye et al [18] performed retrospective studies on patients with
fever and sepsis, and they observed no beneficial effects of
antipyretic therapy and possible harm associated with the use
of external cooling. In a prospective randomized controlled trial,
Young et al [19] observed approximately 0.5 °C lower body
temperature in patients who received paracetamol (4 g daily)
compared to patients who received a placebo. They also
observed that patients who received more paracetamol
experienced a longer ICU stay if they were nonsurvivors, and
shorter ICU stay if they were survivors, which was explained
by the probable effect of lower body temperature on clinicians’
perception of the patients’ prognosis. Lower body temperature
in the paracetamol group was not associated with any
improvement in the ICU course of treatment parameters [19,20].

To our knowledge, there is no other data to compare our results
regarding the clearance or persistence of pathogens in tracheal
aspirates. In 42.7% (n=50) of our patients (ie, the P-P group of
patients), the same pathogen persisted in tracheal aspirates 1
week after initial samples were obtained. There were no
differences in causative pathogens between the P-N, P-HAP,
and P-P groups of patients, and we observed no significant
changes in baseline data between the groups, including the rate
of change of empiric antibiotic therapy. There was a trend
toward higher temperature in the first 48 hours in the P-N group,
compared to the P-HAP and P-P groups, possibly indicating
that tolerance of hyperthermia could be beneficial for patients
who are intubated with pneumonia and sepsis. There were no
significant differences in the course of ICU treatment parameters
despite greater use of paracetamol and active cooling, indicating
that pharmacological or active cooling has no benefit in patients
where fever is part of an appropriate response to infection.

There are a number of limitations to our study. We performed
a single-center retrospective observational study with all inherent
biases associated with this study design. Of the initial 488
patients with pneumonia, 249 were not included because there
were no tracheal aspirates 1 week after ICU admission (because
of extubation, death, or no clinical need for obtaining samples
if the patients were still intubated). Additionally, target
temperatures were defined by the treating physicians. However,
there are no guidelines regarding target temperatures for this
patient population, and we observed no differences in baseline
data between the different groups.
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Conclusions
To conclude, we observed better survival in patients who
developed higher body temperatures in the first 48 hours after
admission to the ICU; however, we observed no changes in
other treatment parameters. Additionally, we observed greater
use of interventions aimed at cooling the patients (use of

paracetamol and a trend toward greater use of active cooling)
in patients with negative tracheal aspirates 1 week after ICU
admission. Additionally, in this group of patients, we observed
a trend toward better survival. Our results speak against the use
of interventions aimed at the reduction of body temperature and
support the strategy of temperature tolerance in patients who
are mechanically ventilated with pneumonia and sepsis.
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Abstract

Background: COPD (chronic obstructive pulmonary disease) and bronchiectasis are common, and exacerbations contribute to
their morbidity and mortality. Predictive factors for the frequency of future exacerbations include previous exacerbation frequency
and airway colonization. Earlier treatment of exacerbations is likely to reduce severity.

Objective: This study tested the hypothesis that, in a population with bronchiectasis, COPD, or both who have frequent
exacerbations and airway colonization, changes in symptom scores or physiological variables within 10 days prior to an exacerbation
would allow the prediction of the event.

Methods: We performed a 6-month, longitudinal, observational, cohort study among 30 participants with bronchiectasis, COPD,
or both; at least 2 exacerbations per year; and colonization with Pseudomonas aeruginosa or Haemophilus influenzae. Daily
symptom and physiological data were collected, comprising pulse rate, blood pressure, oxygen saturation, peak flow rate, step
count, weight, and temperature. Exacerbations (defined as the onset of new antibiotic use for respiratory symptoms) were collected,
and predictive values for abnormal values in the 10 days prior to an exacerbation were calculated.

Results: A total of 30 participants were recruited, collecting a total of 39,534 physiological and 25,334 symptom data points
across 5358 participant-days; these included 78 exacerbations across 27 participants, with the remaining 3 participants not having
exacerbations within the 6-month observation period. Peak flow rate, oxygen saturation, and weight were significantly different
at the point of exacerbation (all P<.001), but no significant trends around exacerbation were noted and no clinically beneficial
predictive value was found in the overall or individually adjusted model. Symptom scores tended to worsen for 10 days on either
side of an exacerbation but were of insufficient magnitude for prediction, with area under the receiver operating characteristic
curve values of ranging from 0.4 to 0.6.

Conclusions: Within this small cohort with bronchiectasis, COPD, or both and airway colonization, physiological and symptom
variables did not show sufficient predictive value for exacerbations to be of clinical utility. The self-management education
provided as standard of care may be superior to either of these approaches, but benefit in another or larger cohort cannot be
excluded.

International Registered Report Identifier (IRRID): RR2-10.2196/resprot.6636
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Introduction

COPD (chronic obstructive pulmonary disease) and
bronchiectasis are common causes of morbidity and mortality
across the world [1,2]. Much of this morbidity and mortality is
associated with exacerbations—acute deteriorations of the
disease [3,4]. Exacerbations often require additional treatment,
up to and including hospitalization, and are a risk factor for
progressive disease [5,6]. Certain factors are known to be
associated with increased risk of future exacerbations, including
recurrent previous exacerbation [7,8] and airway colonization
with organisms such as Pseudomonas aeruginosa [9,10].

It is thought that earlier treatment of exacerbations is associated
with improved outcomes, including time to recovery and reduced
risk of a severe exacerbation [11], but overtreatment risks side
effects from the treating medications (eg, corticosteroids or
antibiotics). Accurate prediction of exacerbations is therefore
required. Predictive factors may be physiological (eg, heart rate
or oxygen saturations) or symptomatic (eg, degree of
breathlessness or fatigue). The monitoring of physiological
variables has shown value in predicting mortality in hospital
and prehospital care (eg, National Early Warning Score [12,13]),
including mortality in patients with COPD [14]. However, the
same has not been consistently demonstrated for other metrics,
such as exacerbations of disease, and previous studies focusing
on lung function monitoring have not demonstrated predictive
benefit [15,16]. Multiple predictors of exacerbation risk exist
[17-20], such as the COPD Assessment Test score for COPD
and the FACED score for bronchiectasis, but these do not help
predict individual exacerbations. In order to predict
exacerbations in either physiological or symptom modalities,
monitoring must be remote and performed in the home
environment.

We conducted a longitudinal, observational, cohort study
examining the capability of physiological and symptom variables
to predict exacerbations of airway disease in participants with
chronic bronchitis with frequent exacerbation and airway
colonization with P aeruginosa or Haemophilus influenzae. We
hypothesized that changes in symptom scores or physiological
variables within 10 days prior to an exacerbation would allow
the prediction of the event.

Methods

Study Design and Setting
We conducted a 6-month, blinded, longitudinal, observational,
cohort study, recruiting 30 adult participants from secondary
care with a diagnosis of COPD, bronchiectasis, or both.
Participants were recruited from a secondary care clinic during
2014, and the study ran from September 2014 for 6 months.

Participants
Participants were required to have had a least 2 exacerbations
in the last 12 months, at least 1 of which was within the last 6
months. Participants were required to be colonized by P
aeruginosa or H influenzae, demonstrated by at least 2 cultures
at exacerbation in the last 12 months without culture of the other
organism. Participants were required to be able to give informed
consent, comply with study procedures, and produce at least 5
mL of sputum most days. A full study protocol has been
previously published [21], and the participant flow diagram is
shown in the Figure S1 in Multimedia Appendix 1.

Variables
At enrollment, participants provided clinical history, underwent
spirometry testing, and completed symptom questionnaires
including the St. George’s Respiratory Questionnaire (SGRQ).
A home visit was conducted when participants were provided
with home physiological monitoring equipment [21], specifically
a digital peak flow meter, pulse oximeter, physical activity (step)
tracker, infrared thermometer, automatic sphygmomanometer,
and weighing scales (see Table S1 in Multimedia Appendix 1
for the models of the equipment); they were linked by Bluetooth
to an iPad, which was also used collected symptom scores on
a 10-point visual analog scale for appetite, breathing, cough,
energy, and wellness. These data were transmitted daily to a
secure cloud-based database, and the study team were blinded
to the data until all participants had completed the study, except
for a single unblinded technical observer who ensured that data
were being received from each participant. Participants were
asked to record whether they had started a course of antibiotics
at home (defined as a moderate exacerbation as per guidelines)
or whether they were in hospital (defined as a severe
exacerbation) [22].

Outcomes
The outcome under investigation was the accuracy of abnormal
values of the physiological and symptom variables listed above
to predict a moderate exacerbation of airway disease, as defined
by patient-reported initiation of antibiotics for a worsening in
respiratory symptomatology. Independent variables were
therefore symptom scores (appetite, breathing, cough, energy,
and wellness) and physiological values (heart rate, blood
pressure, peripheral oxygen saturation, temperature, weight,
and daily step count).

Study Size
To establish an association between predictive markers and the
occurrence of exacerbations, the study was designed around the
identification of a presymptomatic period. Based on clinical
expertise and literature review, we determined that a 10-day
window before the onset of an exacerbation is a critical
timeframe in which deviations in predictive markers can be
most reliably attributed to a forthcoming exacerbation. This
period selection aligns with the natural history of exacerbations
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as detailed in prior studies. Given the adoption of a 10-day cycle
as a unit of observation, we anticipated a minimum of 12 such
units per participant across an expected follow-up duration of
4 months. This frequency follows from the inclusion criterion
requiring participants to have had at least 2 exacerbations in the
previous year, paralleling the exacerbation frequency described
by Seemungal et al [23].

For the study to hold clinical relevance, we aimed to achieve a
positive predictive value (PPV) of 60% and a negative predictive
value (NPV) of 90%. This was based on the study team’s
experience rather than published data. On the assumption that
each participant would experience at least 1 exacerbation during
the study period and using a significance threshold of 5% with
90% statistical power to discern the prescribed PPV and NPV,
the initial calculation suggested the need for 120 time units of
observation.

However, to address the statistical challenge posed by the
nonindependence of repeated measurements from individual
participants—each contributing multiple observation
periods—an intraclass correlation coefficient of 0.18 was used
to adjust for within-participant correlation. The resulting design
effect, reflecting this lack of independence, was calculated to
be approximately 3. This design effect was used to multiply the
basic sample size estimate, leading to a final requirement of
360 observational time periods. Consequently, a total cohort of
30 participants would satisfy this criterion, meeting the robust
statistical power necessary for the intended analyses.

Statistical Methods
Data analysis was conducted using SPSS (version 28; IBM
Corp), alongside visualization in Tableau Desktop (Tableau
Software) and data management in Excel 365 (Microsoft).
Descriptive statistics were used to characterize the study data,
using mean and SD for normally distributed variables and
median and IQR for nonnormally distributed variables. The
determination of normality was guided by kurtosis and skewness
indices, with thresholds set at absolute values less than 1 for
normal distribution.

Comparative analyses between groups were executed using the
Student t test (2-tailed) for normally distributed data and the
Mann-Whitney U test for data that deviated from normal
distribution. The onset of an exacerbation was defined as the
day on which a participant initiated an antibiotic treatment
course; any subsequent antibiotic courses beginning within 10
days of the initial course’s end were considered part of the
ongoing exacerbation and not as discrete events.

The monitoring tool, a modified National Early Warning Score,
was calculated with the exclusion of respiratory rate, as it could
not be accurately measured remotely with the equipment
provided to participants. Data were assessed longitudinally to
establish individualized normal ranges for each participant by
calculating variable SDs from the participant’s average, while
omitting any data from a 20-day span encompassing each
exacerbation (10 days before and 10 days after).

An abnormal value occurring within the 10-day presymptomatic
window preceding an exacerbation was classified as a true
positive. Conversely, abnormal values within 10 days following

an exacerbation were designated as “late” positives. Abnormal
values outside of these windows were flagged as false positives.
For the negative results, days featuring no abnormal values were
declared true negatives unless they fell within a 10-day period
preceding an exacerbation; in such cases, they were categorized
as false negatives. We defined “episode sensitivity” for each
variable as the detection of at least 1 abnormal result outside of
the participant's normal range within the pre-exacerbation
period.

Ethical Considerations
Ethical approval was given by the NHS South Central Research
Ethics Committee (14/SC/0298), and all participants gave
written, informed consent. Participants were allowed to keep
study equipment at the completion of the study but there was
no financial compensation. Data were anonymized for analysis
to safeguard participant information. Anonymized data can be
made available for suitable studies on written request.

Results

Overview
A total of 30 participants were recruited, with study population
baseline data shown in Table 1. A CONSORT (Consolidated
Standards of Reporting Trials) diagram of study recruitment is
shown in Figure S1 in Multimedia Appendix 1. A total of 39,534
physiological and 25,334 symptom data points were collected
across 5358 participant-days. A total of 78 exacerbations were
reported during the 6-month study period by 27 (90%) of 30
participants, with the median exacerbation count being 3 (IQR
1-3.75), and the remaining 3 (10%) participants not having
exacerbations during the study period. During the study, 4
participants recorded a total of 6 hospital admissions for
respiratory symptoms, giving an overall annualized rate of 0.2
per year compared to 0.6 per year (17 emergency hospital
attendances from 7 participants) in the year prior to admission.
Participant-level physiological and symptom data showed high
interindividual differences around the point of exacerbation, as
shown in Figures S2 and S3 in Multimedia Appendix 1.

Physiological data (Table 2) were compared using individualized
z scores to adjust for interparticipant differences in exacerbation
frequency. Values from exacerbation and 10 days on either side
were compared with nonexacerbation days outside of this
window. Peak flow rates and oxygen saturations were
significantly lower during the exacerbation window, whereas
weight and modified National Early Warning Score were
significantly higher (all P<.001). Mean values of temperature,
pulse rate, peak expiratory flow rate, and systolic blood pressure
around exacerbation are shown in Figure 1.

Average appetite, breathing, cough, energy, and wellness
symptom scores in the first week of data collection were
correlated with overall SGRQ, giving correlation coefficients
of –0.694, –0.761, –0.718, –0.798, and –0.805, respectively (all
P<.001), showing good correlation between patient-reported
symptom scores and a validated quality-of-life questionnaire.
Symptom scores were also compared using individualized z
scores to adjust for interparticipant differences in exacerbation
frequency. Values from exacerbation and 10 days on either side
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were compared with nonexacerbation days outside of this
window. All symptom scores including the total symptom score
were significantly lower at and around exacerbation compared
to outside this range, as shown in Table 3 (P<.001 for each).

The trend of symptom scores around the point of exacerbation
are shown in Figure 2, showing a gradual worsening in mean
symptom score each day leading to the point of exacerbation,
with gradual recovery following this. However, the magnitude

of the decline is small, with each score decreasing by a mean
of less than 1 point and by a similar magnitude.

The trends of total symptom scores through the study were
examined. While the average total symptom score showed a
slight improvement over time, this was not true for those with
sputum P aeruginosa, who started with poorer symptom scores
and showed a trend toward worsening over time, as shown in
Figure 3.

Table 1. Study population baseline data. All participants with chronic obstructive lung disease (COPD) had a GOLD (Global Initiative for COPD)
grade of D.

Value (N=30)Variable

30 (100)Participants, n (%)

68.3 (61.3-73.6)Age (years), median (IQR)

17 (57)Female gender, n (%)

Smoking status, n (%)

12 (40)Never smoked

17 (57)Ex-smoker

1 (3)Current smoker

15.5 (0-30)Pack-year history, median (IQR)

4 (3-5)Antibiotic courses per participant in the past 12 months, median (IQR)

26.3 (5.6)BMI (kg/m2), mean (SD)

17 (57)Bronchiectasis, n (%)

4 (13)COPD, n (%)

9 (30)Bronchiectasis and COPD, n (%)

4 (13)Ischemic heart disease, n (%)

4 (13)Heart failure, n (%)

2 (7)Type 2 diabetes, n (%)

66.1 (28.4)FEV1a (% predicted), mean (SD)

85 (23.4)FVCb (% predicted), mean (SD)

62.6 (16.0)FEV1/FVC ratio, mean (SD)

20 (67)Sputum culture Pseudomonas, n (%)

aFEV1: forced expiratory volume in 1 second.
bFVC: forced vital capacity.
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Table 2. Average results for physiological data throughout the study. P values were calculated from 2-tailed t test of the exacerbation period versus
the nonexacerbation period for normally distributed data or Mann-Whitney U test for nonnormally distributed data. Exacerbation data were based on
27 participants, as 3 participants did not have an exacerbation.

P valueNormal range excluding the
exacerbation period (n=27)

Exacerbation period (–10 to
+10 days; n=27)

All data (n=30)Physiological data

<.00172.2 (14.2)74.5 (14.2)72.7 (13.9)Weight (kg), mean (SD)

.482975 (1183-7469)3296 (1285-6428)3065 (1242-7088)Step count (per day), median (IQR)

<.001243 (159-327)209 (133-289)233 (149-320)Peak flow (L/min), median (IQR)

<.00195.5 (92.5-97.3)95.2 (92.0-97.0)95.4 (92.0-97.2)Oxygen saturation (%), median (IQR)

.90130 (22)130 (24)130 (22)Systolic BPa (mm Hg), mean (SD)

.8877 (12)77 (13)77 (12)Diastolic BP (mm Hg), mean (SD)

.05278.2 (11.9)78.8 (14.1)78.4 (13.2)Pulse rate (per min), mean (SD)

.00836.6 (36.5-37.0)36.7 (36.5-37.0)36.7 (36.5-37.0)Temperature (oC), median (IQR)

<.0011.3 (1.6)1.5 (1.7)1.4 (1.6)mNEWSb, mean (SD)

aBP: blood pressure.
bmNEWS: modified National Early Warning Score.

Figure 1. Average (A) temperature, (B) pulse rate, (C) peak expiratory flow rate (PEFR), and (D) systolic blood pressure over 10 days on either side
of the start of an exacerbation for all 78 exacerbations. bpm: beats per minute.
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Table 3. Average results for all symptom data throughout the study and excluding exacerbations. P values were calculated from 2-tailed t test of the
exacerbation period versus the nonexacerbation period.

P valueNormal range excluding the
exacerbation period (n=27)

Exacerbation period (–10
to 10 days; n=27)

All data (n=30)Symptom scores

<.0016.4 (1.8)5.7 (18)6.1 (1.8)Wellness score, mean (SD)

<.0016.4 (1.8)5.6 (1.7)6.1 (1.8)Cough score, mean (SD)

<.0016.2 (1.9)5.5 (2.0)6.0 (2.0)Breathing score, mean (SD)

<.0016.4 (2.0)5.8 (2.0)6.2 (2.0)Appetite score, mean (SD)

<.0016.0 (2.1)5.2 (2.0)5.8 (2.1)Energy score, mean (SD)

<.00131.4 (9.1)27.7 (8.9)30.1 (9.2)Total symptom score, mean (SD)

Figure 2. Mean symptom scores around the point of exacerbation (day 0) for all exacerbations.
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Figure 3. Change in mean total symptom score by sputum culture, demonstrating worsening symptoms over time in the Pseudomonas aeruginosa group
(lower line, n=20) and improving symptoms in the Haemophilus influenzae group (upper line, n=10). VAS: visual analog scale.

Predictive Values
Individual control limits of variable widths were calculated as
above. Table 4 shows predictive values at 2 SDs, which gave
a balance between PPV and sensitivity. A range of control
interval widths were calculated, and PPV for physiological
variables were highest at 27.9% (at 3.3 SDs), while PPV for
symptom variables peaked at 62.4% (at 4 SDs), which predicted
17.6% and 26.1% of episodes, respectively (Figures S4 and S5
in Multimedia Appendix 1). Individual-level data demonstrating
the range of predictive values at control widths of 2 SDs for
each participant are shown in Table S2 in Multimedia Appendix
1. Comparison between results for participants with COPD and
bronchiectasis is shown in Table S3 in Multimedia Appendix
1, showing slightly higher PPV and episode sensitivity for
participants with COPD but still less than 50%.

Physiological and symptom variables were analyzed using
receiver operating characteristic analysis (Figure S6 in
Multimedia Appendix 1), and no area under the curve (AUC)
values were outside the range of 0.4-0.6, indicating no
significant predictive value. This was repeated with z scores
(Figures S7 and S8 in Multimedia Appendix 1) to normalize
for individual variation, and all AUC values were within the
0.45-0.55 range, again showing no significant predictive value
(Figure S9 in Multimedia Appendix 1). Receiver operating
characteristic analysis was also conducted for COPD and
bronchiectasis alone and for P aeruginosa and H influenzae
colonization alone; in each analysis, no curve exceeded an AUC
of 0.4-0.6, with the exception of peak flow in participants with
H influenzae, which had an AUC of 0.374.
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Table 4. Predictive values of abnormal results for physiological and symptom results with individualized control limits of 2 SDs.

Episode sensitivity
(%)

Accuracy (%)Specificity (%)Sensitivity (%)NPVb (%)PPVa (%)Physiological and
symptom variables

24.3680.1495.827.2682.7627.23Weight

19.2379.4595.363.4682.5113.51Steps

28.2180.4695.916.9083.0626.18Peak flow rate

33.3380.3995.686.8083.1724.63Oxygen saturation

35.9079.8395.485.8282.7421.39Systolic BPc

37.1879.9995.485.4482.9420.00Pulse rate

42.3180.0795.456.9982.9924.41Temperature

34.6281.1195.3512.9983.9836.88Wellness score

42.3180.6994.2216.0684.2836.81Cough score

43.5980.5293.6118.0784.5137.19Breathing score

47.4481.4495.3514.9984.2740.29Appetite score

46.1580.8994.2517.1484.4438.44Energy score

43.5981.1194.8515.3984.2838.46Total symptom score

aPPV: positive predictive value.
bNPV: negative predictive value.
cBP: blood pressure.

Discussion

Our study has revealed the limited predictive value of
physiological markers and symptom scores in this population
with airway disease and chronic colonization. The variability
of physiological data and the subtlety of symptom changes
challenge the reliance on these measures alone for predicting
imminent exacerbations. Symptom scores on a population level
indicated some deterioration around the time of exacerbation
but were insufficient as stand-alone individual level predictors.
Our approach to personalize reference ranges, accounting for
intraparticipant variability, has been proven valuable but still
fell short in enhancing predictive accuracy.

Despite these limitations, the role of these indicators cannot be
entirely discounted. Physiological variables and symptom scores
remain crucial components of a comprehensive disease
monitoring plan for many respiratory diseases. The
differentiation between physiological changes and symptom
deterioration is important; while physiological parameters may
not predict exacerbations with high accuracy, they provide
valuable information on a patient’s baseline health status, which
can be crucial when responding to symptoms that suggest an
exacerbation and therefore guide clinical decision-making,
particularly when considered alongside an individual’s typical
symptomatology and exacerbation patterns. This approach was
used in the PROMETE study for example, which showed that
monitoring physiological values with respiratory physician
reviews reduced hospital and emergency department attendances
over 7 months, with more exacerbations being managed at home
[24].

Moreover, the aggregated symptom score highlighted in our
study, while not overtly predictive, could have potential

applications when considering temporal trends over more
extended periods, as some data suggest that telemonitoring is
more beneficial over a longer term than in our study [25]. While
acute predictive value is limited, monitoring this score could
be useful for assessing overall disease management and quality
of life across broader timeframes, which may be of interest in
longitudinal studies. Systematic reviews of previous studies of
the effectiveness of remote monitoring of airway disease have
focused on COPD and have shown mixed results [26,27]. Of
particular interest, physiological deterioration over time was
noted in our study in those colonized by P aeruginosa, and this
is consistent with previously reported data, suggesting a
particularly high-risk group of patients [28].

Our study also reflects the multifaceted nature of exacerbations
in chronic airway diseases, which likely result from a
combination of factors, ranging from environmental triggers to
individual patient behaviors. Furthermore, the findings
underscore the essential role of education and self-management.
The decrease in admission rates during the study, compared to
the year prior, may indicate that equipping patients with
self-management plans may help avert the most severe
manifestations of exacerbations, thereby reducing hospital visits.

While our study has provided valuable insights into the
management of chronic airway disease, the inherent limitations
must be acknowledged. The relatively small cohort size and the
specific inclusion of patients with known chronic airway
colonization restrict the generalizability of the findings. The
observational period did not extend across a full year, resulting
in a potential underrepresentation of seasonal variations,
although it crucially encompassed the winter months when
exacerbations are generally more prevalent and severe. The
exclusion of respiratory rate—a potentially significant
physiological marker—from our data collection may have
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omitted a critical variable with predictive capability.
Additionally, while the symptom scores used in the study were
less complex and showed good correlation with established
measures such as the SGRQ, there remains the possibility that
more nuanced symptom evaluation tools could yield stronger
predictive correlations. Another notable aspect of the study was
participant access to their own longitudinal data, which
introduces the potential for reporting bias. However, the
anticipated direction of such bias would more commonly lead
to an overestimation of symptoms, resulting in false-positive
identifications of exacerbations—a phenomenon not observed
in our data. This suggests that while participant awareness of
their data could be a confounding factor, its impact on the
study’s outcomes may be minimal. Despite these limitations,

the study’s strengths also warrant mention. By methodically
tracking daily symptomatic and physiological changes within
a clearly defined patient group, the study provides nuanced
insight into the patterns preceding exacerbations. Moreover,
the inclusion of the winter months offers pertinent data from a
period of high clinical relevance due to the increased
exacerbation risk.

Further studies examining respiratory rate, other symptom
assessment, or continuous monitoring may be of benefit, but a
strongly predictive single factor seems unlikely and alternative
approaches to monitoring airway disease such as combining
multiple sources of predictive data in the home setting are more
likely to be useful.
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Abstract

Background: Postoperative fever frequently indicates surgical complications and is commonly used to evaluate the efficacy
of interventions against surgical stress. However, the presence of circadian rhythms in body temperature may compromise the
accurate detection of fever.

Objective: This study aimed to investigate the detection rate of fever under intermittent measurement.

Methods: We retrospectively reviewed the clinical records of patients who underwent nonemergency gastrointestinal surgery
between November 2020 and April 2021. Patients’ temperature data were continuously collected every 4 seconds using a wireless
axillary thermometer, and fever was defined as a temperature exceeding 38 °C within a day. To simulate intermittent measurement
in clinical practice, the body temperature at each hour was selected from the continuously collected temperature dataset. Considering
that temperatures are measured multiple times per day, all possible measurement plans using intermittent measurement were
composed by combining 1-24 time points from the 24-hour daily cycle. Fever was clinically diagnosed based on the temperature
readings at the selected time points per day. The fever detection rates for each plan, with varying measurement times, were listed
and ranked.

Results: Based on the temperature data continuously collected by the thermometer, fever occurred in 60 (40.8%) of the 147
included patients within 3 days after surgery. Of the measurement plans that included 1-24 measurements daily, the fever detection
rates ranged from 3.3% (2/60) to 85% (51/60). The highest detection rates and corresponding timings for measurement plans
with 1, 2, 3, and 4 measurements daily were 38.3% (23/60; at 8 PM), 56.7% (34/60; at 3 AM and 7 or 8 PM), 65% (39/60; at 3
AM, 8 PM, and 10 or 11 PM), and 70% (42/60; at 12 AM, 3 AM, 8 PM, and 11 PM), respectively; and the lowest detection rates
were 3.3% (2/60), 6.7% (4/60), 6.7% (4/60), and 8.3% (5/60), respectively. Although fever within 3 days after surgery was not
correlated with an increased incidence of postoperative complications (5/60, 8.3% vs 6/87, 6.9%; P=.76), it was correlated with
a longer hospital stay (median 7, IQR 6-9 days vs median 6, IQR 5-7 days; P<.001).

Conclusions: The fever detection rate of the intermittent approach is determined by the timing and frequency of measurement.
Measuring at randomly selected time points can miss many fever events after gastrointestinal surgery. However, we can improve
the fever detection rate by optimizing the timing and frequency of measurement.

(Interact J Med Res 2024;13:e50585)   doi:10.2196/50585
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Introduction

Fever commonly ensues following a diverse array of surgical
interventions, including gastrointestinal procedures.
Postoperative fever frequently stems from surgical stress and
complicating factors [1,2]. In the context of gastrointestinal
surgery, fever not only reflects elevated levels of surgical stress
but may also signal the potential for complications, such as
thrombosis, gastrointestinal leaks, intra-abdominal infections,
and pulmonary infections [3-7]. In addition, fever manifestations
are integral to the evaluation of targets and outcome measures
for various Enhanced Recovery After Surgery (ERAS)
interventions [8-14]. Therefore, precise fever detection is
imperative for ensuring clinical safety and for the accurate
appraisal of treatment efficacy. Time and accurate detection of
fever promotes the early identification of patients at heightened
risk for complications and supports the precise assessment of
the efficacy of perioperative stress mitigation strategies.

To detect postoperative fever, patient temperatures are routinely
measured at intervals of several hours against a predetermined
threshold. A majority of health care facilities use a body
temperature over 38 °C as the criterion for fever diagnosis [15].
This threshold is also commonly used in many clinical studies
[5,16,17]. Nevertheless, there is often a failure to account for
the timing of temperature measurements, which is pivotal since
body temperature naturally oscillates, reaching a nadir at 6 AM
and peaking between 4 PM and 6 PM [18]. As such, disparate
measurement timings can result in substantial variance in the
detected rates of fever within study cohorts. The question arises
as to the optimal timing for temperature checks to identify fever.
To date, neither a consensus nor guidelines exist to address this
issue. Furthermore, the timing of temperature measurement is
rarely specified in the literature on postoperative fever, with
common practices including twice daily [17], during morning
rounds [16], every 8 hours [19,20], or not report at all in certain
studies [5,9,17,21-25]. This inconsistency in monitoring may
overlook many febrile episodes, impeding the ability to evaluate
the relationship between fever and surgical outcomes, as well
as the effectiveness of perioperative antistress interventions.

Enhancing the frequency of temperature measurements could
potentially improve fever detection rates; however, the
practicality of such a method is low, incurring a substantial
increase in medical workload for relatively little gain. Research
has explored the use of wireless sensors for continuous real-time
monitoring of patients’ body temperatures. These sensors,
transmitting temperature data to a central processor at frequent
intervals, offer a more precise reflection of temperature
fluctuations [26,27], which can facilitate prompt identification
of postoperative complications [28]. Nonetheless, the
functionality of these sensors is heavily dependent on reliable
local network infrastructure and related devices. In settings
bereft of sensor technology, alternative strategies must be
considered. Harding et al [29] noted that fever patterns
correspond to the diurnal variation in body temperature, peaking
and troughing at consistent times, with nighttime fever incidence

in the emergency department exceeding morning rates by a
factor of 2.5. Such findings imply that adjusting measurement
timings could improve fever detection rates. However, the
optimal intervals and frequency of temperature assessments for
maximal fever detection efficacy are yet to be determined. This
study gathered data on the hour from a continuous temperature
dataset and systematically constructed various hypothetical
measurement schedules, subsequently evaluating the fever
detection rate of each regimen to ascertain the most effective
timing for temperature checks.

Methods

Study Design and Participants
This was a retrospective cross-sectional study. Between
November 29, 2020, and April 1, 2021, consecutive patients
who were aged 18 years or older and underwent nonemergency
gastrointestinal surgery were included. Patients who took
immunosuppressive drugs within 4 weeks before surgery, who
had used antibiotics or antipyretic analgesics in the week before
admission, and who were pregnant were excluded. To avoid the
interference of nonsurgical fever, we also excluded patients
who presented with fever before surgery. Patients whose
temperature data were missing for any reason were also
excluded. Demographic characteristics, surgical types, length
of hospital stay, and in-hospital complications were collected.

Ethical Considerations
This study was approved by the Ethics Committee of the First
Affiliated Hospital of Air Force Medical University (approved
KY20222271-C-1). The patients’ data have been anonymized.
As a retrospective study, there was no compensation, and the
requirement for informed consent was waived.

Body Temperature Measurement
Body temperature was continuously measured every 4 seconds
by a wireless axillary thermometer (iThermonitor; Raiing
Medical Company). The measurement accuracy of the sensor
is 0.01 °C, and the readings are consistent with those of mercury
thermometers [30]. On admission, a hypoallergenic adhesive
patch (Raiing Medical Company) was used to securely position
the iThermonitor in the shaved axilla of the patient. The
temperature data were transmitted to a repeater through
low-energy Bluetooth and then transferred to a central
workstation, where the data were saved on an electronic
monitoring panel. A detailed description of the technical
parameters of the iThermonitor can be found in Multimedia
Appendix 1. The temperature data on the day of surgery were
dismissed, and the temperature data of the next 3 days were
retrieved and named the first-, second-, and third-day
temperatures.

End Points
Taking into consideration previous research reports and
consensus outcomes, fever was defined as a body temperature
that exceeded 38 ℃ [5,15-17]. Based on the definition of fever
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and the data conscientiously collected by the sensors, the fever
incidence on each day of the first 3 days and the total fever
incidence of the first 3 days were investigated.

Patients were divided into a fever group and a nonfever group,
and the clinical outcomes were compared between the 2 groups.
The correlation between fever on the first day and fever in the
next 2 days was investigated.

Intermittent Measurement Simulation
In the simulated clinical temperature measurement analysis, we
included all patients who were determined to have a fever based
on sensor temperature data. In clinical practice, for ease of
implementation and documentation, temperature measurements
are typically taken on the hour. Therefore, the temperature data
for every hour were selected from the consecutively collected
dataset.

A brute force strategy was used to list the fever detection rate
of every possible measurement plan with varied measurement
time points per day. The simulated intermittent measurement
plans, where every possible temperature measurement plan in
clinical practice, including 1 to 24 time points, were composed
of n time points from the 24 hours, such as C (24, 1), C (24, 2),
C (24, 3), C (24, 4), C (24, 6), C (24, 8), C (24, 12), and C (24,
24). If the temperature data at any time points included in the
temperature measurement plan exceed 38 °C, it was considered
that the clinical temperature measurement plan has detected a
fever.

For example, C (24, 2) means diagnosing fever based on
temperatures at any 2 time points in 24 hours, such as 12 AM
and 1 AM, 12 AM and 2 AM, or 12 AM and 3 AM. The total
number of combinations of C (24, 2) was 276. Fever was
clinically diagnosed based on the temperature at the selected
time points, and the fever detection rates of every plan with
varied measurement times were listed and ranked.

Statistical Analysis
Temperature data processing, including the combination of the
measurement timings, calculation of fever incidence, and
calculation of fever detection rate, was managed by Python
(version 3.7.3; Python Software Foundation), pandas (version
1.1.3; Pandas Development Team), and NumPy (version 1.21.6;
NumPy Community). The statistical analysis was conducted by
SPSS 22.0 (IBM Corp). Categorical data are reported as numbers
with proportions, and quantitative data are reported as the mean
with SD or, where appropriate, as the median with an IQR.
Categorical data were compared using the chi-square test or
Fisher exact test, where appropriate. For continuous data, the
Student t test (2-tailed) or Mann-Whitney U test was used. A
2-sided P value of <.05 was considered statistically significant.
Because of the exploratory nature of this survey, the sample
size calculation was not performed.

Results

Patient Characteristics and Clinical Outcomes
A total of 147 patients who underwent gastrointestinal surgery
were included. All the patients had complete temperature data
within 3 days after surgery, and no missing values needed to
be processed. Temperature data that were continuously collected
by the sensor were used. Fever was detected in a total of 40.8%
(60/147) patients within 3 days after surgery. Table 1 shows
the demographic characteristics, surgical types, length of
hospital stay after surgery, and in-hospital complications. The
median age of the patients was 60 (IQR 53-67) years, and 62.6%
(92/147) of the patients were male. The median length of
hospital stay was 6 (IQR 5-8) days. Compared with the patients
without fever within 3 days after surgery, patients with fever
experienced a longer length of hospital stay (median 7, IQR 6-9
days vs median 6, IQR 5-7 days; P<.001). No significant
difference in the postoperative complication rate was found
between patients with and without fever within the 3 days (5/60,
8.3% vs 6/87, 6.9%; P=.76).
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Table 1. Patient characteristics.

P valueNo fever (n=87)Fever (n=60)All patients (N=147)Characteristics

.30a58 (50-69)60.5 (56-66)60 (53-67)Age (years), median (IQR)

.59b56 (64.4)36 (60)92 (62.6)Sex (male), n (%)

Comorbidity, n (%)

.54b14 (16.1)12 (20)28 (19)Hypertension

>.99c7 (8)4 (6.8)11 (7.5)Diabetes

>.99c7 (8)5 (8.3)12 (8.2)Coronary artery disease

.75b47 (54)34 (56.7)81 (55.1)Laparoscopic surgery, n (%)

.15cSurgery types, n (%)

3 (3.4)2 (3.3)5 (3.4)Esophagectomy

28 (32.2)32 (53.3)60 (40.8)Gastrectomy

48 (55.2)24 (40)72 (49)Colorectal resection

5 (5.7)2 (3.3)7 (4.8)Small intestinal resection

5 (5.7)0 (0)2 (1.4)Pancreaticoduodenectomy

1 (1.1)0 (0)1 (0.7)Pancreatectomy

<.001d6 (5-7)7 (6-9)6 (5-8)Length of hospital stay (days), median (IQR)

.76c6 (6.9)5 (8.3)11 (7.5)Complications, n (%)

2 (2.3)2 (3.3)4 (2.7)Pneumonia

2 (2.3)2 (3.3)4 (2.7)Intestinal obstruction

2 (2.3)1 (1.7)3 (2)Leakage

1 (1.1)1 (1.7)2 (1.4)Incision dehiscence

aStudent t test (2-tailed).
bChi-square test.
cFisher exact test.
dMann-Whitney U test.

Fluctuation of Body Temperature and Fever Detection
Rate
The fluctuations in body temperature on the first, second, and
third days after surgery are shown in Figure 1A-C. The mean
body temperature ranged from 36.88 °C to 37.24 °C, and the
mean body temperatures in the first 3 days after surgery were
37.02 °C, 37.08 °C, and 37.06 °C, respectively.

The average body temperature in 1 day is shown in Figure 1D,
and the body temperature varied throughout the day, with its
nadir at 8 AM and its zenith at 11 PM. Figure 2 shows the fever
detection rate by each hour. Within 24 hours, 38.3% (23/60)
fever was detected by taking measures at 7 PM and 8 PM, and
only 3.3% (2/60) fever was detected by taking measures at 1
PM.
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Figure 1. Body temperature curve after gastrointestinal surgery. Body temperature fluctuations on the (A) first, (B) second, and (C) third days after
surgery. The average body temperatures in the first 3 days after surgery were 37.02 °C, 37.08 °C, and 37.06 °C, respectively. (D) Average body
temperature within 24 hours. The average body temperature bottomed out at 8 AM and peaked at 11 PM.

Figure 2. Fever detection rate on each hour. The vertical axis represents the fever detection rate, and the abscissa axis represents the hours. The fever
detection rate peaked at 38.3% at 7 PM and 8 PM and reached a nadir of 3.3% at 1 PM.
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Fever Detection Rate and Measurement Times
Using intermittently collected temperature data on the hour,
varied measurement plans were constructed and demonstrated.
The highest and lowest detection rates and the measurement
timings for the highest detection rate are shown in Table 2. For
the 1–time point model C (24, 1), meaning fever was diagnosed
by the temperature data at 1 time point per day, the fever
detection rate ranged from 3.3% (2/60) to 38.3% (23/60). In the

2–time point model C (24, 2), meaning fever was diagnosed by
the temperature data at 2 time points per day, the fever detection
rate ranged from 6.7% (4/60) to 56.7% (34/60). For the C (24,
3), C (24, 4), and C (24, 6) models, the fever detection rate
ranged from 6.7% (4/60) to 65% (39/60), from 8.3% (5/60) to
70% (42/60), and from 11.7% (7/60) to 76.7% (46/60),
respectively. When the measurement frequency was increased
to hourly, the detection rate gradually reached a plateau of 85%
(51/60) (Figure 3A).

Figure 3. Correlation between fever detection rate and measurement times. The vertical axis represents the fever detection rate, and the abscissa axis
represents the measurement times. The blue (D1), orange (D2), and green (D3) lines show the fever detection rates on the first, second, and third days
after surgery, respectively. The red line (D1-3) shows the fever detection rate within 3 days. (A) The averaged fever detection rates with varied time
points. (B) The highest detection rates with varied time points.

Table 2. Fever detection rates of body temperature measurement plans with varied measurement timings.

Measurement plans with the highest detection rateFever detection rateb (%, 95% CI)Measurement timings

HighestLowest

Measurement plans a

7 or 8 PM38.3 (30.5-46.2)3.3 (0.4-6.2)C (24, 1)

3 AM and 7 or 8 PM56.7 (48.7-64.7)6.7 (2.6-10.7)C (24, 2)

3 AM, 8 PM, and 10 or11 PM65.0 (57.3-72.7)6.7 (2.6-10.7)C (24, 3)

12 AM, 3 AM, 8 PM, and 11 PM70.0 (62.6-77.4)8.3 (3.9-12.8)C (24, 4)

12 AM, 3 AM, 6 AM, 4 PM, 8 PM, and 11 PM76.7 (69.8, 83.5)11.7 (6.5-12.9)C (24, 6)

12 AM, 1 AM, 3 AM, 5 AM, 6 AM, 4 PM, 8 PM,
11 PM, etc (n=26)

80.0 (73.5-86.5)18.3 (12.1-24.6)C (24, 8)

—c85.0 (79.2-90.8)85.0 (79.2-90.8)C (24,24)

Plans in our ward

6 AM and 6 PM43.3 (40.3-56.4)43.3 (40.3-56.4)Plan A

6 AM, 10 AM, 2 PM, and 6 PM48.3 (40.3-56.4)48.3 (40.3-56.4)Plan B

6 AM, 10 AM, 2 PM, 6 PM, 10 PM, and 2 AM58.3 (50.4-66.3)58.3 (50.4-66.3)Plan C

aC (24, r), selecting r time points from the 24 hours in 1 day.
bFever detection rate = (detected number of patients with fever) / (all patients with fever) within 3 days after surgery.
cNot applicable.

Fever Detection Rate and Measurement Timings
The detection rate of the intermittent approach is influenced by
the measurement timings. Table 2 shows that the corresponding
time points of the top detection rates were distributed throughout
the nighttime. For example, at 7 or 8 PM for C (24, 1); 3 AM

and 7 or 8 PM for C (24, 2); 3AM, 8 PM, and 10 or 11 PM for
C (24, 3); and 12 AM, 3 AM, 8 PM, and 11 PM for C (24, 4),
the detection rate also reached a plateau by taking measures at
fewer specific time points (Figure 3B). For example, an 85%
(51/60) detection rate can also be achieved by using 11 time
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points: 12 AM, 1 AM, 3 AM, 5 AM, 6 AM, 8 AM, 4 PM, 5
PM, 8 PM, 9 PM, and 11 PM (see row C (24, 11) in Multimedia
Appendix 2). However, this is also cumbersome in real clinical
work.

In our ward, according to the nursing grade, postoperative
temperature are measured with 3 plans: plan A (6 AM and 6
PM), plan B (6 AM, 10 AM, 2 PM, and 6 PM), and plan C (6
AM, 10 AM, 2 PM, 6 PM, 10 PM, and 2 AM). Based on the
continuously collected data, the fever detection rate of these
plans were 43.3% (26/60), 48.3% (29/60), and 58.3% (35/60),
respectively. The optimal detection rate of plans with the same
measurement times were 56.7% (34/60), 70% (42/60), and
76.7% (46/60), respectively (Table 2).

Discussion

Principal Findings
This is the first study to investigate fever detection rates by
intermittent temperature measurements. In this study, every
possible intermittent measurement plan with varied measurement
timings was constructed, and the corresponding fever detection
rates were calculated. The results showed that fever was less
frequently detected by medical staff than by the sensors, and
the upper limit of detection rates by intermittent measurement
was 85% (51/60) when body temperature was measured every
hour. For measurement plans with varied daily frequencies, we
can improve the detection rates by adjusting the measurement
timings.

Limitations
While our findings have important implications, we
acknowledge several limitations to our study. First, this is a
small-sample retrospective study; as such, its results may be
subject to bias. Second, we included patients who had undergone
gastrointestinal surgery; it remains to be verified whether
patients who have undergone other types of surgery also exhibit
similar postoperative body temperature characteristics, which
would require validation in other patient cohorts. Third, the
detection rates were calculated based on the assumption that
temperature was measured on the hour. There may be better
time points at which fever detection is the highest. However,
for convenience, body temperature is usually measured during
the hour of clinical work, and our assumption is consistent with
clinical practice. Fourth, previous studies and our research both
indicate that the incidence of febrile events decreases as the
duration of hospitalization increases [31-33]. Given that our
study had a small sample size, and febrile events became
infrequent after 3 days, it was challenging to discern the
differences across various temperature monitoring schedules.
Therefore, we chose to analyze the time period during which
the occurrence of febrile events was higher, and only body
temperature within the first 3 days after surgery was recorded.
Whether the selected time points that were determined in this
study are applicable after 3 days remains to be determined in
further studies. Fifth, like most studies, we used a fixed threshold
to define fever at different times. However, considering the
variability of body temperature, it might be more reasonable to
use a floating threshold to determine whether a patient is having
a fever at different times. For instance, whether a body

temperature exceeding 37.5 ℃ after waking up, or exceeding
37 ℃, should also be considered an abnormal state. Nonetheless,
we currently lack a more rational method to define fever.
Moreover, this issue goes beyond the interpretive scope of this
study and requires further exploration in future research. In
addition, body temperature is influenced by age, sex, and even
weather [34]. However, stratified analysis was not performed
since it is not practical to do so in the ward to define fever by
varied levels.

Comparison with Previous Work
Consistent with a previous study which found that the proportion
of patients with fever increased 2.4 to 3.6 times from morning
to evening [29], we also observed that the timings of the
measurement plans with the highest detection rates were
predominantly at night. Moreover, as Figure 2 illustrates, the
discrepancy between fever detection rates during the day and
at night was more pronounced (2/60, 38.3% at 7 or 8 PM vs
2/60, 3.3% at 1 PM). This can be explained by the circadian
rhythm of human body temperature. It is well known that the
body temperature fluctuates throughout the day [18], with
potential fluctuations of up to 1 °C within a single day [35]. In
our study, we also found that body temperature exhibited
rhythmic variations in patients who underwent gastrointestinal
surgery. Figure 1D demonstrates that patients’ body
temperatures after surgery tend to be higher at night and lower
during daylight, with the minimum recorded at 8 AM and the
maximum at 11 PM. Hence, assessing fevers using temperature
readings taken at various times throughout the day can lead to
substantial discrepancies in conclusions.

Unfortunately, the timing of temperature monitoring is often
neglected in both clinical research and practical settings.
Notably, even in medical students’ textbooks, there is no clear
protocol for monitoring body temperature during the
perioperative period. Medical centers tend to formulate
postoperative temperature monitoring protocols based on
customary local practices rather than standardized guidelines.
This study demonstrates that our hospital’s long-standing
protocol has failed to effectively identify postoperative fever
events. As indicated by Table 2, conducting as many as 6
temperature measurements daily only detected 58.3% (35/60)
of patients with fever. If we adjust the temperature measurement
times to 3 AM and 7 or 8 PM, 2 daily measurements could still
identify 56.7% (34/60) of the cases. Optimizing the schedule
to include checks at 12 AM, 3 AM, 6 AM, 4 PM, 8 PM, and 11
PM could improve fever detection rates to 76.7% (46/60).

As with our usual practice, some studies on the clinical
significance of fever are typically measured only at a few
unreported times of the day [16,17,19,20], while other studies
do not show the timing of measurement [6,9,17,21-25].
Assuming body temperature is measured per hour, there would
be 24 time points per day, resulting in a vast array of
measurement schedules. Given the wide range of detection rates
among the numerous measurement schedules, many patients
with fever might go unidentified when measurements are taken
at randomly selected times. Since fevers cannot be accurately
detected, the interpretation of the clinical significance of
postoperative fever may also be biased. In addition, we also see
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some clinical studies that consider fever as an outcome of the
intervention, especially those related to ERAS strategies for
perioperative stress control [8-14]. In these studies, the timing
and frequency of temperature measurements are not reported
either. If consistency of the timing of temperature measurements
is not considered when assessing fever, biases are likely to occur
when evaluating the efficacy of the respective clinical
interventions. Therefore, we may consider including
recommendations on the timing of temperature measurements
in ERAS-related guidelines.

Multimedia Appendix 2 lists the optimal measurement schedules
that achieve the highest detection rates, varying from once to
23 times per day. By aligning these schedules with the routine
practices of local hospitals, clinicians can formulate more precise
thermometric protocols. For instance, a tridaily measurement
regimen might entail taking temperatures at 3 AM, 8 PM, and
10 or 11 PM, as specified in row C (24, 3) in Table 2. It is
essential to recognize, however, that these proposed times are
flexible rather than absolute mandates for fever surveillance.
In clinical practice, temperatures will also be measured at any
necessary time. Given the symptoms that accompany fever, it
is reasonable to measure temperature at suggested times as well
as when needed.

What is the clinical significance of detecting postoperative fever,
especially fever that occurs in the early days following surgery?
Many studies have investigated the correlation between
postoperative fever and infection. Most have found that
postoperative fever is a marker of infection with very low
specificity and sensitivity [2,5]. Some researchers have reported
that among patients who developed fever after abdominal
surgery, only 2% had positive blood cultures [5]. Among
patients with fever following orthopedic surgeries, the positive
finding rates for chest x-rays, urinalysis, urine cultures, and
blood cultures were 0.3%, 28.5%, 10.9%, and 3.5%,
respectively. Such low cost-effectiveness has led some
researchers to question the use of postoperative temperature
measurement [36]. One study even instructed the clinical team
responsible for patient care to remain unaware of the patient’s
body temperature and required clinical decisions to be made
without looking at temperature data. This study reported a
positive predictive value of merely 8% for fever as an indicator
of infection, suggesting the potential abandonment of routine
temperature measurements [17]. Our findings align with these
observations, demonstrating an insignificant link between fevers

within the first 3 postoperative days and the onset of
complications.

Although the prevalence of postoperative fever may not require
immediate imaging or bacteriological assessments, it is
inadvisable to ignore it and leave patients to manage the
condition without support. The risks posed by postoperative
fever extend beyond infection. Postoperative fever is also
associated with the release of inflammatory mediators in the
absence of infection. This study indicates that fever during the
early postoperative days has a positive correlation with
prolonged hospital stays (with a median of 7, IQR 6-9 days,
compared with a median of 6, IQR 5-7 days). The longer
hospitalization might be attributable to surgical stress, as a fever
following surgery may arise from inflammation and tissue
damage [37], suggesting that patients enduring pronounced
surgical stress may need additional recovery time. Monitoring
for postoperative fever is crucial in evaluating the magnitude
of surgical stress and the efficacy of interventions to mitigate
it. Fever, as a surgical stressor, constitutes a postoperative
adverse event and an unpleasant experience that necessitates
closer nursing attention. Considering the benign nature of early
fever, there might be 2 approaches, refraining from intervention
and allowing the fever to subside on its own, or providing
necessary medical care, such as pain management [38], physical
cooling, physical examinations, and psychological comfort, to
facilitate the recovery process. If we opt to take some action,
routine ward rounds could be considered during peak fever
times, such as between 7 PM and 8 PM.

Conclusions
In conclusion, reliance on traditional, arbitrary temperature
measurement can lead to the oversight of numerous febrile
episodes. From the standpoint of both clinical safety concerning
fevers and the interpretability of clinical research, it is necessary
to improve the detection rate of postoperative febrile events.
Even in medical settings where continuous temperature
monitoring sensors are unavailable, adjusting the timing for
measuring temperatures to the nighttime can substantially
improve the detection of febrile events. Postoperative body
temperature monitoring protocols can be revised in accordance
with the working habits of local hospitals. In addition, to
facilitate more precise assessments of study outcomes, future
research examining postoperative fevers should consider
detailing the timing of temperature recordings in their reports.
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Multimedia Appendix 2
Fever detection rates of measurement plans with varied measurement timings.
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Abstract

Background: Chronically elevated inflammation is implicated in many conditions, including obesity, metabolic syndrome, and
cardiovascular disease, and has been associated with increased mortality risk. Whole-body cryotherapy (W-BC) is a promising
modality to treat inflammation with demonstrated benefits for clinical subpopulations including those with arthritis, obesity, and
type 2 diabetes. However, it is unclear whether the benefit from W-BC extends to healthy individuals prior to chronic disease–related
inflammation. In addition, the long-term durability of W-BC effect is unknown.

Objective: This study investigates the inflammatory response to W-BC in healthy adults with a biomarker of inflammation,
high-sensitivity C-reactive protein (hsCRP), and clinical biomarkers of metabolism including fasting glucose, hemoglobin A1c

(HbA1c), low-density lipoprotein (LDL) and high-density lipoprotein (HDL), and triglycerides.

Methods: Fifteen individuals (n=9 female) participated in frequent recreational W-BC (3 minutes of cold exposure at –110 ℃)
over approximately 9 months and had blood draws at baseline plus follow-up visits. Biomarkers were modeled as linear functions
of W-BC sessions received in the month prior to blood draw.

Results: The mean amount of W-BC received was 6.78 (SD 4.26) times per month with the cumulative total ranging from 13
to 157 W-BC sessions over the course of the study. On average, participants completed 1-2 sessions per week throughout the
intervention. The number of W-BC sessions were associated with decreased hsCRP (–0.14 mg/L in hsCRP per W-BC session;
P<.01) and with durability of up to 9 months. Increased W-BC was also associated with a downward trend in fasting glucose.
This trend failed to reach significance at 1 month (–0.73 mg/dL in fasting glucose per W-BC session; P<.10) but was significant
for 2- and 3-month windows (P<.05). HbA1c was increased significantly after 9 months (P<.01); however, the change occurred
within normal ranges (difference=0.13% and <5.7%) and was not clinically significant. There was no association between W-BC
and LDL cholesterol, HDL cholesterol, or triglycerides (P>.10), although LDL trended lower over the time period examined
(P=.07).

Conclusions: These results suggest that W-BC beneficially impacts systemic inflammation by lowering hsCRP levels in healthy
individuals and may also have some modulating effect on fasting glucose.

(Interact J Med Res 2024;13:e60942)   doi:10.2196/60942

KEYWORDS

cold therapy; C-reactive protein; fasting glucose; HbA1c; inflammation; lipid metabolism; whole-body cryotherapy; cryotherapy;
retrospective; reactive protein; biomarker; adult; systemic inflammation

Interact J Med Res 2024 | vol. 13 | e60942 | p.712https://www.i-jmr.org/2024/1/e60942
(page number not for citation purposes)

Chun et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:rpojedni@stanford.edu
http://dx.doi.org/10.2196/60942
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Chronic systemic inflammation is associated with aging [1] and
aging-related diseases [2] including increased cardiovascular
disease, cancer, and overall mortality [3,4]. Systemic
inflammation is also implicated in metabolic conditions such
as diabetes, overweight, and the cluster of conditions collectively
known as metabolic syndromes [5]. As populations age and
chronic conditions increase worldwide [2], identifying
nonpharmacologic therapies to proactively treat inflammation
in healthy individuals has become paramount.

One potential approach is cold therapy, which has been
examined for acute and disease-specific inflammation [6]. While
cold therapy has historically involved either localized treatment
or cold water immersion, in recent years cryotherapy machines
use air chambers that reach below –100 ℃ [7]. Multiple forms
of cryotherapy exist, one of which is whole-body cryotherapy
(W-BC) in which a person is completely enclosed in a
cryotherapy chamber. In sports medicine, W-BC has been shown
to reduce inflammation markers including interleukin-6 (IL-6)
and C-reactive protein (CRP) [8]. Separately, in inflammatory
diseases such as rheumatoid arthritis, W-BC has been used to
reduce pain and disease activity [9]. W-BC has been shown to
decrease CRP [10] and proinflammatory cytokines IL-6 and
resistin, while increasing the anti-inflammatory cytokine IL-10
in men with obesity [11]. W-BC has also demonstrated
reductions in CRP in postmenopausal women with type 2
diabetes [12]. Although these results are promising, there
remains a crucial gap in long-term study of inflammation
specifically in healthy individuals as further value could be
extracted if benefits extend prior to disease onset. Moreover,
the chronic, rather than acute, impact of W-BC on inflammation
is insufficiently studied as most literature focuses on the time
frame immediately following treatment [7]. Thus, the durability
of such an effect is not well established. This study aimed to
analyze the impact of W-BC on systemic inflammation and
related markers of metabolism in healthy adults within a
free-living environment. To understand the longer-term effect,
durability analysis was also performed. It was hypothesized that
W-BC would have a beneficial impact on inflammation in
healthy adults, possibly mediated via an anti-inflammatory
effect of lowering blood glucose.

Methods

Participants
The study cohort was composed of healthy adults older than 18
years whose deidentified data were abstracted from client
records for research analysis. Data were collected from
individuals who had been screened for contraindications and
exclusion criteria as previously reported [13]. Briefly,
participants were excluded if they reported a diagnosed chronic
disease, had untreated high or low blood pressure, or were
pregnant or breastfeeding. All participants completed a consent
that allowed data to be used for research purposes.

Ethical Considerations
Data were examined retrospectively and determined to be
exempt by the Norwich University institutional review board
and research ethics committee and informed consent was waived
(HHS IORG #0004914; institutional review board no. 00005859;
date of registration: April 30, 2023).

Intervention Protocol
Participants were followed for an average of 8.55 months (SD
3.13; median 6.77, IQR 6.77-9.73), with total follow-up duration
ranging from 5 to 13 months for those who had at least 1
follow-up visit. During this time, they frequently participated
in recreational W-BC at a commercially operated studio (Restore
Hyper Wellness). The mean amount of W-BC received was
6.78 (SD 4.26) times per month with the cumulative total
ranging from 13 to 157 W-BC sessions over the course of the
study. On average, participants completed 1-2 sessions per week
throughout the intervention. Participants were encouraged to
engage in regular physical activity and received guidance on
healthy dietary patterns, although these behaviors were not
monitored.

Whole-Body Cryotherapy Protocol
Participants were escorted to a private changing room where
they removed personal clothing and put on a provided hat, socks,
slippers, mask, and gloves, as well as a towel or robe. Once
changed, they were escorted to the cryotherapy chamber for 3
minutes of cold exposure at –110 ℃. Chambers were electrically
cooled using a main cooling unit in a full body chamber (Zimno
Tech). Participants were observed by an employee trained in
administering the protocol and could exit the chamber at any
time. At the completion of 3 minutes, the chamber door was
opened and the participants exited, returned to the private
changing room, and redressed in their own clothing.

Blood Biomarkers
Blood was drawn at baseline and then incrementally at follow-up
visits. Participants were asked to fast for 8-12 hours prior to
blood draw. On average, there were 2.13 (SD 2.59) follow-up
visits with a mean time of 170 (SD 84) days between blood
draws. The minimum time between blood draws was 17 days,
and the maximum was 292 days. Blood biomarkers measured
include serum high-sensitivity C-reactive protein (hsCRP),
fasting glucose, hemoglobin A1c (HbA1c), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL), and
triglycerides. All blood was drawn from the median cubital vein
with a 20-gauge intravenous catheter needle. Drawn samples
were sent to Quest Diagnostics for analysis. hsCRP was
analyzed with an immunoturbidimetric assay (test code 10124);
fasting glucose, serum lipids, and triglycerides were analyzed
with spectrophotometry (test codes 6881 and 7600,
respectively); and HbA1c was analyzed with an enzymatic assay
(test code 496). For hsCRP, the reporting range by Quest
Diagnostics was 0.3-10 mg/L, with values outside the range
being listed as <0.3 or >10 mg/L. There were no identified
thresholds for fasting glucose, HbA1c, or lipids.
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Statistical Analysis
All data analysis and statistical modeling were carried out in R
(version 4.3.1) [14]. Data processing was performed using
tidyverse packages including readr and readxl for file opening;
dplyr, hms, lubridate, tibble, and stringr for wrangling; and
ggplot2 for visualizations [15]. Two data points were missing
a parsable date and those records were removed. Out of range

hsCRP measurements were included as their threshold value,
that is, <0.3 was included as 0.3.

Statistical significance was defined as a P<.05 threshold while
anything failing to meet that threshold but with P<.10 was noted
as being mild association and of possible interest. Paired t tests
on all complete pairs for a given analyte were used to compare
start and end measurements for all biomarkers in Table 1.

Table 1. Summary of study cohort—demographics and blood biomarkers.

P valueaEnd mean (SD)Start mean (SD)Variable

N/Ab1315N

N/A8 females/5 males9 females/6 malesSex (female/male)

N/A48.50 (8.31)48.60 (8.50)Age (years)

.008c5.25 (0.29)5.12 (0.27)HbA1c (%)

.9398.31 (12.87)96.00 (15.96)Fasting glucose (mg/dL)

.03c1.88 (1.88)3.39 (3.31)hsCRPd (mg/L)

.07112.00 (37.05)121.07 (30.22)LDLe (mg/dL)

.7658.92 (13.47)57.87 (12.35)HDLf (mg/dL)

.81119.92 (63.46)113.47 (54.58)Triglycerides (mg/dL)

aP values calculated using paired 2-tailed t tests on all complete pairs for a given analyte.
bN/A: not applicable.
cP<.05.
dhsCRP: high-sensitivity C-reactive protein.
eLDL: low-density lipoprotein.
fHDL: high-density lipoprotein.

For both the primary analysis (W-BC impact on hsCRP) and
the secondary analysis (W-BC impact on biomarkers of
metabolism) multiple linear regression models were constructed.
An initial model was fit with the analyte of interest standardized
by the participant-specific mean as the response, and the
predictors were age, sex, days from study start, and number of
W-BC sessions in the past 30 days (1 month). After inspection
of model diagnostics for violations of the linear modeling

assumptions, outliers were removed based on a Cook’s distance
threshold of 4/n where n is the sample size. A refined model
was then fit without outliers and inspected again for model
diagnostics. Finally, the reduction method F test was used to
determine whether a reduced model that removed age and sex
was preferred. This was done because age and sex were not
found to be significant in any of the initial models. Based on
the F test results, the final model was chosen (Figure 1).
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Figure 1. Statistical analysis flowchart. Diagram of study statistical methods showing each modeling step. For durability testing, the final model
structure, namely, analyte regressed on days from study start and number of W-BC sessions, was used to fit models on different time windows. In
particular, 1- to 3-week, 1- to 3-month, 6-month, and 9-month windows were tested. The false discovery rate method was used to correct for multiple
testing.

Results

Participants
Fifteen participants (female: n=9) were included in the analysis
(Table 1). Ages ranged from 32 to 59 years. Average weight at
baseline was 84.97 (SD 14.61) kg. Ethnicity or race and height
were not recorded. Two were lost to follow-up and an
intention-to-treat statistical model was used.

Inflammation and hsCRP
The number of W-BC sessions in the month prior to blood
measurement was associated with a statistically significant
decrease in hsCRP (P<.01). The final linear model for hsCRP
was fit on 29 observations from 15 participants. Neither age
nor sex was associated with changes in hsCRP and was not
included in the final model (Figure 2A). The effect size was
–0.1413 mg/L in hsCRP per W-BC session (95% CI –0.2289
to –0.0537).

Figure 2. Model results. (A) Impact of W-BC on hsCRP counting W-BC sessions in the month prior to serum measurement. The y-axis shows hsCRP
values standardized by subtracting subject specific means, while the x-axis is the number of W-BC sessions. The final linear regression was fit on 29
observations from 15 subjects (9 females/6 males); P<.01. (B) Impact of W-BC on fasting glucose modeled in the same fashion as hsCRP in (A). The
final linear regression was fit on 26 observations from 14 subjects (9 females/5 males); P=.07. hsCRP: high-sensitivity C-reactive protein; W-BC:
whole-body cryotherapy.
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To account for possible time-related confounding, time was
adjusted for by including days since baseline launch day. Time
was found to be a significant predictor of hsCRP although with
a very small effect size (P<.01; effect size=–0.0047 mg/L, 95%
CI –0.0066 to –0.0028). Importantly, even with time in the
model, the number of W-BC sessions was still strongly
significant. In addition, W-BC sessions had a larger effect size
being –0.1413 mg/L as compared with –0.0047 mg/L for time.

If scaled to 1-month windows, the effect of W-BC was still
larger than time. Namely, multiplying days by 30 and W-BC
sessions by the monthly average of 6.78 gives monthly effects
sizes of –0.9579 mg/L and –0.1409 mg/L for W-BC and time,
respectively. Thus W-BC sessions have a statistically significant
impact on reducing hsCRP while also having a larger effect as
compared with time (Table 2).

Table 2. Results for primary (hsCRP) and secondary (fasting glucose) analyses.

P valueScaled effect sizeb95% CIEffect sizeaResponse metric and predictor

hsCRP c (mg/L)

.0027e–0.9579–0.2289 to –0.0537–0.1413W-BCd

.00004e–0.1409–0.0066 to –0.0028–0.0047Time

Fasting glucose (mg/dL)

.0672–4.9743–1.5236 to 0.0562–0.7337W-BC

.06630.3423–0.0008 to 0.02370.0114Time

aEffect size given as units of analyte per W-BC session (W-BC) or day (time), for example, for hsCRP, the effect size is –0.1413 mg/L in hsCRP per
W-BC session.
bScaled to 1 month by multiplying coefficients by 30 days for time and 6.78 for W-BC (mean amount of W-BC received per month).
chsCRP: high-sensitivity C-reactive protein.
dW-BC: whole-body cryotherapy.
eP<.05.

To elucidate the durability of the observed effect, sequential
time windows were tested (Figure 3A). Windows less than 3
weeks were not associated (P>.10) with hsCRP. At 3 weeks, a
mild association appeared (P>.10), and at 1 month the
association was significant even after adjusting for the multiple

testing windows (P<.05). For windows of 2 months or longer,
the association remained, though only mildly (P>.10). Because
participants were tracked only for around 9 months on average,
longer windows were not constructed.

Figure 3. Durability testing. (A) Durability of whole-body cryotherapy (W-BC) effect on hsCRP measured by fitting linear models on a range of
window sizes: 1-3 weeks, 1-3 months, 6 months, and 9 months. Models first reached mild association (P<.1) at 3 weeks which persisted up to the
9-month window. (B) Durability of W-BC effect on fasting glucose modeled in the same fashion as hsCRP in (A). Only 2- and 3-month models were
significant (P<.05). Overall trend suggests an association that takes time to appear and tails off for very long windows. hsCRP: high-sensitivity C-reactive
protein.

Biomarkers of Metabolism
The number of W-BC sessions in the prior 1 month failed to
reach the threshold for statistical significance (P=.07). The final

linear model was fit on 26 observations of fasting glucose from
14 participants. Neither age nor sex was associated with fasting
glucose and was not included. The estimated effect size was
–0.7337 mg/dL in fasting glucose per W-BC session (95% CI
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–1.5236 to 0.0562) meaning more W-BC was mildly associated
with a small decrease in fasting glucose (Figure 2B). Time
indicated a possible small increase in fasting glucose over time
although failed to reach significance (P=.06; effect size=0.0114,
95% CI –0.0008 to 0.0237). HbA1c did increase slightly after
9 months (P<.01); however, the change was quite minimal and
within normal ranges (difference=0.13% and <5.7% at both
time points). Only hsCRP was reduced significantly (P=.03) in
before versus after measurements.

Durability results revealed that slightly longer time windows
may be more appropriate for studying fasting glucose. After
correction for multiple testing using the false discovery rate
method, the shorter 1-month window was not statistically
significant (adjusted P>.05). However, windows of 2 and 3
months (60 and 90 days) showed a significant association
between W-BC and decreased fasting glucose (adjusted P<.05;
Figure 3B).

For the lipid biomarkers, namely, LDL cholesterol, HDL
cholesterol, and triglycerides, no association with W-BC was
found (P>.10), although LDL trended lower over the time period
examined (P=.07).

Discussion

Principal Findings
This study investigated long-term physiologic effects associated
with inflammation and aging in healthy adults by examining
hsCRP and biomarkers of metabolism as a function of W-BC.
Overall, W-BC showed beneficial impacts for inflammation
and fasting glucose but not serum lipids. The effect with hsCRP
appears time dependent and indicated that the impact of W-BC
on inflammatory markers may take up to 3 weeks to manifest,
with the effect significant and durable for up to 9 months with
continued use.

The results of this study agree with, and extend, prior research
on W-BC related to inflammation. Studies in patients with
arthritis showed that W-BC helped reduce inflammatory markers
such as IL-6, tumor necrosis factor, and serum CRP [16-18].
Similar anti-inflammatory benefits from W-BC have been
observed in studies of men with overweight and obesity, as well
as postmenopausal women with type 2 diabetes [10-12]. While
prior studies provided a groundwork for the acute
anti-inflammatory effect of W-BC in populations who already
suffer from chronic inflammation, this study sought to extend
the generalizability of such an anti-inflammatory effect to
healthy individuals without specific disease conditions.

To the best of our knowledge, there is only 1 other study that
specifically examined healthy individuals and long-term
durability of the anti-inflammatory effect with W-BC.
Lubkowska et al [19] measured cytokine levels in healthy men
for up to 6 weeks after W-BC and found a beneficial association
between W-BC and serum cytokines. Their results, along with
the current findings, demonstrate that W-BC can decrease
inflammation in healthy adults, both in the short term (ie, 6
weeks) and the long term (ie, up to 9 months).

The current findings also add a durable clinical marker of
systemic inflammation associated with future disease risk
(hsCRP) to the cytokines previously studied. This is key because
cytokines alone may be less accurate biomarkers than CRP for
disease risk due to issues with stability, half-life, and serum
variability. For example, IL-6, one of the main cytokines
analyzed by Lubkowska et al [19, shows distinct diurnal
variation and therefore time of day can be a confounder [20,21].
In contrast, CRP shows no diurnal variations lending it stability
and reproducibility for comparison [22]. CRP may also be a
better overall marker of disease risk by not only showing acute
inflammation but also having persistence and stability in plasma.
Research in cardiovascular disease indicates that hsCRP may
be a better marker for future diagnoses of hypertension,
myocardial infarction, and coronary heart disease [23,24].
Together, the current findings and prior outcomes elucidate
potential mechanistic and clinical implications of short- and
long-term W-BC.

Fasting glucose was also beneficially impacted by W-BC in
this study, though the exact relationship is less clear. At 1 month,
the association between W-BC and fasting glucose trended
downward (P<.10). Durability analysis then revealed significant
associations between W-BC and decreased fasting glucose for
2- and 3-month windows (adjusted P<.05). After 3 months, no
linear relationship was found. Thus, the effect of W-BC on
fasting glucose may be more time-constrained such that some
benefits are seen for intermediate time windows but may not
be durable chronic adaptations. This time-dependent
interpretation is further supported in light of the lack of change
seen in fasting glucose from the start to the end of the 9-month
study. Interestingly, a very small increase in HbA1c was noted
at the final follow-up period (P<.01). However, the change was
quite minimal (difference=0.13%) and within normal ranges at
both time points (5.12 [0.27%] and 5.25 [0.29%], respectively)
and not considered clinically significant.

From a clinical perspective, the current results extend
inflammatory effects of W-BC to known markers of metabolic
dysregulation. Specifically, decreases in blood glucose are
known to modulate inflammation [25]. Thus, the beneficial
impact on inflammation seen from W-BC may be achieved at
least in part due to reductions in blood glucose. Indeed, the
study by Wiecek et al [12] noted decreases in both blood glucose
and CRP. While the previous study specifically examined
women with type 2 diabetes and therefore elevated glycemia,
the participants in this study were healthy, nondiabetic
individuals. Thus, these results further extend the beneficial
impact of W-BC on fasting glucose to those without an existing
hyperglycemic diagnosis. Further targeted research would be
needed to establish a definitive connection between the glucose
modulating effects of W-BC and its anti-inflammatory benefits.

No significant effect from W-BC was found for the lipid markers
of metabolism in either the comparison of study start to end or
the linear modeling for specific time windows. This result
slightly contradicts prior research finding a benefit of W-BC
for lipids. In particular, Lubkowska et al [26] found that W-BC
combined with exercise as a program to treat overweight resulted
in improved lipid metabolism including decreased LDL and
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triglycerides and increased HDL. However, this study included
exercise in a protocol targeted at treating overweight, thus
applicability for W-BC specifically is less clear. A more recent
study investigating lipid metabolism in healthy adults
demonstrated that daily W-BC was associated with decreased
LDL and triglycerides and increased HDL [27]. However, this
study was analyzing acute effects immediately after daily
application of W-BC while the present study, which found no
significant effect on lipid metabolism, is focused on longer-term
impacts. Thus, it is plausible that W-BC could impact lipid
metabolism in the short term while not having a lasting durable
benefit. It is also possible that a true effect exists, but this study
was simply underpowered to discern it.

Limitations
One major limitation of this study is sample size. Both the
number of participants and the number of follow-up visits were
small. To correct for any time-based confounding, time has
been included in the models; however, other possible sources
of confounding could exist. In addition, there was no control
group. In general, control groups for W-BC are difficult since
a participant cannot be blinded to whether they receive
cryotherapy. In addition, this study was conducted in a
free-living real-world environment rather than a controlled
clinical setting. Such a design lends both benefits and
drawbacks. The main drawback of this free-living environment
is that external factors could lead to possible confounding. For
example, weight loss in individuals with obesity has been linked
to a decrease in inflammatory markers including CRP [28,29].
As weight loss information was not available, time was included
as a proxy for any weight loss or other baseline improvements
in health that participants may have experienced. However, time

alone likely does not capture all confounding effects and thus
the impact of external uncontrolled factors cannot be ignored.

In spite of the limitations, a free-living study also has unique
benefits. In particular, such a design enables immediate
applicability of results to real-world environments. This study
did not involve a clinical protocol necessitating strict
compliance, yet the results still demonstrated a significant
benefit from recreationally participating in cryotherapy. Thus,
the takeaways from these results may be applied more generally
to the public in that individuals can simply incorporate
cryotherapy into their daily lives.

Future directions of study could include analysis of dosage for
optimal effect. For example, if the benefit of increased W-BC
sessions plateaus at some point, then individuals can limit
unnecessary time, expense, and exposure by participating in
only an optimal number of W-BC sessions. Dosage could also
be dependent on the durability of the effect. Given the rapidly
rising popularity of cryotherapy, high-quality randomized
controlled trials are needed to investigate these more specific
outcomes.

Conclusions
This study explores the impact of W-BC on healthy participants
outside of any specific exercise protocol or disease state. In
doing so, W-BC has been demonstrated to be potentially
beneficial to the general population as an anti-inflammatory
treatment. Furthermore, the anti-inflammatory effects show
lasting durability for impact on future chronic inflammation.
Finally, this study demonstrated that W-BC may have a
beneficial, though time-constrained, impact on glucose.
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Abstract

Background: Salutogenesis focuses on understanding the factors that contribute to positive health outcomes. At the core of the
model lies the sense of coherence (SOC), which plays a crucial role in promoting well-being and resilience.

Objective: Using the validscale Stata command, we aimed to assess the psychometric properties of the French version of the
3-dimension 13-item SOC questionnaire (SOC-13), encompassing the comprehensibility, manageability, and meaningfulness
dimensions. We also aimed to determine if a refined scale, assessed through this method, exhibits superior psychometric properties
compared to the SOC-13.

Methods: A sample of 880 consecutive primary care patients recruited from 35 French practices were asked to complete the
SOC-13. We tested for internal consistency and scalability using the Cronbach α and Loevinger H coefficients, respectively, and
we tested for construct validity using confirmatory factor analysis and goodness-of-fit indices (root mean square error of
approximation [RMSEA] and comparative fit index [CFI]).

Results: Of the 880 eligible patients, 804 (91.4%) agreed to participate (n=527, 65.6% women; median age 51 years). Cronbach
α and Loevinger H coefficients for the SOC-13 were all <0.70 and <0.30, respectively, indicating poor internal consistency and
poor scalability (0.64 and 0.29 for comprehensibility, 0.56 and 0.26 for manageability, and 0.46 and 0.17 for meaningfulness,
respectively). The RMSEA and CFI were >0.06 (0.09) and <0.90 (0.83), respectively, indicating a poor fit. By contrast, the
psychometric properties of a unidimensional 8-item version of the SOC questionnaire (SOC-8) were excellent (Cronbach α=0.82,
Loevinger H=0.38, RMSEA=0.05, and CFI=0.97).

Conclusions: The psychometric properties of the 3-dimension SOC-13 were poor, unlike the unidimensional SOC-8. A
questionnaire built only with these 8 items could be a good candidate to measure the SOC. However, further validation studies
are needed before recommending its use in research.

(Interact J Med Res 2024;13:e50284)   doi:10.2196/50284

KEYWORDS

French; sense of coherence; salutogenesis; SOC; Sense of Coherence scale; validation; validscale; well-being; promoting;
resilience; validity; reliability; primary care patients; manageability

Introduction

Salutogenesis, a concept developed by Aaron Antonovsky,
represents a paradigm shift in health research as an approach
focusing on understanding the factors contributing to positive

health outcomes rather than merely concentrating on disease
prevention [1,2]. At the core of Antonovsky’s salutogenic model
lies the concept of the sense of coherence (SOC), a multifaceted
concept reflecting an individual’s capacity to comprehend,
manage, and find meaning in the world around them, influencing
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their ability to cope with stressors and maintain positive
well-being [3]. The three interrelated dimensions of SOC include
comprehensibility (perceiving the world as ordered/predictable),
manageability (belief in coping effectively with stressors), and
meaningfulness (finding purpose/motivation in life). A strong
SOC fosters a cognitive orientation that enables individuals to
perceive their environment as structured/predictable, facilitating
a greater understanding of the challenges they encounter.
Moreover, the belief in one’s ability to manage stressors
effectively empowers individuals to approach difficulties with
confidence/resilience. The sense of meaningfulness, derived
from finding purpose/motivation in life, further contributes to
an individual’s adaptive capacity in the face of stressors. The
SOC theory also introduces a unidimensional model that
provides a consolidated measure, aiding in a quicker clinical
assessment of an individual’s overall SOC. The choice between
the 3-dimension and unidimensional models depends on
assessment goals and the required depth of information.

The SOC theory has gained considerable attention in health
research, with numerous studies exploring its
applicability/implications [3,4]. Researchers typically use the
13-item questionnaire (SOC-13) to assess an individual’s level
of coherence and its association with various health-related
outcomes [4,5]. The questionnaire has been translated into
several languages, including French. However, to our
knowledge, the French version did not go through validation
procedures. A relatively old population-based study evaluated
a French version of the SOC-13 scale modified by the authors
[6]. This questionnaire (not provided in their article) showed
satisfactory internal consistency but only for the unidimensional
model, whereas the validity was insufficient.

Given the lack of information on the validity/reliability of the
French SOC-13, we aimed to assess its psychometric properties
in  pr imary  care  pa t ien ts ,  ensur ing  i t s
appropriateness/effectiveness for assessing SOC in
French-speaking patients. If the psychometric properties of this
scale were found to be insufficient, a secondary objective was
to develop an alternative version that would be more
valid/reliable than the SOC-13. By selecting primary care
patients as the target, we explored the SOC concept in a
real-world, patient-centered setting, recognizing implications
for interventions and the broader relevance to salutogenesis.

Methods

Study Setting
This observational study was performed with primary care
patients in France during 2023. We used a professional register
of primary care physicians in the Rhône-Alpes region of France
and randomly selected 200 physicians using computer-generated
random numbers. Five research assistants contacted each
selected physician via email until the target number of
physicians (n=35) was attained. In case of refusal or no response
after 3 reminders, the next practice on the list was contacted. A
sample of 880 consecutive patients recruited from these practices
(20-25 patients per practice) were asked to complete the French
SOC-13 in the waiting room. Eligible participants were

nonurgent, French-speaking, adult patients capable of
understanding the study.

Ethical Considerations
The study was approved by the Research Ethics Committee of
the University College of General Practice (Lyon) (project ID
IRB 2023-01-03-01). Informed consent was obtained from all
participants and their ability to opt out was ensured.
Privacy/confidentiality were maintained through anonymized
data.

SOC-13 Scale
The SOC-13 questionnaire has three components: items 2, 6,
8, 9, and 11 are related to comprehensibility; items 3, 5, 10, and
13 are related to manageability; and items 1, 4, 7, and 12 are
related to meaningfulness. The questions are rated on a 7-point
Likert scale so that the total score ranges from 13 to 91. The
coding for items 1, 2, 3, and 7 is reversed. We summarized the
3 subscores and the total score using the median (IQR).

Validation of the French Version of the 3-Dimension
SOC-13 and Development of the Unidimensional
8-Item SOC Questionnaire
We used the validscale command [7] in Stata to assess the
psychometric properties of the SOC-13 using classical test
theory [8]. We assessed both the 3-dimension and
unidimensional models with this approach. We tested for internal
consistency and scalability using the Cronbach α and Loevinger
H coefficients, respectively. A minimum value of 0.70 for
Cronbach α and of 0.30 for Loevinger H were considered
acceptable [9,10]. We tested for construct validity using
confirmatory factor analysis and goodness-of-fit indices. To
assess the adequacy of the statistical model, we used the root
mean square error of approximation (RMSEA) and the
comparative fit index (CFI). These indices evaluate the
agreement between the observed and expected data according
to the specified model. An RMSEA<0.06 and a CFI>0.90 are
generally considered to indicate that the model is a good fit
[11]. We used the convdiv option to assess convergent/divergent
validities through examination of a correlation matrix [7].

We also developed a shorter questionnaire in French that is
potentially more reliable/valid and easier to use in primary care
than the SOC-13. We removed all problematic items from the
SOC-13 by examining the Cronbach α values obtained for each
removed item, while keeping at least 2 questions per dimension.
This questionnaire consisted of 8 items (items 6, 8, 9, and 11
for comprehensibility; items 10 and 13 for manageability; and
items 4 and 12 for meaningfulness).

The French versions of the SOC-13 and the new unidimensional
8-item SOC scale (SOC-8) are provided in Multimedia
Appendix 1. Following published guidelines, we targeted a
minimum of 500 participants, achieving a “very good” sample
size, with a responder-to-item ratio exceeding 20:1 [12]. All
analyses were performed with Stata 15.1.
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Results

A total of 804 participants agreed to take part in the study
(participation rate=91.4%), 65.6% of whom were women
(n=527). The median age of the participants was 51 (IQR 30,
range 20-93) years. Depending on the item, between 787 and
793 participants responded to the SOC-13 questions. The median
score was 23 (IQR 8, range 5-35) for comprehensibility, 18
(IQR 6, range 4-28) for manageability, 21 (IQR 6, range 8-28)
for meaningfulness, and 62 (IQR 16, range 30-89) for the total
score.

Internal consistency and scalability were not sufficient for the
3-dimension model. Cronbach α and Loevinger H coefficients
were all <0.70 and <0.30, respectively (0.64 and 0.29 for

comprehensibility, 0.56 and 0.26 for manageability, and 0.46
and 0.17 for meaningfulness, respectively). Table 1 shows the
proportion of missing data for each item, the distribution of
item responses, and the Loevinger H and Cronbach α
coefficients obtained by omitting each item. Loevinger H
coefficients were <0.30 for 9 of the 13 items.

The confirmatory factor analysis, goodness-of-fit indices, and
correlation matrix are shown in Table 2. The RMSEA and CFI
were 0.09 and 0.83, respectively, indicating a poor fit. Only 4
items had a correlation coefficient with the score of their own
dimension >0.40 (indicating lack of convergent validity) and
only 5 items had a correlation coefficient with the score of their
own dimension greater than those computed with other scores
(indicating lack of divergent validity).

Table 1. Distribution of item responses, internal consistency, and scalability of the French versions of the 3-dimension 13-item and unidimensional
8-item sense of coherence (SOC) scales.

Loevinger HCronbach αaResponse category, %Patients, nMissing data, %Scales and items

7654321

SOC-13

Dimension 1: comprehensibility

0.100.712.656.4310.0922.3230.7719.298.457931.37Item 2

0.350.5316.0227.4919.1716.2710.347.443.287931.37Item 6

0.370.5117.1525.3515.5119.5512.117.063.287931.37Item 8

0.330.5522.3625.5414.4918.1711.565.842.037872.11Item 9

0.260.6110.8023.3819.4422.2412.338.513.307872.11Item 11

Dimension 2: manageability

0.200.573.1611.2712.6618.1029.4916.588.737901.74Item 3

0.250.5016.7724.4617.4020.1811.985.803.407931.37Item 5

0.300.4317.8720.6613.9417.4915.7211.153.177891.87Item 10

0.290.4617.5331.7716.9014.2310.676.352.547872.11Item 13

Dimension 3: meaningfulness

0.060.5523.0825.9814.0014.7511.735.425.047931.37Item 1

0.220.3126.2333.8020.8113.112.271.772.027931.37Item 4

0.210.3414.2730.5622.3520.456.824.171.397921.49Item 7

0.210.3216.8832.1119.0413.079.145.464.317881.99Item 12

SOC-8

0.400.7916.0227.4919.1716.2710.347.443.287931.37Item 6

0.430.7817.1525.3515.5119.5512.117.063.287931.37Item 8

0.370.8022.3625.5414.4918.1711.565.842.037872.11Item 9

0.340.8110.8023.3819.4422.2412.338.513.307872.11Item 11

0.410.7917.8720.6613.9417.4915.7211.153.177891.87Item 10

0.380.8017.5331.7716.9014.2310.676.352.547872.11Item 13

0.330.8126.2333.8020.8113.112.271.772.027931.37Item 4

0.350.8016.8832.1119.0413.079.145.464.317881.99Item 12

aCronbach α is calculated if the item is removed; for example, if item 2 of SOC-13 were removed, the Cronbach α for comprehensibility (ie, Dimension
1) would increase from 0.64 to 0.71.
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Table 2. Confirmatory factor analysis for the French versions of the 3-dimension 13-item and unidimensional 8-item sense of coherence (SOC) scales,
and the correlation matrix for convergent and divergent validity for the French version of the 3-dimension scale.

Correlation matrixError varianceIntercept (SE)Factor loading (SE)Scales and items

Dimension 3Dimension 2Dimension 1

SOC-13a

Dimension 1: comprehensibility (variance=0.06)

0.1050.3200.1241.953.37 (0.05)1.00Item 2

0.3770.5170.5201.494.87 (0.06)4.29 (0.95)Item 6

0.3850.5520.5621.324.82 (0.06)4.70 (1.04)Item 8

0.2980.4150.4761.765.03 (0.06)3.71 (0.84)Item 9

0.2770.4220.3611.804.59 (0.06)3.28 (0.75)Item 11

Dimension 2: manageability (variance=0.17)

0.1640.2530.3402.233.56 (0.06)1.00Item 3

0.2650.3390.3972.104.83 (0.06)1.77 (0.28)Item 5

0.3400.4150.5661.804.62 (0.06)2.73 (0.40)Item 10

0.3240.3900.5161.655.03 (0.06)2.29 (0.34)Item 13

Dimension 3: meaningfulness (variance=0.02)

0.0870.0720.0473.064.97 (0.06)1.00Item 1

0.3240.3050.3831.175.55 (0.05)5.72 (3.13)Item 4

0.2990.2500.2891.625.07 (0.05)4.27 (2.34)Item 7

0.3170.4340.4301.635.00 (0.06)7.51 (4.10)Item 12

SOC-8b (variance=1.13)

———c1.544.87 (0.06)1.00Item 6

———1.324.82 (0.06)1.12 (0.07)Item 8

———1.715.03 (0.06)0.91 (0.07)Item 9

———1.804.58 (0.06)0.79 (0.06)Item 11

———1.734.62 (0.06)1.09 (0.07)Item 10

———1.615.02 (0.06)0.91 (0.06)Item 13

———1.315.55 (0.05)0.63 (0.05)Item 4

———1.875.01 (0.06)0.84 (0.07)Item 12

aSOC-13 scale: χ2
62=436.36, χ2/df=7.0, root mean square error of approximation=0.088, standardized root mean square residual=0.067, comparative

fit index=0.831; convergent validity: 4/13 items (30.8%) have a correlation coefficient with the score of their own dimension greater than 0.400; divergent
validity: 5/13 items (38.5%) have a correlation coefficient with the score of their own dimension greater than those computed with other scores.
bUnidimensional SOC-8 scale: χ2

20=61.90, χ2/df=3.1, root mean square error of approximation=0.052, standardized root mean square residual=0.030,
comparative fit index=0.973.
cNot applicable; the dimensions are only relevant to the SOC-13 scale.

The results were similar for the unidimensional SOC-13, except
that Cronbach α was higher than that found for the 3-dimension
model (Cronbach α=0.79, Loevinger H=0.24, RMSEA=0.09,
CFI=0.82). By contrast, the psychometric properties of the
unidimensional SOC-8 were excellent, as shown in Tables 1
and 2 (Cronbach α=0.82, Loevinger H=0.38, RMSEA=0.05,
CFI=0.97). The median score was 41 (IQR 13, range 8-56). The
3-dimension SOC-8 produced similar results, except that the
Cronbach α values were lower (0.71 for comprehensibility, 0.55
for manageability, and 0.50 for meaningfulness; Loevinger
H=0.39, 0.39, and 0.36, respectively; RMSEA=0.06; CFI=0.98).

Discussion

We assessed the psychometric properties of the SOC scale
within the framework of classical test theory. In a French
primary care patient population, the validity/reliability of the
French version of the 3-dimesion and unidimensional SOC-13
scale were poor. By contrast, the psychometric properties of the
unidimensional SOC-8 were excellent. The properties of the
3-dimension SOC-8 scale were not better than those of the
unidimensional model.
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Despite the lack of validation studies (the general population
study published in 2001 was based on a version of the
questionnaire modified by the authors [6]), the SOC-13 has
already been used in several studies in French-speaking
populations, including in France [13] and Belgium [14].
However, our study findings indicate that the French
questionnaire lacks validity and reliability, possibly influenced
by language-specific nuances affecting the scale’s psychometric
properties.

Researchers interested in assessing the SOC could perhaps use
the unidimensional SOC-8 in the future, which showed excellent
psychometric properties in our study, although further validation
studies are still needed. All three dimensions (comprehensibility,
meaningfulness, and manageability) are represented in the 8
questions of the SOC-8. This confirms that they adequately
represent the SOC in reality. The difference in psychometric

properties between the SOC-8 and the SOC-13 can be explained
by the fact that the 5 items excluded in the SOC-8 are perhaps
less clear in French and could potentially lead to different
interpretations among respondents.

Our study has several limitations. As this study was limited to
patients in France, it raises questions about generalizability to
other French-speaking populations. Additionally, reproducibility
was not assessed and external validation of the SOC-8 is crucial
before widespread adoption.

In conclusion, our study suggests that the psychometric
properties of the French version of the 3-dimension SOC-13
are poor, unlike the unidimensional SOC-8. A questionnaire
built only with these 8 items could be a good candidate to
measure SOC. However, further validation studies are needed
before recommending its use in research.
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Abstract

Background: Health and health behaviors in midlife are important determinants of healthy aging. There is evidence of unmet
needs for health-promoting information for women from culturally and linguistically diverse backgrounds and women with low
literacy.

Objective: This study aimed to (1) develop accessible short, animated videos viewable and downloadable from YouTube aimed
at promoting positive health behaviors in women in midlife and (2) evaluate their accessibility, acceptability, understanding, and
usability and whether this was influenced by the level of education or socioeconomic disadvantage.

Methods: In collaboration with a video production company, a multidisciplinary team of academics and health professionals
developed 2 short, animated videos on self-management of menopause health and 2 promoting joint health. Their accessibility,
acceptability, understanding, and usability to women were evaluated in an anonymous web-based survey.

Results: A total of 490 women viewed the videos and responded to the survey. Of these, 353 (72%) completed all questions.
Almost all (from 321/353, 91% to 334/363, 92%) agreed that the information in the videos was “very easy to understand.” The
proportions reporting that all or some of the information in the video was new to them varied between videos from 36% (137/386)
to 66% (233/353), the reported likelihood of using the practical tips offered in the videos varied from 70% (271/386) to 89%
(331/373), and between 61% (235/386) and 70% (263/373) of respondents stated that they would recommend the videos to others.
Education-level group comparisons revealed few differences in opinions about the videos, except that women with lower education
were more likely than those with higher education to state that they would recommend the 2 joint health videos to others (36/45,
80% vs 208/318, 65%; P=.051 for video 3; and 36/44, 80% vs 197/309, 64%; P=.04 for video 4). There were no differences
between women living in the least advantaged areas (Socioeconomic Indexes for Areas quintile areas 1 and 2) and those living
in the most advantaged areas (Socioeconomic Indexes for Areas quintile areas 3, 4, and 5) in their responses to any of the questions
about the 4 videos.

Conclusions: Most women found the videos easy to understand, learned something new from watching them, planned to use
the practical tips they offered, and were likely to recommend them to other women. This suggests that short, animated videos
about health self-management strategies in midlife to improve the chance of healthy aging are perceived as accessible, acceptable,
easy to understand, and useful by women.

(Interact J Med Res 2024;13:e60949)   doi:10.2196/60949
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Introduction

Recent years have seen a shift in public discourse relating to
menopause, which has moved from the portrayal of menopause
as a debilitating and unwelcome life phase characterized by
endocrine deficiency to viewing it as a biological transition that
women can manage with the right support. Hickey et al [1]
advocate for an empowerment model to support women
transitioning into menopause and beyond, where empowerment
is defined as an active process of gaining knowledge,
confidence, and self-determination to self-manage health and
make informed decisions about care.

In high-income countries, women’s life expectancy is now
around 85 years [2] and women over the age of 50 years are
one of the fastest-growing demographic groups [3]. It is well
established that health and health behaviors in midlife are
important determinants of healthy aging [4]. In women, midlife
usually coincides with the menopausal transition, a life stage
when physiologic changes occur that are linked to bone,
cardiovascular, cognitive, and musculoskeletal health [4].
Furthermore, as populations globally are aging, the proportion
of people with osteoarthritis is increasing [5]. The joint pain
caused by osteoarthritis can be debilitating, and studies show
that anxiety and depression are common among patients with
this condition [6]. Postmenopausal weight gain is common, and
a recent systematic review concluded that weight gain in adults
is associated with an increased risk of knee osteoarthritis [7].

Healthy aging is governed by complex interactions between
biological, environmental, socioeconomic, and cultural factors
[8-10]. Some of these factors are beyond personal control.
Others, including smoking, poor nutrition, weight gain, and lack
of physical activity, are potentially modifiable. Because these
factors are associated with the development of chronic
conditions such as type 2 diabetes, joint pain, and cardiovascular
disease, it is important to improve health literacy relating to
self-care strategies for optimizing health in midlife to increase
the chance of healthy aging [9,11].

Health literacy is the capacity “to obtain, process, and
understand health information and services needed to make
appropriate health decisions” [12]. Socioeconomic
disadvantages, including having a low income, low educational
attainment, and low literacy and being a nonnative English
speaker, are associated with lower health literacy and poorer
health [13,14].

The internet is increasingly used to access health information.
While access to the internet has been shown to reduce health
inequalities [15], the readability of web-based health information
is mostly above the average reading level [16,17], making it
inaccessible to people with low literacy and those with English
as a second language [18].

We used content analysis to assess the accessibility of the
information on 16 Australian websites with health information

for women in midlife and found that most offered written
factsheets with content above the average adult reading ability,
only 4 included written resources in languages other than
English, and only 2 had information in audiovisual format in
languages other than English. We concluded that more
accessible information resources for health self-management
to reduce the risk of chronic disease are needed for women in
midlife for whom English is not their first language and those
with low literacy [19].

Digital health promotion resources have the potential to reach
many people from diverse backgrounds with health-promoting
messages [20]. Based on the evidence of unmet needs for
health-promoting information for women from culturally and
linguistically diverse backgrounds and women with low literacy,
this study aimed to (1) develop accessible short, animated videos
viewable and downloadable from YouTube aimed at promoting
positive health behaviors in women in midlife and (2) evaluate
their accessibility, acceptability, understanding, and usability
and whether this was influenced by level of education or
socioeconomic disadvantage.

Methods

Video Development
A multidisciplinary team of academics and health professionals
with extensive research, professional, and personal experience
of menopause and healthy aging developed the template for
short, explanatory, animated videos with practical
evidence-informed tips about maintaining good health in midlife.
In addition to their research experience, team members have
clinical expertise in psychology, rheumatology, health
promotion, gynecology, and women’s health nursing.

The decision to use narrated animated videos was based on a
review of 38 trials demonstrating the efficacy of this medium
in improving knowledge about medical procedures, management
of chronic conditions, health promotion, and disease prevention
[21]. In addition, evidence from a study of colorectal cancer
screening found that people with low health literacy recalled as
much information as their more health-literate counterparts
when given the opportunity to watch spoken videos [22].

After reviewing the evidence about menopause and potentially
modifiable factors in midlife that can affect women’s future
health trajectory, the team decided to create four 2-minute videos
covering (1) explanation of the physiology of menopause,
common menopause-related symptoms and how they can be
managed, positive aspects of menopause, and a recommendation
to seek medical advice if symptoms are severe (“What is
menopause?”); (2) practical steps women can take to optimize
their health during the menopausal transition and in later life
(“How to stay healthy after menopause”); (3) practical advice
on managing joint and back pain (“Slowing weight gain to
reduce joint pain”); and (4) simple strategies to reduce joint
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pain by avoiding weight gain (“Maintaining weight for joint
health”).

The development of the video content was informed by a review
of the literature, which identified “...focus on enjoyment, health
benefits including healthy aging, social support, clear messages,
and integration of behaviors into lifestyle” as facilitators for the
uptake and maintenance of positive health behaviors by people
in midlife [23].

After expert advice from an animated explanatory video
production agency, Punchy Digital Media [24], that videos
should ideally be up to only 2 minutes long and have fewer than
300 spoken words, draft scripts were developed with particular
attention to simple language (Australian education year 8
readability) and short sentences, framing messages in a clear
and positive way and offering advice about health behaviors
that can be integrated into daily life [23]. The scripts were then
edited by the agency’s experts, and after several rounds of
feedback from researchers, a final script was agreed on. Using
these scripts, the agency developed a storyboard for the narration
of each video in consultation with the research team. The
storyboards underwent multiple iterations in response to the
researchers’ comments until a consensus was reached. The
animations were then created in an iterative process where
feedback from the researchers was integrated until a final version
was agreed on. The videos were produced using traditional 2D
motion graphics. This style uses flat 2D illustrations, icons,
typography, shapes, and container elements brought to life
through motion and transitions. Animated characters guide
viewers through concepts step-by-step as infographics pop on
screen to visually illustrate spoken messages. The final
animations had images of women with different body shapes,
ages, skin color, and clothing conveying ethnic and cultural
diversity.

As the target populations included women from culturally and
linguistically diverse backgrounds, the services of Ethnolink
[25], an expert multicultural and multilingual communications
agency used by government and health organizations across
Australia, were sought. They translated the scripts into
Vietnamese and Simplified Chinese, the 2 most commonly
spoken non-English languages in Australia, and tested the
translations and animations with women from these language
backgrounds. Some changes in the captions and voice-over were
made in response to their feedback.

Evaluation of the English-Language Version of the
Videos
In this study, data were collected through an anonymous
web-based survey.

Materials
The English versions of the educational videos were embedded
in an anonymous web-based survey to ascertain women’s
perspectives on the accessibility, acceptability, understanding,
and usability of the videos. The participants were asked to view
the four videos sequentially and answer four questions after
each: (1) How easy was it to understand the information in the
video? (very easy, quite easy, quite hard, and very hard); (2)
How new was the information in the video to you? (the

information was completely new, some of the information was
new, a bit of the information was new, and none of the
information was new); (3) How likely are you to use some of
the tips from the video? (very likely, quite likely, not very likely,
and not likely at all); and (4) Would you recommend this video
to others? (yes, maybe, and no). After viewing the 4 videos and
answering the questions, respondents were asked to state their
age, highest level of completed education (no formal education,
primary school [years 1-6], secondary school [years 7-12], and
postschool qualification), state of residence, postcode, and main
language. The survey was administered using Qualtrics software
[26].

Participants and Recruitment
Women aged 18 years or older were eligible to participate. They
were recruited through advertising on social media platforms
(Facebook [Meta] and Twitter [rebranded as X]) and Jean Hailes
for Women’s Health’s newsletter [27]. Jean Hailes for Women’s
Health is the national digital gateway for women’s health funded
by the Australian Government. The advertisement included
detailed participant information and links to the videos and
survey questions.

Data Management and Analysis
Responses entered by respondents in Qualtrics were downloaded
into SPSS version 28 (IBM Corp) [28]. Responses to the
questions about the videos were dichotomized: (1) ease of
understanding information: very easy vs quite easy, quite hard,
and very hard; (2) how much of the information was new: the
information was completely new and some of the information
was new vs a bit of the information was new and none of the
information was new; (3) likelihood of using the tips from the
videos: very likely and quite likely vs not very likely and not
likely at all; and (4) likelihood of recommending videos to
others: yes vs maybe and no. Postcodes were used to determine
Socio-Economic Indexes for Areas (SEIFA) quintile. SEIFA is
a ranking of areas in Australia according to relative
socioeconomic advantage and disadvantage. SEIFA quintile 1
represents the most disadvantaged and quintile 5 the most
advantaged areas. Respondents were grouped by level of
education (primary and secondary school vs postschool
qualification) and socioeconomic advantage (SEIFA 1 and 2 vs
SEIFA 3, 4, and 5). The cutoff points for dichotomized variables
were chosen to provide as equal-sized groups as possible. Data
were analyzed using descriptive statistics and chi-square test
for group differences between those with low versus high levels
of education and those in the more (SEIFA 1 and 2) and less
(SEIFA 3, 4, and 5) socioeconomically disadvantaged groups.
Not all respondents answered all questions; the numbers who
did are shown for each question in the tables.

Ethical Considerations
The study was approved by Monash University’s Human
Research and Ethics Committee (2023-39025-93342).
Participant information about the purpose of the study and the
anonymous nature of the survey was provided before potential
participants were directed to the survey. The participant
information also stated that completion of the survey questions
was taken as consent to participate in the study. In recognition
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of their time, women who completed the survey were offered
the opportunity to enter a draw for 1 of 10 Aus $40 (Aus $1=US
$0.64) gift cards. Those who wanted to participate in the draw
were asked to provide an email address in a file not linked to
their survey responses.

Results

In all 490 women responded. Of these, 353 (72%) completed
all questions. Respondent characteristics are shown in Table 1.

Table 1. Respondent characteristics.

ValueCharacteristics

53.5 (8.8)Age (years; n=452), mean (SD)

Level of education (n=446), n (%)

60 (13.5)Primary or secondary school

386 (86.5)Postschool qualification

Main language (n=433), n (%)

421 (97.2)English

12 (2.8)Other

Socio-Economic Indexes for Areas (n=434), n (%)

104 (24)Quintiles 1-2

330 (76)Quintiles 3-5

Respondents’ mean age was around the age when most women
experience menopause [29]. Compared with the general
Australian population, the proportions with postschool
qualifications (386/446, 86.5% vs 63%) and living in the 3 most
advantaged SEIFA quintile areas (330/434, 76% vs 60%) were

much higher [30] suggesting that most respondents were well
educated and living in relatively advantaged areas. Almost all
(421/433, 97.2%) reported that English was their main language.

Responses to the questions about the videos are shown in Table
2.

Table 2. Respondents’ views about the videos.

Video 4d (n=353), n
(%)

Video 3c (n=363), n
(%)

Video 2b (n=373), n
(%)

Video 1a (n=386), n
(%)

Responses

321 (91)334 (92)341 (91)355 (92)Information was very easy to understand

233 (66)154 (42)213 (57)137 (36)All or some information was new

298 (84)307 (85)331 (89)271 (70)Very or quite likely to use the tips

232 (66)244 (67)263 (70)235 (61)Would recommend the video to others

aWhat is menopause?
bHow to stay healthy after menopause?
cSlowing weight gain to reduce joint pain.
dMaintaining weight for joint health.

Almost all respondents (from 321/353, 91% to 334/363, 92%)
agreed that the information in the videos was “very easy to
understand.” The proportions of respondents reporting that all
or some of the information provided in the video was new to
them varied between one-third (137/386, 36%) for the video
explaining menopause and two-thirds (233/353, 66%) for the
video explaining how maintaining weight benefits joint health.
The reported likelihood of using the practical tips offered in the
videos was lowest for the video explaining menopause. For the
other 3 videos, the vast majority (from 271/386, 70% to 331/373,
89%) stated that they were very or quite likely to use the tips.
Around two-thirds (between 235/386, 61% and 263/373, 70%)
of respondents stated that they would recommend the videos to
others.

Education-level group comparisons revealed few differences
in opinions about the videos, except that women with lower

education were more likely than those with higher education to
state that they would recommend the 2 joint health videos to
others (36/45, 80% vs 208/318, 65%; P=.051 for video 3; and
36/44, 80% vs 197/309, 64%; P=.04 for video 4). There were
no differences between women living in the least advantaged
areas (SEIFA quintile areas 1 and 2) and those living in the
most advantaged areas (SEIFA quintile areas 3, 4 and 5) in their
responses to any of the questions about the 4 videos.

Discussion

Principal Findings
Menopause is ubiquitous at midlife, and weight gain and joint
pain are common in women as they age [31,32]. High-quality,
accessible, and evidence-based information is important to allow
women to optimize their health in midlife and improve their

Interact J Med Res 2024 | vol. 13 | e60949 | p.730https://www.i-jmr.org/2024/1/e60949
(page number not for citation purposes)

Hammarberg et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


chances of healthy aging. However, accessing evidence-based
and practical information about strategies in midlife to optimize
health in older age can be difficult, especially for those with
low literacy or from culturally and linguistically diverse
backgrounds. To bridge this gap, we developed short, animated
videos with practical tips on self-management of menopausal
symptoms and joint pain. Evaluation of these videos showed
that most women found them easy to understand, learned
something new from watching them, planned to use the practical
tips they offered, and were likely to recommend them to other
women.

Socioeconomic disadvantage is known to be linked to poor
health literacy, that is, the capacity to access, understand,
appraise, and apply health information [33]. The videos were
developed specifically to meet the needs of women who may
have limited health literacy and who therefore may not be
reached by health-promoting messages on existing websites
[19]. However, since most survey respondents were well
educated and living in socioeconomically advantaged areas,
they were not representative of the target population. This likely
reflects the known challenges of selection bias in survey research
where people with higher social status and healthier lifestyles
are overrepresented [34].

Despite this potential selection bias, the finding that there were
no significant differences between the more or less educated
groups or between those living in more or less
socioeconomically advantaged areas in the proportions reporting
that they learned something new from watching the videos
suggests that health promotion messages delivered in short video
format may benefit a cross-section of women in midlife. This
supports the conclusion of a systematic review comparing the
impact of video animations with other formats of information
delivery on patient knowledge, attitudes, and behaviors, that
“video animations show promise as patient information tools,
particularly for effects on knowledge” [21].

Health behaviors occur in the context of complex interactions
between social, cultural, and economic factors. Most respondents
stated that they acquired new knowledge from the videos and
intended to use the tips in the videos. While increased
knowledge alone might have a limited effect on health
behaviors, motivation, and intention are known to be powerful
drivers of behavior change [35,36]. The new knowledge
respondents reported acquiring from the videos combined with
their intention to use the tips in the videos suggest that they may
contribute to positive health behavior change among women in
midlife.

A limitation of this study was that the proportions of respondents
with postschool qualifications and living in the 3 most
advantaged SEIFA quintile areas were much higher than in the
general population, suggesting selection bias. This may in part
be because of the method of recruitment, which included posts
on social media and in a women’s health organization’s
web-based newsletter that is distributed to women who have
opted to receive it. Self-selection and lack of representation of
people with limited or no access to the internet are known to
contribute to selection bias in web-based surveys, including this
survey [37]. A systematic review of strategies to reach
hard-to-reach populations in medical research, including socially
disadvantaged groups, concluded that they should include
researchers and research institutions acknowledging the need
for extended timeframes, planning for higher resourcing costs,
and recruiting via community partnerships [38]. Another
limitation of the study was that some details may have been lost
by dichotomizing data.

The videos are available in English, Vietnamese, and Simplified
Chinese and currently reside on the website of the Centre for
Research Excellence Women and Non-communicable Diseases
[39]. Based on the positive findings from this evaluation study,
a multipronged dissemination strategy is used to make these
and other videos that are currently being developed accessible
to as many women as possible. They include publishing a piece
in a web-based publication that reaches more than 60,000
medical practitioners in Australia [40]. In this piece, we describe
the videos and explain how they can be used as a tool for general
practitioners to empower midlife women with knowledge to
help them stay healthy for longer, especially those with limited
health literacy. We are also making the videos available on
government-funded health information websites including
Health Translations [41], which has a free library of multilingual
health and well-being information. Pending funding, we are
also planning to evaluate the videos among Vietnamese- and
Chinese-speaking women through interpreter-assisted focus
groups.

Conclusion
This study suggests that short, animated explanatory videos
about health self-management strategies in midlife to improve
the chance of healthy aging are perceived as accessible,
acceptable, easy to understand, and useful by women and
associated with high rates of intention to change health
behaviors. Future research is needed to determine if and for
whom this is followed by more positive health behaviors.
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Abstract

Background: Homestay accommodations aim to support a smoother transition for refugees; yet, the intricate nature of relationships
between refugees and their hosting families can make this process complex, which, in turn, can affect their health and well-being.
It is crucial to grasp the experiences of both refugees and their host families in order to foster effective settlement, integration,
and well-being.

Objective: The purpose of this scoping review is to explore the dynamics of homestay or hosting with a focus on understanding
the experiences of both refugees and their hosting families to identify gaps in the literature and propose directions for future
research.

Methods: We used the Joanna Briggs Institute methodology and followed the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping Reviews) checklist to guide this scoping review. Searches were
conducted in MEDLINE via EBSCO, Scopus via OVID, CINAHL, SOCIndex, Web of Science Core Collection, ProQuest
Dissertations and Theses, the SciELO Citation Index, and APA PsycInfo. Literature written in English and published from 2011
to 2024 that focused on homestay hosting contexts for refugees was included.

Results: The results of this review illuminate the multifaceted and dynamic nature of homestay hosting for refugees. The findings
include motivations and barriers for homestay hosting, factors influencing host-refugee relations, and psychological and social
outcomes of homestay hosting.

Conclusions: The results of this scoping review demonstrated the need for tailored support for refugees to improve homestay
programs for the benefit of both refugees and host families and highlighted the need of more inclusive, supportive, and effective
strategies for the hosting, resettlement, and integration of refugees.

International Registered Report Identifier (IRRID): RR2-10.2196/56242

(Interact J Med Res 2024;13:e58613)   doi:10.2196/58613

KEYWORDS
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Introduction

Background
Refugee hosting encompasses a range of arrangements, such as
permitting a displaced family to construct a shelter on the host

family’s land, providing a portion of the home for a family’s
use, cohabitating with a family in the same house or room,
offering an outbuilding on the host’s premises for occupancy,
and granting access to another property owned by the host for
use by individuals [1,2]. Refugee homestay encompasses
offering temporary shelter within the personal residences or
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properties of citizens and permanent residents of the host country
and providing refugees with safety, shelter, and basic needs
until they achieve independence or secure long-term
accommodation [3-5]. This concept covers a spectrum of hosting
options, from brief stays to longer-term arrangements, facilitated
by grassroots volunteers, nonprofits, or governmental bodies
[4] to address the social isolation and housing challenges
refugees face upon arrival [4-6]. Hosting within the context of
refugee resettlement frequently denotes an institutionalized
social practice that appears to be embedded within a wider
policy or humanitarian framework. Homestay extends the realm
of private hospitality by functioning beyond migration networks,
engaging primarily citizens of the host country who initially
have no personal relationship with the refugees [4]. Refugee
homestays, therefore, offer tailored support that eases refugees
into their new environment, with host families being
instrumental in facilitating refugees’adaptation to local practices
and integration into local communities within a nurturing,
family-like atmosphere [4,7]. Within these contexts, refugees
can take on roles that involve organization and collaboration
with local residents, which can instill a strong sense of
ownership and autonomy over their living conditions [8]. Thus,
refugee homestays can also build social capital among refugees
in their host communities [8,9].

Refugee homestays stand out as an economical approach that
benefits both refugees and host community members [4,10].
This shared living setup offers a supportive environment for
refugees, facilitating not only language learning but also the
development of social networks that can provide essential
support for refugees where they can leverage their cultural
backgrounds [8]. Homestays provide a unique opportunity for
deep cultural immersion, promoting intercultural dialogue [4].
This exchange enriches both refugees and hosts by sharing
cultures, traditions, and values, thereby enhancing communal
diversity and understanding [5]. Moreover, these housing
arrangements open avenues for both refugees and local residents
to learn and acquire new competencies through shared activities
and interactions [4,10]. Understanding the dynamics of homestay
hosting for refugees is vital for grasping its public health
implications [11]. These living arrangements directly influence
refugees’access to health care, psychological support, and social
integration, factors that are critical for maintaining physical and
mental well-being [11]. By examining how homestays can shape
health outcomes, we can better appreciate the necessity for
supportive and informed health care policies tailored to the
unique needs of refugees. Additionally, exploring health service
accessibility and addressing the specific challenges faced by
refugees in homestay environments could improve public health
systems and outcomes.

Refugee homestay programs in Europe enhance refugee
well-being through personal connections, diverse housing setups,
and interactions with political landscapes, showcasing evolving
solidarity amid immigration policies [4]. Refugee cohabitation
and homestay programs play a critical role in improving the
health and well-being of refugees by providing stable,
supportive, and integrated living environments [12]. These
arrangements foster a sense of belonging and community, which
is crucial for mental health, reducing feelings of isolation and

stress [12]. Access to shared resources and knowledge within
these households can also improve refugee’s health by
facilitating better nutrition and health care practices [13].
Moreover, the interpersonal relationships developed in
homestays can offer emotional support and practical assistance,
helping refugees navigate their new surroundings and the
challenges of resettlement more effectively [12,13]. Hosting
refugees can increase depression and mental health issues in
hosts, possibly triggered by hearing refugees’ traumatic stories.
This, combined with the stress of sharing living spaces and
resources, can impact hosts’ mental health despite the altruistic
benefits [14].

However, the informal nature of many homestay programs often
results in power imbalances, with refugees seen as dependents
on their hosts for a range of things [4]. Hosts’ well-intentioned
support can also limit refugees’ interests and efforts at
self-sufficiency [15], underscoring the delicate balance between
assistance and independence within homestay interactions. In
other words, homestay arrangements require considerable
adjustments by both hosts and refugees, extending beyond mere
accommodation to forming a domestic bond that encourages
mutual respect and support [4,5]. However, intimate living
situations can restrict refugees’control over their personal space
and privacy [15].

An initial search of the literature using review registries such
as Joanna Briggs Institute (JBI) Evidence Synthesis and the
Open Science Framework did not uncover any existing or
ongoing scoping reviews on homestay or hosting dynamics and
refugee well-being. The available literature reviews generally
address the political issues that homestay accommodation for
refugees raises in Europe [4] and the impacts of hosting forced
migrants in lower-income countries [16]. In our study, we
explicitly defined key terms such as “refugees” and “asylum
seekers” to delineate the scope of our analysis. Refugees are
“individuals forced to flee their country due to conflict or
persecution,” while asylum seekers are “those seeking
international protection but whose refugee status is yet to be
determined” [17]. The concepts of “health” and “well-being”
were explored in relation to physical, mental, and social factors,
as outlined by World Health Organization guidelines [18]. Our
review specifically targets the experiences of refugees in
homestay settings, a focus chosen to uncover how these living
arrangements impact health outcomes and integration processes.
This approach can assist in exploring the unique challenges and
supports that influence refugee well-being in nontraditional
housing situations, addressing a significant gap in current public
health research.

Aim or Research Question
This scoping review aims to delve into the interactions between
refugees and their host families. Scoping reviews allow for the
collection, organization, and summarization of evidence [19]
to identify trends, patterns, and differences and similarities on
a phenomenon of interest. This scoping review aimed to answer
the following research question: “What is known from the
existing literature about the experiences of both refugees and
their hosts within homestay or hosting dynamics that shape their
health and well-being?”
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Methods

Study Design
This scoping review was conducted following the JBI
methodology for such reviews [19] and according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)

checklist [19,20] (Multimedia Appendix 1). The protocol for
this review has been registered with the Open Science
Framework and has been published in JMIR Research Protocols
[21].

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria are present in Textbox 1.

Textbox 1. Criteria for inclusion and exclusion of sources.

Inclusion criteria

• Population: Records involving refugees, displaced individuals, or asylum seekers.

• Concept: Records on refugee homestay or hosting experience, homestay hosting practices, host-refugee relationship, and cohabitation.

• Context: Records related to refugee hosting across various host nations and geographical environments where homestay or hosting is practiced.

• Types of sources: Primary research papers, review papers, editorials, thesis and dissertations, reports, gray literature, conference presentations,
and opinion pieces.

• Language: English.

• Publication date: Publications after 2011.

Exclusion criteria

• Population: Records involving a population other than refugees, displaced persons, or asylum seekers such as immigrants.

• Concept: Records on various hosting setups or focusing on hosting within a host nation or country that address different types of hosting experience.

• Context: Records on various hosting setups or focusing on hosting within a host nation or country.

• Types of sources: Incomplete and unrelated records that fall outside the review’s focus.

• Language: Language other than English.

• Publication date: Publication prior to 2011.

Search Strategy
The search strategy was developed in collaboration with a
research librarian based on seed papers provided by the lead
researcher (AA-H) and an early search of various databases
using fundamental terms. This strategy, incorporating all
relevant keywords and index terms, was first applied to create
a comprehensive search strategy for CINAHL, detailed in
Multimedia Appendix 2. For other databases, the strategy was
adjusted according to the specific Boolean operators, truncation,
and wildcards. Additionally, our search strategy underwent peer
review by another librarian using the PRESS (Peer Review of
Electronic Search Strategies) Peer Review Strategy [22].

The review focused on studies published in English since 2011,
and the reference lists of all selected sources were examined
for further studies. The 2011 cutoff was selected because it
marks a period of significant policy shifts and an increase in
global displacement, leading to a surge in relevant literature on
refugee health care needs and practices. This time frame ensures
the inclusion of the most current and applicable findings since
the Syrian refugee crisis. The databases searched encompassed
Academic Search Complete, CINAHL, MEDLINE, SOCIndex
via the EBSCO interface, APA PsycInfo via the OVID interface,
the Web of Science Core Collection, ProQuest Dissertations
and Theses, SciELO Citation Index via the Web of Science
interface, and Scopus via their respective interfaces. Further
search was performed using Google Scholar and a reference list
of the selected papers. This approach considers the inclusion of

gray literature, such as conference proceedings and opinion
papers, to ensure the gathering of all relevant information related
to the aim of this review and offer a comprehensive search and
review.

Study Selection and Extraction
Following the search, all identified citations were gathered and
uploaded into EndNote (version 21; Clarivate), and the
duplicates were removed. Titles and abstracts of the remaining
sources were screened by 2 independent reviewers (AA-H and
GJ) to assess their alignment with the review’s inclusion criteria.
All relevant studies were retrieved, and their citation details
were imported into the JBI System for the Unified Management
of the Assessment and Review of Information for unified
management, assessment, and review of information [23]. Two
independent reviewers (AA-H and GJ) screened each title and
abstract against the inclusion criteria. The full texts of selected
citations were then assessed against the inclusion criteria by the
2 independent reviewers (AA-H and GJ). Reasons for exclusion
of papers at the full-text stage, which did not meet the inclusion
criteria, were recorded and reported. Any disagreements that
arose between the reviewers at each stage of the selection
process were resolved through discussion or with an additional
reviewer (YMY). The outcomes of the search and the study
inclusion process were reported and presented in a PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram. Data were extracted from studies
included in the review by the 2 reviewers (AA-H and GJ) using
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a data extraction table tailored to the content relevant to the
review question (refer to Multimedia Appendix 3
[1-3,6,9,11,14,15,24-38]). The standardized data extraction tool
from the JBI System for the Unified Management of the
Assessment and Review of Information was used in this process,
with minor adjustments made to align with the objectives of
this review. The extracted data encompassed specific details
about the participants, concept, context, study methods, and key
findings pertinent to the review question. Any disagreements
that arose between the 2 reviewers were resolved through
discussion or with the third reviewer (KM). The team reached
out to authors for further details or clarifications in cases of
missing or ambiguous data.

Data Analysis
The data analysis method used basic inductive content analysis,
with 2 independent reviewers (AA-H and GJ) responsible for
cataloging the characteristics of reports and the frequency of
papers discussing refugee homestay arrangements, including
the challenges, motivations, and outcomes identified. They then
conducted a thorough review of the collected data (such as
academic papers, reports, and other pertinent materials from a
scoping review) to pinpoint significant codes pertinent to the
paper’s population, concept, and context. These identified codes
were then categorized into themes based on emerging trends,

patterns, similarities, or differences. This coding process was
both iterative and dynamic, allowing for the continual refinement
and adjustment of codes, as additional data were reviewed [39].
To guarantee the reliability and precision of the coded
information, a comparative method was used among team
members to address any discrepancies either through team
consensus or by consulting the third reviewer (KM) for
resolution (see Multimedia Appendix 3 for the extraction table).

Results

Overview
The initial search resulted in 14,648 records for potential
inclusion. Of these, 7804 duplicates were eliminated, along with
5 records that were identified as retracted (by Retraction Watch),
leaving 6844 records for the first round of review, during which,
the titles and abstracts were assessed for their relevance to the
research aim, narrowing the field to 44 records for a detailed
assessment of the full text. Of these, 15 were later excluded due
to not fitting the context, 4 not aligning with the study’s concept,
5 not aligning with the study’s population, and 1 duplicate
record. Following a specific search on Google Scholar and a
manual check of references in the selected papers, an additional
6 records were added. In total, 25 records were deemed suitable
for the final scoping review (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram for selected studies.

Included Studies
The papers included in this scoping review were published
between January 2011 and January 2024. This scoping review
included contributions from various geographical locations (see
Figure 2 for the summary of the included studies) and spans a
global array of research, encapsulating studies from across

continents, including individual contributions from Ghana [24],
the United Kingdom [25], Germany [26], the United States [14],
Australia [27,28,40], Belgium [9,29], Finland [30-32], Slovakia
[33,34], the Netherlands [11,35], Spain [6], Uganda [36], Italy
[3], and a broader European perspective [37]. Alongside these
studies, the review is enriched by 2 opinion papers [1,38] and
2 literature reviews [2,4]. This scoping review consists of
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blending empirical data from 4 quantitative studies
[11 ,14 ,29 ,34 ] ,  15  qua l i t a t ive  s tud ie s
[3,6,9,15,24-27,30-32,35-37,40], and 2 mixed methods studies
[28,33]. The findings of this scoping review were categorized

into (1) motivations and barriers for refugee homestay hosting,
(2) factors influencing host-refugee relations in homestay
hosting, and (3) psychological and social outcomes of refugee
homestay hosting.

Figure 2. Geographical locations and years of publications for the included studies.

The sociopolitical contexts from which refugees emerge and
the countries they migrate to play a pivotal role in shaping their
homestay experiences. In Ghana, Liberian refugees encounter
strained relationships with host communities due to resource
allocation issues, land use, and perceived neglect by
humanitarian organizations [24]. Similarly, in the Netherlands,
displaced Ukrainian refugees experience variations in mental
health outcomes based on the degree of their contact with host
nationals, with factors like perceived discrimination
paradoxically reinforcing their ethnic identity and, at times,
improving their mental health in uncertain times like war and
displacement [11]. In Slovakia, the hosting of Ukrainian
refugees by local families demonstrates the role of hospitality
in fostering social inclusion and building emotional ties, which
in turn enhances societal cohesion [33]. However, the impact
of such hospitality varies, with psychological resilience playing
a crucial role in how well refugees can integrate and benefit
from these arrangements. The Netherlands provides another
illustrative example with the “TakeCareBnB” initiative, which
has been effective in enhancing the integration of Syrian
refugees by facilitating cultural and language learning and
promoting deeper emotional and practical engagements with
host families [35]. In the United Kingdom, the foster care system
offers a range of relational dynamics from familial-like bonds

to more formal guest-like interactions with young Afghan
refugees, which significantly influence their sense of belonging
and integration [25]. In Finland, hosts who live with asylum
seekers from Syria, Iraq, and Afghanistan often experience deep
emotional and sensory impacts. These interactions frequently
go beyond simple hosting, drawing hosts into the refugees’
ongoing struggles and conflicts. As a result, the hosts’ own
emotional landscapes are significantly influenced by the intense
experiences and stories shared by the asylum seekers [30]. In
France, the study on family hosting of refugees from Syria,
Tibet, Bangladesh, and Zimbabwe shows improved language
skills, cultural understanding, and overall well-being. However,
it also points out issues like diminished independence and
privacy concerns [15].

Motivations and Barriers for Refugee Homestay
Hosting
This theme aims to provide a comprehensive overview of the
foundational elements that contribute to successful or strained
homestay experiences, offering insights into how these factors
can be managed or leveraged to promote better health outcomes
within these unique settings. The theme examines the factors
that influence the decision-making processes of both hosts and
refugees as they enter homestay arrangements. The analysis
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delves into the complex motivations, such as cultural exchange
alongside the perceived stability and safety for refugees.
Concurrently, it explores barriers like cultural mismatches,
language difficulties, and the psychological strains of adaptation
that can impact these dynamics. Understanding these
motivations and barriers is crucial, as they directly affect the
health and well-being of refugees by shaping their living
environments, social interactions, and access to community and
health care services. Motivations for refugee hosting are often
rooted in a deep sense of empathy, sympathy, compassion,
opposition to the detention of refugees [27], social change,
critique of government refugee policies and a desire to provide
support to individuals in need [37], and volunteering [32].
Agblorti [24] illustrates that the Ghanaian hosts, despite facing
significant sacrifices, express a sense of duty toward their
refugee “brothers and sisters.” This sentiment of humanitarian
concern is echoed in studies across different contexts, including
the Netherlands [11] and Slovakia [33,34], where the social
inclusion of refugees and the personal satisfaction from offering
assistance are highlighted as key motivators. Furthermore,
initiatives like TakeCareBnB in the Netherlands showcase how
structured programs can facilitate these motivations, enhancing
integration and fostering cultural and emotional support [35].
Overall, hosts’ motivation for hosting refugees often centers on
compatibility, shared values, class, gender, cultural differences,

and specific guest profiles such as “woman with a small child”
[32]. People are often motivated to host due to a moral
awakening sparked by media reports, prompting them to
welcome refugees into their homes [30]. The role of social
innovation and policy interventions emerges as a pivotal factor
in mitigating barriers and enhancing motivations [4]. Media
coverage significantly influences public views on refugees and
homestay hosting, often casting refugees in a negative light
through sensationalism and inaccuracies [40]. Such portrayals
can foster hesitation about and resistance to welcoming refugees
into their homes [40].

Barriers to hosting, on the other hand, introduce challenges that
can deter or complicate the hosting experience. Caron [1]
identifies the uncertainty regarding the duration of stay and the
potential for overstaying as significant concerns for hosts,
reflecting the anxiety associated with sharing living spaces over
indefinite periods. The presence of children and economic
constraints can create tensions among children or the strain of
sharing resources leading to unsustainable relationships [2].
Studies from Australia [40] and Belgium [29], for example,
highlight the challenges posed by cultural and language barriers
as well as the psychological distress experienced by refugees,
which can impede social integration and strain host-guest
relationships (Table 1).

Table 1. Key motivations and barriers associated with refugee homestay hosting.

BarriersMotivationsAspect

Cultural mismatches and language difficulties can create
challenges, leading to strained interactions between hosts
and refugees.

Hosts motivated by the opportunity to engage in cultural
exchange, providing stability and safety for refugees.

Cultural exchange

Psychological strains of adaptation, including stress and
anxiety from living in a new environment, can impact
refugees’ well-being and social integration.

Deep sense of empathy, compassion, and opposition to the
detention of refugees. Motivations include social change,
critique of government policies, and volunteering.

Empathy and compassion

Uncertainty regarding the duration of stay and the potential
for overstaying can cause anxiety and strain relationships.
Economic constraints, especially in households with chil-
dren, can exacerbate tensions and make hosting unsustain-
able.

Sense of duty toward refugees, as seen in contexts like
Ghana, where hosts make sacrifices out of humanitarian
concern. Similar sentiments are echoed in the Netherlands
and Slovakia, where social inclusion and personal satisfac-
tion motivate hosts.

Humanitarian concern

Media portrayal of refugees, often negative and sensation-
alized, can influence public opinion, leading to resistance
or hesitation in hosting refugees.

Programs like TakeCareBnB in the Netherlands enhance
motivation by facilitating integration and offering cultural
and emotional support.

Structured programs

Psychological distress experienced by refugees, such as
trauma and stress, can impede their social integration and
strain relationship with hosts.

Moral awakening, often triggered by media reports, prompts
individuals to welcome refugees into their homes.

Moral awakening

Challenges in sharing resources, especially in families with
children, can create tensions and lead to unsustainable
hosting arrangements.

Social innovation and policy interventions play a key role
in mitigating barriers and enhancing motivations.

Social innovation

Factors Influencing Host-Refugee Relations in
Homestay or Hosting
The theme “factors influencing host-refugee relations in
homestay or hosting” focuses on identifying and analyzing the
key elements that shape the dynamics between hosts and
refugees in homestay settings. It explores how factors such as
empathy, communication styles, expectations, and cultural
sensitivity impact the relationship quality and, subsequently,
the integration experiences of refugees. These relational

dynamics are critical, as they directly influence refugees’
psychological comfort, sense of belonging, and overall mental
health. By examining these factors, the theme aims to highlight
practical ways in which host-refugee interactions can be
improved to foster a supportive environment that enhances the
health and well-being of refugees. The dynamics of host-refugee
relationships are deeply influenced by factors such as cultural
proximity, gender, and shared interests, and the sociopolitical
context can significantly affect the overall experiences and
outcomes of refugee homestay hosting. These significantly
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influence the outcomes of these arrangements. For example,
Al-Saqaff [11] highlighted how the amount and type of host
interaction affect displaced Ukrainian refugees, showing
differences in integration shaped by gender and discrimination
and enhancing the understanding of host-refugee dynamics.
Additional factors that affect homestay accommodation include
the unpredictability of how long guests will stay, the dimensions
and placement of the hosting environment, the expenses related
to accommodation, the risk of overcrowding due to family size,
the impact of children’s presence and actions, and the financial
standing of the host family [1,2].

Bassoli and Luccioni [4] offer critical insights into the factors
shaping hosting experiences and the political implications of
homestay accommodation such as the allocation of shared spaces
and resources and participation in group activities. Alrawadieh
et al [33] concluded that the direct contact between hosts and
refugees allowed for a deeper understanding of the refugees’
backgrounds, facilitating a genuine connection and empathy.
Moreover, factors like common interests, religious ties, cultural
proximity, and gender play a significant role in influencing
hosting behavior [33]. For example, shared religious beliefs or
cultural practices can provide common ground, fostering a sense
of connection and belonging [33]. Refugees faced difficulties
adjusting to homestay arrangements and felt isolated without
cultural connections, while hosts dealt with skepticism and
disapproval from their social circles, complicating the hosting
dynamic [27]. This aligns with findings from other studies [1,40]
that have identified potential barriers including economic

constraints, hosts’ uncertainty about the length of stay for
accommodated refugees, cultural clashes, and the emotional
toll of hosting, which can impact the durability of these
relationships. Participation in household culture and the
development of trusting and reciprocal relationships between
hosts and refugees play a significant role in the dynamics of
homestay hosting [25].

The close connection between refugees and their hosts is
deepened by technology and the emotional toll of global
conflicts [30]. Technology helps forge deep bonds and
understanding by linking refugees’ past and current situations
[30]. However, the risk of deportation introduces emotional and
psychological challenges, impacting the safety and stability of
the hosting environment [30]. Brinker [6] commented that
intermediaries perceived by refugees as key facilitators in the
hosting arrangement offer personalized support and easing
coliving adjustments. However, intermediaries’ actions could
sometimes exacerbate power imbalances and affect their
neutrality due to close ties with hosts. Intermediaries also often
stepped back once they deemed their assistance unnecessary,
affecting the dynamics between hosts and refugees [6]. Radical
cosmopolitanism transforms the host-refugee relationship from
hierarchy to equality, focusing on mutual experiences and
engagement rather than charity. It contests traditional divides,
promotes equitable interactions, and fosters unity, thereby
dismantling exclusionary barriers and enriching the host-refugee
connection (Table 2) [26].

Table 2. Key factors influencing host-refugee relations in homestay settings.

Impact on host-refugee relationsDescriptionFactor

Enhances psychological comfort, sense of belonging, and
overall mental health of refugees.

Effective communication styles and empathy are crucial
for fostering supportive host-refugee relationships.

Empathy and communica-
tion

Facilitates genuine connections, fosters a sense of belong-
ing, and eases integration into the host environment.

Similar cultural backgrounds, shared religious beliefs, or
common interests between hosts and refugees.

Cultural proximity

Affects integration experiences, with gender and discrimi-
nation playing a role in shaping the host-refugee dynamic.

Gender roles and expectations can vary significantly be-
tween hosts and refugees.

Gender dynamics

Influences the ease or difficulty of hosting, with social
disapproval or skepticism potentially complicating the
hosting dynamic.

The broader sociopolitical environment, including the
public’s attitude toward refugees and government policies.

Sociopolitical context

Trusting and reciprocal relationships are crucial; failure to
integrate into household culture can strain relationships
and impact the success of the hosting arrangement.

Participation in household culture, including allocation of
shared spaces and resources, as well as group activities.

Household dynamics

Financial strain can lead to stress and tension, making it
difficult for hosts to sustain long-term hosting relationships.

Economic limitations of hosts, including the cost of accom-
modating refugees and the potential for overcrowding.

Financial constraints

Causes anxiety and can lead to strained relationships if the
duration exceeds the host’s expectations.

Uncertainty about the length of the refugee’s stay.Duration of stay

Technology can deepen emotional bonds and understanding
but also brings challenges related to the emotional toll of
global conflicts and the risk of deportation.

Use of technology to maintain connections between
refugees and their past or current situations.

Technology

Intermediaries can provide personalized support but may
also introduce power imbalances and affect the neutrality
of the hosting arrangement.

Role of intermediaries in facilitating the hosting arrange-
ment.

Intermediaries

Promotes equitable interactions, dismantles exclusionary
barriers, and enriches the host-refugee connection, leading
to more positive and sustainable relationships.

A philosophical approach that transforms host-refugee re-
lationships from hierarchical to egalitarian, focusing on
mutual experiences and engagement rather than charity.

Radical cosmopolitanism
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Psychological and Social Outcomes of Refugee
Homestay Hosting
The psychological and social outcomes of refugee homestay
hosting are multifaceted, reflecting a complex interplay between
personal interactions, societal perceptions, and individual
experiences. The theme critically examines the mental health
and social integration outcomes for refugees living in homestay
arrangements. This theme explores how these living situations
affect refugees’ psychological well-being, including aspects of
stress, anxiety, and depression, as well as their social outcomes,
such as community integration, social networks, and cultural
adaptation. By assessing both the positive impacts, such as
increased social support and cultural understanding, and the
challenges, like isolation or cultural clashes, this theme provides
a nuanced view of how homestay settings can influence
refugees’ overall health and social well-being. The intent is to
offer insights into how homestay environments can be structured
and supported to promote better mental health and social
integration, crucial for the long-term success and well-being of
refugees.

The depth and quality of contact between refugees and hosts
play a significant role in mental health outcomes, with increased
contact generally correlating with better mental health,
especially among female refugees [11]. The role of
hospitableness in promoting refugee social inclusion cannot be
overstated. Creating a welcoming environment that fosters
emotional and cultural connections is essential for integrating
refugees into society and improving their well-being [33,34].
Employment opportunities, in particular, have been highlighted
as beneficial for refugees’ self-esteem and overall mental health,
pointing to the critical need for access to work as part of the
integration process [34]. The research by both Alrawadieh et al
[33] and Altinay et al [34] underscores the importance of a
welcoming atmosphere and emotional ties between hosts and
refugees, highlighting the significant yet nuanced role of
hospitableness in fostering societal cohesion and integration.
van Dijk et al [35] in the Netherlands and Sirriyeh [25] in the
United Kingdom explored innovative integration models and

fostered care arrangements that emphasize the mutual process
of integration, revealing the potential of such arrangements to
enhance social connections, cultural understanding, and
emotional support. Homestay hosting often hinges on
overcoming prejudices and the ability of young refugees to
integrate into household cultures [25].

Host-refugee relationships that are rooted in equality, everyday
practices, and the breaking down of traditional barriers can
potentially advocate for a society that values protection and
support for refugees as a fundamental obligation, fostering a
sense of togetherness and community integration [26]. Despite
the positive aspects of homestay hosting, challenges, such as
mental health risks for refugees and hosts, the potential for
strained relationships, and issues of dependency and gratitude
among refugees point to the need for comprehensive support
mechanisms [27,40]. These mechanisms should aim to balance
the benefits of homestay accommodation with the challenges
it presents, ensuring that both hosts and refugees can navigate
their relationships positively and productively [27,40].

The concept “asylumscapes” redefines the host-refugee
relationship by highlighting the emotional labor and complex
interactions involved, which significantly affect both
psychological well-being and social cohesion [38]. Advocating
for a better grasp of these relationships and hosting practices
can nurture mutual support and improve social interactions,
boosting both the resilience and inclusiveness of the
communities involved [38]. Hosting asylum seekers offers an
opportunity for compassionate engagement but also poses
potential mental health risks for the hosts. The challenges of
sharing limited spaces and resources, coupled with exposure to
refugees’ traumatic stories, can contribute to increased stress
and a heightened risk of depression and other mental health
issues among hosts [14]. Finally, Bassoli and Campomori [3]
emphasized the intercultural conversations that support the
independence of guests to facilitate societal transformation
while ensuring the integration of refugees, offering mutual
advantages to both hosts and guests (Table 3).
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Table 3. Key psychological and social outcomes of refugee homestay hosting.

Impact on refugees and hostsDescriptionOutcome type

Positive interactions reduce stress, anxiety, and depression,
while challenges such as dependency and shared space
pressures can exacerbate mental health issues.

The quality of contact between refugees and hosts signifi-
cantly influences mental health outcomes. Increased contact
generally leads to better mental health, especially for female
refugees.

Mental health

A welcoming environment promotes societal cohesion and
integration, enhancing the well-being of refugees. Cultural
clashes or isolation can hinder these benefits.

Homestay hosting fosters social networks, cultural under-
standing, and community integration by creating emotional
and cultural connections.

Social integration

Employment provides a sense of purpose and belonging,
improving mental health and facilitating social integration.
Lack of employment opportunities can lead to frustration
and social exclusion.

Access to employment boosts refugees’ self-esteem and
overall mental health, making it a critical part of their inte-
gration process.

Employment opportunities

Hospitableness fosters positive relationships and societal
cohesion, but the emotional labor involved can strain hosts,
particularly when dealing with refugees’ traumatic experi-
ences.

Creating a welcoming and emotionally supportive environ-
ment is essential for integrating refugees and improving
their well-being.

Hospitableness

Successful cultural adaptation leads to better social and
emotional outcomes, while failure to adapt can result in
isolation and strained relationships.

The ability of young refugees to integrate into household
cultures is crucial for the success of homestay arrange-
ments.

Cultural adaptation

Equality in host-refugee relationships fosters a sense of
togetherness and community integration, promoting social
cohesion and reducing feelings of dependency among
refugees.

Relationships rooted in equality and mutual respect can
break down traditional barriers, advocating for a society
that values refugee protection and support.

Equality and everyday prac-
tices

While gratitude can strengthen bonds, excessive dependen-
cy can create power imbalances and strain the relationship,
highlighting the need for support mechanisms to manage
these dynamics.

Feelings of dependency and gratitude among refugees can
complicate relationships, leading to potential strain and
mental health risks.

Dependency and gratitude

Understanding the emotional and social dynamics of asy-
lumscapes can improve mutual support, resilience, and in-
clusiveness within host communities, benefiting both
refugees and hosts.

The emotional labor and complex interactions involved in
homestay hosting redefine the host-refugee relationship,
affecting both psychological well-being and social cohe-
sion.

Asylumscapes

These conversations enhance cultural understanding and
promote the integration of refugees, leading to positive
social outcomes and reducing the potential for cultural
clashes.

Intercultural conversations within homestay settings support
the independence of guests and facilitate societal transfor-
mation, offering mutual advantages to both hosts and
guests.

Intercultural conversations

Hosts may develop symptoms of depression or other mental
health issues, underlining the importance of providing
support to manage the emotional challenges of hosting.

Hosts may experience mental health risks due to the pres-
sures of shared spaces and resources as well as the emotion-
al toll of dealing with refugees’ traumatic experiences.

Mental health risks for hosts

Discussion

Principal Findings
This scoping review included 25 papers that were published
between 2011 and 2024 that met the inclusion criteria. As the
world continues to adapt to the persistent refugee crises,
comprehending the nuances of shared living arrangements is
crucial for creating efficient and enduring solutions [41].
Collaborative efforts involving humanitarian organizations,
nongovernmental agencies, and host countries are essential in
providing displaced populations with protection, vital services,
and opportunities for rebuilding their lives [42] in support and
leaving many refugees in precarious housing situations [43].
The review concluded that refugee homestay or hosting presents
a unique opportunity to foster societal cohesion, cultural
exchange, and mutual support between hosts and refugees. This
finding is consistent with other studies, where refugee homestay
and shared living spaces not only serve as a practical solution

to resource limitations but also create a distinctive chance for
refugees to exchange cultural experiences, combine their
methods of coping, and collaboratively deal with the
complexities of resettling [44,45]. By providing sustained
support to hosting families and communities, stakeholders can
contribute to the creation of a connected and resilient global
network [46]. Such international collaboration mitigates the
risk of individuals feeling isolated or disconnected, fostering
an environment where refugee resilience can flourish as a
collective outcome [47].

The sociopolitical context of the countries involved in the
reviewed literature plays a crucial role in shaping the
experiences of both refugees and hosts in homestay
arrangements. In countries like Germany [26], the United
Kingdom [25], and the Netherlands [11], the political discourse
surrounding immigration and refugee policies has been highly
polarized, often influenced by media narratives that oscillate
between humanitarian empathy and security concerns. For
instance, media representations in these countries may
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emphasize either the vulnerabilities of refugees or the potential
risks they pose, thereby influencing public perceptions and,
consequently, the experiences of both hosts and refugees in
homestay settings. In countries like Slovakia [33] and Finland
[30], where sociopolitical contexts may be less diverse, the
experiences of refugees in homestay arrangements might be
shaped by a stronger emphasis on cultural assimilation, with
hosts potentially feeling a greater responsibility to “integrate”
their guests into the local way of life [43]. Conversely, in
countries such as Uganda [36] and Ghana [24], where
communities may have a history of displacement and resilience,
the sociopolitical environment may foster a more
community-oriented approach to hosting, although economic
constraints often pose significant challenges. The sociopolitical
climate in the United States [14] and Australia [28], where
immigration is a contentious issue, can lead to highly varied
experiences, with some hosts motivated by a strong sense of
social justice and others influenced by more conservative,
security-focused narratives. These media-driven narratives and
public perceptions inevitably impact the dynamics of homestay
arrangements, shaping the motivations, interactions, and
outcomes for both refugees and hosts [27,31].

Nevertheless, the sustainability of positive host-refugee
relationships demands ongoing support to navigate the complex
dynamics and challenges that arise over time. The psychological
and social impacts of hosting are multifaceted, reflecting the
need for comprehensive support mechanisms to balance the
benefits and challenges of homestay accommodation. This
finding is coherent with the findings of Baggio [48] that
highlight the profound loss of homes and disruption of social
structures amplifying the psychological distress experienced by
refugees and underscoring the need for comprehensive support
mechanisms. In addition, the resulting state of refugees’constant
unfamiliarity and instability exacerbates the psychological
distress stemming from the original conflicts that forced them
to flee [15,32]. Through a deeper exploration of these challenges
and stressors, scholars and policy makers can contribute to
refining coliving as a viable pathway for displaced individuals
to not only survive but thrive in their pursuit of a secure and
settled life [49].

Recognizing that the responsibility for successful settlement
extends beyond borders, international stakeholders,
organizations, and agencies directly engaged in these matters
must spearhead a concerted effort to ensure that homestay
refugee hosting emerges not just as a plausible but as a widely
adopted and effective solution on a global scale [42,46]. By
acknowledging the complexities inherent in these shared living
spaces, policy makers, humanitarian organizations, and host
communities can work together to create environments that
foster dignity, inclusivity, and hope for those rebuilding their
lives in the wake of displacement [49]. Our study’s findings
shed light on key aspects of homestay hosting for refugees,
offering actionable insights for enhancing public health
strategies and interventions. By illustrating the direct impacts
of homestay environments on refugee health outcomes, these
insights encourage the development of tailored health services
that address the unique needs of refugees in such settings.
However, the research also highlights significant gaps in the

literature, particularly around safe and secure service practice
guidelines for homestay hosting, the long-term psychological
effects of homestay arrangements, and the sociocultural
dynamics between hosts and refugees. Future research should
focus on these areas to refine understanding and inform more
effective policy formulation. This deeper exploration is crucial
for crafting interventions that not only support refugee health
in the immediate but also contribute to their long-term
well-being and integration into new communities.

Our review explicitly details the cultural and adjustment
challenges faced by refugees, underscoring how these factors
significantly influence their health and well-being. By examining
the nuanced interactions between refugees and their host
environments, we highlight the critical role of cultural
congruence and social support in the adjustment process. These
elements are pivotal in shaping refugees’ mental health and
overall well-being, as they navigate the complexities of
integrating into new societies. Understanding these dynamics
can inform the development of targeted interventions that
address specific cultural and adjustment needs, ultimately
improving health outcomes and facilitating smoother transitions
for refugees in their host countries.

Implications
The insights from this review are intended to guide the
development of more inclusive, supportive, and effective
approaches to refugee hosting, resettlement, and integration,
with a strong emphasis on public health implications. The
findings extend beyond academic discussion, offering practical
guidance for policy makers, public health practitioners, and
researchers. From a public health perspective, service providers
and health care professionals working with refugees can leverage
our findings to implement more inclusive and supportive
strategies that address the unique health and well-being needs
of refugees and their host families [50]. For example, social
workers and community organizers can develop tailored
programs that promote cultural exchange, language learning,
and social integration, all of which are crucial for mental health
and social cohesion. The review underscores the necessity of
developing customized support mechanisms that mitigate the
health challenges inherent in homestay arrangements. Public
health practitioners should focus on creating environments that
empower refugees, fostering a sense of belonging and
community, which are essential for overall well-being [4].
Ultimately, our aspiration is that our findings will inform the
establishment of more individualized and compassionate support
practices within public health frameworks, ensuring that both
refugees and their host families can thrive together in a healthy
and supportive environment.

From a policy perspective, policy makers are encouraged to
develop clear, actionable policy guidelines that support the
creation of more effective and compassionate refugee homestay
hosting models. These policies should aim to streamline the
resettlement and integration process, ensuring that refugees and
their host families have the necessary resources and support.
Additionally, further investigation into the long-term impacts
of homestay arrangements on refugees and their hosts highlights
the need for policies that are not only responsive but also
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sustainable to ensure support for refugees and host communities
alike [3,51]. By advocating for customized support mechanisms,
explicit policy directives, and further investigation into the
enduring impacts of homestay arrangements, our review laid
the groundwork for the conduct of subsequent studies to expand
upon our findings.

From a research perspective, the review serves as a foundation
for future research in the field, encouraging scholars to explore
the nuanced dynamics of refugee hosting. By identifying gaps
in the current literature, the review invites further exploration
of how homestay arrangements affect the well-being of refugees
as well as hosts over time. We also recommend that future
research investigates the effectiveness of different hosting
models, with the goal of informing best practices for refugee
support. This includes studying the impact of various support
mechanisms on the integration process and identifying strategies
that facilitate positive outcomes for both refugees and host
families.

Strengths and Limitations
To the best of our knowledge, this review is the first to explore
the dynamics of homestay or hosting and refugee well-being,
offering valuable insights to inform the development of refugee
homestay hosting models and practices across different host
countries and geographical contexts. Employing the JBI
framework as the methodological backbone of this scoping
review represents a significant strength, ensuring rigor,
transparency, and replicability in our approach [19,52]. The JBI
framework is renowned for its comprehensive guidelines that
facilitate the systematic identification, selection, and synthesis
of a wide range of research evidence [19,52]. By adhering to
this framework, we ensure that our review process is both
methodical and inclusive, enabling us to encompass a broad
spectrum of studies and thereby capture the multifaceted nature
of the subject matter. Furthermore, the JBI framework’s
emphasis on aligning the review objectives with the
methodology used enhances the relevance and applicability of
our findings. This approach not only strengthens the credibility
of our review but also maximizes its potential to inform policy,

practice, and future research, contributing valuable insights into
the complex dynamics under investigation. One of the
limitations is the potential exclusion of relevant studies due to
language constraints and publication date. The decision to limit
the review to English-language sources was made to ensure
accessibility and relevance. While this constraint may exclude
significant work in other languages, English is the dominant
language in global academic discourse on refugee health, which
minimizes potential bias. However, we acknowledge that
non–English-language sources might offer additional
perspectives, and this is a limitation that was added to the
limitation section. As is the case in most scoping reviews, we
did not aim to assess the quality of the selected sources. This
underscores the need for a focused, in-depth examination of the
selected studies in order to help expand on the preliminary
insights provided in this scoping review. Additionally, the
variability of studies across diverse cultural and geographical
contexts might require context-specific research to grasp the
intricacies of homestay or hosting and its impact on refugee
well-being.

Conclusions
This scoping review highlighted the complex relationship
between homestay hosting and refugee well-being, uncovering
the potential benefits, challenges, psychological and social
impact, and factors that influence such arrangements. By
examining the existing state of research, it illuminated the
multifaceted nature of these hosting setups and their impact on
both refugees and their host families. Our findings underscored
the critical need for policies and practices that are deeply
informed by an understanding of these intricate dynamics,
aiming to effectively support the well-being of both refugees
and their hosts. Grasping the intricate dynamics of homestay
hosting arrangements is crucial for developing policies and
programs that bolster the well-being of refugees and their host
families. The review sheds light on the current knowledge
landscape, identifying research gaps and potential ways to
improve the homestay hosting experience for all parties
involved.
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Abstract

Background: Oral health is a determinant of overall well-being and quality of life. Individual behaviors, such as oral hygiene
and dietary habits, play a central role in oral health. Motivation is a crucial factor in promoting behavior change, and gamification
offers a means to boost health-related knowledge and encourage positive health behaviors.

Objective: This study aims to evaluate the impact of gamification and its mechanisms on oral health care of children and
adolescents.

Methods: A systematic search covered multiple databases: PubMed/MEDLINE, PsycINFO, the Cochrane Library, ScienceDirect,
and LILACS. Gray literature, conference proceedings, and WHOQOL internet resources were considered. Studies from January
2013 to December 2022 were included, except for PubMed/MEDLINE, which was searched until January 2023. A total of 15
studies were selected following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.
The eligibility criteria were peer-reviewed, full-text, and empirical research related to gamification in oral health care, reports of
impact, and oral health care outcomes. The exclusion criteria encompassed duplicate articles; unavailable full texts; nonoriginal
articles; and non–digital game–related, non–oral health–related, and protocol studies. Selected studies were scrutinized for
gamification mechanisms and outcomes. Two main questions were raised: “Does gamification in oral health care impact oral
health?” and “Does oral health care gamification enhance health promotion and literacy?” The PICO (Patient, Intervention,
Comparison, Outcome) framework guided the scoping review.

Results: Initially, 617 records were obtained from 5 databases and gray literature sources. After applying exclusion criteria, 15
records were selected. Sample size in the selected studies ranged from 34 to 190 children and adolescents. A substantial portion
(11/15, 73%) of the studies discussed oral self-care apps supported by evidence-based oral health. The most clearly defined data
in the apps were “brushing time” (11/11, 100%) and “daily amount brushing” (10/11, 91%). Most studies (11/15, 73%) mentioned
oral health care behavior change techniques and included “prompt intention formation” (11/26, 42%), “providing instructions”
(11/26, 42%), “providing information on the behavior-health link” (10/26, 38%), “providing information on consequences” (9/26,
35%), “modeling or demonstrating behavior” (9/26, 35%), “providing feedback on performance” (8/26, 31%), and “providing
contingent rewards” (8/26, 31%). Furthermore, 80% (12/15) of the studies identified game design elements incorporating
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gamification features in oral hygiene applications. The most prevalent gamification features were “ideological incentives” (10/12,
83%) and “goals” (9/16, 56%), which were found in user-specific and challenge categories, respectively.

Conclusions: Gamification in oral health care shows potential as an innovative approach to promote positive health behaviors.
Most studies reported evidence-based oral health and incorporated oral health care behavior change techniques.

(Interact J Med Res 2024;13:e35132)   doi:10.2196/35132

KEYWORDS

gamification; mechanisms of gamification; gamification components; intrinsic and extrinsic motivators; oral health care; health
behavior; oral health care applications

Introduction

People’s health behaviors, such as physical activity, diet, tobacco
and alcohol use, recreational drug consumption, and adherence
to chronic medications, directly influence their health risks and
consequent diseases. To decrease the burden of preventable
chronic diseases and enhance well-being in society, it is essential
to bring about a change in behavior [1-4]. According to the
World Health Organization, oral health is a strong indicator of
general health, well-being, and quality of life. The treatment of
oral pathologies is expensive and usually not covered under
universal health care, accounting for 5% of health care
expenditures and 20% of out-of-pocket expenses in wealthy
countries [5-11]. Health care systems have limited resources,
and making informed decisions based on data collection,
focusing on individuals, can provide better health outcomes
without incurring additional costs; this approach can deliver
better value and at the same time reduce costs [12,13].

Motivation is a core target of a wide range of established
behavior change techniques [1,14-17]. Computer games can be
used to increase health-related knowledge and promote desirable
health behaviors in children [18]. Games are designed to provide
enjoyment, engagement, and satisfaction [1,19-22]. Mobile
phones and mobile health technologies can address these issues
at low costs [1,23,24]. Mobile devices are useful for delivering
health interventions due to their widespread adoption, powerful
technical capabilities, and portability [25]. The positive
emotional attachment with the user may increase the benefit of
health promotion via mobile devices, allowing health
interventions to be delivered immediately, anytime, and
anywhere [26]. The use of health care apps provides easy access
to information and has the potential to improve patient
engagement and treatment compliance [27]. Indeed, the number
of health care apps available has been growing year after year,
with over 200 billion app downloads worldwide from the Apple
App Store and Google Play in 2020 [28].

Bohn et al [29] found that educational applications are valuable
tools for enhancing patient-provider communication in dental
settings. Studies have pointed out that the traditional educational
approach, which relies mainly on reading and listening to
standardized content, should be replaced with customizable and
interactive involvement, using communication tools that are
familiar to newer generations [30]. Gamification is a possible
response to overcoming the challenges of communication and
motivation in health care [31], as it can track individual
behaviors and involve users in goal-chasing activities while

displaying progress and feedback through personalized
information apps [1,32].

Deterding et al [33] define gamification as the integration of
game design elements into nongame contexts [34]. This process
enriches products, services, and information systems with game
design features to positively influence the motivation,
productivity, and behavior of users [33,35,36]. Gamified systems
commonly use motivational features such as immediate success
feedback (reward mechanism), continuous progress feedback,
and goal setting. These systems work through interface elements
such as point-scoring systems, badges, levels, challenges,
competitions, relatedness support, social feedback (engagement
loops), recognition, comparison through leaderboards, teams,
communication functions, autonomized support through
customizable avatars and environments, and narratives providing
emotional and value-based rationales for certain activities
(customization) [1,34,37,38]. Users receive badges that represent
success and can be shared in social networks and displayed in
a digital trophy cabinet when new milestones are achieved [35].
Recently, the self-determination theory has become a key
framework for health behavior interventions and research
[1,39-43]. According to this theory, gamification induces 4 main
intrinsic motivators: user satisfaction, conveyance of optimism,
provision of meaning [35,44], and facilitation of social
interactions [45,46].

Apart from financial aspects, extrinsic motivators systematically
activate intrinsic motivators, such as social recognition, support
of learning processes, and behavioral change. The evidence
suggests that positive outcomes are stronger when gamification
is used to target behavioral outcomes [1,23,24,47-50]. However,
critics have pointed out the lack of high-quality effect studies
on gamification [22,38,51,52]. Nevertheless, clinicians have an
opportunity to promote engagement in health promotion through
a motivating, fulfilling, and fun activity [53]. Therefore, this
study aims to analyze the impact of gamification and its
mechanisms on oral health care.

The objective of this scoping review was to analyze the impact
of gamification and its mechanisms on oral health care in
children and adolescents. We assessed the effectiveness of
gamification in promoting changes in oral health behavior and
enhancing oral health care outcomes for its users. Furthermore,
we investigated the role of gamification in oral health care,
including the integration of evidence-based oral health care
concepts and gamification design elements in application design.
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Methods

Objective
This scoping review aims to analyze the impact and efficiency
of gamification mechanisms on oral health care, with a focus
on promoting user engagement to expand oral health literacy
and support oral health care policies, in accordance with
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [54,55].

Scoping Review
This review used a systematic methodology to identify
gamification on oral health care apps, evaluate their features,
identify their gamification mechanisms, and follow their
outcomes.

We did not apply any restrictions related to population samples
or oral health care systems, but we excluded contexts outside
oral health.

The following main questions guided our analysis:

• Does gamification in oral health care impact oral health?
• Does oral health care gamification enhance health

promotion and literacy?

On the basis of these questions, we searched several domains,
including oral health care outcomes, gamification design
elements, evidence-based oral health care concepts used in app
development, and oral health behavior changes related to
gamification. We use the PICO (Patient, Intervention,
Comparison, Outcome) framework to elucidate the systematic
review questions:

• P (Patient, Population, or Problem): the population under
investigation included children and adolescents:
mother-preschooler (3-6 years old) dyads and adolescents
(younger than 16 years).

• I (Intervention): the intervention under investigation was
the gamification strategy and its usefulness for oral health
promotion and literacy.

• C (Comparison): gamification was compared with its
alternative, traditional learning methods.

• (Outcome): the outcome assessed was divided into 2 main
sections: behavior change techniques and gamification
mechanisms.

Search Strategy
The search was conducted across several electronic bibliographic
databases, including PubMed/MEDLINE, PsycINFO, the
Cochrane Library, ScienceDirect, and LILACS. In addition,
gray literature, conference proceedings, and WHOQOL internet
resources were assessed. The search strategy included terms
related to gamification and oral health care such as gamification,
oral health care, policies, games, digital, apps, and outcomes.
The authors used a controlled and hierarchically organized
vocabulary produced by the National Library of Medicine called
the Medical Subject Headings to ensure that the search results
accurately reflected the subject content of journal articles as
they are published. The search strategy enabled us to identify
both published and unpublished studies. All sources were last

searched until July 2023, except for PubMed/MEDLINE, which
was searched until January 2023. The references to gamification
date back to nearly 2010, and articles exploring gamification
in oral health were only mentioned or studied in the last decade.
There were no language restrictions, and studies published
between January 2013 and December 2022 (10 years) were
included.

The search string used on PubMed was “Gamification” [mh]
OR “oral healthcare” [tiab] OR “gamification” [tiab] OR ad
[tiab] OR “applications” [tiab] OR “gamification” [tiab] OR
“digital” [tiab] OR “games” [tiab] OR “outcomes” [mh] OR
policies [tiab] OR gamification [tiab] OR “oral health”
[mh:noexp] (see Multimedia Appendix 1).

Initially, all types of articles were considered eligible, including
systematic reviews, research articles, and prospective and
retrospective studies, as long as they met the following criteria:
(1) peer-reviewed, (2) full-text papers, (3) empirical research
(qualitative and quantitative), (4) explained research methods,
(5) gamification as a research subject, (6) effect reported in
terms of impact (affect, behavior, and cognition) and user
experience, and (7) oral health care outcomes. Criteria 1 to 4
were implemented to ensure focus on high-quality work
reporting original research. Criteria 3, 4, and 7 were also
included to enable assessment of the quality of evidence.
Criterion 5 admitted papers that studied gamification in a
broader concept, even if it did not elicit game elements. Criteria
6 and 7 were chosen to assess reported health and well-being
outcomes and potential mediators, with user experience being
included given its prevalence as an outcome.

However, studies were excluded if they (1) were duplicated;
(2) had full text not available; (3) were not the original article;
(4) did not refer to a game; (5) were nondigital, such as
conventional games like cards or board games; (6) did not
concern oral health; and (7) were study protocols without
outcomes to report.

Study Quality Assessment, Data Extraction, and
Analysis Plan
All searched articles were filtered using broad selection criteria
framed as questions:

• Does gamification in oral health care impact oral health?
• Does oral health care gamification enhance health

promotion and literacy?

The study selection and data extraction were performed blindly.
After the search, all references were imported into a reference
management system (Mendeley), and duplicates were removed.
The remaining articles’ titles and abstracts were assessed to
identify eligible studies. To determine eligibility, three additional
questions were asked and answered: (1) Is the topic relevant to
the defined scope? (2) Does it meet the inclusion and exclusion
criteria? and (3) Is the methodology appropriate? To ensure a
comprehensive, transparent, and objective extraction process,
a standardized prepiloted form was used to extract data from
the included studies. Two reviewers independently extracted
the data, and any discrepancies were resolved through discussion
with a third author. Additionally, the third reviewer further
scrutinized the data to verify the consistency of the extraction
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process and resolved any remaining discrepancies. In case of
missing or additional data, other researchers were contacted
[56,57].

The eligibility assessment of each full-text paper was conducted
by 2 independent raters. In cases where discrepancies arose,
they were resolved through discussion and comparison of our
evaluations. Articles were excluded from our review when both
investigators unanimously concurred on their ineligibility due
to inappropriate methodology or results that did not address the
key research questions at hand. This rigorous and collaborative
approach to eligibility assessment ensured the quality and
relevance of the articles included in our study.

Each article was classified as having low, moderate, or high
relevance. Articles were deemed highly relevant if they
effectively demonstrated an impact on the considered items,
whereas moderate relevance was attributed to those that
projected such items. Low relevance was assigned to
manuscripts that did not present any conclusions or perspectives
in these domains.

Data from the scoping literature were extracted into an Excel
(Microsoft Corp) data sheet using a support checklist. The data
sheet was divided into sections dedicated to a theory, area,
concept, theme, or element from the framework of gamification
and oral health care, including game mode, population sample,
gamification components, behavior change techniques, and
outcomes. After synthesizing the data and assessing the quality
of the evidence, the writing of the scoping review article began.

Results

Process Selection
Figure 1 shows the PRISMA flowchart outlining the process of
record identification, selection, eligibility, and inclusion.
Initially, 617 records were retrieved from 5 databases and gray
literature sources. After removing duplicates and records that
did not meet the inclusion criteria, 15 records were selected for
analysis.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Sample Characteristics
Of the 15 studies available (see Multimedia Appendix 2
[9,18,26,27,30,58-67]), the majority (n=8, 53%) collected data
at multiple time points (2 or more) from various points or
conditions [18,30,58-62,68]. Of these 8 studies, 7 were blind,
randomized control trials [18,30,58,59,61-63]. A content
analysis of the applications for behavior change was adopted
in 7 studies [9,27,60-62,64,65]. One-time cross-sectional
questionnaires were applied in 3 studies [26,66,67].

The sample size in the selected studies ranged from 34 to 190
individuals. All participants were children younger than 13
years, except for 4 studies that also included adults
[26,61,62,65]. Mobile apps were the predominant modality used
to change oral health care behavior in the studies (n=12), with
3 exceptions based on computer games. One of the games was

available on a tablet and DVD for PC [63], whereas the other
2 apps were associated with a toothbrush sensor [58,59].

Oral Hygiene Evidence-Based Categories
The oral self-care applications supported by evidence-based
oral health were mentioned in 73% (11/15) of the selected
studies. The group categories and archetypes of evidence-based
content related to oral hygiene were identified by analyzing the
selected studies, as illustrated in Figure 2.

We found that the most clearly defined types of information in
the applications were “brushing time” for at least 2 minutes
(11/11, 100%) and “daily amount brushing” at least twice a day
(10/11, 91%). However, “toothpaste spit out after” brushing
was only found in 1 application (1/12, 8%), and “cleaning the
tongue” and “toothbrush grip” were never mentioned.

Figure 2. Evidence-based content related to group categories and archetypes of oral hygiene, as recognized in the chosen studies. The y-axis displays
the listed group categories and archetypes, whereas the x-axis signifies the frequency of their occurrence within the studies. The accompanying legend
elucidates the color-coding system denoting distinct group categories and archetypes. TB: toothbrush; TP: toothpaste.

Behavior Change Techniques
Behavior change techniques for oral health care resulted from
mechanisms of gamification, either implicit or explicit. Oral
health care behavior change techniques were mentioned in 73%
(11/15) of the studies. The data collected from these studies
were used to create a behavior change score with 26 items [9].
The studies were analyzed to determine the frequency of
behavior change techniques used in oral health applications, as
shown in Table 1.

Among the behavior change techniques scrutinized, a set of 7
distinct components emerged as the most prevalently used across
the array of surveyed studies. These components, along with
their respective frequencies of use, are outlined as follows:
“prompt intention formation” (11/26, 42%), “provide
instructions” (11/26, 42%), “provide information on
behavior-health link” (10/26, 38%), “provide information on
consequences” (9/26, 35%), “model or demonstrate behavior”
(9/26, 35%), “provide feedback on performance” (8/26, 31%),
and “provide contingent rewards” (8/26, 31%).
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Table 1. Frequency distribution of behavior change techniques observed in oral health applications identified in the selected studies (N=137).

Value, n (%)Behavior change techniques

10 (7.3)1. Provide information behavior health link

8 (6.6)2. Provide information on consequences

1 (0.7)3. Provide information seeking others’ approval

11 (8)4. Prompt intention formation

3 (2.2)5. Prompt barrier identification

7 (5.1)6. Provide general encouragement

2 (1.5)7. Set graded tasks

11 (8)8. Provide instruction

9 (6.6)9. Model or demonstrate behavior

4 (2.9)10. Prompt specific goal setting

5 (3.6)11. Prompt review of the behavioral goals

2 (1.5)12. Prompt self-monitoring behavior

8 (5.8)13. Provide feedback on performance

8 (5.8)14. Provide contingent rewards

4 (2.9)15. Teach to use prompts or cues

7 (5.1)16. Agree on behavioral contract

7 (5.1)17. Prompt practice

4 (2.9)18. Use follow-up prompts

2 (1.5)19. Provide social comparison

2 (1.5)20. Plan social support or change

2 (1.5)21. Prompt identification as a role model

2 (1.5)22. Prompt self-talk

4 (2.9)23. Relapse prevention

1 (0.7)24. Stress management

5 (3.6)25. Motivational interviewing

7 (5.1)26. Time management

Gamification Mechanisms
The game design elements based on the gamification features
rating criteria for oral hygiene applications were recognized in
12 (80%) of the 15 studies. Table 2 illustrates the 26
gamification features [9] that were considered, along with the
number of times each element was identified.

On average, the applications included in the study possessed
an average of 10.6 of 31 potential gamification features.
Notably, specific game design elements were prevalently used

within various categories. Among the system design features,
“meaning” (10/36, 28%) stood out prominently. Within the
challenges category, “goals” (9/16, 56%) emerged as the most
frequently incorporated element. For rewards, “ownership”
(9/22, 41%) was notably prevalent. Among social influences,
both “collaboration” and “reputation” (both 3/19, 16%) were
prominent. Additionally, within the user-specific category,
“ideological incentives” (10/12, 83%) exhibited a substantial
presence. Interestingly, none of the applications used “badges,”
“conforming behavior,” “virtual goods,” or “self-expression”
(Table 2).
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Table 2. Frequency distribution of game design elements detected in the surveyed studies.

Value, n (%)Game design elements

System design (n=36)

9 (25)Visual feedback

4 (11)Audible feedback

5 (14)Reminder

10 (28)Meaning

3 (8)Integration concepts

1 (3)Visually resembling games

4 (11)Fantasy

Challenges (n=16)

9 (56)Goals

4 (25)Time pressure

3 (19)Progressive disclosure

Rewards (n=22)

9 (41)Ownership

5 (23)Achievement

4 (18)Point system

0 (0)Badges

4 (18)Bonus

Social influences (n=19)

2 (11)Loss aversion

2 (11)Status

3 (16)Collaboration

3 (16)Reputation

1 (5)Competition

1 (5)Envy

2 (11)Shadowing

2 (11)Social facilitation

0 (0)Conforming behavior

2 (11)Leaderboards

1 (5)Altruism

0 (0)Virtual goods

User specifics (n=12)

1 (8)User levels

10 (83)Ideological incentives

1 (8)Virtual characters

0 (0)Self-expression

Discussion

Principal Findings
The oral health outcomes related to gamification interventions
highlighted the role of gamification in promoting oral health
care and literacy. This scoping review also highlights the

limitations of currently available oral health care apps and points
out the main areas to invest in for the future. A total of 11 (73%)
of the 15 articles found positive impacts of using oral health
apps, especially in children and adolescents. They facilitate the
responsiveness of oral preventive care [66]; improve knowledge
in high-risk populations; encourage dietary changes [63]; and
promote a reduction of clinical plaque, gingival, and caries
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indexes [26]. Additionally, they show a statistically significant
improvement in health care indices [58], tooth brushing quality
(duration and distribution) [60], and motivation to brush teeth
for longer [26] and seem effective in adolescents with fixed
orthodontic appliances by self-reported behavior and
psychosocial factors [59]. Gamification structures augment oral
health literacy, facilitate user alertness for oral health care
themes and professional feedback, and engage commitment. A
greater improvement in gingival status is commonly reported
[27,61,62,69].

The feedback provided by participants showed a higher level
of satisfaction in learning about oral health care through games
rather than traditional noninteractive methods. Most studies
reported a positive impact of gamification, particularly in
children and adolescents, who are considered the main target
audience of these apps [18,26,30,58-66].

The studied apps contained educational content with
evidence-based dentistry and high-quality teaching for oral
self-care. Some of these also feature gamification elements and
behavior change techniques. The results of the studies
demonstrate that these apps have excellent functionality,
effectiveness, efficiency, and user satisfaction [9,64,66]. Several
studies evaluating multiple oral hygiene apps have found
evidence-based content, such as brushing time and daily amount
of brushing. Fijačko et al [9], Parker et al [27], and Hotwani et
al [64] all reported on these elements.

The health behavior change techniques found in the analyzed
apps included prompt intention formation, shaping and
demonstrating behavior, providing information about the link
between behavior and health consequences, instructions, and
contingent rewards [26,30,58,63,66,67]. A set of 7 distinct
components emerged as the most prevalently employed across
the array of surveyed studies. These components, along with
their respective frequencies of use, are outlined as follows:
“prompt intention formation,” “provide instructions,” “provide
information on behavior-health link,” “provide information on
consequences,” “model or demonstrate behavior,” “provide
feedback on performance,” and “provide contingent rewards.”
These components collectively represent the core elements of
behavior change techniques that were consistently integrated
into the analyzed oral health applications, aiming to enhance
engagement and promote positive behavior change.

Regarding game design elements, these applications emphasized
feedback, goal attainment, sense of ownership, and ideological
incentives [27,61,65-67]. Parker et al [27] identified some
recurring game design elements among 20 apps analyzed, such
as knowledge provision, self-monitoring of frequency, and
duration of toothbrushing. Hotwani et al [64] found that
information provision, goal setting, feedback, progressive
disclosure, and time pressure were frequently used in the 6 apps
evaluated. Fijačko et al [9] analyzed 17 apps and identified time
pressure, digital characters, and fantasy as key game design
elements.

Comparison With Prior Work
Delivering trustworthy information to users is essential for
promoting healthy habits. Health care apps should undergo

validation by health care institutions and professionals before
becoming public to ensure their accuracy and reliability.
However, there is a risk of users becoming overly dependent,
potentially compromising the need for regular appointments
with oral health care professionals in real life [27,70].

Considering evidence-based oral health care, most apps
emphasize brushing for at least 2 minutes and twice a day.
Although this is an important core of oral hygiene
recommendations, there is still room for improvement. To
achieve holistic oral care, it would be advisable to incorporate
other aspects such as oral hygiene techniques, the use of devices,
dietary advice, sugar intake control, guidance on early childhood
caries, baby oral hygiene, the effects of fluoride, the use of
fluoride toothpaste, toothbrushing training videos, and regular
dental visits. The development of apps should be based on
theoretical models when designing educational content, and the
accuracy of the content should be a priority to bring about real
behavior change [61,64,70]. Sharif and Alkadhimi [65] went
beyond the basics and included interdental cleaning, spitting
out after brushing, avoiding mouth rinsing after brushing,
characteristics of the toothbrush, and the quantity of fluoride
content in toothpaste and mouthwash. Other advisable strategies
include reporting about others’ approval, social interactions
with oral health professionals and other application users,
identifying barriers to oral hygiene and potential overcoming
strategies, providing encouragement, setting graded tasks and
goals, displaying tracked data and objectives, feedback on
performance, setting a behavioral contract with oral health
professionals, social comparison, and social support
[1,9,27,35,63,65,71].

Patient adherence to a smartphone app is more effective because
of the ability to customize reminders and prompts, constant
accessibility, adjustability to the user, ability to provide tailored
feedback, widespread use, and interactive features [63,72,73].

Strengths and Limitations
Despite the proven efficiency of gamification in health care
promotion and prevention, it remains an unexplored territory
in oral health, mainly applied to specific educational purposes
and oral health promotion [74]. This scoping review highlights
the limitations of currently available oral health care applications
and points out the main areas to invest in for the future. Two
major limitations were found in this study. The first is the
limited availability of articles related to the main topics.
Gamification, within the context of health care, is not a recent
concept. However, its quantitative assessment, particularly in
the field of oral health, remains relatively uncommon. To
address such limitation and ensure a comprehensive review, we
diligently accessed and explored 5 databases, along with
incorporating gray literature sources. This approach was
essential to include as many relevant studies as possible, aligning
with our predefined inclusion criteria. Considering the diverse
nature of our search strategy, we believe that we have made
every effort to provide a reliable representation of the existing
literature in the field of gamification in oral health care.

The second limitation is the heterogeneous studies with varying
focus and dispersing attention. The diversity of approaches
makes a rigorous comparison more challenging.
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Taking into account the multiple aspects involved in
gamification strategies and by transparently outlining these
parameters, we believe that our work can serve as a valuable
reference for future researchers seeking to design studies that
address and overcome these challenges. Our hope is that this
will pave the way for a more effective understanding of the
underlying mechanisms behind the implementation of
gamification in oral health context.

Future Directions
Future studies could focus on other age groups as well, such as
the study by Zolfaghari et al [61], which developed applications
for mothers of children, improving their oral health literacy and
practice and promoting plaque control in children within just 1
month of use [61,74,75].

There is potential for future optimization of key gamification
features, such as badges, encouragement of correct behavior,
digital goods, self-expression, reminders, fantasy themes, time
pressure, disclosure of progress, achievements, points systems,
bonuses, loss aversion, status, collaboration, reputation,

competition, shadowing, social facilitation, leaderboards,
altruism, user levels, and digital characters [26,27,30,66,71,76].

Conclusions
Gamification in oral health care does have an impact; it enhances
oral health promotion and literacy. It represents a potential new
approach for oral health care providers to change people’s oral
health behavior. The most frequent game design mechanisms
adopted were meaning, ideological incentives, feedback, goals,
and ownership. Some authors have highlighted several factors
for gamification success, including engagement strategy,
applications aesthetics, evidence-based information content,
behavioral change taxonomies, attention to psychological needs,
evaluation, validation, quality assessment, and professional
regulation standards for oral health care applications. More
studies are needed to better understand the clinical,
psychological, and social processes involved in selecting the
most efficient gamification mechanisms. The process of mobile
health in oral health care is in the initial stage, but gamification
is crucial for improving individual health-related practices.
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Abstract

Background: Edentulism impacts the physical health and quality of life of older individuals. The prevalence, influencing factors,
and differences in terms of edentulism in urban and rural areas of China are unclear.

Objective: This study investigated the denture-wearing conditions and causes affecting older patients with edentulism in urban
and rural areas of China and analyzed the differences.

Methods: This cross-sectional study included the data of 5139 older individuals (age>65 years) with edentulism obtained from
23 Chinese provinces in 2018. Participants were divided into urban and rural groups based on their household registration. Factors
influencing denture use in both groups were explored using binary logistic regression, while factors influencing differences in
denture wearing in both groups were explored using the Fairlie decomposition model.

Results: Of the 5139 participants, 67.05% (808/1205) from urban areas and 51.12% (2011/3934) from rural areas wore dentures.
In the urban group, participants with a higher level of education (1-6 years: odds ratio [OR] 2.093, 95% CI 1.488-2.945; ≥7 years:
OR 2.187, 95% CI 1.565-3.055) or who exercised (OR 2.840, 95% CI 2.016-3.999) preferred wearing dentures, but individuals
with BMI<18.5 kg/m2 (OR 0.558, 95% CI 0.408-0.762) or widowed (OR 0.618, 95% CI 0.414-0.921) did not. In the rural group,
a higher level of education (1-6 years: OR 1.742, 95% CI 1.429-2.123; ≥7 years: OR 1.498, 95% CI 1.246-1.802), living alone
(OR 1.372, 95% CI 1.313-1.663), exercise (OR 1.612, 95% CI 1.340-1.940), high economic status (OR 1.234, 95% CI 1.035-1.472),
residence in the eastern area (OR 2.045, 95% CI 1.723-2.427), presence of chronic diseases (1 disease: OR 1.534, 95% CI
1.313-1.793; ≥2 diseases: OR 1.500, 95% CI 1.195-1.882) were positively associated and age≥80 years (OR 0.318, 95% CI
0.247-0.408), BMI<18.5 kg/m2 (OR 0.692, 95% CI 0.590-0.813), and widowed (OR 0.566, 95% CI 0.464-0.690) or other marital
status (OR 0.600, 95% CI 0.392-0.918) were negatively associated with denture use. The Fairlie decomposition model revealed
that the number of chronic diseases (16.34%), education level (11.94%), region of residence (11.00%), annual income (10.55%),
exercise (6.81%), and age (–0.92%) were the main factors responsible for differences between urban and rural edentulism and
could explain the difference in the denture-wearing rate (58.48%) between both groups.

Conclusions: Older individuals with edentulism with a higher education level and who exercise are more willing to wear
dentures, while those with BMI<18.5 kg/m2 show a decreased willingness to wear dentures in both urban and rural areas in China.
Controlling the number of chronic diseases, improving the education level and annual income, cultivating good exercise habits,
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and bridging the gap between the economic status of the east and west can narrow the differences in denture wearing among
urban and rural older individuals with edentulism.

(Interact J Med Res 2024;13:e48778)   doi:10.2196/48778

KEYWORDS

oral health; older adults with edentulism; edentulism; denture; decomposition analysis; China

Introduction

Oral diseases have become a public health concern worldwide
[1], affecting 64.6% of the Chinese older adult population in
varying degrees [2,3]. Oral diseases particularly affect older
individuals and are majorly responsible for the disease burden
[4,5]. Edentulism is the loss of all natural teeth, and it is 1 of
the most serious oral diseases [6]. Patients with edentulism face
serious oral health risks, adversely affecting their health and
quality of life [7]. The absolute disease burden due to edentulism
is increasing in many countries [8].

According to current research, patients with edentulism are
more prone to chronic diseases (eg, hypertension [9], diabetes,
chronic kidney disease, cardiovascular disease, and asthma)
[10], psychological abnormalities (eg, sleep disorders) [11], and
increased cognitive impairment [12]. Reportedly, edentulism
increases the risk of all-cause mortality [13] and a poorer quality
of life [14].

Several surveys have reported that the prevalence of edentulism
among middle-aged and older Chinese individuals ranges from
approximately 8% to 28% [15-19]. China is experiencing a
crisis of rapid population aging. According to the Seventh
National Population Census Data released by the State Council
of China, in 2021, the older adult population (age>65 years)
accounted for 190 million (approximately 13.5% of the total
population), which is >14% in some provinces [20]. By 2050,
the older adult population in China will be nearly 487 million,
accounting for 34.9% of the total population. This gradual aging
phenomenon indicates that the older adult population in China
will suffer from serious oral health problems, such as
edentulism.

Replacing missing teeth is the most effective treatment for
edentulism, while dentures are the main treatment modality
[21]. Particularly, older individuals with edentulism are more
likely to wear dentures. Wearing dentures can effectively help
restore masticatory function [22], prevent malnutrition [23],
improve oral health [12], lower the incidence of cognitive
impairment and mental illness [24], lower all-cause mortality
[13], and improve the overall physical health of the older
[12,22,25].

To the best of our knowledge, there exists a limited body of
research that has reported on the use of dentures among older
individuals with edentulism in China. This prevailing
circumstance is regrettably unfavorable and undermines the
comprehensive exploration of oral health services and the
formulation of pertinent policies in the Chinese context. China,
as a geographically expansive and densely populated nation,
has been the subject of numerous investigations revealing an
escalating pattern of health disparities between urban and rural

residents in response to the nation’s burgeoning economic
growth [26]. This discernible phenomenon has been
substantiated in domains encompassing psychological
well-being, the incidence of chronic ailments, and atmospheric
pollution levels [27-29]. Curiously, the realm of oral hygiene,
acknowledged as a pivotal determinant influencing the health
of the older populace [30,31], has regrettably remained
marginalized in the academic endeavors of Chinese scholars.
Notably absent is a substantive examination of the urban-rural
dichotomy in denture adoption rates among geriatric cohorts
with edentulism, an omission that represents a conspicuous
deficiency within China’s public health research landscape. The
prevailing lacuna necessitates the exploration of causative
factors underpinning the incongruities in denture usage rates
among older individuals with edentulism in China. This
imperative investigation can furnish the Chinese governmental
apparatus with actionable policy recommendations tailored to
the augmentation of oral public health endeavors. These
recommendations are envisaged to play a catalytic role in
ameliorating the existing health disparities between China’s
urban and rural spheres, thereby aligning harmoniously with
the overarching objective of mitigating health inequalities on a
broader societal canvas.

To address these scholarly exigencies, this study embarked on
an in-depth inquiry into the unmet requirements for denture use
within the edentulous older demographic in China, as well as
its main influencing factors. Furthermore, it is pertinent to
acknowledge the salient socioeconomic and health differentials
existing between the urban and rural populace of China
[26,32-34], an observation that affects the realm of oral health.
There is evidence of the complex interactions of socioeconomic
inequalities, urban-rural economic differentials, and the
socioenvironmental milieu across different life stages shaping
inconsistent oral health outcomes [35-37].

Considering these findings, this study conducted a comparative
analysis of denture use among urban and rural older individuals
with edentulism in China. We analyzed the differences in
denture use among urban and rural older individuals with
edentulism and further identified the factors influencing those
differences in order to inhibit the prevailing inconsistencies in
oral health outcomes between urban and rural areas. Our aim
was to provide key insights into the calibration of oral health
service policies and the enhancement of the oral and holistic
well-being of the older adult population in China.

Methods

Data Sources
This was a cross-sectional study to analyze the prevalence of
denture use between rural and urban older individuals with
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edentulism. Data were obtained from a survey conducted by
the Chinese Longitudinal Healthy Longevity Survey project
team in 2018, covering 23 Chinese provinces. Multistage cluster
sampling was used, and about 50% of counties, county-level
cities, and municipal districts in all survey provinces were
randomly selected as survey areas. These areas were divided
into large and small “sample counties” for the survey. Data were
collected by centralized trained investigators who were assessed
to be qualified for duty.

Ethical Considerations
The study was approved by the Research Ethics Committee of
Peking University and Duke University. Written informed
consent was obtained from all participants during the
face-to-face interview. Data collection was approved by the
Research Ethics Committee of Peking University. The data were
made public after anonymous processing, and detailed design
reports are available on the university’s website [38-40]. As the
data analyzed are available in the public domain, separate ethical
approval was not required for this study.

A total of 15,874 participants were surveyed, approved by the
Research Ethics Committee of Peking University
(IRB00001052-13074).

Sample Selection
Participants needed to meet the following inclusion criteria: (1)
be ≥65 years old, (2) have edentulism, and (3) answer the
questionnaire completely. A total of 10,641 (67.03%)
participants without edentulism were excluded from our study;
22 (0.14%) participants were excluded because they did not
respond to the indicator of whether dentures should be worn; 3
(0.02%) participants aged <65 years and 69 (0.43%) participants
who did not respond to basic information were also excluded.
Finally, 5139 (32.37%) participants were included in this study.

Edentulism and Denture Use Assessments
Participants with edentulism were assessed by asking the
question “How many teeth do you have (excluding dentures)?”
Participants who answered 0 were considered edentulous, while
those who answered anything other than 0 were excluded from
this study.

Participants were asked the question “Do you wear dentures?”,
with “yes” or “no” as a response.

Variables
Participants were divided into urban and rural groups based on
China’s household registration classification (hukou).

With similar other studies as references, the covariates included
in this study comprised 4 indicator types: demographic
characteristics, lifestyle characteristics, economic status, and
health status. The demographic characteristics included age,

sex, education level, and marital status; the lifestyle
characteristics included the residential status, any history of
smoking, alcohol consumption, and exercise; the economic
status included the annual income and residential region; and
the health status included the BMI and chronic disease status.
The variable and reference group settings for all indicators are
described in detail in Table S1 in Multimedia Appendix 1.

Statistical Analysis
The basic information was analyzed using descriptive statistical
methods. Wearing dentures was used as the outcome variable,
1-way ANOVA was performed using the chi-square test, and
binary logistic regression was conducted to explore the factors
influencing denture use in the urban and rural groups. All factors
were entered into the logistic regression analysis, and forward
stepwise regression was performed.

The Fairlie decomposition model was used to perform
decomposition analysis. It decomposed the difference between
the urban and rural groups with edentulism and without dentures
into 2 based on the difference in the observation of characteristic
factors and coefficients [26,41]. Specific application examples
from several studies exist [42-45]. The decomposition equation
used in this study was as follows:

where are the average probabilities of binary outcomes for
denture wearing in the urban and rural groups, respectively; F
is the cumulative distribution function of the logical distribution;

represents the total difference due to group differences; and

are the sample sizes of the 2 groups of the comparator.

The first term in parentheses in the equation represents the part
of the gap due to the difference in the group of observed
characteristics and the part attributable to the difference in the
estimated coefficient, while the second term represents the part
due to the difference in the Y level [43].

Results

Participant Characteristics
The participant selection process is presented in Figure 1. Table
1 presents the results of the chi-square test for the basic
participant characteristics of denture wearers and nonwearers
among older individuals with edentulism in the urban and rural
groups. Participants from the urban area constituted 23.45%
(1205/5139) of the study population. The results revealed that
except for the marital status, there were significant differences
in the distribution characteristics of other factors between urban
and rural participants (P<.05).
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Figure 1. Participant selection flowchart.
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Table 1. Basic participant characteristics of denture wearers and nonwearers among older individuals with edentulism in urban and rural areas in China.

Rural group (n=3934), n (%)Urban group (n=1205), n (%)Characteristics

Dentures wearers (χ2
1=94.591; P<.001)

1923 (48.88)397 (32.95)No

2011 (51.12)808 (67.05)Yes

Age (years; χ2
1=8.353; P=.004)

589 (14.97)140 (11.62)<80

3345 (85.03)1065 (88.38)≥80

Sex (χ2
1=16.457; P<.001)

1373 (34.90)498 (41.33)Female

2561 (65.10)707 (58.67)Male

BMI (kg/m2; χ2
3=31.714; P<.001)

1874 (47.64)539 (44.73)18.5-23.9

1206 (30.66)313 (25.98)<18.5

562 (14.29)240 (19.92)24.0-27.9

292 (7.42)113 (9.38)≥28.0

Education level (years; χ2
2=141.516; P<.001)

2347 (59.66)492 (40.83)0

823 (20.92)325 (26.97)1-6

764 (19.42)388 (32.20)≥7

Marital status (χ2
2=0.292; P=.846)

939 (23.87)279 (23.15)Married and living with spouse

2876 (73.11)888 (73.69)Widowed

119 (3.02)38 (3.15)Other

Living status (χ2
2=203.117; P<.001)

3176 (80.73)938 (77.84)Living with household members

681 (17.31)136 (11.29)Living alone

77 (1.96)131 (10.87)Living in an institution

Smoking (χ2
1=21.289; P<.001)

3397 (86.35)1101 (91.37)No

537 (13.65)104 (8.63)Yes

Alcohol consumption (χ2
1=7.936; P=.005)

3470 (88.21)1098 (91.12)No

464 (11.79)107 (8.88)Yes

Exercise (χ2
1=49.507; P<.001)

3184 (80.94)861 (71.45)No

750 (19.06)344 (28.55)Yes

Annual income (χ2
3=508.961; P<.001)

1272 (32.33)119 (9.88)Very low

843 (21.43)109 (9.05)Low

504 (12.81)162 (13.44)Middle
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Rural group (n=3934), n (%)Urban group (n=1205), n (%)Characteristics

1315 (33.43)815 (67.63)High

Residential region (χ2
2=92.747; P<.001)

994 (25.27)188 (15.60)Central

1049 (26.66)251 (20.83)Western

1891 (48.07)766 (63.57)Eastern

Number of chronic diseases (χ2
2=300.031; P<.001)

2286 (58.11)470 (39.00)0

1184 (30.10)344 (28.55)1

464 (11.79)391 (32.45)≥2

Assessment of the Proportion of Denture Wearing
Across Provinces
Table S2 in Multimedia Appendix 2 shows the results of the
chi-square test for the proportion of denture wearing among
older individuals with edentulism by region (central, western,
and eastern) and by hukou (urban and rural). The results revealed
that 67.05% (808/1205) of participants in the urban group used
dentures (95% CI 64.40-69.71), while 51.12% (2011/3934) of
participants in the rural group used dentures (95% CI
49.56-52.67), and the difference was statistically significant

(χ2
1=94.591, P<.001). The prevalence of denture use across the

various regions of China was as follows: central region, 45.26%
(535/1182; 95% CI 42.42-48.10); western region, 47.92%
(623/1300; 95% CI 45.20-50.64); and eastern region, 62.51%
(1661/2657; 95% CI 60.67-64.36). The regional differences

were statistically significant (χ2
2=132.086, P<.001).

Based on the survey results, we mapped the proportion of
denture use among older individuals with edentulism across 23
Chinese provinces (Figure 2 and Table S3 in Multimedia
Appendix 3). We observed that the highest proportion was in
Liaoning (81.36%, 95% CI 74.23-88.49), while the lowest
proportion was in Hunan (21.91%, 95% CI 15.57-28.05) among
the provinces surveyed.

Figure 2. Proportion of denture use among older individuals with edentulism across 23 Chinese provinces.

Distribution of Denture Wearers and Nonwearers
Among Older Individuals With Edentulism
Table 2 reveals the results of the chi-square test for the
distribution characteristics of denture wearers and nonwearers
among older participants with edentulism in the urban and rural
groups. The results revealed that the distribution of certain

factors among participants with dentures in urban and rural
groups was significantly different; certain differences were also
observed in those without dentures. Age, marital status, alcohol
consumption, and exercise were significantly different among
participants in urban and rural groups who were denture wearers;
however, no differences were observed in denture nonwearers.
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Table 2. Distribution of characteristics of denture wearers and nonwearers among older individuals with edentulism in urban and rural areas in China.

Denture nonwearersDenture wearersCharacteristics

Rural group (n=1923), n
(%)

Urban group (n=397), n
(%)

Rural group (n=2011), n
(%)

Urban group (n=808), n
(%)

Age (years; wearers: χ2
1=30.186, P<.001; nonwearers: χ2

1=0.009, P>=.924)

104 (5.41)21 (5.29)485 (24.12)119 (14.73)<80

1819 (94.59)376 (94.71)1526 (75.88)689 (85.27)≥80

Sex (wearers: χ2
1=2.840, P=.092; nonwearers: χ2

1=7.534, P=.006)

559 (29.07)143 (36.02)814 (40.48)355 (43.94)Female

1364 (70.93)254 (63.98)1197 (59.52)453 (56.06)Male

BMI (kg/m2; wearers: χ2
3=6.276, P=.099; nonwearers: χ2

3=17.981, P<.001)

757 (39.37)151 (38.04)449 (22.33)162 (20.05)<18.5

862 (44.83)151 (38.04)1012 (50.32)388 (48.02)18.5-23.9

178 (9.26)62 (15.62)384 (19.09)178 (22.03)24.0-27.9

126 (6.55)33 (8.31)166 (8.25)80 (9.90)≥28.0

Education level (years; wearers: χ2
2=82.549, P<.001; nonwearers: χ2

2=25.672, P<.001)

1337 (69.53)224 (56.42)1010 (50.22)268 (33.17)0

273 (14.20)81 (20.40)550 (27.35)244 (30.20)1-6

313 (16.28)92 (23.17)451 (22.43)296 (36.63)≥7

Marital status (wearers: χ2
2=7.918, P=.019; nonwearers: χ2

2=0.334, P=.846)

265 (13.78)52 (13.10)674 (33.52)227 (28.09)Married and living with spouse

1599 (83.15)331 (83.38)1277 (63.50)557 (68.94)Widowed

59 (3.07)14 (3.53)60 (2.98)24 (2.97)Other

Living status (wearers: χ2
2=106.039, P<.001; nonwearers: χ2

2=107.303, P<.001)

1576 (81.96)305 (76.83)1600 (79.56)633 (78.34)Living with household members

306 (15.91)40 (10.08)375 (18.65)96 (11.88)Living alone

41 (2.13)52 (13.10)36 (1.79)79 (9.78)Living in an institution

Smoking (wearers: χ2
1=21.830, P<.001; nonwearers: χ2

1=5.471, P=.019)

1712 (89.03)369 (92.95)1685 (83.79)732 (90.59)No

211 (10.97)28 (7.05)326 (16.21)76 (9.41)Yes

Alcohol consumption (wearers: χ2
1=8.700, P=.003; nonwearers: χ2

1=2.371, P=.124)

1735 (90.22)368 (92.70)1735 (86.28)730 (90.35)No

188 (9.78)29 (7.30)276 (13.72)78 (9.65)Yes

Exercise (wearers: χ2
1=35.094, P<.001; nonwearers: χ2

1=0.087, P=.768)

1672 (86.95)343 (86.40)1512 (75.19)518 (64.11)No

251 (13.05)54 (13.60)499 (24.81)290 (35.89)Yes

Annual income (wearers: χ2
3=328.842, P<.001; nonwearers: χ2

3=160.774, P<.001)

623 (32.40)52 (13.10)649 (32.27)67 (8.29)Very low

440 (22.88)35 (8.82)403 (20.04)74 (9.16)Low

244 (12.69)59 (14.86)260 (12.93)103 (12.75)Middle

616 (32.03)251 (63.22)699 (34.76)564 (69.80)High
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Denture nonwearersDenture wearersCharacteristics

Rural group (n=1923), n
(%)

Urban group (n=397), n
(%)

Rural group (n=2011), n
(%)

Urban group (n=808), n
(%)

Residential region (wearers: χ2
2=18.504, P<.001; nonwearers: χ2

2=67.608, P<.001)

577 (30.01)70 (17.63)417 (20.74)118 (14.60)Central

594 (30.89)83 (20.91)455 (22.63)168 (20.79)Western

752 (39.11)244 (61.46)1139 (56.64)522 (64.60)Eastern

Number of chronic diseases (wearers: χ2
2=144.694, P<.001; nonwearers: χ2

2=128.438, P<.001)

1274 (66.25)172 (43.32)1012 (50.32)298 (36.88)0

476 (24.75)113 (28.46)708 (35.21)231 (28.59)1

173 (9.00)112 (28.21)291 (14.47)279 (34.53)≥2

Logistic Regression Results
The results of binary logistic regression for the multivariate
analysis of older individuals with edentulism in the urban and
rural groups who were denture wearers are presented in Table
3. The results revealed that in the urban group, a higher level
of education (1-6 years: odds ratio [OR] 2.093, 95% CI
1.488-2.945; ≥7 years: OR 2.187, 95% CI 1.565-3.055) and
who exercised (OR 2.840, 95% CI 2.016-3.999) were protective
factors for denture use in older individuals with edentulism,

while BMI<18.5 kg/m2 (OR 0.558, 95% CI 0.408-0.762) and
a widowed marital status (OR 0.618, 95% CI 0.414-0.921) were
risk factors for denture use in older individuals with edentulism.
In the rural group, a higher level of education (1-6 years: OR

1.742, 95% CI 1.429-2.123; ≥7 years: OR 1.498, 95% CI
1.246-1.802), living alone (OR 1.372, 95% CI 1.313-1.663),
exercise (OR 1.612, 95% CI 1.340-1.940), a high economic
status (OR 1.234, 95% CI 1.035-1.472), residence in the eastern
area (OR 2.045, 95% CI 1.723-2.427), the presence of chronic
diseases (1 disease: OR 1.534, 95% CI 1.313-1.793; ≥2 diseases:
OR 1.500, 95% CI 1.195-1.882) were protective factors for
denture use in older individuals with edentulism, while age ≥80

years (OR 0.318, 95% CI 0.247-0.408), BMI <18.5 kg/m2 (OR
0.692, 95% CI 0.590-0.813), and widowed (OR 0.566, 95% CI
0.464-0.690) or other marital status (OR 0.600, 95% CI
0.392-0.918) were risk factors for dentures in older individuals
with edentulism.
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Table 3. Logistic regression results of denture use in older individuals with edentulism in urban and rural areas in China.

Rural groupUrban groupVariables

OR (95% CI)P valueORa (95% CI)P value

Age (years)

1.000—1.000—b<80

0.318 (0.247-0.408)<.0010.804 (0.462-1.398).439≥80

Sex

————Female

0.998 (0.839-1.186).9781.327 (0.975-1.806).072Male

BMI (kg/m2)

1.000—1.000—18.5-23.9

0.692 (0.590-0.813)<.0010.558 (0.408-0.762)<.001<18.5

1.384 (1.113-1.721).0030.989 (0.685-1.429).95424.0-27.9

1.027 (0.782-1.350).8470.935 (0.582-1.502).781≥28.0

Education level (years)

1.000—1.000—0

1.742 (1.429-2.123)<.0012.093 (1.488-2.945)<.0011-6

1.498 (1.246-1.802)<.0012.187 (1.565-3.055)<.001≥7

Marital status

1.000—1.000—Married and living with spouse

0.566 (0.464-0.690)<.0010.618 (0.414-0.921).018Widowed

0.600 (0.392-0.918).0190.562 (0.253-1.251).158Other

Living status

1.000—1.000—Living with household members

1.372 (1.131-1.663).0011.138 (0.733-1.765).565Living alone

1.048 (0.645-1.705).8490.826 (0.542-1.259).375Living in an institution

Smoking

1.000—1.000—No

1.066 (0.853-1.331).5741.251 (0.751-2.083).389Yes

Alcohol consumption

————No

1.134 (0.902-1.425).2821.011 (0.618-1.653).966Yes

Exercise

1.000—1.000—No

1.612 (1.340-1.940)<.0012.840 (2.016-3.999)<.001Yes

Annual income

1.000—1.000—Very low

1.053 (0.864-1.284).6081.590 (0.882-2.868).123Low

1.263 (0.999-1.598).0511.262 (0.745-2.140).387Middle

1.234 (1.035-1.472).0191.520 (0.991-2.332).055High

Residential region

1.000—1.000—Central

1.046 (0.862-1.269).6481.059 (0.689-1.626).795Western
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Rural groupUrban groupVariables

OR (95% CI)P valueORa (95% CI)P value

2.045 (1.723-2.427)<.0011.252 (0.868-1.808).230Eastern

Number of chronic diseases

1.000—1.000—0

1.534 (1.313-1.793)<.0011.017 (0.740-1.398).9181

1.500 (1.195-1.882)<.0011.253 (0.912-1.722).164≥2

aOR: odds ratio.
bNot applicable.

Decomposition Analysis Results
Tables 4 and 5 reveal the differential decomposition of
denture-wearing prevalence among older individuals with
edentulism in the urban and rural groups. The results revealed
that the explanatory degree of the model was 58.48%, indicating
that this study could explain 58.48% of the difference in the

denture-wearing rate between urban and rural older individuals
with edentulism, and the remaining 41.52% accounted for urban
and rural characteristics and unincluded observation indicators.
The explainable part reveals that the main factors contributing
to this difference were the number of chronic diseases (16.34%),
education level (11.94%), residence region (11.00%), annual
income (10.55%), exercise (6.81%), and age (–0.92%).

Table 4. Terms of decomposition in the Fairlie decomposition model.

Denture useTerms of decomposition

0.15935487Difference

0.09317312 (58.48%)Explained (%)

0.06616842 (41.52%)Nonexplained (%)

Table 5. Results of the explainable part of the Fairlie decomposition model (contribution % shown).

Contribution (95% CI)βP valueCovariates

Demographic information

–0.92 (–0.0022267 to –0.0007007)–0.0014637<.001Age

0.59 (–0.0008272 to 0.0026921)0.0009324.299Sex

11.94 (0.0140899 to 0.0239526)0.0190212<.001Education level

0.24 (–0.0001591 to 0.0009156)0.0003782.168Married status

Lifestyle status

1.77 (0.0004876 to 0.0051442)0.0028159.018Living status

–0.37 (–0.0022039 to 0.0010129)–0.0005955.468Smoking

–0.29 (–0.0015550 to 0.0006380)–0.0004585.412Alcohol consumption

6.81 (0.0084449 to 0.0132615)0.0108532<.001Exercise

Economic status

10.55 (0.0081524 to 0.0254843)0.0168183<.001Annual income

11.00 (0.0138448 to 0.0212155)0.0175302<.001Residence region

Health status

0.43 (–0.0009352 to 0.0023021)0.0006835.408BMI

16.34 (0.0194942 to 0.0325688)0.0260315<.001Number of chronic diseases

Discussion

Principal Findings
Our study revealed that 54.86% of Chinese older individuals
with edentulism wear dentures, among which the

denture-wearing rate of individuals with edentulism in urban
areas is higher than that in rural areas, indicating that older
individuals with edentulism in urban areas focus on their oral
problems. In terms of regional distribution, the denture-wearing
rate in the eastern region was the highest, followed by the
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western and central regions. Studies have reported that this is
probably due to the higher health literacy level among older
individuals in the eastern region and their active awareness and
behavior in promoting oral health. Additionally, the higher
economic level of residents in the eastern region provide a
certain economic basis for the residents to obtain good oral
health care. Thus, more adequate educational and medical
resources help provide better access to denture-related treatment
services for older individuals [46-49].

Our study revealed that age, sex, the BMI, and the education
level are significant factors affecting the urban-rural distribution
of older patients with edentulism (P<.05). Sex, the BMI, and
the education level mainly affect the urban-rural distribution of
older patients with edentulism, although the urban-rural
distribution factors influencing denture-wearing older patients
with edentulism are mainly age, the education level, and the
marital status. Further analysis revealed that the education level
is a protective factor for denture wearing among older patients
with edentulism in urban and rural areas and that a higher
education level could improve health literacy, the awareness of
health maintenance, and the promotion of healthy behavior,
leading to better use of medical resources, such as oral health
clinics and oral health care aids, to promote their oral health
[48,50]. Previous studies [51-53] have reported that the number
of teeth can affect an individual’s choice of food and nutrient
intake, and individuals without teeth are more likely to have a

lean physique. In this study, a BMI of <18.5 kg/m2 was a
relevant factor for denture wearing in older individuals with
edentulism (urban areas: OR 0.558, 95% CI 0.408-0.762,
P<.001; rural areas: OR 0.692, 95% CI 0.590-0.813, P<.001),
which might be because denture use can improve the oral health
of patients with edentulism, prompting them to choose more
food varieties and have a more comprehensive nutritional intake,
while denture nonwearers will be malnourished due to poor oral
health, limited food options, and aggravated leanness.

Lifestyle habits, such as smoking and alcohol consumption,
influence the use of dentures among patients with edentulism
[54-56] and significantly impact the urban-rural distribution of
older patients with edentulism and older patients wearing
dentures (P<.05); the effects of the living status and exercise
on the urban-rural distribution of older patients with edentulism
and older patients wearing dentures are also significant (P<.05).
However, the effects of alcohol consumption and exercise on
the urban-rural distribution differences among older individuals
with edentulism who do not wear dentures are not significant.
Although previous studies have reported that smoking and
alcohol consumption affect an individual’s oral health literacy
and healthy behavior, this study did not demonstrate significant
healthy behaviors among urban and rural patients with
edentulism who wore dentures. Furthermore, exercise was a
protective factor for denture use in older patients with
edentulism (urban areas: OR 2.840, 95% CI 2.016-3.999,
P<.001; rural areas: OR 1.61295% CI 1.340-1.940, P<.001).
Older individuals who exercise regularly are more aware of
health maintenance, have higher health requirements, and are
more willing to wear dentures to maintain their quality of life
and health status.

According to the provisions of the Basic Medical Insurance
System for Chinese Residents, the cost of a denture for patients
with edentulism is not fully reimbursed, with most of the
expense being borne by the patient. Similar to previous studies
[57-59], we found that the socioeconomic status and household
economic status have a significant impact on dental service use.
Our results revealed that the economic status and area of
residence are strongly associated with the inequality of the
urban-rural distribution of older patients with edentulism in
China and that their impact on the difference in the urban-rural
distribution of older patients with edentulism in China is
significant regardless of whether the patients are denture
wearers. For older patients with edentulism from rural areas, a
high annual family income and residence in the eastern region
were protective factors for wearing a denture. Older individuals
living in urban areas have a higher and more stable financial
income after retirement compared to older individuals from
rural areas. Additionally, urban residents have a higher
percentage of commercial health insurance than rural residents,
thereby providing favorable financial support to urban patients
with edentulism to obtain dentures [60,61]. In recent years, the
centralized procurement policy of medical consumables has
been implemented in China, and regarding oral equipment, this
can significantly lower the medical burden of providing dentures
to patients with edentulism and increase the proportion of
dentures provided to older patients with edentulism from rural
areas, thus reducing the urban-rural inequality in denture use.

Islas-Granillo et al [62] reported that chronic diseases severely
impact the oral health of older adults and that older adults with
multiple moderate chronic diseases are more likely to experience
edentulism [54,62,63]. This study reported that regardless of
whether dentures are worn, the number of chronic diseases
significantly impacts the urban-rural distribution differences in
older patients with edentulism. The number of chronic diseases
had no significant impact on denture wearing in older patients
with edentulism from urban areas but was a protective factor
for older patients with edentulism from rural areas who wore
dentures. The reason probably is that older patients with
edentulism with chronic diseases frequently visit medical
institutions, their health literacy and willingness for health
maintenance are stronger, and they are in a position to maintain
their oral health more actively. Wu et al [63] reported that
because of behaviors, such as frequent physical examinations
or hospital visits, older adults with chronic diseases have better
access to health resources, including dental examinations and
treatment, than those without chronic diseases.

We performed a decomposition analysis using the Fairlie model
to investigate factors influencing the urban-rural differences in
denture wearing among older patients with edentulism in China,
which revealed that age, education level, exercise, annual
household income, area of residence, and number of chronic
diseases are associated with urban-rural differences in denture
wearing.

Recommendations
Based on the differences in the denture-wearing rate between
older patients with edentulism from urban and rural areas, this
study proposed targeted policy recommendations to improve
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the denture-wearing rate and to promote equity in urban and
rural oral health. First, we need to focus on patients with
aphthous ulcers who have poor oral health literacy and a low
education level. It is recommended that Chinese family
physicians give full play to health education and guidance to
create oral health awareness and motivate such patients to
develop good oral health habits. Second, due to the differences
in family income and regional economic development, it is
necessary to focus on older patients with edentulism from rural
or underdeveloped areas. The government should increase the
investment in health care to lower the cost of dentures for
patients with edentulism, thereby facilitating patients to easily
avail of denture treatment. Finally, we recommend actively
improving oral health education, maintaining oral hygiene, and
encouraging residents to develop an exercise routine to maintain
oral health. In summary, the oral health situation of older
individuals with edentulism in China is serious, and the
denture-wearing rate needs to be improved. The government
should adopt measures to promote oral health, increase oral
health medical funding, expand basic social medical coverage,
and implement a centralized procurement policy for oral medical
materials to reduce the medical burden of older patients with
edentulism who require dentures, thereby improving their
denture-wearing rate and promoting their oral health.

Limitations
This study has several limitations. First, older patients with
edentulism are widely distributed across China; however, this

study only investigated a small number of individuals in certain
provinces of the country and did not cover the entire older adult
population. Second, denture use among older patients with
edentulism is influenced by several factors, only some of which
were analyzed in this study. Third, even though the self-reported
number of teeth and denture use in this study were credible, in
the follow-up studies, clinical diagnosis could be made with
professional instruments. Fourth, as a cross-sectional study, the
causal relationship could not be elucidated, and it is suggested
that a follow-up study be conducted prospectively.

Conclusion
Herein, we analyzed the rate of denture wear and explored the
existence and causes of the differences in the denture-wearing
rate among older individuals with edentulism in urban and rural
China. Studies have demonstrated that the proportion of denture
wearers among older patients with edentulism in rural areas is
significantly lower than that in urban areas. The government
needs to formulate corresponding measures in terms of the
number of chronic diseases, annual household income, region
of residence, education level, and exercise to bridge the gap in
the denture-wearing rates among older patients with edentulism
in rural and urban China. The findings of this study can provide
a theoretical basis for developing relevant health policies to
minimize the difference in denture-wearing rates between older
patients with edentulism in urban and rural areas.
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Abstract

Background: Surveys of internet panels such as Amazon’s Mechanical Turk (MTurk) are common in health research. Nonresponse
in longitudinal studies can limit inferences about change over time.

Objective: This study aimed to (1) describe the patterns of survey responses and nonresponse among MTurk members with
back pain, (2) identify factors associated with survey response over time, (3) assess the impact of nonresponse on sample
characteristics, and (4) assess how well inverse probability weighting can account for differences in sample composition.

Methods: We surveyed adult MTurk workers who identified as having back pain. We report participation trends over 3 survey
waves and use stepwise logistic regression to identify factors related to survey participation in successive waves.

Results: A total of 1678 adults participated in wave 1. Of those, 983 (59%) participated in wave 2 and 703 (42%) in wave 3.
Participants who did not drop out took less time to complete previous surveys (30 min vs 35 min in wave 1, P<.001; 24 min vs
26 min in wave 2, P=.02) and reported having fewer health conditions (5.88 vs 6.6, P<.001). In multivariate models predicting
responding at wave 2, lower odds of participation were associated with more time to complete the baseline survey (odds ratio
[OR] 0.98, 95% CI 0.97-0.99), being Hispanic (compared with non-Hispanic, OR 0.69, 95% CI 0.49-0.96), having a bachelor’s
degree as their terminal degree (compared with all other levels of education, OR 0.58, 95% CI 0.46-0.73), having more pain
interference and intensity (OR 0.75, 95% CI 0.64-0.89), and having more health conditions. In contrast, older respondents (older
than 45 years age compared with 18-24 years age) were more likely to respond to the wave 2 survey (OR 2.63 and 3.79, respectively)
and those whose marital status was divorced (OR 1.81) and separated (OR 1.77) were also more likely to respond to the wave 2
survey. Weighted analysis showed slight differences in sample demographics and conditions and larger differences in pain
assessments, particularly for those who responded to wave 2.

Conclusions: Longitudinal studies on MTurk have large, differential dropouts between waves. This study provided information
about the individuals more likely to drop out over time, which can help researchers prepare for future surveys.

(Interact J Med Res 2024;13:e58771)   doi:10.2196/58771

KEYWORDS

chronic low back pain; Mechanical Turk; MTurk; survey attrition; survey weights; Amazon; occupational health; manual labor

Introduction

Background
Conducting surveys on platforms such as Amazon Mechanical
Turk (MTurk) have proliferated as a cost-effective and fast way

of collecting data about health [1-3]. The number of studies
using MTurk for social science research has been steadily
increasing due in part to the ease of use, existing tools to support
research activities, and quick turnaround for data collection [4].
In addition to the relatively low costs of conducting survey
research with MTurk [5], another potential benefit is being able
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to reach participants and retain them in longitudinal studies [6].
If the goals of a research study involve having a representative
sample of participants, it is important to assess how well MTurk
can meet that need.

MTurk is one of many ways to collect nonprobability survey
samples that are defined and created by researchers from a pool
of available participants [7,8]. Previous research has found
differences between the characteristics of MTurk respondents
and the US general population. MTurk participants are generally
younger, more likely to be female, White, have lower income,
and have higher education levels compared with the US general
population, differences that have persisted over time [9-14].

Previous Work
Collecting a nonprobability versus a probability-based sample
may depend on the research question. While “statistical sampling
theory suggests that any estimate of a parameter will be more
accurate when that parameter is estimated using data from a
random sample” [7], adjustment approaches after sample
collection may improve the comparability of a nonprobability
sample to the general population [15]. However, nonresponse
bias due to attrition in samples can significantly impact
inferences drawn from either a probability or a nonprobability
panel [16,17]. Attrition over time can reduce sample size, which
lowers the power of any statistical analysis, while differential
attrition can bias inference in less predictable ways [7]. Several
methods exist to control for bias introduced by nonresponse,
including sample weighting, that reduce the impact of
nonresponse on inferences. Survey attrition has been noted as
a critical concern with using MTurk [4]. Still, there is limited
information about the effects of survey attrition in longitudinal
studies using MTurk and the extent to which it limits the
inferences that can be drawn [18].

Previous research has shown that nonresponse patterns vary by
survey population and survey type in MTurk. In a 3-wave
longitudinal study fielded from April 2020 to March 2021,
MTurk respondents who were younger, Hispanic, and had
self-rated difficulty with the survey were more likely to drop
out in subsequent survey waves [19]. Rates of nonresponse for
short-term studies (ie, a few days to a few weeks) tend to be
lower than for long-term studies (ie, a month or more) [20].
Factors related to nonresponse vary by survey type, time
between survey waves, and the underlying population [21-23].
Surveys that are longer and with greater response burden
produce higher rates of nonresponse [24] in all types of
longitudinal surveys [25,26], including internet survey panels
[22,23]. Most of these studies have focused primarily on samples
of the general population [19] rather than on subgroups with
clinical conditions.

We use the Mercer et al [27] framework to assess the impact of
nonresponse on estimation and bias in a longitudinal study of
individuals with back pain. The authors propose a 3-element
assessment to assess the impact of selection bias in survey
estimates. We adapt this framework to and evaluate
nonresponse, assuming the baseline data reflect the population
and that nonresponse bias is similar to selection bias when
assessing longitudinal surveys. The 3 elements proposed by
Mercer et al [27] include “exchangeability” (whether all

confounding variables are known and measured), “positivity”
(whether the sample includes all necessary kinds of units in the
target population), and “composition” (does the sample
distribution match the target population concerning confounders,
or can it be adjusted to match the target population). Assessing
and addressing issues with exchangeability, positivity, and
composition have been shown to improve inference in causal
analysis and survey analysis to deal with selection bias issues.
In this article, we use the same framework to improve inference
from nonresponse bias in MTurk studies.

It is essential to understand the factors associated with attrition
in longitudinal studies with internet panels, given their
widespread use. To improve exchangeability, it is also important
to understand and assess what factors could confound inference
due to nonresponse. While studies have previously examined
these issues among general populations, the factors associated
with attrition may vary among populations with different health
conditions. It is estimated that 39% of the US adult population
has back pain [28]; back pain accounts for the largest share of
years lived with disability in the United States [29]. Healthier
individuals are more likely to respond to surveys, and
longitudinal surveys risk losing an increasing number of less
healthy participants in successive survey waves [30,31]. Given
that health and pain are multidimensional, multiple measures
of health and pain may be necessary to capture the confounding
due to poorer health and increased pain. As more studies use
surveys to assess back pain, nonresponse due to poorer health
can significantly impact inference drawn from analyses, even
longitudinal analyses, if differential attrition by pain status is
observed. In addition, MTurk workers are known to have a high
turnover rate [32]. The inability to follow up could be another
important source of attrition.

Goals of the Study
As a part of a more extensive study, we collected survey data
on MTurk from individuals who self-identify as having back
pain. To improve sample quality, we implemented a range of
tactics to screen out poor-quality data, requiring that participants
had completed several previous tasks and met an approval
threshold, as well as postsurvey data cleaning to screen out
those who reported having one or both of 2 fake health
conditions included on the survey. What was left was a sample
of self-selected, higher-quality participants who were surveyed
3 times over 6 months.

Because of the prevalence of individuals with back pain,
attention to them, and the use of survey methods to assess their
back pain, we analyzed data from a 6-month 3-wave longitudinal
panel survey to (1) describe the patterns of survey responses
and nonresponse among MTurk members with back pain, (2)
identify factors associated with survey response over time (to
assess “exchangeability”), (3) assess the impact of nonresponse
on sample characteristics (to assess “positivity”), and (4) assess
how well inverse probability weighting can account for
differences in sample composition (to assess “composition”).
We hypothesize that those with poorer health, more pain
symptoms or severity, specific pain, and nonchronic pain will
be least likely to respond to follow-up surveys. Weighting may
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be able to adjust to correct for nonresponse, but whether the
sample is sufficiently varied is unclear.

Methods

Recruitment
We developed web-based surveys to collect data from MTurk
participants and used the platform CloudResearch (formerly
TurkPrime; Amazon) to field the survey in 2021 [33].
Individuals who reported having back pain at baseline (wave
1) were provided the opportunity to complete follow-up surveys
after 3 months (wave 2) and 6 months (wave 3). We did not
note in the wave 1 survey instructions that this was a
longitudinal study because only those who met the inclusion
criteria for the longitudinal study were asked if they wanted to
participate in follow-up surveys. At the beginning of wave 2
and wave 3 recruitment, all eligible participants who consented
to participate in follow-up survey waves were sent a recruitment
email telling them the follow-up survey was available, that it
would take approximately 25 minutes to complete, the payment
for completing it, and that they had up to 5 weeks to return it.
Weekly reminder emails (1-4 weeks after the recruitment email)
were sent to all nonparticipants reiterating the timeline for
survey completion, the approximate time to complete it, and
the payment for completion.

Based on previous data collection efforts, we recruited
individuals to have a final wave 1 sample of about 1500
individuals with back pain [9]. Those invited to participate at
baseline had to have completed a minimum of 500 previous
human intelligence tasks (HITs) on MTurk with a successful
completion rate of at least 95%. No additional requirements
were given to participate in the wave 1 survey. These threshold
values were selected to enhance data quality. Previous research
[34] and pilot tests of the survey found a 95% approval threshold
and at least 500 completed HITs improve data quality and that
limiting samples to ensure data quality does not limit the pool
of available workers enough to restrict the sample to below the
1500-participant target [35]. While more recent studies [36]
have shown that the approval rate is insufficient to ensure
high-quality responses, we used a range of steps to ensure
high-quality responses, including reputation, number of previous
tasks, and attention checks (described in the Measures section).
Given the structure of the MTurk interface, we are unable to
determine the impact of the approval and completed HIT
thresholds have on the sample profile (ie, we cannot quantify
the number of individuals who tried to complete the survey but
could not because of the thresholds for participation, as those
individuals would not see the survey). Additional detail on data
collection of wave 1 data is described by Qureshi et al [13].

Ethical Considerations
All participants provided electronic consent at the beginning of
the survey. Those who completed general health and back pain
surveys at wave 1 were offered US $3.50 for their participation.
Participants were offered an additional US $5 per subsequent
completed survey (wave 2 and wave 3). All baseline participants
(even those who did not participate in wave 2) were asked to
participate in wave 3. Data were deidentified and are stored
online [37]. All procedures were reviewed and approved by the

research team’s institutional review board (RAND Human
Subjects Research Committee FWA00003425; IRB00000051)
and conforming to the Declaration of Helsinki principles. The
study was funded by the National Institutes of Health or the
National Center for Complementary and Integrative Health
(Grant 1R01AT010402).

Measures
The main outcome variable was participation in wave 2 and
waves 2 and 3, defined as a binary outcome (0 if no participation
and 1 if participation). We used several exposure variables,
including self-reported demographic variables, self-reported
health conditions, and self-reported back pain assessments.

Each survey asked about demographic characteristics (age, sex,
race or ethnicity, employment status, income, education, and
marital status) and health conditions. Health conditions were
assessed in 2 forms. First, we asked “Have you EVER been told
by a doctor or other health professional that you had…” for
each of the following conditions: hypertension, high cholesterol,
heart disease, angina, heart attack, stroke, asthma, cancer,
diabetes, chronic obstructive pulmonary disease, arthritis,
anxiety disorder, and depression. Then, we asked “Do you
currently have…” for each of the following conditions: allergies
or sinus trouble, back pain, sciatica, neck pain, trouble seeing,
dermatitis, stomach trouble, trouble hearing, and trouble
sleeping. We included these various measures of health to allow
for the examination across various dimensions of health to
support “exchangeability” for inference.

We also included 2 fake conditions in the survey that were used
to screen out low-quality respondents. Individuals who endorsed
one or both fake conditions were not asked to participate in the
back pain follow-up survey if they endorsed having back pain.
Overall, 15% (996/6832) of respondents endorsed one of these
fake conditions, and their responses were believed to be
dishonest or careless. Those reporting fake conditions were
more likely to identify as male, non-White, to be younger, report
more health conditions, and take longer to complete the survey.
Their responses had less internal consistency reliability on
several health measures than those who did not endorse a fake
condition (Hays et al [38]).

Those who reported having back pain were asked to participate
in a follow-up survey that included additional questions related
to their back pain. If an individual opted not to continue, they
would be paid for completing the first part of the survey and
were not included in further analysis. The survey included
questions about whether the respondent’s back pain was
“chronic” according to 1 of 4 definitions (either that their back
pain persisted for least 3 months, that their back pain persisted
for at least 3 months, and they had pain at least half the days in
the past 6 months, that a health provider told them that their
pain is chronic, or that they believe their back pain is chronic).
We also asked whether their back pain was due to a “specific”
medical condition. We categorized individuals with back pain
into 4 groups [39]—those with specific chronic back pain, those
with specific nonchronic back pain, those with nonspecific
chronic back pain, and those with nonspecific nonchronic pain.
The survey also included the Impact Stratification Score (ISS)
[40], Oswestry Disability Index (ODI) [41], Roland Morris
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Disability Questionnaire (RMDQ) [42], the Pain, Enjoyment
of Life and General Activity scale (PEG) [43], and the Keele
STarT Back Screening Tool (SBST) [44].

Statistical Analysis
We report response rates to the wave 2 and 3 surveys among
those responding to the wave 1 survey to assess the “positivity”
of samples for inference. In addition, we report descriptive
statistics on age, sex, race or ethnicity, income, education,
marital status, self-reported health conditions, the proportion
who endorsed back pain types, and back pain measure scores
for those who participated in each survey wave. We report
differences for those who did and did not complete the wave 2
survey and both the wave 2 and wave 3 surveys using t tests for
continuous and chi-square tests for categorical variables.

Next, we report estimates from stepwise logistic regression
models predicting response to wave 2 (model 1) and both waves
2 and 3 (model 2). We used a backward elimination with a
selection criterion of α=.157 and a forward selection criterion
of α=.05 to select the variables to include in the models [45].
These selection criteria determine whether a variable is included
in the final model. Using a backward elimination with a selection
criterion of α=.157 rather than α=.05 is meant to reduce
overfitting of the final model, a common issue associated with
stepwise models [46]. We report the odds of completing the
subsequent surveys. Based on previous studies, age, sex, race,
and ethnicity were included in the regression models [19,47].
We also examined education, marital status, income categories,
employment, health conditions, type of pain, pain impact, and
time to complete the questionnaire as predictor variables.

Finally, we used inverse probability score weighting to examine
sample characteristics in waves 2 and 3 based on model 1 and
model 2 results to assess how well the sample weights correct
for nonresponse from in later waves to assess “composition.”
Model weights are derived from estimated probabilities of
completion using the aforementioned stepwise logistic
regression models. By using inverse probability weights, we
overweight respondents like those who drop out, approximating
how the original sample would have looked if everyone
responded to both follow-up waves. We included all candidate
variables without backward elimination as a sensitivity analysis
to derive inverse probability weights. Similar baseline
characteristics between the full sample at baseline and weighted
estimates for those who participated in later waves is an
indication that observed variables can account for the level of
bias introduced by sample attrition. All analyses were conducted
using Stata software version MP17 (StataCorp) [48]. The study
confirms to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) checklist for cohort
studies (Table S1 in Multimedia Appendix 1).

Results

Sample Characteristics
A total of 1678 adults who responded in wave 1 qualified to
take subsequent surveys, that is, did not endorse a fake condition

on the wave 1 survey and consented to participate in a future
survey [13]. Of those who qualified to participate from the total
sample in wave 1, 983 (59%) responded in wave 2. Of the 983
who responded in wave 2, a total of 703 (42% of wave 1
respondents) also responded in wave 3. The 8 respondents who
only responded in waves 1 and 3 (ie, not in wave 2) were
excluded from further analyses. Compared with those who did
not respond, respondents in wave 2 were older, with higher
income, more likely to never have been married, less likely to
be Hispanic, less educated, and less likely to be employed
full-time. We saw similar trends for those who responded in
both waves 2 and 3 versus those who did not (Table 1).

Table 2 shows the overall sample distribution at wave 1 and
response rates in waves 2 and 3. Generally, those who were
older, those who were female, non-Hispanics, not married or
living with a partner, and those at low (ie, US $0-US $39,999)
and high income (more than US $60,000) were more likely to
respond during waves 2 and 3 than their counterparts. These
differences were more apparent when comparing wave 1 with
wave 3. However, when comparing wave 3 response among
those who responded in wave 2, response rates were generally
65%-75% and not systematically different by characteristic. In
addition, the sample prevalence of health conditions was similar
between the unweighted samples of those who participated in
wave 2 only and those who participated in waves 2 and 3 (Table
2).

Those who responded in wave 2 completed the wave 1 survey
in less time than those who did not respond in wave 2 (30 min
vs 35 min, P<.001). Those who responded to the wave 3 survey
also reported less time completing the wave 2 survey than those
who did not respond (24 min vs 26 min, P=.02), similar to the
time advertised to complete the survey. We found no differences
in the time of day (morning, afternoon, evening, or nighttime)
when the baseline survey was completed between the responders
and nonresponders to the wave 2 survey and the waves 2 and 3
surveys.

Respondents in wave 2 had fewer reported health conditions
than those who did not respond (5.8 vs 6.6, P<.001). A similar
trend was observed for those who responded versus those who
did not respond to both waves 2 and 3, though the effect was
not significant (5.7 vs 6.0, P=.08). There were differences
between responders and nonresponders in wave 2 for 15
conditions, with nearly all being less common for responders
than nonresponders, except for arthritis, anxiety, and allergies.
There were also differences between responders and
nonresponders in waves 2 and 3, but for fewer (11) conditions
(Table 3).

Respondents to wave 2 were less likely to have nonspecific low
back pain and more likely to have chronic low back pain than
those who did not respond, with similar patterns for those who
did and did not respond to both the waves 2 and 3 surveys.
Participants in wave 2 and in both waves 2 and 3 reported less
pain intensity and pain interference, and better health on the
ISS, ODI, RMDQ, PEG, and SBST measures (Table 4).
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Table 1. Characteristics of those participating in wave 1 only versus those who also responded in wave 2 (at 3 months) and in waves 2 and 3 (at both
3 and 6 months).

P value (wave 1
vs all 3 waves)

Responded in all 3
waves (N=703), n (%)

P value (wave 1 vs
wave 1 and 2)

Responded in wave 1 and
2 only (N=983), n (%)

Responded in wave 1
only (N=695), n (%)

Characteristic

<.00143.58 (12.14)<.00142.47 (12.01)39.13 (10.84)Age (years), mean (SD)

<.001<.001Age category (years)

24 (3.4)38 (3.9)26 (3.7)18-24

156 (22.2)256 (26)246 (35.4)25-34

225 (32)306 (31.1)238 (34.2)35-44

154 (21.9)202 (20.5)107 (15.4)45-54

107 (15.2)136 (13.8)63 (9.1)55-65

37 (5.3)45 (4.6)15 (2.2)Older than 65

.64.10Sex

387 (55)531 (54)337 (48.5)Female

312 (44.4)445 (45.3)353 (50.8)Male

1 (0.1)2 (0.2)3 (0.4)Transgender

3 (0.4)5 (0.5)2 (0.3)Do not identify as female,
male, or transgender

.17.17Race

576 (81.9)810 (82.4)588 (84.6)White

47 (6.7)73 (7.43)59 (8.5)Black

47 (6.7)56 (5.7)28 (4)Asian

0 (0)0 (0)1 (0.1)Native Hawaiian or Pacific
Islander

0 (0)0 (0)0 (0)American Indian or Native
Alaskan

3 (0.4)5 (0.51)4 (0.6)Other

27 (3.8)34 (3.46)14 (2)Multiracial

<.001<.001Ethnicity

662 (94.2)901 (91.7)552 (79.4)Not Hispanic or Latin

41 (5.8)82 (8.3)143 (20.6)Hispanic or Latino

<.001<.001Education

3 (0.4)3 (0.3)1 (0.1)No high school diploma

78 (11.1)98 (10)33 (4.8)High school graduate

152 (21.6)209 (21.3)85 (12.3)Some college, no degree

25 (3.6)33 (3.4)15 (2.2)Occupational or technical
degree

91 (12.9)106 (10.8)41 (5.9)Associate degree

228 (32.4)365 (37.2)402 (58)Bachelor’s degree

106 (15.1)138 (14.1)106 (15.3)Master’s degree

11 (1.6)16 (1.6)8 (1.2)Professional school

9 (1.3)12 (1.2)2 (0.3)Doctoral degree

.003<.001Marital status

391 (55.6)579 (58.9)541 (77.8)Married or living with part-
ner

7 (1)10 (1)11 (1.6)Separated
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P value (wave 1
vs all 3 waves)

Responded in all 3
waves (N=703), n (%)

P value (wave 1 vs
wave 1 and 2)

Responded in wave 1 and
2 only (N=983), n (%)

Responded in wave 1
only (N=695), n (%)

Characteristic

89 (12.7)105 (10.7)28 (4)Divorced

7 (1)11 (1.1)3 (0.4)Widowed

209 (29.7)278 (28.3)112 (16.1)Never married

.87<.001Income (US $)

35 (5)48 (4.9)22 (3.2)Less than 10,000

59 (8.4)80 (8.1)58 (8.3)10,000-19,999

82 (11.7)113 (11.5)89 (12.8)20,000-29,999

99 (14.1)130 (13.2)67 (9.6)30,000-39,999

84 (11.9)112 (11.4)111 (16)40,000-49,999

75 (10.7)111 (11.3)121 (17.4)50,000-59,999

99 (14.1)142 (14.4)89 (12.8)60,000-79,999

74 (10.5)107 (10.9)72 (10.4)80,000-99,999

82 (11.7)121 (12.3)63 (9.1)100,000-199,999

14 (2)19 (1.9)3 (0.4)200,000 or more

.02<.001Employment

396 (56.3)570 (58)514 (74.1)Full-time

97 (13.8)123 (12.5)56 (8.1)Part-time

37 (5.3)55 (5.6)26 (3.8)Looking for work

1 (0.1)1 (0.1)5 (0.7)Maternity leave

35 (5)48 (4.9)21 (3)Not working due to health

15 (2.1)31 (3.2)16 (2.3)Student

40 (5.7)49 (5)12 (1.7)Retired

45 (6.4)59 (6)27 (3.9)Keeping house

37 (5.3)47 (4.8)17 (2.5)Other
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Table 2. Overall sample distribution and response rates by characteristic for those who responded in Wave 2 (at 3 months) and in Wave 3 (at 6 months).

Wave 3 response rate of
wave 2 participants
(N=703), %

Wave 3 response rate of
wave 1 participants
(N=703), %

Wave 2 response rate of
wave 1 participants
(N=983), %

Wave 1

(N=1678),
n (%)

Characteristics

Age category (years)

63.237.559.464 (3.8)18-24

60.931.151502 (29.9)25-34

73.541.456.3544 (32.4)35-44

76.249.865.4309 (18.4)45-54

78.753.868.3199 (11.9)55-65

82.261.77560 (3.6)Older than 65

Sex

72.944.661.2868 (51.7)Female

70.139.155.8798 (47.6)Male

5020405 (0.3)Transgender

6042.971.47 (0.4)Do not identify as female, male, or transgender

Race

71.141.257.91398 (83.3)White

64.435.655.3132 (7.9)Black

83.95666.784 (5)Asian

0001 (0.1)Native Hawaiian or Pacific Islander

0000 (0)American Indian or Native Alaskan

6033.355.69 (0.5)Other

79.456.370.848 (2.9)Multiracial

Ethnicity

73.545.6621453 (86.6)Not Hispanic or Latin

5018.236.4225 (13.4)Hispanic or Latino

Education

10075754 (0.2)No high school diploma

79.659.574.8131 (7.8)High school graduate

72.751.771.1294 (17.5)Some college, no degree

75.852.168.848 (2.9)Occupational or technical degree

85.861.972.1147 (8.8)Associate degree

62.529.747.6767 (45.7)Bachelor’s degree

76.843.456.6244 (14.5)Master’s degree

68.845.866.724 (1.4)Professional school

7564.385.714 (0.8)Doctoral degree

Marital status

67.534.951.71120 (66.7)Married or living with partner

7033.347.621 (1.3)Separated

84.866.978.9133 (7.9)Divorced

63.65078.614 (0.8)Widowed

75.253.671.3390 (23.2)Never married

Income (US $)
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Wave 3 response rate of
wave 2 participants
(N=703), %

Wave 3 response rate of
wave 1 participants
(N=703), %

Wave 2 response rate of
wave 1 participants
(N=983), %

Wave 1

(N=1678),
n (%)

Characteristics

72.95068.670 (4.2)Less than 10,000

73.842.858138 (8.2)10,000-19,999

72.640.655.9202 (12)20,000-29,999

76.250.366197 (11.7)30,000-39,999

7537.750.2223 (13.3)40,000-49,999

67.632.347.8232 (13.8)50,000-59,999

69.742.961.5231 (13.8)60,000-79,999

69.241.359.8179 (10.7)80,000-99,999

67.844.665.8184 (11)100,000-199,999

73.763.686.422 (1.3)200,000 or more

Employment

69.536.552.61084 (64.6)Full-time

78.954.268.7179 (10.7)Part-time

67.345.767.981 (4.8)Looking for work

10016.716.76 (0.4)Maternity leave

72.950.769.669 (4.1)Not working due to health

48.431.96647 (2.8)Student

81.665.680.361 (3.6)Retired

76.352.368.686 (5.1)Keeping house

78.757.873.464 (3.8)Other
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Table 3. Health conditions reported by those in the baseline (wave 1) sample who also responded in wave 2 (at 3 months) and in waves 2 and 3 (at
both 3 and 6 months).

P value (wave 1
vs all 3 waves)

Responded in all 3 waves
(N=703), mean (SD)

P value (wave 1 vs
wave 1 and 2)

Responded in wave 1 and
2 only (N=983), mean
(SD)

Responded in wave 1 on-
ly (N=695), mean (SD)

Condition

.0050.30 (0.46)<.0010.32 (0.47)0.42 (0.49)Hypertension

.670.27 (0.44).080.26 (0.44)0.30 (0.46)High cholesterol

.030.03 (0.17)<.0010.04 (0.19)0.11 (0.32)Heart disease

.0030.02 (0.13)<.0010.03 (0.17)0.11 (0.31)Angina

.0060.02 (0.14)<.0010.03 (0.17)0.09 (0.29)Heart attack

.120.03 (0.16)<.0010.03 (0.17)0.09 (0.28)Stroke

.500.20 (0.40).060.20 (0.40)0.24 (0.42)Asthma

.0070.08 (0.27).320.07 (0.25)0.07 (0.26)Cancer

.030.10 (0.31)<.0010.12 (0.32)0.24 (0.43)Diabetes

.340.05 (0.21)<.0010.05 (0.22)0.11 (0.31)COPDa

.0450.28 (0.45).0040.27 (0.44)0.20 (0.40)Arthritis

.170.41 (0.49).030.42 (0.49)0.37 (0.48)Anxiety

.020.45 (0.50).040.47 (0.50)0.52 (0.50)Depression

.0050.55 (0.50).0010.52 (0.50)0.44 (0.50)Allergies

.090.26 (0.44).020.25 (0.44)0.31 (0.46)Sciatica

.010.38 (0.49)<.0010.40 (0.49)0.52 (0.50)Neck pain

.330.20 (0.40).0070.20 (0.40)0.26 (0.44)Trouble seeing

.250.15 (0.36).270.16 (0.37)0.18 (0.38)Dermatitis

.020.30 (0.46).070.32 (0.47)0.36 (0.48)Stomach trouble

.330.08 (0.28)<.0010.09 (0.28)0.15 (0.36)Trouble hearing

.220.55 (0.50).110.54 (0.50)0.50 (0.50)Trouble sleeping

.085.7 (2.88)<.0015.8 (2.96)6.6 (3.67)Number of conditions

aCOPD: chronic obstructive pulmonary disease.

Table 4. Pain impact reported by those in the baseline (wave 1) sample who did not and did respond at wave 2 (at 3 months) and at waves 2 and 3 (at
both 3 and 6 months).

P value (wave 1
vs all 3 waves)

Responded in all 3
waves (N=703)

P value (wave 1
vs wave 1 and 2)

Responded in wave 1
and 2 only (N=983)

Responded in wave
1 only (N=695)

Pain assessment

<.0010.64 (0.48)<.0010.55 (0.79)0.80 (0.69)Nonspecific, proportion (SD)

.0160.94 (0.24)<.0010.92 (0.26)0.84 (0.37)Chronic, proportion (SD)

.0020.50 (0.78)<.0010.62 (0.89)0.85 (0.88)Pain intensity, z score (SD)

.0030.57 (0.88)<.0010.55 (0.79)0.80 (0.69)Pain interference, z score (SD)

.0218.99 (8.6)<.00119.34 (8.57)22.07 (7.41)Impact Stratification Score (ISS), mean
(SD)

.1522.06 (16.09)<.00122.39 (15.99)26.98 (15.99)Oswestry Disability Index (ODI), mean
(SD)

.047.86 (6.42)<.0018.09 (6.46)10.35 (6.63)Roland Morris Disability Questionnaire
(RMDQ), mean (SD)

<.0013.58 (2.16)<.0013.74 (2.18)4.33 (2.08)Pain, Enjoyment of Life and General Ac-
tivity scale (PEG), mean (SD)

.033.38 (2.52)<.0013.48 (2.54)4.10 (2.53)Keele STarT Back Screening Tool (SB-
ST), mean (SD)
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Response Patterns in Wave 2
Table 5 presents the odds ratios (ORs) based on the logistic
regression results after stepwise selection. The models identified
the factors most related to responding in the wave 2 survey
(Table 5; Model 1).

Respondents with longer response times (minutes) in wave 1
were less likely to respond to the wave 2 survey than those with
longer response times in wave 1 (OR 0.98, 95% CI 0.97-0.99).
Respondents who were Hispanic or Latino were also less likely
to participate (compared with those who were not Hispanic or
Latino, OR 0.69, 95% CI 0.49-0.96). In addition, those with a
bachelor’s degree as their terminal degree (compared with all
other education groups, OR 0.58) were less likely to respond
in the following survey. Those with angina (OR 0.56), diabetes

(OR 0.68), and sciatica (OR 0.72) compared with those without
those conditions were less likely to respond to the wave 2
survey. Finally, those with greater pain intensity and interference
(mean of the z scores for these measures; OR 0.75), and those
with any specific back pain (OR 0.36-0.71) compared with those
with nonspecific pain were less likely to respond to the
following survey.

In contrast, older respondents (older than 45 years compared
with 18-24 years old) were more likely to respond to the wave
2 survey (OR 2.63-3.79) and those whose marital status was
divorced (OR 1.81) and separated (OR 1.77) were also more
likely to respond the wave 2 survey. Those with allergies (OR
1.30) and trouble sleeping (OR 1.33) compared with those
without those conditions were more likely to respond to the
wave 2 survey.
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Table 5. Results of models predicting response for wave 2 (3 months) and for waves 2 and 3 (3 and 6 months).

Model 2—Response for waves 2 and 3,
odds ratio (95% CI)

Model 1—Response for wave 2,
odds ratio (95% CI)

Variables

0.978a 0.968-0.987)0.978a (0.968-0.987)Time to complete (in minutes)

Age (years)

referencereference18-24 (reference)

0.931 (0.486-1.782)1.340 (0.729-2.464)25-34

1.573 (0.811-3.051)1.731 (0.932-3.215)35-44

2.192c (1.098-4.375)2.633b (1.371-5.056)45-54

2.297c (1.103-4.780)2.868b (1.434-5.736)55-65

2.662c (1.094-6.478)3.785b (1.559-9.189)Older than 65

Sex

referencereferenceMale (reference)

0.992 (0.786-1.252)0.959 (0.763-1.206)Female

0.199 (0.019-2.045)0.264 (0.039-1.788)Transgender

1.646 (0.289-9.376)0.985 (0.166-5.842)Do not identify as female, male, or transgender

Race

referencereferenceWhite (reference)

1.104 (0.715-1.706)1.253 (0.826-1.901)Black or African American

2.044b (1.225-3.409)1.427 (0.846-2.405)Asian

1.625 (0.260-10.16)4.305 (0.438-42.31)Native American or Alaskan Native

0.523 (0.115-2.372)0.716 (0.179-2.864)Other

1.636 (0.851-3.143)1.376 (0.691-2.739)Multiracial

Ethnicity

0.540b (0.362-0.806)0.683c (0.486-0.961)Hispanic or Latino

Education

referencereferenceTerminal degree not bachelor’s degree (reference)

0.446a (0.346-0.575)0.575a (0.459-0.724)Bachelor’s degree

Marital status

referencereferenceNeither divorced nor never married (reference)

1.894b (1.223-2.935)1.812c (1.115-2.945)Divorced

1.704a (1.282-2.265)1.769a (1.318-2.375)Never married

Employment status

referencensd (reference)Nonstudent (reference)

0.403c (0.196-0.828)ns (reference)Student

0.707a (0.595-0.841)0.754b (0.639-0.889)Mean of pain intensity and pain interference z scores

Type of pain

referencereferenceNonspecific pain (reference)

0.624b (0.477-0.816)0.712c (0.537-0.945)Specific and chronic pain

0.330a (0.209-0.520)0.355a (0.232-0.543)Specific and nonchronic pain

Conditions

0.773c (0.597-1.000)ns (reference)Hypertension
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Model 2—Response for waves 2 and 3,
odds ratio (95% CI)

Model 1—Response for wave 2,
odds ratio (95% CI)

Variables

0.370b (0.186-0.738)0.559c (0.333-0.939)Angina

ns (reference)0.678c (0.495-0.929)Diabetes

1.321c (1.048-1.665)1.301c (1.030-1.643)Allergies

ns (reference)0.716c (0.549-0.935)Sciatica

1.418b (1.112-1.807)1.330c (1.052-1.682)Trouble sleeping

aP<.001.
bP<.01.
cP<.05.
dns: nonsignificant in model.

Response Patterns in Waves 2 and 3
We found that factors related to response in wave 2 were similar
to those that related to response in waves 2 and 3 (Table 5;
Model 2): time to complete, age, race, ethnicity, education,
marital status, pain type, pain impact, and certain chronic
conditions were associated with participation in both waves 2
and 3 of the survey.

In contrast to the model predicting response in the wave 2 survey
(Model 1), those who identified as Asian (OR 2.04, 95% CI
1.23-3.41) were more likely to complete the waves 2 and 3
surveys than those who identified as White. Income was no
longer significant, but being a student was associated with lower
odds of responding (OR 0.40, 95% CI 0.20-0.83). Similarly,
having diabetes or sciatica was no longer associated with
response, but hypertension was associated with lower odds of
responding (OR 0.77) compared with those without the
condition.

Description of Sample With Weighting by Nonresponse
Weights were created using the final stepwise logistic regression
models shown in Table 5. To derive weights for responses in
wave 2, the final model included age, sex, race, ethnicity, marital
status (being divorced or never married), mean pain intensity
and pain interference score, type of pain (specific and chronic
pain or specific and nonchronic pain), and health conditions
(angina, diabetes, allergies, sciatica, and trouble sleeping). To
derive weights for response in waves 2 and 3, the final model
included age, sex, race, ethnicity, marital status (being divorced
or never married), employment (student or not student), mean
pain intensity and pain interference score, type of pain (specific
and chronic pain or specific and nonchronic pain), and health
conditions (hypertension, angina, allergies, and trouble
sleeping).

The inverse probability weighted samples of those completing
wave 2 only and those completing waves 2 and 3 were similar
demographically to the sample of all individuals who completed
wave 1 for all categories except for income (Table S2 in
Multimedia Appendix 1) [49]. Income was similar for the
unweighted data and sample weights produced differences in
the estimate of some income categories like the US $30,000-US
$39,999 income range [50]. Estimated sample weights and
weighted sample distributions did not vary between the

backward elimination estimation–derived weights and those
not using backward elimination estimation and were robust to
model specification.

The greatest differences observed between the baseline and the
weighted samples were in income, where the weighted sample
had approximately US $5000 more in annual income than the
baseline population. In addition, the wave 2 and 3 weighted
samples had lower measured scores on the ISS, the ODI, the
RMDQ, the PEG, and the SBST compared with the weighted
participants in waves 2 only and the unweighted baseline sample
(Table S3 and S4 in Multimedia Appendix 1). These differences
were less than those between the unweighted samples (Table
4).

Respondents were generally older, less Hispanic, less likely to
have a bachelor’s degree, less likely to be married, lower
income, and less likely to be employed full-time when
comparing unweighted and weighted wave 2 responses (Table
S2 in Multimedia Appendix 1). Unweighted respondents had
fewer health conditions and were less likely to have all health
conditions except arthritis, anxiety, allergies, and trouble
sleeping than weighted respondents in Wave 2 (Table S3 and
S4 in Multimedia Appendix 1). The largest difference between
unweighted and weighted respondents in wave 2 was in pain
assessments. Unweighted respondents were much less likely to
have nonspecific pain (0.55 vs 0.74), more likely to have chronic
pain (0.92 vs 0.88) and have lower pain intensity and pain
interference than weighted respondents. Unweighted respondents
also scored systematically lower on the ISS, the ODI, the
RMDQ, the PEG, and the SBST.

Discussion

Principal Results and Comparison With Previous
Work
Comparisons of MTurk samples with the general US population
have shown that MTurk participants tend to be younger, more
educated, and less racially and ethnically diverse than the
general population [11]. The characteristics of our baseline
sample are consistent with this literature. This study extends
the existing literature by describing nonresponse rates and
predictors of nonresponse in a longitudinal study of MTurk
participants with back pain, a population increasingly studied
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using survey methods to assess severity and changes over time
[30,31].

We found that overall nonresponse was larger from wave 1 to
wave 2 than between waves 2 and 3, even with a sample that
was screened for higher quality respondents and those with
lower quality responses were removed; however, it should be
noted that since participants already responded in wave 2, there
is selection bias as they have already participated in a follow-up
survey wave. Previous research has shown that the majority of
MTurk workers are frequent users of MTurk [51], participating
in many tasks and using the platform regularly. Despite this,
we found that even with regular outreach about the follow-up
survey, response rates declined. While our survey focused on
patients with back pain, our retention rate is on par with
longitudinal studies that included more general samples of
MTurk respondents [52], and greater than the average internet
survey response rate of 40%-50% [53].

In addition, we found differential response rates by participant
characteristics. Response rates were generally over 40% for all
categories except those with relatively small sample sizes (ie,
<2% of the overall sample). In this study, we have sample
coverage for subgroups that reflect the larger population,
indicating higher “positivity” as per Mercer et al [27]. Persistent
respondents in our survey were older with higher income, less
likely to be Hispanic, less educated, less likely to be employed
full-time, and more likely to never have been married, all
broadly consistent with previous nonresponse studies in MTurk
[19]. In comparing response rates from wave 2 to wave 3, we
also found less differential nonresponse than when comparing
wave 2 with wave 1 and waves 2 and 3 with wave 1.

Participants who continued to respond in survey waves
completed their previous surveys faster than those who did not
respond and reported fewer health conditions. Our multivariate
models largely supported these findings. Factors associated with
increased response across survey waves were completing our
previous survey faster, being divorced or never marrying, and
having allergies or trouble sleeping, while factors negatively
associated with response were being Hispanic or Latino,
younger, having a bachelor’s degree, and having more reported
pain intensity and interference. Our backward estimation
specification allowed for individual categorical responses (ie,
income, education, and employment) to be assessed
independently, leading to instances where only specific subsets
of a category are included in the model. The reference groups
in these cases are any individuals not included in that category,
sometimes making model interpretation unintuitive (ie, having
an income of US $40,000-US $59,999). However, categories
with the lowest response rates compared with wave 1 were
included in the models, further supporting the model for the
prediction of nonresponse. The effect of the inverse probability
weights was robust to whether the subset of significant variables
or all candidate variables were used to derive them. All of this
mitigated “composition” issues that limit the ability to draw
inferences as per Mercer et al [27].

The inverse probability weighted sample analysis produced
sample demographics and condition prevalence rates that were
similar between baseline respondents and those responding at

subsequent waves except for pain assessments, which is most
likely driven by changes in pain assessments over time rather
than bias introduced by nonresponse. Average pain, according
to different measures, was higher in the weighted sample than
the unweighted samples, indicating that those with higher pain
are more likely to be due to dropout and less likely to be due to
a reduction in pain over time. Given the weighting was able to
recreate wave 1 characteristic distributions even though the
wave 2 and waves 2 and 3 samples were not similar to wave 1,
we ensure that the composition of the weighted sample reflects
our starting sample and would minimize inferential bias. These
results were consistent with descriptive analysis of the survey
waves, highlighting a potential issue with longitudinal analyses
on those who report pain.

In each successive wave, those with more, nonchronic, and
specific pain had a higher likelihood of nonresponse, potentially
biasing analyses that do not account for differences in panel
composition over time. Analyses using convenience panels need
to account for changes in sample composition, particularly the
loss of those with more severe and specific pain, and worse
health. Estimates of impacts on pain may be biased if those with
the most pain and the more specific pain are differentially
dropping out of the panel. Hence, evaluating whether attrition
impacts inferences about change in outcome measures such as
pain is important.

Platforms like MTurk will continue to be used to collect survey
data inexpensively and rapidly. Results from this nonresponse
analysis should be considered in the context of general trends
for MTurk workers. First, researchers should consider the
underlying population that completes surveys on MTurk.
Generally, the population who responds is younger, so higher
nonresponse rates among younger individuals may be less
concerning as that subgroup is already providing a higher
proportion of responses than the general US population [13].
In addition, those with back pain tend to be older on average
and come from predominantly non-White racial and ethnic
groups [28]. However, high nonresponse rates among Hispanic
or Latino participants may bias inferences as they represent
smaller proportions of the base sample. In addition, analyses
that account for specific populations like those with back pain
should account for differences in sample composition over time,
particularly around variables that may impact response rates
and potential outcomes such as pain intensity or severity.

Regular outreach and follow-up have already been shown to
increase response rates in longitudinal studies with MTurk.
Inverse probability weighting can be used to correct for
participant nonresponse. Given patterns of nonresponse, targeted
surveys to populations that are either underrepresented or are
more likely to drop out of surveys with MTurk can avoid issues
with weighting small samples, especially when multiple
successive survey waves exist.

Limitations
This study had several limitations. First, since it focused on
patients with back pain, its results should be interpreted with
care and may not generalize to those without back pain. In
addition, all data collection occurred during the COVID-19
pandemic. Response behavior may have differed during this
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time compared with before or after the pandemic. Finally, all
data related to health conditions and pain assessments were
self-reported. However, we applied various approaches to limit
our sample to high-quality and truthful responses.

Conclusions
Longitudinal studies on MTurk, particularly those exploring
specific issues like the impacts of pain on health, should
carefully consider how nonresponse will affect their study
samples and whether samples drawn from these studies reflect
the population of interest.
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Abstract

Background: Cardiovascular disease (CVD) represents the greatest burden of mortality worldwide, and statins are the most
commonly prescribed drug in its management. A wealth of information pertaining to statins and their side effects is on the internet;
however, to date, no assessment of the accuracy, credibility, and readability of this information has been undertaken.

Objective: This study aimed to evaluate the quality (accuracy, credibility, and readability) of websites likely to be visited by
the general public undertaking a Google search of the side effects and use of statin medications.

Methods: Following a Google web search, we reviewed the top 20 consumer-focused websites with statin information. Website
accuracy, credibility, and readability were assessed based on website category (commercial, not-for-profit, and media), website
rank, and the presence or absence of the Health on the Net Code of Conduct (HONcode) seal. Accuracy and credibility were
assessed following the development of checklists (with 20 and 13 items, respectively). Readability was assessed using the Simple
Measure of Gobbledegook scores.

Results: Overall, the accuracy score was low (mean 14.35 out of 20). While side effects were comprehensively covered by 18
websites, there was little information about statin use in primary and secondary prevention. None of the websites met all criteria
on the credibility checklist (mean 7.8 out of 13). The median Simple Measure of Gobbledegook score was 9.65 (IQR 8.825-10.85),
with none of the websites meeting the recommended reading grade of 6, even the media websites. A website bearing the HONcode
seal did not mean that the website was more comprehensive or readable.

Conclusions: The quality of statin-related websites tended to be poor. Although the information contained was accurate, it was
not comprehensive and was presented at a reading level that was too difficult for an average reader to fully comprehend. As such,
consumers risk being uninformed about this pharmacotherapy.

(Interact J Med Res 2024;13:e42849)   doi:10.2196/42849
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Introduction

Background
Cardiovascular diseases (CVDs) are the primary cause of death
globally, with an estimated 17.9 million people dying of CVDs
in 2021. This represents 31% of all global deaths. Of these
deaths, 85% are due to heart attack and stroke, whose most
common etiology is atherosclerosis [1]—the development of
fatty plaque within artery walls. A key pharmacological
treatment for atherosclerosis is statin therapy. It has a role in
the primary and secondary prevention of vascular events, with
a lowering of low-density lipoprotein cholesterol leading by 2
mmol/L, typically giving a 10% absolute benefit (the reduction
in the probability of an event’s occurrence within a population
receiving treatment) for those diagnosed with vascular disease
and a 5% absolute benefit for those with risk factors yet without
having experienced a vascular event [2]. This creates issues
when we consider that patients may be biochemically abnormal
(with hypercholesterolemia) but asymptomatic. Such patients
may doubt the use of the prescribed statin therapy as they
determine the cost-benefit balance between tangible adverse
effects and theoretical benefits. This may prompt the
consultation of alternative sources of knowledge to aid
decision-making. In this era of shared decision-making, where
patients participate in the medical decisions that affect their
health [3], it is essential that the information they access is high
quality and easily understood.

Use of the Internet for Health Information Seeking
In this milieu, the internet has risen as a key source of
health-related information, with 79% of adults seeking
web-based health information in America and 79% to 86% in
China, the Philippines, Hong Kong, Indonesia, and Vietnam
[4,5]. Comparatively, seeking web-based health information is
as popular as playing games or downloading music from the
web [6]. Notably, the COVID-19 pandemic has presented
unprecedented challenges, catapulting society further into a
future dependence on telehealth and internet-assisted health
care [7,8]. As such, traditional in-clinic and leaflet modes of
health information delivery are being supplemented, and in
some cases supplanted, by internet searches. With this dramatic
change in the terrain upon which patients and their families are
attaining information, it is crucial to determine the quality of
web-based health information put forth to them.

Health literacy is defined as “the degree to which individuals
have the capacity to obtain, process, and understand basic health
information and services needed to make appropriate health
decisions” [9]. It requires a complex group of skills such as
reading, listening, analyzing, and decision-making, as well as
the ability to apply the aforementioned skills to health situations
[10]. Those with poor health literacy are vulnerable to
undertaking unnecessary tests and treatments or, conversely,
refusing beneficial tests and treatments. In part, they may be
misled into assessing the quality of web-based health
information based on its search result ranking, image quality,
celebrity endorsement, and website authorship rather than
relying on the criteria of established quality guidelines [11,12].

Health literacy–related knowledge and skills are particularly
deficient among vulnerable populations, who are also more
likely to experience CVD [12,13]. Unfortunately, those with
poor health literacy are susceptible to the influence of mass
media and emotionally persuasive texts. This may explain the
response to the television program “Catalyst” in Australia [14],
whose criticism of statins resulted in 11% of patients (in a survey
by the Australian National Heart Foundation of 1094 patients)
who watched the program ceasing to take their
cholesterol-lowering medication and significant and sustained
changes in statin usage, with 2.6% fewer statins (equivalent to
14,005 dispensing) each week [15].

Internet Standards
There is considerable heterogeneity in the quality of web-based
health information [16]. The quality of information can be
examined in 3 domains: accuracy, credibility, and readability
[17]. Each is defined as follows: accuracy is the intent to be
evidence based and safe by adequately offering a complete,
unbiased picture and its relevance [17]; credibility is the
attribution of source and authorship and the disclosure of
conflicts of interest for the presented information [18]; and
readability is the ease of understanding due to the style of
writing, describing the reading comprehension level a layperson
requires to understand a text [19,20]. Complex wording reduces
engagement with, and application of, content [21]. This leaves
patients vulnerable to becoming ill-informed and at risk of
adverse health outcomes [22]. The quality of web-based health
information is, therefore, a pressing issue, which the Health on
the Net Foundation aims to address by providing a Health on
the Net Code of Conduct (HONcode) seal, an internet-based
certification of medical and health websites that adheres to a
set of publishing principles regarding the source and purpose
of medical information. However, few consumers are aware of
Health on the Net or the HONcode.

While there have been assessments of the quality of websites
on many key areas of health care, such as diabetes [23], obesity
[24], and hypertension [25], and on surgical interventions
[26,27], there is a dearth of assessment about the quality of
web-based information pertaining to medications. Such
assessments are necessary to inform clinicians of the quality of
content likely to be accessed by their patients, who are
particularly interested in the likelihood and nature of adverse
side effects. We aimed to assess the quality of consumer health
information on websites about statins through consideration of
accuracy, credibility, and readability.

Methods

Study Design

Overview
Through this cross-sectional study, we analyzed the accuracy,
credibility, and readability of websites that were most commonly
presented to patients searching for the keywords “statin” and
“statin side effects.” We determined each website’s search
engine ranking, category (commercial, not-for-profit, or media),
and the presence or absence of the HONcode seal. Furthermore,
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we determined the relationship between the accuracy, credibility,
and readability of the websites found.

In selecting websites on statins to analyze, we aimed to emulate
a typical consumer’s search for web-based health information.
A web search was conducted using Google, in keeping with
evidence that it accounts for more than half of all web traffic
[28-30] and is an increasingly preferred search engine by the
general public [31]: 91% of American adults using the internet
use a search engine, and of those, 83% use Google more often
than other search engines [4,32]. To conduct the search, location
filters, user information, search history, cached data, and cookies
were disabled, and sponsored results were excluded to avoid
inadvertent search bias. The search terms used were “statin”
and “statin side effects,” following the advice of our lipidologist
coauthor (SL) that the generic term “statin,” rather than specific
medication names, was commonly used in discussion with
patients in clinical practice and that “statin side effects” were
a key concern of patients.

The first 20 ranked websites in the Google search results page
were analyzed (after removing any duplication from search
results of the 2 search terms). We did not identify further
websites in the search results, given that, in general, websites
returned on the first Google search results page generate 92%
of all traffic from an average search [16,33]. This drops by 95%
for the second page and by 78% and 58% for subsequent pages
[31]. Thus, we did not aim to identify all websites on statins
but rather to emulate an authentic consumer search.

Website Search Rank
The effect of the association between search result ranking and
accuracy, credibility, and readability was considered. Given
that engagement is highest with the first 5 websites in search
results, garnering 67% of all clicks from a search results page
[31,34], the websites were divided into 4 sets of 5 websites,
each according to their ranking as per Google search result.
Thus, websites ranked 1-5 were called quartile 1, websites 6-10
were called quartile 2, and so forth.

Website Categorization
In the interest of determining whether the nature of the
authorship of the websites had a bearing on their accuracy,
credibility, and readability, each of the 20 chosen websites was
categorized into 3 types: commercial (defined as a website that
generates revenue or cash and is not affiliated with the
government), not-for-profit (a website that garners support for
a cause rather than revenue, including government and charities),
and media (a website that reports new findings or stories, with
the primary purpose of the website being news reporting).

Presence of HONcode Seal
We assessed whether the quality of the websites was associated
with the presence or absence of the HONcode seal.

Measures

Overview
In assessing the accuracy, credibility, and readability of the
websites, we considered existing tools and developed
study-specific tools where necessary.

Accuracy
For accuracy, we developed a statin-specific tool that took into
account medical guidelines. The checklist (Table 1) was
designed after referring to other studies purporting to assess the
quality of web-based health information [17]. A key difference
here was that we were looking at a specific treatment. Three
features were considered: (1) the intent to be evidence based;
(2) safety, in that a website should adequately offer users a
complete, unbiased picture of statin treatment; and (3) relevance,
in that it is reasonable to expect a website to address the criteria
in the checklist [17]. The checklist was intrinsically linked to
a website’s comprehensiveness, consistent with other studies
that have evaluated completeness as an integral part of accuracy
[16].

To meet these features, guidelines from the American College
of Cardiology and the Australian Heart Foundation [37] were
synthesized into short statements, which formed the accuracy
criteria. These statements formed a checklist that each website
was required to address to be considered “accurate.” The
development of the statements was further informed and
determined by a review of the treatment of cholesterol in light
of its evidence base [38], as well as criteria from the treatment
section of the validated DISCERN tool [39]. This section (items
9-16 of the DISCERN tool) addresses issues of risk, benefit,
and how the website guides decision-making surrounding
treatment options [39]. Combining these sources ensured that
a higher score would be awarded to websites providing the most
evidence-based information. In total, 20 equally weighted
criteria were devised, and a score of 20 was arbitrarily defined
as a minimum acceptable standard.

Each accuracy item was scored as: “present and complete” (2),
“present but incomplete” (1), “absent” (0), or “inaccurate” (*).
A maximum score of 40 could be awarded to each website
assessed. “Incompleteness” was defined as a nonexact or indirect
mention of a topic outlined in a criterion rather than an explicit
statement. Two reviewers (DdP and E loh) completed the
assessment.

Any hyperlinks that navigated to information within a website
were followed and the data were included in the final
assessment; links leading to external websites were not followed.
Embedded videos were analyzed. Once each reviewer concluded
their analysis, the results were compared. Discrepancies were
resolved through discussion until reaching a consensus.
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Table 1. Website accuracy checklist.

DescriptorAccuracy criteria

Mentions that cholesterol is a modifiable risk factor for cardiovascular disease [35]1

Mentions that consultation with a doctor is essential before and while taking statins and when ceasing them [36]2

Lists conditions for which statins are used [36]3

Defines the target population for statin therapy [37]4

Mentions the importance of adherence to statin therapy [36]5

Addresses the subtleties of primary prevention [38]6

Mentions that statins are about reducing complications of high cholesterol rather than achieving a specific (low-density lipoprotein)
cholesterol [38]

7

Describes or at least lists the benefits of statin therapy [39]8

Describes or at least lists the side effects or risks of statin therapy [39]9

Describes how treatment affects the overall quality of life [39]10

Mentions low to moderate dose statin therapy is recommended in primary prevention [37]11

Specifically addresses rhabdomyolysis [36]12

Describes the approximate financial burden to the patient [36]13

Describes the duration of treatment before an effect is measurable [39]14

Describes how statins work or at least what they do [39]15

Describes what may happen without treatment [39]16

Explores the possibility of using alternative therapies to statins [39]17

Mentions that statins must not be used during pregnancy [37]18

Describes drug interactions or at least lists them [39]19

Mentions that statins do not replace a healthy lifestyle [36]20

Credibility
In developing the criteria to be included in the assessment of
credibility (Table 2), DISCERN was chosen as a reference, as
well as other studies that used DISCERN or another available

tool for website assessment. However, as the 5-point Likert
scale used in DISCERN can be subject to response style bias
[40], a present (1) or absent (0) scale was adopted as it has been
shown to improve the objectivity of data collection [41-43].
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Table 2. Website credibility checklist.

Score criteriaCriteriaItem

1 point if the articles for which the references are obtained are published in peer-reviewed
journals [16,44]

Referencing or citations obtained from peer-
reviewed journals

1

The latest update should be within the past 24 months [45]Website updated within last 24 months2

Does not use anecdotal evidence as a basis for claims; quoting a case study without using
claims is acceptable [46]

Avoids anecdotal evidence for making claims3

Physical contact address of the website clearly stated [45]Mailing address present4

Contact information including name, position, telephone number, address, and email [47]Contact information available5

Any sponsorship should be clearly statedSponsorship stated6

Organization privacy policy should be clearly stated [47]Organizational privacy policy stated7

Author’s qualification should be health care related [16,44]Declaration of the author’s qualification8

If paid access is available, the difference in the information obtained from paid vs unpaid
access should be clearly stated [48]

Paid access tab present9

Conflicts of interest and funding disclosure should be clearly stated [44]Disclosure of funding or conflicts of interest10

Presence of a HONcodea seal or any other third-party certification [16]The presence of an HONcode seal or third-
party certification

11

Advertisements should steer clear from the website information (eg, no pop-ups related to
the website content) [16]

Advertisement neutral12

A disclaimer should be clearly stated that web-based health information does not replace a
practitioner’s advice [44]

Disclaimer regarding web-based health infor-
mation

13

aHONcode: Health on the Net Code of Conduct.

Each website was appraised according to this list. A score was
allocated for each website’s front page, with internal links
explored only if relevant. Data (credibility scores) were
undertaken as independent assessments by 2 assessors (E Loh
and DdP). The results were compared, and if discrepancies
arose, discussions were held to clarify the score, with external
input from advisors (HM, SL, and KS) obtained where
appropriate.

Readability
For readability, various tools are available, including the Flesch
Kincaid Reading Ease, Flesch Kincaid Grade Level, Simple
Measure of Gobbledygook (SMOG), and Average Grade Level.
We used SMOG as it is considered the gold standard for
assessing the readability of health care material and has a high
correlation with the other scoring systems [24,49]. Importantly,
the outcome measure is easy to understand as, for example, an
SMOG readability grade of 6 represents a text comprehensible
to all individuals with sixth-grade reading skills and above
[50-53]. This grade level was set as the basis of readability,
given that the available literature sets this as the standard for
“superior” readability. To use this tool, texts from the 20
selected websites were copied and saved as separate Microsoft
Word (Microsoft Corp) and plain text documents for analysis,
deleting text unrelated to the health information topic (eg, author
information or disclaimers) to prevent this from confounding

the scoring. A single web-based readability calculator [54] was
used to generate the scores.

Data Analysis
The website category and ranking findings were compared by
ANOVA, and differences between websites with and without
the HONcode seal were analyzed with 2-tailed t tests. In
addition, the relationship between credibility and readability
with accuracy was assessed by Pearson correlation.

Ethical Considerations
As the research was not conducted on human subjects, no ethics
review was required.

Results

Selected Websites
The top 20 websites returned by the search are listed in
Multimedia Appendix 1 [55-74]. Of the 20 websites chosen
from the search, 45% (n=9) were categorized as commercial,
45% (n=9) not-for-profit, and 10% (n=2) media (Table 3). There
was an even distribution of commercial and not-for-profit
websites across the 4 quartiles, with both media websites found
in the fourth quartile. Eight of the websites bore the HONcode
seal.
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Table 3. Top 20 statin websites’ category, HONcodea presence or absence, accuracy, credibility, and readability.

Readability (SMOGb score)CredibilityAccuracyHONcode SealCategoryWebsite rank

10.7620YesCommercial1

11.3119YesNot-for-profit2

12.5923NoNot-for-profit3

13616YesCommercial4

7.7410NoCommercial5

13715NoNot-for-profit6

9.61014NoCommercial7

10.8513NoNot-for-profit8

10.21116NoNot-for-profit9

8.61011YesCommercial10

9.4916YesCommercial11

11613NoCommercial12

8.9917NoNot-for-profit13

978NoNot-for-profit14

10.378NoNot-for-profit15

7.848NoMedia16

6.71116YesNot-for-profit17

9.7819YesCommercial18

9.2721YesCommercial19

8.1214NoMedia20

aHONcode: Health on the Net Code of Conduct.
bSMOG: Simple Measure of Gobbledegook.

Accuracy
The mean website accuracy score was 14.35 (SD 4.43). In terms
of accuracy, the 3 highest-scoring websites were Wikipedia
(score of 23), Drugs.com (score of 21), and Medicine.net (score
of 20). These were the only websites to achieve a score of 20
or above. No website contradicted any checklist criterion. The
top 3 performing checklist criteria were related to side effects
and statin mechanism of action (criteria 9, 12, and 15), with a
score of “present and complete” for each of these criteria
achieved by 18, 14, and 12 websites, respectively. Although
side effects were covered to some degree in all websites, criteria
about drug safety (criteria 18 and 19) were complete in only 8
and 7 websites, respectively. Other poorly performing criteria
reflected the lack of detail about primary prevention (criteria
11 and 6), with a score of “absent” assigned to 19 and 17 of the
websites, respectively.

Credibility
None of the sampled websites met all credibility criteria for a
perfect score of 13. The mean score overall was 7.45, with a
range of 2-11. Importantly, 12 websites referenced
peer-reviewed journal articles as a source of information, and
15 avoided anecdotal evidence for making claims. Media and
some commercial websites reported personal opinions. While
only 6 websites provided an organization’s contact details, the

others provided an email address or feedback form for contact
purposes. Sponsorship was explicitly stated in 12 websites, with
reference to either government or private organizations. All
websites declared their organization’s privacy policy, including
websites with lower overall credibility scores. Only 8 websites
declared author qualifications, which were primarily health
related. None of the websites required paid access. Funding
sources were fully disclosed in 11 websites, with the remaining
9 not reporting their source of funding or conflicts of interest.
Twelve websites either had no advertisements or non–health
care advertisements; the 8 websites that did not meet this
criterion were commercial or media websites. Only 5 websites
did not include a disclaimer that web-based health information
does not replace a practitioner’s advice: all of these websites
were commercial or media websites.

Readability
Overall, for SMOG readability, the median was 9.65 (IQR
8.825-10.85) and the average was 9.875 (SD 1.75), that is, above
the ninth-grade level. None of the websites met the
recommended grade level of 6; even the media websites required
an eighth-grade level of comprehension.

Interact J Med Res 2024 | vol. 13 | e42849 | p.800https://www.i-jmr.org/2024/1/e42849
(page number not for citation purposes)

Ling et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Correlation Between Accuracy, Credibility, and
Readability

No significant correlation was evident between the correlation
between credibilty and accuracy (P=.23) (Figure 1).

Figure 1. Relationship between website credibility (black triangles) and correlation readability (blue squares) with accuracy (P=.23).

Website Search Rank
Websites that featured prominently in search results were not
necessarily the most accurate, with no significant difference
between the quartiles (P=.64). Indeed, of the 20 websites
reviewed, the second highest scoring website for accuracy was
ranked in the 19th position on search results. Similarly, there
was no difference in credibility (P=.63) or readability (P=.06)
between the quartiles.

Website Categorization
Comparing commercial with not-for-profit websites, 2-tailed t
tests revealed there was no significant difference in terms of
accuracy (P=.275), credibility (P=.83), or readability (P=.452).
As there were only 2 media websites, a comparison with them
was not made. Notably, they had the lowest scores for
credibility, but both scored among the most readable.

Presence of HONcode Seal
Of the 20 websites, 8 were HONcode certified, with 6 of these
categorized as commercial websites and 2 as not-for-profit. The
mean accuracy scores for websites with and without the
HONcode seal were 16 (SD 4.2) and 13.25 (SD 4.4),
respectively, but this was not significantly different (P=.18).
The presence or absence of the HONcode seal did not preclude
a website from scoring at either end of the accuracy scale.
Although the 8 websites with the HONcode seal scored higher
in credibility (mean 8.5, SD 2) than websites that were not
HONcode certified (mean 6.75, SD 2.7), this was not
significantly different (P=.139). There was no significant
difference in readability scores (P=.92) when comparing
websites with HONcode seal status or lack thereof (mean 9.83,
SD 1.9 and mean 9.91, SD 1.7, respectively).

Discussion

This study found that overall, the quality of websites with
statin-related information tended to be poor. The website content
was not sufficiently comprehensive, and the reading level was
too difficult for the average reader to fully comprehend. The
credibility of the websites varied, although overall websites
bearing the HONcode seal had higher credibility than those
without.

Here, we formally assessed the quality of websites addressing
statins and their side effects. The finding that the quality of
information is of variable caliber is consistent with studies
investigating web-based health information on other topics
[4,17,75]. Although the criteria used by Google’s ranking
algorithm is confidential, Google’s guidelines state that it uses
a series of algorithms that account for the words of the query,
relevance and usability of web pages, the expertise of sources,
ease of use on mobile device interfaces, as well as location and
settings to determine the results displayed [76,77]. However,
this study demonstrates that the most prominent websites in the
Google search ranking are not necessarily of high quality.

The lack of correlation between accuracy and credibility or
readability is a concern if patients are using the information to
understand their condition and take action related to it. Patients
with poor health literacy may use inaccurate and untrustworthy
information in deciding whether to see a health professional
following the onset of symptoms or whether to undertake tests
and treatments that may be unnecessary or recommended by
health professionals [12]. Vulnerable populations are at higher
risk of having poor health literacy and experiencing CVD
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[12,13], making them especially vulnerable to inaccurate,
untrustworthy, and unreadable websites on statins.

While most websites analyzed as part of this study scored low
in accuracy, this tended to be attributed to a lack of completeness
of information rather than a lack of factual information. While
the checklist developed here may be stringent, it would be
reasonable to expect that websites dedicated to statins would
be comprehensive. The lack of comprehensiveness in the
information provided on the websites could result in consumers
overlooking important details unless they browse through
multiple websites. Furthermore, visits to multiple websites may
not generate clarity but confusion. This is due to the increased
likelihood of encountering inconsistent information, particularly
as websites have different agendas based on the website type.
That said, the commercial websites scored, on average, just as
well as the not-for-profit websites, indicating that they can be
a valuable source of information for consumers. It also indicates
that government and other not-for-profit websites will be
required to at least match the accuracy of commercial websites
if they are to remain relevant in Google’s search algorithm, as
having information-rich content is a factor that contributes to
higher search rankings [78].

When browsing the internet, one would expect government and
other not-for-profit websites to provide credible information.
However, some of these websites returned relatively low
credibility scores and overall were not significantly more
credible than commercial websites. Over half of the 20 websites
analyzed provided evidence-based information and avoided
anecdotal evidence, increasing their credibility rating [16,44];
however, it was concerning that 5 websites provided information
based on anecdotal evidence. As expected, media websites
received low credibility scores as news articles about statins
contained personal views and anecdotes. Other indicators of
credibility were lacking by a large proportion of websites, in
particular author qualifications and details about sponsorship,
funding, and conflicts of interest [16,44]. Furthermore, many
of the commercial and media websites included advertisements,
including health-related advertisements [16], and 5 of them did
not include the disclaimer that web-based health information
does not replace a practitioner’s advice [44]. Thus, even patients
with a degree of health literacy would find it difficult to
accurately appraise the credibility of many of these websites on
statins.

Given that the general public is unlikely to be fully equipped
to gauge the credibility of web-based health information
presented [12], clinicians could advise that patients identify the
presence of the HONcode seal as this merits some confidence
in the information presented [16]. However, the code does not
necessarily imply that websites are comprehensive. Additionally,
website developer application for the HONcode seal is
voluntary, so high-quality websites may not bear the HONcode
seal. The finding that the readability of the websites with the
HONcode seal was not at a suitable level means that such
websites may not represent digestible patient health information.

Furthermore, a practical issue is that the HONcode seal is at the
bottom of the web page and is thus not necessarily evident at
first glance.

Many patient demographic groups have been found to read at
a level more than 3 years below their completed educational
years [79]. Thus, the study results may not be indicative of the
severity of the problem posed by websites with high readability
scores in terms of the general public’s understanding of
web-based information [79]. Those with limited literacy skills
tend to have poorer health status due to a lack of knowledge
and understanding of health care issues and a diminished ability
to participate in shared decision-making in the clinical context
[80]. They also tend to have poorer compliance with treatment
recommendations and subsequent disease progression, as well
as a higher risk for seeking emergency care and more frequent
and longer inpatient admissions [27].

Additionally, other factors besides readability play into the way
a text is received, including logical and sequential presentation
of information. Additionally, alternative media such as images
and graphs provide a well-documented “picture superiority”
effect that boosts understanding of and engagement with a text
[81], although some of these may also require interpretation by
consumers.

A limitation of this study of these websites is that the internet
is dynamic, with websites updated at any time. The search used
in undertaking the study is constrained temporally in its
noniterative nature, as well as its method, which used only the
major search engine Google. While a metasearch capturing
results from multiple search engines would provide a more
comprehensive view of the information about statins on the
internet, it is unlikely to represent the behavior of the public
[82]. Additionally, only 8 of the websites in the study were
updated in some way after completion of this study, and the
information on some websites is dated as more than 10 years
old.

Overall, this study has demonstrated that within the surfeit of
information available on the internet regarding statin therapy,
the quality of websites is of mixed caliber. The content of
information is generally accurate but incomplete, while
credibility is variable. Readability is generally of a level too
difficult for the general public to comprehend. This suggests a
need for guidance to website developers of health care websites
in order to capitalize on the vast potential of the internet to equip
patients with the empowerment of improved health information
and health literacy. It also highlights that clinicians will need
to be educated themselves about what is on the internet and
what constitutes accuracy, credibility, and readability in order
to impart this knowledge to their patients. During the COVID-19
pandemic, the methods through which patients seek information
about their health have shifted toward increasingly
internet-based means, making the quality of information on the
internet of particular significance in the current climate and for
the foreseeable future.
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Abstract

Background: Quality and accuracy of online scientific data are crucial, given that the internet and social media serve nowadays
as primary sources of medical knowledge.

Objective: This study aims to analyze the relationship between scientific relevance and online visibility of strabismus research
to answer the following questions: (1) Are the most popular strabismus papers scientifically relevant? (2) Are the most high-impact
strabismus studies shared enough online?

Methods: The Altmetric Attention Score (AAS) was used as a proxy for online visibility, whereas citations and the journal’s
impact factor (IF) served as a metric for scientific relevance. Using “strabismus” as a keyword, 100 papers with the highest AAS
and 100 papers with the highest number of citations were identified. Statistical analyses, including the Spearman rank test, linear
regression, and factor analysis, were performed to assess the relationship between AAS, citations, a journal’s IF, and mentions
across 18 individual Web 2.0 platforms.

Results: A weak, positive, statistically significant correlation was observed between normalized AAS and normalized citations
(P<.001; r=0.27) for papers with high visibility. Only Twitter mentions and Mendeley readers correlated significantly with
normalized citations (P=.02 and P<.001, respectively) and IF (P=.04 and P=.009, respectively), with Twitter being the strongest
significant predictor of citation numbers (r=0.53). For high-impact papers, no correlation was found between normalized citations
and normalized AAS (P=.12) or the IF of the journal (P=.55).

Conclusions: While clinical relevance influences online attention, most high-impact research related to strabismus is not
sufficiently shared on the web. Therefore, researchers should make a greater effort to share high-impact papers related to strabismus
on online media platforms to improve accessibility and quality of evidence-based knowledge for patients.

(Interact J Med Res 2024;13:e50698)   doi:10.2196/50698

KEYWORDS

strabismus research; squint; social media; scientific relevance; altmetrics; accuracy; medical knowledge; metric; bibliometric
analysis; research; strabismus; online visibility; platform; evidence-based information; accessibility

Introduction

Patients, health care professionals, and researchers increasingly
use social media and online platforms as a source of knowledge,
health care news, and scientific research [1]. Despite the
worldwide prevalence of strabismus remaining stable at around
2% [2], the public’s online interest in the topic has been rising,
a trend reflected by the increasing popularity of queries related

to the disease over the past 2 decades according to Google
Trends. Due to this increasing reliance on online platforms, it
is essential to ensure the quality and relevance of scientific data
that are commonly accessed on the web, especially for lay
members of the public who may lack the skills or time to assess
that themselves.

To quantify the relevance of research within the field of medical
science, the number of citations and impact factor (IF) of the

Interact J Med Res 2024 | vol. 13 | e50698 | p.807https://www.i-jmr.org/2024/1/e50698
(page number not for citation purposes)

Stupnicki et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:zchatup@ucl.ac.uk
http://dx.doi.org/10.2196/50698
http://www.w3.org/Style/XSL
http://www.renderx.com/


journal are used most frequently [3]. The dissemination of the
same academic information through platforms used by the
general public, on the other hand, can be most reliably quantified
by the Altmetric Attention Score (AAS), a real-time weighted
measure of mentions across all Web 2.0 social media platforms
[4,5].

Bibliometric analyses using altmetrics and other scientometrics
have been conducted previously in the field of ophthalmic
research to evaluate publication trends [6], disruptiveness of
papers [7], or research productivity [8]. To date, however, there
have been no such analyses within the subspecialty of
strabismus, despite the pervasiveness of the disease.

Therefore, we decided to analyze the relationship between the
scientific relevance of strabismus research and its contributions
to the online sphere, in order to answer the following questions:
(1) Are the most popular strabismus papers scientifically
relevant? (2) Are the most high-impact strabismus studies shared
online enough?

Methods

In line with the best practice of literature searching [9], a
thesaurus synonym search was performed to identify appropriate
keywords for database search. As of January 2023, the thesaurus
does not identify synonyms for “strabismus,” and the Cambridge
Dictionary confirms it is the only medical term to describe the
condition [10]. No morphological variation of the term has been
identified, eliminating the need for the use of truncation in
keyword searches.

Therefore, a list of research papers including the keyword
“strabismus” was generated on January 27, 2023, with Altmetric
Explorer with no other restrictions (search period: January 2011
to January 2023). The keyword search engine in Altmetric
Explorer yields comprehensive results including outputs that
match the keyword across publication title, author name, or
journal title [11]. Hence, the pooled list was then filtered by a
consultant ophthalmologist according to relevance to include
100 papers with the highest AAS (a total of 255 titles and
abstracts were analyzed to compile 100 relevant publications).
Additional preliminary searches using lay synonyms of
strabismus, including “squint” and “cross-eye,” were performed
but yielded no relevant or sufficiently high AAS results for
inclusion, proving the keyword “strabismus” captures the bona
fide core of publications in the field.

On the same day (January 27, 2023), for each of the papers,
Web of Science (WoS) was used to add information on the
number of citations, time since publication, and IF of the journal
at the time of publication; other metrics traditionally used to
assess the quality and relevance of scientific research [12].
Additional data on the source of AAS, including mentions across
(1) news, (2) blogs, (3) Twitter, (4) peer review, (5) Facebook,
(6) Wikipedia, (7) LinkedIn, (8) Weibo, (9) Google+, (10)
Reddit, (11) Pinterest, (12) F100, (13) Q&A, (14) policy, (15)
patent, (16) video, (17) syllabi, and (18) Mendeley, were pooled
from Altmetric website and evaluated to characterize the field.

For systematic comparison, the same approach to searching was
implemented to yield a list of papers with the highest number

of citations: on January 27, 2023, WoS was used to generate a
list of 100 papers including the keyword “strabismus” with the
highest number of citations, excluding papers published before
2011, and the year Altmetric Explorer was founded and started
tracking the AAS (search period: January 2011 to January 2023).
No other filters were applied to the search. On the same day,
the AAS for each of the papers was manually pooled from
Altmetric website. Data on time since publication and the
journal’s IF at the time of publication were extracted from WoS.
To account for temporal differences [13], the values for AAS
and citations for both groups have been then normalized per
year since publication.

Kolmogorov-Smirnov test was used to verify that the
distribution of the data does not follow a normal distribution,
and Spearman rank correlation coefficient was used to test for
correlation between all variables. Following correlational
calculations, linear regression analysis and factor analysis were
performed to explain patterns among correlated variables, both
of which are statistical techniques commonly used in altmetric
research [14,15]. SPSS (IBM Corp) was used for all statistical
calculations. Statistical significance was defined as P<.05.

Ethical Considerations
No ethics board approval was required, as the study did not
involve any human participants.

Results

Correlation Analysis
The normalized AASs of the 100 papers with the highest online
visibility (median AAS 11, IQR 6-16) correlated significantly
with normalized citations (P<.001) but demonstrated a weak
strength of the relationship (r=0.27) for papers with AAS <150.
To achieve this result, we excluded 3 outlier papers with
significantly higher AASs (922, 413, and 169, respectively,
compared to median 11, IQR 6-16; z score>3), which would
otherwise skew the statistical analysis. Spearman rank test
demonstrated no correlation between the normalized AAS and
the IF of the journal (P=.15) or time (P=.37).

For the 100 papers with the highest number of citations (median
30, IQR 15-45), no statistically significant correlation was found
between normalized citations and the normalized AAS (P=.12)
or IF of the journal (P=.55), but as expected, they correlated
significantly with time (P=.01).

Upon analysis of AAS sources, we found a weak, positive,
statistically significant correlation between normalized citations
and Twitter mentions (P=.02; r=0.27), normalized citations and
Mendeley readers (P<.001; r=0.40), and normalized citations
and policy mentions (P=.02; r=0.24) for the 100 papers with
highest AAS. The same variables showed a weak, positive,
statistically significant correlation with the IF of the journal at
the time of publication: Twitter and IF (P=.04; r=0.25),
Mendeley readers and IF (P=.009; r=0.32), and policy mentions
and IF (P=.04; r=0.26).

Correlations between the number of mentions in the news, on
blogs, in peer-reviews, on Facebook, Wikipedia, LinkedIn,
Reddit, Google+, Weibo, Pinterest, syllabi, or video and
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normalized citations or IF were not significant at P<.05
(Multimedia Appendix 1).

Multivariate Analysis
To better understand variance among the correlated variables,
a linear regression model was run with normalized citations as
the dependent variable and Twitter mentions, Mendeley readers,
and policy mentions as covariates. ANOVA test showed
significant variance within the sample, confirming the suitability

of the test (P<.001). We obtained an R2 value of 0.31, indicating
that 31% of the variance within citations can be explained
cumulatively by the 3 AAS sources. Only Twitter and policy
mentions, however, were significant predictors (P<.001 and
P=.004 respectively), with Twitter mentions being the most
important predictor as indicated by the highest standardized
coefficient (r=0.53).

Factor Analysis
Factor analysis was performed on metrics with adequate data
for the papers with the top 100 AAS normalized citations,
normalized AAS, IF, time since publication (months), Twitter
mentions, Mendeley readers, and policy documents. Bartlett
test of sphericity indicated an approximate chi-square value of

χ2
93=124.4 (P<.001) and a Kaiser-Meyer-Olkin adequacy value

of 0.607, together indicating the suitability of the data set for
factor analysis. Three factors were identified across these
variables: factor 1 between Twitter, Mendeley, AAS, and
citations; factor 2 between Mendeley, policy, and citations; and
factor 3 between IF and time.

Discussion

Principal Findings
The significant, yet, weak correlation of AAS with citations for
papers with the highest online visibility shows that the clinical
relevance of strabismus-related publications (as measured by
citations) can contribute to increased online popularity but is
not the sole determining factor. Furthermore, the lack of
correlation between AAS and IF demonstrates that the relative
importance of a journal in the field (and consequently the paper)
does not determine its online popularity, which raises questions
about the quality of strabismus research receiving the most
online attention.

Through correlational and multivariate analysis of mentions
across individual Web 2.0 platforms, we have demonstrated
Twitter mentions to be a significant and strong predictor of
citations for the most popular strabismus papers. Although prior
studies demonstrated a more significant, causative impact of
tweets on citation numbers [16], the relationship can differ
between fields [17] and seems to be statistically significant for
strabismus research, albeit moderate compared with other
research domains. Overall, our findings imply that dissemination
of strabismus research through Twitter can have an impact on
scholarly visibility and subsequently citation rates.

Furthermore, we demonstrated a lack of statistically significant
correlations between traditional scientometrics (citations and
IF) and mentions across other social or media platforms, which
has been also observed in other fields of research [17]. This

reveals existing gaps that require more references to research
papers on strabismus, including social media platforms like
Facebook or LinkedIn, as well as critical, knowledge-oriented
pages such as Wikipedia.

Furthermore, in terms of factor analysis, factor 1 linking AAS,
citations, Mendeley, and Twitter likely suggests that for
strabismus research, there is a degree of overlap regarding the
user bases or networks between Mendeley and Twitter, despite
the former being considered a platform largely used by academic
professionals as opposed to the more widely public
microblogging service [18]. It may also indicate that highly
cited papers are receiving engagement and being discussed in
both academic and general public networks indicating that such
papers may have a wider social impact. Factor 2 linking
Mendeley, policy documents, and citations may suggest that
for highly cited papers, there is increased interest and readership
on Mendeley—a proportion of which may be faculty and
departmental figures. This in turn may lead to policy mentions
for impactful research papers. Therefore, this suggests that
papers with high citation counts and academic impact may be
influencing policies and organizational standards [19]. Factor
3 linking IF and time could be due to the overall increase and
growth of the cited strabismus literature over time; however,
this is less relevant to our research question.

For the 100 papers with the highest number of citations, the
lack of correlation between citations or IF and the AAS suggests
that clinical relevance or perceived prestige related to the
publishing journal does not affect the online visibility of
strabismus papers. Researchers publishing in the strabismus
realm should, therefore, make a greater effort to share their
high-impact papers on social media. In turn, this could increase
the visibility and accessibility of their research, especially for
the lay public who rarely browses journals for medical
knowledge, enhance collaboration, and further enhance the
overall impact of their research.

Strengths and Limitations
AAS itself is a useful tool for authors to get quick, up-to-date
insight into the performance of their papers on the web. It is
crucial, however, to bear in mind the inherent limitations of
AAS due to the fact that it is ultimately only a metric of
“mentions” or “posts” and is not an indicator of research quality
or legitimacy [20]. In isolation, it may be deemed unreliable,
as “viral” papers that do not exhibit robust research methodology
or present sensible conclusions may still acquire a high AAS.
Furthermore, the AAS does not account for following or website
traffic, therefore providing no information on the actual number
of viewers. As a result, a frequently mentioned paper can
effectively have low visibility and reception, despite a high
AAS. Although Twitter mentions and Mendeley readership
seem to have some impact on citation numbers of the most
popular strabismus papers, they only account for a small
proportion of the variance within citation data (31%). Thus,
using alternative metrics, like tweets, as predictors of scientific
contribution and success does not constitute a comprehensive
and precise appraisal method, as demonstrated before across
several other fields [16,17].
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Furthermore, citations take a longer time to accumulate, whereas
AAS is updated almost in real time, so even when a new paper
is published that can have high publicity in social media and
among the scientific community, the citation numbers will lag
months or sometimes years behind. Due to this phenomenon,
there may be weaker or no association between citations and
AAS for the latest research papers, which could skew the results
of our 12-year view. Further statistical testing would be
necessary to confirm that.

Additionally, in the case of strabismus research, both the AAS
and citation numbers are characteristically low, which raises
questions about the reliability of the data set, as it is analogical
to having a small sample size. Various scientifically irrelevant
factors can cause a high AAS, such as the topic of the paper,
sensationalism, how easily it is understood by the general public,
or the number of intersections of the topic with other branches
of medicine. A good example of the effect of those confounding
factors is a publication included in our data set entitled
“Evidence That Leonardo da Vinci Had Strabismus,” which
had the highest AAS of 922 (over 83 times the median score)
but only 6 citations. This demonstrates that especially for papers
with high AAS scores, the virality of the topic can have a higher
impact on the AAS than its scientific significance.

Conclusions and Future Directions
We have demonstrated that the clinical relevance of strabismus
research contributes to the amount of online attention it receives.
However, the most high-impact strabismus research is not
sufficiently shared across online platforms. Therefore, we
recommend that researchers make a greater effort to share
high-impact studies on social media platforms to improve the
quality of evidence-based information about strabismus and
improve the accessibility of this knowledge. To maximize the
societal impact of research, it is important to interact with both
academic and general audiences, as shown by the overlap
between Mendeley and Twitter engagement of strabismus
publications.

Furthermore, we revealed Twitter mentions to be the strongest
predictor of citation numbers for strabismus papers, highlighting
the potential impact of social media on scholarly visibility. Our
findings also highlight the need for engagement of strabismus
researchers across a broader range of platforms, including
Facebook, LinkedIn, or Wikipedia. However, due to its inherent
biases and limitations, the AAS itself or mentions across specific
platforms should only complement traditional metrics, such as
IF and citations, to provide a broader picture of the publicity of
the paper but should not act as a stand-alone metrics for
assessing the quality and relevance of strabismus papers.
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Abstract

Background: The COVID-19 pandemic led to several surges in the mass hospitalization rate. Extreme increases in hospital
admissions without adequate medical resources may increase mortality. No study has addressed the impact of daily census of
ventilated patients on mortality in the context of the pandemic in a nationwide setting.

Objective: This study aimed to determine whether daily census of ventilated patients affected COVID-19 mortality rates
nationwide in Israel.

Methods: We conducted a cohort study using nationwide, public-domain, population-based COVID-19 data of hospitalized
patients from an Israeli database from March 11, 2020, until February 11, 2021. We included all COVID-19 hospital admissions,
classified as mild to severe per the Centers for Diseases Control and Prevention classification irrespective of whether they were
mechanically ventilated. Outcome measures were daily death rates and death rates expressed as a percentage of ventilated patients.

Results: During the study period (338 days from March 11, 2020, to February 11, 2021), 715,743 patients contracted and were
clinically confirmed as having COVID-19. Among them, 5577 (0.78%) patients died. In total, 3398 patients were ventilated

because of severe COVID-19. Daily mortality correlated with daily census of ventilated patients (R2=0.828, P<.001). The daily

percent mortality of ventilated patients also correlated with the daily census of ventilated patients (R2=0.365, P<.001)—backward
multiple regression analysis demonstrated that this positive correlation was still highly significant even when correcting for the

average age or gender of ventilated patients (R2=0.4328, P<.001) or for the surge in their number. Overall, 40% of the variation
in mortality was explained by variations in the daily census of ventilated patients. ANOVA revealed that at less than 50 ventilated
patients per day, the daily mortality of ventilated patients was slightly above 5%, and it nearly doubled (10%) with 50-149 patients;
moreover, in all categories of ≥200 patients ventilated per day, it more than tripled at ≥15% (P<.001).

Conclusions: Daily mortality rates per ventilated patient increased with an increase in the number of ventilated patients,
suggesting the saturation of medical resources. Policy makers should be aware that expanding medical services without adequate
resources may increase mortality. Governments should perform similar analyses to provide indicators of system saturation,
although further validation of these results might be needed to use this indicator to drive public policy.

(Interact J Med Res 2024;13:e41749)   doi:10.2196/41749
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COVID-19; mortality; ventilation; intensive care; pandemic; contagious; disease; mortality; database; data; patient; mortality;
medical; resources; validation; public policy; policy; pandemic; health policy; global health policy
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Introduction

SARS-CoV-2, the causative agent of COVID-19, was first
identified on November 17, 2019, and was declared a pandemic
by the World Health Organization on March 11, 2020 [1]. The
virus is extremely contagious and the emergence of multiple
mutated strains increased its contagiousness [2]. The disease’s
severity, as observed in a small percentage of patients, warrants
complex intensive care facilities [2]. At the onset of the
pandemic, medical systems worldwide have been tremendously
challenged by COVID-19, leading to major disruptions in
routine hospital services, leading to chaos and exhausting reserve
medical supplies [3-6]. Excess mortality beyond expected rates
has been observed in many countries, including Israel [7].
Possibly, many potentially curable patients might have died
because medical services were overwhelmed [6-8]. However,
the extent of the impact of the saturation of medical services
on a country’s COVID-19 mortality has not been systematically
studied, and no study has addressed the impact of census on
mortality in the context of the pandemics in a nationwide setting.
The existence of such a relationship may be suggested by the
strong correlation reported between the number of hospital beds
per population size and COVID-19–specific mortality both in
the United States [9] and worldwide [10]. In Israel, the number
of intensive care units (ICU) beds is much lower than that in
other high-income countries such as Germany or the United
States [11,12].

We analyzed the national database of the Israeli Ministry of
Health (MOH), systematically collected and reported since
March 11, 2020, until February 11, 2021, that is, prior to mass
vaccination conducted in Israel.

We hypothesize that daily COVID-19 mortality rates would be
directly related to the daily national census of ventilated patients,
increasing each time with an increase in the number of ventilated
patients. Alternatively, it was also possible that because of
routine experience in treating ventilated patients in regular
wards, there would be no discernable effect of workload on
mortality.

Methods

Study Design
In this retrospective cohort study, data were extracted from a
nationwide, official, open-access COVID-19 database of Israel
[13] and the MOH [14], specifically constructed for the purpose
of reporting and research.

Setting
We used a national, public repository database, which was
curated and made available on a government website to the
general public for free use.

We collected data from all 31 general public hospitals in Israel,
whereby clinical data were reported to the MOH 3 times daily.
Data were uploaded automatically through a dedicated interface.
After processing and quality control testing, it became possible
to obtain a nationwide perspective of hospitalized patients.
Simultaneously, with automatic transfer of information, manual
reports were also transmitted from hospitals for the purpose of

quality control, as described below. Data for a particular data
were finalized, and updated data were uploaded into the system
by midnight of any particular day. These databases were updated
every weekday, 3 times daily. The data included the daily
cumulative number of patients having tested positive for
COVID-19, new laboratory-proven cases, vaccinated people
(newly and cumulative), hospitalized patients (with mild,
moderate, or severe COVID-19), mechanically ventilated
patients with their average age and gender, and
COVID-19–related deaths.

In addition to hospital-generated data, laboratory data of all new
patients were regularly uploaded to the database through specific
interfaces between testing laboratories and MOH computers.
In Israel, SARS-CoV-2 positivity was confirmed via polymerase
chain reaction–based swab tests using samples obtained from
both the throat and one nostril in each patient. Testing was
conducted at designated testing sites, such as task-specific health
maintenance organizations’ clinics converted to testing sites,
task-specific testing tents, mobile vans, and Home Front
Command run testing compounds, in association with Magen
David Adom (the Israeli “Red Cross”) and health maintenance
organizations. In addition, patients in isolation or those who
were unable to reach the testing site for medical reasons were
tested at home. These laboratories reached a peak of >120,000
tests per day, while the Israeli population is approximately
9,300,000 [13].

To fully understand the settings of this study, one must be aware
of how the pandemic was handled in Israel. The Israeli national
health system is highly centralized and is under strict MOH
regulation. During the pandemic, and in view of the chaos
publicized in many countries whose medical systems were
overwhelmed, the MOH took the following measures (among
others): (1) throughout the whole pandemic, it facilitated the
redirection of critically ill patients among medical centers to
distribute the patient burden evenly; (2) all elective surgeries
were canceled to focus hospital activities on patients with
COVID-19—the latter requirement was strictly followed during
the first peak of the pandemic, and was thereafter canceled to
prevent potential harm; and (3) during surges in the number of
hospitalized patients, care of critical patients (both ventilated
and nonventilated) was provided by additional physicians and
nurses who are not related to anesthesiology or ICU departments
but have previous experience of handling ventilated patients in
non-ICU wards; indeed, there are not enough ICU beds in Israel
to take care of all ventilated patients, and many of them are
cared for in non-ICU wards [15]. Owing to the scarcity of
experienced physicians and nurses (some of whom were in
quarantine due to unprotected, inadvertent exposure to
SARS-CoV-2) during peaks of the COVID-19 pandemic,
additional medical personnel were assigned to coronavirus wards
after receiving a “crash” course on ventilator management. In
Israel, ICU beds are usually occupied at a rate of approximately
100%, and the overflow is taken care of on regular wards.
During the pandemic, most critically ill patients with COVID-19
ended up being cared for in satellite units (designated
coronavirus wards) because of 100% occupancy rates of formal
ICUs, and to facilitate the isolation of these patients.
Importantly, in Israel, there are no hospitals such as the so-called
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“community hospitals” (level 1 hospitals) present in the United
States, which do not contain ICUs; thus, all hospitals
contributing to this database are regional, tertiary care centers.

The period of data collection in this study was from March 11,
2020, when the database was implemented, until February 11,
2021. All hospitalized patients were followed up from exposure
and until death or discharge from the hospital (hereinafter the
“follow-up period”). As part of quality control processes, a
comparison was made between automatic and manual reports.
Gaps were checked manually and corrected as needed.
Additional checks were carried out for deceased patients, and
hospital reports and death certificates were additionally
compared to verify that the main cause of death was
COVID-19–related.

Participants
The participants in this study were all the patients who tested
positive for COVID-19 at some point during the study period.
They were selected in accordance with a laboratory-confirmed
diagnosis as described above. The patients were classified by
the severity of symptoms: mild, moderate, and severe. Initially,
each hospital report used its own criteria for levels of severity.
From July 12, 2020 (day 123 of the study period since the
implementation of the database on March 11, 2020), the MOH
issued specific definitions established by the National Institutes
of Health [16,17]: ventilated patients were those requiring
invasive mechanical ventilation (with an endotracheal or
tracheostomy tube). Mild disease was defined as laboratory
confirmation in combination with mild symptoms (fever, cough,
weakness, and loss of taste and smell). Moderate disease was
defined as laboratory confirmation together with pneumonia
(clinical or through imaging). Severe disease was defined as
laboratory confirmation with one or more of the following: a
respiratory rate of >30 breaths per minute, oxygen requirement
of >30%; oxygen saturation in arterial blood of ≤93% in ambient
air, and a ratio of arterial oxygen pressure and oxygen
requirement of <300.

Follow-Up Methods
The number of deaths was updated daily. The overwhelming
majority of patients who died were invasively ventilated prior
to dying, and several of them were even placed on mechanical
ventilation during transport to the hospital. We cannot, however,
rule out that some patients died prior to arriving at the hospital;
nonetheless, they were customarily ventilated by paramedics
en route to the hospital unless they belong to the very small
group of “do not resuscitate” patients because they have an
incurable disease that would potentially lead to their death within
less than 6 months (according to the Israeli “Dying Patient
Law”).

Assessments
The main outcomes of interest were whether the patient died or
not, was ventilated or not, their length of stay (LOS) in the
hospital, and the duration for which they received mechanical
ventilation. Potential confounders, predictors, and effect
modifiers were the only variables that were prospectively
collected from this database, namely gender, patients’ age, and
the daily census of ventilated patients in Israel.

Data Source
The data source is the Israeli MOH’s National COVID-19
Database, systematically collected and reported since March
11, 2020, until February 11, 2021, that is, prior to mass
vaccination that occurred in Israel.

Ethical Considerations
The website we used is a public repository, available free of
charge to the public. It is completely anonymized and
deidentified; therefore, it was appropriate to not apply for
approval from an ethics review board. Under the federal
regulations for human subjects research (45 CFR Part 46),
research involving publicly available data sets would not require
review by an institutional review board—no application is
required—as long as the data are obtained from sources that are
publicly available and are deidentified and uncoded as in this
study [18]. Nevertheless, since the data were collected in Israel,
the National Committee for Human Medical Research of the
Israeli MOH provided its full approval for the study and waived
the requirement for obtaining informed consent. The Israeli
National Committee for Human Medical Research deemed this
study exempt from ethical approval since this study involves
public data processing for the purposes of policy making and
reflecting on the national system’s dealings with the epidemic;
therefore, it does not require to adhere to the tenets of the
declaration of Helsinki.

Statistical Analysis
The Minitab Statistical Package (version 16; Minitab, LLC)
was used for analyses. Data were tested for normality and
expressed as mean (SD) or median (IQR) values as requested.
Stepwise backward multiple regression analysis was carried out
to determine the correlation between daily percent mortality per
group of ventilated patients (dependent variable) and the daily
census of ventilated patients (independent variable), while taking
into account potential confounding variables that may affect
daily percent mortality, such as mean patient age, gender, and
COVID-19 surge (surges 1, 2, or 3). This method places all the
independent variables at once in the equation, and eliminates
those found to be insignificant sequentially step by step,
repeating the operation each time until only the significant
variables remain in the final equation. This method allows for
results that are not influenced by the order of introduction of
the independent variables. Daily percent mortality per group of
ventilated patients was calculated as the daily mortality rate in
Israel divided by the census of ventilated patients on the same
day. Independent variables entered in the regression equation
were only those found to influence (in univariate analysis) the
daily percent mortality of ventilated patients at an α value of
<.10.

Analysis of means using ANOVA was carried out to determine
differences in the mortality rates of ventilated patients by group
based on their number in the daily census. We arbitrarily
analyzed daily census according to 8 groups of increasing census
size: group 1 containing 1-49 ventilated patients, group 2
containing 50-99 ventilated patients, group 3 containing 100-149
ventilated patients, group 4 containing 150-199 ventilated
patients, group 5 containing 200-249 ventilated patients, group
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6 containing 250-299 ventilated patients, group 7 containing
300-349 ventilated patients, and group 8 containing 350-399
ventilated patients.

No sample size calculation was carried out as we used all the
available numbers nationwide.

Results

During the study period (338 days from March 11, 2020, to
February 11, 2021) 715,743 patients contracted and had a
laboratory-confirmed diagnosis of COVID-19. They constitute
the study population. Among them, 5577 (0.78%) patients died.

In total, 3398 patients were ventilated because of severe
COVID-19. We retrieved complete data (including outcomes,
gender, age, and LOS in hospital) for 3373 of them (as of this
writing, there was no determined outcome for 25 patients who
are still ventilated). These data are presented in Table 1. Briefly,
patients who died were older, and there were many more men
ventilated than women, but mortality among ventilated men
and women was similar (approximately one-third of patients).
LOS in hospital was much shorter among patients who died
than among those who survived. The LOS to ventilation (from
hospital admission to the end of hospital stay) was shorter for
patients who died, and the LOS from ventilation to outcome
(discharge or death) was much longer for survivors.

Table 1. Demographic data for ventilated patients (N=3373).

Length of stay from
ventilation to outcome

(days)a, mean (SD;
median; IQR)

Length of stay to venti-

lation (days)a, mean
(SD; median; IQR)

Length of stay to out-

come (days)a, mean
(SD; median; IQR)

Genderb (male:fe-
male), n:n (% males)

Agea (years), mean
(SD; median; IQR)

30.8 (28.4; 22; 11-42)4.9 (5.9; 3; 1.6)35.7 (29.4; 27; 15-47)721:407 (63.9%)60.3 (16.3; 62; 51-71)Alive (n=1128; 33.44%)

12.8 (15.1; 8; 3-17)6.0 (6.6; 4; 1-8)18.7 (16.5; 15; 8-25)1487:758 (66.2%)72.2 (13.0; 74; 65-82)Dead (n=2245; 66.56%)

aP<.001.
bP=.18.

Figure 1 depicts the daily number of patients hospitalized every
day of the study for severe disease and the number of ventilated
patients, showing 3 surges of frequencies. Figure 2 depicts the
daily mortality per day of the study, which also shows 3 surges
of daily death rates, parallel to the surges in the number of
patients with severe disease and ventilated patients. Figure 3
shows the daily percent mortality of ventilated patients over
time, which also follows a similar pattern to the 3 peaks.

Daily mortality correlated with the daily census of ventilated

patients (R2=0.828, P<.001; Figure 4). The daily percent
mortality of ventilated patients also correlated with the daily

census of ventilated patients (R2=0.365, P<.001; Figure 5).
Backward multiple regression analysis revealed that the latter

positive correlation was still highly significant even when
correcting for the average age or gender of ventilated patients

(R2=0.4328, P<.001) or for the wave number (P>.05). Both
average age and gender remained significant (P<.001) in the
final analysis (older age and a higher percentage of females

contributing to higher mortality; Table 2). The R2 value of the
correlation equation predicting the percentage mortality per
ventilated patient was at best 0.4, implying that 40% of the
variation in mortality can be explained by variations in the daily
census of ventilated patients. Obviously, the rest or the
variability (60%) was explained by other factors that were
probably patient-dependent (such as BMI, diabetes, or other
chronic diseases), which were not retrievable from this database.

Figure 1. Daily rates of patients with severe COVID-19 (black dots) and those ventilated (red dots) over time.
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Figure 2. Daily mortality over time.

Figure 3. Daily percent mortality of ventilated patients over time.

Figure 4. Daily mortality rates versus the daily census of ventilated patients.
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Figure 5. Daily percent mortality of ventilated patients versus daily census of ventilated patients.

Table 2. Multiple regression analysis results showing the relative contribution of the daily census of ventilated patients, gender, and age (independent
variables) on the daily percent mortality of ventilated patients (dependent variable).

Model summaryAgeaGendera
Daily census of ventilat-

ed patientsa

0.39150.00050.02750.3574Partial R2

5012.568.6290.73772.7Effect size (adjusted sum of squares)

<.001.09<.001<.001P value

aAll variables here refer to the dependent variable, that is, daily percent mortality of ventilated patients.

ANOVA (Figure 6) revealed that with <50 ventilated patients
per day, the daily mortality of ventilated patients was slightly
above 5%; with 50-149 patients, it nearly doubled (10%); and

in all 3 categories of 200 and more patients, it more than tripled
at ≥15%.

Figure 6. Analysis of the mean percent mortality of ventilated patients by ventilated patients' groups (group 1: 1-49; group 2: 50-99; group 3: 100-149;
group 4: 150-199; group 5: 200-249; group 5: 250-299; group 6: 300-349; group 7: 350-399).

We investigated whether an increase in the number of ventilated
patients during a specific surge may have been related to an
accumulation of mechanically ventilated patients from previous
surges. In fact, LOS or length of ventilation did not differ among

patients who were admitted during surges 1, 2, or 3 (ANOVA
P>.05). Moreover, among 11 of 164 patients admitted to hospital
during surge 1 died during surge 2, and none died during surge
3; 65 of the 1088 patients admitted to hospital during surge 2

Interact J Med Res 2024 | vol. 13 | e41749 | p.817https://www.i-jmr.org/2024/1/e41749
(page number not for citation purposes)

Mendlovic & MimouniINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


died during surge 3 (together with 993 patients admitted to
hospital during surge 3)—among them, the vast majority (n=63)
were admitted within the last 20 days of surge 2.

Discussion

Principal Findings
This is the first nationwide study demonstrating increasing
mortality with increasing demand for health care resources
during the COVID-19 pandemic. Indeed, daily mortality rates
expressed as a percentage of ventilated patients correlated with
the daily census of ventilated patients. We do not believe that
this increase in percent mortality rates during surges was due
to the accumulation of mechanically ventilated patients who
stayed alive until but died during the following surge because
the LOS or length of ventilation until death did not differ among
patients who were admitted during surges 1, 2, or 3, and also
because such “leftovers” were much less than 10% of a given
surge.

In China, higher mortality was recorded in Wuhan than in other
Chinese provinces, which is related to the rapid escalation in
the number of infected patients with insufficient access to health
care resources [19]. In the United States, a retrospective cohort
study of a 26-hospital–integrated delivery system showed an
association between a greater percentage of COVID-19–related
admissions of hospital capacity and a lower survival rate [20].
There are multiple examples in the news media describing
“accidental deaths” due to improper care of patients with
COVID-19 [21]. To limit the dimensions of this catastrophe,
many countries had imposed lockdowns and quarantines, leading
to consecutive peaks of the pandemic [21].

Israel is generally considered to be technologically sophisticated
[22], but its medical system is greatly stretched [23]. In a 2020
report from the 37 nations belonging to the OECD (Organisation
for Economic Co-operation and Development), Israel features
among the bottom 4 nations in terms of acute hospital care beds
(2.2 per 1000 population), which is well below countries such
as Japan (7.8 per 1000 population) [23]. Israel also features
among the 11 countries with the lowest numbers of both
physicians and nurses per 1000 population [23]. The Israeli
system considers itself efficient, reporting daily occupancy rates
among the highest worldwide, at 93.3% on average, second
only to Ireland among the 37 OECD countries [23]. In Israel,
the number of ICU beds is 4.6 per 100,000 population and 2.2
ICU beds per 100 hospital beds (reported in 2007) [11], which
is much lower than that in other high-income countries such as
Germany (24.6 hospital beds per 100,000 population and 4.1
ICU beds per 100 hospital beds), or the United States (20
hospital beds /100,000 and 9 ICU beds per 100 hospital beds)
[12]. In Israel, every winter, many patients are ventilated in
internal medicine wards because of the unavailability of ICU
beds [15]. However, in non–COVID-19 times, the mortality of
ventilated patients in non-ICU wards was higher than that of
formal ICU beds, proving that the system might be “cheaper”
but not necessarily better [15]. There is a strong correlation
between the number of hospital beds per population size and
COVID-19–specific mortality both in the United States [9] and
globally [10]. This does not imply that more is necessarily

better. Indeed, case-mix and ICU organization are important to
consider. Strategies for how to use ICU beds, the proportions
of mechanically ventilated versus nonventilated patients, the
availability of intermediary care, and other factors are important
to consider. For instance, if a country has a policy of admitting
nonventilated patients to high- or medium-care departments
instead of ICUs or transferring extubated patients to
intermediary care units immediately, such a country will need
fewer ICU beds than those that do the opposite.

Daily mortality expressed as a percentage of ventilated patients
correlated with the daily census of ventilated patients. This was
true even after taking into account the average age of ventilated
patients and their gender or surge number. We suggest that the
medical system reached saturation, that is, its inability to
adequately handle complex ventilated patients. The reasons for
this saturation are multiple. We cannot currently determine
whether or not there was a shortage of specific drugs,
mechanical ventilators, oxygen, or other supplies, or a shortage
of personnel, higher patient-nurse ratios, lack of ICU beds, etc,
but these have been reported anecdotally in the general
nonmedical literature [24]. In fact, it is highly possible that
whenever the census of ventilated patients increased, some
patients died because they could not receive proper care and
not because their disease was incurable. These data should be
considered within the context of the quasi-heroic behavior of
exhausted, overworked teams of caretakers that performed their
duties throughout the pandemic under perilous circumstances.
Furthermore, it is highly possible that parallel increases in the
mortality of mechanically ventilated patients without COVID-19
occurred during the same periods. Unfortunately, no similar
database for was maintained for patients without COVID-19,
and we were not able to verify if this occurred.

In this study, mortality was observed among approximately
two-third of patients—a number difficult to compare to that of
other countries since reported death rates of ventilated patients
with COVID-19 is also dependent upon case-mix, varying from
48% among younger patients (younger than 40 years) to 84%
among older ones (>80 years of age) [25]. It has recently been
shown that for instance, the physical manifestations of frailty
and comorbidity, particularly a history of cognitive impairment
and falls, may be useful in identifying patients with COVID-19
who need additional support during hospitalization and may be
at a higher mortality risk [26]. This may also be dependent on
noninvasive and invasive ventilation strategies. A recent
meta-analysis by Lim et al [26] estimated the mortality rate
among such patients to reach 45% on average, which is lower
than that reported in this study. In our study, the effect of the
census of ventilated patients census on daily mortality was
nearly identical during the 3 different surges, which suggests
that the SARS-CoV-2 variants, likely to differ among the various
waves, affected mortality in a similar manner.

Worldwide, there have been reports of “spontaneous” reductions
in critical care admissions, such as those related to stroke and
cerebral emergencies [27], accidents, emergency surgery, and
acute coronary events [28-30], which may have reduced the
ICU burden. We suspect that it may have existed in Israel as
well in particular during the first surge, but it did not reduce the
ICU burden to a point that prevented an increase in mortality
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rates reported here. A recent study reported that the management
of critically ill patients with COVID-19 in the United Kingdom
was far from ideal in numerous cases, with systematic errors in
the measurement of height and derived ideal body weight and
delayed applications or nonimplementation of evidence-based
interventions for acute respiratory distress syndrome (in
particular, prone positioning) [31].

Our findings may not be exclusive to the COVID-19 pandemic.
For instance, Israel has not yet achieved peace with all its
neighbors, and a large-scale increase in hostilities may have led
to a number of casualties that the Israeli medical system might
not be able to handle. Israel is also located on The Great
Syria-African Rift and is at risk of major and potentially deadly
earthquakes to occur.

The major strengths of this study are the use of a national large
database, a long study period for most part of the pandemic,
and the measures undertaken for quality control. A limitation
of this study relates to changes in some definitions in the middle
of data collection. These changes are unlikely to influence our
main findings, in that mortality rates (regardless of severity
staging) correlated with the workload of ventilating patients.
Another limitation of this study is that the data set did not
evaluate workload in individual hospitals and individual ICUs
(occupancy rates, staffing patterns, and hours of nursing care
per patient per day) relative to resource availability, which
somewhat limits drawing causal inferences. It is unclear whether
our findings are universal or change when examined in
accordance with a hospital’s geographic location or size;
however, of note, during each surge, the Israeli MOH frequently
intervened and helped individual hospitals to move patients
between hospitals to prevent maldistribution. We also provide
no data on ventilated patients in non–COVID-19 beds, whose
survival might also have been affected by the shift of many
medical resources from other departments to care for patients
with COVID-19; hence, we were unable to provide data on
noninvasive ventilation or the use of vasoactive drugs or even
extracorporeal membrane oxygenation that was administered
to some patients. This information would have potentially helped
stratify the complexity of health care requirements but was not
available in this database. Finally, outcomes noted were either
discharge from hospital or death, while some patients may have
died after discharge. We do not believe that withholding
strategies due to lack of bed availability may have influenced
survival since in Israel, since patients requiring ventilation are

not dependent upon bed availability, and are ventilated in
non-ICU settings. Additionally, the law in Israel does not allow
extubating of a dying patient.

Recommendations to the Health Care Leadership
Recognizing the fact that the ability to provide adequate
intensive care and respiratory care services is a critical and
unique national resource during pandemics and other
emergencies. The use of percentage mortality or the census of
ventilated patients as a potential key tool for monitoring the
hospital system nationwide.

An information system should be constructed such that it
supports the provision of a nationwide perspective on all ICU
beds in Israel so as to divert patients in emergencies where there
is an unusual load while simultaneously taking advantage of
the relatively short geographical distances in the country.

A multiyear program for intensive care training for medical and
nursing teams should be developed, while finding solutions that
enable maintaining an adequate professional level even for
teams that have undergone intensive care training but do not
regularly work in ICUs.

Conclusions
Since this study is a noninterventional observational study, the
correlations we found (ie, an increase in the percent mortality
of ventilated patients with an increase in the census of ventilated
patients) are concerning, and suggest, but do not prove,
causality. We speculate that the results of this study might help
health policy makers to address medical capacities on a
nationwide scale, determine how much their system has been
affected by pandemics, and to what extent it should be
strengthened by the addition or expansion of intensive care
facilities. This should facilitate better preparation for future
pandemics, the appearance of the next mutant of SARS-CoV-2
that may be resistant to currently available vaccines, or future
events potentially resulting in a burden on the health care
system. Obviously, there should be a balance between the needs
of a country under extraordinary circumstances and needs during
“routine” circumstances. An increase in the number of beds
might not be the only way out, especially when there are no
trained personnel to take care of patients. Increasing ICU
training and ICU rotations of health care workers might better
prepare a country to handle a large-scale catastrophe.
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Abstract

Background: China has entered the era of digital health care after years of reforms in the health care system. The use of digital
technologies in healthcare services is rapidly increasing, indicating the onset of a new period. The reform of health insurance has
also entered a new phase.

Objective: This study aims to investigate the evolution of health care insurance within the context of telemedicine and Internet
Plus Healthcare (IPHC) during the digital health care era by using scientometric methods to analyze publication patterns, influential
keywords, and research hot spots. It seeks to understand how health care insurance has adapted to the growing integration of
IPHC and telemedicine in health care services and the implications for policy and practice.

Methods: A total of 411 high-quality studies were curated from the China National Knowledge Infrastructure (CNKI) database
in the Chinese language, scientometric analysis was conducted, and VOSviewer software was used to conduct a visualized analysis
of keywords and hot spots in the literature.

Results: The number of articles in this field has increased notably from 2000 to 2022 and has increased annually based on a

curve of y=0.332exp (0.4002x) with R2=0.6788. In total, 62 institutions and 811 authors have published research articles in the
Chinese language in this field. This study included 290 keywords and formulated a total of 5 hot-topic clusters of “telemedicine,”
“IPHC,” “internet hospital,” “health insurance payments,” and “health insurance system.”

Conclusions: Studies on the application of digital technologies in health care insurance has evolved from foundational studies
to a broader scope. The emergence of internet hospitals has showcased the potential for integrating IPHC services into insurance
payment systems. However, this development also highlights the necessity for enhanced interregional coordination mechanisms.
The reform of health insurance payment is contingent upon ongoing advancements in digital technology and increased investment
in electronic medical records and primary health care services. Future efforts should focus on integrating technology with
administrative systems, advancing mobile health care solutions, and ensuring interoperability among various payment systems
to improve efficiency and standardize health care services.

(Interact J Med Res 2024;13:e52020)   doi:10.2196/52020
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Introduction

The Chinese government promulgated a policy document
regarding the health insurance system in the last few days of
the year in 1998 [1,2] and is currently working on establishing
the urban employee’s basic health insurance system, which was
initiated in 1999 and completed by the end of 1999, and
amendment work has continued for several years thereafter [3].
Since then, China’s current concept of a health insurance system
has been established.

During the COVID-19 pandemic, the Chinese government has
published numerous policies regarding Internet Plus Healthcare
(IPHC)–related health insurance services. The policies are
mostly guidance documents related to health insurance payment
for IPHC services, including web-based health services and
telemedicine health services.

A document aiming at promoting the payment of IPHC in health
insurance [4] released by China National Healthcare Security
Administration in October 2020 indicated that local governments
should design and manage the signing of health insurance
agreements for IPHC services. Other official arrangements
include improving health insurance payment policies, expanding
pilot projects, handling health insurance management, and
strengthening supervision measures for newly included health
insurance health care services among other measures.

As mentioned in a long-term planning official document
published by the government of China in December 2022, the
importance of IPHC pricing and implementing appropriate
services into the health insurance payment list were addressed
[5].

IPHC is a novel application of the internet in the health care
industry, which includes health education, medical information
queries, web-based disease consultations, electronic
prescriptions, remote consultations, and various remote forms
of health care services such as treatment and rehabilitation [6].
In China, IPHC is an emerging health service model with a
cross-industry integration and application of ITs, such as mobile
internet, cloud computing, big data, and artificial intelligence
[7].

Hence, this field of study is advanced and has real-world
implications. The number of studies related to IPHC and
telemedicine in 2020, especially in China, has considerably
increased [8]. For example, according to reports in early 2020,
the number of registrations and IPHC and telemedicine users
exponentially increased early during the COVID-19 pandemic;
in particular, an internet-based health care platform named
“WeDoctor” recorded nearly 80 million visits in early February
2020 and offered services nearly 1 million times. Furthermore,
“Ping An Good Doctor,” another major internet-based health
care platform claimed to have received over 1 billion visits, and
the number of new users has been increasing by several folds
[9].

From a historical perspective, telemedicine is an early prototype
of China’s IPHC services, which was initiated in the 1990s
when doctors in China began communicating with medical
experts in other countries through emails about complex and

difficult clinical cases. After that, with the increasing use of
computers and telecommunications for remote medical
consultations in various places, China’s National Healthcare
Commission issued regulations to specify the order and behavior
of medical care in 1999 to regulate medical order and behavior
and enable the development of health care and orderly
telemedicine consultation work [6].

In addition, the Chinese government has issued the “Healthy
China 2030” project in 2016 [10], which first clearly stated its
attitude regarding IPHC, proposing to standardize and promote
telemedicine networks and IPHC services and to innovate the
IPHC services model.

However, there is no literature using bibliometrics methods,
which encompasses this field of the use of health care insurance
in IPHC services and telemedicine, and the descriptive study
and analysis described here would potentially provide an
overview of this area.

This study has 3 objectives: to observe the development of
health insurance in telemedicine and IPHC and its related fields
in the digital era by examining the publication patterns and key
clusters of influential keywords in Chinese. We analyzed the
hot spots extracted from high-quality publications and articles
based on a bibliometric methodology. We also linked them with
future comprehensive studies to illustrate the research frontiers
and future roadmap of Chinese health insurance in telemedicine
and IPHC service enhancement in the digital era.

Methods

Overview
The bibliometric methodology used in this study describes the
landscape and core topics of research in the field from a
perspective of health insurance in the advancement in digital
health care in China from 2000 to 2022.

Bibliometrics is a method of information analysis, which
measures research trends and knowledge structures in a field
of research to obtain quantifiable, objective data [11]. The
method has been extensively used to quantitatively analyze
academic literature to describe trending topics and contributions
of scholars, journals, and countries and help researchers
understand the current research trends, distribution, and core
topics in a given field [12,13]. VOSviewer has better
visualization in network and cluster analysis than other software,
and the scientometric graphs conform better to current academic
research styles. VOSviewer was developed by Nees Jan van
Eck and Ludo Waltman and features a powerful bibliometric
maps function that can clearly visualize the network of literature,
keywords, authors, etc [14]. Using VOSviewer, we generated
diagrams for institutional cooperation, keyword co-occurrence,
author cooperation, and author cocitation, and the
Chinese-language data are all retrieved from the China National
Knowledge Infrastructure (CNKI) database [15].

Sampling
All articles related to the fields of health insurance in
telemedicine and IPHC published from 2000 to 2022 and written
in Chinese are included (Multimedia Appendix 1). The reason
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why the beginning year was set as 2000 is that China did not
formally establish its current concept of a health insurance
system until 1999 [1,2].

We set the CNKI as the target database and retrieved data from
“Chinese Journal Full-text Database” and “Academic Journals”
(excluding dissertations, conference proceedings, and
newspapers). On April 5, 2023, we selected the “Advanced
Search” feature and set the search strategy as follows: “(Topic:
telemedicine (exact) OR Topic: internet plus healthcare (exact))
AND (Topic: health insurance (exact) OR Topic: medical
security (exact)) AND (year range 2000-2022)” to select studies
from 2000 to 2022; this yielded 659 articles.

A total of 659 articles retrieved from the search were imported
into Excel (Microsoft Corp) for manual checking, and we
excluded 6 duplicates papers and then 238 publications
belonging to other categories (such as press releases, editorial
comments and short reports, nonacademic articles) and 4
publications outside of the time range of 2000-2022 to obtain
a final selection of 411 articles; the refinement process is shown
in Figure 1. These 411 entries were manually checked to ensure
correspondence between the authors and their affiliations,
especially when multiple authors are affiliated with the same
institution—this step is crucial as it helps avoid potential errors.

We then exported the data and imported them into VOSviewer
software (version 1.6.19) for cluster analysis. Based on cluster
results, we analyzed and summarized the articles.

Figure 1. The flowchart for data collection. CNKI: China National Knowledge Infrastructure.

Results

Publication Trends
Based on the publication year in the research literature, it can
be observed that between 2000 and 2015, the number of articles
published in the field of IPHC, remote medical services, and
health insurance services was <10 each year, and the accelerated
growth started in 2015. Since the number of publications
approached 14 in 2015, from 2017 to 2019, the number of
articles published in this field plateaued around 30 to 40. In
2020, the number of publications in this research field increased
rapidly to nearly 100 papers (around 90 a year) and remain high
at about 80-90 papers in 2020 and 2021. Index regression
predicts that there will still be a number of Chinese studies

published in this field in the near future, while the R2 value of

the regression model is 0.6788, indicating that the curve explains
the variables relatively well.

Analysis of the Journals
Table 1 shows that journals whose scope includes health
insurance focus more on this research field; China Health
Insurance Journal accounts for 6.8% of the proportion of studies
in this field. Second, journals that explore digital medicine take
the lead. China Digital Medicine accounts for 4.8% of studies
in this regard, followed by other general medical and health
policy research journals. Regarding the distribution, core
journals included in Chinese core journals indexed by Peking
University or the Chinese Social Sciences Citation Index, both
of which are top core collections of Chinese-language journals,
enjoy widespread prevalence. The top 5 journals are core
Chinese-language journals.
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Table 1. The number of articles in the top 10 journals and their proportions in a total of 411 publications.

Articles, n (%)JournalRank

28 (6.8)China Health Insurance1

20 (4.8)China Digital Medicine2

17 (4.1)Health Economics Research3

15 (3.6)Chinese Hospitals4

14 (3.4)China Social Security5

11 (2.6)Journal of Medical Informatics6

11 (2.6)Chinese Journal of Health Informatics and Management7

9 (2.1)China Health8

8 (1.9)Modern Hospital9

8 (1.9)Chinese Health Service Management10

Analysis of the Number of Citations of Articles
This field is in its infancy; hence, the top cited article in this
field is a study analyzing the basis of this field. The article
containing definitions came first, occupying the forefront,

received 201 citations (Table 2). Then, latter research focused
on currently established modules, problems faced, and future
development trends. They all attempted to establish theories
and models needed in this field systematically.

Table 2. The top 10 cited Chinese-language articles according to the China National Knowledge Infrastructure.

Citations, nAuthorsJournalTitleRank

201Zhu JinsongChinese Hospital ManagementInternet + Medical Mode： Contents and System
Architecture

1

194Ma Lili, Chen Na, and Tang
Shaoliang

Medicine and SocietyResearch on Development Policy of Integration of
Medical Care and Pension and Institutional Pension
Service for the Elderly

2

138Wang Anqi and Zheng XueqianChinese Journal of Health PolicyThe Status Quo of Internet Medical-Based on The
Analysis And Investigation on Three Hospitals

3

59Zhang Mengqian, Wang Yancui,
Qian Zhenguang, and Wang Dan-
dan

Health Economics ResearchAnalysis on the Development Model of Internet
Hospitals in China

4

55Sun Xizhuo, Gong Fangfang, Gu
Xiaodong, Su Qian, and Cai Yu-
tong

Modern Hospital ManagementPractice and Exploration of Medical Association
in Remote Areas

5

52Luan Yunbo and Tian ZhenduAdministration ReformProblems and Countermeasures for “Internet +
Healthcare” in China

6

45Fan Qingmei, Chen Le, Wu Meng,
Wu Jiankang, and Li Jiamin

Chinese Journal of GerontologyProblems and Countermeasures for Medical Service
Supply in Elderly Care Institutions from the Per-
spective of Medical-Old-Age Combination

7

45Yang Xiaoli and Feng XinweiMedicine and PhilosophyAnalysis on Problems and Countermeasures of
Mobile Health Service in China

8

44Meng Qun, Yin Xin, and Dong
Kenan

Chinese Journal of Health Infor-
matics and Management

Study on Regulation System and Related Mecha-
nism of Internet Based Medicine

9

42Liu Ning and Chen MinChinese Journal of Health Infor-
matics and Management

Analysis on Service Mode and Application Status
for Network Medical Treatment in China

10

Analysis of Authors
Analysis of the author cooperation network revealed that 811
authors had explored health insurance in IPHC and telemedicine,
of whom 9 have acquired more than 12 total link strengths
(Figure 2), namely total link strength (TLS), reflecting the

strength of cooperation in bibliographical analysis (Table 3).
Xu Hong and Lyu Dawei, who discussed the prospect of IPHC
in cooperative development of the Changjiang river delta, are
the most active authors in this field. The latter active authors
also gained over 10 TLSs.
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Figure 2. Coauthorship analysis of authors.

Table 3. Top Chinese authors ranked according to total link strength.

Total link strengthAuthorRank

16Xu Hong1

16Lyu Dawei2

14Zheng Xueqian3

14Luo Li4

14Wang Weijun5

14Liu Qian6

13Gong Fangfang7

13Sun Xizhuo8

12Liang Zhigang9

Analysis of Institutions
A total of 62 institutions were finally included, with a minimum
limitation of more than 3 publications, whose publications were
analyzed using VOSviewer (Figure 3). Moreover, the School

of Health Policy & Management, Nanjing Medical University
(TLS=6 times) and other 10 institutions were the top institutions
with highest TLS in VOSviewer counting (Table 4). Total link
strength and institution co-occurrence of publications.
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Figure 3. Institution co-occurrence of publications.

Table 4. Total link strength and institution co-occurrence of publications.

Total link strengthInstitutionRank

6School of Health Policy & Management, Nanjing Medical University1

6Chinese Hospital Association2

6Peking University Health Science Center3

6Department of Urology, Cancer Hospital Chinese Academy of Medical Sciences4

6Beijing Municipal Health Commission5

6Nantong University Medical School6

6The Second Hospital of Dalian Medical University, Department of Neurosurgery7

6Institute of Healthy Jiangsu Development, Nanjing Medical University8

6Shanghai Municipal Healthcare Security Bureau9

6Shanghai Institute of Infectious Disease and Biosecurity, School of Public Health of Fudan University10

6Chinese Hospital Association Medical Legality Specialized Committee11

Analysis of Co-Occurrence of Keywords in Chinese
Identifying trending research fields and directions through
keyword co-occurrence analysis is an important indicator for
monitoring the development of a discipline. Mapping of
keywords is shown in Figure 4, where the size of the node
represents the frequency of keyword occurrence, and the lines
between the nodes reflect the co-occurrence relationships among
multiple keywords. According to the mapping image generated

by VOSviewer, current hot topics in Chinese literature in this
field can be visually described.

This study analyzed 290 Chinese-language keywords that
appeared at least 10 times across included publications using
VOSviewer. The results were grouped into 5 clusters:
“Telemedicine,” “Internet hospital,” “Internet Plus Healthcare
(IPHC),” “Health Insurance Payment,” and “Health Insurance
system.” These clusters provide insight into the most prominent
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topics related to the use of health insurance in IPHC and telemedicine (Table 5).

Figure 4. Visualization of keyword co-occurrence analysis. IPHC: Internet Plus Healthcare.

Table 5. Main keywords translated to English and their total link strength (TLS).

TLSKeywords

Cluster 1: telemedicine

109hierarchical diagnosis and treatment

102telemedicine

81healthcare alliance

Cluster 2: IPHCa

129internet healthcare

68healthcare service

79healthcare insurance fund

Cluster 3: internet hospital

179internet hospital

29smart healthcare insurance

56big data

Cluster 4: insurance payment

72online payment

31healthcare

29smart healthcare

Cluster 5: health insurance

41national health security administration

53insured individual

41social security card

aIPHC: Internet Plus Healthcare.
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Primary Findings From the Co-Occurrence of
Keywords
Based on the 5 keyword clusters, the hot spots in the field are
described below.

Cluster 1
The primary keyword is “telemedicine” and also includes
“remote consultation,” “hierarchical diagnosis and treatment,”
“healthcare alliance,” etc, focusing on doctor-to-doctor
telemedicine services. Also, it includes topics such as the
interactions among different health care service providers under
remote conditions, remote pathological analysis, remote
consultation, and other telemedicine services based on new-style
intelligent communication technology [16]. There are more
stakeholders in this type of health care service, demanding that
health insurance policies be more detailed to take into account
real-world situations.

Cluster 2
The primary keyword is “Internet plus healthcare” (IPHC).
Also, it includes keywords such as “Internet healthcare,”
“Healthcare service,” “health management,” “health insurance
reimbursement,” and “health insurance fund.” In 2019, the
National Healthcare Security Administration officially launched
the construction of a national unified health care security
digitalization platform [17]. In 2021, the system was gradually
implemented, and the number of designated medical institutions
covered by the basic medical cross-provincial and interregional
settlement insurance platform is increasing [17]. The
construction of digitalized hospitals has better promoted the
development of internet health insurance operations.

Cluster 3
The primary keyword is “internet hospital.” Also, it includes
keywords such as “healthcare service,” “online healthcare,”
“smart healthcare insurance,” “electronic prescriptions,” and
“smart healthcare.” It mainly focuses on providing health
management services for patients with chronic disease on the
web, especially under lockdown policies for epidemic prevention
and control [18]. Furthermore, as an impact of the COVID-19
epidemic, health care service units in various regions have
embraced the internet and provided web-based consultation and
diagnostic services. Some researchers also involved health
insurance payment [17]. In the future, similar methods can be
used to provide older adult–focused health care services for the
aging population [19].

Cluster 4
The primary keyword is “health insurance payments,” and it
also includes “online payments,” “health insurance payment
reform,” “insured population,” and “health insurance files.” The
research and analyses are mainly policy-oriented, focusing on
reducing the burden of health insurance funds and developing
reasonable health care service prices and the comparison of
different actual implementations of web-based insurance
payments in different provinces and municipalities, as well as
the future development of smart insurance [20].

Cluster 5
The primary keyword is “health insurance system” and involves
keywords such as “medical service prices,” “health insurance
funds,” and keywords such as “National Healthcare Security
Administration,” and “designated hospitals for health insurance.”
The studies and analyses mainly focus on the systematic
constructions for health insurance services, the modernization
and innovation of the health insurance system from a macro
view in the new digital era [21], and the necessary adjustments
and changes required for the system to adapt to the new pattern
of health care services landscape through the digital era.

Discussion

Principal Findings
Our study shows that in the digital era, China’s health care
service system is facing the need for payment mechanisms and
policy adjustments to support and optimize the hierarchical
health care system. The practice of internet hospitals, as a part
of IPHC, has demonstrated the potential for insurance payment
in web-based health care services, but it has also revealed
challenges in regional integration and interregional coordination.
Insurance payment reform, as a key lever for driving systemic
change, relies on the advancement of digitalization and
informatization, as well as continuous investment in electronic
medical records, IT, and primary health care services. Future
research and policy making must focus on addressing the
integration of technologies with administrative systems,
promoting the development of mobile health care, and exploring
the interoperability between health care insurance payment
systems to achieve efficiency and standardization in health care
services.

According to our results, there has been significant development
in areas of health insurance in IPHC and telemedicine research
over the past 2 decades. The number of relevant publications
has steadily increased year by year, and more than 60
researching institutions and over 800 authors in China have
published academic research papers in this field. Since 2017,
the number of publications in this field has risen sharply from
around 30 papers each year to around 90 papers each year, which
means that in the near future, an increasing number of studies
will focus on the use of health insurance in IPHC and
telemedicine, especially in improving health insurance
implementational methods and measures, and future patching
policies regarding digital health care services.

In the founding stage of the research field, the most highly cited
paper was an analysis of its theoretical basis, with 201 citations,
occupying the top spot, having focused on established modules,
current challenges, and future development trends, striving to
systematically develop theories and models required for the
field.

Among 62 institutions, over 10 of them had a TLS of 6 and rank
at the top.

There were 62 institutions with a minimum of >3 publications;
among them, 11 institutions with 6 TLSs were the top academic
institutions. These research institutions include universities,
hospitals, and associations in the health care industry, implying
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that this research field has received widespread attention in
Chinese academic fields and reflects the importance of research
in this field in China. Different types of institutions engage in
academic discussions from their specific perspectives.

Through bibliometric and visualization analysis, we gained a
deeper understanding of the overall landscape of this research
field, including prominent Chinese authors and publishing
institutions, as well as their collaborative relationships and
academic influence. This information provides researchers with
transparent channels for selectively obtaining advanced and
valuable research results. Co-occurrence analysis can also depict
research trends and hot spots [22], providing researchers with
assistance in proposing research topics to convince funding
agencies to develop more effective funding plans.

Analysis of Research Focus

Overview
Keywords are essential in a research article and contain the most
important information [23].

Based on the analysis of keyword clusters in the literature [24],
this study focuses on different aspects and levels of research
directions that health insurance needs to promote in
implementing IPHC, as well as the problems and possible
solutions reflected in the actual health care service practice [25].
From the integration of health care services and medical
treatment to the connection between health insurance systems,
based on the interconnection of information platforms [26], the
key conflicts encountered in health care service practice are
gradually being resolved and improved [27]. There are a total
of 5 clusters, and based on the research results, the main research
frontiers involved in these 5 clusters will be discussed below.

Cluster 1
The primary keyword is “telemedicine.” By constructing a
telemedicine service system between institutions in a medical
treatment combination, which involves multiparty participation
such as bidirectional referral and web-based consultation [28],
the mechanism of health insurance payment needs to be
strengthened and improved. Furthermore, to improve the
hierarchical health care system, a mixed health insurance
payment model should be explored [29]. In the context of
combining remote health care services with health insurance,
the current emerging problems such as the barriers to the
generation of cross-provincial systems need to be clearly
defined, and policies need to be adjusted and improved
accordingly [30].

Cluster 2
The primary keyword is “Internet plus healthcare.” The
development of IPHC requires continuous advancement in
medical digitalization [31], strong modern digital technologies
such as artificial intelligence, digital twins, big data
management, and remote services to realize many health care
services that are currently only in their infancy, such as smart
health care, which are the forefronts of current research [32].
The platform construction of electronic medical records and
electronic prescriptions has been integrated with intelligent
health care security platforms. However, in certain specific

implementation, there are still many practical issues such as
technology advancing ahead of management models [33].
Advancing creatively through a combination of technology and
policies is necessary to solve many potential new problems and
conflicts. In the future, IPHC will remain an important theme
for China’s medical and health reforms and development [34],
and there will inevitably be more academic studies on policies
and management for this topic.

Cluster 3
The primary keyword is “internet hospital.” Some internet
hospitals have connected with local health insurance individual
account payment channels to achieve health insurance
reimbursement [35]. The policy enables follow-up services for
chronic diseases to be included in the scope of health insurance
payment, accomplishing a series of closely matched services
such as web-based remote consultation [19], web-based
prescription, and health insurance payment for purchasing
medication [18]. Health management can also be beneficial,
such as improving medication compliance and strengthening
awareness of chronic disease treatment and community health
management [36]. The inclusion of internet follow-up services
in health insurance payment emphasizes the homogenization
of offline and web-based diagnosis and treatment behaviors
[37], providing a basis for health insurance pricing through the
use of advanced technological assessments and other means
[20], and requires further research, which is a topic of high
interest.

Cluster 4
The primary keyword is “health insurance payments.” The use
of health insurance in internet-based medical payment is
increasing, but problems and difficulties have emerged. For
example, there are significant problems in the integration of
regional health insurance, internet-based medical platforms,
and local health insurance systems, as well as communication
and coordination issues such as cross-regional medical treatment
and settlement [38]. As one of the main directions for future
development of internet-based health care services, the use of
mobile health care through smartphones is also a current
research hot spot [39].

Cluster 5
As the most powerful lever to drive reforms in the entire medical
system, health care payment reforms are crucially supported by
digital and information-based payment systems, so the IPHC
with health insurance occupies an important position [40].
“Electronic medical records” for referral purposes and more
sophisticated IT can accelerate the implementation of payment
reforms [41]. Vigorous development of primary care–based
internet health care [42], increasing the proportion of health
insurance expenditures in this area, among other measures.
Research frontiers include problems with interoperability among
internet health care systems, hospital internal management
platforms [43], electronic medical record systems, imaging and
inspection platforms [44], and other related issues.

Strength and Limitations
To the best of our knowledge, no study has carried out
bibliometric analysis in this field of research on the use of health
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insurance in IPHC services, along with telemedicine. It is of
noticeable significance to discuss these issues and it is now
necessary for us to study the research topic and identify hot
spots. The method of bibliometrics and visual analyses enable
us to sort out research focuses in recent publications as well as
their correlation and differentiation.

However, this study inevitably has some limitations. We only
retrieved studies and reviews on research topics related to this
field from the CNKI. Although the CNKI plays a significant
role in academic research and literature analysis in China, there
are some obvious limitations to its application in international
research fields, and studies need to consider these limitations
and comprehensively integrate database resources in accordance
with the specific needs of the research, to ensure comprehensive
evaluation and analysis. Therefore, we may have missed some
publications due to database limitation, and articles related to
other languages may not have been included.

Bibliometric methods provide an overall insight into the
landscape of a specific research field, but researchers and policy
makers should be aware that the feature is not detailed enough
for the evaluation or decision-making, and this study provides
no enough in-depth insight into the influential articles and
authors in this field. Balanced approaches that integrate
bibliometrics research with other assessment methods can
provide a thorough understanding of research impact and trends.

Future Directions
Recently, many previously ignored issues have been discussed
and are now at the forefront, and numerous real-world problems
associated with internet-based health care services, which has
been limited by the scale of services, have been pointed out and
discussed. Starting from the postpandemic era, the demand for
remote or IPHC services will continue to grow. The deepening
support of policies for IPHC services can meet the demand for
health insurance management, mobile insurance payment, and
cost reduction. Future research hot spots are developing, such
as those focusing on the web-based application of live
broadcasting, new media, artificial intelligence technology, etc,
into IPHC services. Other hot spots include chronic disease
management and primary health care, as well as the community
older adult care in health insurance reforms in the IPHC era.
These hot spots are surely important for suggesting more
reasonable policy measures, enhancing the accessibility of health

care services, reducing costs, and improving the quality of health
care, thus better serving the people requiring them.

In summary, this study on the application of health insurance
in internet-based health care services is quite forward-looking,
and it is an important frontier for future health care service
research.

Significance
This study describes a bibliometric analysis of the current
high-quality Chinese literature on the application of telemedicine
and IPHC in health insurance in China. This study used the
popular software tool VOSviewer (version 1.6.19) to analyze
the literature published in the CNKI, which was involved in the
development of this field, and provides an overview of all the
existing high-quality Chinese research and guides future research
developments to improve the application of telemedicine and
IPHC in health insurance. In particular, the unique IPHC
paradigm from China is of importance to health care
professionals worldwide.

Conclusions
This study used bibliometric analysis to describe the current
situation and trends of health insurance in IPHC and
telemedicine from the literature in China. This study highlights
prominent research institutions, hospital researchers, and
researchers at research institutes in universities engaged in this
field. More articles on health insurance in IPHC and
telemedicine are expected to be published in the next few years.
The use of internet hospitals has underscored the potential of
health care insurance payment in IPHC services, but it also
highlights challenges pertaining to regional integration and
interregional coordination. As the key lever for instigating
systemic change, health care insurance payment reforms hinge
on the progression of digitalization and informatization, along
with ongoing investment in electronic medical records, IT, and
primary health care services. Future research and policy
formulation are expected to focus on tackling the integration of
technologies with administrative systems, fostering the
advancement of mobile health care, and delving into the
interoperability among health care payment systems to attain
efficiency and standardization in medical health care. This
research provides an invaluable reference, enhancing our grasp
of the current landscape and prospective progress in the field
of health insurance within the domains of IPHC and
telemedicine.
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Abstract

Background: Antibiotic resistance, fueled by irrational prescribing, is a global threat associated with health, social, and economic
consequences. Understanding antibiotic prescribing behavior and associated factors is important to promote good prescribing
practice.

Objective: This study aimed to determine the factors affecting antibiotic prescribing behaviors of physicians based on the theory
of planned behavior in hospitals in northwest Ethiopia in 2022.

Methods: A cross-sectional study was conducted from September 2022 to October 2022. A total of 185 health professionals
were included, and a self-administered questionnaire was used to collect data. A structural equation model based on the modified
theory of planned behavior was used to determine factors affecting antibiotic prescribing behavior. The percentages of physicians’
estimated prescriptions for patients with upper respiratory tract infections (URTIs) and during weekly outpatient visits were used
to predict antibiotic prescribing behavior and finally linked with behavioral constructs. A P value <.05 was considered significant.

Results: Physicians estimated that they prescribed antibiotics for 54.8% (9896/18,049) of weekly outpatient encounters, and
178 (96.2%) of the 185 physicians estimated they prescribed antibiotics for patients who presented with symptoms of a URTI.
Physicians aged ≤30 years were less likely to prescribe antibiotics (48/100, 48%) for patients who presented with a URTI than
physicians older than 30 years (51/100, 51%; P=.004), and general practitioners were less likely to prescribe antibiotics (47/100,
47%) for patients who presented with a URTI than residents (51/100, 51%; P=.03). Similarly, during outpatient visits, physicians
≤30 years old were less likely to prescribe antibiotics (54/100, 54%) than physicians older than 30 years (57/100, 57%; P<.001),
male physicians were less likely to prescribe antibiotics (53/100, 53%) than female physicians (64/100, 64%; P=.03), and general
practitioners were less likely to prescribe antibiotics (53/100, 53%) than residents (57/100, 57%; P=.02). Physicians with good
knowledge were less affected by perceived social pressure (mean 4.4, SD 0.6) than those with poor knowledge (mean 4.0, SD
0.9; P<.001) and felt it was easy to make rational decisions (mean 4.1, SD 1.1) compared with those with poor knowledge (mean
3.8, SD 1; P<.001). However, intentions to reduce and prescribe antibiotics were not affected by attitudes, subjective norms, or
perceived behavioral control, and perceived antibiotic prescribing behavior was not related to intentions to reduce or prescribe
antibiotics.

Conclusions: Antibiotic prescribing behavior was not under the volitional control of physicians. This calls for a systematic
approach to change antibiotic prescribing practices in hospital.
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Introduction

Antimicrobial resistance (AMR) is a natural phenomenon [1],
to which overuse and misuse of antibiotics contribute and
augment [1-4]. Globally, antibiotic consumption has increased
(eg, by 65% from 2000 to 2015), and 30% to 50% of antibiotic
prescriptions were used either inappropriately or unnecessarily
[2], further resulting in increased inappropriate use [3,4] and
the development of selective pressure on antibiotics [5-7].
Inappropriate prescribing is a key contributing factor to the
emergence of AMR [1,8,9] and varies from 62.8% for
respiratory tract infections to 78.5% in patients with skin and
soft tissue infections [4]. This would strengthen the belief that
antibiotics ought to be prescribed and are effective in
circumstances when they are not [10]. Physicians’ prescribing
behaviors impact not only patient health but also medical
expenses and health resources [11]. It is recommended to
monitor antibiotic prescribing in hospitals to improve the quality
of antibiotic prescribing through education and practice changes
[12]. Identifying key behaviors and drivers for the behaviors
that may be amenable to change and improve prescribing
decisions is an important component of interventions in health
care practice to mitigate the burden of AMR [1,10,11].
Antibiotic stewardship programs (ASPs), which are among the
most common interventions in health facilities to optimize
antibiotic use, are effective, low-cost methods to change
behaviors that drive excessive prescribing of antibiotics in health
facilities [1].

Human behavior is guided by beliefs about the likely
consequence of the behavior (behavioral beliefs), beliefs about
the normative expectations of others (normative beliefs), beliefs
about the presence of factors that may facilitate or impede the
performance of the behavior (control beliefs), shaping attitudes,
subjective norms (SNs), and perceived behavioral control (PBC)
[13]. It is reported that these behavioral beliefs (attitudes, PBC,
and SN) of physicians are predictors of indiscriminate antibiotic
prescribing behaviors in hospitals [9,14]; thus, campaigns that
address both health service personnel and the general population
should take this into account [8]. A high level of knowledge is
known to be associated with a more positive attitude and
behavioral intention for reducing antibiotic prescriptions and
was linked with less complacency, less fear, and less ignorance,
although it had indirect effects on intentions to prescribe
antibiotics through the attitude of ignorance [14]. On the other
hand, perceived higher patient pressure negatively affects
attitudes toward the rational use of antibiotics and promotes
higher use of antibiotics [15]. Thus, characterizing and designing
behavior change interventions based on the behavior change
wheel model and theory of planned behavior (TPB) serve as a
framework for modeling the antibiotic prescribing behaviors of
physicians [13,16,17]. Optimizing antibiotic consumption and
reducing the rate of AMR are currently global issues [1,18]. In
low- and middle-income countries, the prescribing of antibiotics

is highly influenced by inadequate diagnostic facilities, lack of
guidelines, difficulty monitoring patient progress, poor intensive
care facilities, patient demand for quick relief, perceived patient
expectations from past prescriptions, and fear of losing patients
to competition [19,20]. This results in high mortality and
morbidity due to inadequate regulation, limited access to
diagnostic facilities, and antimicrobial over-prescription [21,22].
Based on the behavior change wheel, once a problem is
identified and context is considered, functions and policies may
be implemented as interventions to understand and change
prescribing behavior and improve antibiotic consumption
[13,17]. This requires the design and implementation of
sustained awareness campaigns to change behaviors and improve
health outcomes [9].

In sub-Saharan Africa, physicians still prescribe antibiotics
based only on a simple assessment of patients’ symptoms, just
as they used to when antibiotics first became commonly used
in the 1950s [9], due to a lack of diagnostic and antibiotic
susceptibility tests, resulting in up to 95% of antibiotic
prescriptions as unnecessary [23]. Prescribing antibiotics
requires balancing physician, patient, and facility-related factors
[24]. In Ethiopia, antibiotic prescribing in hospitals may account
for 52.39% of all prescriptions [25], and one-half of prescribed
antibiotics might not be needed [26]. Although behavior change
campaigns can be very cost-effective for changing antibiotic
prescribing practices, based on identified gaps [9], in Ethiopia,
to our knowledge, there have been no studies to model the
antibiotic prescribing behavior of physicians other than
determining the perceptions of health professionals on AMR
and antibiotic use [27,28]. Modeling behavior is needed to help
clinical leaders drive ASP and design educational programs to
help standardize and improve antibiotic prescribing behaviors
in health facilities [29]. Thus, this study assessed the
determinants of antibiotic prescribing behavior among
physicians serving in outpatient departments (OPDs) in hospitals
in northwest Ethiopia using a structural equation modeling
(SEM) approach.

Methods

Study Area and Period
A cross-sectional study was conducted from September 2022
to October 2022 in 4 hospitals: Felege Hiwot Comprehensive
Specialized Hospital, Tibebe Ghion Specialized Hospital, Debre
Markos Comprehensive Specialized Hospital, and Injibara
General Hospital. Except for attempts to implement ASPs in
inpatient wards in some of the hospitals, there is currently no
system to monitor antibiotic prescribing or enabling factors for
prescribing antibiotics in OPDs. This survey assessed the
knowledge, attitudes, SN, and PBC of physicians and their
intention to prescribe antibiotics as possible factors for antibiotic
prescribing behaviors to provide insights into the driving forces
of antibiotic prescribing as a complementary factor for antibiotic
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consumption, which together constitute baseline information
to design effective ASPs to tackle AMR.

Study Participants, Sample Size Determination, and
Sampling Procedures
Physicians (general practitioners and residents) working in
OPDs of internal medicine, pediatrics, gynecology and
obstetrics, and surgical departments were included in the study.
The sample size for health professionals was determined based
on the following formula for a finite population:

n = χ2NP (1-P)/ (d2 (N – 1) + χ2P (1 – P))

where n is the sample size and χ2 is the table value of the chi
square for 1 degree of freedom at the desired confidence level
(1.96 × 1.96=3.84), N is the total population, P is the population
proportion (27%), and d is the degree of accuracy expressed as
a proportion (0.05). According to Gebretekle et al [27],
physicians estimate that they prescribe antibiotics to about 27%
of their patients. Thus, a prevalence of 27% was used to
calculate the sample size in this study. Accordingly, n was
calculated as follows:

n=(1.96 × 1.96) × 487 × 0.27(1–.27)/((0.05×0.05) ×
(487–1) + (1.96 × 1.96) × 0.27(1–0.27))

n=181.26 or ~182

To account for the nonresponse rate, 10% was added; thus, the
total sample size was 200.

Data Collection Instruments and Processes
Data collection was based on the study by Liu et al [14,15] and
customized to local scenarios in Ethiopian hospital settings.
Questionnaires consisted of 4 behavioral aspects leading to
antibiotic prescribing based on the TPB, namely attitudes (the
degree to which a prescriber is in favor of the use of antibiotics),
SN (perceived social pressure to which a prescriber is subject
to prescribe antibiotics), PBC (the ease or difficulty of making
a rational decision on antibiotic prescriptions), and intentions
(the degree to which a prescriber is willing to prescribe or reduce
antibiotics). The questionnaire for professionals was designed
on a Likert scale with a 5-point response format, ranging from
1 (strongly disagree) to 5 (strongly agree) for attitudes about
and intention to prescribe antibiotics, and a 5-point response
format (from always to never) for SN and PBC. In addition,
physicians were asked to estimate the number of patients who
receive antibiotics from their weekly encounters that involve
prescriptions and the number of patients for whom they prescribe
antibiotics from 10 encounters with patients with symptoms of
upper respiratory tract infections (URTIs) to assess their
antibiotic prescribing behavior or practices. To assess
physicians’ knowledge, 11 questions were used, attitude was
assessed using 7 questions, SN was assessed using 8 questions,
PBC was assessed using 5 questions, and there were 3 questions
each to measure intentions to reduce and prescribe antibiotics.

Physicians (general practitioners and residents) working in
internal medicine, pediatrics, gynecology and obstetrics, and
surgical OPDs in the hospital were approached to participate
in the study. The questionnaire was distributed while they were
on duty. The completeness of the data was monitored on a daily
basis. Finally, the data were compiled, and the behavioral

constructs were linked with the percentages of physicians’
perceived antibiotic prescribing behaviors and practices using
SEM based on modified TPB (MTPB).

The Theoretical Framework for Structural Equation
Modeling
Attitude, SN, and PBC were shown to be related to appropriate
sets of salient behavioral, normative, and control beliefs about
a behavior. PBC, together with behavioral intention, can be
used directly to predict behavioral achievement. Attitude is
defined as the degree to which a prescriber is in favor of the use
of antibiotics in outpatient encounters, whereas SN and PBC
measure the perceived social pressure to which a prescriber is
subject to prescribe antibiotics and the perceived ease or
difficulty of making a rational decision during antibiotic
prescriptions, respectively. A behavioral intention that is
intermediate measures the degree to which a prescriber is willing
to prescribe antibiotics [13]. Thus, the theoretical framework
was adopted from the TPB model [13], and links between
knowledge and attitude, SN, and PBC were explored. However,
since the comparative fit indexes (CFIs) were low, knowledge
was linked to SN and PBC in relation to antibiotic use, and
attitude, SN, and PBC were linked to intentions to prescribe
antibiotics and finally to behaviors influencing antibiotic
prescribing.

Statistical Analysis
Data were coded, entered, cleaned, and transferred to STATA
version 14.0 (Stata Corp) for SEM analyses, but descriptive
statistics were analyzed using SPSS version 23 (IBM Corp).
ANOVA and chi-squared tests were performed to determine
the difference in the mean measuring knowledge, attitudes, SN,
PBC, and behavioral intentions of the participants according to
age, gender, city, professional status, workplace, and duration
of clinical practice. For knowledge, the percentage of
respondents who answered correctly and the total number of
correct answers per respondent were calculated. In addition,
correct answers were coded as 1, and incorrect answers were
coded as 0 for the SEM. Each attitude item was coded using a
5-point Likert scale (1=strongly agree, 5=strongly disagree),
then recoded (–2=strongly disagree, 2=strongly agree), with a
negative score indicating disagreements and a positive score
indicating agreement with the average scores (ranging from –2
to 2). Intentions to reduce and prescribe antibiotics were coded
similarly as the attitude measurements, with a negative score
indicating refusal and a positive score indicating support for
reducing antibiotic prescriptions (from –2 to 2). SN and PBC
were measured from 1 to 5, with 1 indicating always and 5
indicating never, then recoded from 0 to 4, where 0 denotes
never and 4 represents always. Behaviors around antibiotic
prescriptions were measured using the percentage of antibiotic
prescriptions for URTIs, per every 10 patients, and the
percentage of antibiotic prescriptions among the estimated
weekly visits.

Each variable was modeled separately to exclude factor loadings
<0.3. Finally, SEM was applied to establish the associations
between knowledge, attitudes, and practices. Standardized path
coefficients with statistical significance (P<.05) were used. The
maximum likelihood method was used to estimate the
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parameters. The fitness of the data in the SEM model was
assessed using model fitness indexes based on recommended

level acceptances such as P>χ2 (P>.05), standardized root mean
squared residual <0.09, and root mean squared error of
approximation <0.08; Tucker-Lewis index >0.90; CFI>0.90;
and coefficient of determination ≥0.7. In addition, descriptive
analysis was used.

Operational Definitions
We considered attitude to be the degree to which a participant
had a positive or negative evaluation of indiscriminate antibiotic
use. SNs were participants’ beliefs about whether significant
others would approve or disapprove of indiscriminate antibiotic
use (ie, the perceived social pressure to which a prescriber is
subject to prescribe antibiotics). PBC was the participant’s
beliefs regarding the ease or difficulty of making a rational
decision about antibiotic prescriptions. Knowledge was
considered participants’understanding and awareness regarding
indiscriminate antibiotic use and AMR. The level of knowledge
was determined based on the average score for all the questions
(ie, physicians who answered at least or above the average score
were considered to have good knowledge). Behavioral intentions
around antibiotic prescriptions were the degree to which a
prescriber was willing to prescribe antibiotics. Behaviors were
documented as physicians’ self-reported antibiotic prescribing
behaviors.

Ethical Considerations
Ethical approval was obtained from the College of Health
Sciences (protocol code: 106/22/SoP) and the School of

Pharmacy (protocol code: ERB/SOP/472/14/2022) of Addis
Ababa University. A support letter to the hospitals was obtained
from the Amhara Public Health Institute. During data collection,
physicians’ names were deidentified. All participants provided
informed consent prior to participating in this study. The
information obtained was kept confidential and used only for
research purposes. Ethical issues like privacy and confidentiality
were considered during data collection in order not to disclose
information about people outside the research.

Results

Among 200 planned respondents, 185 completed the
questionnaires. Thus, the overall response rate was 92.5%.

General Characteristics of Study Participants
The majority of physicians (153/185, 82.7%) were men, and
their average age was 30.3 (3.9) years. Overall, physicians had
been in their current roles an average of 3.0 (2.2) years and had
worked at their current hospital for an average of 2.0 (1.8) years.
The majority of physicians (149/185, 80.5%) had worked in
their current roles for <5 years; 87 (87/185, 47%) and 55
(55/185, 29.9%) were from Tibebe Ghion Specialized Hospital
and the gynecology and obstetrics department, respectively. Of
the patients who visited the OPDs, the physicians estimated that
9896 (9896/18,049 54.8%) had received at least one antibiotic
(Table 1).
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Table 1. Characteristics of the 185 physician respondents in hospital outpatient departments in 2022.

ResultsVariables

Sex, n (%)

153 (82.7)Male

32 (17.3)Female

Age (years), n (%)

116 (62.7)≤30

69 (37.3)>30

Professional title, n (%)

93 (50.2)GPa

92 (49.8)Residents

Facility, n (%)

43 (23.2)FHCSHb

87 (47)TGSHc

31(16.8)DMCSHd

24 (13)IGHe

Department, n (%)

36 (19.5)Medical

40 (21.6)Surgery

48 (25.9)Pediatrics

55 (29.9)Gyne/obsf

6 (3.2)Others

Length of employment in the current hospital (years), n (%)

172 (93)<5

13 (7)≥5

Overall length of employment in the current role (years), n (%)

149 (80.5)<5

36 (19.5)≥5

Training on antibiotic use

159 (85.9)No

26 (14.1)Yes

18,049Patients seen per week, n

97.5 (79.7)Patients seen per week, mean (SD)

9896Patients estimated to receive antibiotics per week, n

60.1 (53.5)Patients estimated to receive antibiotics per week, mean (SD)

aGP: general practitioner.
bFHCSH: Felege Hiwot Comprehensive Specialized Hospital.
cTGSH: Tibebe Ghion Specialized Hospital.
d DMCSH: Debre Markos Comprehensive Specialized Hospital.
eIGH: Injibara General Hospital.
fGyne/obs: gynecology and obstetrics.
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Knowledge of Physicians About Antibiotic Prescription
The majority of physicians agreed that amoxicillin is safe for
pregnant patients (169/185, 91.4%), metronidazole has the best
activity against anaerobes (166/185, 89.7%), and antibiotics
should not be prescribed for nonfebrile diarrhea (151/185,
81.6%). However, none of the physicians answered,

“Aminoglycosides are very active if they are administered
parenterally once daily.” Physicians answered 5 of 11 (46%)
questions correctly. Based on this, 121 (65.4%) of the 185
physicians had good knowledge, based on the cutoff of a mean
≥5; however, for 64 (34%) of the 185 physicians, knowledge
was poor (Table 2).

Table 2. Knowledge about antibiotic prescriptions of 185 physicians in hospital outpatient departments in 2022.

P valueFactor loadingResponseItems to assess knowledge levelsCode

Incorrect, n (%)Correct, n (%)

<.0010.4334 (19.4)151 (81.6)Antibiotic treatment is not needed for non-febrile diarrhea.q35

.11–0.14166 (89.7)19 (10.3)Antibiotics are not prescribed for upper respiratory tract infections.q36

.22–0.11148 (80)37 (20)Dosage reduction for ceftriaxone and clindamycin is needed for renal
failure.

q37

<.0010.5516 (9.9)169 (91.4)Amoxicillin is a safe antibiotic product for pregnant patients.q38

<.0010.8219 (10.3)166 (89.7)Metronidazole has the best activity against anaerobes.q39

<.0010.4277 (39.4)108 (58.4)Methicillin-resistant staphylococcus aureus is resistant to beta-lactam
antibiotics.

q40

<.0010.37100 (54.1)85 (45.9)Ceftriaxone most effectively crosses the blood-brain barrier.q41

.990185 (100)0Aminoglycosides are very active if they are administered parenterally
once daily.

q42

.150.1495 (48.6)90 (48.6)Bacterial pneumonia (with symptoms of fast breathing, chest in-drawing,
or stridor) requires antibiotic treatment.

q43

.070.17148 (80)37 (20)Antibiotics do not reduce the duration and the occurrence of complica-
tions of upper respiratory tract infections.

q44

.470.063149 (80.5)36 (19.5)The average number of patients taking antibiotics should be below 30%
in a primary care facility.

q45

Attitudes and Intentions of Physicians Toward
Antibiotic Prescriptions
The mean response for attitude questions was 2.5 (0.4). Of the
185 physicians, 88 (47.6%) perceived that microbiology results
are important for treating infectious diseases, 95 (51.4%)
believed that over-prescribing of antibiotics contributes to the
generation of antibiotic resistance, and 89 (48.1%) believed that
over-prescription of antibiotics leads to the development of
resistance. Regarding intention to prescribe antibiotics, the mean

score for intention to reduce antibiotics was 2.4 (0.9), whereas
the mean score for intention to prescribe antibiotics 2.5 (0.8).
Of the 185 physicians, 133 (71.9%) wanted to reduce antibiotic
consumption, 132 (71.4%) expected to reduce antibiotic
consumption, and 117 (63.2%) planned to reduce antibiotic
consumption for outpatients; however, 107 (57.8%) wanted to
prescribe antibiotics, 103 (55.6%) expected to prescribe
antibiotics, and 102 (55.1%) planned to prescribe antibiotics to
their patients (Table 3).
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Table 3. Physicians’ (n=185) responses to individual items about attitudes and behavioral intentions about antibiotic prescribing in hospital outpatient
departments in 2022.

P

value

Factor
loading

Responses, n (%)Response
score,
mean (SD)

CodeMeasurement and items

Strongly dis-
agree (5)

Disagree
(4)

Neutral
(3)

Agree (2)Strongly
agree 1)

Attitudea

<.0010.345 (2.7)11 (5.9)8 (4.3)73 (39.5)88 (47.6)1.8 (1)Q1In primary care, microbiology results
are useful when treating infectious dis-
eases.

.30–0.0989 (48.1)68 (36.8)12 (6.5)16 (8.6)04.2 (0.9)Q2The prescription of an antibiotic to a
patient does not influence the develop-
ment of resistance.

<.0010.567 (3.8)7 (3.8)7 (3.8)57 (30.8)107
(57.8)

1.7 (1)Q3Overuse of antibiotics contributes to
the generation of antibiotic resistance.

.73–0.0384 (45.4)77 (41.6)10 (5.4)13 (7.0)1 (0.01)4.2 (0.9)Q4Prescribing antibiotics to patients does
not cause damage even if they are not
indicated.

<.0010.803 (1.6)10 (5.4)13 (7)64 (34.6)95 (51.4)1.7 (0.9)Q5Over-prescribing antibiotics contributes
to the generation of antibiotic resistance

<.0010.624 (2.2)5 (2.7)7 (3.8)81 (43.8)88 (47.6)1.7 (0.9)Q6Irrational use of broad-spectrum antibi-
otics contributes to generation of

AMRb

.0090.279 (4.9)22 (11.9)16 (8.6)82 (44.3)56 (30.3)2.2 (1.1)Q7Not selecting antibiotics to be pre-
scribed based on the infected bacteria
contributes to the generation of antibi-
otic resistance.

Intention to reduce antibioticsc

<.0010.407 (3.8)18 (9.7)27 (14.6)113 (61.1)20 (10.8)2.5 (1.7)Q29I want to reduce antibiotic consumption
for outpatients.

.0010.822 (1.1)18 (9.7)33 (17.8)111 (60)21 (11.4)2.3 (0.8)Q30I expect to reduce antibiotic consump-
tion for outpatients.

<.0010.572 (1.1)18 (9.7)48 (25.9)102 (55.1)15 (8.1)2.4 (0.8)Q31I plan to reduce antibiotic consumption
for outpatients.

Intention to prescribe antibioticsd

<.0010.746 (3.2)17 (9.2)55 (29.7)84 (45.4)23 (12.4)2.5 (0.9)Q32I want to prescribe antibiotics to outpa-
tients

<.0010.874 (2.2)17 (9.2)61 (33)87 (47)16 (8.6)2.5 (0.9)Q33I expect to prescribe antibiotics to out-
patients.

<.0010.805 (2.7)21 (11.4)57 (30.1)87 (47)15 (8.1)2.5 (0.9)Q34I plan to prescribe antibiotics to outpa-
tients.

aOverall score: mean 2.5 (SD 0.4).
bAMR: antimicrobial resistance.
cOverall score: mean 2.4 (SD 0.9).
dOverall score: mean 2.5 (SD 0.8).

Subjective Norms and Perceived Behavioral Control
of Physicians
The mean scores for SNs and PBC were 4.3 (0.8) and 4.0 (1.1),
respectively. Of the 185 physicians, 133 (71.9%), 128 (69.2%),
126 (68.1%), and 125 (67.6%) never prescribed antibiotics based
on patients’ expectations, based on patient pressure, based on

patients’ requests for antibiotics, and to make patients trust
them, respectively. Similarly, 119 (64.3%) of the 185 physicians
never prescribed antibiotics to avoid being perceived as doing
nothing for patients. Only a limited number of physicians agreed
that they prescribed antibiotics based on patients’ expectations
or pressure (Table 4).
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Table 4. Physicians’ (n=185) responses to individual items about subjective norms and perceived behavioral control for intention to prescribe antibiotics
in hospital outpatient departments in 2022.

P valueFactor
loading

Responses, n (%)Response
score,
mean (SD)

CodesMeasurement and items

Never (5)Rarely (4)Sometimes
(3)

Often (2)Always
(1)

Subjective norma

<.0010.5472 (38.9)48 (25.9)38 (20.5)21 (11.4)6 (3.2)3.9 (1.2)Q15I prescribe antibiotics since patients
expect it.

<.0010.6474 (40)55 (29.7)33 (17.8)16 (8.6)7 (3.8)3.9 (1.1)Q16I prescribe antibiotics since patients
require and insist on it.

<.0010.5593 (50.3)46 (24.9)24 (13.0)12 (6.5)10 (5.7)4.1 (1.2)Q17I prescribe antibiotics to satisfy pa-
tients.

<.0010.68125 (67.6)32 (17.3)12 (6.5)11 (5.9)5 (2.7)4.4 (1.0)Q18I prescribe antibiotics so patients
continue to trust me.

<.0010.84133 (71.9)26 (14.1)19 (10.3)4 (2.2)3 (1.6)4.5 (0.9)Q19Even when I know that they are not
indicated, I prescribe antibiotics since
patients expect it.

<.0010.86126 (68.1)38 (20.5)13 (7)7 (3.8)1 (0.1)4.5 (0.8)Q20Even when I know that they are not
indicated, I prescribe antibiotics since
patients ask for it.

<.0010.87128 (69.2)32 (17.3)19 (10.3)3 (1.6)3 (1.6)4.5 (0.9)Q21Even when I know that they are not
indicated, I prescribe antibiotics since
patients press me to prescribe it.

<.0010.70115 (62.2)40 (21.6)10 (5.4)16 (8.6)4 (2.2)4.3 (1.1)Q22Even when I know that they are not
indicated, I prescribe antibiotics since
I do not have time to explain to the
patient the reason why they are not
called for.

Perceived behavioral controlb

<.0010.2862 (33.5)43 (23.2)50 (27)25 (13.5)5 (2.7)3.9 (3.2)Q23I prescribe antibiotics because I fear
patient deterioration.

<.0010.6355 (29.7)55 (29.7)47 (25.4)24 (13)4 (2.2)3.7 (1.1)Q24I prescribe antibiotics since it is im-
possible to track the patient accurate-
ly.

<.0010.8592 (49.7)44 (23.8)31 (16.8)10 (5.4)8 (4.3)4.1 (1.1)Q25I prescribe antibiotics to avoid possi-
ble patient complaints or medico-legal
problems.

<.0010.73119 (64.3)32 (17.3)18 (9.7)10 (5.4)6 (3.2)4.3 (1.1)Q26I prescribe antibiotics to avoid being
perceived as doing nothing for pa-
tients.

<.0010.6196 (51.9)32 (17.3)23 (12.4)25 (13.5)9 (4.9)3.9 (1.3)Q27I prescribe antibiotics to avoid losing
patients.

aOverall score: mean 4.3 (SD 0.8).
bOverall score: mean 4.0 (SD 1.1).

Antibiotic Prescribing Practices of Physicians
Of the 18,049 patients seen in the OPDs, 9896 (54.8%), or an
average of 60.1 (53.5%) patients per week, were estimated to
receive at least one antibiotic. Using an estimate of 10 patients
for each of the 185 physicians, for a total of 1850 patients with
URTIs, about 916 (49.5%) were estimated to be prescribed at
least one antibiotic. Accordingly, 178 (96.2%) of the 185
physicians estimated that they prescribed antibiotics for at least

one patient out of every 10 patients who presented with
symptoms of a URTI, with a mean score of 5.9 (SD 2.2); 142
(142/185, 76.8%) physicians believed they would prescribe
antibiotics for >3 patients; and 43 (43/185, 23.3%) physicians
estimated they would prescribe antibiotics for 0 to 3 patients.
The majority of physicians (56/185, 30.3%) said they would
prescribe antibiotics to 5 patients out of 10 encounters with
patients with URTIs in the OPDs (Table 5).
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Table 5. Estimated prescriptions of antibiotics for upper respiratory tract infections (URTIs) out of every 10 patients by 185 physicians in hospital
outpatient departments.

Physicians who estimated they would prescribe antibiotics, n (%)Number of patients prescribed antibiotics per every 10 patients

7 (3.8)0

4 (2.2)1

9 (4.9)2

23 (12.4)3

43 (23.3)Total for ≤3 encounters (30% of patients) with a URTI

31 (16.8)4

56 (30.3)5

20 (10.8)6

10 (5.4)7

12 (6.5)8

2 (1.1)9

11 (5.9)10

142 (76.8)Total for >3 encounters with a URTI

Structural Equation Modeling
The SEM using MTPB confirmed the theoretical framework
for the antibiotic prescribing behaviors of physicians with some

modifications. Based on the coefficient of determination (R2),
94.6% of the variation in antibiotic prescribing behavior could
be explained by all the exogenous variables. Data in the MTPB

model had good fit, with P>χ2 (P>0.0001), a root mean squared
error of approximation of 0.049, a standardized root mean
squared residual of 0.071, a CFI of 0.91, and a Tucker-Lewis
index of 0.901 (Table 6).

The MTPB model indicated that only physician knowledge was
associated with PBC and SN. There was covariance between
SNs and PBC (P<.001). Attitudes, SNs, and PBC were not
associated with intentions to prescribe or reduce use of
antibiotics. Similarly, intentions to prescribe or reduce use of
antibiotics was not associated with the estimated number of
antibiotic prescriptions for URTIs or during weekly visits
(Figure 1). Physician age (P=.004) and professional level
(P<.02) were predictors of the number of estimated prescriptions
for URTIs, and physician age (P=.001), sex (P=.03), and
professional level (P=.02) were predictors of the estimated
number of prescriptions during weekly OPD visits. Knowledge

was a direct predictor of SNs (P<.001) and PBC (P<.001). There
was no indirect relationship between prescriber behaviors and
knowledge, attitude, SN, and PBC (Table 7).

Based on the information in Table 7, for the 49.5% of the 1850
patients with URTIs who were estimated to be prescribed at
least one antibiotic, physicians older than 30 years were more
likely to prescribe antibiotics (51/100, 51%) than those ≤30
years old (48/100, 48%). Based on professional level, residents
(51/100, 51%) were more likely to prescribe antibiotics than
general practitioners (47/100, 47%). Similarly, for the estimated
54.8% (9896/18,049) of weekly OPD visits that had an antibiotic
prescription, physicians older than 30 years were more likely
to prescribe antibiotics (57/100, 57%) than those ≤30 years old
(54/100, 54%). Women (63/100, 63%) and residents (57/100,
57%) were also more likely to prescribe antibiotics than men
(53/100, 53%) and general practitioners (53/100, 53%),
respectively. Good knowledge was a direct predictor of SNs
(mean 4.4, SD 0.6) and PBC (mean 4.1, SD 1.1), both of which
are in contrast for those with poor knowledge (mean 4.0, SD
0.9) and (mean 3.8, SD 1), respectively. However, intentions
to reduce and prescribe antibiotics were not affected by attitudes,
SNs, nor PBC, and perceived antibiotic prescribing behavior
was not related to intentions to reduce or prescribe antibiotics.
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Table 6. The model goodness of fit indexes for antibiotic prescribing behaviors of 185 physicians in hospital outpatient departments.

StandardDescriptionValueFit statistics

Likelihood ratio

—aModel versus saturated451.292χ2_ms (314)

——0.0001P>χ2

—Baseline versus saturated1878.872χ2_bs (348)

——0.0001P>χ2

Information criteria

—14073.713Akaike information criterion (AIC)

—14337.782Bayesian information criterion (BIC)

Population error

0.08—0.049Root mean squared error of approximation (RMSEA)

——0.038-0.05890% CI

—Probability of RMSEA ≤0.050.581Pclose

Size of residuals

<0.09—0.071Standardized root mean squared residual (SRMR)

——0.946Coefficient of determination (CD)

Baseline comparison

≥0.90—0.910Comparative fit index (CFI)

≥0.90—0.901Tucker-Lewis index (TLI)

aNot applicable.

Figure 1. SEM of Antibiotic Prescribing Behavior in hospital outpatient departments using standardized coefficients in 2022. This SEM is also available
as Multimedia Appendix 1. SEM: Structural Equation Modeling.
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Table 7. Effects of direct and indirect variables on the intention to prescribe antibiotics by 185 physicians in hospital outpatient departments in 2022.

Effects of covariates on each otherFactor

P valueSEΒ

Subjective norms

<.0010.490.41Knowledge

Perceived behavioral control

<.0010.43–0.62Knowledge

Intention to reduce antibiotic prescriptions

.420.200.16Attitude

.450.200.15Subjective norms

.530.210.13Perceived behavioral control

Intention to prescribe antibiotics

.910.890.10Attitude

.830.930.20Subjective norms

.790.89–0.26Perceived behavioral control

Proportion of patients from 10 who were estimated to be prescribed antibiotics for a URTIa

.091.843.09Facility

.0040.371.05Age

.204.095.19Sex

.911.560.17Work area

.033.246.96Professional level

.831.640.36Length of employment in the current hospital

.811.31–0.31Overall length of employment in the current position

.394.283.68Training

.542.691.66ITRABxb

ConstrainedConstrainedConstrainedITPABxc

Proportion of weekly visits during which physicians estimated they would prescribe antibiotics

.612.311.19Facility

.0010.461.53Age

.035.1611.15Sex

.151.97–2.83Work area

.024.089.69Professional level

.342.071.97Length of employment in the current hospital

.531.65–1.03Overall length of employment in the current position

.135.39–8.13Training

.393.382.88ITRABx

.410.780.65ITPABx

aURTI: upper respiratory tract infection.
bITRABx: intention to reduce antibioitcs.
cITPABx: intention to prescribe antibiotics.

Discussion

AMR is a global crisis [27,29-32], calling for urgent action to
resolve it. One of the important strategies for combating AMR

is improving antibiotic prescribing practices by determining
factors that affect physicians’prescribing behaviors [10,11,14].
Physicians’ antibiotic prescribing practices are influenced by
physician-related factors (knowledge, expertise, specific
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prescription patterns, time constraints, and communication with
patients), patient-related factors (preferences, expectations,
knowledge, culture, economic status, and previous experience),
and health system–related factors (guidelines, policies,
regulations, and financial incentives) [24]. Thus, the TPB in its
original or modified (MTPB) form provides a theoretical
framework to identify the determinants of physicians’antibiotic
prescribing behaviors [14,15,33]. This study, using SEM,
confirmed the theoretical framework for physicians’ antibiotic
prescribing behaviors with some modifications. The MTPB
model revealed that physician knowledge was associated with
PBC and SN (P<.001). However, attitudes, SNs, and PBC did
not influence intentions around prescriptions and perceived
prescribing behaviors of physicians. Overall, the study revealed
that physicians’perceived antibiotic prescribing behaviors were
not affected by intentions to reduce and prescribe antibiotics.

A qualitative study in Ethiopia uncovered that “junior physicians
(interns and residents) are more likely to prescribe
broad-spectrum antibiotics, and they further speculate these
practices are driven by poor knowledge” [27]. In this, 121
(65.4%) of the 185 physicians had good knowledge (answered
5 questions out of 11), although the respondents answered only
44.13% of the total questions about antibiotic prescriptions
correctly. This was relatively low compared with the 55% to
86% for physicians in hospitals in China [14,15], Lao People's
Democratic Republic, Democratic Republic of Congo, and Peru
[34-36]. In this study, MTPB knowledge was directly linked
with the PBC and SNs of physicians (P<.05). This was different
than the findings of a study in China that reported a link between
high knowledge and positive attitudes toward the rational use
of antibiotics [14,15] but similar to a study that reported a link
between high knowledge and decreased SNs to prescribe
antibiotics [14]. This study revealed a lack of indirect links
between knowledge and antibiotic prescribing behavior, which
was similar to a study in China that reported a lack of a link
between knowledge and antibiotic prescribing practices [14,15].
Knowledge helps physicians weigh the treatment options and
increases the accuracy of risk perception; thus, physicians with
different professional titles (such as resident physicians and
general practitioners) and length of practice may have different
attitudes toward antibiotics, based on findings in previous studies
[37,38]. Although training can contribute to knowledge
acquisition, this study revealed a lack of difference in knowledge
between those who completed training on antibiotic prescribing
and AMR and those who did not.

This study also revealed a lack of a link between attitudes, SNs,
and PBC to prescribe antibiotics. This was different from a
report in China that confirmed that “intentions to prescribe
antibiotics are predicted by the attitudes, subjective norms, and
sense of behavioral control of the prescribers” [33], although
another study reported a lack of relationship with intentions to
prescribe antibiotics [14,15]. It was reported that attitudes, SNs,
and PBC were predictors of antibiotic prescribing behaviors
[11,39]. However, this study did not show indirect relationships
between attitudes, SNs, and PBC and prescribers’ perceived
antibiotic prescribing behaviors.

Of the patients seen in the OPDs weekly, 54.8% were estimated
to receive at least one antibiotic, and of the 1850 estimated

patients who presented with a URTI, 916 (49.5%) were
estimated to be prescribed at least one antibiotic. In Ethiopia,
antibiotic prescribing ranges from 56.0% in primary health care
facilities [40] to 73.7% in inpatient wards in the national referral
hospital [41]. The majority of the prescriptions (32.9%-39.3%)
were for respiratory tract infections, although about 54.2% of
all antibiotic prescriptions might not be needed [27]. This could
explain the high rates of perceived antibiotic prescriptions for
outpatient visits and patients with URTIs in this study. In
ambulatory care facilities in Tanzania, 95% to 96.3% of
presenting cases were receiving at least one antibiotic [42],
which is higher than the estimated prescriptions among weekly
visits and patients with URTIs in this study. Another study in
the same hospital reported 66.9% of patients were treated with
or prescribed at least one antibiotic among weekly visits [28],
which was higher than the perceived weekly prescriptions and
prescriptions for URTIs in this study. A study in China reported
that physicians prescribed antibiotics to an estimated 40% of
patients with URTIs [14], and actual antibiotic prescribing
behavior was 44.3% [33], both of which are lower than the rates
in this study.

In this study, intention to reduce antibiotic use and intention to
prescribe antibiotics were not linked with perceived antibiotic
prescribing behaviors. Similar findings from China supported
the limited role of intentions on antibiotic prescribing behavior
[33]. Intraphysician prescription variability is affected by the
availability of clinical guidelines, experience, peer prescribing
practices, pharmaceutical pressure, time pressure, financial
considerations, individual practice patterns, practice volume,
and relationships with patients [24]. Differences in these factors
might explain the discrepancy in the findings from this study
and those from a study in China [33], which reported that a
positive attitude toward antibiotics resulted in a higher intention
to prescribe antibiotics. The difference might be due to
differences in the type of patients, clinical practice, and
availability of structural and process controls in antibiotic
prescribing. Two studies, one in Eritrea and one in Ethiopia,
confirmed this by reporting that patient age (<18 years), gender
(male), and the number of drugs in a prescription (≥2) were
associated with the prescription of antibiotics [43,44]. Thus,
physicians in different health systems may be subjected to
different working environments and social pressures, which
could affect their overall intention to prescribe and prescribing
behavior.

In general, this study uncovered a lack of volitional control
among physicians when prescribing antibiotics. This indicates
the complex nature of antibiotic prescribing practices, which
are influenced by various factors [24]. Thus, a campaign is
needed to reduce over-prescriptions of antibiotics using a
systems approach to addressing gaps in the knowledge and
attitudes of prescribers [33]. Introducing educational programs
and training on antibiotic prescribing practices and antibiotic
resistance, preparing targeted guidelines to address gaps in
antibiotic prescriptions for URTIs, and involving specialists
will help address the gaps in antibiotic prescribing [24,33,45].
Providing antibiotics as a universal therapy due to gaps in
knowledge and skills and financial or reputational incentives
on the one hand and a lack of antibiotic and poor facility
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regulations, the absence of a regulatory framework, and poor
implementation of existing policies on the other hand might be
drivers of inappropriate antibiotic prescriptions [46]. Thus,
disease-specific prescribing guidelines like those for URTIs can
facilitate the translation of intentions into practices, since the
inability to make a clear diagnosis and over-prescription of
antibiotics may be linked with physicians’ clinical capacity
rather than behavioral control intentions [24]. Despite this,
self-regulation, outcome expectation, and anticipation of
possible barriers may still have a considerable effect on
prescribing behaviors and will help reduce inappropriate
antibiotic use, since inappropriate prescribing of antibiotics in
ambulatory care is known to be linked to current knowledge on
antibiotics, ASPs, and AMR among prescribers [42].

Therefore, ASPs must have fiduciary responsibility for all health
care institutions across the continuum of care [47]. A
comprehensive approach through a hospital policy on the
rational use of antibiotics is essential to developing and
implementing an evidence-based antibiotic use policy and
standard treatment guidelines for common infectious diseases,
improving antimicrobial prescribing through educational and
administrative means, and monitoring and providing feedback
regarding antibiotic resistance, all of which are strategic
approaches [48]. Knowledge of determinants that influence
antibiotic prescription behavior is essential for the successful
implementation of antimicrobial stewardship interventions [49].
In Ethiopia, at present, there are limited or no national or
coordinated legislative or regulatory mandates designed to
optimize the use of antimicrobial therapy through ASPs [6,26].
This research on behavioral determinants may have a substantial
impact on designing policies on antibiotic prescribing behaviors
and implementing effective, efficient, and evidence-based
interventions. It urges strengthening efforts to improve
prevention and control efforts for infectious diseases, including
the adoption of ASPs in all health care facilities. Research is
also needed to define the optimal elements and goals of ASPs
in different health care settings; expand educational efforts on
ASP; devise novel mechanisms to prevent the over-prescription
of antibiotics; and implement rapid, point-of-care diagnostic
tests that would enable appropriate prescription and care.

Overall, this study will help understand prescribing behaviors
by applying the TPB model and will be helpful for regulating
prescribing behaviors, improving clinical management,
promoting physician-patient communication, and establishing
a harmonious physician-patient relationship to improve rational
prescribing behaviors in delivering high-quality medical
services. Policymakers should also consider multiple scenarios
rather than merely concentrating on creating awareness. The
model can hopefully be incorporated as part of multilevel
interventions designed to decrease irrational prescriptions for
actual patients. Furthermore, it might help initiate a nationwide
survey on factors affecting antibiotic prescribing behaviors, and
more research is needed to explore the views of other
stakeholders on antibiotic use. Although this study presents
opportunities for future studies in the country, it does have its
limitations. The sample size was relatively small, and
self-administered questionnaires may not provide the possibility
for respondents to verify their answers, resulting in socially
desirable answers. Due to a lack of records for antibiotic
prescriptions, it was not possible to determine the actual
antibiotic prescribing behaviors of physicians. Another limitation
might be that it did not include all comprehensive
physician-related factors (expertise, knowledge, specific
prescription patterns, time constraints, and communication with
patients), patient-related factors (knowledge, preferences,
expectations, culture, economic status, and previous experience),
and health system–related factors (financial incentives,
guidelines, policies, and regulations) that influence antibiotic
prescribing practices. Thus, further studies using TPB with a
large number of physicians are warranted.

In conclusion, there was a high level of estimated antibiotic
prescriptions for URTIs and weekly outpatient visits. However,
the perceived behaviors around antibiotic prescription were not
affected by the intention to prescribe antibiotics or the intention
to reduce antibiotic use. Although the physicians had a good
level of knowledge about antibiotics, antibiotic resistance, and
prescriptions, which were linked with the attitudes and SNs of
physicians, intentions to reduce use and prescribe antibiotics
were not significantly associated with attitudes, SNs, or PBC.
This may show the complex nature of antibiotic prescriptions,
which cannot be justified simply by intentions and behaviors
of physicians, as determined based on TPB.
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Abstract

Background: Emergency medical services have a pivotal role in giving timely and appropriate responses to emergency events
caused by medical, natural, or human-caused disasters. To provide adequate resources for the emergency services, such as
ambulances, it is necessary to understand the demand for such services. In Indonesia, estimates of demand for emergency services
cannot be obtained easily due to a lack of published literature or official reports concerning the matter.

Objective: This study aimed to ascertain an estimate of the annual volume of hospital emergency visits and the corresponding
demand for ambulance services in the city of Jakarta.

Methods: In this study, we addressed the problem of emergency services demand estimation when aggregated detailed data are
not available or are not part of the routine data collection. We used survey data together with the local Office of National Statistics
reports and sample data from hospital emergency departments to establish parameter estimation. This involved estimating 4
parameters: the population of each area per period (day and night), the annual per capita hospital emergency visits, the probability
of an emergency taking place in each period, and the rate of ambulance need per area. Monte Carlo simulation and naïve methods
were used to generate an estimation for the mean ambulance needs per area in Jakarta.

Results: The results estimated that the total annual ambulance need in Jakarta is between 83,000 and 241,000. Assuming the
rate of ambulance usage in Jakarta at 9.3%, we estimated the total annual hospital emergency visits in Jakarta at around 0.9-2.6
million. The study also found that the estimation from using the simulation method was smaller than the average (naïve) methods
(P<.001).

Conclusions: The results provide an estimation of the annual emergency services needed for the city of Jakarta. In the absence
of aggregated routinely collected data on emergency medical service usage in Jakarta, our results provide insights into whether
the current emergency services, such as ambulances, have been adequately provided.

(Interact J Med Res 2024;13:e54240)   doi:10.2196/54240
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emergency medical services; ambulance services; hospital emergency services; Southeast Asian countries; low-and-middle-income
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Introduction

Background and Context
Demand for emergency medical services (EMS), in particular
ambulance services, has been much discussed in relation to
finding factors influencing the change in demand, as well as
the benefits of using the ambulance services. Factors influencing
the usage of ambulance services can include medical conditions
[1], patients’ demographic and socioeconomics [2],
environmental factors [3,4], and pandemic events [5,6].
Evidence from the literature also suggests that the use of
ambulances reduces prehospital delay [7], which eventually can
improve patient-related outcome measures [8].

In Indonesia, natural disasters take place every year including
floods, wildfires, earthquakes, landslides, windstorms, tsunamis,
and extreme weather conditions [9]. These disasters can affect
millions of people including deaths or losses and thousands of
injuries. Concerning population health, in 2019, around 19.42%
and 14.38% of deaths were caused by stroke and heart disease,
respectively [10]. Stroke and ischemic heart disease were among
the highest contributors to the years of life lost (6,317 combined)
[11]. Trauma cases, including road injuries, contributed to
around 4.5% of all deaths [10]. Both natural disasters and ill
health can contribute to the demand for ambulance services.

The health care system in developing countries is characterized
by scarce resources, including human and financial resources.
In Indonesia, health care capacity is far from adequate in many
areas and not evenly distributed [12]. The Indonesian prehospital
emergency medical services are fragmented and lack
standardization, which causes variation in the quality and
management of prehospital care delivery. Resources such as
ambulances are available, both publicly and privately run.
However, lack of funding, coordination, inadequately trained
paramedics, and infrastructure are among the issues faced by
the emergency ambulance services in Indonesia [13].

Jakarta, the capital of Indonesia, is home to over 11 million

people with an area of 664 km2 and an annual population growth
rate of 0.92% between 2010 and 2020 [14]. In Jakarta, various
organizations provide ambulance services. A study found that
in Asian countries, ambulance availability ranged from 0.33 to
47 per 100,000 population [15]. The ambulance service includes
responding to emergency needs outside the hospitals as well as
providing interhospital transportation. Access barriers to
ambulance services exist. It is found that many patients, even
with life-threatening conditions, travel to hospital emergency
departments (EDs) without using appropriate transportation
including motorcycles [16]. Factors influencing the patients’
choices for transport are related to medical, socioeconomic,
road, and traffic conditions. The congested areas of Jakarta at
certain times of the day may suggest the preference for using
small and agile transportation such as a motorcycle. The use of
public transport or hired cars may be more economical compared
with using a private ambulance.

The decisions on ambulance provision in Jakarta are often made
without evidence-based or rigorous data analysis. Indeed, it is
not easy to know the actual demand in the population. The

difficulty in estimating the demand for ambulances is due to
several reasons:

1. There is no unifying service that collects data from various
ambulance providers. Official reports on health care usage
do not cover prehospital emergency services. This could
be due to fragmented services, different quality in the data
collection process, and lack of resources.

2. Hospitals may collect data on people attending their EDs.
However, there are no data available on how the patients
arrived at the hospitals. There is no (financial) incentive in
collecting such data to support the decision-making process,
hence the authority and health care providers do not pay
particular attention to collecting data related to transport
modes used by the patients.

3. There is no data on the number of people with real
emergency conditions who need ambulance services. This
issue may not be exclusive to Jakarta. However, factors
such as culture and a lack of medical awareness can
exacerbate the reluctance to seek help or use an ambulance.
For example, it is common in Indonesia for patients with
conditions, such as fractures to seek help from alternative
treatments, such as from a massage therapist.

Approaches to Estimating Ambulance Demand
Studies on estimating ambulance demand may have used
different approaches depending on the availability of the data.
Where data were collected regularly by ambulance providers
and available for a long period, a time series forecasting method
may be suitable for a short or relatively long period of demand
forecasting [17,18]. This method is suitable for anticipating
resource requirements needed in a specific time or season. The
output is the call volumes for each specific time frame, for
example, monthly, daily, or even hourly. This method is built
based on past data to mimic the patterns observed in the data
with a certain degree of variability as closely as possible. The
forecast is deemed relatively accurate when the model output
is very close to matching the data. Studies using time series
methods will compare several models, using metrics such as
mean absolute percentage error, and the best-performing model
is to be used to generate the forecast.

An estimation based on different regions can give a granular
picture of each region. A spatial forecasting method can be
applied in this case where characteristics of each forecasted area
are taken into consideration [19]. Machine learning techniques
such as multilayer perceptron [20], and artificial neural network
[21] can be used in addressing spatiotemporal issues. However,
this requires data that capture information on the patient’s
location as well as the time. Patients are grouped by region, and
characteristics for each region may be used if multivariate
models are to be developed. In addition to spatiotemporal issues,
different transportation modes can also be considered to build
an optimization model for estimating ambulance demand [22].

Estimating the demand for emergency services is a challenging
process, particularly when aggregated data are not available. In
Indonesia, studies quantifying the demand for ambulance
services are scarce. Only one recent paper has attempted to
quantify the demand for ED use in Jakarta, [23], using a naïve
approach, complemented by regression analyses to fill in missing
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data, to estimate 2 million ED visits in 2017. We build on the
work of [23], with a particular focus on ambulance usage that
is missing in that study. Here we differ from that paper by using
simulation to estimate variance in demand as well as overall
demand level and considering commuters who do not live within
the Jakarta city boundaries.

In this study, we aim to estimate the demand for emergency
services, including ambulance usage, by considering regional
variation at the neighborhood levels within Jakarta. The study
serves 2 main purposes: first, to develop a method for estimating
annual emergency service usage in the absence of aggregated
data, and second, to provide an estimate of the annual usage of
hospital emergency services and the need for ambulance services
in Jakarta. This report contributes to the existing literature on
emergency medical services in low- and middle-income
countries such as Indonesia.

Methods

To estimate the annual emergency service usage, we used
population estimates broken down into the smallest
administrative areas. The method necessitated computing (1)
an estimation of population size for daytime and nighttime; (2)
an estimation of the probability of emergency calls coming from
each area for daytime and nighttime; (3) an estimation of the
rate of ED visits per capita; and (4) an estimation of the rate
ambulance needs per area in Jakarta. The details of the 4
elements needed for the estimate will be described in the
relevant subsequent section.

Data Sources
The data-informing parameters used in this study came from
various sources: survey data from Brice et al [16], official data
obtained from the Indonesian Office for National Statistics as
well as the Public Health Office reports, and data from 10
hospital EDs across Jakarta. The key survey in question, [16],
collected data such as mode, time, and duration of transport to

the hospital, as well as demographic information, for 1,964
patients arriving at five major hospitals in Jakarta in December
2019. We extracted information (from the survey) on the number
of patients per unit neighborhood and the methods of
transportation to go to the hospitals. The Statistical Office and
the Government reports provide an estimation of the
characteristics of the population in the region. These include
the ratio of male and female population and the population
density. We used information reported for the year 2019 (before
the COVID-19 pandemic) as subsequent years’ data will be
affected by the pandemic. Please note that mainland Jakarta is
divided into 5 municipalities. Each municipality administers
several districts, and each district is further divided into
neighborhoods. There are 267 neighborhoods within the whole
Jakarta area. We excluded 6 neighborhoods from the Thousand
Island region in northern Jakarta, as data are not always
available. Table S1 in Multimedia Appendix 1 summarizes the
data gathered from the Indonesian Office for National Statistics
and official health reports.

The survey data provide information on whether people used
ambulances to go to hospitals. A total of 1964 patients were
included in the survey and around 9.3% (183/1964) have used
ambulances to go to the hospital’s ED [16]. Table S2 in
Multimedia Appendix 2 summarizes the number of ED visits
from the survey when data was aggregated by neighborhoods.
It shows that around 50% of neighborhoods have used at most
1 ambulance. This is significantly low compared with the
number of other transportation used by the patients. We sought
information on the number of ED visits in year 2019 from 10
hospitals across Jakarta. Verbal consent was sought from each
ED director; however, there was no involvement with their
patients or patient-level data. The data were used to estimate
the rate per capita of ED used in Jakarta. A summary of this is
provided in Table 1 in the parameter estimation section. The
hospitals were sampled purposedly to cover all the 5
municipalities in Jakarta.

Table 1. Summary of EDa visits from 10 hospitals across Jakarta in 2019.

Value, nMeasure

266,931The sum of ED visits

1,080Minimum

12,522First quantile

24,629Median

35,730Third quantile

66,899Maximum

aED: emergency department.

Ethical Considerations
The aim of this secondary analysis was covered in the project,
titled “Modeling Emergency Medical Services in Indonesia,”
approved by the ethics committee from Sumber Waras Hospital,
“Rumah Sakit Sumber Waras Komite Etik Penelitian”
(001//RSSW/Kom.EP/EC/XI/2019). The element of the study
reported in this article used secondary data analysis and adhered

to the ethical review and approval processes as required by the
Declaration of Helsinki guidelines. The original consent
provided by participants included provisions for future use of
their data in secondary analyses and all data used were
anonymized prior to access to ensure no identifiable information
was included. There was no compensation provided to
participants.
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Estimation Methods
The study aims to estimate the number of emergency care needs
in Jakarta, hence the number of people needing ambulances.
The method of estimating the annual number of ED visits using
a certain transport method can be found in Boutilier and Chan
[22]. However, because of data limitations, we decided to
develop a Monte Carlo simulation approach instead of creating
a logistic regression model. This Monte Carlo method was used
to compare the results with simple naïve models. Naïve
(average) models assume that the rate of ambulance use is equal
across the neighborhoods, whereas the simulation model
accounts for some variation in the neighborhoods. The results
will be used to estimate the need for emergency care per
neighborhood in Jakarta.

The lack of published hospitals’ data on the number of annual
ED visits required us to estimate the following: first, the
population per neighborhood for daytime and nighttime. Note
that daytime is defined from 6 AM to 5:59 PM, and nighttime
is defined from 6 PM to 5:59 AM. This allows us to break the
estimation of emergency care needs by the time of the day.
Second, the probability that the emergency call happens for
each period (ie, daytime or nighttime). Third, the average annual
number of ED visits per capita. Fourth, the proportion of ED
visits per neighborhood arriving via ambulance. We simplify
the description of the estimation model, and its modification as
follows:

Let Pi,j be the population size in neighborhood i at the period
of a day j; εj be the probability of an emergency happening at
the period of a day j; λi be the expected annual rate of ED visits
per capita in neighborhood i; and δi be the proportion of ED
visits from neighborhood i that arrived using an ambulance.

The total expected annual number of ED visits in the whole
region is the sum of expected annual ED visits in neighborhoods.
Mathematically, this is written as:

Where n is the number of neighborhoods, which in our case is
Jakarta (261) and j is either daytime or nighttime. The model
in reference [22] was modified to include the probability of an
emergency happening in each period j, here denoted as εj.

Parameter Estimation

Step 1: Estimating the Population of Jakarta for Daytime
(Pi,1) and Nighttime (Pi,2)

The study only concerns the area of Jakarta within the mainland
(ie, excluding the Thousand Island Regency). Jakarta mainland
comprises 5 municipalities or cities namely North, Central,
West, South, and East. Each city administered several districts,
and the total number of districts is 42. Each district is divided
into several neighborhoods, totaling 261 neighborhoods within
Jakarta.

The Indonesian Office for National Statistics estimated the total
population in Jakarta for mid-2019 to be around 10.5 million
[24]. Statistics on the number of people commuting in Jakarta
in 2019 were estimated in [25], which gave a net total additional

population of Jakarta due to commuting is estimated to be
around 1.1 million people. It also showed that the number of
commuters varies for each city or municipality in Jakarta; the
highest additional daytime population is in Central Jakarta
(estimated to be over 524 thousand people), followed by South
Jakarta (over 418 thousand people). Therefore, it follows that
the total population in Jakarta for daytime and nighttime is to
be estimated at around 11.6 million and 10.5 million,
respectively. The nighttime estimate used the population
estimate provided by the Office for National Statistics.

Step 2: Estimating the Probability of Calls for Daytime
ε1 and Nighttime ε2

The probability of an emergency happening at period of day j
(εj) is needed since we use the estimation in daytime and
nighttime. The probability is estimated from the hospital survey
data provided by Brice et al [16], which recorded the time the
emergency events happened. We classify the ambulance calls
into those that happened in the daytime, between 6 AM to 5:59
PM, and those that happened in the nighttime, 6 PM to 5:59
AM. These were 1228 calls and 736 calls, respectively, giving
the proportion of calls happening in daytime and nighttime as
0.625 and 0.375, respectively.

Step 3: Estimating the Average Annual Rate of ED Visits
Per Capita λi

The Public Health Office of DKI Jakarta Province reported that
the number of general hospitals in Jakarta is 143 [26]. This does
not account for 315 public health clinics, 47 special hospitals,
or 19 maternity hospitals. At least around 86 general hospitals
have ED. Sample data from 10 hospitals with EDs across Jakarta
were sought during this study. The hospitals were purposely
sampled to ensure representation from each of the 5
municipalities, with a diverse mix of government, Ministry of
Health, defense, and private hospitals. The inclusion of at least
one general hospital from each municipality was aimed at
ensuring the samples were as representative as possible, allowing
us to estimate demand across all EDs. Table 1 summarizes the
findings on the number of total ED visits for 2019 from the
participating hospitals. Multiplying the median, the first, and
the third quantiles to 86 general hospitals, we arrived at a crude
estimation for the total annual number of people attending the
ED in Jakarta (Table 2).

To arrive at the annual rate of ED visits per capita, we simply
divide the estimated total annual ED visits by the total
population of Jakarta (in our case 10.5 million). The median
number of annual ED visits is 2,118,051 (IQR
1,076,892-3,072,737).

It follows that the crude estimation for the median rate per capita
for ED visits is 0.20 (IQR 0.1-0.3; based on a 10.5 million
population size and rounded to 1 decimal point). It suggests that
the total annual ED visits in Jakarta based on 2019 data is
between 1 and 3 million visits. From this, we use the assumption
that the rate per capita ED visit is uniform for the whole region.
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Step 4: Estimating the Yearly Rate for Ambulance Needs
Within Jakarta δi

We used the survey results of Brice et al [16] on the usage of
ambulances per neighborhood. We obtained the count per
neighborhood on whether people used ambulances or not to go
to the hospitals. Since generally patients are independent of
each other, we assumed that people who used ambulances to
go to the hospitals were independent of those who used other
modes of transportation. To obtain the yearly rate for ambulance
need per neighborhood, we used three approaches namely a
Monte Carlo simulation [27], a naïve, and a weighted naïve
approach. The description of the three approaches can be found
in Multimedia Appendix 3. The implementation of the Monte
Carlo simulation, together with the naïve and weighted naïve

models, and the statistical analyses of the results were done in
Python.

Due to the central limit theorem, the sample means for the rate
of ambulance follow a normal distribution, so confidence
intervals can be calculated, and parametric t tests can be
performed comparing the distribution obtained from the Monte
Carlo simulation to the naïve and weighted naïve estimated. At
the aggregated level, the average sample mean for the rate of
using an ambulance was 0.07406 (95% CI 0.07388-0.07424).
This is significantly different (P<.001 when performing a
one-sample t test) from both the naïve and weighted naïve
estimates, showing that the simulation methodology produces
a different estimate from the naïve approaches. Figure 1
illustrates the distribution of the sample means for the rate of
ambulance needs.

Figure 1. Distribution of the mean rate for ambulance use from simulation results compared with naïve and weighted naïve estimates.

Results

Table 2 displays the results from applying naïve, weighted naïve,
and Monte Carlo simulation models using different per capita
rates of annual ED visits. We calculated the annual ambulance
needs for each neighborhood and aggregated the results to give
the estimate for the entire region. The computation for the
nighttime and the daytime was based on the assumption that

the proportions of patients attending the ED during daytime and
nighttime are 62.5% and 37.5%, respectively [16].

The results indicate that the annual number of people using
ambulances is between around 82,000 and 241,000. Assuming
that only 9.3% of people who came to the hospital ED have
used an ambulance, we can estimate the total annual ED
attendance to be between 0.9 and 2.6 million.
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Table 2. Estimated annual EDa visits using ambulance split into daytime and nighttime.

Total annual
emergency care
need

Total ambu-
lance needs

Daytime est.Nighttime est.Rate ambulance
use

Rate per capita
ED visits

Model

893,26983,07453,87129,2030.074060.10Naïve

891,88282,94553,78429,1610.074030.10Weighted naïve

893,82883,12653,90529,2210.073910.10Simulation

1,786,591166,153107,75158,4020.074060.20Naïve

1,783,387165,855107,56058,2950.074030.20Weighted naïve

1,787,333166,222107,79458,4280.073910.20Simulation

2,590,441240,911156,23784,6740.074060.29Naïve

2,585,839240,483155,95184,5320.074030.29Weighted naïve

2,591,398241,000156,29584,7050.073910.29Simulation

aED: emergency department.

Figure 2 depicts the distribution of annual ambulance needs
estimated from simulation results across the city of Jakarta. The
red dots represent the geographic locations of the ambulance
posts. The black dots represent the geographical location of
hospitals. The vast majority of neighborhoods have no
ambulance. While in a small number of neighborhoods,

ambulance posts can be quite close to one another. The total
number of hospitals captured is 168 with varying classifications
including general and specialist hospitals, belonging to the
government as well as privately funded. Hospitals with EDs are
mainly located around the central region of Jakarta.

Figure 2. Distribution for annual ambulance demand and location for ambulance posts (red) and hospitals (black).
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Discussion

Principal Findings
The current study estimated the annual demand for emergency
services in Jakarta to be between 0.9 and 2.6 million and for
ambulance services to be between 83,000 and 241,000. The
estimation derived through the simulation method proved to be
slightly higher than the results obtained from using the
conventional averaging methods (P<.001). This variation could
be attributed to the fact that average or naïve methods, by
definition, may be affected by exceptionally small or large
values within the data. Moreover, the naïve methods assumed
that the rate of demand for emergency services was the same
across the entire city of Jakarta, irrespective of variations in
population characteristics within its neighborhoods, whereas
the simulation method generated random sampling depending
on the distribution of the sample values. Hence, the resultant
estimates varied from one neighborhood to another. Considering
the small differences in the results, the use of average models
remains reasonable in this case for two reasons. First, the
neighborhoods in Jakarta exhibit similar population
characteristics and the Office for National Statistics in Jakarta
only produces reports at aggregate levels (municipalities).
Second, while patients’ characteristics and medical conditions
may affect the increased usage of emergency services, regional
differences such as density do not [28].

The estimated demand of 2.6 million annual ED visits was based
on 2019 data. A previous attempt used a survey method to
estimate 2 million ED visits in Jakarta for 2017 [23], and we
now estimate a higher level of demand. This could be for two
reasons: first, an increase in the population of Jakarta, including
an aging population [29], would result in higher demand
compared with 2017; and second, our study considers daytime
commuters that contribute to the demand, where the previous
study does not. Like any estimation study, it cannot provide an
exact measure of demand. Indeed, the true demand for health
care services can never be known, even with routine data
collection. Nevertheless, our study suggests two key points:
first, there is a pressing need for the Indonesian government,
particularly the local government in Jakarta, to collect regional
and national data on emergency services usage. These data can
be instrumental in studying the capacity and demand for
comprehensive emergency medical services including
prehospital, hospital, and ambulance services, as many capacity
and planning models on the operational and strategic levels
require detailed demand and variation data, while tactical
planning requires a good estimate of current demand to
efficiently and effectively plan for the future. Ensuring
well-structured and adequately supported emergency medical
services at all levels, from community to national, is essential
for efficiently serving the Indonesian population [30]. Second,
the study’s estimated demand volume suggests a significant
need for ambulance services. While government-owned
ambulances in Jakarta are provided to the population free of
charge, a study revealed that less than 10% of individuals
seeking hospital emergency care arrived via ambulance [16].
This warrants an investigation into whether the existing

ambulance capacity is sufficient to meet the needs of Jakarta’s
population, which exceeds 11 million people.

Comparison With Prior Work
Our study provided the first estimate of emergency services
usage in Jakarta using the population estimation method
considering spatial and time variation. It followed the method
used by Boutilier and Chan [22] with a modification. Our
formulation included the probability of emergency events
happening in the nighttime and daytime. In addition, we used
a Monte Carlo simulation due to limited data instead of logistic
regression. When data are sufficiently large and combined with
multiple variables, a machine-learning technique can be
developed as implemented in Boutilier and Chan [22].

The accuracy of the simulation results depends on the underlying
distribution used to generate the samples. Our samples, on the
emergency medical services used, came from a cross-sectional
study [16] that surveyed the usage of EMS in one month. Due
to a lack of aggregated data on the use of EMS in Jakarta, the
results from the current study cannot be validated.

In the absence of routinely collected data, the current study used
various data sources in conjunction with survey data to
parameterize the models. Previous research on health care
services demand has adopted diverse methodologies to generate
more precise estimations. For example, in the palliative care
demand, routinely collected data can be used in an estimation
model to include deaths as well as the prevalence of the disease
[31]. Simple linear projection modeling can be used,
complementing expert opinions and online census data [32] to
project health care needs. By combining different data sources,
such as hospital and census data, more detailed results can be
achieved. The analyses can include the regional variation in the
risk of emergency related to patients’ characteristics such as
age, sex, comorbidities, and socioeconomics (see an example
in [33]). In Jakarta, a survey method involving many hospital
EDs was used to estimate annual ED visits [23].

Limitations
Finally, the study has limitations, as mentioned above, primarily
related to the absence of the routinely collected aggregated data.
Other limitations are related to the construction of the model.
The model did not incorporate the different transportation modes
used by patients when attending the hospital EDs. Future studies
could consider incorporating these modes to obtain different
estimations based on transportation types. Furthermore,
combining the survey data and the hospital data could be
explored to investigate whether patients’choice of transportation
during emergencies affects patient outcomes.

Conclusions
In this paper, we used Monte Carlo Simulation methods to
estimate the annual demand for EDs and ambulance usage
needed for the city of Jakarta, by extrapolating and sampling
from survey data, and considering commuter behaviors that
affect the daytime-nighttime population cycle of the city. This
methodology includes getting an estimate of the distribution of
the demand, and therefore its variability, which can be useful
in downstream capacity and planning modeling. We compared
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the results obtained with a naïve forecasting approach. The
demand estimation is evaluated on different metrics and levels
of detail and provides a breakdown into the smallest
administrative areas (neighborhoods). Considering the limited

resources of ambulances and the absence of routinely collected
data on EMS usage in Jakarta, the results can be used to
investigate further whether the current emergency services, such
as ambulances, have been equally and adequately provided.
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Abstract

Background: Gaming has become an integrated part of life for children and adults worldwide. Previous studies on the impact
of gaming on biochemical parameters have primarily addressed the acute effects of gaming. The literature is limited, and the
study designs are very diverse. The parameters that have been investigated most thoroughly are blood glucose and cortisol.

Objective: This exploratory study is the first to investigate the effects of long gaming sessions on the biochemical parameters
of healthy male adults. The extensive testing allowed us to observe short-term changes (within 6 hours), long-term changes during
the duration of the gaming sessions, and follow-up after 1 week to determine whether any changes were longer lasting.

Methods: In total, 9 experienced gamers completed 2 back-to-back 18-hour gaming sessions interspersed with a 6-hour rest
period. All participants adhered to a structured sleep pattern due to daytime employment or attending university. Blood, saliva,
and urine samples were collected from the participants every 6 hours. Linear mixed-effect models were used to analyze the
repeated-measures data accumulated during the study. A total of 51 biochemical parameters were investigated.

Results: In total, 12 of the 51 biochemical parameters significantly changed during the study: alkaline phosphatase, aspartate
aminotransferase, bilirubin, chloride, creatinine, glucose, hemoglobin, immature reticulocyte fraction, lactate, methemoglobin,
sodium, and thrombocytes. All changes were within the normal range. The mean glucose level of the participants was 4.39 (SD
0.07) mmol/L at baseline, which increased significantly by 0.24 (SD 0.07) mmol/L per 6 hours during the first period and by 0.38
(SD 0.07) mmol/L per 6 hours in the second period (P<.001). The glucose levels during the second session increased even though
the participants had little energy intake. Cortisol levels did not change significantly, although the cortisol pattern deviated from
the typical circadian rhythm. During both gaming sessions, we observed increasing cortisol levels from 6 AM until noon. The
participants were relatively dehydrated at the start of the study. The patients were asked to fast before the first blood sampling.
Within the first 6 hours of the study, the participants rehydrated, followed by relative dehydration during the remainder of the
study. This pattern was identified using the following parameters: albumin, creatinine, hemoglobin, erythrocytes, potassium, and
platelets.

Conclusions: This study is the first of its kind, and many of the analyses in the study yielded novel results. The study was
designed to emulate the behavior of gamers during the weekend and other long gaming sessions. At this point, we are not able
to determine the difference between the effects of gaming and behavior during gaming. Regardless, the results of this study
suggest that healthy gamers can partake in long gaming sessions, with ample amounts of unhealthy foods and little rest, without
acute impacts on health.
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Introduction

Video games have become a favorite pastime among children
and adolescents. In the United States, 99% and 94% of boys
and girls, respectively, play video games [1]. Video games are
part of a larger category of sedentary activities linked to health
issues such as physical inactivity, overeating, obesity, and
diabetes [2-6]. Collegiate-level gamers have a comparable BMI
to their nongaming peers but are less active with a higher body
fat percentage, lower lean body mass, and lower bone mineral
content [7]. This is particularly troublesome because studies
report that children spend as much as 7-11 hours daily engaged
in screen-based activities after school [8]. In addition, gaming
has been linked to overeating and overconsumption of soft
drinks as well as adverse health behaviors [9-12]. In a recent
review, the authors found that while gaming may increase
energy expenditure above baseline levels, gaming does not
constitute physical activity. Energy expenditure may increase,
but the activity level is comparable to that of standing or walking
[13].

Previously published data from this study showed that the
participants ingested an excessive number of calories from both
food and drink [14]. During the study, the participants ingested
an average of 6160 kcal from food and 1844 kcal from liquid
sources. Additionally, the participants consumed 1354 mg of
caffeine on average during the same period [14].

Previous studies of the impact of gaming on biochemical
parameters have primarily addressed the acute effects of gaming.
The literature is limited, and the study designs are very diverse.
The parameters that have been investigated most thoroughly
are blood glucose and cortisol. For blood glucose levels, gaming
does not appear to increase glucose levels within the first 20
minutes of a gaming session [15,16]. Chaput et al [15] reported
that gaming increased blood glucose levels after 40 minutes of
a 60-minute gaming session.

Cortisol has been used as a marker of both physiological and
mental stress during gaming [17-19]. Gaming may affect cortisol
levels, but the nature of this relationship has yet to be elucidated.
Oxford et al [17] reported that cortisol levels increase acutely
when gamers compete against friends. The authors suggested
that this was typical of male-male competition behavior [17].

While biochemical markers such as blood glucose and cortisol
levels have been investigated during the last 2 decades, many
biochemical markers pertaining to acute changes in the health
of the human body have yet to be investigated. In this study,
we aimed to investigate a broad array of biochemical markers
to assess homeostasis, lipid metabolism, internal organ function,
hematological balance, acid-base balance, and blood gases
during long gaming sessions. This is the first time that most of
the included parameters (except for glucose and cortisol) were
investigated in gamers and during long gaming sessions. As

such, we did not know what to expect over the course of the
study.

According to a recent literature review, knowledge of the effects
of long video gaming sessions is minimal [13]. This exploratory
study is the first of its kind in gaming. This is true for both the
length of the gaming sessions, the physical setup, and the
extensive testing.

A limitation of this study was the relatively small number of
participants. This study was designed to realistically emulate
the gaming behavior of young adults in a controlled setting in
a hospital dining hall and an adjourning meeting room. The
study was conducted as a local area network party for practical
reasons. Four laboratory technicians worked at all times to
sample, prepare, and analyze blood samples. A doctor and 2
investigators were also present throughout the gaming sessions.
We tried to overcome the artificial situation of the event by
discussing the setup with the participants before the study to
create the most real-life–like experience (video clip [20]). The
participants were asked to consume food and drink according
to their wishes and what they would habitually consume [14].
The extensive testing in the study allowed us to observe
short-term changes (within 6 hours), long-term changes during
the duration of the gaming sessions, and follow-up after 1 week
to determine whether any changes were longer lasting. The aim
of this study was to investigate the effects of long gaming
sessions on the biochemical parameters of healthy male adults.

Methods

Participants and Intervention
We have previously presented how the study was conducted
and the physiological response to long gaming sessions [14].
In this paper, the results of an extensive collection of
biochemical data are presented. We have adhered to the
CONSORT (Consolidated Standards of Reporting Trials)
statement regarding pilot and feasibility trials [21]. A
CONSORT checklist can be found in Multimedia Appendix 1.

In brief, 9 healthy male participants older than 18 years of age
with vast gaming experience were enrolled. The mean age of
the participants was 25.8 (SD 2.6) years, and the mean BMI
was 24.8 (SD 2.9) years. All participants were either full-time
students or employees [14]. According to the protocol (EudraCT
2019-004091-19), the plan was to enroll 6-9 gamers, with at
least 6 gamers engaging in gaming for 48 hours. Participants
were enrolled after they had called for participants from local
e-sports clubs through e-sports instructors, online message
boards, and word of mouth. The participants were recruited into
2 teams of 4 and 5 members.

The intervention consisted of two 18-hour gaming sessions
interspersed with a 6-hour break. During the break, the
participants had approximately 4 hours of sleep. After the last
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gaming period, all participants underwent both physiological
and biochemical tests.

Throughout the intervention, the participants had ad libitum
access to food and drink. Before the study, participants provided
lists of their preferred snacks and drinks. An assortment of chips,
candies, cookies, buns, cold cuts, cereal, and fruit was available
throughout the study. Additionally, an evening meal was
provided at 6 PM during both gaming sessions: pizza on the
first evening and hamburgers on the second evening. Participants
had access to tap water, soda, energy drinks, coffee, milk, and
chocolate milk.

The participants were instructed to avoid strenuous physical
labor, cardiovascular exercise, alcohol, and junk food for 7 days
before the study. Additionally, on the day of the study, the
participants were instructed to stop food intake at noon and only
drink water in case of thirst.

During the study, the participants were not restricted in any way
regarding gaming. Specifically, all types of games across all
genres and platforms were allowed. One participant brought his
PlayStation, and as a new soccer game had just been released,
participants played matches in teams or head-to-head. At other
times, the participants played alone in certain games or played
on the web with and against players who were not participants
in the study. Especially during the last 18 hours of the study,
the participants played first-person shooter games against each
other on teams.

Participant Involvement
After the protocol was approved by the local ethics committee
in February 2018, in total, 2 meetings were held with potential
participants and local e-sports instructors, discussing the content
of the protocol. In particular, food monitoring and blood
sampling methods were changed in accordance with the wishes
of the participants.

The participants suggested a “food diary” to monitor their caloric
intake. This suggestion was incorporated into the protocol. First,
it was suggested by the research team that a venous catheter be
inserted for blood sampling throughout the study. Instead, the
participants opted for multiple venipunctures. The changes
suggested at the meetings were approved by the local ethics
committee in an amendment before the study started.

Ethical Considerations
The North Denmark Region Committee approved the study
protocol on Health Research Ethics (N-20180011; EudraCT
2019-004091). Each participant provided informed consent in
writing twice, 2 weeks prior to the study and again on the day
of the study. The study used a standardized consent form that
stated that participation was voluntary and that participants
could withdraw from the study at any time without reason or
consequence. Primary consent was obtained after approval for
the secondary analysis. The data were deidentified. Except for
travel expenses, participants were not compensated for their
participation.

Blood Sampling and Processing
When the participants arrived at the laboratory, baseline samples
were collected, including a venous blood sample, a urine sample,
and a saliva swab. Blood, urine, and saliva were collected from
the participants every 6 hours. After the blood was drawn by
venous puncture, it was taken to the laboratory. Biochemical
analyses were performed immediately using an ABL800 FLEX
Blood Gas Analyzer (Radiometer); other samples were
centrifuged (at 3000 rpm/1875×g for 10 minutes), and the
plasma was frozen at –80 °C for later analysis. Blood samples
were analyzed using a Cobas 8000 Modular Analyzer (Roche
Applied Science) and a Sysmex XN-9000 Hematology Analyzer
(Sysmex Europe, GmbH). In total, 18 parameters were analyzed
on the Cobas 8000 (1 parameter is only presented in Multimedia
Appendices 2 and 3), 22 parameters were analyzed on the
Sysmex XN-9000 (16 parameters are only presented in
Multimedia Appendices 2 and 3), and 18 parameters were
analyzed using the ABL800 (11 parameters are only presented
in Multimedia Appendices 2 and 3). An overview of the analyses
by apparatus can be found in Multimedia Appendix 2. The
complete summary of the results is provided in Multimedia
Appendix 3. A total of 8 parameters were analyzed twice
between the 3 machines (calcium [Ca], glucose, lactate,
potassium [K], sodium [Na], bilirubin, creatinine, and
hemoglobin [Hb]). All the tests were performed in accordance
with the manufacturer’s instructions in a nationally accredited
biochemistry laboratory (Department of Clinical Biochemistry,
Aalborg University Hospital).

The following 30 parameters were measured and are presented
in the Results section: glucose (mmol/L), lactate (mmol/L),
cortisol (nmol/L), Ca (mmol/L), albumin-corrected calcium
(mmol/L), K (mmol/L), Na (mmol/L), and chloride (Cl, mmol/L)
were measured to assess homeostasis. Low-density lipoprotein
(LDL) cholesterol (mmol/L), high-density lipoprotein
cholesterol (mmol/L), total cholesterol (mmol/L), and
triglyceride (TG, mmol/L) levels were measured to assess lipid
metabolism. Alanine aminotransferase (ALT, U/L), albumin
(g/L), alkaline phosphatase (ALP, U/L), bilirubin (µmol/L),
creatinine (μmol/L), C-reactive protein (CRP, mg/L), and ferritin
(µg/L) were measured to assess organ-specific markers. sO2

(%), pCO2 (kPa), pO2 (kPa), pH, and standard bicarbonate
concentration (mmol/L) were measured to assess acid-base

balance and blood gases. Erythrocytes (1012/L), erythrocyte

volume fraction (EVF), Hb (mmol/L), mean cell Hb (10–15, SE

0.0018 mol), mean cell volume (10–15/L, SE 0.088/L), and

platelets (109/L) were measured to assess the hematological
markers.

Statistical Analyses
Linear mixed-effects models were used to analyze participants’
absolute changes in biochemical parameters throughout the
study. This modeling method is a standard extension of linear
regression models that controls for the random effects introduced
by having paired data and is often used when analyzing studies
with repeated measurements. We performed separate univariate
analyses for each change in each biochemical parameter; time
was the fixed effect, and participants were the random effect.
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Additionally, we included an interaction term between time and
period. This gave separate results for the first and second gaming
periods.

We used a likelihood ratio test to test the statistical significance
of the linear mixed effects models compared to a basic model,
which included only random effects and thereby assumed no
development over time. In total, 51 markers were analyzed (58
markers in total and 7 duplicates), and Bonferroni correction
was applied by multiplying α (originally .05) by the number of
tests. Statistical significance was set at α=.05 before Bonferroni
correction [22]. The assumptions of linear mixed-effects models
were tested and fulfilled in all the analyses. Linearity and
homoscedasticity were assessed by inspecting residual plots.
The normality of the residuals was assessed by inspecting
histograms and quantile-quantile plots. Given that this was an
exploratory study, outliers were not removed. Due to the sample

size and number of tests, we did not perform post hoc tests
comparing the data at individual time points.

Graphs illustrating changes over time were made for all
variables, consisting of average values among participants for
each sampling point, together with SEs presented as error bars
from the mean. In addition, selected graphs were included to
illustrate developments over time for specific parameters
(Figures 1-4) that were not necessarily reflected in the linear
mixed-effects models.

One participant’s LDL cholesterol level decreased 3-fold below
the minimum measuring range. The missing values were
substituted by using the previous lowest value of the participant
[23]. All the statistical analyses were performed using Microsoft
Excel 2013 (Microsoft Corp) and RStudio (version 1.1.383;
Posit, PBC). Linear mixed-effects models were generated using
the lme4 package [24].

Figure 1. Dehydration. (A) Albumin, (B) hemoglobin, (C) erythrocyte volume fraction (EVF), and (D) platelets.
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Figure 2. Glucose development over time.

Figure 3. Cortisol development over time.
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Figure 4. Triglyceride development over time.

Results

Overview
The linear mixed-effects models produced results with a mean
baseline value at the start of the study and coefficients of change
for the first and second gaming periods. Several parameters,
such as albumin, Hb, EVF, and the platelet count, exhibited a
pattern of high initial values, followed by a decrease after 6
hours and a continuous increase during the rest of the gaming
period (Figure 1). The complete list of results of all analyses is
available in Multimedia Appendix 3.

Homeostasis
The mean glucose level of the participants was 4.39 (SD 0.07)
mmol/L at baseline, which increased significantly by 0.24 (SD
0.07) mmol/L per 6 hours during the first period and by 0.38
(SD 0.07) mmol/L per 6 hours in the second period (Figure 2).
The mean Na level was 141.9 (SE 0.12) mmol/L at baseline
and decreased by 0.31 (SD 0.1) mmol/L per 6 hours during the
second period. There were no changes during the first period.
The mean Cl level was 105.9 (SE 0.14) mmol/L at baseline and
decreased significantly by 0.54 (SD 0.14) mmol/L per 6 hours
during the second period, and there were no significant changes
during the first period. Lactate, Ca, K, and albumin-corrected
calcium levels did not significantly change during the study.
Cortisol levels also did not change significantly. However,
cortisol levels appeared to be affected by long gaming sessions
and a lack of rest during the study. A deviation from this pattern
is usually associated with daily fluctuations in cortisol levels
(Figure 3). During a normal cortisol rhythm, cortisol levels are

at their lowest level at midnight before increasing to their peak
value at 6 AM, followed by a steady decline toward midnight.

Lipid Metabolism
Total cholesterol, LDL, high-density lipoprotein, and TG did
not significantly change during the study. However, the TG
levels during the study showed a distinct pattern: TG levels
increased after evening meals but returned to baseline after 6
hours (Figure 4).

Organ-Specific Markers
The mean ALP level was 77.2 (SE 0.63) U/L at baseline and
increased during the second period by 3.8 (SD 0.63) U/L per 6
hours. There was no significant change during the first period.
The mean bilirubin level was 9.9 (SE 0.22) μmol/L at baseline,
decreased by 1.15 (SD 0.22) μmol/L per 6 hours during the first
period and decreased by 1.05 (SD 0.22) μmol/L per 6 hours
during the second period. The mean creatinine level was 93.6
(0.56) μmol/L at baseline, decreased by 2.9 (SD 0.56) μmol/L
every 6 hours during the first period and decreased by 1.15 (SD
0.56) μmol/L every 6 hours during the second period. Albumin,
CRP, ferritin, and ALT did not significantly change during the
gaming sessions.

Acid-Base Balance and Blood Gases
sO2, pCO2, pO2, pH, and standard bicarbonate concentration
did not significantly change during the study.

Hematology
The mean Hb level was 9.18 (SE 0.025) mmol/L at baseline,
and it decreased by 0.055 (SD 0.025) mmol/L every 6 hours
during the first period. However, during the second period, Hb
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increased by 0.027 (SD 0.025) mmol/L per 6 hours. The mean

platelet count was 258×109/L (SE 1.1×109/L) at baseline and

increased by 6.9×109/L (SD 1.1×109/L) per 6 hours during the
second period. During the first session, there were no significant
changes. Erythrocytes, EVF, mean cell Hb, and mean cell
volume did not significantly change during the study.

Discussion

Principal Findings
This study is the first of its kind regarding the design and
number of biochemical analyses in the gaming population. The
fact that the study stretches over 42 hours of continuous
measurements makes it unique compared to the current literature
on gaming science. The study applies to recreational gamers
who play with various levels of seriousness but lack a singular
focus on the competition associated with e-sports. Overall, the
effect of gaming on standard biochemical parameters in healthy
male adults is limited. Significant changes were found in 12 of
the 51 parameters. Most of the results of biochemical tests are
novel findings in a gamer population [13]. It is not surprising
that most parameters were unaffected by the intervention, but
the high number of examined parameters added to our
understanding of the effects of gaming. The participants had a
large intake of calories throughout the gaming sessions
(especially during the first gaming sessions) [14]. We found
small changes in the levels of several biochemical and
hematological biomarkers, but all the levels were within the
normal range. Overall, the results of this exploratory study
suggest that, from a biochemical and hematological standpoint,
the health of male adults is not altered in the short term by long
gaming sessions.

Dehydration
The development of several parameters, including albumin,
ALP, creatinine, Ca, ferritin, Hb, erythrocytes, EVF, K, and
platelets, over time suggested that the participants were
relatively dehydrated at the start of the study and rehydrated
within the first 6 hours, followed by relative dehydration during
the remainder of the study (Figure 1). Dehydration, despite a
3-L fluid intake per 18-hour gaming session, was most likely
aided by the participants’ caffeine intake, as a large intake of
caffeine during nonstrenuous activities can cause increased
diuresis [25].

Homeostasis
Blood glucose levels increased consistently during each of the
gaming sessions (Figure 2). This development agrees with the
findings of Chaput et al [15], but the changes in this study
occurred over a much longer period. The changes in blood
glucose levels cannot be attributed to dehydration, as this
pathway is under tight hormonal control [26]. The glucose levels
during the second session increased even though the participants
had little energy intake. This could be due to the unexpectedly
high levels of cortisol present at the same time (Figure 3),
triggering the release of glucose from body stores. The glucose
levels never exceeded the normal range and returned to baseline
levels 1 week after the second long gaming session. Short- and
long-term changes in blood glucose levels in gamers who

regularly participate in long gaming sessions need further
investigation.

The development of cortisol during the study differed from what
would be expected (Figure 3). Cortisol is typically at its lowest
level at midnight and increases sharply at 6 AM to reach a
maximum between 6 and 10 AM, after which a sharp decline
is expected [27]. The continued increase at noon during both
sessions is surprising. Typically, the cortisol concentration
decreases throughout the day and evening, reaching its nadir at
midnight. The participants slept between noon (after the first
session) and 6 PM. The 6 PM cortisol value could have been
influenced by the waking cortisol response, which is related to
the circadian rhythm [28]. Multiple factors potentially contribute
to the disruption of the regular cortisol rhythm. Going into the
study, the participants all adhered to a structured sleep pattern
due to daytime employment or attending university classes.
During both gaming sessions, we observed a rise in cortisol
levels from 6 AM until noon. Gaming could be the cause of this
change, as the level of alertness (or “stress”) in gaming
potentially requires the continuous activity of the
hypothalamic-pituitary-adrenal axis [28,29]. An increase in
cortisol based on light intensity has been described, and light
from monitors could be a factor in the changes observed [30].
Nightshift workers who are habitually awake during the night
exhibit markedly lower morning cortisol levels [31]. The sharp
decrease in cortisol levels at midnight (both nights) indicated
that the regular diurnal slope was not completely changed by
the weekend during extreme gaming.

Lipid Metabolism
Gaming and sedentary behavior have been associated with
obesity and increased cholesterol and TG levels [4], as they
displace other nonsedentary activities [32]. Based on standard
biochemistry, cholesterol and TG were unaffected by long
gaming sessions and unrestricted food intake. However, TG
levels sharply increased after mealtimes, which were normalized
6-12 hours after each meal. This increase was much greater than
usual [33,34]. The sharp increase in TG was most likely the
result of the high fat content of the ingested foods [14].

Organ-Specific Markers
Overall, this study does not indicate that long gaming sessions
impact the kidneys or livers of gamers. Creatinine levels
decreased slightly during the study, possibly because of reduced
physical activity. A decrease in creatinine at this level is not
known to influence health.

Bilirubin and ALP levels decreased significantly during the
study. This decrease, while significant, is not associated with
any known pathophysiology.

Additionally, the large amounts of caffeine ingested may have
lowered the bilirubin levels [35]. In experimental models,
caffeine has been shown to have antifibrogenic,
anti-inflammatory, and antioxidant effects that potentially exert
liver protection [36-39].

We expected an increase in ALT based on food consumption
during the study [40]. Likewise, we suspected that the
inflammatory parameters would change due to the large intake
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of unhealthy food and drinks. As CRP, ferritin, and ALT are
sensitive to changes in behavior (strenuous exercise, alcohol
consumption, and excessive food intake), their lack of change
during the study indicates a minor or no impact of gaming
behavior.

Acid-Base Balance and Blood Gases
Our results showed that gaming did not affect the pH balance
or its regulatory systems. Furthermore, the pO2 in the venous
blood did not significantly change throughout the trial. This
finding agrees with the literature suggesting that sedentary
gaming is not physically demanding [13].

Hematology
Hematological parameters have not previously been examined
in gamers during long gaming sessions. The Hb concentration
decreased significantly during the first 18 hours of gaming and
increased during the second 18-hour session. These changes are
in accordance with the changes in hydration status outlined
earlier. Thrombocyte counts increased throughout the study,
especially in the second 18-hour session. Despite the significant
changes, the parameters were always within the normal range.
Overall, this exploratory study does not suggest a need for
further investigation into the association between hematological
parameters and gaming.

Strengths and Limitations
The participants were all male individuals in their 20s, and there
were only 9 participants. Based on these results, it is not possible

to determine whether gaming has a different or even harmful
effect on children, adolescents, or female individuals. The study
was conducted in a hospital and not in the familiar environments
of the participants. This may have caused participants to alter
their behavior in ways we cannot determine. The easy
availability of food and snacks may not relate entirely to how
long gaming sessions are conducted at home or at local area
network parties. We cannot rule out the possibility that
overeating occurred, but the available food and drinks were
only present at the behest of the participants. During the first
6-12 hours of the study, overeating was perhaps a factor, but
during the second session, the participants had a markedly lower
intake of calories from both food and drinks [14]. On the basis
of this study, we are not able to determine whether the excessive
intake of calories was due to convenience or to sustain a high
level of performance during strenuous gaming.

Conclusions
This study is the first of its kind, and many of the analyses in
the study yielded novel results. The study was designed to
emulate the behavior of gamers during the weekend and other
long gaming sessions. At this point, we are not able to determine
the difference between the effects of gaming and behavior during
gaming. Regardless, the results of this study suggest that healthy
gamers can partake in long gaming sessions, with ample
amounts of unhealthy foods and little rest, without acute impacts
on health.
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Abstract

Background: Physical activity is well known to have beneficial effects on glycemic control and to reduce risk factors for
cardiovascular disease in persons with type 2 diabetes. Yet, successful implementation of lifestyle interventions targeting physical
activity in primary care has shown to be difficult. Smartphone apps may provide useful tools to support physical activity. The
DiaCert app was specifically designed for integration into primary care and is an automated mobile health (mHealth) solution
promoting daily walking.

Objective: This study aimed to investigate the effect of a 3-month-long intervention promoting physical activity through the
use of the DiaCert app among persons with type 2 diabetes in Sweden. Our primary objective was to assess the effect on moderate
to vigorous physical activity (MVPA) at 3 months of follow-up. Our secondary objective was to assess the effect on MVPA at 6
months of follow-up and on BMI, waist circumference, hemoglobin A1c, blood lipids, and blood pressure at 3 and 6 months of
follow-up.

Methods: We recruited men and women with type 2 diabetes from 5 primary health care centers and 1 specialized center.
Participants were randomized 1:1 to the intervention or control group. The intervention group was administered standard care
and access to the DiaCert app at baseline and 3 months onward. The control group received standard care only. Outcomes of
objectively measured physical activity using accelerometers, BMI, waist circumference, biomarkers, and blood pressure were
assessed at baseline and follow-ups. Linear mixed models were used to assess differences in outcomes between the groups.

Results: A total of 181 study participants, 65.7% (119/181) men and 34.3% (62/181) women, were recruited into the study and
randomized to the intervention (n=93) or control group (n=88). The participants’ mean age and BMI were 60.0 (SD 11.4) years

and 30.4 (SD 5.3) kg/m2, respectively. We found no significant effect of the intervention (group by time interaction) on MVPA
at either the 3-month (β=1.51, 95% CI –5.53 to 8.55) or the 6-month (β=–3.53, 95% CI –10.97 to 3.92) follow-up. We found no
effect on any of the secondary outcomes at follow-ups, except for a significant effect on BMI at 6 months (β=0.52, 95% CI 0.20
to 0.84). However, mean BMI did not differ between the groups at the 6-month follow-up.

Conclusions: We found no evidence that persons with type 2 diabetes being randomized to use an app promoting daily walking
increased their levels of MVPA at 3 or 6 months’ follow-up compared with controls receiving standard care. The effect of the
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app on BMI was unclear, and we found nothing to support an effect on secondary outcomes. Further research is needed to determine
what type of mHealth intervention could be effective to increase physical activity among persons with type 2 diabetes.

Trial Registration: ClinicalTrials.gov NCT03053336; https://clinicaltrials.gov/study/NCT03053336

(Interact J Med Res 2024;13:e53054)   doi:10.2196/53054
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Introduction

Despite increased knowledge and public health initiatives, more
than 460 million people, corresponding to over 6% of the
world’s population, are estimated to be diagnosed with type 2
diabetes today [1]. Persons with type 2 diabetes followed in
primary care can be prescribed lifestyle interventions in
combination with medications. Lifestyle interventions may
include weight management, smoking cessation, stress reduction,
and improved dietary habits or physical activity [2]. Physical
activity is well known to have beneficial effects on glycemic
control and to reduce risk factors for cardiovascular disease [3].
Yet, it has proven difficult to implement lifestyle interventions
targeting physical activity in primary care [4]. Nevertheless,
walking has been put forward as a useful therapeutic tool shown
to improve glucose control, with clinically beneficial effects on
blood glucose levels over time, and the potential to improve
other clinical variables such as BMI and blood pressure in
persons with type 2 diabetes [5].

During the past few decades, various telemonitoring, eHealth,
and mobile health (mHealth) solutions targeting physical activity
have been developed. Such solutions offer adaptable platforms
for the delivery of self-management interventions that are easily
accessible to both patients and health care practitioners, and
users can engage with health information technology at their
convenience. Smartphone apps may be useful in a health care
setting to provide an additional tool to increase patients’
engagement through the use of self-monitoring of, for example,
physical activity between routine visits [6].

Today, there are many commercially developed and available
smartphone apps targeting self-management of chronic
conditions. Common features of available apps targeted toward
persons with type 2 diabetes include self-tracking of blood
glucose levels and components targeting physical activity or
diet in different ways [7,8]. Nevertheless, there is a wide variety
in type and number of features for diabetes management in
available apps [7], making it difficult for patients to select the
most appropriate one to use. There are many commercial apps
targeting lifestyle among persons with type 2 diabetes; however,
few solutions primarily target physical activity within this group,
and even fewer have been developed specifically for
implementation in primary care. Therefore, we developed a
digital platform and a smartphone app specifically for targeting
physical activity among persons with type 2 diabetes treated
within primary care [9]. The app was built to be integrated into
the existing digital infrastructure of primary care in Sweden,
with the aim to provide care givers and patients with a
scientifically evaluated self-care management tool.

Results from studies evaluating the effectiveness of mHealth
solutions, including smartphone apps, targeting persons with
type 2 diabetes, have been summarized previously [10-15].
Significant reductions in hemoglobin A1c (HbA1c) levels are
generally shown after 3 months of follow-up. Most of the
evaluated apps allowed the user to monitor their blood glucose
levels and included physical activity or diet, either alone or in
combination, as additional features. mHealth interventions
targeting physical activity in adults in the general population
have been shown to increase both minutes of physical activity
and steps per day [16-18]. Nevertheless, apps primarily targeting
physical activity, without including a component of glucose
monitoring, in persons with type 2 diabetes are relatively
uncommon. Poppe et al [19] evaluated a self-regulation–based
eHealth and mHealth intervention primarily targeting physical
activity in persons with type 2 diabetes and found positive
results of the intervention on increased activity and decreased
sedentary behavior, whereas Thorsen et al [20] found no effect
of app-based interval walking on MVPA over 52 weeks
compared with standard care. In summary, there is still a need
to develop interventions targeting physical activity that are
effective and can be implemented into primary care.

The aim of this study was to evaluate the effects of the DiaCert
smartphone app promoting daily walking on moderate to
vigorous physical activity (MVPA) and clinical variables in
persons with type 2 diabetes. Our primary aim was to test the
hypothesis that the app would lead to an increase in minutes of
MVPA at 3 months compared with standard care only. Our
secondary aim was to assess the effect of the app on MVPA
after 6 months and on the clinical variables BMI, waist
circumference, HbA1c, cholesterol (total, low-density lipoprotein
[LDL], and high-density lipoprotein [HDL]), triglycerides, and
systolic and diastolic blood pressure at 3 and 6 months. We
hypothesized that the app would lead to improvements in both
MVPA and clinical variables.

Methods

Trial Design
We conducted a randomized controlled trial with 2 parallel
groups between February 2017 and June 2019. The DiaCert
study design [21] has been described in detail previously. Study
participants were randomized 1:1 to the intervention or control
group at baseline. The primary study outcome was MVPA
(minutes/day) at 3 months of follow-up. Secondary outcomes
included MVPA at 6 months of follow-up and the clinical
variables BMI, waist circumference, HbA1c, cholesterol (total,
LDL, and HDL), triglycerides, and systolic and diastolic blood
pressure at 3 and 6 months of follow-up. No changes to methods
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were done after trial commencement. The study is reported
according to the CONSORT (Consolidated Standards of
Reporting Trials) statement [22] and the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile HEalth Applications and onLine TeleHealth) checklist,
which is developed for eHealth or mHealth interventions [23].

Ethical Considerations
The trial was approved by the ethics committee of the regional
ethical review board in Stockholm, Sweden (Dnr:
2016/2041-31/2, 2016/99-32, 2017/1406-32) and registered at
ClinicalTrials.gov (NCT03053336). All participants received
both oral and written information about the study and provided
their written informed consent to participate. Participants
received no compensation for participation in the study. After
data collection, data were anonymized.

Study Participants
The inclusion criteria were (1) having a diagnosis of type 2
diabetes, (2) being 18 years of age or older, (3) being able to
communicate in Swedish, and (4) having access to and being
able to use a smartphone. The exclusion criterion was not being
able to walk.

Patients were recruited continuously from 5 primary health care
centers and 1 specialized medical center in the Stockholm area,
Sweden. Patients at the participating centers received initial
information about the study from their physician or diabetes
nurse, and those interested in participating were contacted by
study personnel and given more detailed information. Thereafter,
patients either agreed to participate and were scheduled for a
baseline introductory meeting, or declined participation. We
did not record the number of patients who did not agree to
participate. All study participants met with study personnel at
baseline and after 3 and 6 months. On each occasion, study
outcomes including physical activity and other lifestyle factors,
as well as clinical variables, were assessed.

Interventions
Study participants randomized to the intervention group
continued to receive standard care as usual but also downloaded
the DiaCert app during the baseline meeting. To access the
individual user account in the app, a personal 6-digit code was
entered. The code was given to participants by study personnel
7 days after the baseline meeting to avoid overlap with baseline
accelerometer measurements. The intervention group was
encouraged to use the app daily for 3 months. At the 3-month
follow-up meeting, participants deleted the app from their
phones together with study personnel. Participants then received
no intervention during 3 months and were offered access to the
app again at the 6-month follow-up.

The DiaCert app displayed daily steps that through connection
to a digital platform were shared with study personnel. An
individual step goal between 1000 and 10,000 steps [24] was
set at baseline based on the participant’s usual activity level.
Participants in the intervention group were contacted by study
personnel every second week by phone. During these
follow-ups, the participant could revise his or her step goal with
an even 500 steps increase or decrease. The maximum goal set

at any time point was 10,000 steps. Users received automatic
positive feedback messages including the user’s name in the
app on days when the goal was met. In addition to daily steps,
information on HbA1c taken during the study period was also
displayed in the app.

The app design has previously been described in detail,
including a presentation of the app screen by screen [9]. In brief,
features of the app included a home screen displaying the daily
steps in relation to an individual step goal during the past week.
A circle was gradually filled as the user walked toward the step
goal. It was completely filled and marked with a checkmark
when the goal was reached. Through the home screen, the user
was also able to access information on previous daily steps,
questionnaires, and results of HbA1c. The app was continuously
updated to run with the current iOS and Android versions, but
no changes were made to the content during the study. Users
were asked to contact study personnel if they experienced
malfunction of the app. The app was developed within the
research project and is no longer available.

Study participants randomized to the control group received
standard care, that is, continued their usual care as prescribed
by their regular primary care physician and diabetes nurse, also
after inclusion to the study. For ethical reasons, they were
offered access to the DiaCert app at the 6-month follow-up.

Outcomes

Physical Activity
To assess the primary outcome of MVPA in this trial, physical
activity was measured using the ActiGraph wGT3x-BT triaxial
accelerometer (dynamic range: 8g) during 7 consecutive days.
At each study meeting, the participants were asked to wear the
accelerometer on their nondominant wrist day and night, starting
at 4 PM the same day until 8 AM just over a week later.
Participants wore the accelerometers on their wrist to increase
feasibility and maximize compliance. Data were sampled at a
frequency of 80 Hz.

We downloaded the collected data from each accelerometer
using the manufacturer’s program (ActiLife Software, version
6.13.3; ActiGraph), and thereafter, the raw data were extracted
for data processing. As suggested by Migueles et al [25],
processing of accelerometer data was performed using the
open-source R package GGIR. GGIR version 2.0-0, R version
3.6.1, and RStudio version 1.2.5019 were used. Data collected
before the first and after the last midnight were excluded in
order to examine 7 complete days. As the first step of analysis,
data were averaged over 5-second epochs and aggregated
through application of Euclidean norm minus 1, with negative
values rounded up to 0. Autocalibration was performed using
local gravity to adjust for calibration errors and unreliable
signals.

The default cut point for MVPA (100 milligravity) and default
settings for the definition and management of nonwear time (ie,
4×15 minutes) in GGIR were applied [26]. Nonwear time was
by default replaced with imputed averaged activity from the
same time the other measured days. A valid day was defined as
at least 16 hours of wear time and a valid week required 4 valid
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days (including at least 1 weekend day) [25]. Variables were
weighted 5:2 with data collected on weekdays and weekend
days. For MVPA, bouts of consistent activity lasting for at least
1 minute were used, where 80% of the included epochs had to
be above or equal to the cut point [27].

In addition to accelerometer measurements, we also assessed
daily physical activity at baseline with 2 validated general
questions used in routine health care [28]. Participants were
asked to (1) report their usual time spent exercising during a
week and (2) add up and report the total time estimated spent
doing other types of leisure time physical activities of lower
intensity in bouts of at least 10 minutes during a week. Walking,
cycling, or gardening was presented to the respondent to
exemplify activity level.

Clinical Variables
A detailed description of measurements has been published
elsewhere [21]. In brief, HbA1c (mmol/mol), total cholesterol
(mmol/L), LDL cholesterol (mmol/L), HDL cholesterol
(mmol/L), and triglycerides (mmol/L) were measured in fasting
blood samples. HbA1c was measured using the reference
measurement procedure by the International Federation for
Clinical Chemistry and Laboratory Medicine [29]. The
enzymatic method [30] was used to measure total cholesterol
and HDL cholesterol. LDL cholesterol was calculated using the
Friedewald equation [31].

Height (to the nearest 0.5 cm), body weight (to the nearest 0.1
kg), and waist circumference (to the nearest 1.0 cm) were
measured by study personnel who also performed 1 manual
assessment of blood pressure (systolic and diastolic) after the
participant had been sitting down for at least 5 minutes. BMI

was calculated based on measured height and weight (kg/m2).

Sample Size
Power calculations were performed a priori to determine the
sample size need to detect a clinically significant difference of
8 minutes/day of MVPA [21]. A total of 250 participants (125
in each group) were estimated to provide 80% power at a 5%
significance level. This included an expected dropout rate of
20%. Baseline data collection ended in June 2018 before
reaching 250 participants because the DiaCert app was no longer
compatible with the upgrades of iOS and Android.

Randomization and Blinding
A random allocation sequence list was generated by the first
author (SEB) in Stata (version 14.0; StataCorp). Women and
men were randomized separately in blocks of 10 within each
participating primary health care center and the specialized
medical center. Patients who agreed to participate in the study
were continuously allocated to the next available spot on the
list by study personnel (authors SEB and CA). Participants were
informed about their group allocation at the end of the baseline
meeting. Because of the nature of the intervention, neither
participants nor study personnel were blinded to participants’
group allocation.

Statistical Methods
Baseline characteristics of study participants are presented as
mean (SD) or number (%) for continuous and categorical
variables, respectively. Variables were checked for normality
and outliers. The Student t test or the chi-square test was used
to assess potential differences in baseline characteristics between
the intervention and control group.

We used linear mixed models with fixed and random intercept
and slope for the time variables to assess if there were
longitudinal differences in MVPA at 3 months of follow-up
(primary outcome) and secondary outcomes including MVPA
at 6 months of follow-up and BMI, waist circumference, HbA1c,
total cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, and systolic and diastolic blood pressure at 3 and
6 months of follow-up between the intervention and control
group. We have therefore included, in addition to time and group
terms, a group×time interaction term to assess if any differences
in the study outcomes were constant at 3 and 6 months. For
outcomes that differed significantly between the study groups
at baseline, that is, MVPA, additional sensitivity analysis
adjusting the models for baseline levels of the outcome was
performed according to the methods described by Twisk et al
[32]. The analysis of intervention effect was made following
the intention-to-treat approach [33]. Missing data were
associated with a primary care center, with 17/25 (68%)
participants with missing accelerometer data at baseline
belonging to primary care center 1. Missing data were assumed
to be missing at random and not depending on the study group
as the degree of missing data was similar in both the intervention
and control group during the intervention. Participants with
complete data at baseline for each specific outcome variable
were included in the analysis of intervention effect at 3 and 6
months.

Post hoc sensitivity analyses using self-reported data on physical
activity from the baseline questionnaire were carried out to deal
with the unblinded nature of our study and the potential bias
that may have been present during baseline accelerometer
measurements. Although participants were not connected to the
DiaCert app until after the completion of baseline accelerometer
measurements, they were aware of which group they were
randomized to during measurements. This could potentially
have affected baseline levels of MVPA, which might not have
represented the “true” levels of MVPA before the start of the
study. Multiple imputation based on MICE (multiple imputation
by chained equations) was used to address this issue [34]. We
first set all baseline values of MVPA for the intervention group
to missing. To predict MVPA at baseline for participants in the
intervention group in the hypothetical scenario in which
participants were blind to the intervention, we implemented
MICE using all relevant baseline variables. The variables
included in the model were age, sex, height, weight, education,
household income, marital status, smoking and snuff habits, the
year of diabetes diagnosis, the center of recruitment,
self-reported levels of physical activity, and the number of valid
accelerometer days at baseline. We compared the imputed and
the observed values of MVPA at baseline using a 2-tailed t test.
Linear mixed models, as described above, were thereafter fitted
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to contrast differences in MVPA between the intervention and
control group using the imputed data for MVPA at baseline.

Statistical tests were 2-sided, and the significance level was set
to P<.05. Statistical analyses were performed using Stata
(version 17; StataCorp).

Results

A total of 181 persons with type 2 diabetes were included in
the trial, of whom 93 were randomized to the intervention group
and 88 were randomized to the control group. At 3 months, the

dropout rate was 10.5% (19/181), and at 6 months it was 14.9%
(27/181). Dropout was higher among participants in the
intervention group (n=12 vs n=7 at 3 months, and n=6 vs n=2
at 6 months) than among those in the control group. In total,
156 participants had valid accelerometer data on physical
activity at baseline. Of these, 137 (87.8%) also had valid data
at the 3-month follow-up (primary outcome). At baseline, most
participants (75.6%, 118/156) had valid accelerometer data from
all 7 days, 14.7% (23/156) had valid data from 6 days, and 9.6%
(15/156) from 5 or 4 days. A flowchart of participants with
complete data from the different assessments is presented in
Figure 1.

Figure 1. Flowchart of participation and data completeness at baseline and follow-up after 3 and 6 months in the DiaCert study. aNumber of participants

with valid accelerometer data, that is, at least 16 hours of wear time and a total of 4 valid days including at least 1 weekend day; bTriglycerides and
cholesterol (total, low-density lipoprotein, and high-density lipoprotein). BP: blood pressure; HbA1c: hemoglobin A1c; WC: waist circumference.

Characteristics of all 181 study participants are presented in
Table 1. The majority of participants were men (119/181,
65.8%), and the mean (SD) age at baseline among all
participants was 60.0 (11.4) years. The mean (SD) BMI among

all participants was 30.4 (5.3) kg/m2. Overweight and obesity

was common, 85.6% (155/181) had a BMI of ≥25 kg/m2, and

48.1% (87/181) had a BMI of ≥30 kg/m2. Mean (SD) HbA1c

was 53.6 (12.8) mmol/mol. There were no statistically
significant differences between the study groups regarding age
distribution, primary care center belonging, sex, smoking, time
since diabetes diagnosis, or clinical variables including HbA1c

and lipid levels. In study participants with complete

accelerometer data at baseline (n=156), there was a statistically
significant difference in accelerometer-measured baseline levels
of physical activity between the intervention and control group,
with higher MVPA (38.3 vs 29.8 minutes/day, P=.04) measured
in the intervention group. Using the imputed data for the
intervention group, the baseline MVPA was estimated to be
32.3 minutes/day, which did not differ from the measured level
in the control group (P=.62). Additionally, self-reported levels
of physical activity at baseline, that is, time spent exercising
and total leisure time activity, did not differ between the groups
(P=.20 and P=.20, respectively). Baseline characteristics of
participants with complete accelerometer data at baseline can
be found in Multimedia Appendix 1.
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Table 1. Characteristics of study participants by study group (N=181).

P valueaControl group (n=88)Intervention group (n=93)Characteristic

Mean (SD)n (%)Mean (SD)n (%)

.0429.7 (24.1)80 (91)38.3 (28.3)76 (82)MVPAb,c (minutes/day)

.6130.6 (5.2)88 (100)30.2 (5.5)93 (100)BMI (kg/m2)

Waist circumference

.75103 (15.8)28 (32)102 (12.6)33 (35)Women

.75110 (13.3)60 (68)111 (15.6)59 (63)Men

.9753.5 (12.7)88 (100)53.6 (13.0)89 (96)Hemoglobin A1c (mmol/mol)

.774.50 (1.18)70 (80)4.56 (1.00)74 (80)Total cholesterol (mmol/L)

.722.64 (1.13)70 (80)2.70 (0.89)73 (78)LDLd cholesterol (mmol/L)

.731.23 (0.40)70 (80)1.25 (0.34)74 (80)HDLe cholesterol (mmol/L)

.451.64 (0.94)69 (78)1.54 (0.76)72 (77)Triglycerides (mmol/L)

Blood pressure (mm Hg)

.45137.0 (14.8)88 (100)138.7 (16.2)92 (99)Systolic

.5082.6 (9.5)88 (100)83.6 (9.9)92 (99)Diastolic

.50Sex

—28 (32)—f34 (37)Male

—60 (68)—59 (63)Female

.24Age (years)

—16 (18)—20 (22)<50

—19 (22)—28 (30)50-59

—30 (34)—31 (33)60-69

—23 (26)—14 (15)≥70

.27Leisure time activityg (min-
utes/week)

—11 (13)6 (7)<60

—8 (10)—8 (10)60-90

—15 (18)—17 (20)90-150

—22 (26)—14 (17)150-300

—28 (33)—39 (46)>300

.88Primary care centers

—31 (35)—35 (38)1

—13 (15)—14 (15)2

—8 (9)—6 (6)3

—23 (26)—23 (25)4

—11 (13)—10 (11)5

—2 (2)—5 (5)Specialized medical cen-
ter

.26Time spent exercisingh (minutes/week)

—38 (44)—35 (42)Never

—12 (14)—12 (14)<30

—21 (24)—13 (15)30-90
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P valueaControl group (n=88)Intervention group (n=93)Characteristic

Mean (SD)n (%)Mean (SD)n (%)

—15 (17)—24 (29)>90

.41Smokingi

—9 (11)—11 (13)Yes

—40 (47)—31 (37)No, ever smoker

—36 (42)—42 (50)No, never smoker

.50Time since diabetes diagnosisj (years)

—13 (18)—8 (11)<1

—17 (24)—20 (29)1-5

—42 (58)—42 (60)>5

.69Educationk (years)

—44 (51)—45 (54)≤12

—42 (49)—38 (46)>12

a2-tailed t test was used for continuous variables and the chi-square test was used for categorical variables. Italicized P values represent statistical
significance.
bMVPA: moderate to vigorous physical activity.
cMissing data from n=17 (intervention) and n=8 (control).
dLDL: low-density lipoprotein.
eHDL: high-density lipoprotein.
f—not available.
gFrom questionnaire, missing data n=9 (intervention) and n=4 (control).
hFrom questionnaire, missing data n=9 (intervention) and n=2 (control).
iMissing data n=9 (intervention) and n=3 (control).
jMissing data n=23 (intervention) and n=16 (control).
kMissing data n=10 (intervention) and n=2 (control).

Effectiveness of the Intervention—MVPA
Results from between-group analysis and the intervention effect
on minutes/day of MVPA are shown in Table 2. The mean
change in minutes/day of MVPA from baseline to follow-ups
is graphically shown in Figure 2. The statistically significant
difference in minutes/day of MVPA seen between the groups

at baseline, with participants in the intervention group being
more active than participants in the control group, remained at
the 3-month follow-up. The predicted mean difference between
the groups after 3 months was 10.05 minutes (95% CI
1.66-18.44). At the 6-month follow-up, there was no statistically
significant difference in MVPA between the groups (β=5.02,
95% CI –3.72 to 13.75).
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Table 2. The intervention effect on the primary outcome of daily minutes of moderate to vigorous physical activity (MVPA) at 3 months of follow-up
and on secondary outcomes including MVPA at 6 months of follow-up and clinical variables in the DiaCert study.

Model estimatesaGroup sample meansCharacteristic

Group by time interactionDifferencebControl (n=88)Intervention (n=93)

β (95% CI)Mean (95% CI)Mean (SD)n (%)Mean (SD)n (%)

MVPA (minutes/day)

1.51 (–5.53 to 8.55)10.05 (1.66 to 18.44)26.7 (21.1)67 (76)36.6 (25.5)70 (75)3 months

–3.53 (–10.97 to 3.92)5.02 (–3.72 to 13.75)31.1 (27.0)63 (72)34.2 (29.4)55 (59)6 months

BMI (kg/m2)

N/AN/Ac30.6 (5.2)88 (100)30.2 (5.5)93 (100)Baseline

0.29 (–0.02 to 0.61)–0.12 (–1.67 to 1.44)30.3 (5.0)79 (90)30.1 (5.7)81 (87)3 months

0.52 (0.20 to 0.84)0.11 (–1.45 to 1.67)29.9 (5.0)79 (90)30.0 (6.0)70 (75)6 months

Waist circumference (cm)

N/AN/A108 (14.4)88 (100)107 (15.1)92 (99)Baseline

–0.46 (–1.75 to 0.83)–0.61 (–4.90 to 3.69)108 (13.6)79 (90)107 (15.6)80 (86)3 months

0.61 (–0.71 to 1.94)0.47 (–3.84 to 4.77)106 (13.6)79 (90)107 (17.0)69 (74)6 months

Hemoglobin A1c (mmol/mol)

N/AN/A53.5 (12.7)88 (100)53.6 (13.0)89 (96)Baseline

–2.54 (–5.36 to 0.29)–2.45 (–6.08 to 1.17)53.2 (13.4)73 (83)50.0 (9.9)75 (81)3 months

–0.30 (–3.16 to 2.57)–0.21 (–3.87 to 3.44)51.2 (10.6)76 (86)51.2 (10.7)67 (72)6 months

Total cholesterol (mmol/L)

N/AN/A4.50 (1.18)70 (80)4.56 (1.00)74 (80)Baseline

–0.11 (–0.37 to 0.14)–0.06 (–0.40 to 0.28)4.48 (0.91)57 (65)4.39 (0.80)62 (67)3 months

0.05 (–0.21 to 0.31)0.10 (–0.24 to 0.44)4.27 (1.02)59 (67)4.38 (0.84)55 (59)6 months

LDLd cholesterol (mmol/L)

N/AN/A2.64 (1.13)70 (80)2.70 (0.89)73 (78)Baseline

–0.07 (–0.30 to 0.15)–0.01 (–0.33 to 0.30)2.48 (0.89)56 (64)2.44 (0.65)59 (63)3 months

0.02 (–0.20 to 0.25)0.09 (–0.23 to 0.40)2.38 (0.85)57 (65)2.44 (0.68)54 (58)6 months

HDLe cholesterol (mmol/L)

N/AN/A1.23 (0.40)70 (80)1.25 (0.34)74 (80)Baseline

–0.06 (–0.12 to 0.01)–0.04 (–0.16 to 0.09)1.24 (0.38)57 (65)1.22 (0.34)62 (67)3 months

–0.06 (–0.13 to 0.001)–0.04 (–0.17 to 0.08)1.24 (0.39)57 (65)1.26 (0.36)55 (59)6 months

Triglycerides (mmol/L)

N/AN/A1.65 (0.94)69 (78)1.54 (0.76)72 (77)Baseline

0.10 (–0.15 to 0.34)–0.01 (–0.32 to 0.29)1.76 (0.96)58 (66)1.71 (1.03)60 (65)3 months

0.04 (–0.21 to 0.29)–0.07 (–0.38 to 0.24)1.66 (0.83)56 (64)1.56 (0.83)52 (56)6 months

Systolic BPf (mm Hg)

N/AN/A137 (14.8)88 (100)139 (16.2)92 (99)Baseline

–0.54 (–4.62 to 3.53)1.21 (–2.98 to 5.40)134 (11.8)79 (90)135 (13.3)80 (86)3 months

–1.05 (–5.23 to 3.13)0.70 (–3.60 to 4.99)136 (12.6)78 (89)136 (12.8)70 (75)6 months

Diastolic BP (mm Hg)

N/AN/A82.6 (9. 5)88 (100)83.6 (9.9)92 (99)Baseline

1.79 (–1.06 to 4.64)2.78 (–0.14 to 5.69)79.2 (10.5)79 (90)81.8 (9.1)80 (86)3 months
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Model estimatesaGroup sample meansCharacteristic

Group by time interactionDifferencebControl (n=88)Intervention (n=93)

β (95% CI)Mean (95% CI)Mean (SD)n (%)Mean (SD)n (%)

0.88 (–2.04 to 3.81)1.87 (–1.12 to 4.85)79.9 (9.4)78 (89)81.2 (8.7)70 (75)6 months

aResults from linear mixed model analysis including participants with complete baseline data.
bDifference between groups at the specified time point based on predicted means from linear mixed models.
c—: not applicable.
dLDL: low-density lipoprotein.
eHDL: high-density lipoprotein.
fBP: blood pressure.

Figure 2. Changes over time in moderate to vigorous physical activity (MVPA, minutes/day) in the intervention and control group. Predicted group
means from linear mixed model analysis. Results correspond to model estimates shown in Table 2.

We found no statistically significant effect of the intervention
(group by time interaction) on MVPA at either the 3- or the
6-month follow-up (Table 2). When adjusting for baseline levels
of MVPA, results remained nonsignificant at both 3 (β=4.38,
95% CI –2.11 to 10.88) and 6 (β=–0.65, 95% CI –7.58 to 6.29)
months. Additionally, results from sensitivity analyses using
imputed baseline data also remained nonsignificant at follow-up
after both 3 (β=6.86, 95% CI –4.05 to 17.78) and 6 (β=1.44,
95% CI –9.87 to 11.76) months.

Effectiveness of Intervention—Clinical Variables
Detailed results from between-group analyses and the
intervention effect on clinical variables included as secondary
outcomes are shown in Table 2. The mean change in outcomes
from baseline to follow-ups is graphically shown in Multimedia
Appendix 2. We found no statistically significant differences
in any of the secondary outcomes at the 3- or 6-month
follow-ups, except for in the analysis of BMI where a
statistically significant effect of the intervention was seen at 6
months (group by time interaction: 0.52, 95% CI 0.20-0.84).
However, there was no difference in mean BMI between the
groups at the 6-month follow-up (predicted difference in mean:
0.11, 95% CI –1.45 to 1.67). Participants in the control group

had a slightly higher BMI at baseline than participants in the

intervention group (30.6 vs 30.2 kg/m2), although this difference
was not statistically significant (P=.61).

Discussion

Principal Findings
In this 2-armed randomized controlled trial, we found no clear
effect of the DiaCert app promoting daily walking in persons
with type 2 diabetes. We found no increase in objectively
measured MVPA after neither 3 (primary outcome) nor 6 months
of follow-up compared with standard care when accounting for
baseline levels of MVPA. This is in line with results from
Thorsen et al [20]. They were not able to show an effect of
app-based interval walking on MVPA over 52 weeks compared
with standard care among persons with type 2 diabetes. On the
contrary, Poppe et al [19] found that an eHealth and mHealth
intervention that primarily targeted physical activity in persons
with type 2 diabetes led to increased physical activity and
decreased sedentary behavior. Participants in our study and the
study by Thorsen et al [20] reported more time in MVPA at
baseline compared with those in the study by Poppe et al [19].
This might have contributed to the difference in effect between
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the studies, as a higher baseline level of MVPA may imply less
room for improvement.

Other previous studies have also shown an effect of mHealth
solutions to increase physical activity. Hochsmann et al [35]
showed that an interactive smartphone game aimed at increasing
daily steps in persons with type 2 diabetes had a significant
effect on activity compared with a control group receiving
standard lifestyle counseling. Glynn et al [36] evaluated the
effect of an app that aimed to increase physical activity in
primary care patients and found that the intervention group
increased their number of daily steps compared with the control
group. In the randomized Sophia step study, comprising persons
with prediabetes or type 2 diabetes in Sweden [37],
self-monitoring of daily physical activity using pedometers with
registration of steps on the web in combination with counseling
did not increase levels of physical activity but seemed to prevent
the decrease in physical activity seen in the control group.
Although our primary hypothesis was rejected and we could
not show that the use of the DiaCert app led to increased MVPA
among persons with type 2 diabetes, results from other studies
still indicate that mHealth solutions can have positive effects
on physical activity.

Although we found a statistically significant effect of the
DiaCert intervention on BMI at the 6-month follow-up, there
was no difference in mean BMI between the groups at any time
point. Therefore, we cannot draw any conclusion regarding the
effect on BMI. Not all studies evaluating interventions targeting
physical activity include anthropometric outcomes, and the
effect on BMI in previous studies are mixed, showing no effect
or indicating a small reduction favoring the intervention group
[10,12]. Thorsen et al [20] did not report BMI as an outcome,
but found a nonsignificant reduction of waist circumference.
Similar to the Sophia step study, our results provided no
evidence for an effect on waist circumference [37].

Reviews and meta-analyses [11,13,15] provide strong evidence
for a positive effect of mobile apps for lifestyle modification in
persons with type 2 diabetes on HbA1c levels. However, all of
the evaluated apps included monitoring of blood glucose. The
effects on other clinical markers including body weight, blood
lipids, and blood pressure are less clear [38]. Our results are in
line with the Sophia step study, where no effects on
cardiometabolic variables, including HbA1c, triglycerides, HDL
cholesterol, and LDL cholesterol, were seen [37]. Neither our
study nor the Sophia step study included a glucose-monitoring
component, which may explain the lack of an effect on HbA1c.
Nevertheless, results from a meta-analysis by Lee et al [12]
indicated that mHealth interventions in persons with type 2
diabetes >65 years of age may improve blood lipid profiles,
which we found no evidence of. One explanation for the lack
of an effect on cardiometabolic markers is that a changed
lifestyle behavior for the better could have led to lowered
medication, leaving HbA1c, serum lipid levels, or blood pressure
unchanged. We did not assess changes in medications during
the intervention, which is a limitation of our study.

The use of different behavior change techniques may also
explain differences in efficacy between apps. Fanning et al [39]

investigated the effect of a basic self-monitoring app (tracking,
feedback, information) and 2 theory-based tools (goal setting
and point-based feedback) on MVPA among healthy but inactive
adults. Four different groups received either a basic
self-monitoring app only or the basic app together with (1) goal
setting, or (2) feedback, or (3) goal setting and feedback. All
groups increased their MVPA, but the feedback group showed
the highest increase. While the DiaCert app comprised several
behavioral change techniques that previously have been included
in successful interventions, such as monitoring, goal setting,
and positive feedback, it did not include other features associated
with effective results, for example, frequent reminders or the
option to share data with peers [40]. How the included
components are designed may also affect results; for example,
goal setting can be personalized or generic, and a goal can be
more or less challenging.

Strengths and Limitations
The design of this randomized controlled study is one of the
strengths of our study. The fact that study participants were
recruited from 6 different care centers located in different areas
with diverse populations and levels of socioeconomic status is
another strength. This likely increased generalizability of our
results. However, a limitation of our study is that we did not
record the number of patients who turned down participation
after being contacted by study personnel. Nevertheless, the mean
age in our study was slightly lower than that of the average
person with type 2 diabetes in Sweden, but levels of BMI and
HbA1c were similar [41]. Younger persons may be more inclined
to participate in an app-based intervention, although internet
access and smartphone usage are high also among older age
groups in Sweden [42]. Another strength of our study is that
both men and women were included. Earlier studies have shown
that women participate in physical activity programs more than
men [43]. The larger proportion of men in our study could partly
be explained by the higher prevalence of type 2 diabetes among
men; almost 60% of persons with type 2 diabetes within primary
care in Sweden are men [41]. It could also be speculated that
older men are more interested in using technology than older
women and therefore more likely to participate in an mHealth
intervention.

The fact that participants were not blinded to the intervention
is a limitation. While baseline information regarding the clinical
variables is unlikely to have been affected by participants being
aware of their group allocation, this knowledge may have had
an impact on accelerometer measurements. Participants can,
intentionally or unintentionally, change their physical activity
behaviors during the measuring period. The statistically
significant differences between the intervention and control
group in accelerometer-measured MVPA at baseline were not
seen for physical activity assessed in the baseline questionnaire.
This could be interpreted as an immediate effect of being
randomized to the intervention group and thereby feeling
encouraged to become more active. Future studies should be
careful not to disclose allocation information to participants
until all baseline measures have been completed. It is also a
limitation that personnel working in the study were not blinded
during measurements. Nevertheless, objective accelerometer
measurement of physical activity and clinical biomarkers
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including HbA1c and lipid levels represent a strength in our
study design as they are less prone to biased estimates resulting
from unblinded study personnel. The continuous recruitment
of study participants during the whole year also reduced the
risk of results being biased due to season.

We did not reach our goal of including 250 participants in the
study, which is a limitation. Because a digital solution must be
continuously updated to run with the current iOS and Android
versions, we had to end recruitment after 2.5 years for practical
reasons, before reaching the goal. However, dropout rates were
lower than the estimated 20% in our power calculation [21].
Lack of data on user engagement and adherence to the app is a
limitation as higher user engagement has also been associated
with more favorable outcomes [44]. Decreased app engagement
over time during an intervention period has been suggested as

a potential explanation for the lack of more long-term effects
of physical activity promoting apps [45].

Conclusions
We found no evidence that persons with type 2 diabetes being
randomized to use an app promoting daily walking increased
their levels of MVPA at 3 or 6 months of follow-up compared
with controls receiving standard care. Further, the effect on BMI
was unclear, and we found nothing to support an effect of being
randomized to use the DiaCert app on waist circumference,
HbA1c, total cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, and systolic or diastolic blood pressure compared
with standard care. Further research is needed to determine what
type of mHealth physical activity intervention could be effective
to increase physical activity and improve cardiometabolic
markers among persons with type 2 diabetes.
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Abstract

Background: The impact of missing data on individual continuous glucose monitoring (CGM) data is unknown but can influence
clinical decision-making for patients.

Objective: We aimed to investigate the consequences of data loss on glucose metrics in individual patient recordings from
continuous glucose monitors and assess its implications on clinical decision-making.

Methods: The CGM data were collected from patients with type 1 and 2 diabetes using the FreeStyle Libre sensor (Abbott
Diabetes Care). We selected 7-28 days of 24 hours of continuous data without any missing values from each individual patient.
To mimic real-world data loss, missing data ranging from 5% to 50% were introduced into the data set. From this modified data
set, clinical metrics including time below range (TBR), TBR level 2 (TBR2), and other common glucose metrics were calculated
in the data sets with and that without data loss. Recordings in which glucose metrics deviated relevantly due to data loss, as
determined by clinical experts, were defined as expert panel boundary error (εEPB). These errors were expressed as a percentage
of the total number of recordings. The errors for the recordings with glucose management indicator <53 mmol/mol were
investigated.

Results: A total of 84 patients contributed to 798 recordings over 28 days. With 5%-50% data loss for 7-28 days recordings,
the εEPB varied from 0 out of 798 (0.0%) to 147 out of 736 (20.0%) for TBR and 0 out of 612 (0.0%) to 22 out of 408 (5.4%)
recordings for TBR2. In the case of 14-day recordings, TBR and TBR2 episodes completely disappeared due to 30% data loss
in 2 out of 786 (0.3%) and 32 out of 522 (6.1%) of the cases, respectively. However, the initial values of the disappeared TBR
and TBR2 were relatively small (<0.1%). In the recordings with glucose management indicator <53 mmol/mol the εEPB was 9.6%
for 14 days with 30% data loss.

Conclusions: With a maximum of 30% data loss in 14-day CGM recordings, there is minimal impact of missing data on the
clinical interpretation of various glucose metrics.

Trial Registration: ClinicalTrials.gov NCT05584293; https://clinicaltrials.gov/study/NCT05584293

(Interact J Med Res 2024;13:e50849)   doi:10.2196/50849
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Introduction

Improved glucose sensing techniques have led to the increased
availability of continuous glucose monitoring (CGM) technology
for patients with diabetes. These minimally invasive sensors
measure the glucose concentration of the interstitial fluid every
1 or 5 minutes, representing the blood glucose concentration
with an average delay of 10-12 minutes [1,2]. CGM provides
insights into glucose concentration fluctuations throughout the
day and enables comparisons over time using predefined glucose
metrics. This offers better prevention of out-of-range values
compared to glycated hemoglobin (HbA1c) measurements or
traditional finger prick methods. Consequently, CGM has the
potential to improve glycemic control and adherence to lifestyle
and drug regimens [3-7]. Therefore, CGM devices have been
included in clinical guidelines and standards of care for patients
with type 1 and 2 diabetes [8].

Commonly used glucose metrics to assess glycemic control in
clinical practice from CGM devices include time in range (TIR),
representing the percentage of time spent within the glucose
range of 70-180 mg/dL (3.9-10.0 mmol/L), time below range
(TBR) in 2 levels, time above range (TAR) in 2 levels, glucose
management indicator (GMI), and the coefficient of variation
(CV). Although treatment targets are individualized, the general
aim is to achieve a TIR of over 70% while minimizing TBR
below 4% [9,10].

Incomplete data collection during CGM monitoring can affect
the clinical interpretation of glucose metrics. Several factors
such as loss of connectivity, sensor or reader malfunction,
depleted battery, or delayed interaction with the device when
data are only temporarily stored on the sensor, could lead to
data loss. This data loss can introduce bias in the estimation of
glucose metrics [11]. Evaluating the potential impact of data
loss on clinical interpretations and determining acceptable levels
of error is crucial for clinical decision-making [12].

The type and distribution characteristics of missing data are
important when evaluating data loss. There are 3 types of
missing data, they are, missing completely at random (MCAR),
missing at random (MAR), and missing not at random (MNAR)
[13-15]. MCAR implies no systematic differences between
participants with complete and incomplete data. MAR occurs
when missing values are independent of the missing variables,
but the pattern of missing data is dependent on time. In the case
of MNAR, valuable information is lost from the data and there
is no general method to manage the missing data properly
[16,17]. Consecutive missing data, or gaps, have a certain gap
size and incidence in the data, which can be represented by a
gap probability distribution. Missing data are characterized as
MCAR when the gap probability follows an exponential decline,
with minimal affecting analysis and outcomes. However, MAR
patterns skew the research outcomes, as missing data are more
prevalent at certain times than others. Therefore, insight into

the gap probability distribution is essential for understanding
the influence of missing data on desired outcomes [15,18-20].

Currently, the recommendation for reliable interpretation of
CGM data is to evaluate either 10 consecutive days without
data loss or 14 consecutive days with a maximum data loss of
30% [8,10,21]. However, these studies have not investigated
the impact of deviations from missing data in common CGM
metrics on clinical decisions for individual patients [12,22,23].
Furthermore, previous research has determined that at least
14-15 days of CGM data provide a good estimation of CGM
metrics compared to monitoring every 3 months or HbA1c

[21,24]. These studies primarily focused on the correlation
between CGM data and HbA1c, which does not give insight into
the impact of missing data on the clinical interpretation of
different CGM metrics. Additionally, it only reflects long-term
glycemic control, overlooking the potential for assessing
short-term variations afforded by CGM data. Therefore, this
study aims to investigate the effects of data loss on glucose
metrics in individual patient recordings and its influence on
clinical decision-making.

Methods

Patient Inclusion and Data Collection
This study was performed in the Diabase cohort, which is a
registry of adult patients with type 1 diabetes and those with
type 2 diabetes who use CGM technology as part of their care.
They are treated in Ziekenhuisgroep Twente (ZGT), a local
hospital in the Netherlands (NCT05584293). The exclusion
criteria were dependency on hemodialysis or inability to provide
informed consent.

All patients included in the Diabase cohort between September
2020 and March 2022 were reported upon, which contains
retrospective data from June 2016.

Ethical Considerations
The study was performed in accordance with the Declaration
of Helsinki, the guidelines of good clinical practice. The Medical
Research Ethics Committees United (MEC-U) in Nieuwegein,
the Netherlands (registration AW23.009/W20.197), reviewed
and approved the protocol. Prior to participation, patients
provided informed consent to collect their (retrospective)
glucose sensors and to retrieve relevant patient information
from electronic patient files (age, gender, HbA1c, and BMI).

For this study, deidentified data were provided by the Diabase
cohort, ensuring the confidentiality and privacy of participant
information. Participants did not receive financial compensation
for their participation in this study, as it solely involved the
collection of data readily available from standard practice.
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CGM Derived Clinical Metrics
We collected CGM data using FreeStyle Libre sensors, and the
data were stored in LibreView (Abbott Diabetes Care). The
sensors have a storage capacity of up to 8 hours of data and
measure for 2 weeks.

Derived from the CGM data were the mean glucose, TIR
(glucose between 70 and 180 mg/dL or 3.9 and 10.0 mmol/L;
%), TBR (glucose <70 mg/dL or 3.9 mmol/L; %), TBR level 2
(TBR2; glucose <54 mg/dL or 3.0 mmol/L; %), TAR (glucose
>180 mg/dL or 10.0 mmol/L; %), TAR level 2 (TAR2; glucose
>250.2 mg/dL or 13.9 mmol/L; %), SD glucose (mmol/L), CV
(%), GMI (mmol/mol), low blood glucose index (LBGI), high
blood glucose index (HBGI), and the risk index (RI; Multimedia
Appendix 1) [8,10,25-27].

Data Processing and Analysis
Data from LibreView were extracted as a CSV file and
processed in Python 3.9 (extension Spyder 5.3.1; Python
Software Foundation). Figure 1 illustrates the data processing
steps from the original CGM data into the various outputs used
in this study. Data from the FreeStyle Libre sensor were
recorded at intervals of 13-19 minutes (with an average every
15 minutes). First, duplicate data and data from multiple sources
within 14 minutes were removed from the data set.
Subsequently, data were resampled to 1 sample per 15 minutes
using linear interpolation, starting at midnight. Interpolated data
points were marked as missing when the time difference between
the 2 nearest original data points exceeded 19 minutes. These
steps resulted in the preprocessed data set.

Figure 1. Data processing pipeline showing the data processing steps, the different data sets and the outputs. AE95: 95th percentile of absolute error;
CGM: continuous glucose monitoring; εCT: error clinical target; εEPB: error expert panel boundaries.

From the preprocessed data set, the data loss characteristics
were determined (illustrated in Figure 1). The percentage of
missing data was calculated, and we determined the percentage
of time that patients adhered to the data loss guidelines outlined
in prior studies. These studies indicated that maintaining >70%
of CGM data over the last 14 days or 10 days out of the 14 days
strongly correlates with mean glucose, estimated HbA1c, TIR,

and hyperglycemic metrics over a 3-month period.
Consequently, our study adopts a 14-day measurement window
with <30% data loss or a 10-day window with no data loss
[8,21,24,28] The gap length and gap probability distribution
were computed (Figure 1). To assess whether the missing data
were MAR, we tested the fit of an exponential probability
function to the gap probability distribution for gaps smaller than
96 samples [13]. The data loss dispersion over time was
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researched by comparing the average data loss per patient of
the preprocessed CGM data set between various time
periods—hours within the day, days in the week, business days
(Monday to Friday) versus weekends, months, seasons, and
days of the year.

It is important to consider the circadian rhythm of glucose
metabolism during data analysis. Numerous studies have shown
diurnal variations in glucose tolerance, insulin secretion, and
peripheral insulin sensitivity, with poorer glycemic control
observed in the evening and at night in healthy individuals
[29,30]. To account for circadian rhythm, we constructed a
baseline data set for each patient by combining 28 segments of
24-hour data without missing data (Figure 1). In cases that were
where available, we merged multiple periods of 28 days per
patient for further analysis, excluding patients with less than 28
segments of data. From the 28-day recordings, we created
shorter recordings ranging from 7 up to 28 days.

Hereafter, data loss ranging from 5% to 50% was randomly
introduced into the baseline data set in accordance with the gap
distribution and data loss dispersion determined from the
preprocessed data set. This means the gap distribution of the
synthetic missing data is as close as possible to the gap
distribution found over the whole population in the preprocessed
data set. Also, synthetic data have higher chance of missing
following the found data loss dispersion over time. Therefore,
the synthetic missing data mimics the missing data as seen in
day-to-day patient care.

Absolute Errors
The CGM metrics were calculated for each recording in the
baseline and synthetic missing data set, and compared for every
recording. The absolute error (AE), the median AE (MedAE),
and the 95th percentile of the AE (AE95) as a result of missing
data were calculated for all CGM metrics (Figure 1).

Clinical Target Errors (εCT)

The clinical targets follow clinical guidelines—<4% TBR, <1%
TBR2, >70% TIR, <25% TAR, <5% TAR2, <36% CV, and
<53 mmol/mol GMI [9,10]. The percentage of recordings that
surpassed the clinical target cut-off because of missing data was
determined as the clinical target error (εCT). This step is
illustrated in Figure 1.

Expert Panel Boundary Error (εEPB)

A panel of experts consisting of a diabetes specialist nurse, a
diabetes nurse, and a technical physician (a medical specialist
in diabetes-related technology in health care) was interviewed.
Each expert was interviewed individually to discuss clinically
relevant changes in CGM metrics. During the interviews, CGM
metrics TIR, TAR, TAR2, TBR, TBR2, GMI, and CV were
discussed separately. The experts were instructed to consider a
generic patient with diabetes and to evaluate each CGM metric
separately. They were asked to identify when a change in the
CGM metric would likely result in therapy alteration, indicating
clinical relevance. A clinically relevant change can be dependent

on the initial value of the CGM metric. For example, a change
in TBR from 2% to 4% can have more impact than a change
from 8% to 10%, even though the absolute change is the same.
Therefore, the experts determined clinically relevant changes
for various initial values of all CGM metrics (Multimedia
Appendix 2). From these discussions, the strictest relevant
change per CGM metric was selected as the expert panel
boundary (Multimedia Appendix 2). The percentage of
recordings that exceed the defined expert panel boundary due
to data loss is defined as the expert panel boundary error (εEPB),
this step is depicted in Figure 1. When data loss resulted in an
εCT or εEPB of more than 5%, we assumed that data loss had
considerable influence on the CGM metric and should be
interpreted with caution, consistent with the clinically significant
criterion for a 5% increase in TIR [8].

GMI Subgroup Analysis
To see whether missing data had a different influence on TBR,
the recordings were divided into 3 GMI-based groups (<53,
53-64, and ≥64 mmol/mol), based on 3 commonly used HbA1c

categories as determined by the American Diabetes Association
[31]. Hereafter, the MedAE, εCT, and εEPB were calculated for
TBR in the 3 GMI groups.

Statistical Analysis
The median and IQR were calculated for the clinical and sensor
data characteristics, that is, the recording length, data loss, and
overall CGM metrics.

The fit between the gap distribution and the exponential
probability density function was tested with a 2-sided
Kolmogorov-Smirnov test and the sum of the squared error.
Differences in data loss dispersion between several time periods
were evaluated using the Kruskal-Wallis test with post hoc
Dunn test and Bonferroni correction. Differences between the
glucose metrics between the preprocessed data set and the
baseline data set with 28 days were evaluated using
Kruskal-Wallis test with Bonferroni correction. For these
statistical analyses, the packages SciPy and scikit-posthocs in
Python were used [32,33]. All data visualizations were made
with the Python package Matplotlib [34].

Scatterplots were generated for CGM metrics from 14-day
recordings with complete data versus those with 30% synthetic
missing data. Additionally, histograms of the AE were
constructed from 14-day recordings with 30% data loss in TBR
and TBR2. The histogram bin widths were determined with
Freedman-Diaconis rule. A P value <.01 was considered
significant.

Results

Data and Patient Characteristics
Between September 2020 and March 2022, 92 patients using a
FreeStyle Libre CGM device were included in the Diabase
study. Descriptive statistics of the population can be found in
Table 1.
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Table 1. Characteristics of the population and their data used in this research.

Values

79 (95.8)Type 1 diabetes, n (%)

13 (14.2)Type 2 diabetes, n (%)

47 (51)Men, n (%)

52 (37.3-60.5)Age (years), median (IQR)

26.2 (23.1-29.4)BMI (kg/m2), median (IQR)

7.6 (7.0-8.3)HbA1c
a (%), median (IQR)

60 (53.3-67.0)HbA1c (mmol/mol), median (IQR)

655 (499-925)Recording length (days), median (IQR)

13.5 (6.3-35.6)Data loss (%), median (IQR)

0.0 (0.0-0.3)Time recordings had 0% data loss for 10 days (%), median (IQR)

88.9 (63.0-98.7)Time recordings had <30% data loss for 14 days (%), median (IQR)

aHbA1c: glycated hemoglobin.

Data Loss Statistics
The gap probability distribution of the preprocessed data set
differs significantly from a fitted exponential probability density
function (P=.002). This means the data loss is not completely
random (Multimedia Appendix 3).

During the hours of 10-11 PM, 11 PM to midnight, and midnight
to 1 AM, a higher data loss of 35.8%, 43.3%, and 35.3%,
respectively, was observed compared to other hours of the day
with an average data loss of 10.4% (IQR 2.7%-30.5%; P<.001).
Therefore, to mimic the unequal dispersion we created synthetic
missing data following the probability of missing data during
the day. No significant differences in data loss were found
between other time periods.

Baseline Data Set
Among the 92 patients, 84 (91%) patients had sufficient data
to construct a data set of 28 segments with complete 24-hour
segments of data. These 84 patients contributed to a total of 798
recordings over 28 days, forming the baseline data set. Each
patient provided median of 7.0 (IQR 3.8-14.0) in 28-day
recordings. The median (IQR) for TIR, TBR, TBR2, TAR, and
TAR2 of all 28-day recordings were 60.3% (53.2%-67.8%),
3.3% (1.4%-5.8%), 0.3% (0.0%-1.0%), 35.4% (27.4%-43.3%),
and 9.4% (5.5%-13.9%), respectively. No significant differences
were found between all the clinical metrics of the preprocessed
data and the 28-day baseline data set, indicating that the selected
baseline data set reflects the original data.

Expert Panel
The experts unanimously agreed that the most important metrics
were TBR and TBR2, resulting in strict expert panel boundaries.
In the TBR range of 0%-4% and the TBR2 range of 0%-5%, a
difference of 1% was deemed clinically relevant (Multimedia
Appendix 2). However, as the TBR increased, the experts
allowed for higher changes, accepting a maximum of 5% for
TBR and 10% for TBR2 when the initial value was 100%.
Expert panel boundaries for the remaining glucose metrics can
be found in Multimedia Appendix 2.

CGM Metrics Without and Those With Synthetic Data
Loss
In the baseline data set, 734 (92.0%), 408 (51.1%), 796 (99.8%),
and 767 (96.1%) of the total (N=798) 7-day recordings contained
TBR, TBR2, TAR, and TAR2, respectively. For 28-day
recordings, this is 798 (100%), 611 (76.6%), 798 (100%), and
790 (99.0%) for TBR, TBR2, TAR, and TAR2, respectively.

The scatterplots of Figure 2A represent the relation between the
original 14-day data of TBR and TBR2, and with 30% data loss,
per individual recording. These figures show that 30% data loss
in these metrics results in small deviations from the true value
with data loss, as all data points are close to the identity line.
More recordings fell into the εEPB area for TBR, as the expert
panel boundary was stricter compared to TBR2. The histograms
of Figure 2B show the AE, MedAE, and AE95 for these CGM
metrics as a result of 30% data loss in a 14-day recording. The
MedAE in the histograms is small, indicating that the majority
of errors are small. However, the histograms also display a long
tail, indicating that there are instances where the AE is larger
than the MedAE.

Figure 3 shows the values of AE95, εCT, and εEPB for the CGM
metrics TBR and TBR2, with missing data increasing from 5%
to 50% over a period of 7 to 28 days. This analysis includes
only the recordings that had TBR episodes. As expected, the
AE95, εCT, and εEPB increase as the percentage of data loss
increases. When more days are available, the influence of data
loss is reduced (Figure 3A). Applying the current guidelines of
30% data loss for a 14-day recording period, we observed an
AE95 of 1.0% for TBR and 0.5% for TBR2. The corresponding
εCT values were 29 out of 786 (3.7%) recordings for TBR and
28 out of 522 (5.4%) recordings for TBR2 and the εEPB were
28 out of 786 recordings (5.0%) for TBR 1 out of 522 recordings
and 0.2% for TBR2. These findings suggest that the impact of
missing data on CGM metrics can vary significantly depending
on the specific metric and recording period used.
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Figure 2. (A) The density scatterplots of the TBR and (B) TBR2 indicates the relation between the 14-day-long original data without missing data
(horizontal axis) and the data with 30% data loss (vertical axis). More detail of the critical areas of TBR and TBR2 are illustrated in (C) and (D). The
color bar indicates the Gaussian kernel-density estimate of the recordings. The black dashed lines represent the expert panel boundaries, and the horizontal
and vertical black dotted lines represent the clinical targets. Values falling outside the clinical target and expert panel boundary, in the hatched areas,
are labeled as errors (εCT and εEPB). (E) The histograms show the AE (%) with the median AE (MedAE) and AE95 as a result of 30% data loss of the
TBR and (F) TBR2. AE: absolute error; AE95: 95th percentile of AE; CT: clinical target; EPB: expert panel boundary; MedAE: median absolure error;
TBR: time below range; TBR2: time below range level 2; εCT: clinical target errors; εEPB: expert panel boundary errors.
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Figure 3. (A) The εEPB of 5%-50% data loss in recordings (horizontal axis) of 7-28 days (vertical axis) of TBR. The white line indicates the boundary
where the εEPB exceeds 5%. (B,C) show the AE95, (D,E) the clinical target errors (εCT), and (F,G) the εEPB of TBR and TBR2 respectively of 10%,
20%, 30%, 40%, and 50% data loss in recordings of 7, 14, 21, and 28 days. The color bar indicates the errors in percentages. AE95: 95th percentile of
the absolute error; TBR: time below range; TBR2: time below range level 2; εEPB: expert panel boundary errors; εCT: clinical target errors.

For a 14-day measurement period with 30% data loss, the AE95

was 2.4%, 1.3%, and 1.0%, εCT was 17 (2.1%), 23 (2.9%), and
14 (1.8%) and εEPB was 0 (0.0%), 0 (0.0%), and 0 (0.0%) for
TIR, CV, and GMI, respectively (Figures S1 and S2 in
Multimedia Appendix 4). For TAR and TAR2 the εEPB was
0.0% for all cases (Figure S3 in Multimedia Appendix 4).

TBR and TBR2 have the highest errors, especially with greater
data loss in shorter recordings, with a maximum εEPB of 147
out of 736 (20.0%) of the recordings for TBR and 22 out of 408
(5.4%) of the recordings for TBR2, compared to a maximum
of 5 out of 798 (0.6%) for TIR, CV, and GMI. In 2 (0.3%) of
the 14-day recordings, the TBR value went from 0.2% to 0.0%,
resulting in its disappearance due to data loss. Similarly, the
TBR2 metric disappeared in 32 (6.1%) recordings in the 14-day
recordings with 30% data loss. The median TBR2 value of the
original recordings was 0.07% (IQR 0.07%-0.15%). No other
metrics disappeared due to data loss.

For the SD, LBGI, HBGI, and RI, only the AE95 was available.
The overall AE95 was low, with 0.1 for SD, 0.2 for LBGI, and
0.6 for HBGI and RI. The highest AE95 of 0.8% was observed
for the HBGI and RI metrics in a 7-day recording with 50%
data loss (Figure S4 in Multimedia Appendix 4).

GMI Subgroup Analysis
The recordings were divided into 260 (32.6%) low GMI (<54
mmol/mol), 445 (55.8%) moderately elevated (53-64
mmol/mol), and 93 (11.7%) elevated GMI recordings (≥64
mmol/mol). Figure 4 shows the values of AE95, εCT, and εEPB

for TBR, with missing data increasing from 5% to 50% over a
period of 7 to 28 days for the GMI subgroups. The error caused
by missing data is highest in the low GMI group (Figures 4A,
4D, and 4G). The AE95, εCT, and εEPB are 1.2%, 10 (3.8%), and
25 out of recordings 260 (9.6%), respectively, for a recording
of 14 days with 30% data loss. This means that for 9.6% of the
recordings a clinical expert would see a relevant change.
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Figure 4. (A-C) The AE95 are shown, (D-F) the εCT, and (G-I) the εEPB of TBR within 3 GMI groups of <53 mmol/mol, 53 mmol/mol≤ GMI <64
mmol/mol, and GMI ≥64 mmol/mol. These panels illustrate the impact of 10%, 20%, 30%, 40%, and 50% data loss in recordings of 7, 14, 21, and 28
days. The color bar indicates the errors in percentages. AE95: 95th percentile of the absolute error; GMI: glucose management indicator; TBR: time
below range; εCT: clinical target errors; εEPB: expert panel boundary errors.

Discussion

Principal Findings
This study provides a thorough analysis of missing data’s impact
on real-world CGM recordings for patients with diabetes. By
merging data analysis and expert evaluations, it assesses the
clinical implications of missing data on CGM metrics, improving
our understanding of its practical effects and challenges.
Findings indicate that a minimum of 14 days of glucose data
collection with no more than 30% missing data suffice for
clinical decision-making, ensuring adequate patient care.

The key finding of this study is that the interpretation of TBR
metrics is more vulnerable to greater clinical consequences due
to missing data compared to other metrics. The results indicate
that up to 30% data loss in a 14-day recording results in a
misinterpretation of the glucose metric in 5.0% of the time.
Therefore, it should be realized that 30% data loss over a 14-day
measurement will occasionally lead to false clinical

interpretations of TBR. Furthermore, when analyzing the data
by GMI levels, it is notable that in 9.6% of recordings featuring
low GMI levels, a clinical expert would observe a relevant
change due to missing data on TBR. These findings underscore
the substantial impact of missing data on TBR, emphasizing
the importance of cautious interpretation in clinical practice.

Similarly, for TBR2, 14-day recordings with 30% data loss
resulted in misinterpretation in 0.2% of cases, and the complete
disappearance of TBR2 episodes occurred in 6.1% of the cases.
One might, therefore, suggest that severe hypoglycemic episodes
would be missed, which can have potentially serious clinical
consequences as symptoms might not always be recognized
when they occur during nighttime [35]. However, this complete
loss of TBR2 episodes occurs only when the actual TBR2 value
is below the clinical target of 1%, and thus, would not have
required any action. In contrast, missing data had limited
influence on the clinical interpretation of other glucose metrics
such as TIR, CV, GMI, TAR and TAR2. This limited influence
was partly caused by broader expert panel boundaries for these
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metrics compared to TBR and TBR2. The expert panel accepted
errors of 1%-5% for TBR2 and 1%-10% for TBR, while the
accepted errors for TIR, TAR, and TAR2 ranged between 5%
and 10%. When TBR is not a primary concern, 14 days of CGM
data can be interpreted with 50% missing data. Even
measurements shorter than 14 days could be used, but the
representativeness of the data for long-term glucose values will
diminish, and the correlation of the metrics with HbA1c may
decrease [21].

Based on the findings of this study, we propose several
recommendations. First, we support the current recommendation
of having a minimum of 70% data available in a CGM recording
of 14 days. However, health care practitioners should be aware
that there is still a chance of misinterpreting TBR. The guideline
of a 10-day CGM recording with no data loss might be
impractical, as the real-life CGM data analyzed in this study
rarely met this criterion [8]. Therefore, our second
recommendation is to use a measurement period of at least 14
days, which aligns with the durability of the current sensors.
However, this result should be validated by other studies with
different glucose sensors.

In this study, the expert panel boundaries are an important
feature that may contribute to current clinical guidelines as they
give insight into when CGM metrics result in clinically relevant
changes due to data loss. The current clinical targets for most
CGM metrics are valuable in the clinical setting to serve as
goals for optimal glucose management. However, the targets
are a limited tool for determining when a patient has a clinically
relevant improvement or deterioration of their glucose
management. When assessing the clinical consequences, the
clinical target may not always be useful because significant
changes due to data loss may not result in a different
categorization if the initial value is already far from the target.
However, such changes may still be clinically relevant.

In the literature, the CGM metrics SD, LBGI, HBGI, and RI
are defined [21]. However, there are currently no targets defined
for these metrics. Consequently, the expert panel was unable
to determine such a boundary for these metrics. Nevertheless,
AE95 can provide insight into the error size, but not indicate the
impact on clinical decision-making. Previous studies
investigating the influence of missing data on glycemic
variability metrics reported small MedAEs [12,22]. This
corresponds to our findings of small MedAEs, suggesting that
even with excessive data loss, the CGM metrics would not be
altered significantly. However, the AE95 is in some cases
relatively high, indicating that in 5% of the population data loss
can have quite significant clinical consequences. Therefore, we
reported on AE95 instead of MedAE in this study.

The data loss in the real-world CGM data was MNAR, as the
gap probability distribution did not follow an exponential
function. Next to that, the chance of missing data during the
night (10 PM-1 AM) was higher. MNAR data loss has a
profound impact on the effects of missing data and synthetic
data loss cannot be applied arbitrarily. Therefore, in this
research, we mimicked these characteristics of data loss to create

a simulation that closely resembled the actual missing data
experienced by patients using CGM devices in everyday life.

Limitations
Several potential limitations of this study need to be addressed.
In clinical practice, all CGM metrics are typically evaluated
together rather than individually which was done to determine
the clinical expert boundaries. Additionally, these metrics will
be reviewed at every clinical visit, further reducing the actual
risk that missing data will cause a change in treatment. Another
potential limitation of our study is the small number of experts
involved in defining the boundaries for CGM metrics. The
subjectivity and potential biases inherent in expert input can
pose challenges. Furthermore, the cut-off to accept an εEPB at
5% was chosen arbitrarily and choosing a different cut-off could
influence the interpretation of the results. It is important to note
that defining different boundaries than those presented in this
study could influence the observed errors.

It should also be considered that this research has been
performed on data measured only with the FreeStyle Libre 1
sensor, and some findings might differ for other devices. For
example, the 8-hour data storage capacity may explain why
more data are lost during the early night (10 PM-1 AM), which
is a critical time for glucose measurements [36]. However, the
presented research methodology can be easily adopted and
applied to other CGM devices or populations. The results
presented in our study were obtained from patients with diabetes,
predominantly type 1 diabetes, who were treated in a hospital
in the Netherlands. Differences in patient demographics, disease
progression, and device accuracy could impact the applicability
of findings across diverse populations. Therefore, caution should
be exercised when extrapolating these results to other
populations. However, the average HbA1c value of 7.6% (IQR
7.0%-8.3%; 60.0 mmol/mol, IQR 53.3-67.0 mmol/mol) was
comparable with a large cohort from Germany and Austria, with
a mean HbA1c of 7.8% (IQR 6.9%-8.9%; 62, IQR 52.0-74.0
mmol/mol), suggesting some level of generalizability [37].
Furthermore, the presented methodology can be applied to
investigate the consequences of missing data in other diabetes
populations using CGM.

Methodological Decisions
Some noteworthy methodological decisions were made in this
study. First, we decided to include all the available 24-hour
windows, thus including multiple 28-day recordings per patient
in the data set. With this approach, there were no significant
differences in CGM metrics between the preprocessed data with
the baseline data set, validating the inclusion of multiple
recordings. Second, not all patients used their CGM device
continuously. Patients may have periods of several months
where they did not use a CGM device. We marked this as
missing data, which may have led to a potential overestimation
of the reported data loss, compared to day-to-day CGM use.
Third, we decided to create recordings of 7 to 28 days to study
a range of CGM measurement lengths. The studies of
Riddlesworth et al [21] and Xing et al [24] suggest that at least
14-15 days of CGM data provide a good estimation of CGM
metrics compared to monitoring every 3 months or HbA1c. Also,
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Akturk et al [23] state that while the optimal recording length
depends on the size of the gaps, duration of 14 days generally
proves to be adequate. Using measurements of 7-28 days, we
can ensure that an adequate measurement duration was covered.

Future Research
Future research should focus on including a heterogeneous
population of patients with type 1, type 2, and other subtypes
of diabetes. Next to that, more commonly used sensors should
be added to the analysis to give a more generalizable result.
Finally, the expert panel should be expanded and implemented
similarly to the Parkes and Clarke error grids, involving a larger
and more diverse panel of experts, to enhance the reliability and
generalizability of the established boundaries [38,39].

Conclusions
To conclude, our aim was to examine the impact of data loss
on glucose metrics within individual patient recordings from
continuous glucose monitors and its implications for clinical
decision-making. Through integrated data analysis and expert
evaluations, we underscore the importance of comprehending
missing data’s clinical consequences and recommend a
maximum of 30% missing data in 14-day CGM recordings to
enhance accurate interpretation and glucose management,
acknowledging the possibility of misinterpreting TBR even
with this threshold. For reliable interpretation of TBR in
recordings with a low GMI, data loss should be below10%.
Further research is needed to explore the consequences of
missing data in diverse populations using various CGM devices,
emphasizing the importance of comprehensive data collection
for optimal glucose management and clinical decision-making.
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CGM: continuous glucose monitoring
CV: coefficient of variation
GMI: glucose management indicator
HbA1c: glycated hemoglobin
HBGI: high blood glucose index
LBGI: low blood glucose index
MAR: missing at random
MCAR: missing completely at random
MEC-U: Medical Research Ethics Committees United
MedAE: median absolute error
MNAR: missing not at random
RI: risk index
TAR: time above range
TAR2: time above range level 2
TBR: time below range
TBR2: time below range level 2
TIR: time in range
ZGT: Ziekenhuisgroep Twente
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Abstract

Background: The COVID-19 pandemic impacted how people accessed health services and likely how they managed chronic
conditions such as type 2 diabetes (T2D). Social media forums present a source of qualitative data to understand how adaptation
might have occurred from the perspective of the patient.

Objective: Our objective is to understand how the care-seeking behaviors and attitudes of people living with T2D were impacted
during the early part of the pandemic by conducting a scoping literature review. A secondary objective is to compare the findings
of the scoping review to those presented on a popular social media platform Reddit.

Methods: A scoping review was conducted in 2021. Inclusion criteria were population with T2D, studies are patient-centered,
and study objectives are centered around health behaviors, disease management, or mental health outcomes during the COVID-19
pandemic. Exclusion criteria were populations with other noncommunicable diseases, examining COVID-19 as a comorbidity
to T2D, clinical treatments for COVID-19 among people living with T2D, genetic expressions of COVID-19 among people living
with T2D, gray literature, or studies not published in English. Bias was mitigated by reviewing uncertainties with other authors.
Data extracted from the studies were classified into thematic categories. These categories reflect the findings of this study as per
our objective. Data from the Reddit forums related to T2D from March 2020 to early March 2021 were downloaded, and support
vector machines were used to classify if a post was published in the context of the pandemic. Latent Dirichlet allocation topic
modeling was performed to gather topics of discussion specific to the COVID-19 pandemic.

Results: A total of 26 studies conducted between February and September 2020, consisting of 13,673 participants, were included
in this scoping literature review. The studies were qualitative and relied mostly on qualitative data from surveys or questionnaires.
Themes found from the literature review were “poorer glycemic control,” “increased consumption of unhealthy foods,” “decreased
physical activity,” “inability to access medical appointments,” and “increased stress and anxiety.” Findings from latent Dirichlet
allocation topic modeling of Reddit forums were “Coping With Poor Mental Health,” “Accessing Doctor & Medications and
Controlling Blood Glucose,” “Changing Food Habits During Pandemic,” “Impact of Stress on Blood Glucose Levels,” “Changing
Status of Employment & Insurance,” and “Risk of COVID Complications.”
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Conclusions: Topics of discussion gauged from the Reddit forums provide a holistic perspective of the impact of the pandemic
on people living with T2D, which were found to be comparable to the findings of the literature review. The study was limited by
only having 1 reviewer for the literature review, but biases were mitigated by consulting authors when there were uncertainties.
Qualitative analysis of Reddit forms can supplement traditional qualitative studies of the behaviors of people living with T2D.

(Interact J Med Res 2024;13:e49073)   doi:10.2196/49073

KEYWORDS

type 2 diabetes; social media; patient-generated health data; big data; machine learning; natural language processing; COVID-19,
COVID-19 stress syndrome, health behaviors; Reddit; qualitative; analysis; diabetes; scoping review

Introduction

Background
Type 2 diabetes (T2D) is characterized by the body’s resistance
or insufficient production of insulin. Research suggests that the
risks of further complications for people living with T2D can
be mitigated through proper self-management [1]. Treatment
protocol for proper management of T2D includes glycemic
control, weight management, adequate nutrition, regular physical
activity, reducing sedentary behaviors, and taking prescribed
medications [2].

COVID-19 and Managing T2D
With the emergence of the COVID-19 pandemic, beginning in
March 2020, social distancing measures included business
closures, remote school and work measures, prohibition of large
crowds, limited socialization outside the household, and
increased reliance on digital health care delivery. As a result of
these changes and fear of the unknown, stress and anxiety were
resulting manifestations [3]. People living with diabetes are
already at increased risk for serious complications from
COVID-19 due to already being immunocompromised and
because the virus may thrive in an environment of high blood
glucose [4]. A scoping review conducted in 2023 by Li et al [5]
revealed that diabetes prevalence increased among those with
severe COVID-19, accounting for 16.8% of deaths. Therefore,
it was vital that those living with T2D took extra precautions
to avoid the virus. However, proper management of T2D
requires healthy lifestyle behaviors, which were likely impacted
by the lifestyle changes that occurred during lockdowns, in
addition to the exacerbated risk of attaining severe COVID-19
symptoms.

Study Objective and Rationale
Considering that proper management of T2D requires healthy
behaviors and that the implications of the COVID-19 pandemic

were disruptive in people’s daily lives worldwide, this study
aimed to consolidate the literature of studies that examined the
health behaviors and attitudes of people living T2D during the
first year of the COVID-19 pandemic and to compare the themes
gauged from the scoping review to topics of discussion on
Reddit forums among people living with T2D during the same
period. Social media is a form of patient-generated health data
where users can discuss with their peers how they manage T2D
through sharing diet, food, symptoms, research, and recipes
while obtaining peer support [6]. It also presents a public data
source to gauge sentiment and topics of discussion during the
initial lockdown period. Our objective was to examine if data
from social media, in this case Reddit, provided insights that
were similar to findings from the literature review.

Methods

Scoping Review
A scoping review was conducted following the framework of
Arksey and O’Malley [7] using the following steps: (1)
identifying the research question, (2) identifying relevant studies,
(3) study selection, (4) charting the data, and (5) summarizing
and reporting the results [8].

Search Strategy
Searches were conducted in 3 databases (PubMed, Scopus, and
CINAHL) from January 2020 to May 2021 (Textbox 1). Using
the keywords identified, relevant studies were identified using
the inclusion and exclusion criteria from title and abstract to
full-text screening. For studies included in the data charting
phase, reference lists were scanned for any additional relevant
studies. However, these searches did not produce any additional
results.

Textbox 1. Search terms for the scoping review.

Diabetes AND (manag* OR behave* OR mental OR stress OR anxiety OR depression) AND (COVID OR coronavirus OR pandemic)

Study Selection
Following the Arksey and O’Malley [7] framework, papers
were reviewed in 3 iterations. In the first iteration, abstracts
were scanned and selected using the eligibility criteria below.
In the second iteration, the full text was scanned using the same
eligibility criteria to select papers. Finally, in the third iteration,
data were extracted and charted, and studies were excluded if

they did not meet the eligibility criteria. Eligibility was
determined based on the criteria below and for a paper to be
included, all inclusion criteria needed to be met, and not have
met any exclusion criteria. Only 1 reviewer (MSN) performed
the initial study screening and assessment, but uncertainties
about inclusion criteria were addressed to the other authors and
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solved through discussion to make the final decision for study
eligibility.

The inclusion criteria are (1) the population of focus must
include people living with T2D, (2) the findings of the study
are patient-centered, and (3) the objectives of the study are to
gauge changes in health behaviors, disease management, or
mental health outcomes during the COVID-19 pandemic.

The exclusion criteria are (1) people living with other
noncommunicable diseases, not as a comorbidity with T2D (an
exception to this criterion was made if the population consisted
of people with type 1 diabetes or gestational diabetes), (2) the
study examines COVID-19 as a comorbidity to T2D, (3) clinical
treatments or delivery of care for COVID-19 among people
living with T2D, (4) genetic expressions of COVID-19 among
people living with T2D, (5) case studies, commentary, review
papers, or gray literature (ie, letters to editor, editorials, blogs,
and newspapers), or (6) studies not published in English.

Charting and Extracting Data
To guide data extraction, parameters were created that included
the country of study, the time in which the study was conducted,
the study sample size, and the main findings. Findings were
directly extracted and quoted from the paper and the remaining
data parameters were interpreted through analysis from
examining the paper. Given the limitations of the study, only 1
reviewer (MSN) was able to conduct the extraction, but clarity
was taken from other authors when there were areas of
uncertainty.

Synthesis of Data
The extracted results from the study were examined and were
given numerical codes for thematic analysis. Thematic analysis
was conducted by the primary reviewer (MSN) and other authors
were consulted in the case of uncertainty or discrepancies.
Themes were categorized to summarize the studies by their
main findings to answer the research question.

Examination of Reddit Data

Data Collection
For this study, 3 communities on Reddit were examined:
r/type2diabetes, r/diabetes_t2, and r/diabetes [9-11]. From the
r/diabetes [11] community, only posts that were tagged with
the “flair” and “type 2 diabetes” were examined. The former 2
communities are exclusively for people living with T2D, while
the latter was only examined if it was tagged as T2D. While
there is no way to guarantee that patients living with type 1
diabetes were excluded from this data set, it was reasonable to

assume that the discussions in our data set only pertained to
T2D, given that they were posted or tagged in communities for
people living with T2D.

Reddit was the chosen data source because there were readily
available open-source application programming interfaces
(APIs) to harness the data through Python scripts. Additionally,
because Reddit communities are divided by different interest
groups, such as diabetes, it ensured that the data source mostly
consisted of the population of interest. Finally, Reddit’s terms
and conditions did not forbid the use of data for research
purposes and was chosen for that reason [12].

Classification of Posts
A year’s worth of data were examined, a total of 48,988 posts
from March 2020 to March 2021. Within the data set, terms
related to the COVID-19 pandemic were manually searched for
using search features on Excel (Microsoft Corp) by MSN. These
terms included COVID, coronavirus, pandemic, social
distancing, lockdown, quarantine, toilet paper, unemploy,
unemployed, work from home, working from home, telehealth,
vaccine, sanitizer, and mask.

Posts that contained those terms in the text body were manually
evaluated for context and labeled as “covid” or “noncovid.” In
total, 9803 posts were manually classified by MSN and verified
by NJ, with 2065 labeled as “covid” and 7738 labeled as
“noncovid” and subsequently classified with the support vector
machines. An additional 818 posts that were published in the
context of the COVID-19 pandemic were identified, bringing
the total number of pandemic-specific posts to 2883. The
remainder of unlabeled posts published in the identified
pandemic period were labeled as “noncovid.”

Data Analysis
The latent Dirichlet allocation (LDA) topic modeling algorithm
[13,14] with the MALLET (Machine Learning for Language
Toolkit) package [15] was used to obtain topics of discussion
by obtaining clusters of words belonging to a single topic
(Figure 1). This unsupervised algorithm was chosen as there
was no precedent of topics that were being detected, and thus,
there were no data to train a supervised algorithm. After
classifying the posts, the entire data set was reprocessed, with
2682 being specific to the COVID-19 pandemic, and topic
modeling was performed. A value of k, the number of topics,
was determined by evaluating the coherence scores outputted
by the model for each value of k and by manually evaluating
the distinction between topics for various k values.
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Figure 1. Collecting and processing of Reddit data. LDA: latent Dirichlet allocation; SVM: support vector machine.

Sentiment Analysis
Sentiment analysis (SA) with the VADER (Valence Aware
Dictionary for Sentiment Reasoning) [16] algorithm was
performed to understand the subjective emotions, or sentiment,
associated with each post. Valence scores of sentiment are
calculated on both polarity (if the text is negative or positive)
and intensity (how positive or negative a text is), with a
normalized compound score, returned between –1 and +1.
Thresholds for classifying a text as per VADER are as follows
[16]: positive: compound score ≥+0.05; neutral: compound
score between –0.05 and +0.05; and negative: compound score
≤–0.05.

Ethical Considerations
As per the University of Toronto’s research ethics guides
exemptions in section 1, ethical approval was not obtained for
this study because it was assumed that Reddit is a public data

source and it is assumed that there is no reasonable expectation
of privacy [17]. Moreover, there was no direct interaction
between the researcher and the participants, and hence, the
researchers did not believe that ethical approval was necessary,
as per section 2 [17]. The data used for our qualitative analysis
was scraped directly from Reddit and it was assumed to be a
public data source. As users do not need a form of authentication
to view Reddit forums, it was assumed that the users who posted
to them did so with the knowledge that they would be displayed
publicly. Data were obtained through a data dump from the
Pushshift API, and more than 100 published research studies
have already harnessed Reddit data with Pushshift [18]. We do
not believe that using this API was a violation of Reddit’s API
terms of use [19]. However, in a systematic analysis of 727
manuscripts that used Reddit as a data source, only 15%
mentioned any form of ethical review [20]. We do acknowledge
that there is debate on the ethics of using Reddit data for
academic research purposes but nowhere on Reddit’s terms and
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conditions prohibit the use of data for research purposes [12].
Hence, as of the time of research, by omission of information
about using data for research purposes, it was assumed that it
was within Reddit’s terms and conditions. While the username
of the post authors was obtained, they were assumed to be
pseudonyms of the user and not their actual names. However,
we do acknowledge that some users may have integrated their
real names into their usernames, but in this study, the usernames
were not analyzed to confirm so. Reddit also does not provide
identifiable characteristics of individual users, such as their
name, gender, or geographical location. However, we do
acknowledge that some users may put identifiable information
within their text. For this study, this identifiable information
was not harnessed or analyzed.

Results

Findings From Scoping Review
A total of 9656 papers were identified from the 3 databases. Of
these 9656 papers, 7539 (78.1%) papers were duplicates and
were subsequently removed. The abstracts of 2117 papers were
screened and the full texts of 167 (7.9%) of those papers were
scanned to evaluate if they met the inclusion criteria. Of those
papers, 36 (1.7%) papers were included for data extraction.
Finally, after close examination from data extraction, of the 36
papers, 26 (72.2%) papers were included as part of this scoping
review as they met the inclusion criteria. Figure 2 summarizes
the process.

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram from the scoping review.

Study Characteristics
A total of 26 studies published as of May 2021 were included
in this review. With respect to data collection, of the 26 studies,

21 (80%) studies used surveys or questionnaires, 3 (11%) studies
used interviews, 2 (8%) studies analyzed blood glucose readings,
and 1 (4%) study used hospital consultations. The studies took
place between February and September 2020 and included a
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sample size of 13,673 people living with diabetes. The
geographical representation includes 7 (26%) studies from India,
3 (11%) studies from Japan, 2 (8%) studies from China, 2 (8%)
studies from Denmark, 2 (8%) studies from Brazil, 2 (8%)
studies from the Netherlands, 1 (4%) study from Turkey, 1 (4%)
study from Spain, 1 (4%) study from Germany, 1 (4%) study
from Arab Gulf, 1 (4%) study from Mexico, 1 (4%) study from
Singapore, 1 (4%) study from Pakistan, and 1 (4%) study from
the United Kingdom.

Findings From Thematic Analysis
The main themes found from the literature review include poor
glycemic control, increased consumption of unhealthy foods,

reduction in physical activity, and inability to access medical
appointments. A detailed summary of all included papers is
included in Multimedia Appendix 1.

Findings From Analysis of Reddit Data
The LDA topic modeling algorithm was performed on 2883
posts published between February 28, 2020, and February 28,
2021.

Findings From LDA Topic Modeling
Table 1 summarizes the topics and associated words for
COVID-19–related posts.

Table 1. Topics and associated words for COVID-19–related posts.

WordsTopic nameTopic number

feel, day, week, work, weight, lose, walk, bit, symptom, bad, lot, gym, night,
happen, end, great, covid, felt, ill, diagnosis

Coping With Poor Mental HealthTopic 1

doctor, test, ac, year, insulin, month, metformin, diagnose, low, glucose, diet,
week, med, exercise, change, level, stop, reading, check, medication

Accessing Doctor & Medications and Control-
ling Blood Glucose

Topic 2

eat, food, carbs, lot, meal, low, carb, diet, hard, hour, thing, water, keto, fast, cut,
easy, glucose, add, stuff, rice

Changing Food Habits During PandemicTopic 3

blood, glucose, high, time, stress, number, long, exercise, bg, body, problem,
morning, normal, control, sleep, make, level, effect, change, kind

Impact of Stress on Blood Glucose LevelsTopic 4

work, home, hospital, today, time, year, talk, give, advice, wait, insurance, visit,
guess, state, order, meter, live, strip, situation, friend

Changing Status of Employment & InsuranceTopic 5

covid, type, health, care, risk, sick, control, issue, virus, disease, diabetic, question,
pandemic, mask, hand, case, infection, wear, patient, home

Risk of COVID ComplicationsTopic 6

Findings From Sentiment Analysis
Impact of Stress on Blood Glucose Levels and Coping With
Poor Mental Health had average compound scores that fell in
the threshold of being classified as neutral (odds ratio [OR]
0.0252, 95% CI –0.0344 to 0.0849 and OR 0.0492, 95% CI
–0.0121 to 0.1105, respectively). Risk of COVID Complications,
Accessing Doctor & Medications and Controlling Blood
Glucose, and Changing Status of Employment & Insurance
were ranked next from lowest to highest with average compound
scores of OR 0.0876 (95% CI 0.0322-0.1430), OR 0.1457 (95%
CI 0.0879-0.2035), and OR 0.1748 (95% CI 0.1263-0.2232),
respectively, and finally, Changing Food Habits During
Pandemic had the highest average compound score of 0.2544
(95% CI 0.1965-0.3123).

Discussion

Principal Results
Our analysis revealed that people living with T2D were
negatively impacted by the pandemic mentally and were
negatively impacted by how they managed their chronic disease.
Our literature review found that people living with T2D were
negatively impacted by the pandemic by having poorer glycemic
control, poorer lifestyle behaviors, their inability to access
medical appointments, and increased stress and anxiety. Our
analysis of Reddit data found similar themes, with additional
emphasis on the economic impacts of the pandemic among
people living with T2D.

Our literature review found that the COVID-19 pandemic
impacted people’s lives through poorer glycemic control,
increased consumption of unhealthy foods, decreases in physical
activity, inability to access medical appointments, and increased
stress and anxiety toward the impact of the lockdown and fear
of being exposed to the coronavirus. Topic modeling from data
on 3 Reddit forums for people living with T2D found the
following topics: Coping With Poor Mental Health, Accessing
Doctor & Medications and Controlling Blood Glucose,
Changing Food Habits During Pandemic, Impact of Stress on
Blood Glucose Levels, Changing Status of Employment &
Insurance, and Risk of COVID Complications. The additional
finding of employment as a topic of discussion on Reddit forums
suggests that digital discussion presents a holistic perspective
of diabetes management that considers the person’s life as a
whole when managing their disease.

Furthermore, the majority of the 26 studies included in our
literature review mostly relied on surveys and interviews to
obtain their data. Surveys and interviews are often
time-consuming processes. However, analyzing data from
forums such as Reddit, using machine learning algorithms such
as topic modeling and SA, can be a quicker method to obtain a
broad range of themes and sentiments from a large volume of
participants when performing qualitative research. We do not
suggest that qualitative analysis from digital forums could
replace traditional qualitative research, but can rather
supplement it as our study demonstrates that the results from
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our analysis are comparable to results from traditional qualitative
studies of people living with T2D.

Glycemic Control
As glycemic control is a major component of the
self-management of T2D, it was expected that this would be a
major theme found both in our literature review and in our
analysis of Reddit data. While psychological stress is subjective
among individuals, few studies have demonstrated that
psychological stressors have been linked to hyperglycemia
[21-23]. Considering that the major theme of our findings
suggested that the pandemic was a stressor for people living
with T2D, it was hypothesized that this stress would have an
impact on glycemic control. From our Reddit analysis, the topic
Impact of Stress on Blood Glucose Levels had the lowest
sentiment score of OR 0.0252 (95% CI –0.0344 to 0.0849),
suggesting that there was increased anxiety toward managing
blood glucose levels.

Our literature review further reiterated that people living with
T2D experienced increased blood glucose or increased
hemoglobin A1c (HbA1c) levels during the pandemic [24-28].
While 1 study did correlate higher HbA1c with increased levels
of stress during the pandemic [29], our literature review also
attributed poorer glycemic control as a result of reduced blood
glucose monitoring and reduced medical visits being reasons
for this [24,30-35]. This sentiment was also reflected in our
analysis of Reddit data. The topic Accessing Doctor &
Medications and Controlling Blood Glucose considered that
reduced access to medication and health care providers impacts
blood glucose levels, and while reduced health care visits were
a factor in reduced glycemic control, the Reddit analysis
additionally considered that losing employment was also a
stressor for people living with T2D and also resulted in lost
insurance benefits that reduced doctor visits and medication
access.

Lifestyle Management
As T2D is managed by lifestyle behaviors, they were
nonetheless a significant theme of discussion found in both our
literature review and our analysis of T2D Reddit communities.
Our literature review revealed that lifestyle behaviors among
people living with T2D were impacted by increased
consumption of unhealthy foods and reduced physical activity
[24-27,30,33,36-38]. As a result of these behavior changes,
participants reported changes in body weight [27,37].

These findings were supported by our analysis of Reddit as
Changing Food Habits During Pandemic was a topic of
discussion. Interestingly, this topic was associated with the
highest average sentiment (OR 0.2544, 95% CI 0.1965-0.3123).
While the literature suggests that dietary changes were attributed
to stress during the pandemic [33], the positive sentiment score
of the Reddit posts may be an indication that increased unhealthy
food consumption may have been a coping mechanism
associated with positive emotions through the stressful time and
that there was a sense of camaraderie and bonding among peers
through this coping mechanism.

Considering physical activity, in the topic Coping With Poor
Mental Health, the terms “gym” and “walk” were included. This

may suggest that stress was related to gym closures in the initial
months of the pandemic and people relying on walking as a
means of physical activity. The literature review supports that
gym closures and having fewer opportunities to walk due to
teleworking and closures of businesses are attributed to reducing
physical activity [25,27]. Moreover, the literature review
attributes changes in exercise behaviors as a result of
pandemic-related stress [38], and hence, it was fitting that the
topic modeling algorithm pooled terms related to mental health
with terms related to physical activity.

Access to Diabetes Care
During the COVID-19 pandemic, accessing care was perceived
as a significant barrier to managing T2D as more clinical visits
were done through telehealth as a means to protect patients and
health care providers from exposure to the coronavirus.
However, not all people living with T2D had access to telehealth
care, particularly those living in rural communities [25].
Moreover, health care providers were called to aid in treating
patients infected with COVID-19 [25], resulting in people living
with T2D being unable to see their regular health care provider
or being treated by health care providers who were not
experienced in managing T2D [39]. Our literature review
revealed that people living with T2D had difficulty managing
their blood glucose levels and felt depression as a result of
missed medical appointments.

Among our analysis of Reddit data, Access to Doctor &
Controlling Blood Glucose was identified as a topic of
discussion among people living with T2D, with an average
sentiment score (OR) of 0.1457 (95% CI 0.0879-0.2035).
Further examination of Reddit data revealed that while barriers
to accessing health care providers existed, another barrier was
presented through the fear of acquiring COVID-19 infection
and avoiding hospitalization in potentially dangerous situations.
The fear of acquiring COVID-19 infection was also reflected
in our literature review in a general sense. Further research in
the years ahead would need to examine the impact of the
lessening of in-person health care visits among people living
with T2D.

Mental Health
With the COVID-19 pandemic being disruptive to personal
lives worldwide, many people experienced elevated stress and
anxiety. The mental health impact of this pandemic is expected
to be long-term due to the extreme measures that were necessary
to prevent the spread of the virus and the resulting economic
implications [40]. Our literature review revealed that people
living with T2D were no exception to the stressors of the
pandemic which included social isolation [28,29,41] and
financial stress [28,29]. However, stressors that were specific
to people living with T2D included missing medical
appointments [42], being unable to access medications and
supplies to manage diabetes [42,43], and managing their disease
[29]. Additionally, people living with T2D were anxious about
being exposed to COVID-19 as they felt that they were more
vulnerable to serious complications or death [26,31,41-44].

Comparing these findings from our literature review to our
analysis of Reddit data found Coping With Poor Mental Health,
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Impact of Stress on Blood Glucose Levels, and Risk of COVID
Complications as topics of discussion. Overall, these topics
were associated with lower sentiment scores (OR 0.0492, 95%
CI –0.0121 to 0.1105; OR 0.0252, 95% CI –0.0344 to 0.0849;
and OR 0.0876, 95% CI 0.0322 to 0.1430; respectively).
Specifically, within the Reddit analysis, users acknowledge that
increased stress during the pandemic impacted their glycemic
control but users also felt that they would be helpless if they
experienced diabetes-related complications as hospitalization
would put them at risk of acquiring a COVID-19 infection.
Moreover, as supported in the literature review, people living
with T2D were generally afraid of being exposed to the virus
with their increased risk state. While our study demonstrated
that people living with T2D were using peer support as a means
to cope with the stressors of the pandemic, it also demonstrates
that users were negatively impacted by the psychological
stressors of the pandemic.

Impact to Employment
Efforts to curb the virus resulted in many employers worldwide
requiring their employees to work from home [45], which
resulted in changes in work-life balance and mental health issues
with the inability to interact with others outside the household
[46,47]. Moreover, as businesses shut down during the pandemic
to curb the spread of the virus, the pandemic resulted in the loss
of employment for many workers. The unemployment rate
reached 14.1% in the United States in April 2020, the highest
since data collection began in 1948 [48]. Additionally, only
60.2% of the labor force participated in April 2020, the lowest
participation observed since the 1970s [48]. Unemployment
already poses the issue of loss of income and standard of living
and decreased sense of self-purpose [49], potentially impacting
health behaviors due to increased stress. However, many people
unemployed were also impacted by changes to their health
insurance because of their job loss [50,51].

While Kishimoto et al [25] suggested that teleworking resulted
in reduced physical activity among people living with T2D,
there was little discussion about the financial and employment
implications of the pandemic among people living with T2D.
However, Changing Status of Employment & Insurance was a
topic of discussion among Reddit users on T2D forums. From
the Reddit discussions, it could be inferred that a loss of
insurance posed a barrier for people living with T2D to get
medication and blood glucose meters and strips, affecting

glycemic control. Clinicians must consider how one’s
employment status affects people living with T2D, especially
when they are additionally posed with a barrier to accessing
clinical care, and outline treatment options in these situations.

Comparison to Prior Work
This study builds upon previous studies that have harnessed
data from weblogs and social media websites to understand
diabetes behaviors and the sentiment associated with the texts.
People living with T2D use social media and digital forums to
discuss their condition and related information among their
peers [52]. These themes of discussion include diet, food,
symptoms, research, recipes, and news [52-55]. This study
uncovered similar themes of discussion through analysis of
Reddit forums, with the added context of the COVID-19
pandemic, given that this study was conducted in 2021, as the
pandemic was ravaging globally. However, no other study at
the time compared the findings of social media analysis to the
findings from traditional qualitative studies. Our study suggests
that social media can be a supplemental data source when
performing clinical qualitative analysis.

Comparison of Literature Review to Reddit Analysis
Our literature review summarized 26 studies conducted on
13,673 people living with diabetes to understand how the
pandemic impacted and how they managed their diseases. Our
analysis of Reddit data used support vector machines to classify
Reddit posts written from 2020 to early 2021, published in the
context of the pandemic from 1263 distinct authors. Most of
the data obtained by researchers of the studies included in the
literature review were through surveys and interviews, while
the data obtained in the Reddit analysis used APIs to scrape
data that were posted by Reddit users and analyzed using LDA
topic modeling and VADER SA. As displayed in Textbox 2,
the topics gauged from both studies were comparable to one
another, with the Reddit analysis gauging an additional topic
of Changing Status of Employment & Insurance. This additional
finding suggests that discussions on Reddit offer insight from
a holistic perspective that considers aspects of a person’s life
in the context of their disease, beyond treating symptoms.
Moreover, analyses from Reddit forums can be less
time-consuming than conducting long surveys or interviews
and can collect data from a larger volume of users than from a
single study.
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Textbox 2. Comparison of topics found in the literature review to topics found in the Reddit discussion.

Literature review topics

• Increased Consumption of Unhealthy Foods

• Decreased Physical Activity

• Inability to Access Medical Appointments

• Anxiety Toward Lockdown

• Fear of COVID Exposure

Reddit topics

• Changing Food Habits During Pandemic

• Impact of Stress on Blood Glucose Levels

• Accessing Doctor & Medications and Controlling Blood Glucose

• Coping With Poor Mental Health

• Risk of COVID Complications

• Changing Status of Employment & Insurance

Limitations
Due to the staffing limitations and reliability of remote work
during the pandemic, only 1 reviewer, MSN, was able to conduct
the study search and study data extraction. However, any
uncertainties were addressed to DS and JAC to mitigate any
risk of bias.

Topic modeling and SA were performed on the Reddit posts
but the posts were not thoroughly examined for context, and
hence, the authors cannot comment on the quality of the
discussions posted on the forum. We cannot confirm that the
users who published the posts were all people living with T2D.
We only examined the 3 Reddit communities mentioned in the
study and no other subreddits about the coronavirus or mental
health. Furthermore, we had no information about the
demographics of the users of the diabetes forums of Reddit and
assumed that the demographics were similar to the demographics

of all Reddit users. Under this assumption, there could be a
sampling bias in our Reddit data as Reddit users are mostly
male and fall into the age demographic of 18-49 years [56,57].
Geographically, the United States has the largest number of
Reddit users, while other users mostly reside in
English-speaking, higher-income countries [58].

Conclusions
The findings from the literature review included topics of
glycemic control, lifestyle management, access to diabetes care,
and the impact on mental health among people living with T2D.
However, an examination of Reddit data revealed an additional
theme of employment being impacted during the pandemic,
affecting diabetes lifestyle behaviors. Moreover, Reddit
presented a large sample size of participants. Therefore, social
media presents an opportunity to holistically observe the
behaviors of those managing chronic diseases.
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Abstract

Background: Adherence to evidence-based practice is indispensable in health care. Recently, the utility of generative artificial
intelligence (AI) models in health care has been evaluated extensively. However, the lack of consensus guidelines on the design
and reporting of findings of these studies poses a challenge for the interpretation and synthesis of evidence.

Objective: This study aimed to develop a preliminary checklist to standardize the reporting of generative AI-based studies in
health care education and practice.

Methods: A literature review was conducted in Scopus, PubMed, and Google Scholar. Published records with “ChatGPT,”
“Bing,” or “Bard” in the title were retrieved. Careful examination of the methodologies employed in the included records was
conducted to identify the common pertinent themes and the possible gaps in reporting. A panel discussion was held to establish
a unified and thorough checklist for the reporting of AI studies in health care. The finalized checklist was used to evaluate the
included records by 2 independent raters. Cohen κ was used as the method to evaluate the interrater reliability.

Results: The final data set that formed the basis for pertinent theme identification and analysis comprised a total of 34 records.
The finalized checklist included 9 pertinent themes collectively referred to as METRICS (Model, Evaluation, Timing,
Range/Randomization, Individual factors, Count, and Specificity of prompts and language). Their details are as follows: (1)
Model used and its exact settings; (2) Evaluation approach for the generated content; (3) Timing of testing the model; (4)
Transparency of the data source; (5) Range of tested topics; (6) Randomization of selecting the queries; (7) Individual factors in
selecting the queries and interrater reliability; (8) Count of queries executed to test the model; and (9) Specificity of the prompts
and language used. The overall mean METRICS score was 3.0 (SD 0.58). The tested METRICS score was acceptable, with the
range of Cohen κ of 0.558 to 0.962 (P<.001 for the 9 tested items). With classification per item, the highest average METRICS
score was recorded for the “Model” item, followed by the “Specificity” item, while the lowest scores were recorded for the
“Randomization” item (classified as suboptimal) and “Individual factors” item (classified as satisfactory).

Conclusions: The METRICS checklist can facilitate the design of studies guiding researchers toward best practices in reporting
results. The findings highlight the need for standardized reporting algorithms for generative AI-based studies in health care,
considering the variability observed in methodologies and reporting. The proposed METRICS checklist could be a preliminary
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helpful base to establish a universally accepted approach to standardize the design and reporting of generative AI-based studies
in health care, which is a swiftly evolving research topic.

(Interact J Med Res 2024;13:e54704)   doi:10.2196/54704

KEYWORDS

guidelines; evaluation; meaningful analytics; large language models; decision support

Introduction

The integration of generative artificial intelligence (AI) models
into health care education and practice holds promising
perspectives with numerous possibilities for continuous
improvement [1-5]. Examples of generative AI-based
conversational models characterized by ease of use and
perceived usefulness include ChatGPT by OpenAI, Bing by
Microsoft, and Bard by Google [6-8].

The vast potential of generative AI-based models in health care
can be illustrated as follows. First, generative AI-based models
can facilitate streamlining of the clinical workflow, with
subsequent improvement in efficiency manifested in reduced
time for care delivery and reduced costs [1,9-11]. Second,
generative AI-based models can enhance personalized medicine
with a huge potential to achieve refined prediction of disease
risks and outcomes [1,12,13]. Third, generative AI-based models
can be implemented to improve health literacy among lay
individuals through the provision of easily accessible and
understandable health information [1,14,15].

Despite the aforementioned advantages of generative AI-based
models in health care, several valid concerns were raised, which
should be considered carefully owing to their serious
consequences [1,4,16]. For example, the lack of clarity on how
generative AI-based models are trained raises ethical concerns
[17,18]. Additionally, these models have an inherent bias in the
generated content based on the modality of training used for
their development and updates [17,18]. Importantly, the
generation of inaccurate or misleading content, which might
appear scientifically plausible to nonexperts (referred to as
“hallucinations”), could have profound negative impacts in
health care settings [1,19-21]. Furthermore, the integration of
generative AI-based models in health care could raise complex
medicolegal and accountability questions, compounded by the
issues of data privacy and cybersecurity risks [1,4,22,23].

Similarly, the use of generative AI-based models can cause a
paradigm shift in information acquisition, particularly in health
care education [1,24-26]. However, careful consideration of the
best policies and practices to incorporate AI-based models in
health care education is needed [27]. This issue involves the
urgent need to address the issues of inaccuracies, possible
academic dishonesty, decline in critical thinking development,
and deterioration of practical training skills [1].

Recently, a remarkable number of studies investigated the
applicability and disadvantages of prominent generative
AI-based conversational models, such as ChatGPT, Microsoft
Bing, and Google Bard, in various health care and educational
settings [1,2,4,28-34]. However, synthesizing evidence from
such studies can be challenging owing to several reasons.

Variations in methodologies implemented in various studies as
well as in the reporting standards is a major limitation. This
issue could hinder the efforts aiming to compare and contrast
the results of generative AI-based studies in health care,
contributing to the complexity in this domain. This variability
arises from several factors, including different settings of the
tested models, prompt variability, varying approaches used to
evaluate the generated content of generative AI-based models,
varying range of tested topics, and possible bias in selecting the
tested subjects. Additionally, variability can be related to the
different number and varying expertise of individual raters of
content quality, as well as the variable number of queries
executed, among other factors [35-37].

Therefore, it is important to initiate and develop an approach
that can aid in establishing standardized reporting practices for
studies aiming to evaluate the content of generative AI-based
models, particularly in health care. This standardization can be
crucial to facilitate the design of generative AI-based studies in
health care, ensuring rigor and achieving precise comparison
and credible synthesis of findings across different studies. Thus,
we aimed to propose a preliminary framework (checklist) to
establish proper guidelines for the design and reporting of
findings of generative AI-based studies that address health
care–related topics.

Methods

Study Design
The study was based on a literature review to highlight the key
methodological aspects in studies that investigated 3 generative
AI-based models (ChatGPT, Bing, and Bard) in health care
education and practice. The literature review was conducted to
identify relevant literature indexed in databases up to November
11, 2023 [38]. The databases used for this literature search were
Scopus, PubMed/MEDLINE, and Google Scholar.

Ethical Considerations
This study did not involve human subjects, and thus, the
requirement of ethical permission was waived.

Literature Search to Identify Relevant Records
The Scopus string query was as follows:
(TITLE-ABS-KEY(“artificial intelligence” OR “AI”) AND
TITLE-ABS-KEY (“healthcare” OR “health care”) AND
TITLE-ABS-KEY (“education” OR “practice”)) AND
PUBYEAR > 2022 AND DOCTYPE (ar OR re) AND
(LIMIT-TO (PUBSTAGE , “final”)) AND (LIMIT-TO
(SRCTYPE , “j”)) AND (LIMIT-TO (LANGUAGE ,
“English”)). The Scopus search yielded a total of 843
documents.
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The PubMed advanced search tool was used as follows:
(“artificial intelligence”[Title/Abstract] OR “AI”[Title/Abstract])
AND (“healthcare”[Title/Abstract] OR “health
care”[Title/Abstract]) AND (“education”[Title/Abstract] OR
“practice”[Title/Abstract]) AND (“2022/12/01”[Date -
Publication] : “2023/11/11”[Date - Publication]). The PubMed
search yielded a total of 564 records.

In Google Scholar and using the Publish or Perish software
(version 8), in the title words and in the years 2022-2023, the
search was as follows: “artificial intelligence” OR “AI” AND
“healthcare” OR “health care” AND “education” OR “practice,”
with a maximum of 999 records retrieved [39].

Criteria for Record Inclusion
The records from the 3 databases were merged using EndNote
20.2.1 software. This was followed by removal of duplicate
records and removal of preprints by using the following
function: ANY FIELD preprint OR ANY FIELD rxiv OR ANY
FIELD SSRN OR ANY FIELD Researchgate OR ANY FIELD
researchsquare OR ANY FIELD. The retrieved records were
eligible for the final screening step given the following inclusion
criteria: (1) Original article; (2) English record; (3) Published
(peer reviewed); and (4) Assessment in health care practice or
health care education. Finally, the imported references were
subjected to the search function in EndNote as follows: Title
contains ChatGPT OR Title contains Bing OR Title contains
Bard. The selection of the included records was performed by
the first author (Malik Sallam).

Development of the Initial Checklist Items
Initial development of the proposed checklist began with the
assessment of the methodology and results sections of the
included records, a majority of which were regarded as
cross-sectional descriptive studies. Then, we referred to 2
commonly used reporting and quality guidelines to proactively
explore pertinent themes for the proposed checklist based on
the nature of the included records: (1) STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
Statement: guidelines for reporting observational studies
(checklist: cross-sectional studies) and (2) CASP (Critical
Appraisal Skills Programme) Checklist (CASP qualitative
studies checklist) [40,41]. This facilitated the allocation of
ethical considerations, including transparency, methodological
rigor, and issues related to bias, in the proposed checklist. Then,
the 3 authors conducted an independent content review process
to identify all the possible essential themes and best practices
in generative AI-based health care studies among the included
records. Finally, the authors had a collaborative discussion to
refine the selected themes and classify these themes into specific
components relevant to the study objectives. Special attention
was given to aspects of method and result reporting that were
perceived to impact the quality and reproducibility of the
records, as identified by the 3 authors.

Establishing the Final Checklist Criteria
Careful examination of the included records resulted in the
compilation of 3 independent lists of “pertinent themes,” which
are herein defined as being critical or recurring in the reporting
of results of generative AI-based studies. A thorough discussion

among the authors followed to reach a consensus on the
pertinent themes. Recurring themes were defined as those found
in the methods of at least three separate records. Critical aspects
were defined as those that would impact the conclusions of the
included records as agreed by the 3 authors.

The final pertinent themes were selected based on their
author-perceived significance in the quality and reproducibility
of the findings. A final list of 9 themes was agreed upon by the
authors as follows: (1) the “Model” of the generative AI-based
tool or tools used in the included record and the explicit mention
of the exact settings employed for each tool; (2) the “Evaluation”
approach to assess the quality of the content generated by the
generative AI-based model in terms of objectivity to reach
unbiased findings and subjectivity; (3) the exact “Timing” of
generative AI-based model testing and its duration; (4) the
“Transparency” of data sources used to generate queries for the
generative AI-based model testing, including the permission to
use copyrighted content; (5) the “Range” of topics tested (single
topic, multiple related topics, or various unrelated topics, as
well as the breadth of intertopic and intratopic queries tested);
(6) the degree of “Randomization” of topics selected to be tested
to consider the potential bias; (7) the “Individual” subjective
role in evaluating the content and the possibility of interrater
reliability concordance or discordance; (8) the number (“Count”)
of queries executed on each generative AI model entailing the
sample size of queries tested; and (9) the “Specificity” of
prompts used on each generative AI-based model, including
the exact phrasing of each prompt and the presence of feedback
and learning loops, and the “Specificity” of the language or
languages used in testing, besides any other cultural issues.
Thus, the final checklist was termed METRICS (Model,
Evaluation, Timing, Range/Randomization, Individual factors,
Count, and Specificity of prompts and language).

Scoring the METRICS Items and Classification of the
METRICS Score
Testing of the included records was performed by 2 independent
raters (Malik Sallam and Mohammed Sallam) independently,
with each METRICS item scored using a 5-point Likert scale
as follows: 5=excellent, 4=very good, 3=good, 2=satisfactory,
and 1=suboptimal. For the items that were deemed “not
applicable” (eg, individual factors for studies that employed
objective methods for evaluation), no score was given. The
scores for the 2 raters were then averaged. The average
METRICS score was calculated as the sum of average scores
for each applicable item divided by 10 minus the number of
items deemed not applicable.

The subjective assessment of the 2 raters was performed based
on predefined criteria as a general guide. For example, if the
exact dates of model queries were mentioned, the “Timing”
item was scored as excellent. The count of queries was agreed
to be categorized as excellent if it was more than 500, while a
single case or no mention of the count was considered
suboptimal. For the prompt attributes, scores were assigned
based on the availability of exact prompts, explicit mention of
the language used, and details of prompting. Thus, prompts and
language specificity were appraised positively if the study
clearly and explicitly made the exact prompts available and if
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there was an explicit mention of the language employed in the
prompts. The evaluation method was agreed to be rated higher
for objective assessments with full details and lower for
subjective assessments. The explicit mention of the method of
interrater reliability testing was agreed to be scored higher for
the “Individual” item. Transparency was assessed based on the
comprehensiveness of the data source, and the presence of full
database disclosure and permission to use the data was agreed
to be given an excellent score. Randomization was agreed to
be scored the lowest for the absence of details and the highest
for explicit detailed descriptions.

Finally, we decided to highlight the records that scored the
highest for each METRICS item. The decision to take this
approach was based on an attempt to refrain from providing
examples for the other quality categories to avoid premature
conclusions regarding the quality of the included studies owing
to the preliminary pilot nature of the METRICS tool.

Statistical and Data Analysis
The average METRICS scores were classified into distinct
categories of equal weights as follows: excellent (score

4.21-5.00), very good (3.41-4.20), good (2.61-3.40), satisfactory
(1.81-2.60), and suboptimal (1.00-1.80).

The Cohen κ measure was used to assess the interrater reliability
by 2 independent raters. The Cohen κ measure was categorized
as follows: <0.20, poor agreement; 0.21-0.40, fair agreement;
0.41-0.60, good agreement; 0.61-0.80, very good agreement;
and 0.81-1.00, excellent agreement.

For statistical analysis, we used IBM SPSS Statistics for
Windows, Version 26.0 (IBM Corp). A P value <.05 was
considered significant.

Results

Description of the Included Studies
A total of 34 studies were included in the final analysis that
aimed to establish the METRICS criteria (Figure 1).

The most common source of records was Cureus, with 9 of the
34 records (27%), followed by BMJ Neurology Open, with 2
of the 34 records (6%). The remaining 23 records were published
in 23 different journals.

Figure 1. The approach for selecting articles.

Evaluation of the Included Records Based on
MED-METRICS Items
The METRICS checklist was divided into the following 3 parts:
“Model” attributes, “Evaluation” approach, and features of
“Data” (MED-METRICS).

The complete details of the model attributes of the included
studies are presented in Table 1.

ChatGPT was tested in all the records included (34/34, 100%),
followed by Google Bard (5/34, 15%) and Bing Chat (5/34,
15%). The exact dates of generative AI-based model queries
were explicitly mentioned in 13 of the 34 records (38%). The
count of cases or questions that were tested in the studies ranged
from a single case to 2576 questions. The majority of studies
(23/34, 68%) tested the AI models based on queries in the
English language.

The complete details of the evaluation approach of the content
generated by the AI-based models in the included studies are
presented in Table 2.

Objective evaluation of the content generated by the generative
AI-based model was noted in 15 of the 34 records (44%).

The complete details of the features of data used to generate
queries for testing on the generative AI-based models, including
the range of topics and randomization, are presented in Table
3.

Explicit mention of the randomization process was only noted
in 4 of the 34 included studies (9%). Of the 34 records, 6 (18%)
involved broad multidisciplinary medical exam questions (18%).
Moreover, 2 studies (6%) explicitly mentioned the permission
to use the data for the studies.
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Table 1. Details of the model attributes of the included studies.

Specificity of the prompts and languageCountTimingModelAuthors

The exact prompts were provided in English.255 drug-drug pairsOne month, May 2023ChatGPT-3.5, ChatGPT-4,
Bing, and Bard with unclear
settings

Al-Ashwal et al
[42]

The exact prompt was used for each question.
The questions were taken from United States,

1800 questionsNot providedChatGPT with unclear set-
tings

Alfertshofer et
al [43]

United Kingdom, Italian, French, Spanish, and
Indian exams. A new session was used for each
question.

Information was provided fully in the supplemen-
tary file of the article in English.

50 itemsNot providedChatGPT Feb 9 free version
with unclear settings

Ali et al [44]

Initial prompting that involved role playing as
a medical professional. The language was En-
glish.

220 questionsNot providedChatGPT-4 with unclear
settings

Aljindan et al
[45]

The exact prompts were provided in English.9 questionsSingle day not otherwise
specified

ChatGPT-3.5Altamimi et al
[46]

Italian was used.15 questionsExact dates were provided
for each model (April 12,

Bing, ChatGPT, Chatsonic,
Bard, and YouChat with full

Baglivo et al
[47]

13, and 14, 2023, and July
13, 2023)

details of the mode and large
language model, including
plugins

The exact prompts were provided in English,
with a new session for each question.

11 questionsExact date provided (March
16, 2023)

ChatGPT-3.5 with unclear
settings

Biswas et al
[48]

The exact prompts were provided in English.560 questionsNot providedChatGPT-4 with unclear
settings

Chen et al [49]

The exact prompts were not explicitly provided.
English was used. A new session was used for

11 questionsNot providedChatGPT-3.5 and ChatGPT-
4 with unclear settings

Deiana et al
[50]

each question. Up to three iterations were al-
lowed for incorrect responses.

Dental medicine questions were translated from
German to English, while the other questions

60 questionsExact dates provided
(February 19, 2023, and
March 25, 2023)

ChatGPT-3 and ChatGPT-4
with unclear settings

Fuchs et al [51]

were already present in English. Exact prompts
were provided in English with prompting in 2
groups for the same questions: one group was
primed with instructions, while the other was
not primed. A total of 20 trials were conducted
per group, and chat history was cleared after
each trial.

The exact prompts and language were not explic-
itly provided. The first response was taken as

200 questionsMarch 14 and 16, 2023ChatGPT (version March
14, 2023) with unclear set-
tings

Ghosh & Bir
[52]

final, and the option of “regenerate response”
was not used.

Not explicitly provided.69 questionsNot providedChatGPT-3 and ChatGPT-4
with unclear settings

Giannos [53]

Portuguese was used.125 questionsNot providedChatGPT-4 with unclear
settings

Gobira et al
[54]

The exact prompts were provided in English.
One follow-up prompt was used for enhance-
ment of some prompts.

Not clearThe first week of May 2023ChatGPT-4 with unclear
settings

Grewal et al
[55]

The exact prompts were provided, while the
language was not explicitly provided.

591 questionsNot providedChatGPT-4 with unclear
settings

Guerra et al
[56]

The exact prompts and language were not explic-
itly provided. Different prompts were tried to
identify the most suitable.

Not clearNot providedChatGPT-4 with unclear
settings

Hamed et al
[57]

The exact prompts were provided, while the
language was not explicitly provided.

2576 questionsMay 5 and 7, 2023ChatGPT (May 3rd version)
with unclear settings

Hoch et al [58]
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Specificity of the prompts and languageCountTimingModelAuthors

The exact prompts were provided in English.40 drug-drug pairsFebruary 20, 2023, to March
5, 2023

ChatGPT with unclear set-
tings

Juhi et al [59]

The exact prompts were not explicitly provided.
English was used.

Not clearNot providedChatGPT with unclear set-
tings

Kuang et al [60]

The exact prompts were not explicitly provided.
English was used.

50 questionsJuly 30, 2023ChatGPT-3.5, Bard, and
Bing with unclear settings

Kumari et al
[61]

Not clear215 questionsJuly 2023ChatGPT-3.5 and ChatGPT-
4 with unclear settings

Kung et al [62]

The exact prompts and language were not explic-
itly provided. Three attempts to answer the
complete set of questions over 3 weeks (once
per week), with a new session for each question.

200 questionsNot providedChatGPT-4 (May 24; Ver-
sion 3.5) with unclear set-
tings

Lai et al [63]

The exact prompts were provided in English.Not clearMid-February 2023ChatGPT with unclear set-
tings

Lyu et al [64]

The exact prompts were provided in English,
with a new session for each question.

23 questionsNot providedChatGPT-3.5 with unclear
settings

Moise et al [65]

The exact prompts were provided in English.20 queries for each
model

April 11, 2023ChatGPT, Bing, and Bard
with unclear settings

Oca et al [66]

The exact prompts were not explicitly provided.
Turkish was used, with a new session for each
question.

1177 questionsNot providedChatGPT-3.5 with unclear
settings

Oztermeli &
Oztermeli [67]

The exact prompts were provided in English,
with a new session for each question.

15 questionsMarch 25, 2023ChatGPT with unclear set-
tings

Pugliese et al
[68]

The exact prompts were provided in English.Not providedFebruary 25, 2023ChatGPT (default model)
with unclear settings

Sallam et al
[69]

The exact prompts were provided in English.6 questionsNot providedChatGPT-3.5, Bard, and
Bing AI

Seth et al [70]

The exact prompts were not explicitly provided.
English was used.

140 casesNot providedChatGPT-4 with unclear
settings

Suthar et al [71]

The exact prompts were not explicitly provided.
English was used, with a new session for each
question.

5 casesNot providedChatGPT-4 with unclear
settings

Walker et al
[72]

The exact prompts were provided. Chinese and
English were used. The prompts were enhanced
though role play.

300 questionsFebruary 14, 2023, for
ChatGPT-3.5 and May 14-
16, 2023, for ChatGPT-4

ChatGPT-3.5 and ChatGPT-
4 with unclear settings

Wang et al [73]

Chinese (Mandarin) and English were used.
Examples of prompts were provided.

Not clearMarch 5-10, 2023ChatGPT-3.5 with unclear
settings

Wang et al [74]

The exact prompts were provided in English.Single case and mul-
tiple poll questions

April 24-25, 2023ChatGPT-3.5 with unclear
settings

Zhou et al [75]
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Table 2. Classification based on the evaluation approach of the content generated by the artificial intelligence–based models.

Individual role and interrater reliabilityEvaluation of performanceAuthors

Not applicableObjective via 2 different clinical reference toolsAl-Ashwal et al [42]

Not applicableObjective based on the key answers, with the questions
screened independently by 4 investigators

Alfertshofer et al [43]

Assessment by 2 assessors independently with intraclass cor-
relation coefficient for agreement

Objective for multiple-choice questions and true or false
questions, and subjective for short-answer and assay ques-
tions

Ali et al [44]

Not applicableObjective based on key answers and historical performance
metrics

Aljindan et al [45]

Not clear; Assessment for accuracy, informativeness, and ac-
cessibility by clinical toxicologists and emergency medicine
physicians

SubjectiveAltamimi et al [46]

Not applicableObjective based on key answers and comparison with 5th
year medical students’ performance

Baglivo et al [47]

The median scores across raters for each response were stud-
ied; The score represented rater consensus, while the score
variance represented disagreements between the raters

Subjective by a 5-member team of optometry teaching and
expert staff with over 100 years of clinical and academic
experience between them; Independent evaluation on a 5-
point Likert scale ranging from very poor to very good

Biswas et al [48]

Not applicableObjective based on key answersChen et al [49]

Independent assessment by 2 raters with experience in vacci-
nation and health communication topics

Subjective based on qualitative assessment of correctness,
clarity, and exhaustiveness; Each response rated using a 4-
point Likert scale scored from strongly disagree to strongly
agree

Deiana et al [50]

Not applicableObjective based on key answersFuchs et al [51]

Scoring by 2 assessors on a scale of 0 to 5, with 0 being incor-
rect and 5 being fully correct, based on a preselected answer
key

Objective based on key answers; Subjectivity by raters’ as-
sessment

Ghosh & Bir [52]

Not applicableObjective based on key answersGiannos [53]

Two raters independently scored the accuracy; After individ-
ual evaluations, the raters performed a third assessment to
reach a consensus on the questions with differing results

Objective based on key answers, with an element of subjec-
tivity through classifying the responses as adequate, inade-
quate, or indeterminate

Gobira et al [54]

Not clearNot clearGrewal et al [55]

Not applicableSubjective through comparison with the results of a previous
study on the average performance of users, and a cohort of
medical students and neurosurgery residents

Guerra et al [56]

Not clearSubjectiveHamed et al [57]

Not applicableObjective based on key answersHoch et al [58]

Two raters reached a consensus for categorizing the outputSubjective and the use of Stockley’s Drug Interactions
Pocket Companion 2015 as a reference key

Juhi et al [59]

Not clearSubjectiveKuang et al [60]

Three independent raters scored content based on their correct-
ness, with an accuracy score ranging from 1 to 5

Subjective; Content validity checked by 2 experts of curricu-
lum design

Kumari et al [61]

Not applicableObjective based on key answersKung et al [62]

Not applicableObjective based on key answersLai et al [63]

Two experienced radiologists (with 21 and 8 years of experi-
ence) evaluated the quality of the ChatGPT responses

SubjectiveLyu et al [64]

Two independent raters evaluated the output; The interrater
reliability was assessed using the Cohen κ test; To confirm
consensus, responses were reviewed by the senior author

Subjective through comparison with the latest American
Academy of Otolaryngology–Head and Neck Surgery
Foundation Clinical Practice Guideline: Tympanostomy
Tubes in Children (Update)

Moise et al [65]

Not clearNot clearOca et al [66]
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Individual role and interrater reliabilityEvaluation of performanceAuthors

Not applicableObjective based on key answersOztermeli & Oztermeli
[67]

Multirater: 10 key opinion leaders in nonalcoholic fatty liver
disease and 1 nonphysician with expertise in patient advocacy

in liver disease independently rating the AIa content

Subjective using the Likert scale for accuracy, completeness,
and comprehensiveness

Pugliese et al [68]

Fleiss multirater κSubjective based on correctness, clarity, and concisenessSallam et al [69]

Not clearSubjective through comparison with the current health care
guidelines for rhinoplasty, and evaluation by a panel of
plastic surgeons through a Likert scale to assess the readabil-
ity and complexity of the text and the education level re-

quired for understanding, and the modified DISCERNb score

Seth et al [70]

Not applicableSubjective by 3 fellowship-trained neuroradiologists, using
a 5-point Likert scale, with 1 indicating “highly improbable”
and 5 indicating “highly probable”

Suthar et al [71]

All answers were assessed by 2 authors independently, and
in case of a contradictory result, resolution was achieved by
consensus; The process was repeated 3 times per EQIP item;
Wrong or out of context answers, known as “AI hallucina-
tions,” were recorded

Modified EQIPc Tool with comparison with UK National
Institute for Health and Care Excellence guidelines for gall-
stone disease, pancreatitis, liver cirrhosis, or portal hyperten-
sion, and the European Association for Study of the Liver
guidelines

Walker et al [72]

UnclearSubjectiveWang et al [73]

Not applicableObjective based on key answersWang et al [74]

UnclearSubjectiveZhou et al [75]

aAI: artificial intelligence.
bDISCERN is an instrument for judging the quality of written consumer health information on treatment choices.
cEQIP: Ensuring Quality Information for Patients.
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Table 3. Classification of the included studies based on the features of data used to generate queries for testing on the generative artificial
intelligence–based models.

RandomizationRangeTransparencyAuthors

Nonrandom; Purposeful selection of the
drugs by a clinical pharmacist; 5 drugs
paired with the top 51 prescribed drugs

Narrow; Drug-drug interaction predictionFull description using 2 tools for assessment:
Micromedex, a subscription-based drug-drug
interaction screening tool, and Drugs.com, a
free database

Al-Ashwal et
al [42]

Randomly extractedBroadFull description using the question bank
AMBOSS, with official permission for the

Alfertshofer et
al [43]

use of the AMBOSS USMLE step 2CK
practice question bank for research purposes
granted by AMBOSS

Not clearNarrow intersubject (dentistry); Broad intra-
subject in restorative dentistry, periodontics,

Developed by the researchers and reviewed
by a panel of experienced academics for ac-

Ali et al [44]

fixed prosthodontics, removablecuracy, clarity of language, relevance, and
prosthodontics, endodontics, pedodontics,agreement on correct answers; Evaluation of
orthodontics, preventive dentistry, oral
surgery, and oral medicine

face validity, accuracy, and suitability for
undergraduate dental students

Randomized through 4 researchers to
ensure comprehensive coverage of

Broad in medicine, with 30% of the ques-
tions from medicine, 25% from obstetrics

Saudi Medical Licensing Exam questions
extracted from the subscription
CanadaQBank website

Aljindan et al
[45]

questions and eliminate potential bias in
question selection

and gynecology, 25% from pediatrics, and
the remaining 20% from surgery

Not clearNarrowSnakebite management information guide-
lines derived from the World Health Organi-

Altamimi et al
[46]

zation, Centers for Disease Control and Pre-
vention, and the clinical literature

Not clearNarrow; Vaccination-related questions from
the Italian National Medical Residency Test

The Italian National Medical Residency testBaglivo et al
[47]

Not clearNarrow involving 9 categories: 1 each for
disease summary, cause, symptom, onset,

Constructed based on the frequently asked
questions on the myopia webpage of the As-

Biswas et al
[48]

prevention, complication, natural history ofsociation of British Dispensing Opticians and
the College of Optometrists untreated myopia, and prognosis, and 3 in-

volving treatments

Not clearNeurology-based; Broad intrasubject: basic
neuroscience; behavioral, cognitive, psychi-

BoardVitals, which is an online question bank
accredited by the Accreditation Council for
Continuing Medical Education

Chen et al
[49]

atry; cerebrovascular; child neurology;
congenital; cranial nerves; critical care; de-
myelinating disorders; epilepsy and
seizures; ethics; genetic; headache; imaging
or diagnostic studies; movement disorders;
neuro-ophthalmology; neuro-otology; neu-
roinfectious disease; neurologic complica-
tions of systemic disease; neuromuscular;
neurotoxicology, nutrition, metabolic; on-
cology; pain; pharmacology; pregnancy;
sleep; and trauma

Not clearNarrow on vaccine myths and misconcep-
tions

Questions concerning vaccine myths and
misconceptions by the World Health Organi-
zation

Deiana et al
[50]

Not clearBroad with multiple-choice questions de-
signed for dental students preparing for the

Digital platform self-assessment questions
tailored for dental and medical students at the

Fuchs et al
[51]

Swiss Federal Licensing Examination inUniversity of Bern’s Institute for Medical
Education Dental Medicine, and allergists and immu-

nologists preparing for the European Exam-
ination in Allergy and Clinical Immunology

Random without details of randomiza-
tion

BiochemistryDepartment question bank, which is a compi-
lation of first and second semester questions
from various medical universities across India

Ghosh & Bir
[52]

Not clearNeurology and neuroscienceSpecialty Certificate Examination Neurology
Web Questions bank

Giannos [53]
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RandomizationRangeTransparencyAuthors

Not clearPreventive medicine, gynecology and obstet-
rics, surgery, internal medicine, and pedi-
atrics

National Brazilian Examination for Revalida-
tion of Medical Diplomas issued by Foreign
Higher Education Institutions (Revalida)

Gobira et al
[54]

Not clearRadiologyNot clearGrewal et al
[55]

Not clearNeurosurgery across 7 subspecialties: tu-
mor, cerebrovascular, trauma, spine, func-
tional, pediatrics, and pain or nerve

Questions released by the Congress of Neuro-
logical Surgeons in the self-assessment neu-
rosurgery exam

Guerra et al
[56]

Not clearManagement of diabetic ketoacidosisGuidelines adapted from Diabetes Canada
Clinical Practice Guidelines Expert Commit-
tee, the Royal Australian College of General
Practitioners, Australian Diabetes Society
position statement, and the Joint British Dia-
betes Societies

Hamed et al
[57]

Not clearOtolaryngology with a range of 15 distinct
otolaryngology subspecialties, including
allergology, audiology, ear, nose and throat,
tumors, face and neck, inner ear and skull
base, larynx, middle ear, oral cavity and
pharynx, nose and sinuses, phoniatrics,
salivary glands, sleep medicine, vestibular
system, and legal aspects

Question database of an online learning plat-
form funded by the German Society of Oto-
Rhino-Laryngology, Head and Neck Surgery

Hoch et al
[58]

Not clearNarrow on drug-drug interactionA list of drug-drug interactions from previous-
ly published research

Juhi et al [59]

Not clearNeurosurgeryNot clearKuang et al
[60]

Not clearHematology with the following intrasubject
aspects: case solving, laboratory calcula-
tions, disease interpretations, and other rel-
evant aspects of hematology

Designed by experts in hematology-related
cases

Kumari et al
[61]

Not clearOrthopedicsOrthopedic In-Training ExaminationKung et al
[62]

Not clearBroad in medicine with the following as-
pects: acute and emergency, cancer, cardio-
vascular, child health, clinical hematology,
ear, nose and throat, endocrine and
metabolic, gastrointestinal including liver,
general practice and primary health care,
genetics and genomics, infection, medical
ethics and law, medicine of older adults,
mental health, musculoskeletal, neuro-
science obstetrics and gynecology, ophthal-
mology, palliative and end of life care, peri-
operative medicine and anesthesia, renal
and urology, respiratory, sexual health, so-
cial and population health, and surgery

The United Kingdom Medical Licensing As-
sessment, which is a newly derived national
undergraduate medical exit examination

Lai et al [63]

Not clearRadiologyChest computed tomography and brain mag-
netic resonance imaging screening reports
collected from the Atrium Health Wake For-
est Baptist clinical database

Lyu et al [64]

Not clearNarrow involving otolaryngologyStatements published in the latest American
Academy of Otolaryngology–Head and Neck
Surgery Foundation Clinical Practice Guide-
line: Tympanostomy Tubes in Children (Up-
date)

Moise et al
[65]

Not clearNarrow involving only queries on accurate
recommendation of close ophthalmologists

Not clearOca et al [66]
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RandomizationRangeTransparencyAuthors

Not clearBroad: basic sciences including anatomy,
physiology-histology-embryology, biochem-
istry, microbiology, pathology, and pharma-
cology; clinical including internal medicine,
pediatrics, general surgery, obstetrics and
gynecology, neurology, neurosurgery, psy-
chiatry, public health, dermatology, radiol-
ogy, nuclear medicine, otolaryngology,
ophthalmology, orthopedics, physical
medicine and rehabilitation, urology, pedi-
atric surgery, cardiovascular surgery, tho-
racic surgery, plastic surgery, anesthesiolo-
gy and reanimation, and emergency
medicine

Turkish medical specialty exam, prepared by
the Student Selection and Placement Center

Oztermeli &
Oztermeli [67]

Not clearNarrow involving nonalcoholic fatty liver
disease aspects

Expert selection of 15 questions commonly
asked by patients with nonalcoholic fatty
liver disease

Pugliese et al
[68]

Not clearBroad on health care education, medical,
dental, pharmacy, and public health

Panel discussion of experts in health care
education

Sallam et al
[69]

Not clearNarrow involving technical aspects of
rhinoplasty

Devised by 3 fellows of the Royal Aus-
tralasian College of Surgeons, with experi-
ence in performing rhinoplasty and expertise
in facial reconstructive surgery

Seth et al [70]

Not clearNarrow involving radiologyQuizzes from the Case of the Month feature
of the American Journal of Neuroradiology

Suthar et al
[71]

Not clearNarrow involving benign and malignant
hepatopancreaticobiliary-related conditions

Devised based on the Global Burden of Dis-
ease tool

Walker et al
[72]

Not clearClinical medicine, basic medicine, medical
humanities, and relevant laws

Medical Exam Help. A total of 10 inpatient
and 10 outpatient medical records to form a
collection of Chinese medical records after
desensitization

Wang et al
[73]

Not clearBroad involving pharmacology and pharma-
ceutical chemistry, pharmaceutical analysis
and pharmacognosy (including Chinese
medicine), pharmaceutics and biopharma-
ceutics, dispensing pharmacy and clinical
pharmacy, therapeutics, pharmacy adminis-
tration, and pharmacy law

The Taiwanese Senior Professional and
Technical Examinations for Pharmacists
downloaded from the Ministry of Examina-
tion website

Wang et al
[74]

Not clearVery narrow involving a single orthopedic
case

A single clinical case from OrthoBullets, a
global clinical collaboration platform for or-
thopedic surgeons; Written permission to use
their clinical case report

Zhou et al
[75]

Examples of Optimal Reporting of Each Criterion
Within the METRICS Checklist
The records with the highest scores for each METRICS item,
as determined by the average subjective interrater assessments,
are shown in Table 4.
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Table 4. Included records that had the highest METRICS score per item.

Excellent or very good reporting examplesIssues considered in each itemItem

Baglivo et al [47]: Bing, ChatGPT, Chatsonic, Bard, and YouChat, with full
details of the mode and large language model, including plugins

What is the model of the generative AIa tool
used for generating content, and what are the
exact settings for each tool?

#1 Model

Al-Ashwal et al [42]: Objective via 2 different clinical reference tools;
Alfertshofer et al [43]: Objective based on key answers, with the questions
screened independently by 4 investigators; Ali et al [44]: Objective for mul-
tiple-choice questions and true or false questions, and subjective for short-
answer and assay questions; Aljindan et al [45]: Objective based on key an-
swers and historical performance metrics; and Baglivo et al [47]: Objective
based on key answers and comparison with 5th year medical students’perfor-
mance

What is the exact approach used to evaluate
the content generated by the generative AI-
based model and is it an objective or subjec-
tive evaluation?

#2 Evaluation

Baglivo et al [47]; Biswas et al [48]; Fuchs et al [51]; Ghosh & Bir [52];
Hoch et al [58]; Juhi et al [59]; Kumari et al [61]; Kung et al [62]; Oca et al
[66]; Pugliese et al [68]; Sallam et al [69]; Wang et al [73]; and Zhou et al
[75]

When is the generative AI model tested exact-
ly and what are the duration and timing of
testing?

#3a Timing

Alfertshofer et al [43]How transparent are the data sources used to
generate queries for the generative AI-based
model?

#3b Transparency

Ali et al [44]; Chen et al [49]; Hoch et al [58]; and Wang et al [73]What is the range of topics tested and are they
intersubject or intrasubject with variability
in different subjects?

#4a Range

Alfertshofer et al [43] and Aljindan et al [45]Was the process of selecting the topics to be
tested on the generative AI-based model ran-
domized?

#4b Randomization

Ali et al [44] and Moise et al [65]Is there any individual subjective involvement
in generative AI content evaluation? If so,
did the authors describe the details in full?

#5 Individual

Alfertshofer et al [43]; Chen et al [49]; Guerra et al [56]; Hoch et al [58]; and
Oztermeli & Oztermeli [67]

What is the count of queries executed (sample
size)?

#6 Count

Alfertshofer et al [43]; Biswas et al [48]; Fuchs et al [51]; Grewal et al [55];
Wang et al [73]; Moise et al [65]; and Pugliese et al [68]

How specific are the exact prompts used?
Were those exact prompts provided fully?
Did the authors consider the feedback and
learning loops? How specific are the language
and cultural issues considered in the genera-
tive AI model?

#7 Specificity of the
prompt or language

aAI: artificial intelligence.

Interrater Assessment of the Included Records Based
on METRICS Scores
The overall mean METRICS score was 3.0 (SD 0.58). For each
item, the κ interrater reliability ranged from 0.558 to 0.962
(P<.001 for the 9 tested items), indicating good to excellent
agreement (Table 5).

With classification per item, the highest average METRICS
score was recorded for the “Model” item, followed by the
“Specificity” item, while the lowest scores were recorded for
the “Randomization” item (classified as suboptimal) and
“Individual factors” item (classified as satisfactory) (Table 5).
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Table 5. Interrater reliability per METRICS item.

P valueApproximate TAsymptotic stan-
dard error

Cohen κQualityScoreMETRICSa item

RangeMeanb (SD)

<.0016.0440.0900.820Very good2.5-5.03.72 (0.58)Model

<.0016.5650.0760.853Good1.0-5.02.90 (1.93)Timing

<.00110.6750.0370.962Good1.0-5.03.04 (1.32)Count

<.0018.0830.0860.765Very good1.0-5.03.44 (1.25)Specificity of prompts and
language

<.0019.6680.0630.885Good1.0-5.03.31 (1.16)Evaluation

<.0016.8600.0870.865Satisfactory1.0-5.02.50 (1.42)Individual factors

<.0015.3750.1120.558Good1.0-5.03.24 (1.01)Transparency

<.0018.1020.0760.836Good2.0-5.03.24 (1.07)Range

<.0015.9870.1350.728Suboptimal1.0-4.01.31 (0.87)Randomization

<.00110.0930.0860.381Good1.5-4.13.01 (0.58)Overall

aMETRICS: Model, Evaluation, Timing, Range/Randomization, Individual factors, Count, and Specificity of prompts and language.
bThe mean scores represent the results of evaluating the included studies averaged for the 2 rater scores.

Discussion

Principal Findings
The interpretation and synthesis of credible scientific evidence
based on studies evaluating commonly used generative AI-based
conversational models (eg, ChatGPT, Bing, and Bard) can be
challenging. This is related to the discernible variability in the
methods used for the evaluation of such models, as well as the
varying styles of reporting. Such variability is fathomable
considering the emerging nature of this research field with less
than a year of reporting at the time of writing. Therefore, a
standardized framework to guide the design of such studies and
to delineate the best reporting practices can be beneficial, since
rigorous methodology and clear reporting of findings are key
attributes of science to reach reliable conclusions with real-world
implications.

In this study, a preliminary checklist referred to as “METRICS”
was formulated, which can help researchers aspiring to test the
performance of generative AI-based models in various aspects
of health care education and practice. It is crucial to explicitly
state that the proposed METRICS checklist in this study cannot
be claimed to be comprehensive or flawless. Nevertheless, this
checklist could provide a solid base for future studies and much
needed efforts aiming to standardize the reporting of AI-based
studies in health care.

The principal finding of this study was the establishment of 9
key themes that are recommended to be considered in the design,
testing, and reporting of generative AI-based models in research,
particularly in the health care domain. These features included
the model of the generative AI tool, evaluation approach, timing
of testing and transparency, range of topics tested and
randomization of queries, individual factors in the design and
assessment, count of queries, and specific prompts and
languages used. The relevance of these themes in the design

and reporting of generative AI-based model content testing can
be illustrated as follows.

First, the variability in generative AI model types used to
conduct queries and the variability in settings pose significant
challenges for cross-study comparisons. The significant impact
of generative AI models on the resultant output is related to the
distinct architectures and capabilities of various generative AI
models, with expected variability in the performance and quality
of the content generated by generative AI [76]. Additionally,
various options to configure the models further affect the content
generated by generative AI. Consequently, it is important to
consider these variations when evaluating research using
different generative AI models [77-81]. These issues can be
illustrated clearly in the records included in this study that
conducted contemporary analysis of at least two models. For
example, Al-Ashwal et al [42] showed that Bing had the highest
accuracy and specificity for predicting drug-drug interaction,
outperforming Bard, ChatGPT-3.5, and ChatGPT-4. Moreover,
Baglivo et al [47] showed not only intermodel variability but
also intramodel variability in performance in the domain of
public health. Additionally, in the context of providing
information on rhinoplasty, Seth et al [70] showed that this
intermodel variability in performance was the most
comprehensible with the content of Bard, followed by ChatGPT
and Bing.

Second, the continuous updating of generative AI models
introduces significant temporal variability, which would
influence the comparability of studies conducted at different
times. The updates of generative AI models enhance their
capabilities and performance [82]. Consequently, this temporal
variability can lead to inconsistencies in synthesizing evidence,
as the same model may demonstrate different outputs over time.
Therefore, when analyzing or comparing studies involving AI
models, it is crucial to consider the specific version and state
of the model at the time of each study to accurately interpret
and compare results. In this context, it is important to conduct
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future longitudinal studies to discern the exact effect of changes
in performance of commonly used generative AI models over
time.

Third, the count of queries in the evaluation of generative AI
models was identified among the pertinent themes of assessment.
This appears understandable since studies employing a larger
number of queries can provide a more comprehensive evaluation
of the tested model. An extensive number of queries can reveal
minor weaknesses, despite the difficulty to establish what
constitutes an “extensive” number of queries of the minimum
number of queries needed to reveal the real performance of a
generative AI model in a particular topic. In this study, the
number of queries varied from a single case to more than 2500
questions, showing the need for standardization and establishing
a clear guide on the number of queries deemed suitable [58,75].

Fourth, a key theme identified in this study was the nature and
language of the prompts used to conduct the studies. This
involved the imperative of explicitly stating the used prompts
and the language in which they were framed. The exact
prompting approach and the presence of cultural and linguistic
biases appear to be critical factors that can influence the quality
of content generated by generative AI-based models [83]. Slight
differences in wording or context in the prompt used to generate
the generative AI content can lead to recognizable differences
in the content generated [36,84,85]. Additionally, feedback
mechanisms and learning loops that allow generative AI-based
models to learn from interactions can change the model
performance for the same query, which might not be consistently
accounted for in all studies. These minor variations in prompts
across different studies can also complicate the synthesis of
evidence, highlighting the need for standardizing such an aspect.
Additionally, as highlighted above, generative AI-based models
may exhibit biases based on their training data, affecting
performance across various cultural or linguistic contexts
[86-88]. Thus, studies conducted in different regions or
involving various languages might yield varying results. In this
study, we found that a majority of the included records tested
generative AI-based models using the English language,
highlighting the need for more studies on other languages to
reveal the possible variability in performance based on language.
Comparative studies involving multiple languages can reveal
such inconsistencies, for example, the study by Wang et al [74].
In the aforementioned study assessing ChatGPT performance
in the Taiwanese pharmacist licensing exam, the performance
in the English test was better than that in the Chinese test across
all tested subjects [74]. Another comprehensive study by
Alfertshofer et al [43] that assessed the performance of ChatGPT
on 6 different national medical licensing exams highlighted the
variability in performance per country and language. Based on
the previous points, more studies that encompass diverse
language and cultural perspectives are essential to assess and
address possible cultural and language biases in generative
AI-based models. Additionally, the design of generative
AI-based models trained on a more diverse set of languages and
cultural contexts is important to ensure that the training data
sets are representative of different linguistic groups, which is
of paramount importance in health care. Furthermore,
cross-cultural validation studies appear valuable for

understanding the performance of generative AI-based models
in various language and cultural settings. These approaches
could enhance the broad applicability of generative AI-based
models in health care to ensure the fair distribution of the
benefits of generative AI technologies.

Fifth, an important theme highlighted in this study was the
approach of evaluating the content generated by generative
AI-based models. Variable methods of assessment can introduce
a discernible methodological variability. Specifically, the use
of objective assessment ensures consistency in assessment. On
the other hand, subjective assessment, even by experts, can vary
despite the professional judgment and deep understanding
provided by such an expert opinion [89].

Similarly, the number and expertise of evaluators or raters
involved in constructing and evaluating the generative AI-based
studies were identified as a pertinent theme in this study [90,91].
Variations in rater numbers across studies can lead to
inconsistencies in synthesized evidence [68,69,92]. Additionally,
the method used to establish agreement (eg, kappa statistics and
consensus meetings) might differ in various studies, affecting
the comparability of results.

Finally, data-pertinent issues were identified as key themes in
this study. These involved the need for full transparency
regarding the sources of data used to create the queries (eg,
question banks, credible national and international guidelines,
clinical reports, etc) [93,94]. Additionally, ethical considerations,
such as consent to use copyrighted material and consent or
anonymization of the clinical data, should be carefully stated
in the evaluation studies of AI-based models. An important
aspect that appeared suboptimal in the majority of included
records was randomization to reduce or eliminate potential bias
in query selection. Thus, this important issue should be
addressed in future studies to allow unbiased evaluation of the
content of generative AI-based models. Another important
aspect is the need to carefully select the topics to be tested,
which can belong to a broad domain (eg, medical examination)
or a narrow domain (eg, a particular specialty) [95-97]. A
comprehensive description of topics is essential to reveal subtle
differences in generative AI performance across various
domains. Biased query coverage per topic may result in
unreliable conclusions regarding generative AI model
performance.

The value of the METRICS checklist in guiding researchers
toward more rigorous design and transparent reporting of health
care studies assessing the performance of generative AI-based
models can be highlighted as follows. Two studies exemplified
the practical utility of the METRICS checklist (presented in its
preprint form) across different research scenarios (health care
education and health care practice) [98]. The first study
conducted a detailed assessment of ChatGPT-3.5 performance
in medical microbiology multiple choice questions compared
with dental students [99]. By applying the METRICS checklist
retrospectively, the study quality was delineated, including the
identification of potential limitations, such as the absence of
randomization, thus offering a more critical evaluation of the
research design [99].
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The second study investigating the performance of both
ChatGPT-3.5 and ChatGPT-4 in the context of diagnostic
microbiology case scenarios was conceived based on the
METRICS checklist [100]. The prospective incorporation of
the METRICS checklist was particularly instrumental in refining
the study design and the reporting of results [100].

Thus, the aforementioned studies emphasize the effectiveness
of the METRICS checklist as a tool to standardize research
practice in a rapidly growing research field. The real-world
application of the METRICS checklist has been valuable in
identifying potential research limitations and in enhancing the
overall structure and clarity of the reporting of results. These
studies also demonstrate the value of the METRICS checklist
for guiding researchers toward more rigorous design and
transparent reporting of generative AI-based studies in health
care [99,100].

Limitations
It is crucial to explicitly mention the need for careful
interpretation of the findings based on the following limitations.
First, the initial search process involved the broad term “artificial
intelligence” and was conducted by a single author, which may
have inadvertently resulted in missing relevant references. The
record selection process was further limited by the screening
of record titles for only 3 generative AI models (ChatGPT, Bing,
and Bard) using the EndNote search function. Additionally, the
reliance on including published English records, indexed in
Scopus, PubMed, or Google Scholar, could raise concerns about
potential selection bias and the exclusion of relevant studies.
However, it is important to consider this limitation in light of
the context of our study, which represents a preliminary report
that needs to be validated by future comprehensive and
exhaustive studies. Second, it is important to acknowledge that
a few pertinent themes could have been overlooked despite our
attempt to achieve a thorough analysis, given the limited number
of authors. Therefore, future follow-up studies can benefit from
inclusion of authors with diverse backgrounds, including
different health care disciplines, computer scientists, researchers
in the field of human-AI interaction, and AI developers.
Additionally, the subjective nature of the pertinent theme
selection can be considered as another important caveat in this
study. This shortcoming extended to involve the raters’
subjective assessments in assigning different METRICS scores.
Moreover, the equal weight given to each item of the checklist
in the METRICS score might not be a suitable approach, given
the possibility of varying importance of each component. Thus,
future comprehensive studies should focus on the relative
importance of each METRICS component and its possible
impact on the reporting of generative AI model performance.
Third, the focus on a few specific generative AI-based
conversational models (ie, ChatGPT, Bing, and Bard) can
potentially overlook the nuanced aspects of other generative AI

models. Nevertheless, our approach was justified by the
popularity and widespread use of these particular generative
AI-based models. However, it is important for future studies to
expand the scope to include models, such as Llama or Claude,
which could provide a more comprehensive evaluation of the
utility of the METRICS checklist. Lastly, we fully and
unequivocally acknowledge that the METRICS checklist is
preliminary and needs further verification to ensure its valid
applicability.

Future Perspectives
The METRICS checklist proposed in this study could be a
helpful step toward establishing useful guidelines to design and
report the findings of generative AI-based studies. The
integration of generative AI models in health care education
and practice necessitates a collaborative approach involving
health care professionals, researchers, and AI developers.
Synthesis of evidence with critical appraisal of the quality of
each element in the METRICS checklist is recommended for
continuous enhancement of AI output, which would result in
successful implementation of AI models in health care while
avoiding possible concerns. Regular multidisciplinary efforts
and iterative revisions are recommended to ensure that the
METRICS checklist properly reflects its original intended
purpose of improving the quality of study design and result
reporting in this swiftly evolving research field. Future studies
would benefit from expanding the scope of literature review
and data inclusion, with the incorporation of a wider range of
databases, languages, and AI models. This is crucial for reaching
the ultimate aim of standardization of the design and reporting
of generative AI-based studies.

Conclusions
The newly devised “METRICS” checklist may represent a key
initial step to motivate the standardization of reporting of
generative AI-based studies in health care education and
practice. Additionally, the establishment of this algorithm can
motivate collaborative efforts to develop universally accepted
reporting guidelines for the design and reporting of results of
generative AI-based studies. In turn, this can enhance the
comparability and reliability of evidence synthesis from these
studies. The METRICS checklist, as presented by the findings
of this study, can help to elucidate the strengths and limitations
of the content generated by generative AI-based models, guiding
their future development and application. The standardization
offered by the METRICS checklist can be important to ensure
the reporting of reliable and replicable results. Subsequently,
this can result in the exploitation of the promising potential of
generative AI-based models in health care while avoiding its
possible concerns. The METRICS checklist could mark the
significant progress in the evolving research field. Nevertheless,
there is room for refinement through revisions and updates to
verify its validity.
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Abstract

Background: Radiogenomics is an emerging technology that integrates genomics and medical image–based radiomics, which
is considered a promising approach toward achieving precision medicine.

Objective: The aim of this study was to quantitatively analyze the research status, dynamic trends, and evolutionary trajectory
in the radiogenomics field using bibliometric methods.

Methods: The relevant literature published up to 2023 was retrieved from the Web of Science Core Collection. Excel was used
to analyze the annual publication trend. VOSviewer was used for constructing the keywords co-occurrence network and the
collaboration networks among countries and institutions. CiteSpace was used for citation keywords burst analysis and visualizing
the references timeline.

Results: A total of 3237 papers were included and exported in plain-text format. The annual number of publications showed
an increasing annual trend. China and the United States have published the most papers in this field, with the highest number of
citations in the United States and the highest average number per item in the Netherlands. Keywords burst analysis revealed that
several keywords, including “big data,” “magnetic resonance spectroscopy,” “renal cell carcinoma,” “stage,” and “temozolomide,”
experienced a citation burst in recent years. The timeline views demonstrated that the references can be categorized into 8 clusters:
lower-grade glioma, lung cancer histology, lung adenocarcinoma, breast cancer, radiation-induced lung injury, epidermal growth
factor receptor mutation, late radiotherapy toxicity, and artificial intelligence.

Conclusions: The field of radiogenomics is attracting increasing attention from researchers worldwide, with the United States
and the Netherlands being the most influential countries. Exploration of artificial intelligence methods based on big data to predict
the response of tumors to various treatment methods represents a hot spot research topic in this field at present.

(Interact J Med Res 2024;13:e51347)   doi:10.2196/51347

KEYWORDS

bibliometric; radiogenomics; multiomics; genomics; radiomics

Introduction

Radiogenomics is an emerging technology that combines
radiomics and genomics, with the ultimate goal of improving
prognosis and outcomes [1]. Radiogenomics can be used to
investigate the relationship between imaging features and gene

mutations and expression patterns [2-4]. Unlike traditional gene
sequencing methods, which are associated with inherent
drawbacks such as invasive and high-cost procedures,
radigenomics provides a noninvasive, convenient, and
cost-effective method by using quantitative imaging parameters
extracted from the entire lesions [5,6]. Many scholars have
demonstrated that radiogenomics may predict the pathologic
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type, prognosis, and outcome of cancers, including lung cancer
and liver cancer, based on pretreatment multimodal imaging
(computed tomography [CT] or magnetic resonance imaging
[MRI]) [7-10]. This technology has also been proposed as a
useful biomarker for nontumor diseases, such as in the diagnosis,
classification, and prognostic assessment of coronary heart
disease [11].

Radiogenomics is an important potential tool for precision
medicine. Some review articles summarized the routine process
of radiogenomics and its various applications in the management
of disease [12,13]. However, these reviews generally focused
on presenting the research directions rather than analyzing the
dynamic changes in the field, only highlighting the process and
application status of radiogenomics. Bibliometrics can be used
to quantitatively analyze the countries, institutions, authors,
keywords, and other information related to the entire body of
literature in a specific field. This approach can also help to
visually display the dynamic progress in the field through
network mapping [14]. Therefore, the aim of this study was to
summarize the research status and dynamic changes of research
hot spots in radiogenomics over time using bibliometric
methods, thus providing a comprehensive understanding of the
emerging trends in this field.

Methods

Bibliometric Data Acquisition
The published literature on radiogenomics was retrieved from
the Web of Science Core Collection (WoSCC), which is the
most widely used database in bibliometric analysis, on March
1, 2024 [15]. The initial search phase showed that the first
relevant article in this field was published in 2005; hence, we
restricted the publication time period to 2005-2023 [16]. The
search string was as follows: “(TS=(Radiogenomics) OR
TS=(Radiomics AND genomics) OR TS=((Radiomics) AND
(gene* OR DNA OR RNA OR expression OR mutation OR
molecular subtype))) AND FPY=(2005-2023).”

The literature retrieval and refining processes were carried out
by one author (YW), while the other authors supervised the
whole process. A total of 3669 documents were retrieved. The
refine function of the WoSCC website was used to screen the
language and document type of the retrieved documents
sequentially. The exclusion criteria were as follows: (1)
document type is not a research or review article (eg, proceeding
paper, meeting abstract, or editorial) and (2) articles written in
languages other than English (eg, Japanese or Chinese). There
were 420 papers excluded due to an inappropriate document
type and 12 papers excluded due to language; thus, 3237 papers
remained for analysis, which were exported in plain-text format.
The information on corresponding countries, institutions,
authors, and journals obtained from the WoSCC were recorded.

The original data of the retrieved articles are provided in
Multimedia Appendix 1.

Data Analysis and Visualization
After detecting duplicate documents using CiteSpace (version
6.3.R1), Excel 2016, CiteSpace, and VOSviewer (version
1.6.19.0) were used to perform the bibliometrics analysis. Excel
was used to analyze the annual publications, whereas
VOSviewer was used to generate visualization networks of
keywords co-occurrence and of collaboration among countries
and institutions. The networks were constructed with keywords,
countries, and institutions as nodes, respectively. The thickness
of the line connecting nodes indicates the strength of the
association. The betweenness centrality (BC) parameter was
used to assess the importance of each node in the network; a
higher BC value signifies greater importance in the network
[17].

CiteSpace was used to determine the citation burst of keywords
and to map the timeline of references by keywords. Burst
detection can detect the citation burst of a specific keyword (or
document) within a certain field, at least within a short period
of time during a given time frame [18]. Keywords with a burst
of occurrences are indicators of hot spot research topics in a
field. According to the instructions of CiteSpace [19], the
timeline of reference clusters is an analysis based on references
for the exported literature. CiteSpace can extract noun phrases
from the titles, keyword lists, or abstracts of articles that cited
the particular cluster. The automatically selected labels will be
displayed and the clusters are numbered in descending order of
the cluster size, starting from the largest as cluster 0, the second
largest as cluster 1, and so on. In this way, the network
characterizes the development of the field over time, showing
the most important footprints of the related research activities.

Certain data, including the number of publications, impact
factor, h-index, and average per item of journals, countries, and
authors, were retrieved from the WoSCC website. The h-index
and average per item were used in the country, institution, and
author analyses. The h-index was introduced by Hirsch [20] in
2005 and is commonly used as a scientific contribution metric
corresponding to the number of times a paper is cited. The
average per item is calculated by dividing the total number of
citations by the number of publications, resulting in the average
number of citations per publication.

Synonym Substitution of Keywords
The keywords with the same meaning were merged by synonym
substitution. For example, terms such as “computed
tomography,” “computed tomography (ct),”
“computed-tomography,” “ct,” and “ct images” were uniformly
labeled as “CT.” The full list of keyword synonyms is provided
in Multimedia Appendix 2. Figure 1 shows a workflow of the
analytical procedures.
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Figure 1. Workflow of the analytical procedures. WoS: Web of Science.

Results

Annual Publications Trend
A total of 3237 papers were included for the final analysis. No
duplicate article was found. The results indicated a clear upward
trend in research on radiogenomics since 2013 (Figure 2).

Figure 2. Global trend of publications on radiogenomics from 2005 to 2023.

Journals
Table 1 presents the top 15 journals with the highest number of
publications on radiogenomics. Frontiers in Oncology, Cancers,

and European Radiology were the top three journals publishing
in this field with 284, 196, and 135 papers, respectively.
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Table 1. Top 15 journals publishing in the field of radiogenomics.

IFa (2022)Articles, nJournalRank

4.7003284Frontiers in Oncology1

5.5999196Cancers2

5.9003135European Radiology3

4.6103Scientific Reports4

3.599973Diagnostics5

3.800163Medical Physics6

4.399760Journal of Magnetic Resonance Imaging7

3.357European Journal of Radiology8

4.800350Academic Radiology9

3.549Physics in Medicine And Biology10

2.600245British Journal of Radiology11

19.700541Radiology12

9.100540European Journal of Nuclear Medicine and Molecular Imaging13

2.400234Abdominal Radiology14

2.700133BMC Medical Imaging15

aIF: impact factor.

Countries and Institutions
A total of 71 countries have published articles related to
radiogenomics. Table 2 highlights the top 10 countries in terms
of the number of publications. China ranks first with 1470
articles, followed by the United States with 891 articles and
Italy with 326 articles. The United States obtained the highest

citation count and the second highest average citation per item.
Only three countries, the Netherlands (99.86), the United States
(52.11), and Canada (51.46), have average citations per item
above 50, with the average citation count for the Netherlands
standing high above those of the other countries. Six countries,
including the United States, England, Italy, Canada, China, and
the Netherlands, had high BC values (≥0.1).

Table 2. Top 10 productive countries with the most publications in the field of radiogenomics.

Average per itemTimes citedH-indexPublications, nCountryBCaTotal link strengthRank

17.2225,319681470China0.113291

52.1146,42687891United States0.368202

22.48732741326Italy0.133113

34.19796639233Germany0.063534

29.59618537209England0.194185

99.8616,07737161Netherlands0.13286

30.25429631142South Korea0.01547

51.46720436140Canada0.122488

32.02409932128France0.082239

21.5118932388Switzerland0.0118110

aBC: betweenness centrality.

Among the total 71 countries/regions that have contributed to
radiogenomics research, 40 have published 5 or more
documents. Figure 3A presents the visualization of the countries
network. A total of 3523 institutions have contributed to
radiogenomics research and 432 institutions published 5 or more

documents. Figure 3B presents the visualization of the
institutions network. These results show that there is relatively
more cooperation between developed countries and their
institutions.
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Figure 3. Countries (A) and institutions (B) collaboration networks in the field of radiogenomics. The size of the nodes corresponds to the number of
published documents and the line width between nodes indicates the strength of coauthorship. Thicker lines indicate a higher frequency of cooperation.

Authors
A total of 17,727 authors have contributed to radiogenomics.
Table 3 presents the top 10 productive authors and the most
cited authors in this field. The authors with the most publications

are Philippe Lambin (33 papers), Catharine M West (32 papers),
and Robyn Gillies (32 papers). Three of the top 10 productive
authors, including Philippe Lambin (the Netherlands), Robyn
Gillies (Australia), and Hugo Aerts (United States), also ranked
in the top 3 for citations.

Table 3. Top 10 most productive and highly cited authors on radiogenomics.

CitationsPublicationsRank

CountryCitations, nAuthorAverage per itemH-indexCountryArticles, nAuthor

Netherlands1573Philippe Lambin358.0621Netherlands33Philippe Lambin1

Australia1109Robyn Gillies44.7817England32Catharine M West2

United States965Hugo Aerts486.1324Australia32Robyn Gillies3

United States720JJM Van Griethuy-
sen

35.9217Italy26Evis Sala4

Germany597Alex Zwanenburg448.412Netherlands25Andre Dekker5

United States448Chintan Parmar48.0414China25Jie Tian6

United States429David N Louis44.7217United
States

25Sarah L Kerns7

Germany390Philip Kickingered-
er

526.4221United
States

24Hugo Aerts8

China382Yan-Qi Huang12.6711China24Shaofeng Duan,9

India376Kumar Vinod23.9110South Korea22Seung-Koo Lee10

Keywords
There were 7624 keywords identified in this study and 466
keywords appeared more than 9 times. Figure 4 presents an
overlay visualization map of the co-occurring keywords.

Table 4 presents the top 30 keywords based on their occurrence
frequency. Apart from “radiomics” and “radiogenomics,” the
most frequent keyword was “machine learning” (n=779),
followed by “CT” (n=580) and “carcinoma” (n=569).
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Figure 4. Overlay visualization map of keywords. The node size indicates the frequency of keyword occurrences and the color represents the average
publication year of the identified keywords.
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Table 4. The top 30 keywords with the highest frequency in the field of radiogenomics.

FrequencyTotal link strengthKeywordsRank

191813,538radiomics1

7795816machine learning2

5804300CTa3

5694250carcinoma4

5384279features5

5354102radiogenomics6

5003984survival analysis7

4783650imaging8

4393367classification9

4233323MRIb10

4163427predictors11

3102247diagnosis12

3032489texture analysis13

2732076deep learning14

2712095tumors15

2601958breast cancer16

2542074artificial intelligence17

2421906expression18

2401906biomarkers19

2271902heterogeneity20

2251874F-18-FDG PETc21

2191670prognosis22

2121806glioblastoma23

1981611gliomas24

1931485lung cancer25

1751258radiotherapy26

1671228nomogram27

1521083models28

1521329recurrence29

144983system30

aCT: computed tomography.
bMRI: magnetic resonance imaging.
cF-18 FDG PET: fludeoxyglucose F18 positron emission tomography.

Keywords Burst and References Cluster
The top 25 keywords with the strongest citation bursts are
depicted in Figure 5A. The top 3 keywords with the strongest
citation bursts were “gene expression” (17.44), “single
nucleotide polymorphism” (16.05), and “genome-wide
association” (14.16). The keywords “big data,” “magnetic
resonance spectroscopy,” “renal cell carcinoma,” “stage,” and

“temozolomide” experienced a citation burst in recent years.
Figure 5B illustrates the reference clusters along horizontal
timelines. CiteSpace generated 8 clusters: cluster 0 for
lower-grade glioma, cluster 1 for lung cancer histology, cluster
2 for lung adenocarcinoma, cluster 3 for breast cancer, cluster
4 for radiation-induced lung injury, cluster 5 for epidermal
growth factor receptor (EGFR) mutation, cluster 6 for late
radiotherapy toxicity, and cluster 7 for artificial intelligence.
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Figure 5. Timeline view of reference clustering analysis on radiogenomics (A) and top 25 keywords with the strongest citation bursts (B).

Based on this comprehensive analysis, the time frame from
2005 to 2023 can be artificially segmented into distinct phases
based on the evolution of hot topics in the field. The first phase
is approximately from 2005 to 2010, represented by the
keywords “radiation-induced lung injury,” “late radiotherapy
toxicity,” and “single nucleotide polymorphism.” The second
phase spans from approximately 2011 to 2017, represented by
the keywords “lung cancer histology,” “breast cancer,” “tumor
heterogeneity,” “contrast enhanced MRI,” and “F-18 FDG PET”
(fludeoxyglucose F18 positron emission tomography). The third
phase is after 2018, represented by the keywords “phenotypes,”
“big data,” “magnetic resonance spectroscopy,” “renal cell
carcinoma,” “stage,” “EGFR mutation,” “temozolomide,” and
“artificial intelligence.”

Discussion

Principal Findings
The concept of precision medicine has propelled increased
attention toward radiogenomics, a fusion of genomics and
radiomics, to achieve personalized treatment, owing to its
potential as a noninvasive tool to predict treatment responses.
This study analyzed 3237 relevant documents in the field of
radiogenomics published between 2005 and 2023 from the
WoSCC. The increasing number of annual publications,
especially the extremely high growth rate after 2017, indicates
how interest in radiogenomics research in the clinical field has
been increasing from year to year.

Current Status of Publications for Countries and
Authors
China currently has the highest number of publications in
radiogenomics, although the total citation count is lower than
that for the United States, with the average citation number per
item lower than that of the other top 10 countries. The
Netherlands, the United States, and Canada obtained the highest
averages per item. It can be concluded that the United States
and the Netherlands have performed reasonably well both in
terms of the number and quality of published documents,
demonstrating their strong influence in the field. Philippe
Lambin of the Netherlands ranked first in both number of
publications and number of citations, indicating his major
contributions to this field.

Dynamic Publication Trend and Evolutionary
Trajectory
The time frame of publications in this relatively new field can
be artificially segmented into three phases according to the
evolution of hot topics. In the first phase (2005 to 2010),
radiogenomics primarily focused on the genetic variation
associated with the response to radiation therapy in the field of
radiation oncology [12]. Radiation therapy plays a crucial role
in tumor treatment, accounting for 50% of all tumor therapies
performed worldwide [21]. However, individuals with similar
tumors often exhibit significant differences in radiosensitivity,
and many patients experience various types of adverse reactions,
including radiation-induced lung injury and late radiotherapy
toxicity, after radiation therapy [22,23]. To develop precise and
personalized treatments that achieve the best efficacy with
minimal adverse reactions, researchers have been searching for
biomarkers that can predict treatment outcomes. Through
analysis of the complete genome using techniques such as
genome-wide association analysis, particularly focusing on
single-nucleotide polymorphism markers, researchers have
identified numerous genomic variation sites associated with the
response to radiotherapy [24,25].

In the second phase (2011 to 2017), the concept of
radiogenomics expanded. Studies incorporating medical imaging
features and biological parameters beyond genomics were also
included in radiogenomics studies [26]. It is believed that the
features from medical images such as MRI, CT, and PET-CT
of lesions are closely related to tumor heterogeneity. Therefore,
researchers have extracted the features (including semantic
features and texture analysis features) of the tumors and adopted
radiomics for a differentiation diagnosis, such as histological
subtype identification. Doshi et al [27] found that MRI-based
first-order texture metrics can help discriminate between type
1 and type 2 papillary renal cell carcinoma.

From the late second phase onward (ie, 2017 to 2023), the
purpose of radiogenomics is not only limited to the prediction
of radiotherapy side effects or differential diagnosis but also to
analyzing the relationship between gene expression and imaging
data. For example, through the analysis of quantitative features
of enhanced MRI, Yeh et al [28] found that partial features were
correlated with the expression levels of molecules in the Janus
kinase-signal transducer and activator of transcription and
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vascular endothelial growth factor signaling pathways in breast
cancer [28].

The distinction between the second and third phases is unclear,
with some of the hot topics beginning during the second phase
and continuing beyond 2018. In the third phase, the scope of
radiogenomics has gradually expanded and become more
comprehensive. From the view of raw data, apart from
conventional images, some functional imaging techniques such
as magnetic resonance spectroscopy have started to be used for
radigenomics analysis [29]. Moreover, with the use of a picture
archiving and communication system, the storage and
re-extraction of medical data are more convenient, which
promotes the progress of big data research and improves the
credibility of radiogenomics. From the research purposes
perspective, more and more therapeutic methods (eg,
neoadjuvant therapy, chemoarterial chemoembolization,
transcatheter arterial chemoembolization) have been developed
and applied in clinical practice. Researchers are beginning to
explore the use of radiogenomics to identify patients who may
not be sensitive to certain therapies, thereby reducing
unnecessary treatment to avoid side effects [30]. From the view
of research methods, the studies in the second phase tended to
screen for the quantitative features (which were manually
extracted in most cases) associated with gene expression status.
At present, many studies use machine learning algorithms that
are sometimes combined with deep learning algorithms, which
can automatically segment lesions to achieve higher predictive
performance [27].

Limitations
Our study has several limitations. First, only research articles
and review articles published in English from the WoSCC were

included in this analysis, potentially introducing language,
publication type, and database biases. Second, this study focused
on an in-depth analysis of the dynamic trend and evolutionary
trajectory in radiogenomics based on the keywords and
references. There are other analyses that could have been
considered to better understand the evolution of radiogenomics
as a subject, such as more comparative analyses of various
factors (ie, authors, countries, keywords, and journals). Third,
our results showed that radiogenomics is currently applied
mostly in cancer research. Bibliometrics may overlook other
topics that are not current research hot spots in the field. For
example, keywords related to nononcologic diseases such as
mental illness are not included in the tables and figures.

Conclusion
In conclusion, radiogenomics has attracted substantial attention
in recent years. The United States and the Netherlands are the
leading countries publishing research in this field, obtaining the
highest total citations and average per item, respectively. Before
2010, radiogenomics was mainly used to explore the genetic
factors associated with radiotherapy-induced toxicity.
Subsequently, the field has evolved to encompass the
combination of radiomics and genomics, enabling the prediction
of cancer histology, gene mutations, and gene expression status
based on the tumor heterogeneity information obtained from
medical imaging. More and more researchers tend to be
exploring the feasibility of radiogenomics to predict the response
of tumors to various treatments such as neoadjuvant
chemotherapy. The application of artificial intelligence methods
based on big data is emerging as a hot spot research topic in
this field at present.
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Abstract

Background: The World Health Organization recommends a daily sodium intake of less than 2000 mg for adults; however,
the Mexican population, like many others globally, consumes more sodium than this recommended amount. Excessive sodium
intake is often accompanied by inadequate potassium intake. The association between knowledge, attitudes, and behaviors (KAB)
and actual sodium intake has yielded mixed results across various populations. In Mexico, however, salt/sodium-related KAB
and its relationship with sodium and potassium intake have not been evaluated.

Objective: This study primarily aims to describe salt/sodium-related KAB in a Mexican population and, secondarily, to explore
the association between KAB and 24-hour urinary sodium and potassium excretion.

Methods: We conducted a cross-sectional study in an adult population from Mexico City and the surrounding metropolitan
area. Self-reported KAB related to salt/sodium intake was assessed using a survey developed by the Pan American Health
Organization. Anthropometric measurements were taken, and 24-hour urinary sodium and potassium excretion levels were
determined. Descriptive statistics were stratified by sex and presented as means (SD) or median (25th-75th percentiles) for
continuous variables, and as absolute and relative frequencies for categorical variables. The associations between KAB and
sodium and potassium excretion were assessed using analysis of covariance, adjusting for age, sex, BMI, and daily energy intake
as covariates, with the Šidák correction applied for multiple comparisons.

Results: Overall, 232 participants were recruited (women, n=184, 79.3%). The mean urinary sodium and potassium excretion
were estimated to be 2582.5 and 1493.5 mg/day, respectively. A higher proportion of men did not know the amount of sodium
they consumed compared with women (12/48, 25%, vs 15/184, 8.2%, P=.01). More women reported knowing that there is a
recommended amount for daily sodium intake than men (46/184, 25%, vs 10/48, 20.8%, P=.02). Additionally, more than half of
men (30/48, 62.5%) reported never or rarely reading food labels, compared with women (96/184, 52.1%, P=.04). Better
salt/sodium-related KAB was associated with higher adjusted mean sodium and potassium excretion. For example, mean sodium
excretion was 3011.5 (95% CI 2640.1-3382.9) mg/day among participants who reported knowing the difference between salt and
sodium, compared with 2592.8 (95% CI 2417.2-2768.3) mg/day in those who reported not knowing this difference (P=.049).
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Similarly, potassium excretion was 1864.9 (95% CI 1669.6-2060.3) mg/day for those who knew the difference, compared with
1512.5 (95% CI 1420.1-1604.8) mg/day for those who did not (P=.002). Additionally, higher urinary sodium excretion was
observed among participants who reported consuming too much sodium (3216.0 mg/day, 95% CI 2867.1-3565.0 mg/day) compared
with those who claimed to eat just the right amount (2584.3 mg/day, 95% CI 2384.9-2783.7 mg/day, P=.01).

Conclusions: Salt/sodium-related KAB was poor in this study sample. Moreover, KAB had a greater impact on potassium
excretion than on sodium excretion, highlighting the need for more strategies to improve KAB related to salt/sodium intake.
Additionally, it is important to consider other strategies aimed at modifying the sodium content of foods.

(Interact J Med Res 2024;13:e57265)   doi:10.2196/57265
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of death
worldwide, with hypertension being one of the primary
contributors, affecting over 20% of the Mexican adult population
[1]. Excessive sodium intake is recognized as a major
diet-related risk factor for hypertension; thus, reducing dietary
sodium has been identified as a cornerstone in medical
nutritional therapy for managing hypertension and other CVDs
[2]. The World Health Organization (WHO) recommends a
daily sodium intake of up to 2000 mg [3]. However, the adult
Mexican population has been reported to consume 1.5 times
this amount, averaging between 3100 and 3500 mg per day
[1,2,4]. Notably, high sodium intake is often accompanied by
low potassium intake [1,2,4], which is considered an indicator
of poor diet quality [5]. Additionally, the combination of high
sodium and low potassium intake is linked to an increased
cardiovascular risk in a dose-response relationship [6].

Several policies and campaigns have been implemented to
support sodium reduction at the population level, including
labeling products high in sodium for easier identification and
removing table salt from restaurant tables. Preventable risk
models indicate that reducing salt/sodium consumption could
prevent a significant number of deaths from CVDs [7].

By contrast, patients’beliefs and perceived knowledge are strong
predictors of their attitudes (ie, actions) and may, therefore,
directly impact adherence to medical nutrition therapy [8,9].
Knowledge is defined as the understanding of a subject or topic,
including the cognitive ability to retain such information [10].
Attitudes refer to the emotional, motivational, perceptual, and
cognitive beliefs that positively or negatively influence a
person’s behavior. They affect future behavior independently
of an individual’s knowledge, helping to explain, at least in part,
why a person adopts one behavior over others [10]. Finally,
behaviors are defined as a set of responses of an individual or
organism to external stimuli or internal motivation [11].

Although people may be aware of the health implications of
high salt or sodium intake, their knowledge, attitudes, and
behaviors (KAB) on this issue can still be lacking, as shown in
a systematic review of 24 studies across 12 high-income
countries [12]. Moreover, studies on the association between
KAB and actual sodium intake have yielded mixed results in
diverse populations; some studies report no association between
salt- or sodium-related KAB and sodium excretion, while others

have found certain associations [13-20]. Additionally, the
relationship between KAB and potassium intake has received
less attention [15]. In Mexico, salt- and sodium-related KAB
and its association with sodium and potassium intake have not
yet been studied.

Given this context, we aimed to describe self-reported KAB
related to salt and sodium consumption in a sample of volunteers
from Mexico City and the metropolitan area. Additionally, we
explored the association between salt- and sodium-related KAB
and 24-hour urinary sodium and potassium excretion as a
surrogate for actual intake.

Methods

Study Design
This is a secondary analysis of data from a cross-sectional study
designed to test the criterion validity of an online tool [21] for
estimating sodium intake in the adult population. The validation
results are currently under review for publication elsewhere.

Study Population and Setting
The original study included men and women over 18 years of
age who were apparently healthy. Exclusion criteria were
individuals over 65 years; those with a previous diagnosis of
CVD, kidney disease, or liver disease; and those who were
menstruating, pregnant, or had urinary tract infections at the
time of 24-hour urine collection. A convenience sample of
participants meeting the eligibility criteria was recruited from
various workplaces in Mexico City and the metropolitan area
from June 2022 to January 2023. Participants were invited to
join through printed advertisements on bulletin boards and a
word-of-mouth strategy. Once eligibility was confirmed, they
received both verbal and written instructions to collect a 24-hour
urine sample and maintain a 3-day food record, which they were
to bring on the day of their study visit. All assessments took
place at designated areas within each work center.

For this secondary analysis, participants who provided a
complete 24-hour urine sample and completed the
salt/sodium-related KAB survey were included.

Ethical Considerations
This study posed no risk to participants, and their data were
handled with privacy and confidentiality. Participants’ data
were deidentified for analysis, with only the principal
investigator having access to the identified data. The study was
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approved by the Research and Ethics Board of the Instituto
Nacional de Ciencias Médicas y Nutrición, under registration
number 3314. All participants were fully informed about the
study, and written informed consent was obtained. No
compensation was offered to participants for their involvement
in this study, other than the provision of the results from the
body composition assessment conducted as part of the original
study, as well as the results of the urinary analysis.

Assessments

Anthropometrics
Weight and height were measured with the participant fasting,
without shoes, and wearing a hospital gown, following the
guidelines established by the International Society for the
Advancement of Kinanthropometry (ISAK) [22]. Weight was
measured using a Seca 769 mechanical column scale with a
capacity of 200 kg and a precision of 0.05 kg. Height was
measured with a Seca 220 stadiometer with a precision of 1

mm. BMI was calculated and reported as kg/m2.

24-Hour Urinary Sodium and Potassium
Participants were given both oral and written instructions to
collect a 24-hour urine sample the day before the study visit.
They were instructed to discard the first-morning void and
collect all urine over the following 24 hours, including the first
void of the next morning, using a preservative-free container.
Participants were also instructed to store the collected urine in
a cool place during the collection period. Twenty-four-hour
urinary excretion of sodium, potassium, and creatinine was
determined.

Urinary samples were considered complete if they met the
creatinine excretion rate criteria: 15-25 mg/kg/24 hours for men
and 10-20 mg/kg/24 hours for women [23]. Additionally, urine
samples with a volume of less than 500 ml per 2 hours were
considered incomplete.

Energy Intake
Participants were instructed to complete a 3-day food record,
including 1 weekend day. On the day of the study visit, a
member of the research team verified the completeness and
clarity of the food record with the participant. Dietary
information was collected by trained personnel using a nutrient
analysis software program (ESHA Food Processor SQL version
10.11; ESHA Research). The mean energy intake from the 3
days was used for analysis.

Knowledge, Attitudes, and Behaviors
A self-administered questionnaire developed by a subgroup of
the Pan American Health Organization (PAHO) expert group,
tasked with examining excessive dietary salt as a health risk in
the Americas, was used. This tool was designed to assess
salt-related knowledge (eg, the difference between sodium and
salt), attitudes (eg, concern about reducing salt consumption),
and behavior (eg, frequency of adding salt to food during
cooking and at the table), self-reported presence of chronic
diseases, and labeling preferences. The questionnaire was
field-tested in Latin America and Canada. The questions
included in this tool were developed based on the experience

and expertise of the expert group members, as well as questions
used in other surveys [24].

Participants received guidance from research team members to
clarify any unclear questions as needed to complete the
questionnaire.

Questions regarding labeling preferences (eg, whether
participants would like food labeling indicating
high/medium/low levels of salt or sodium) were not included
in the analysis, as they were beyond the scope of this study.

Other Data
Information on age, sex, and highest level of education was also
collected.

Statistical Analysis
Descriptive statistics were stratified by sex and reported as mean
(SD) or median (25th-75th percentiles) for continuous variables,
based on their distribution as determined by the
Kolmogorov-Smirnov test. Categorical variables were presented
as absolute frequencies and proportions. Comparisons of KAB
related to health and salt/sodium consumption categories
between sex groups were made using the chi-square test. In
addition, one-way fixed-effects analyses of covariance were
used to compare the adjusted means of 24-hour urinary sodium
and potassium excretion across the KAB related to salt/sodium
consumption categories (groups) for each KAB item. Separate
models were constructed for 24-hour urinary sodium and
potassium excretion. In these models, urinary sodium and
potassium excretion were treated as the dependent variables,
with each relevant item of salt/sodium-related KAB tested
separately as the independent variable (factor) with multiple
categories (groups). Factors known to be associated with sodium
and potassium intake (age, sex, BMI, and daily energy intake
[DEI]) [2,4] were included as covariates in all models. The
general linear model used to compare 24-hour urinary sodium
and potassium excretion among salt/sodium-related KAB
groups, adjusting for the effect of covariates, can be expressed
as follows [25,26]:

24-hour UNaij=μ + αi + β1ageij + β2sexij + β3BMIij +
β4DEIij + eij

24-hour UKij=μ + αi + β1ageij + β2sexij + β3BMIij +
β4DEIij + eij

where 24-h UNaij is the 24-hour urinary sodium excretion of
the jth participant in the ith salt/sodium-related KAB group,
24-h UKij is the 24-hour urinary potassium excretion of the jth
participant in the ith salt/sodium-related KAB group, μ is a
grand mean, ai is the ith group effect, β1 is the slope coefficient
of age, β2 is the slope coefficient of sex, β3 is the slope
coefficient of BMI, β4 is the slope coefficient of DEI, and eij is
the residual.

95% CIs were constructed for the adjusted means, and the Šidák
correction was applied for multiple comparisons. All statistical
analyses were performed using SPSS version 20 for Windows
(IBM Corp.). A P value of <.05 was considered statistically
significant.
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Results

Study Sample Descriptive Characteristics
Overall, 365 participants were recruited. Of these, 232
completed the salt/sodium-related KAB questionnaire and
provided a valid 24-hour urinary sodium sample; these
participants were included in this subanalysis. Study sample
characteristics by sex are shown in Table 1. The majority of the

study sample were women (184/232, 79.3%), with a median
age of 39.0 (25th-75th percentiles 27.3-49.0) years and a BMI

of 25.8 (25th-75th percentiles 22.9-29.2) kg/m2 for the overall
population. In terms of education, most participants had
completed an education level higher than secondary (101/232,
43.5%). The median energy intake was estimated to be 2704.7
(25th-75th percentiles 2128.0-3271.1) kcal/day. Estimates of
urinary sodium, potassium, and creatinine are also shown in
Table 1.

Table 1. Study sample characteristics by sexa.

Men (n=48)Women (n=184)Overall (n=232)Characteristics

36.9 (12.5)41 (29-50)39.0 (27.3-49.0)Age (years)

70.8 (62.4-80.4)62.7 (12.3)63.7 (55.5-71.8)Weight (kg)

167.1 (8.2)154.0 (6.8)156.0 (150-162.8)Height (cm)

25.6 (23.6-27.4)26.4 (5.0)25.8 (22.9-29.2)BMI (kg/m2)

Education level

0 (0)6 (3.3)6 (2.6)None

4 (8.3)25 (13.6)29 (12.5)Primary

21 (43.8)72 (39.1)93 (40.1)Secondary

22 (45.8)79 (42.9)101 (43.5)Higher

1 (2.1)2 (1.1)3 (1.3)No answer

2778.2 (981.8)2726.6 (2141.5-3254.4)2704.7 (2128.0-3271.1)Energy intake (kcal/day)

1400.0 (1000.0-2000.0)1200 (900-1587.5)1225.0 (900.0-1700.0)Diuresis (ml/24 hours)

2845.1 (2231.4-3631.1)2570.4 (1222.3)2582.5 (1701.6-3347.2)Sodium (mg/24 hours)

1873.2 (736.4)1431.9 (1071.0-1894.5)1493.5 (1096.3-1934.7)Potassium (mg/24 hours)

1.6 (1.3-2.1)1.7 (1.3-2.3)1.7 (1.3-2.3)Sodium-to-potassium ratio (mg/mg/24 hours)

108.8 (86.2-163.2)81.0 (56.6-111.11)87.1 (61.4-119.7)Creatinine (mg/24 hours)

aNumerical data are presented as mean (SD) or median (25th-75th percentiles), according to their distribution. Categorical data are presented as n (%).

Regarding the self-reported presence of chronic diseases
included in the survey, 43 of the 232 (18.5%) participants
reported having high blood pressure. Other pathologies

associated with excessive salt consumption were also surveyed
and are reported, stratified by sex, in Table 2.

Table 2. Self-reported history of chronic diseases by sex.

Men (n=48)Women (n=184)Overall (n=232)Disease

3 (6.3)40 (21.7)43 (18.5)High blood pressure, n (%)

1 (2.1)6 (3.3)7 (3.0)Heart attack, n (%)

0 (0)1 (0.5)1 (0.4)Stroke, n (%)

4 (8.3)10 (5.4)14 (6.0)Kidney stones, n (%)

0 (0)10 (5.4)10 (4.3)Asthma, n (%)

0 (0)2 (1.1)2 (0.9)Osteoporosis, n (%)

0 (0)1 (0.5)1 (0.4)Stomach cancer, n (%)

Attitudes, Knowledge, and Behaviors
As shown in Table 3, more than half of the participants reported
trying to eat a healthy diet and consistently feeling pressure to
do so. Nearly the entire sample (229/232, 98.7%) acknowledged
that excessive salt is associated with health problems, although

only two-thirds believed they were capable of distinguishing
between products low or high in salt. Furthermore, less than
half of the sample indicated that there was sufficient information
on salt content in food packages. Notably, only 93 of the 232
(40.1%) participants reported overall good health, with a trend
toward a lower proportion of women compared with men
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(71/184, 38.6%, vs 22/48, 45.8%, P=.07). The number of
participants who reported trying to minimize the amount of salt
they consumed was 174 (75%) in the overall population
(N=232), and this tendency was higher among women than men

(143/184, 77.7%, vs 31/48, 64.6%, P=.08). However, no
significant differences were found between men and women in
any of the questions (P≥.05; Table 3).

Table 3. The proportion of participants who agreed with the statement on self-reported attitudes, knowledge, and behavior related to health, diet, and
salt intake in the study sample.

P valueaMen (n=48)Women (n=184)Overall (n=232)Statement

.7133 (68.8)120 (65.2)153 (65.9)I try to eat a healthy diet, n (%)

.5247 (97.9)182 (98.9)229 (98.7)A diet high in salt can cause serious health problems, n (%)

.6838 (79.2)149 (81.0)187 (80.6)I try to minimize the amount of fat I consume, n (%)

.0722 (45.8)71 (38.6)93 (40.1)My health is generally good, n (%)

.7625 (52.1)109 (59.2)134 (57.8)There is too much pressure to eat healthy these days, n (%)

.0831 (64.6)143 (77.7)174 (75.0)I try to minimize the amount of salt I consume, n (%)

.1226 (54.2)122 (66.3)148 (63.8)I generally know if foods contain a lot or little salt, n (%)

.3422 (45.8)84 (45.7)106 (45.7)There is sufficient nutritional information on food packaging, n (%)

aFor differences between sex groups by chi-square test.

Additionally, 150 of the 232 (64.7%) participants reported
always adding salt when preparing food at home, while more
than 90% considered limiting the amount of salt or sodium in
their diet to be very or somewhat important (210/232, 90.5%).
Around 60% believed they consumed the right amount of salt
(139/232, 59.9%), yet less than a quarter knew there was a
recommended daily amount of sodium consumption; 186 of
232 (80.2%) participants did not know the difference between
salt and sodium, and over half reported rarely or never reading
nutrition labels on food packages. Comparison between sex

groups revealed a higher proportion of men who did not know
the amount of sodium they consumed compared with women
(12/48, 25%, vs 15/184, 8.2%, P=.01), while more women
reported knowing that there was a recommended daily sodium
intake than men (46/184, 25%, vs 10/48, 20.8%, P=.02).
Notably, there was a difference in the frequency of reading
nutrition labels on food packages between sex groups, with
more than half of men (30/48, 62.5%) reporting that they never
or rarely read food labels, compared with women (96/184,
52.1%, P=.04; Table 4).
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Table 4. Answers to questions about knowledge, attitudes, and behaviors regarding sodium intake.

P valueaMen (n=48)Women (n=184)Overall (n=232)Question

.12How many times do you add salt to food at the table?, n (%)

8 (16.7)32 (17.4)40 (17.2)Never

17 (35.4)85 (46.2)102 (44.0)Rarely

13 (27.1)45 (24.5)58 (25.0)Sometimes

4 (8.3)16 (8.7)20 (8.6)Often

6 (12.5)6 (3.3)12 (5.2)Always

.12Do you add salt when preparing food at home?, n (%)

4 (8.3)3 (1.6)7 (3.0)Never

2 (4.2)10 (5.4)12 (5.2)Rarely

7 (14.6)17 (9.2)24 (10.3)Sometimes

7 (14.6)32 (17.4)39 (16.8)Often

28 (58.3)122 (66.3)150 (64.7)Always

.23Is limiting the amount of salt or sodium in your diet important to
you?, n (%)

18 (37.5)77 (41.8)95 (40.9)Very

22 (45.8)93 (50.5)115 (49.6)Somewhat

6 (12.5)8 (4.3)14 (6.0)No

2 (4.2)4 (2.2)6 (2.6)Do not know

0 (0)2 (1.1)2 (0.9)No answer

.01How much salt do you think you consume?, n (%)

2 (4.2)16 (8.7)18 (7.8)Not enough

28 (58.3)111 (60.3)139 (59.9)Right amount

6 (12.5)40 (21.7)46 (19.8)Too much

12 (25.0)15 (8.2)27 (11.6)Do not know

0 (0)2 (1.1)2 (0.9)No answer

.02Do you know if there is a recommended amount of salt/sodium con-
sumption per person per day?, n (%)

10 (20.8)46 (25.0)56 (24.1)Yes

36 (75.0)138 (75.0)174 (75.0)No

2 (4.2)0 (0)2 (0.9)No answer

.42Do you know the difference between salt and sodium?, n (%)

11 (22.9)33 (17.9)44 (19.0)Yes

36 (75.0)150 (81.5)186 (80.2)No

1 (2.1)1 (0.5)2 (0.9)No answer

.23Do you pay attention to the text on the packaging such as no added
salt, low salt, light, trans-fat free?, n (%)

3 (6.3)9 (4.9)12 (5.2)Always

4 (8.3)31 (16.8)35 (15.1)Often

10 (20.8)53 (28.8)63 (27.2)Sometimes

16 (33.3)53 (28.8)67 (28.9)Rarely

12 (25.0)37 (20.1)49 (21.1)Never

3 (6.3)3 (1.6)6 (2.6)Do not know

.04How often do you read nutrition labels on food packages?, n (%)
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P valueaMen (n=48)Women (n=184)Overall (n=232)Question

4 (8.3)8 (4.3)12 (5.2)Always

6 (12.5)20 (10.9)26 (11.2)Often

7 (14.6)60 (32.6)67 (28.9)Sometimes

19 (39.6)72 (39.1)91 (39.2)Rarely

11 (22.9)24 (13.0)35 (15.1)Never

 1 (2.1)0 (0)1 (0.4)No answer

aFor differences between sex groups by chi-square test.

Salt/Sodium-Related Attitudes, Knowledge, and
Behaviors and 24-Hour Urinary Sodium and Potassium
Excretion
A comparison of the adjusted means (95% CI) for 24-hour
urinary sodium and potassium excretion across categories of
salt/sodium-related KAB is shown in Table 5. A higher mean
24-hour urinary sodium excretion was observed among
participants who reported consuming too much sodium,
compared with those who believed they consumed the right
amount. It was also higher among participants who knew that
there was a recommended daily sodium intake and who
understood the difference between salt and sodium, compared
with those who did not. Additionally, participants who
frequently paid attention to the text on food packaging had a
higher mean urinary sodium excretion than those who rarely
did so. Although the overall comparison for the frequency of
reading nutrition labels showed a significant difference among
frequency categories (P=.02), pairwise comparisons did not

reveal any significant differences (P≥.05 for all pairwise
comparisons).

Regarding urinary potassium excretion, participants who tried
to eat a healthy diet had a higher mean potassium excretion
compared with those who were unsure if they were trying to
eat a healthy diet. Additionally, although a significant difference
in potassium excretion was observed in the overall comparison
among categories of the amount of salt participants thought they
consumed (P=.02), pairwise comparisons did not reveal any
significant differences (P≥.05 for all pairwise comparisons).
Higher potassium excretion was also observed among
participants who knew there was a recommended daily sodium
intake and those who claimed to know the difference between
salt and sodium, compared with those who did not. In terms of
reading food labels, participants who reported often paying
attention to the text on food packaging had greater potassium
excretion compared with those who rarely did so. Similarly,
individuals who always read nutrition food labels had higher
potassium excretion compared with those who sometimes,
rarely, or never read food labels (Table 5).
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Table 5. Comparison of urinary sodium and potassium excretion adjusted means (95% CI) among groups within the items of knowledge, attitudes,
and behaviors regarding sodium intake.

24-h urinary potassium excretion
(mg/day), adjusted means (95% CI)

24-h urinary sodium excretion (mg/day), adjust-
ed means (95% CI)

Question

I try to eat a healthy diet

1666.5 (1561.1-1771.9)a2802.9 (2606.3-2999.6)Agree (n=153)

1557.2 (1321.4-1793.0)2396.6 (1956.7-2836.4)Disagree (n=31)

1331.5 (1110.5-1552.4)a2576.2 (2164.1-2988.3)Do not know (n=35)

.03.21P value

A diet high in salt can cause serious health problems

1594.6 (1508.6-1680.5)2696.7 (2538.1-2855.4)Agree (n=229)

1530.6 (607.2-2454.0)1900.0 (195.2-3604.7)Do not know (n=2)

.89.36P value

I try to minimize the amount of salt I consume

1603.7 (1504.3-1703.2)2732.0 (2549.9-2914.2)Yes (n=174)

1528.7 (1320.6-1736.8)2416.5 (2035.4-2797.6)No (n=40)

1631.8 (1265.7-1997.8)2598.1 (1927.7-3268.4)Do not know (n=13)

.80.34P value

I generally know if foods contain a lot or little salt

1636.3 (1528.7-1743.8)2744.3 (2545.4-2943.2)Yes (n=148)

1517.4 (1370.5-1664.3)2608.4 (2336.8-2880.1)No (n=80)

.20.43P value

How many times do you add salt to food at the table?

1624.1 (1416.5-1831.7)2766.4 (2384.4-3148.5)Never (n=40)

1572.0 (1441.5-1702.4)2686.9 (2446.9-2926.9)Rarely (n=102)

1570.5 (1397.9-1743.2)2638.2 (2320.4-2956.0)Sometimes (n=58)

1630.4 (1335.4-1925.5)2897.6 (2354.7-3440.6)Often (n=20)

1663.1 (1279.2-2047.1)2221.2 (1514.6-2927.8)Always (n=12)

.98.64P value

Do you add salt when preparing food at home?

1943.3 (1437.9-2448.7)2561.7 (1637.7-3485.6)Never (n=7)

1748.9 (1371.6-2126.3)3656.2 (2966.3-4346.0)Rarely (n=12)

1478.5 (1211.9-1745.1)2694.3 (2206.9-3181.7)Sometimes (n=24)

1586.4 (1374.6-1798.2)2709.1 (2321.9-3096.3)Often (n=39)

1580.1 (1473.1-1687.1)2601.5 (2405.8-2797.1)Always (n=150)

.51.08P value

How much salt do you think you consume?

1396.8 (1090.9-1702.8)2346.7 (1788.3-2905.0)Not enough (n=18)

1550.0 (1440.7-1659.2)2584.3 (2384.9-2783.7)bRight amount (n=139)

1845.3 (1654.1-2036.5)3216.0 (2867.1-3565.0)bToo much (n=46)

1484.5 (1226.2-1742.9)2471.7 (2000.1-2943.2)Do not know (n=27)

.02.008P value

Is limiting the amount of salt or sodium in your diet
important to you?
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24-h urinary potassium excretion
(mg/day), adjusted means (95% CI)

24-h urinary sodium excretion (mg/day), adjust-
ed means (95% CI)

Question

1558.6 (1423.7-1693.4)2800.6 (255.8-3050.3)Very (n=95)

1632.0 (1510.3-1753.7)2630.5 (2405.1-2855.9)Somewhat (n=115)

1525.4 (1168.5-1882.3)2373.4 (1712.3-3034.5)No (n=14)

1756.7 (1223.4-2290.1)3005.0 (2017-3993.0)Do not know (n=6)

.77.52P value

Do you know if there is a recommended amount of
salt/sodium consumption per person per day?

1882.5 (1711.4-2053.6)3056.7 (2733.1-3380.2)Yes (n=56)

1488.3 (1392.3-1584.2)2562.9 (2381.5-2744.2)No (n=174)

<.001.01P value

Do you know the difference between salt and sodium?

1864.9 (1669.6-2060.3)3011.5 (2640.1-3382.9)Yes (n=44)

1512.5 (1420.1-1604.8)2592.8 (2417.2-2768.3)No (n=186)

.002.049P value

Do you pay attention to the text on the packaging such
as no added salt, low salt, light, trans-fat free?

1673.2 (1305.1-2041.4)3034.4 (2348.8-3720.1)Always (n=12)

1859.5 (1640.6-2078.5)d3278.0 (2870.2-3685.8)cOften (n=35)

1692.0 (1530.2-1853.7)2571.7 (2270.4-2873.0)Sometimes (n=63)

1390.7 (1234.5-1546.8)d2501.3 (2210.5-2792.1)cRarely (n=67)

1559.3 (1371.5-1747.1)2607.0 (2257.2-2956.7)Never (n=49)

1269.7 (745.3-1794.2)2308.9 (1332.1-3285.6)Do not know (n=6)

.01.04P value

How often do you read nutrition labels on food pack-
ages?

2158.3 (1789.7-2526.9)e,f,g3456.4 (2764.0-4148.9)Always (n=12)

1921.1 (1668.4-2173.8)h3214.7 (2739.9-3689.4)Often (n=26)

1560.7 (1403.6-1717.7)e2608.5 (2313.5-2903.6)Sometimes (n=67)

1473.4 (1341.0-1605.7)f,h2519.5 (2270.8-2768.1)Rarely (n=91)

1509.9 (1290.0-1729.8)g2583.2 (2170.2-2996.3)Never (n=35)

.001.02P value

aP=.02; bP=.01; cP=.04; dP=.01; eP=.04; fP=.007; gP=.03; hP=.02 for multiple comparisons by the Šidák test. Differences are between categories that
have the same letter. All means were adjusted by sex, age, BMI, and daily energy intake by analysis of covariance.

Discussion

Principal Findings and Comparison With Prior Work
Based on the data collected and analyzed in this study, several
important findings can be reported regarding consumers’
attitudes, knowledge, and behavior concerning salt intake, and
their association with urinary sodium and potassium excretion.

According to the self-reported KAB related to health, diet, and
salt consumption, among the total participants (N=232), only
56 (24.1%) knew there was a recommended daily intake for
salt/sodium, 44 (19%) understood the difference between salt

and sodium, and only 12 (5.2%) always paid attention to the
text on food packaging or read nutrition labels. Importantly, a
high proportion of participants reported trying to maintain a
healthy diet (153/232, 65.9%) and reduce the amount of fats
(187/232, 80.6%) or salt (174/232, 75%) they consumed.
However, these responses did not align with their perception
of health, as only 93 (40.1%) considered their health to be
generally good. It is likely that participants were making these
dietary changes in an effort to improve their health, which they
perceived as poor.
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In our study, we observed a trend where a smaller proportion
of women (71/184, 38.6%) compared with men (22/48, 45.8%)
reported having good health. Additionally, self-reported history
of comorbidities related to excessive sodium intake revealed
that 40 of 184 (21.7%) women and 3 of 48 (6.3%) men had high
blood pressure. This lower perception of good health and higher
frequency of self-reported high blood pressure among women
is consistent with the observed trend of a higher proportion of
women trying to minimize their salt consumption. Overall,
studies that disaggregate KAB by sex have reported better KAB
related to salt/sodium consumption in women than in men. In
this study, we found that more women (46/184, 25.0%) reported
knowing that there was a recommended daily sodium/salt intake
compared with men (10/48, 20.8%). Additionally, more men
(30/48, 62.5%) reported never or rarely reading food labels
compared with women (96/184, 52.2%).

In the overall study sample, the median 24-hour urinary sodium
excretion was 2582.5 mg/day, which exceeds the WHO daily
intake recommendation of 2000 mg/day [3], but is lower than
previous reports in the Mexican population, where it ranged
from 3100 to 3500 mg/day [1,2,4]. This discrepancy may be
attributed to the fact that nearly 80% (n=184) of the participants
in this study were women, and sodium intake has been shown
to be, on average, lower in women than in men [2,4], as also
confirmed in this study; 32 out of 232 (13.8%) reported always
or often adding salt to food at the table; however, a higher
proportion (189/232, 81.5%) of participants reported always or
often adding salt during food preparation. In Mexico, the
consumption of processed and ultra-processed foods contributes
to 39% of total sodium intake in adults and 50% in school-age
children [27]. Nevertheless, salt added during cooking remains
an important source of sodium in the diet [27]. In fact, it has
been reported that street food (antojitos in Spanish) and
homemade-style meals (comida corrida in Spanish), which are
unpackaged and unlabeled prepared foods, contain high levels
of sodium, with many providing more than 25% of the daily
sodium intake recommended by the WHO [28]. Thus, the use
of table salt in food preparation remains a significant challenge
in Mexico, as it does in other countries such as Brazil, China,
Costa Rica, Guatemala, India, Japan, Mozambique, and
Romania, where a large proportion of overall daily sodium
intake comes from the discretionary use of salt [29].

In terms of potassium intake, the median urinary excretion was
1493.5 mg/day in the overall study sample, which is
considerably lower than the WHO’s recommended intake of
3510 mg/day for adults to prevent chronic disease and improve
health [30]. Low urinary potassium excretion was also reported
in 2 studies of the Mexican population, with values ranging
from 1909 to 1981 mg/day [2,4], while another report indicated
a higher mean potassium intake (3401 mg/day) in this
population, as determined by a 24-hour food recall [27].
Importantly, potassium intake, whether determined by urinary
excretion or dietary analysis, has been found to be an indicator
of diet quality [5,31] and is inversely associated with BMI,
diastolic blood pressure, and heart rate [31]. Additionally, the
combination of higher sodium and lower potassium intakes, as
observed in this and other studies [2,4,27], is associated with
an increased cardiovascular risk [6]. Therefore, dietary strategies

aimed at modifying both sodium and potassium intakes are
necessary for the Mexican population.

Diverse studies have reported no association between
salt/sodium-related KAB [13,17,18,20] and sodium excretion,
while others have found some level of association [14,15,19].
To explore the relationship between salt/sodium-related KAB
and sodium and potassium intake, we compared the adjusted
means of 24-hour urinary sodium and potassium excretion across
categories of salt/sodium-related KAB. Interestingly, the mean
sodium excretion was similar among participants, regardless of
whether they were trying to eat a healthy diet. However,
potassium excretion was higher among participants who reported
trying to eat a healthy diet compared with those who were
unsure, after adjusting for sex, age, BMI, and calorie intake.
Similarly, participants who often paid attention to the text on
packaging had higher levels of both sodium and potassium
excretion compared with those who rarely did so. Potassium
excretion was also higher in participants who always read
nutrition food labels compared with those who did so less
frequently, although this behavior was not associated with
sodium excretion in the multiple comparisons. These results
suggest that attempts to follow a healthy diet may impact the
quality of the diet by likely incorporating more food sources of
potassium, such as fruits, vegetables, and legumes, but not
necessarily modifying the selection of foods based on their
sodium content. Another possibility is that to reduce sodium
intake, people may increase the consumption of low-sodium
processed foods that contain hidden potassium in the form of
additives, such as sodium-reduced meat and poultry products
and industrialized bakery items [32,33]. Further research is
needed to clarify these findings.

Knowing that there is a recommended amount of daily
salt/sodium consumption or understanding the differences
between salt and sodium was not associated with lower sodium
intake either; in fact, participants who reported knowing this
exhibited higher sodium and potassium excretion than those
who did not. These results are relevant as they support the
findings of a study in a Chinese population, where self-reported
salt/sodium-related KAB had a smaller effect on sodium but a
greater effect on potassium excretion [15].

The results of this study provide evidence for the need to
continue improving KAB related to salt/sodium consumption
at the population level. The implementation of education and
communication campaigns is one of the strategies endorsed by
the WHO to raise awareness about the health risks and dietary
sources of salt, aiming to induce behavioral changes [34]. In
Mexico, the “Less Salt, More Health” campaign was
implemented in 2013 by the Ministry of Health. This
communication strategy aimed to increase knowledge and
educate the population about the benefits of reducing salt
consumption. However, the impact of its implementation was
not assessed [1]. In fact, this is the first study to report KAB
related to salt/sodium intake in a Mexican population.

Worldwide, other strategies beyond communication campaigns
that have shown the greatest impact on dietary sodium reduction
at the population level include mandatory food reformulation,
food labeling, and taxes [35]. In 2020, Mexico implemented a
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mandatory front-of-pack warning labeling system [36]. The
reformulation of processed and ultra-processed foods that
contain large amounts of sodium should be one of the next steps
in Mexico’s sodium reduction strategy. While some work has
been done in this area, further progress is needed in line with
the WHO regional sodium benchmarks [1].

Finally, even though better salt/sodium-related KAB was not
associated with lower sodium excretion, participants had some
awareness of their actual sodium intake level. Specifically, those
who reported consuming the right amount of dietary sodium
had lower sodium excretion compared with those who believed
they consumed too much salt. Nonetheless, participants who
reported an adequate intake (the right amount) still had sodium
consumption levels above the recommended 2000 mg/day. This
underscores the ongoing need to improve salt/sodium-related
KAB and further reduce sodium intake, as previously discussed.

Limitations
This study has several limitations. First, its cross-sectional
design prevents the establishment of causal relationships
between salt/sodium-related KAB and urinary sodium and
potassium excretion. Second, the study was conducted with a
sample from Mexico City and its surrounding area, limiting the
generalizability of the results to the national population. Third,
nearly 80% (n=184) of the study sample were women; however,
data were stratified by sex, and the adjusted urinary sodium and
potassium means accounted for sex as a covariate. Fourth, the
available data do not distinguish between potassium naturally

occurring in foods and that added as an additive in processed
foods. Further studies are needed to explore the sources of
dietary potassium in the Mexican population and its impact on
health-related outcomes. Finally, no sample size calculation
was conducted; instead, all available data from participants
meeting the eligibility criteria for this secondary analysis were
analyzed. Longitudinal and properly powered studies exploring
this association are warranted. The main strength of this study
lies in the use of an objective method to assess sodium and
potassium intake, namely, the measurement of their excretion
levels in 24-hour urine.

Conclusions
Results of this study indicate that self-reported KAB related to
salt/sodium intake is poor in this study sample. Therefore, new
initiatives are needed to improve KAB in order to promote better
food choices, which, in turn, could help reduce sodium intake.
In this context, educating individuals about the sodium content
of unpackaged prepared foods is particularly relevant. In
addition, salt/sodium-related KAB had a greater impact on
potassium excretion than on sodium excretion, highlighting the
need for more strategies to improve KAB related to salt/sodium
intake. It also emphasizes the importance of considering other
approaches to modify the sodium content of foods, such as the
reformulation of processed and ultra-processed foods. Finally,
monitoring KAB related to salt/sodium consumption, along
with actual sodium intake, in larger populations is essential,
especially when new strategies to reduce sodium intake are
implemented.
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Abstract

Background: Health care workers (HCWs) played a key role in preventing and controlling COVID-19. Higher infection risks
and intensive work led to occupational burnout for many HCWs, which may affect their lifestyle behaviors and weight.

Objective: This study aimed to assess HCWs’ self-rated health status, overweight and obesity rates, lifestyle behaviors, and
psychoemotional changes from 2019 to 2022 across China and to analyze the factors associated with changes from underweight
or normal weight in 2019 to overweight or obese in 2022.

Methods: In this retrospective study, 100 health care institutions were randomly selected from 5 provinces or regions in China.
All HCWs who worked in the institutions for at ≥3 years were invited to complete the electronic questionnaire and participate in
the online survey from August 1, 2022, to August 31, 2022. Collected data included changes in lifestyle behaviors (dietary habits,
physical activity, sleep quality, smoking, alcohol consumption), psychoemotional conditions (persistent stress or recurrent anxiety
or depressed mood), health status, and chronic disease control from December 2019 to August 2022. Height and weight in 2019
and 2022 were retrieved from annual physical examination records. Overweight and obesity were defined as

24.0 kg/m2≤BMI<28.0 kg/m2 (overweight) and BMI≥28.0 kg/m2 (obesity). Chi square tests and ANOVAs were used to assess
the associations between groups. Logistic regression models were used to analyze the factors associated with HCWs becoming
overweight or obese from 2019 to 2022.

Results: The questionnaire was submitted by 23,234 HCWs. Of the underweight or normal weight HCWs in 2019, 12.67%
(1486/23,234) became overweight or obese in 2022; this change was associated with the following factors: 34-43 years old (OR
0.843, 95% CI 0.740-0.960), 44-53 years old (OR 0.738, 95% CI 0.635-0.960), and 54-63 years old (OR 0.503, 95% CI 0.368-0.685;
reference: 24-33 years old), reduction in or never or rarely engaging in physical activity (OR 1.201, 95% CI 1.055-1.368; reference:
increase in physical activity; P=.006), increased appetite (OR 2.043, 95% CI 1.788-2.034; reference: reduction or no change in
appetite; P<.001). From 2019 to 2022, 51.29% (11,917/23,234) of the respondents experienced increased persistent stress or

Interact J Med Res 2024 | vol. 13 | e50754 | p.957https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:healthtian@163.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


recurrent anxiety or depressed mood; 44.38% (10,311/23,234) stayed up late more often. Increased persistent stress or recurrent
anxiety or depressed mood was associated with physical activity (OR 0.421, 95% CI 0.398-0.447; P<.001) and appetite (OR
1.601, 95% CI 1.483-1.728; P<.001).

Conclusions: The pandemic was associated with overweight and obesity for HCWs due to changes in lifestyle behaviors,
especially reduced physical activity and increased appetite related to increased persistent stress or recurrent anxiety or depressed
mood caused by excessive workload. An integrated approach is needed to address overweight and obesity and lifestyle changes
among HCWs by releasing negative psychoemotional conditions through workload reduction in future stressful events.

(Interact J Med Res 2024;13:e50754)   doi:10.2196/50754

KEYWORDS

COVID-19; healthcare workers; lifestyle behavior; overweight; obesity; physical activity; mental health; stress; anxiety,depression;
pandemic

Introduction

Health care workers (HCWs) have played a key role in the
COVID-19 pandemic control since the end of 2019. The high
risk of infection [1], long-term isolation, and intensive work
not only caused burnout for many HCWs but also substantially
affected their mental health [2], daily routine [3,4], physical
activity, diet, and other lifestyle behaviors [5] and has put them
at high risk for obesity [6-9]. A literature review in 2020 showed
that HCWs gained weight and changed their lifestyles to varying
degrees during the pandemic [10]. A study in the United States
on lifestyle behaviors and weight changes among frontline
HCWs since the COVID-19 outbreak [11] showed that dietary
patterns of HCWs during the pandemic (January 2021) were
negatively impacted, with an increase in snack, fast food,
take-away food, and alcohol consumption and an average weight
increase of 2.99 pounds compared with prepandemic levels
(March 2021). Jin et al [12] found that 39.7% were less
physically active and 36% had less sleep in a survey of 589
Chinese HCWs. A study by Zhang et al [13] surveyed the
Chinese frontline medical staff who supported Hubei Province
during the initial stage of the pandemic and found that most had
an unbalanced diet and 26.2% gained weight. A survey of
Brazilian doctors by Gomes et al [6] found that 60% had less
physical activity, 39.9% consumed more alcohol, and 32.9%
gained weight.

Being overweight or obese and lifestyle behavior changes
increase the risk of various chronic diseases, such as
hypertension, type 2 diabetes mellitus, coronary heart disease,
stroke, certain cancers, and osteoporosis [14-20]. Being
overweight or obese can directly affect daily activities or even
lead to mental and emotional disorders [21], impairing work
performance [22], increasing the absenteeism rate due to illness
and frequent overtime [23-25], and increasing occupational
injuries, and can endanger the sustainable development of health
care institutions [26].

Basically, overweight and obesity result from consuming more
calories than expended [27]; hence, any factor that can increase
food calorie intake and reduce exercise expenditure may lead
to overweight and obesity. Studies indicated that occupational
factors such as working hours, work intensity, work stress, and
shifts are associated with overweight or obesity in HCWs
[28-31]. Shift nurses are more likely to consume excessive food,
have more coffee and snacks, and participate in less exercise

during night shifts [32-34], which further increases the
likelihood of overweight or obesity. Negative psychoemotional
conditions (eg, chronic stress, anxiety, and depression) can have
a substantial impact on a person’s diet and physical activity
[35-37]. According to a survey by the American Psychological
Association, 39% of adults cope with stress by overeating and
eating unhealthy foods [35]. A longitudinal study of nearly 1400
women in Australia showed an association between higher stress
and less physical activity and more frequent consumption of
fast food [36]. This is due to the fact that constant stress can
activate the hypothalamic-pituitary-adrenal axis in humans,
promote cortisol secretion, affect sleep, and increase the intake
of “self-rewarding foods” (high in fat and sugar), thereby
increasing the incidence of obesity, especially in the abdomen
[37].

HCWs are considered to experience a heavier workload and
mental stress than their counterparts in many other industries
due to their longer working hours, less personal time, and higher
burnout rates, possibly making them more susceptible to the
risk of overweight or obesity [38]. Over the past 3 years, the
extra burden from the COVID-19 pandemic has been substantial
for HCWs. A systematic review and meta-analysis of
anxiety-related symptoms among HCWs affected by the
pandemic reported that 42% showed characteristics of anxiety,
40% experienced acute stress, 37% experienced burnout, and
32% had posttraumatic stress disorder [39].

There have been many studies on the impact of the pandemic
on weight changes and lifestyle behaviors in the general
population [11,40-42]; however, few focused exclusively on
HCWs nationwide in China. Weight, lifestyle behavior, and
psychoemotional changes and the relationship between them
among the Chinese HCWs remain unknown.

The aim of this study was to assess HCWs’ self-rated health
status, overweight and obesity rates, lifestyle behaviors, and
psychoemotional changes from 2019 to 2022 across China as
well as to analyze the factors associated with weight changes
resulting in them moving from underweight or normal weight
in 2019 to overweight or obese in 2022.
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Methods

Study Design
This study was based on a retrospective anonymous web survey
[43] using a structured self-administered questionnaire and was
conducted in accordance with the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) [44]. The
respondents were randomly sampled, and relevant data were
collected via recall, including sociodemographic characteristics,
health status, and height and weight in 2019 and 2022, as well
as changes in lifestyle behaviors and psychoemotional states
from 2019 to 2022.

Study Population, Sampling Strategy, and Eligibility
Criteria
A multistaged, clustered, random sampling method was used.
First, 5 provincial administrative regions (Beijing City,
Shandong Province, Henan Province, Gansu Province, and
Xinjiang Uygur Autonomous Region) were selected at random
from 32 provinces, autonomous regions, and municipalities of
China. Second, 20 health care institutions were sampled from
each of the 5 provincial administrative regions considering
interprovincial differences and intraprovincial homogeneity of
the institutions. Third, HCWs from the selected institutions who
met the inclusion and exclusion criteria were included. A total
of 100 medical institutions were sampled. The survey was
conducted from August 1, 2022, to August 31, 2022.

The inclusion criteria were as follows: (1) age ≥24 years, (2)
working in the health care institutions for at least 3 years from
2019 to 2022, (3) possessing and using a smartphone with the
WeChat app, and (4) providing informed consent and voluntarily
participating in the survey.

Sample Size Estimation
The sample size of this study was estimated by using the formula
for staged clustered random sampling:

where p=6.5% (estimated obesity rate among HCWs) [45], d
is the absolute error and was calculated as 10% (error
tolerance)×6.5%, u=1.96, deff is the design efficiency with a
value of 2.0, and sampling was stratified into urban and rural
areas (×2). Considering nonresponse, an additional 10% of the
calculated sample size was added, leading to a required sample
size of 24,314 HCWs.

Survey Tools
The survey questionnaire was developed purposely by the study
group to collect data. First, we pooled the items based on a
literature review and expert interviews. Second, a nominal group
discussion with 10 senior experts in lifestyle was organized,
and only the items (questions) with face validity above 0.8 were
included [46,47]. Third, we invited 10 HCWs to conduct a
pretest using the initial questionnaire to validate all the items.
The weak items were removed or revised. The final
questionnaire was comprised of the following modules: informed
consent, answering guide, sociodemographic information,
general health status (self-rated, presently and in 2019), height

(m) and weight (kg) in 2019 and 2022 (based on their annual
physical examination record), and changes in lifestyle behaviors
(dietary habits, physical activity, sleep quality, smoking, alcohol
consumption, and persistent stress or recurrent anxiety or
depressed mood) from 2019 to 2022.

Sociodemographic information included gender, age, education,
and working and living locations (urban or rural). General health
status was self-rated, and presence of chronic diseases (eg,
diagnosed hypertension, cardiovascular and cerebrovascular
diseases, cancer, diabetes, chronic obstructive pulmonary
disease, osteoporosis [48,49]) was compared with that in 2019.
Dietary habits included consumption of take-out food (generally
regarded as ultraprocessed), vegetables and fruits, fried food,
snacks or desserts, and sugar-sweetened beverages as well as
breakfast frequency. Data about sleep quality (staying up late
[not falling asleep after 12 AM due to specific affairs,
voluntarily or involuntarily [50]] and sleep duration) were also
collected. Overweight or obese was based on BMI (BMI=weight

[kg]/height [m]2); underweight was defined as BMI<18.5 kg/m2,

normal weight was defined as 18.5 kg/m2≤BMI<24.0 kg/m2,

overweight was defined as 24.0 kg/m2≤BMI<28.0 kg/m2, and

obese was defined as BMI≥28.0 kg/m2 [51].

To measure psychoemotional states, we defined persistent stress
with the following question: “Have frequently experienced
feelings of being under too much mental or emotional pressure
made one angry/irritated/moody/frustrated, worried, or unable
to sleep for at least 6 months?” We defined recurrent anxiety
with the following statement: “has experienced recurrent feelings
of being nervous or restless or a sense of impending danger,
panic, or doom with increased heart rate/sweating/ accelerated
breathing/trembling for at least 6 months.” We defined recurrent
anxiety or depressed mood with the following statement: “has
experienced persistent feelings of sadness, tearfulness, emptiness
or hopelessness, and loss of interest or pleasure in most or all
normal activities, such as sex, hobbies or sports, with angry
outbursts, irritability or frustration, even over small matters for
at least 6 months.”

Each item (question) was rated on a 5-point Likert scale [52]
using the responses “great increase/great improvement,”
“increase/improvement,” “no change,” “reduction/deterioration,”
“great reduction/great deterioration,” or “never or rarely” or
“no diagnosed such disease.” Except for height and weight,
which are continuous variables, all other variables in this study
are categorical. In order to increase the statistical power, we
merged 3 psychoemotional states into 1 variable of “persistent
stress and/or recurrent anxiety/depressed mood” for analysis,
and an increase in any of the 3 conditions were considered to
increase persistent stress or recurrent anxiety or depressed mood.

The Cronbach α of the final questionnaire was 0.82, with 3
factors explaining 63.55% of the total variance based on
exploratory factorial analysis [53].

Data Collection
The Wenjuanxing Web Survey System (an online questionnaire
research platform in Chinese) [54] was used to generate a QR
code for the electronic questionnaire. The investigators contacted
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the liaison of the selected health care institutions and sent the
QR code to all the HCWs at the institution. The respondents
were required to scan or press the QR code through WeChat to
fill out the electronic questionnaire and submit it to the
Wenjuanxing backstage after completion. Their WeChat ID
was used to ensure that each respondent could only submit the
questionnaire once.

Participants’ responses were anonymous and confidential. The
anonymity and confidentiality policy was declared at the
beginning of the electronic questionnaire. The respondents were
also informed that data would be used for research purposes
only. Participants completed the questionnaire when directly
connected to the Wenjuanxing platform. In total, 25,000
questionnaires were sent out, and 24,344 questionnaires were
returned, with a recovery rate of 97.38%. Each submitted
questionnaire was reviewed, and questionnaires with incomplete
or missing items, incorrect information, and obvious logical
errors were regarded as invalid (1110/24,344, 4.56%); 23,234
questionnaires entered the final analysis.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (IBM Corp)
software. The sociodemographic characteristics were analyzed
using descriptive statistics, and the quantitative data are
represented by mean (SD). Chi square tests were used to assess
the association between categorical variables and trends within
a categorical variable. ANOVAs were performed to compare
continuous variables among 2 or more groups. Multivariate
binary logistic regression was used to test the independent
variables (changes in sociodemographic characteristics, lifestyle
behaviors, and psychoemotional states) related to the BMI
changes, and a multivariate binary logistic regression model
was constructed taking the identified statistically significant
lifestyle behaviors as dependent variables and “persistent stress

and/or recurrent anxiety/depressed mood” as the independent
variable. P<.05 was considered statistically significant for all
analyses.

Ethical Considerations
This study was conducted in compliance with the Declaration
of Helsinki and was reviewed and approved by the ethics
committee of Fuwai Hospital, Chinese Academy of Medical
Sciences (number 2021-1559). Informed consent was obtained
from participants in accordance with ethical guidelines. This
study abided by the principles of scientific research ethics,
clearly stated the purpose of this survey in the preface of the
electronic questionnaire, and strictly protected the privacy of
all respondents. All respondents were required to be honest in
their responses. Participants were able to stop answering and
leave the questionnaire at any stage before the end of the
process, with no answers being saved. Respondents’ answers
were saved just by clicking on the “submit” button. Upon
completing the survey, participants acknowledged their
voluntary consent to participate in this anonymous study. Every
participant could obtain daily necessities as rewards upon
submission, such as napkins, towels, soap, and hand sanitizer.

Results

Sociodemographic Characteristics of the Respondents
Of the 23,234 HCWs, 31.8% (7388/23,234) were male, and
68.2% (15,846/23,234) were female. The average age was 39.85
(SD 9.41; range 24-80) years, and more than 60%
(14,804/23,234, 63.72%) were in the following age groups:
34-43 years and 44-53 years. In total, 73.78% (17,143/23,234)
of the respondents had an education at the college or university
level, and 61.44% (14,276/23,234) worked and lived in urban
areas. See Table 1.
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Table 1. Sociodemographic characteristics of the respondents (N=23,234).

Results, n (%)Sociodemographic characteristics

Gender

7388 (31.8)Male

15,846 (68.2)Female

Age (years)a

6768 (29.13)24-33

7895 (33.98)34-43

6909 (29.74)44-53

1405 (6.05)54-63

222 (0.96)≥64

Education level

247 (1.06)Junior high school or less

5138 (22.11)Senior high school or secondary specialized school

17,143 (73.78)College or undergraduate degree

706 (3.04)Master’s degree or higher

Working and living location

14,276 (61.44)Urban

8958 (38.56)Rural

a35 missing responses.

Health Status of the Respondents
From 2019 to 2022, 31.19% (7247/23,234) of the respondents
reported that their health condition deteriorated; meanwhile,
18.76% (4359/23,234) reported that it improved, and 50.05%
(11,628/23,234) reported no change. In total, 22.45%
(5215/23,234) had chronic diseases, of which 66.17%
(3451/5215) reported their disease was better controlled and
33.83% (1764/5215) reported their disease was less controlled.

BMI Changes From 2019 to 2022
In 2019, the mean BMI of the participants was 23.63 (SD 3.48)

kg/m2; 32.26% (6651/20,619) were overweight, and 10.84%
(2236/20,619) were obese. In 2022, the mean BMI was 23.85

(SD 3.42) kg/m2; 34.26% (7403/21,608) were overweight, and
11.22% (2424/21,608) were obese. The difference in mean BMI
between 2019 and 2022 was statistically significant (P<.001).
Nevertheless, the proportion of those who were overweight or
obese increased by 2% (P<.001) and 0.38% (P<.001),
respectively (Table 2).
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Table 2. Sociodemographic characteristics by BMI categories in 2019 and 2022.

P valuebObese, n (%)Overweight, n
(%)

Normal weight,
n (%)

Underweight, n
(%)

P valueaBMI (kg/m2),
mean (SD)

Sociodemographic characteristics

2022d2019c2022d2019c2022d2019c2022d2019c2022d2019c

<.001<.001Gender

1400
(20.1)

1372
(20.37)

3317
(47.63)

3073
(45.63)

2159
(31)

2188
(32.49)

88
(1.26)

101
(1.5)

25.50
(3.33)

25.39
(3.43)

Male

1024
(6.99)

864
(6.22)

4086
(27.9)

3578
(25.77)

8708
(59.46)

8505
(61.25)

826
(5.64)

938
(6.76)

23.06
(3.18)

22.78
(3.17)

Female

<.001<.001Age (years)e

464
(7.69)

353
(6.33)

1315
(21.8)

981
(17.59)

3690
(61.16)

3569
(63.99)

564
(9.35)

674
(12.09)

22.63
(3.60)

22.08
(3.50)

24-33

854
(11.44)

788
(10.93)

2536
(33.96)

2313
(32.09)

3844
(51.47)

3842
(53.31)

234
(3.13)

264
(3.66)

23.88
(3.36)

23.71
(3.39)

34-43

880
(13.41)

875
(13.78)

2859
(43.57)

2664
(41.95)

2727
(41.56)

2731
(43.01)

96
(1.46)

80
(1.26)

24.69
(3.10)

24.61
(3.15)

44-53

202
(15.26)

201
(15.76)

586
(44.26)

582
(45.65)

523
(39.5)

479
(37.57)

13
(0.98)

13
(1.02)

24.92
(2.95)

25.00
(3.04)

54-63

24
(11.76)

19
(9.64)

102
(50)

107
(54.31)

73
(35.78)

66
(33.5)

5
(2.45)

5
(2.54)

24.60
(2.79)

24.77
(2.81)

≥64

<.001<.001Education level

29
(13.06)

31
(14.69)

105
(47.3)

94
(44.55)

83
(37.39)

79
(37.44)

5
(2.25)

7
(3.32)

24.80
(3.19)

24.71
(3.31)

Junior high school or less

728
(15.1)

715
(15.37)

2047
(42.45)

1931
(41.51)

1947
(40.38)

1917
(41.21)

100
(2.07)

89
(1.91)

24.73
(3.24)

24.66
(3.30)

Senior high school or sec-
ondary specialized school

1609
(10.13)

1443
(9.56)

5038
(31.71)

4430
(29.34)

8454
(53.21)

8311
(55.04)

787
(4.95)

917
(6.07)

23.58
(3.45)

23.32
(3.48)

College or undergraduate

degree

58
(8.58)

47
(7.18)

213
(31.51)

196
(29.92)

383
(56.66)

386
(58.93)

22
(3.25)

26
(3.97)

23.53
(3.10)

23.21
(3.16)

Master’s degree or higher

<.001<.001Working and living location

1165
(8.79)

1027
(8.15)

4113
(31.03)

3646
(28.93)

7296
(55.05)

7137
(56.64)

679
(5.12)

791
(6.28)

23.43
(3.34)

23.16
(3.37)

Urban

1259
(15.07)

1209
(15.08)

3290
(39.38)

3005
(37.48)

3571
(42.74)

3556
(44.35)

235
(2.81)

248
(3.09)

24.51
(3.44)

24.38
(3.52)

Rural

<.0012424
(11.22)

2236
(10.84)

7403
(34.26)

6651
(32.26)

10,867
(50.29)

10,693
(51.86)

914
(4.23)

1039
(5.04)

23.85
(3.42)

23.63
(3.48)

Total sample

aANOVA of the rates of overweight or obesity between 2019 and 2022.
bChi square analysis of the rates between 2019 and 2022.
c2615 missing.
f1626 missing.
e35 missing.

The mean BMIs of males in 2019 and 2022 were 25.39 (SD

3.43) kg/m2 and 25.50 (SD 3.33) kg/m2, respectively, and both

were higher than those of females (mean 22.78, SD 3.17 kg/m2

in 2019 and mean 23.06, SD 3.18 kg/m2 in 2022). The male
overweight and obesity rates in 2019 and 2022 were 66.01%
(4445/6734) and 67.73% (4717/6964), respectively, and both
were higher than those of women (4442/13,885, 31.99% in 2019
and 5110/14,644, 34.89% in 2022). The proportions of
overweight or obesity in those aged ≥64 years (126/197, 63.95%
in 2019 and 126/204, 61.76% in 2022) and with a junior high

school education or less (125/211, 59.24% in 2019 and 134/222,
60.36% in 2022) were higher than those of the other age groups
and education groups, respectively. The overweight and obesity
rates for those working and living in rural areas (4214/8108,
52.56% in 2019 and 4549/8355, 54.45% in 2022) were higher
than those working and living in urban areas (Table 2).

From 2019 to 2022, 12.67% (1486/11,732) of underweight or
normal weight respondents became overweight or obese, and
the rates were higher for men (425/2289, 18.57%) and those in
rural areas (536/3804, 14.09%) than for women (1061/9443,
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11.24%) and those in urban areas (950/7928, 11.98%),
respectively. In total, 10.51% (934/8887) of overweight or obese
respondents became underweight or normal weight; the rates
were higher for women (638/4442, 14.36%) and those in urban
areas (570/4673, 12.2%) than for men (296/4445, 6.65%) and
those in rural areas (364/4214, 8.64%), respectively.
Additionally, a statistically significantly higher proportion of

overweight or obese respondents aged 24-33 years (213/1334,
15.97%) became underweight or normal weight than the other
age groups. With an increase in education level, the proportion
who moved from overweight or obese to underweight or normal
weight increased. All of these differences were statistically
significant (Table 3).

Table 3. Proportion of participants who changed BMI from 2019 to 2022 (N=23,234).

P valueOverweight or obese to under-
weight or normal weight, n (%)

P valueUnderweight or normal weight
to overweight or obese, n (%)

Sociodemographic characteristics

<.001<.001Gender

296 (6.65)425 (18.57)Male

638 (14.36)1061 (11.24)Female

<.001.26Age (years)a

213 (15.97)520 (12.26)24-33

348 (11.22)523 (12.74)34-43

291 (8.22)383 (13.63)44-53

70 (8.94)51 (10.37)54-63

12 (9.52)9 (12.68)≥64

<.001.66Education level

7 (5.6)9 (10.47)Junior high school or less

218 (8.24)269 (14.76)Senior high school or secondary specialized school

677 (11.53)1154 (12.51)College or undergraduate degree

32 (13.17)54 (13.11)Master’s degree or higher

<.001<.001Working and living location

570 (12.2)950 (11.98)Urban

364 (8.64)536 (14.09)Rural

934 (10.51)1486 (12.67)Total sample

a35 missing responses.

Lifestyle Behavior and Psychoemotional Changes for
Chinese HCWs From 2019 to 2022
The proportions of respondents with a great increase or increase
in physical activity, vegetable and fruit consumption, breakfast
frequency, staying up late, and persistent stress or recurrent
anxiety or depressed mood were statistically significantly higher
than those of respondents with a reduction or great reduction
in these factors. Of the respondents, 51.29% (11,917/23,234)
reported a great increase or increase in persistent stress or
recurrent anxiety or depressed mood. The top 3 lifestyle
behaviors with a “great increase/increase” were staying up late

(10,311/23,234, 44.38%), physical activity (9729/23,234,
41.87%), and vegetable and fruit consumption (9268/23,234,
39.89%). The proportions of respondents with a great increase
or increase in their consumption of take-out food, fried food,
snacks or desserts, and sugar-sweetened beverages; cigarette
smoking; alcohol consumption; and sleep duration were
significantly lower than those with a reduction or great
reduction. The top 3 lifestyle behaviors that were reduced or
greatly reduced were sleep duration (10,648/23,234, 45.83%),
fried food consumption (8328/23,234, 35.84%), and
sugar-sweetened beverage consumption (7781/23,234, 33.49%).
All of these differences were statistically significant (Figure 1).
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Figure 1. Lifestyle and psychoemotional changes of respondents from 2019 to 2022.

Univariate Analyses of Lifestyle Behavior and
Psychoemotional Changes Associated With HCWs
Becoming Overweight or Obese From 2019 to 2022
Among the respondents, those who regularly exercised
(539/8656, 6.23%) and consumed vegetables and fruit
(546/8207, 6.65%) were less likely to have a change in BMI
from underweight or normal weight to overweight or obese.
Fewer respondents became overweight or obese from

underweight or normal weight in those with a reduction or great
reduction in their consumption of take-out food (369/3954,
9.33%), fried food (178/1623, 10.97%), snacks or desserts
(221/2081, 10.62%), and sugar-sweetened beverages (192/1866,
10.29%); appetite (428/3427, 12.49%); alcohol consumption
(84/882, 9.52%); persistent stress or recurrent anxiety or
depression (819/10,584, 7.74%); and staying up late (740/9115,
8.12%) than the opposite. All of these were statistically
significant (Table 4).

Table 4. Univariate analyses of lifestyle behavior and psychoemotional changes associated with health care workers becoming overweight or obese
from 2019 to 2022.

P valueχ² (df)Great reduction/reduction, n (%)Great increase/increase, n (%)Lifestyle behavior

<.00133.367 (3)470 (8.67)539 (6.23)Physical activity

<.00128.326 (3)245 (5.77)740 (8.12)Staying up late

<.00145.434 (3)425 (7.59)369 (9.33)Take-out food consumption

.00214.875 (3)291 (8.51)546 (6.65)Vegetable and fruit consumption

.048.170 (3)263 (8.34)306 (7.25)Breakfast frequency

<.00142.139 (3)489 (6.67)178 (10.97)Fried food consumption

<.00148.245 (3)435 (6.36)221 (10.62)Snack or dessert consumption

<.00143.987 (3)406 (6.48)192 (10.29)Sugar-sweetened beverage consumption

.106.160 (3)86 (6.66)95 (9.24)Smoking

.048.208 (3)215 (6.9)84 (9.52)Alcohol consumption

.029.657 (3)138 (6.27)819 (7.74)Persistent stress or recurrent anxiety or depressed mood

.019.126 (3)721 (7.66)200 (7.79)Sleep duration

<.001173.898 (3)197 (5.42)428 (12.49)Appetite
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Multinomial Binary Logistic Regression Analyses of
Factors Associated With HCWs Becoming Overweight
or Obese From 2019 to 2022
Logistic regression analyses showed that the following were
significant factors for BMI changes from underweight or normal

weight in 2019 to overweight or obese in 2022: being 34-43
years (OR 0.843, 95% CI 0.740-0.960), 44-53 years (OR 0.738,
95% CI 0.635-0.960), and 54-63 years (OR 0.503, 95% CI
0.368-0.685) old; reduced physical activity (OR 1.201, 95% CI
1.055-1.368); and increased appetite (OR 2.043, 95% CI
1.788-2.034; Table 5).
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Table 5. Multinomial binary logistic regression analyses of factors associated with health care workers becoming overweight or obese from 2019 to
2022.

P valueOR (95% CI)Variables

.171.095 (0.962-1.247)Gender (reference: male)

Age (years; reference: 24-33 years)

.010.843 (0.740-0.960)34-43

<.0010.738 (0.635-0.857)44-53

<.0010.503 (0.368-0.685)54-63

.150.599 (0.301-1.193)≥64

Education level (reference: junior high school or less)

.401.341 (0.677-2.658)High school or technical secondary education

.321.415 (0.717-2.794)College or undergraduate degree

.271.512 (0.724-3.159)Master’s degree or higher

Main working and living location (reference: urban)

.811.015 (0.900-1.145)Rural

Physical activity (reference: great increase/increase)

.0061.201 (1.055-1.368)Great reduction/reduction/no change/never or rarely

Staying up late (reference: great reduction/reduction/no change/never or rarely)

.791.017 (0.896-1.155)Great increase/increase

Take-out food consumption (reference: great reduction/reduction/no change/never or rarely)

.481.056 (0.909-1.227)Great increase/increase

Vegetable and fruit consumption (reference: great reduction/reduction/no change/never or rarely)

.640.968 (0.846-1.108)Great increase/increase

Breakfast frequency (reference: great reduction/reduction/no change/never or rarely)

.410.938 (0.805-1.093)Great increase/increase

Fried food consumption (reference: great reduction/reduction/no change/never or rarely)

.421.097 (0.875-1.375)Great increase/increase

Snack or dessert consumption (reference: great reduction/reduction/no change/never or rarely)

.201.152 (0.928-1.431)Great increase/increase

Sugar-sweetened beverage consumption (reference: great reduction/reduction/no change/never or rarely)

.460.918 (0.732-1.150)Great increase/increase

Smoking (reference: great reduction/reduction/no change/never or rarely)

.351.140 (0.867-1.498)Great increase/increase

Alcohol consumption (reference: great reduction/reduction/no change/never or rarely)

.990.999 (0.750-1.330)Great increase/increase

Persistent stress or recurrent anxiety or depressed mood (reference: great reduction/reduction/no change/never or rarely)

.470.956 (0.847-1.080)Great increase/increase

Appetite (reference: great reduction/reduction/no change)

<.0012.043 (1.788-2.334)Great increase/increase

Sleep duration (reference: great reduction/reduction/no change)

.650.961 (0.807-1.143)Great increase/increase
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Associations Between Persistent Stress or Recurrent
Anxiety or Depressed Mood and Physical Exercise and
Appetite

The results of the logistic regression analysis are shown in Table
6. Note that the sociodemographic characteristics were included
as independent variables.

Table 6. Associations between persistent stress and/or recurrent anxiety/depressed mood (reference: reduction/no change/never or rarely) and physical
activity and appetite.

P valueOdds ratio (95% CI)Variables

<.0010.421 (0.398-0.447)Increased physical activitya

<.0011.601 (1.483-1.728)Increased appetiteb

aPhysical activity was the dependent variable.
bAppetite was the dependent variable.

Discussion

This study investigated the self-rated health status, overweight
and obesity rates, and lifestyle behavior changes of HCWs from
2019 to 2022 across China and analyzed the factors associated
with weight changes from underweight or normal weight in
2019 to overweight or obese in 2022.

Principal Findings
This study found that more HCWs reported a deteriorated health
status than an improved status from 2019 to 2022. More than
one-fifth reported having chronic diseases, which is significantly
lower than that of a cross-China survey (34.29%) [55], and more
of the chronic diseases improved rather than worsened, which
is consistent with earlier findings in China [56].

The results demonstrated that, in 2019 and 2022, the overweight
and obesity rates of HCWs were 43.1% and 45.48%,
respectively, which is close to the survey in some Chinese cities
among HCWs (44.98%) [57] but lower than that of the general
population across China during the same period (49.6%) [58].
From 2019 to 2022, although the overweight and obesity rates
among HCWs only increased by 2.38%, with an average annual
growth rate that was slightly lower than that across China during
the same period [58], the proportion of those changing from
underweight or normal weight to overweight or obese was much
higher than that of those changing from overweight or obese to
underweight or normal weight.

This study showed that, from 2019 to 2022, the lifestyle
behaviors of Chinese HCWs generally improved, and more had
increased physical activity, vegetable and fruit consumption,
and breakfast frequency as well as reduced consumption of
take-out food, fried food, snacks or desserts, and sugary
beverages as well as cigarette smoking.

Wang et al [59] conducted a study among doctors and nurses
in north China in the same period and found that the top 5
predictors of a BMI change were an unbalanced diet, poor sleep
quality, work-family conflict, lack of exercise, and soft drink
consumption. This study’s univariate analyses revealed that
increased physical activity and vegetable and fruit consumption
could reduce the likelihood of going from underweight or normal
weight to overweight or obese, while increasing the frequency
of staying up late and consumption of take-out food, fried food,
snacks or desserts, sugary beverages, and alcohol as well as
appetite could increase the likelihood. These findings showed

that lifestyle behavior changes are closely related to weight
changes [60]. Multinomial binary logistic regression analyses
demonstrated that increased appetite and reduced physical
activity were significant risk factors for HCWs becoming
overweight or obese from underweight or normal weight,
suggesting that healthy dietary patterns and promotion of
physical activity should be highlighted for the prevention of
overweight or obesity among HCWs [61]. This study found that
younger HCWs (24-33 years old) were more likely to become
overweight or obese from underweight or normal weight than
other age groups, which might be related to their increased
involvement in frontline work in the pandemic [62].

An excessive workload can have a significant impact on lifestyle
behaviors, resulting in becoming overweight or obese [63].
Studies have shown that the level of physical activity by HCWs
was greatly reduced due to participating in pandemic prevention
and control [64]. Liu et al [65] found that the risk of shift
workers being overweight or obese increased by 25% and 17%,
respectively. A study in China found that 48.5% of nurses
developed sleep disorders during the COVID-19 pandemic due
to overwork [66]. Mu et al [67] found that, during the pandemic,
doctors slept significantly less. This survey found that, since
the outbreak of COVID-19 in 2019, nearly 44.38% of HCWs
stayed up late more or much more often and nearly 45.83% had
a reduction or great reduction in sleep duration. Additionally,
the relationship between sleep disorders and being overweight
or obese has been confirmed by a substantial body of studies
[68]. In this study, although univariate analysis found that an
increased frequency of staying up late was statistically
significantly associated with becoming overweight or obese,
the increase was not a significant predictor in the logistic
regression analysis. This discrepancy may stem from the fact
that we only collected and analyzed changes in sleep duration
(great increase/increase) without investigating and analyzing
the actual sleep duration.

Increased stress and fear due to intensive work and a high risk
of infection can have significant psychological and emotional
effects [69-71]. A recent retrospective study revealed that, due
to the impact of the COVID-19 pandemic, 40% of medical staff
suffered from anxiety disorders and 37% suffered from
depression disorders [72]. This survey discovered that persistent
stress or recurrent anxiety or depressed mood among Chinese
HCWs increased significantly, higher than the Chinese national
average [73]. Psychological problems such as anxiety,
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depression, and stress can affect physical activity [74] and
diet-related behaviors [75-77] and thus affect weight gain.
Depression and obesity are reciprocal risk factors [78], and
stress can lead to sleep disturbances [79], resulting in reduced
physical activity and metabolic disorders [80]. This study
demonstrated that increased persistent stress or recurrent anxiety
or depressed mood were significantly associated with reduced
physical activity and increased appetite. Therefore, providing
psychological support for HCWs during the pandemic could
not only benefit their mental health but could also reduce the
possibility of becoming overweight or obese.

As far as the results of this study are concerned, an integrated
approach is needed to address the problem of becoming
overweight or obese and lifestyle changes among HCWs. At
the national level, the right to rest and physical and mental health
promotion should be ensured under a legal framework [81,82],
especially in the event of a pandemic. At the institutional level,
a system of rotational rest for HCWs should be established while
ensuring institutional continuity. Second, regular psychological
counselling and support services should be provided to ensure
that stress and emotions are addressed in a timely manner
[83,84]. Third, routine healthy lifestyle guidance (eg, by health
coaches) and the modification of unhealthy dietary patterns and
physical inactivity should be provided systematically and
specifically [85]. Fourth, for those who are overweight or obese,
lifestyle medicine intervention services should be given based
on the principle of informed voluntary participation [86].

Notably, the impact of the COVID-19 epidemic on HCWs’
weight and lifestyle behaviors might be temporary. For instance,
Oliver et al [11] found that, compared with before March 2020
(before the COVID-19 outbreak), in January 2021, nearly 70%
of American HCWs experienced an increase in snacking, 60%
consumed more fast food or take-out food, and 50% consumed
more alcohol; however, by January 2022, the dietary habits of
American HCWs returned to prepandemic patterns. More
research is needed on the persistence of the impact of the
pandemic on overweight and obesity rates and lifestyle
behaviors of HCWs.

Comparison With Prior Work
This study used a retrospective methodology to explore the
weight gain status of Chinese HCWs during the pandemic period
from December 2019 to August 2022, along with their
psychoemotional and lifestyle exposures. To our knowledge,
this is the first nationwide, large-scale study in China focusing
on weight gain and influencing factors of HCWs during the
pandemic. Compared with previous studies, its advantages are
mainly manifested in 4 ways. First, this study adopted a 3-year
retrospective cohort study design, making the conclusion on
the correlation between the influencing factors and weight
changes more reliable than previous studies using cross-sectional
methods [13,32-34,66]. Second, although previous studies only
analyzed the association between lifestyle behaviors and weight
gain for HCWs during the pandemic [6,11], this study took
lifestyle behaviors as both the independent variables of weight

gain and the dependent variables of persistent stress or recurrent
anxiety or depressed mood to conduct a correlational study,
uncovering the significant effects of psychoemotional changes
on lifestyle behaviors. Third, this study highlights the
fundamental contributions of persistent stress or recurrent
anxiety or depressed mood caused by high-risk and
high-intensity work to weight gain rather than lifestyle behaviors
[6,11,13], which were the mediating factors. Fourth, this study
suggests that intervention and policy should focus on effectively
alleviating intensive work-related stress to reduce the risk of
weight gain for HCWs instead of only on lifestyle behavior
interventions [6,13] during the pandemic.

Limitations
This study had the following limitations. First, the data in this
study were collected through online self-reporting; their
accuracy largely depended on the respondents’ ability to
understand and willingness to answer questions. They may have
underestimated or exaggerated the truth. However, because the
respondents are medical and health personnel with professional
backgrounds, the information collected is accurate to a certain
extent. Second, this study did not divide the respondents into
frontline personnel and nonfrontline personnel for a comparative
analysis; hence, the conclusions should be cautiously accepted.
Third, recall bias might not be excluded due to the retrospective
nature of the study. However, the sample size of this study is
large enough to compensate for these limitations to a certain
extent, and the conclusions of this study still have validity.

Future Directions
This study provides a new perspective for understanding the
impact of psychological stress on HCW weight gain during the
pandemic period. Further research might be needed to
distinguish the pattern of the effect of psychological stress on
lifestyle behaviors and weight gain among the different nature
of pandemic-related work (ie, frontline and nonfrontline) and
occupational categories (such as doctors, nurses, and disease
prevention and control personnel). Additionally, a nested case
control study [87] design can be adopted to more effectively
distinguish the intensity of the impact of psychological stress
on different lifestyle behaviors and weight gain. Finally, it could
be of great significance to conduct research on the effectiveness
of different psychological support strategies for improving the
lifestyles of HCWs during an epidemic.

Conclusions
In summary, the pandemic had an impact on Chinese HCWs
becoming overweight or obese due to lifestyle behavior changes,
especially reduced physical activity and increased appetite
related to increased persistent stress or recurrent anxiety or
depressed mood caused by an excessive workload. An integrated
approach is needed to address overweight and obesity rates and
lifestyle changes among HCWs, by releasing negative
psychoemotional states through workload reduction in future
stressful life events.
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the JMIR Publications Interactive Journal of Medical Research
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Abstract

Background: Metabolically associated fatty liver disease (MAFLD) insidiously affects people's health, and many models have
been proposed for the evaluation of liver fibrosis. However, there is still a lack of noninvasive and sensitive models to screen
MAFLD in high-risk populations.

Objective: The purpose of this study was to explore a new method for early screening of the public and establish a home-based
tool for regular self-assessment and monitoring of MAFLD.

Methods: In this cross-sectional study, there were 1758 eligible participants in the training set and 200 eligible participants in
the testing set. Routine blood, blood biochemistry, and FibroScan tests were performed, and body composition was analyzed
using a body composition instrument. Additionally, we recorded multiple factors including disease-related risk factors, the Forns
index score, the hepatic steatosis index (HSI), the triglyceride glucose index, total body water (TBW), body fat mass (BFM),
visceral fat area, waist-height ratio (WHtR), and basal metabolic rate. Binary logistic regression analysis was performed to explore
the potential anthropometric indicators that have a predictive ability to screen for MAFLD. A new model, named the MAFLD
Screening Index (MFSI), was established using binary logistic regression analysis, and BFM, WHtR, and TBW were included.
A simple rating table, named the MAFLD Rating Table (MRT), was also established using these indicators.

Results: The performance of the HSI (area under the curve [AUC]=0.873, specificity=76.8%, sensitivity=81.4%), WHtR
(AUC=0.866, specificity=79.8%, sensitivity=80.8%), and BFM (AUC=0.842, specificity=76.9%, sensitivity=76.2%) in
discriminating between the MAFLD group and non-fatty liver group was evaluated (P<.001). The AUC of the combined model
including WHtR, HSI, and BFM values was 0.900 (specificity=81.8%, sensitivity=85.6%; P<.001). The MFSI was established
based on better performance at screening MAFLD patients in the training set (AUC=0.896, specificity=83.8%, sensitivity=82.1%)
and was confirmed in the testing set (AUC=0.917, specificity=89.8%, sensitivity=84.4%; P<.001).

Conclusions: The novel MFSI model was built using WHtR, BFM, and TBW to screen for early MAFLD. These body parameters
can be easily obtained using a body fat scale at home, and the mobile device software can record specific values and perform
calculations. MFSI had better performance than other models for early MAFLD screening. The new model showed strong power
and stability and shows promise in the area of MAFLD detection and self-assessment. The MRT was a practical tool to assess
disease alterations in real time.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is regarded as an
important cause of liver disease, affecting more than 25% of
the general population worldwide; more than 50% of patients
with NAFLD also have dysmetabolism [1,2]. In 2020, experts
redefined NAFLD as metabolically associated fatty liver disease
(MAFLD), and much emphasis was placed on the presence of
metabolic-related diseases or dysfunction [3-5]. Researchers
have found that MAFLD is a multisystem disease, and liver
steatosis is associated with type 2 diabetes, chronic kidney
disease, cardiovascular disease, and other diseases that interact
and form a vicious cycle [6-14]. China has the highest incidence
of NAFLD or MAFLD morbidity in Asia [3,15,16]. Therefore,
much attention should be given to MAFLD by enhancing
awareness of MAFLD and optimizing its management.

To date, guidelines have suggested that liver biopsy could serve
as the gold standard to diagnose histological liver damage, but
noninvasive, quantitative assessment of liver fibrosis may also
have prognostic implications. Ratziu et al [17] collected liver
biopsy samples from 51 patients and found that 41% of the
patients were at different stages of liver fibrosis or had
nonalcoholic steatohepatitis. The uneven distribution of
histological lesions inevitably led to sampling error when
performing biopsy. Abdominal imaging, such as B-ultrasound
imaging and the controlled attenuation parameter (CAP)
technique, can be used to diagnosis liver disease; the former is
less sensitive to mild steatosis, while the latter can detect
steatosis of more than 5% and is one of the most common
noninvasive methods for quantifying hepatic steatosis and
fibrosis clinically [18,19]. The European Association for the
Study of the Liver, European Association for the Study of
Diabetes, and European Association for the Study of Obesity
updated the clinical practice guidelines that propose that the
nonalcoholic fatty liver disease fibrosis score (NFS) and
fibrosis-4 (FIB-4) index can be used as prognostic markers for
the progression of liver disease [20]. The NFS has higher
specificity in the older adult population (individuals aged >65
years old) [21,22]. The predictive performance of the NFS,
FIB-4 index, and aspartate aminotransferase-to-platelet ratio
index (APRI) has been consistent in relation to rates of
liver-related disease and mortality but is less valuable for the
prediction of liver fibrosis [23]. One study found that the
combination of the NFS, FIB-4 index, and liver stiffness
measurement greatly improved the diagnostic accuracy, and the
performance was similar to that of liver biopsy [24]. A
cross-sectional study found that the triglyceride glucose (TyG)

index was positively correlated with the likelihood and severity
of NAFLD. The TyG index is generally considered a biomarker
of steatosis, while its causal role in the judgement of fibrosis
progression remains unclear [25,26]. In addition, the hepatic
steatosis index (HSI) is more accurate in discriminating between
MAFLD and nonfatty liver disease (non-FLD) than ultrasound.
The predictive ability of the CAP for steatosis is superior to that
of the HSI, and the HSI is more effective at discriminating
patients with moderate-to-severe disease [18,27].

Studies have shown that numerous anthropometric indicators,
such as BMI, waist-height ratio (WHtR), waist-hip ratio, and
body adiposity index, are applicable for the quantification of
visceral steatosis [28-32]. Body fat scales, a new popular
domestic tool for health analysis, can be used to analyze basic
parameters of body conditions such as the basal metabolic rate
(BMR), body water distribution, and fat distribution. Reputable
experts in the field have conducted extensive long-term studies
on NAFLD and MAFLD, yet few noninvasive scoring models
that accurately reflect disease activity or progression have been
identified [33,34].

Therefore, there is an urgent need to identify more accurate
predictive indicators and develop new screening methods for
early MAFLD screening. The aim of this study was to construct
a noninvasive prediction system for MAFLD, explore this new
system for early screening in public, and establish a home-based
tool for regular self-assessment and monitoring of MAFLD.

Methods

Study Population
The participants came from Hangzhou, Shaoxing, and Quzhou
from March 2021 to November 2021, and a total of 2097
participants were enrolled (Figure 1). All participants signed
the informed consent form and completed the examination as
required. There were 1758 eligible participants in the training
set who truthfully and completely answered the questionnaire,
which contained items regarding height, weight, drinking
history, past medical history, and other basic information.

To validate the results of the training set, there were 200 eligible
participants grouped into the testing set.

All participants were diagnosed using the liver stiffness
measurement and classified according to the CAP. CAP values
<238 was considered to indicate a healthy liver, ≥238 and <259
was considered to indicate mildly fatty liver, ≥259 and <292
was considered to indicate moderately fatty liver, and ≥292 was
considered to indicate severely fatty liver [35,36].
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Figure 1. Flowchart of the inclusion process for the participants in the training set and the proportion of mild, moderate, and severe fatty liver disease
in the nonalcoholic fatty liver disease (NAFLD) group and metabolically associated fatty liver disease (MAFLD) group. CAP: controlled attenuation
parameter; FLD: fatty liver disease.

Exclusion Criteria
Patients who met one or more of the following criteria could
not participate in this study: (1) <18 years old; (2) long-term
use of various health products and drugs; (3) presence of
cirrhosis or liver cancer; (4) previous organ transplantation; and
(5) patients for whom B-ultrasound imaging indicated FLD but
who could not be diagnosed with MAFLD.

Diagnostic Criteria
The researchers in this study entered and organized the data,
and the following diagnostic criteria were used to distinguish

MAFLD patients [3]: (1) overweight or obese (BMI ≥23 kg/m2

in Asians), (2) presence of type 2 diabetes mellitus, and (3) at
least 2 of the following metabolic risk abnormalities: waist

circumference ≥90 cm in Asian men and ≥80 cm in Asian
women; blood pressure ≥130/80 mm Hg or specific drug
treatment; triglyceride (TG) level ≥1.7 mmol/L or specific drug
treatment; high-density lipoprotein cholesterol (HDL-c) level
<1.0 mmol/L for men and <1.3 mmol/L for women or specific
drug treatment; fasting plasma glucose (FPG) level of 5.6
mmol/L to 6.9 mmol/L, 2-hour postload glucose level of 7.8
mmol/L to 11.0 mmol/L, or glycosylated hemoglobin level of
5.7% to 6.4%; and homeostasis model assessment of insulin
resistance score ≥2.5.

Data Collection and Model Selection
All items were completed under the guidance of the researchers.
The participants underwent fasting blood tests. Waist
circumference and hip circumference were measured with the
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participants wearing thin clothes. Body composition analysis
was performed with bare feet. The patients were in a supine
position during the FibroScan exam, and the right upper limb
was held high and flat close to the ear. The probe was moved
a small distance from the anchor point so that the most suitable
detection point could be determined.

We collected basic information, including sex, age, height,
weight, BMI, waist circumference, hip circumference, blood
pressure, heart rate, and alcohol consumption history. The
following laboratory results were included: alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
glutamyl transpeptidase (GGT), alkaline phosphatase,
hemoglobin, total cholesterol (TC), TG, HDL-c, low-density
lipoprotein cholesterol (LDL-c), uric acid, and FPG levels, as
well as white blood cell, red blood cell, and platelet (PLT)
counts.

A body composition analyzer (InBody770, Biospace) was used
to measure body composition and determine total body water
(TBW), intracellular water, skeletal muscle mass, protein, and
body fat mass (BFM). A body fat scale (3 Pro, Huawei) was
used to determine the BMR, fat%, and visceral fat area (VFA).

The models or formulas involved in this study, including BMI,
FIB-4 index, Forns index score, APRI, glutamyl
transpeptidase-to-platelet ratio index (GPR), HSI, and TyG
index, were developed using the following standard equations:

BMI=weight/height2

FIB-4=age×AST/(PLT×√ALT)

Forns index score=7.811-3.131×In PLT(109/L)+0.781×In
GGT+3.467×In age-0.014×TC

APRI=(AST/upper limit of normal)/PLT×100

glutamyl transpeptidase-to-platelet ratio index=(GGT/upper
limit of normal)/PLT×100

HSI=8×(ALT/AST)+BMI (female+2, diabetes+2)

TyG=ln (TG×FPG/2)

Statistical Analysis Methods
Participants were divided into the non-FLD group, which was
the healthy group; MAFLD group; and NAFLD group.

All data obtained in this study were analyzed using SPSS version
26.0 (IBM Corp). The continuous variables were tested for
normality and homogeneity of variance. A t test was performed
for measurement data that followed a normal distribution, and
the results are expressed as the mean (SD). Nonnormally
distributed data were analyzed using nonparametric tests, and
the results are represented by quartiles. The chi-square test or
Fisher precision probability test was used for quantitative data
such as sex. ANOVA was followed by post hoc analysis tests

to compare numerical data among the 3 groups (MAFLD,
NAFLD, and non-FLD). A P<.01 indicated that the difference
was statistically significant.

Binary logistic regression analysis was performed to explore
the potential anthropometric indicators with predictive ability
to screen for MAFLD. A receiver operating characteristic (ROC)
curve was drawn based on the selected indicators, and the area
under the ROC curve (AUC) was calculated correspondingly.
The indicator with the highest AUC was considered the most
valuable indicator. The maximum Youden index (using the
formula sensitivity + specificity - 1) was used to define the
optimal cutoff value. Potential confounding variables were
added into the logistic regression equation step by step,
including age; blood pressure; and FPG, TC, TG, HDL-c, and
LDL-c levels. Calibration Model I (age, blood pressure, and
FPG level were added to the logistic regression equation) and
Model II (age; blood pressure; and FPG, TC, TG, HDL-c, and
LDL-c levels were added to the logistic regression equation)
were established, and the predictive ability was evaluated before
and after calibration. All significant indicators were included
for the combination of diagnostic tests, and ROC curves were
drawn. A new prediction model, the MAFLD Screening Index
(MFSI), was constructed using logistic regression analysis, and
the model was validated with the testing set. All tests were
2-tailed, and P<.01 was considered statistically significant.

Ethical Considerations
Every participant signed a written informed consent form and
participated in the study anonymously. We ensured it was not
possible to identify individual participants in any images used
in manuscripts or other materials.

Every participant was given an allowance of ¥300 (US $0.14)
upon completion of the research project. The study protocol
was approved by the Ethics Committee of Shulan Hangzhou
Hospital (approval number KY2021001).

The study did not involve additional invasive procedures, and
there were no associated adverse reactions.

Results

Comparing Numerical Data Among the 3 Groups
(MAFLD, NAFLD, and Non-FLD)
Using ANOVA to compare the basic information and
anthropometric indicators among the 3 groups, the results
showed that all parameters were significantly different among
the MAFLD, NAFLD, and non-FLD groups. After the post hoc
analysis, PLT count (P=.10) was not significantly different
between the MAFLD and non-FLD groups, and white blood
cell count (P=.26), TC (P=.35), LDL-c (P=.11), VFA (P=.07),
and Fat% (P=.38) were not significantly different between the
MAFLD and NAFLD groups (Table 1).
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Table 1. Baseline characteristics and anthropometric indicators compared among 3 groups: metabolically associated fatty liver disease (MAFLD),
nonalcoholic fatty liver disease (NAFLD), and non-fatty liver disease (non-FLD)

P valueStatistic (df)NAFLD (n=607)MAFLD (n=864)non-FLD (n=786)Characteristics

<.001224.985a (2)Sex, n (%)

375 (61.8)668 (77.3)326 (41.5)Male

232 (38.2)196 (22.7)460 (58.5)Female

<.001107.212b (2)40 (31-53)45 (34-55)36 (28-48)Age (years), mean (range)

<.00154.873c166.81 (8.358)168.23 (7.844)164.17 (7.820)Height (cm), mean (SD)

<.001664.463b (2)69.7 (61.1-78.1)72.9 (66.2-80.7)57.30 (51.60-64.30)Weight (kg), mean (range)

<.001798.113b (2)25.04 (22.99-2t7.12)25.66 (24.04-27.79)21.49 (20.06-23.18)BMI (kg/m2), mean (range)

<.001218.758b (2)128 (118-140)132 (121-144)119 (110-135)SBPd (mm Hg), mean (range)

<.00191.652c (2,2249)79.72 (11.611)82.88 (11.863)74.89 (11.216)DBPe (mm Hg), mean (SD)

<.00191.944b (2)6.3 (5.4-7.5)6.5 (5.5-7.6)5.80 (4.95-6.80)WBCf (109/L), mean (range)

<.001210.018b (2)5.02 (4.65-5.38)5.12 (4.81-5.42)4.69 (4.39-5.11)RBCg (1012/L), mean (range)

<.001213.919b (2)150 (137-160)155 (145-163)140 (131-153)Hbh (g/L), mean (range)

.0065.041c (2,2091)244.67 (58.671)238.18 (58.518)234.66 (55.331)PLTi (109/L), mean (SD)

<.001128.314b (2)4.80 (4.50-5.19)4.88 (4.55-5.34)4.60 (4.36-4.89)FPGj (mmol/L), mean (range)

<.001475.850b (2)24.00 (17.75-40.00)27.00 (19.00-34.00)14 (10-20)ALTk (U/L), mean (range)

<.001245.274b (2)24.00 (19.00-29.00)25.00 (21.00-32.00)20 (17-24)ASTl (U/L), mean (range)

<.001146.960b (2)66.00 (55.00-81.00)69.00 (57.00-83.00)57 (47-70)ALPm (U/L), mean (range)

<.001496.679b (2)24.00 (17.00-38.00)31.00 (20.00-52.00)15 (12-21)GGTn (U/L), mean (range)

<.00147.740b (2)4.96 (4.33-5.55)4.99 (4.38-5.33)4.71 (4.13-5.23)TCo (mmol/L), mean (range)

<.001529.457b (2)1.49 (1.07-2.24)1.76 (1.21-2.45)0.93 (0.71-1.26)TGp (mmol/L), mean (range)

<.001284.363b (2)1.26 (1.07-1.45)1.21 (1.07-1.40)1.48 (1.28-1.68)HDL-cq (mmol/L), mean (range)

<.001146.926b (2)3.04 (2.56-3.55)3.10 (2.64-3.64)2.64 (2.23-3.16)LDL-cr (mmol/L), mean (range)

<.001206.430c (2,2234)358.39 (87.676)378.82 (85.081)295.99 (80.86)UAs (μmol/L), mean (SD)

<.001164.275b (2)5.0 (4.2-6.0)5.2 (4.3-6.3)4.40 (3.70-5.20)E-value (kPa), mean (range)

<.0011538.285b (2)278 (255-315)284 (257-320)200 (179-218)CAPt (dB/m), mean (range)

<.001113.769c0.512 (0.0984)0.524 (0.5117)0.459 (0.0656)WHtRu, mean (SD)

<.001284.420b (2)0.892 (0.840-0.939)0.918 (0.872-0.950)0.829 (0.783-0.880)WHRv, mean (range)

<.00115.698b (2)0.782 (0.521-1.235)0.954 (0.608-1.362)0.813 (0.588-1.234)FIB-4w index, mean (range)

<.001166.437c (2,2190)6.005 (1.6630)6.536 (1.5977)5.471 (1.6797)Forns index, mean (SD)

<.00172.070b (2)0.263 (0.201-0.351)0.282 (0.215-0.376)0.240 (0.187-0.301)APRIx, mean (range)

<.001325.345b (2)0.186 (0.135-0.292)0.230 (0.159-0.403)0.133 (0.103-0.192)GPRy, mean (range)

<.001772.797b (2)34.47 (30.87-38.63)35.28 (32.02-39.04)28.57 (26.31-30.84)HSIz, mean (rang)

<.001585.116b (2)8.674 (8.322-9.092)8.855 (8.463-9.234)8.137 (7.863-8.463)TyGaa index, mean (range)

<.001341.198b (2)36.85 (30.23-42.88)38.65 (33.80-42.90)30.30 (27.2-036.40)TBWbb (kg), mean (range)

<.001340.014b (2)22.80 (18.70-26.10)24.10 (20.90-26.80)18.80 (16.70-22.60)ICWcc, mean (range)
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P valueStatistic (df)NAFLD (n=607)MAFLD (n=864)non-FLD (n=786)Characteristics

<.001339.536b (2)9.90 (8.10-11.30)10.40 (9.08-11.60)8.10 (7.20-9.80)Protein, mean (range)

<.001638.768b (2)20.10 (16.80-24.20)20.80 (17.60-24.43)14.90 (12.00-17.40)BFMdd, mean (range)

<.001336.593b (2)27.80 (22.35-32.10)29.40 (25.30-32.93)22.50 (19.80-27.53)SMMee, mean (range)

<.001358.763b (2)1470.15 (1276.65-
1622.62)

1526.55 (1387.09-
1655.52)

1283.95 (1179.70-
1450.17)

BMRff (kcal), mean (range)

<.001518.559b (2)8.753 (7.294-10.671)9.013 (7.598-10.813)6.552 (5.235-7.762)VFAgg, mean (range)

<.00168.099c (2,2018)28.524 (5.7358)28.255 (5.2256)25.319 (5.9566)Fat (%), mean (SD)

aChi-squared test.
bH value.
cF value.
dSBP: systolic blood pressure.
eDBP: diastolic blood pressure.
fWBC: white blood cell.
gRBC: red blood cell.
hHb: hemoglobin.
iPLT: platelet.
jFPG: fasting plasma glucose.
kALT: alanine aminotransferase.
lAST: aspartate aminotransferase.
mALP: alkaline phosphatase.
nGGT: glutamyl transpeptidase.
oTC: total cholesterol.
pTG: triglyceride.
qHDL-c: high-density lipoprotein cholesterol.
rLDL-c: low-density lipoprotein cholesterol.
sUA: uric acid.
tCAP: controlled attenuation parameter.
uWHtR: waist-height ratio.
vWHR: waist-hip ratio.
wFIB-4: fibrosis-4.
xAPRI: aspartate aminotransferase-to-platelet ratio index.
yGPR: glutamyl transpeptidase-to-platelet ratio index.
zHSI: hepatic steatosis index.
aaTyG: triglyceride glucose.
bbTBW: total body water.
ccICW: intracellular water.
ddBFM: body fat mass.
eeSMM: skeletal muscle mass.
ffBMR: basal metabolic rate.
ggVFA: visceral fat area.

Predictive Performance of Different Anthropometric
Indicators
The variables in the previous section with a P<.01 were further
included in the logistic regression analysis. The ROC curves

and optimal cutoff points for the selected indicators are shown
in Table 2 and Figure 2. The AUCs of the WHtR, the Forns
index, the HSI, the TyG index, TBW, BFM, and BMR were
0.866, 0.684, 0.873, 0.835, 0.760, 0.842, and 0.778, respectively
(P<.001; Table 2).
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Table 2. Cutoff points and areas under the curve (AUCs) were used to demonstrate the screening ability of the different anthropometric indicators for
metabolically associated fatty liver disease (n=1649).

Sensitivity (%)Specificity (%)Cutoff pointP valueAUC (95% CI)Anthropometric indicators

80.879.80.501449713<.0010.866WHtRa

61.367.86.160599276<.0010.684Forns index

81.476.831.15061285<.0010.873HSIb

76.5748.450341708<.0010.835TyGc index

65.375.336.55<.0010.760TBWd (kg)

76.276.917.55<.0010.842BFMe

70.173.11434.263124<.0010.778BMRf

85.676N/Ag<.0010.885Combination (WHtR/HSI)

8081.7N/A<.0010.881Combination (WHtR/BFM)

82.981N/A<.0010.889Combination (BFM/HSI)

85.681.8N/A<.0010.900Combination (WHtR/HSI/BFM)

aWHtR: waist-to-hip ratio.
bHSI: hepatic steatosis index.
cTyG: triglyceride glucose.
dTBW: total body water.
eBFM: body fat mass.
fBMR: basal metabolic rate.
gN/A: not applicable.

Figure 2. Receiver operating characteristic (ROC) curves for the screening ability of different anthropometric indicators for metabolically associated
fatty liver disease (MAFLD): (A) screening ability of the waist-height ratio (WHtR), Frons index, hepatic steatosis index (HSI), triglyceride glucose
(TyG) index, total body water (TBW), body fat mass (BFM), basal metabolic rate (BMR) and (B) screening ability of combinations of WHtR, HSI, and
BFM. Diagonal segments were produced by ties.

According to the ROC curve and AUC (Figure 2), HSI had the
strongest predictive performance for MAFLD in the training
set, and the performance ranking was as follows: HSI, WHtR,
BFM, TyG index, TBW, and Forns index. The confounding
factors were further corrected for in the logistic regression
analysis (Model I: age, blood pressure, and FPG level were
added to the logistic regression equation; Model II: age; blood
pressure; and FPG, TC, TG, HDL-c, and LDL-c levels were
added to the logistic regression equation). After correction for
confounding factors, the odds ratio (OR) of the Forns index in
Model I was 1.043 (95% CI 0.851-1.277), and that in Model II
was 1.050 (95% CI 0.854-1.293; Table 3). The results showed

that the performance of the Forns index for MAFLD screening
was unstable and the performance of other anthropometric
indicators was not easily influenced by confounders.

The HSI and WHtR showed better predictive performance than
the other indicators. The sensitivity of the HSI was higher than
that of the other anthropometric indicators (sensitivity=81.4%),
and the specificity of the WHtR was higher than that of the
other anthropometric indicators (specificity=79.8%). The
combination of WHtR, HSI, and BFM increased the predictive
ability for MAFLD, and the AUC was 0.900 (specificity=81.8%,
sensitivity=85.6%; P<.001; Table 2).
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Table 3. Confounders were corrected in the binary logistic regression analysis to compare changes in screening power for different anthropometric
indicators (n=1649).

Model IIModel INonadjusted modelAnthropometric indicators

P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

<.0011.075 (1.042-1.108)<.0011.086 (1.055-1.118)<.0011.079 (1.051-1.109)TBWb (kg)

<.0011.257 (1.192-1.326)<.0011.250 (1.186-1.317)<.0011.255 (1.194-1.319)BFMc

<.001113.408 (6.759-
1902.900)

.001107.825 (6.232-
1865.456)

<.001145.540 (9.015-
2349.524)

WHtRd

.641.050 (0.854-1.293).691.043 (0.851-1.277).0031.166 (1.053-1.292)Forns index

<.0011.110 (1.052-1.172)<.0011.128 (1.070-1.190)<.0011.124 (1.070-1.182)HSIe

<.0016.005 (3.764-9.579)<.0015.832 (3.972-8.562)<.0016.557 (4.560-9.427)TyGf index

aOR: odds ratio.
bTBW: total body water.
cBFM: body fat mass.
dWHtR: waist-height ratio.
eHSI: hepatic steatosis index.
fTyG: triglyceride glucose.

Development of a New MAFLD Screening Model
The HSI, WHtR, and BFM displayed strong power in screening
for MAFLD. The HSI was calculated based on BMI, ALT levels,
and AST levels and was not suitable for early screening for
MAFLD. The purpose of establishing a new model was to
reduce the need for invasive procedures and reduce the
frequency of medical visits, as well as to screen for MAFLD in
high-risk populations. The predictive ability of TBW was stable
after correcting for confounders (Model I: 95% CI 1.055-1.118;

Model II: 95% CI 1.042-1.108; Table 3). Therefore, TBW was
included in the new model. Logistic regression analysis was
used to establish the MAFLD early screening model, which was
named the MFSI. The formula was as follows:
MFSI=–13.968+0.120×TBW+0.254×BFM+10.793×WHtR
(Figure 3). The AUC of the MFSI was 0.896 (specificity: 83.8%,
sensitivity: 82.1%; P<.001; Table 4). Collectively, the
performance of the MFSI and the WHtR/HSI/BFM combination
models was similar.
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Figure 3. Receiver operator characteristic (ROC) curves showing the screening ability of different combinations of anthropometric indicators and a
new metabolically associated fatty liver disease (MAFLD) screening model named the MAFLD screening index (MFSI=–13.968+0.120×total body
water [TBW]+0.254×body fat mass [BFM]+10.793×waist-height ratio [WHtR]). Diagonal segments were produced by ties. BMR: basal metabolic rate;
HSI: hepatic steatosis index; TyG: triglyceride glucose.

Table 4. Cutoff points and areas under the curve (AUCs) were used to compare the screening ability of different anthropometric indicators and the
metabolically associated fatty liver disease screening index (MFSI; n=1649).

Sensitivity (%)Specificity (%)Cutoff pointP valueAUC (95% CI)Anthropometric indicators

80.879.80.501449713<.0010.866WHtRa

61.367.86.160599276<.0010.684Forns index

81.476.831.15061285<.0010.873HSIb

76.5748.450341708<.0010.835TyGc index

65.375.336.55<.0010.760TBWd (kg)

76.276.917.55<.0010.842BFMe

85.676N/Af<.0010.885Combination (WHtR/HSI)

8081.7N/A<.0010.881Combination (WHtR/BFM)

82.981N/A<.0010.889Combination (BFM/HSI)

85.681.8N/A<.0010.900Combination (WHtR/HSI/BFM)

82.183.80.5146795<.0010.896MFSI

aWHtR: waist-height ratio.
bHSI: hepatic steatosis index.
cTyG: triglyceride glucose.
dTBW: total body water.
eBFM: body fat mass.
fN/A: not applicable.
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Performance of the MFSI in the Testing Set
There were a further 200 participants enrolled in the testing set,
including 51 non-FLD patients and 149 MAFLD patients. To
evaluate the predictive ability of the MFSI for screening for
MAFLD in a high-risk population, the MFSI was used with the
testing set, and ROC curves were drawn based on the MFSI;
BFM; WHtR; HSI; TBW; and the combined model with WHtR,

HSI, and BFM (Figure 4). The AUC (testing set) of the MFSI
was 0.917, the specificity was 89.8%, and the sensitivity was
84.4%. The AUC (testing set) of the combined model with
WHtR, HSI, and BFM was 0.920, the specificity was 89.8%,
and the sensitivity was 81.6% (Table 5). The performance of
the MFSI was similar to that of the combined model with WHtR,
HSI, and BFM in the testing set.

Figure 4. Receiver operating characteristic (ROC) curves for the screening ability of different anthropometric indicators and metabolically associated
fatty liver disease screening index (MFSI) in the testing set. Diagonal segments were produced by ties. BFM: body fat mass; HSI: hepatic steatosis
index; TBW: total body water; WHtR: waist-height ratio.

Table 5. Areas under the curve (AUCs) were used to compare the ability of the different anthropometric indicators and the metabolically associated
fatty liver disease (MAFLD) screening index (MFSI) to screen for MAFLD in the testing set (n=200).

Sensitivity (%)Specificity (%)P valueAUC (95% CI)Anthropometric indicators

78.783.7<.0010.886WHtRa

63.881.6<.0010.767TBWb (kg)

78.781.6<.0010.858BFMc

87.273.5<.0010.877HSId

81.689.8<.0010.920Combination (WHtR/HSI/BFM)

84.489.8<.0010.917MFSI

aWHtR: waist-height ratio.
bTBW: total body water.
cBFM: body fat mass.
dHSI: hepatic steatosis index.

MAFLD Rating Table for Prediction of MAFLD
The scoring system based on the MFSI and the application
program was more practical for patient self-assessment. The

MAFLD Rating Table (MRT) also included TBW, BFM, and
WHtR. An MRT score ranging from 0 to 2 indicated a healthy
individual, and a score ≥3 indicated MAFLD (Table 6). The
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AUC of the MRT for MAFLD prediction was 0.876 (P<.001; Figure 5).

Table 6. Simple rating table to assess risk factors for metabolically associated fatty liver disease (MAFLD).

RatingFactors

43210

N/AN/Ab≥45.0533.35-45.05<33.35TBWa (kg)

N/A≥22.9510.15-22.9517.55-20.15<17.55BFMc

≥0.5380.525-0.5380.501-0.525N/A<0.501WHtRd

aTBW: total body water.
bN/A: not applicable.
cBFM: body fat mass.
dWHtR: waist-to-height ratio.

Figure 5. Receiver operating characteristic (ROC) curves of the correlation between the metabolically associated fatty liver disease (MAFLD) Rating
Table (MRT) and MAFLD. Diagonal segments were produced by ties.

Discussion

WHtR, BFM, and TBW were predictors of MAFLD. The AUC
of the WHtR was 0.866 (specificity=79.8%, sensitivity=80.8%),
the AUC of BFM was 0.842 (specificity=76.9%,
sensitivity=76.2%), and the AUC of TBW was 0.760
(specificity=75.3%, sensitivity=65.3%). The novel MFSI model,
derived through logistic regression analysis, included the WHtR,
BFM, and TBW. Notably, the MFSI demonstrated independence
from laboratory findings. Upon validation, the MFSI exhibited
stability while offering advantages in terms of sensitivity and
specificity for MAFLD screening (training set: AUC=0.896,
specificity=83.8%, sensitivity=82.1%; testing set: AUC=0.917,
specificity=89.8%, sensitivity=84.4%).

Researchers found that the measurement of visceral fat can
predict the occurrence of chronic diseases, such as diabetes,
hyperuricemia, and metabolic syndrome [37,38]. NAFLD and
MAFLD affect more than 25% of the global population and are
considered different stages of the disease course. Because of

long-term subtle inflammation and unobvious clinical
manifestations, some patients gradually develop liver fibrosis
and cirrhosis [1]. It is important to raise awareness within the
population and optimize the management of this disease.

In recent decades, researchers have considered that the APRI,
FIB-4 index, BMI, HSI, and TyG index have high accuracy for
the diagnosis of liver fibrosis. Nonfibrosis scores were higher
in patients with MAFLD than in those with NAFLD [11,39-42].
Similar conclusions were drawn in this work. To distinguish
patients with MAFLD in our study population, we compared
traditional indicators and body composition between the
MAFLD and non-FLD groups and found there was a significant
difference between the 2 groups. Although traditional indicators
had efficient performance for the prediction of liver fibrosis, it
was doubtful that these indicators were robust for the screening
of MAFLD before being confirmed by histological liver
examination. Previously published work mainly focused on the
predictive ability of indicators for the detection of liver fibrosis,
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while much work omitted the performance of these indicators
for the early screening of MAFLD.

Lee et al [27] suggested a new indicator named the HSI, and
they found that NAFLD cannot be diagnosed when the HSI was
<30.0, with a sensitivity of 92.5% (95% CI 91.4-93.5) The HSI
showed similar performance for MAFLD diagnosis in this study.
Italian researchers proposed another new indicator, the fatty
liver index (FLI), which is calculated based on waist
circumference, BMI, TG levels, and GGT levels. When the FLI
is <30, a diagnosis of FLD can be ruled out, and when the FLI
is ≥60, patients can be diagnosed with FLD. Waist
circumference and BMI are the most robust predictors for the
screening of FLD [43]. In contrast to the HSI, the FLI was
established by incorporating waist circumference. However,
BMI and waist circumference are totally different for people
with varied dietary habits, and the study did not take this into
account. Zheng et al [44] found that the WHtR had great
performance for MAFLD screening, with a sensitivity of 96%
and specificity of 64%. In our study, the WHtR showed a
sensitivity of 80.8% and specificity of 79.8% for MAFLD
screening.

TG and FPG levels are considered 2 pivotal inducers of
metabolic syndrome. TGs are produced excessively in the
process of fat accumulation, and insulin resistance accelerates
hepatic steatosis. The TyG index can be used as a simple
alternative marker for the detection of insulin resistance in the
diagnostic test combining TG and FPG levels. The prevalence
and severity of MAFLD are positively correlated with the TyG
index [25,45-47]. The AUC of the TyG index for predicting
MAFLD was 0.835 (95% CI 4.560-9.427), which might be
valuable for clinical practice.

A meta-analysis revealed that the visceral adiposity index was
an independent predictor of MAFLD, which could be used to
predict potential morbidity [48]. However, the predictive ability
of the visceral adiposity index has not been verified. Wang et
al [49] found that nonobese MAFLD patients had higher BFM

and VFA values than the healthy population, and most of them
had abnormal lipid metabolism. In addition, BFM and VFA
were valuable for distinguishing MAFLD patients from
nonobese people [49,50]. This conclusion was also confirmed
in this study (BFM for the prediction of MAFLD: AUC=0.842,
sensitivity=76.2%, specificity=76.9%).

This study aimed to establish a home-based model for early
screening of MAFLD to promote disease self-assessment and
management. Compared with previously published models that
rely heavily on laboratory indicators, our model combined body
composition and the WHtR to screen for MAFLD, and the body
parameters that were used to build the screening model can be
easily obtained using a body fat scale at home. The mobile
device software can record specific values and perform
calculations.

There were 2 significant advantages of our model: (1) The need
for an invasive examination and medical expenditures were
reduced; (2) early screening models can provide early warning
signs of disease, prompting people to modify diet and exercise
or seek medical treatment if necessary; (3) patient-physician
interactions were enhanced.

There were also some limitations of our work. First, this study
was limited by geographical factors, and regional bias existed.
Second, due to ethical considerations, the results in this study
cannot be confirmed by histological liver examination. Third,
in some villages we went to for recruitment, we were unable to
obtain a radiological diagnosis due to manpower, transportation,
and other constraints. In addition, it was difficult to follow
participants who underwent physical examination in different
areas, and reexamination data could not be compared with
previous data.

Although our study found that the new MFSI model and MRT
were valuable for MAFLD prediction, disease diagnosis still
requires experienced clinicians, and those with the disease or
at high risk should seek timely medical attention.

 

Acknowledgments
This study was funded by the National Key Research and Development Program (NO. 2018YFC2000500) and the HUAWEI
(Huawei Terminal Co, Ltd) Liver Health Research Technical Cooperation Project.

Data Availability
The data are not publicly available due to cooperative project clauses. Please contact the author to inquire if the data in this study
are available for other studies.

Conflicts of Interest
None declared.

References
1. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global burden of NAFLD and NASH: trends,

predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol 2018 Jan;15(1):11-20 [FREE Full text] [doi:
10.1038/nrgastro.2017.109] [Medline: 28930295]

2. Pipitone RM, Ciccioli C, Infantino G, La Mantia C, Parisi S, Tulone A, et al. MAFLD: a multisystem disease. Ther Adv
Endocrinol Metab 2023;14:20420188221145549 [FREE Full text] [doi: 10.1177/20420188221145549] [Medline: 36726391]

Interact J Med Res 2024 | vol. 13 | e56035 | p.988https://www.i-jmr.org/2024/1/e56035
(page number not for citation purposes)

Ni et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://hdl.handle.net/2318/1659230
http://dx.doi.org/10.1038/nrgastro.2017.109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28930295&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20420188221145549?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20420188221145549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36726391&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, et al. A new definition for metabolic
dysfunction-associated fatty liver disease: An international expert consensus statement. J Hepatol 2020 Jul;73(1):202-209
[FREE Full text] [doi: 10.1016/j.jhep.2020.03.039] [Medline: 32278004]

4. Sun D, Jin Y, Wang T, Zheng KI, Rios RS, Zhang H, et al. MAFLD and risk of CKD. Metabolism 2021 Feb;115:154433.
[doi: 10.1016/j.metabol.2020.154433] [Medline: 33212070]

5. Lin S, Huang J, Wang M, Kumar R, Liu Y, Liu S, et al. Comparison of MAFLD and NAFLD diagnostic criteria in real
world. Liver Int 2020 Sep;40(9):2082-2089. [doi: 10.1111/liv.14548] [Medline: 32478487]

6. Sinn DH, Kang D, Chang Y, Ryu S, Cho SJ, Paik SW, et al. Non-alcoholic fatty liver disease and the incidence of myocardial
infarction: A cohort study. J Gastroenterol Hepatol 2020 May;35(5):833-839. [doi: 10.1111/jgh.14856] [Medline: 31512278]

7. Kim H, El-Serag HB. The epidemiology of hepatocellular carcinoma in the USA. Curr Gastroenterol Rep 2019 Apr
11;21(4):17. [doi: 10.1007/s11894-019-0681-x] [Medline: 30976932]

8. Li F, Sun G, Wang Z, Wu W, Guo H, Peng L, et al. Characteristics of fecal microbiota in non-alcoholic fatty liver disease
patients. Sci China Life Sci 2018 Jul;61(7):770-778. [doi: 10.1007/s11427-017-9303-9] [Medline: 29948900]

9. Allen AM, Hicks SB, Mara KC, Larson JJ, Therneau TM. The risk of incident extrahepatic cancers is higher in non-alcoholic
fatty liver disease than obesity - A longitudinal cohort study. J Hepatol 2019 Dec;71(6):1229-1236 [FREE Full text] [doi:
10.1016/j.jhep.2019.08.018] [Medline: 31470068]

10. Targher G, Chonchol MB, Byrne CD. CKD and nonalcoholic fatty liver disease. Am J Kidney Dis 2014 Oct;64(4):638-652.
[doi: 10.1053/j.ajkd.2014.05.019] [Medline: 25085644]

11. Targher G, Byrne CD. Non-alcoholic fatty liver disease: an emerging driving force in chronic kidney disease. Nat Rev
Nephrol 2017 May;13(5):297-310. [doi: 10.1038/nrneph.2017.16] [Medline: 28218263]

12. Baratta F, Pastori D, Angelico F, Balla A, Paganini AM, Cocomello N, et al. Nonalcoholic fatty liver disease and fibrosis
associated with increased risk of cardiovascular events in a prospective study. Clin Gastroenterol Hepatol 2020
Sep;18(10):2324-2331.e4. [doi: 10.1016/j.cgh.2019.12.026] [Medline: 31887443]

13. Deprince A, Haas JT, Staels B. Dysregulated lipid metabolism links NAFLD to cardiovascular disease. Mol Metab 2020
Dec;42:101092 [FREE Full text] [doi: 10.1016/j.molmet.2020.101092] [Medline: 33010471]

14. Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD, Targher G. Complications, morbidity and mortality of nonalcoholic
fatty liver disease. Metabolism 2020 Oct;111S:154170. [doi: 10.1016/j.metabol.2020.154170] [Medline: 32006558]

15. Lee SJ, Kim SU. Noninvasive monitoring of hepatic steatosis: controlled attenuation parameter and magnetic resonance
imaging-proton density fat fraction in patients with nonalcoholic fatty liver disease. Expert Rev Gastroenterol Hepatol 2019
Jun;13(6):523-530. [doi: 10.1080/17474124.2019.1608820] [Medline: 31018719]

16. Nassir F. NAFLD: mechanisms, treatments, and biomarkers. Biomolecules 2022 Jun 13;12(6):1 [FREE Full text] [doi:
10.3390/biom12060824] [Medline: 35740949]

17. Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, LIDO Study Group. Sampling variability of liver biopsy
in nonalcoholic fatty liver disease. Gastroenterology 2005 Jun;128(7):1898-1906. [doi: 10.1053/j.gastro.2005.03.084]
[Medline: 15940625]

18. Xu L, Lu W, Li P, Shen F, Mi Y, Fan J. A comparison of hepatic steatosis index, controlled attenuation parameter and
ultrasound as noninvasive diagnostic tools for steatosis in chronic hepatitis B. Dig Liver Dis 2017 Aug;49(8):910-917. [doi:
10.1016/j.dld.2017.03.013] [Medline: 28433586]

19. Karlas T, Petroff D, Sasso M, Fan J, Mi Y, de Lédinghen V, et al. Individual patient data meta-analysis of controlled
attenuation parameter (CAP) technology for assessing steatosis. J Hepatol 2017 May;66(5):1022-1030. [doi:
10.1016/j.jhep.2016.12.022] [Medline: 28039099]

20. European Association for the Study of the Liver (EASL), European Association for the Study of Diabetes (EASD), European
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the management of
non-alcoholic fatty liver disease. Diabetologia 2016 Jun;59(6):1121-1140. [doi: 10.1007/s00125-016-3902-y] [Medline:
27053230]

21. Schattenberg JM, Loomba R. Refining noninvasive diagnostics in nonalcoholic fatty liver disease: closing the gap to detect
advanced fibrosis. Hepatology 2019 Mar;69(3):934-936. [doi: 10.1002/hep.30402] [Medline: 30515858]

22. McPherson S, Hardy T, Dufour J, Petta S, Romero-Gomez M, Allison M, et al. Age as a confounding factor for the accurate
non-invasive diagnosis of advanced NAFLD fibrosis. Am J Gastroenterol 2017 May;112(5):740-751 [FREE Full text] [doi:
10.1038/ajg.2016.453] [Medline: 27725647]

23. Lee J, Vali Y, Boursier J, Spijker R, Anstee QM, Bossuyt PM, et al. Prognostic accuracy of FIB-4, NAFLD fibrosis score
and APRI for NAFLD-related events: A systematic review. Liver Int 2021 Feb;41(2):261-270 [FREE Full text] [doi:
10.1111/liv.14669] [Medline: 32946642]

24. Petta S, Wong VW, Cammà C, Hiriart J, Wong GL, Vergniol J, et al. Serial combination of non-invasive tools improves
the diagnostic accuracy of severe liver fibrosis in patients with NAFLD. Aliment Pharmacol Ther 2017 Sep;46(6):617-627.
[doi: 10.1111/apt.14219] [Medline: 28752524]

25. Tutunchi H, Naeini F, Mobasseri M, Ostadrahimi A. Triglyceride glucose (TyG) index and the progression of liver fibrosis:
A cross-sectional study. Clin Nutr ESPEN 2021 Aug;44:483-487. [doi: 10.1016/j.clnesp.2021.04.025] [Medline: 34330512]

Interact J Med Res 2024 | vol. 13 | e56035 | p.989https://www.i-jmr.org/2024/1/e56035
(page number not for citation purposes)

Ni et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://hdl.handle.net/10668/15358
http://dx.doi.org/10.1016/j.jhep.2020.03.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32278004&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2020.154433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33212070&dopt=Abstract
http://dx.doi.org/10.1111/liv.14548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32478487&dopt=Abstract
http://dx.doi.org/10.1111/jgh.14856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31512278&dopt=Abstract
http://dx.doi.org/10.1007/s11894-019-0681-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30976932&dopt=Abstract
http://dx.doi.org/10.1007/s11427-017-9303-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29948900&dopt=Abstract
https://europepmc.org/abstract/MED/31470068
http://dx.doi.org/10.1016/j.jhep.2019.08.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31470068&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2014.05.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25085644&dopt=Abstract
http://dx.doi.org/10.1038/nrneph.2017.16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28218263&dopt=Abstract
http://dx.doi.org/10.1016/j.cgh.2019.12.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31887443&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2212-8778(20)30166-6
http://dx.doi.org/10.1016/j.molmet.2020.101092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33010471&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2020.154170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32006558&dopt=Abstract
http://dx.doi.org/10.1080/17474124.2019.1608820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31018719&dopt=Abstract
https://www.mdpi.com/resolver?pii=biom12060824
http://dx.doi.org/10.3390/biom12060824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35740949&dopt=Abstract
http://dx.doi.org/10.1053/j.gastro.2005.03.084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15940625&dopt=Abstract
http://dx.doi.org/10.1016/j.dld.2017.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28433586&dopt=Abstract
http://dx.doi.org/10.1016/j.jhep.2016.12.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28039099&dopt=Abstract
http://dx.doi.org/10.1007/s00125-016-3902-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27053230&dopt=Abstract
http://dx.doi.org/10.1002/hep.30402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30515858&dopt=Abstract
http://hdl.handle.net/2318/1636164
http://dx.doi.org/10.1038/ajg.2016.453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27725647&dopt=Abstract
https://europepmc.org/abstract/MED/32946642
http://dx.doi.org/10.1111/liv.14669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32946642&dopt=Abstract
http://dx.doi.org/10.1111/apt.14219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28752524&dopt=Abstract
http://dx.doi.org/10.1016/j.clnesp.2021.04.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34330512&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Fedchuk L, Nascimbeni F, Pais R, Charlotte F, Housset C, Ratziu V, LIDO Study Group. Performance and limitations of
steatosis biomarkers in patients with nonalcoholic fatty liver disease. Aliment Pharmacol Ther 2014 Nov;40(10):1209-1222
[FREE Full text] [doi: 10.1111/apt.12963] [Medline: 25267215]

27. Lee J, Kim D, Kim HJ, Lee C, Yang JI, Kim W, et al. Hepatic steatosis index: a simple screening tool reflecting nonalcoholic
fatty liver disease. Dig Liver Dis 2010 Jul;42(7):503-508. [doi: 10.1016/j.dld.2009.08.002] [Medline: 19766548]

28. Lin I, Lee M, Wang C, Wu D, Chen S. Gender differences in the relationships among metabolic syndrome and various
obesity-related indices with nonalcoholic fatty liver disease in a Taiwanese population. Int J Environ Res Public Health
2021 Jan 20;18(3):1 [FREE Full text] [doi: 10.3390/ijerph18030857] [Medline: 33498329]

29. Rotter I, Rył A, Grzesiak K, Szylińska A, Pawlukowska W, Lubkowska A, et al. Cross-sectional inverse associations of
obesity and fat accumulation indicators with testosterone in non-diabetic aging men. Int J Environ Res Public Health 2018
Jun 08;15(6):1 [FREE Full text] [doi: 10.3390/ijerph15061207] [Medline: 29890654]

30. Verma M, Rajput M, Sahoo SS, Kaur N, Rohilla R. Correlation between the percentage of body fat and surrogate indices
of obesity among adult population in rural block of Haryana. J Family Med Prim Care 2016;5(1):154-159 [FREE Full text]
[doi: 10.4103/2249-4863.184642] [Medline: 27453862]

31. Jayedi A, Soltani S, Zargar MS, Khan TA, Shab-Bidar S. Central fatness and risk of all cause mortality: systematic review
and dose-response meta-analysis of 72 prospective cohort studies. BMJ 2020 Sep 23;370:m3324 [FREE Full text] [doi:
10.1136/bmj.m3324] [Medline: 32967840]

32. Cai J, Lin C, Lai S, Liu Y, Liang M, Qin Y, et al. Waist-to-height ratio, an optimal anthropometric indicator for metabolic
dysfunction associated fatty liver disease in the Western Chinese male population. Lipids Health Dis 2021 Oct 27;20(1):145
[FREE Full text] [doi: 10.1186/s12944-021-01568-9] [Medline: 34706716]

33. Byrne CD, Patel J, Scorletti E, Targher G. Tests for diagnosing and monitoring non-alcoholic fatty liver disease in adults.
BMJ 2018 Jul 12;362:k2734. [doi: 10.1136/bmj.k2734] [Medline: 30002017]

34. Hagström H, Nasr P, Ekstedt M, Stål P, Hultcrantz R, Kechagias S. Accuracy of noninvasive scoring systems in assessing
risk of death and liver-related endpoints in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2019
May;17(6):1148-1156.e4. [doi: 10.1016/j.cgh.2018.11.030] [Medline: 30471458]

35. Sasso M, Beaugrand M, de Ledinghen V, Douvin C, Marcellin P, Poupon R, et al. Controlled attenuation parameter (CAP):
a novel VCTE™ guided ultrasonic attenuation measurement for the evaluation of hepatic steatosis: preliminary study and
validation in a cohort of patients with chronic liver disease from various causes. Ultrasound Med Biol 2010
Nov;36(11):1825-1835. [doi: 10.1016/j.ultrasmedbio.2010.07.005] [Medline: 20870345]

36. Mikolasevic I, Milic S, Orlic L, Stimac D, Franjic N, Targher G. Factors associated with significant liver steatosis and
fibrosis as assessed by transient elastography in patients with one or more components of the metabolic syndrome. J Diabetes
Complications 2016;30(7):1347-1353. [doi: 10.1016/j.jdiacomp.2016.05.014] [Medline: 27324703]

37. Almeida NS, Rocha R, Cotrim HP, Daltro C. Anthropometric indicators of visceral adiposity as predictors of non-alcoholic
fatty liver disease: A review. World J Hepatol 2018 Oct 27;10(10):695-701 [FREE Full text] [doi: 10.4254/wjh.v10.i10.695]
[Medline: 30386462]

38. Motamed N, Rabiee B, Hemasi GR, Ajdarkosh H, Khonsari MR, Maadi M, et al. Body roundness index and waist-to-height
ratio are strongly associated with non-alcoholic fatty liver disease: a population-based study. Hepat Mon 2016
Sep;16(9):e39575 [FREE Full text] [doi: 10.5812/hepatmon.39575] [Medline: 27822266]

39. Wu Y, Kumar R, Wang M, Singh M, Huang J, Zhu Y, et al. Validation of conventional non-invasive fibrosis scoring systems
in patients with metabolic associated fatty liver disease. World J Gastroenterol 2021 Sep 14;27(34):5753-5763 [FREE Full
text] [doi: 10.3748/wjg.v27.i34.5753] [Medline: 34629799]

40. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The NAFLD fibrosis score: a noninvasive
system that identifies liver fibrosis in patients with NAFLD. Hepatology 2007 Apr;45(4):846-854. [doi: 10.1002/hep.21496]
[Medline: 17393509]

41. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ, Nash Clinical Research Network. Comparison of
noninvasive markers of fibrosis in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2009
Oct;7(10):1104-1112 [FREE Full text] [doi: 10.1016/j.cgh.2009.05.033] [Medline: 19523535]

42. Harrison SA, Oliver D, Arnold HL, Gogia S, Neuschwander-Tetri BA. Development and validation of a simple NAFLD
clinical scoring system for identifying patients without advanced disease. Gut 2008 Oct;57(10):1441-1447. [doi:
10.1136/gut.2007.146019] [Medline: 18390575]

43. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, et al. The Fatty Liver Index: a simple and
accurate predictor of hepatic steatosis in the general population. BMC Gastroenterol 2006 Nov 02;6:33 [FREE Full text]
[doi: 10.1186/1471-230X-6-33] [Medline: 17081293]

44. Zheng R, Chen Z, Chen J, Lu Y, Chen J. Role of body mass index, waist-to-height and waist-to-hip ratio in prediction of
nonalcoholic fatty liver disease. Gastroenterol Res Pract 2012;2012:362147 [FREE Full text] [doi: 10.1155/2012/362147]
[Medline: 22701476]

45. Farrell GC. Signalling links in the liver: knitting SOCS with fat and inflammation. J Hepatol 2005 Jul;43(1):193-196. [doi:
10.1016/j.jhep.2005.04.004] [Medline: 15913829]

Interact J Med Res 2024 | vol. 13 | e56035 | p.990https://www.i-jmr.org/2024/1/e56035
(page number not for citation purposes)

Ni et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://onlinelibrary.wiley.com/doi/10.1111/apt.12963
http://dx.doi.org/10.1111/apt.12963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25267215&dopt=Abstract
http://dx.doi.org/10.1016/j.dld.2009.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19766548&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18030857
http://dx.doi.org/10.3390/ijerph18030857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33498329&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15061207
http://dx.doi.org/10.3390/ijerph15061207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29890654&dopt=Abstract
http://www.jfmpc.com/article.asp?issn=2249-4863;year=2016;volume=5;issue=1;spage=154;epage=159;aulast=Verma
http://dx.doi.org/10.4103/2249-4863.184642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453862&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32967840
http://dx.doi.org/10.1136/bmj.m3324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32967840&dopt=Abstract
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-021-01568-9
http://dx.doi.org/10.1186/s12944-021-01568-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34706716&dopt=Abstract
http://dx.doi.org/10.1136/bmj.k2734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30002017&dopt=Abstract
http://dx.doi.org/10.1016/j.cgh.2018.11.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30471458&dopt=Abstract
http://dx.doi.org/10.1016/j.ultrasmedbio.2010.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20870345&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2016.05.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27324703&dopt=Abstract
https://www.wjgnet.com/1948-5182/full/v10/i10/695.htm
http://dx.doi.org/10.4254/wjh.v10.i10.695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30386462&dopt=Abstract
https://europepmc.org/abstract/MED/27822266
http://dx.doi.org/10.5812/hepatmon.39575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27822266&dopt=Abstract
https://www.wjgnet.com/1007-9327/full/v27/i34/5753.htm
https://www.wjgnet.com/1007-9327/full/v27/i34/5753.htm
http://dx.doi.org/10.3748/wjg.v27.i34.5753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34629799&dopt=Abstract
http://dx.doi.org/10.1002/hep.21496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17393509&dopt=Abstract
https://europepmc.org/abstract/MED/19523535
http://dx.doi.org/10.1016/j.cgh.2009.05.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19523535&dopt=Abstract
http://dx.doi.org/10.1136/gut.2007.146019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18390575&dopt=Abstract
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-6-33
http://dx.doi.org/10.1186/1471-230X-6-33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17081293&dopt=Abstract
https://doi.org/10.1155/2012/362147
http://dx.doi.org/10.1155/2012/362147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22701476&dopt=Abstract
http://dx.doi.org/10.1016/j.jhep.2005.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15913829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Zhang S, Du T, Li M, Jia J, Lu H, Lin X, et al. Triglyceride glucose-body mass index is effective in identifying nonalcoholic
fatty liver disease in nonobese subjects. Medicine (Baltimore) 2017 Jun;96(22):e7041 [FREE Full text] [doi:
10.1097/MD.0000000000007041] [Medline: 28562560]

47. Zhang S, Du T, Zhang J, Lu H, Lin X, Xie J, et al. The triglyceride and glucose index (TyG) is an effective biomarker to
identify nonalcoholic fatty liver disease. Lipids Health Dis 2017 Jan 19;16(1):15 [FREE Full text] [doi:
10.1186/s12944-017-0409-6] [Medline: 28103934]

48. Yi X, Zhu S, Zhu L. Diagnostic accuracy of the visceral adiposity index in patients with metabolic-associated fatty liver
disease: a meta-analysis. Lipids Health Dis 2022 Mar 06;21(1):28 [FREE Full text] [doi: 10.1186/s12944-022-01636-8]
[Medline: 35249545]

49. Wang YJ, Cheng HR, Zhou WH. Correlation of body fat composition and metabolic indicators with metabolic-associated
fatty liver disease in a non-obese population. Chinese General Practice 2023;26(6):672-680. [doi:
10.12114/j.issn.1007-9572.2022.0573]

50. Byrne CD, Targher G. Ectopic fat, insulin resistance, and nonalcoholic fatty liver disease: implications for cardiovascular
disease. Arterioscler Thromb Vasc Biol 2014 Jun;34(6):1155-1161. [doi: 10.1161/ATVBAHA.114.303034] [Medline:
24743428]

Abbreviations
ALT: alanine aminotransferase
APRI: aspartate aminotransferase-to-platelet ratio index
AST: aspartate aminotransferase
AUC: area under the curve
BFM: body fat mass
BMR: basal metabolic rate
CAP: controlled attenuation parameter
FIB-4: fibrosis-4
FLD: fatty liver disease
FLI: fatty liver index
FPG: fasting plasma glucose
GGT: glutamyl transpeptidase
GPR: glutamyl transpeptidase-to-platelet ratio index
HDL-c: high-density lipoprotein cholesterol)
HSI: hepatic steatosis index
LDL-c: low-density lipoprotein cholesterol
MAFLD: metabolically associated fatty liver disease
MFSI: MAFLD screening index
MRT: MAFLD Rating Table
NAFLD: nonalcoholic fatty liver disease
NFS: nonalcoholic fatty liver disease fibrosis score
OR: odds ratio
PLT: platelet
ROC: receiver operating characteristic
TBW: total body water
TC: total cholesterol
TG: triglyceride
TyG: triglyceride glucose
VFA: visceral fat area
WHtR: waist-height ratio

Interact J Med Res 2024 | vol. 13 | e56035 | p.991https://www.i-jmr.org/2024/1/e56035
(page number not for citation purposes)

Ni et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28562560
http://dx.doi.org/10.1097/MD.0000000000007041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28562560&dopt=Abstract
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-017-0409-6
http://dx.doi.org/10.1186/s12944-017-0409-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28103934&dopt=Abstract
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-022-01636-8
http://dx.doi.org/10.1186/s12944-022-01636-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35249545&dopt=Abstract
http://dx.doi.org/10.12114/j.issn.1007-9572.2022.0573
http://dx.doi.org/10.1161/ATVBAHA.114.303034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24743428&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 03.01.24; peer-reviewed by Y Zhang, H Yu; comments to author 23.05.24; revised version received
03.06.24; accepted 03.07.24; published 22.08.24.

Please cite as:
Ni J, Huang Y, Xiang Q, Zheng Q, Xu X, Qin Z, Sheng G, Li L
Establishment and Evaluation of a Noninvasive Metabolism-Related Fatty Liver Screening and Dynamic Monitoring Model:
Cross-Sectional Study
Interact J Med Res 2024;13:e56035
URL: https://www.i-jmr.org/2024/1/e56035 
doi:10.2196/56035
PMID:39172506

©Jiali Ni, Yong Huang, Qiangqiang Xiang, Qi Zheng, Xiang Xu, Zhiwen Qin, Guoping Sheng, Lanjuan Li. Originally published
in the Interactive Journal of Medical Research (https://www.i-jmr.org/), 22.08.2024. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive
Journal of Medical Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.i-jmr.org/, as well as this copyright and license information must be included.

Interact J Med Res 2024 | vol. 13 | e56035 | p.992https://www.i-jmr.org/2024/1/e56035
(page number not for citation purposes)

Ni et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.i-jmr.org/2024/1/e56035
http://dx.doi.org/10.2196/56035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39172506&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Perception of Medication Safety–Related Behaviors Among
Different Age Groups: Web-Based Cross-Sectional Study

Yan Lang1, PhD; Kay-Yut Chen2, PhD; Yuan Zhou3, PhD; Ludmila Kosmari4, RN; Kathryn Daniel4†, PhD, RN; Ayse

Gurses5, MS, MPH, PhD; Richard Young6, MD; Alicia Arbaje7, MPH, MD, PhD; Yan Xiao4, PhD
1Department of Business, State University of New York at Oneonta, Oneonta, NY, United States
2College of Business, University of Texas at Arlington, Arlington, TX, United States
3Department of Industrial, Manufacturing, and Systems Engineering, University of Texas at Arlington, Arlington, TX, United States
4College of Nursing and Health Innovation, University of Texas at Arlington, Arlington, TX, United States
5School of Medicine, Johns Hopkins University, Baltimore, MD, United States
6Family Medicine Residency Program, The John Peter Smith (JPS) Health Network, Fort Worth, TX, United States
7Department of Health Policy and Management, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United States
†deceased

Corresponding Author:
Yan Lang, PhD
Department of Business
State University of New York at Oneonta
108 Ravine Pkwy
Oneonta, NY, 13820
United States
Phone: 1 607 436 3251
Email: yan.lang@oneonta.edu

Abstract

Background: Previous research and safety advocacy groups have proposed various behaviors for older adults to actively engage
in medication safety. However, little is known about how older adults perceive the importance and reasonableness of these
behaviors in ambulatory settings.

Objective: This study aimed to assess older adults’ perceptions of the importance and reasonableness of 8 medication safety
behaviors in ambulatory settings and compare their responses with those of younger adults.

Methods: We conducted a survey of 1222 adults in the United States using crowdsourcing to evaluate patient behaviors that
may enhance medication safety in community settings. A total of 8 safety behaviors were identified based on the literature, such
as bringing medications to office visits, confirming medications at home, managing medication refills, using patient portals,
organizing medications, checking medications, getting help, and knowing medications. Respondents were asked about their
perception of the importance and reasonableness of these behaviors on a 5-point Likert rating scale in the context of collaboration
with primary care providers. We assessed the relative ranking of behaviors in terms of importance and reasonableness and
examined the association between these dimensions across age groups using statistical tests.

Results: Of 1222 adult participants, 125 (10.2%) were aged 65 years or older. Most participants were White, college-educated,
and had chronic conditions. Older adults rated all 8 behaviors significantly higher in both importance and reasonableness than
did younger adults (P<.001 for combined behaviors). Confirming medications ranked highest in importance (mean score=3.78)
for both age groups while knowing medications ranked highest in reasonableness (mean score=3.68). Using patient portals was
ranked lowest in importance (mean score=3.53) and reasonableness (mean score=3.49). There was a significant correlation
between the perceived importance and reasonableness of the identified behaviors, with coefficients ranging from 0.436 to 0.543
(all P<.001).

Conclusions: Older adults perceived the identified safety behaviors as more important and reasonable than younger adults.
However, both age groups considered a behavior highly recommended by professionals as the least important and reasonable.
Patient engagement strategies, common and specific to age groups, should be considered to improve medication safety in ambulatory
settings.
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Introduction

Engagement of older adult patients has been recognized as key
to health outcomes including safety [1]. While specific skills
and attitudes related to patient engagement have been identified
and measured [2,3], there is a lack of clarity regarding the
specific roles and responsibilities expected of patients in
community settings, where patients and families are responsible
for the medication use process. Health care organizations often
set implicit expectations regarding the roles and responsibilities
of patients and their families in collaborative activities such as
planning, implementation, and discourse about their health [4].

The purpose of our study was to use a crowdsourcing approach
to investigate individuals’ perceptions of the importance and
reasonableness of medication safety behaviors across various
age groups. We chose patient portal use as a reference for patient
engagement behaviors due to extensive efforts by health care
organizations and regulators to encourage this behavior. A
survey conducted in 2020 showed that more than half of
individuals nationwide were offered access to patient portals,
with nearly 40% accessing their records [5]. Patients’
perspectives on the importance and reasonableness of using
portals are important to understand in order to devise
interventions to encourage the behavior, such as patients’
interest, willingness, and ability [6-8], especially among older
adults [9].

Health care professionals are encouraged to guide patients and
their families to actively participate in their care by adopting
safety behaviors, although little is known about older adults’
perspectives on these behaviors and roles within the
collaborative process to improve patient engagement in
medication safety. By understanding the perspectives of
laypeople, we can identify the gaps in engaging patients and
family members in medication safety improvements and design
interventions that can better meet their needs. Furthermore,
understanding the relation between importance and
reasonableness in perceiving medication safety behaviors is
crucial for health care professionals to tailor their interventions
and communication strategies effectively, particularly for older
adults, to promote safer medication practices.

The aim of this study is to assess how older adults perceive the
importance and reasonableness of 8 medication safety behaviors
in ambulatory settings and to compare their responses with those
of younger adults.

Methods

Study Design
This cross-sectional study was conducted using a role-playing
survey to assess the importance and reasonableness of
medication safety behaviors.

Setting
The study was conducted using Amazon Mechanical Turk
(MTurk), a crowdsourcing platform, from October to December
2022. Participants completed the survey online. This approach
allowed us to efficiently gather data from a large group of
participants [10].

Participants
Our study limited participants to US adults (≥18 years old) who
had established a strong reputation on MTurk, defined as
completed 100+ tasks with at least 95% approval ratings [11].
This choice leverages the acknowledged representativeness of
US MTurk samples for diverse psychological dimensions [12]
while ensuring engaged and reliable participation, as users with
good reputations are generally more motivated and provide
accurate data [13]. We used the Software Platform for Human
Interaction Experiments (SoPHIE; SoPHIELabs) to administer
the surveys. Participants were screened for eligibility through
SoPHIE and were required to read and sign a consent form
before participating. Qualified participants were given an online
consent form, where they expressed their voluntary agreement
to participate by clicking on the “Continue” button on their
computer screen.

Assessments
Participants were asked to envision themselves as older adults,
retired individuals living alone with multiple health conditions
(detailed instructions in Figure S1 in Multimedia Appendix 1).
To identify safety behaviors in managing medication use in
ambulatory settings, we reviewed literature and
recommendations from safety organizations to represent
professionals’ views on what patients should do to contribute
to medication safety. For example, 1 study targeted behaviors
associated with an office visit for patient engagement, including
writing out a list of medications or bringing medications to visit
[14]. In our survey, we defined the “importance” of a behavior
as the extent to which all patients and families should adopt it
for medication safety. “Reasonableness” was judged based on
the assumption that following a treatment regimen makes sense
if it leads to better health outcomes [15].

Study Survey
This study used a carefully developed survey instrument. Initial
pilot studies, with 14 closed-ended questions, assessed
medication safety behaviors. Based on feedback from
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participants and experts, the survey was refined and consolidated
for clarity and focus, resulting in a final 8-item instrument (Table
1). Throughout pilot testing, we iteratively evaluated the content
validity of the questions against existing literature and
organizational recommendations in medication safety. While
patient involvement in developing the criteria and indicators
was not direct, they were informed by a comprehensive review
of relevant literature, safety advocacy group recommendations,
and expert consensus in the field. Safe self-administration of

medication heavily relies on patients’ knowledge about their
treatments [16], their purpose, proper usage instructions,
identifying and reporting adverse effects, obtaining refills, and
effectively communicating any issues related to their prescribed
medications with their health care provider. While the 8
behaviors specified in this study are not exhaustive, they
encompass these crucial components and are presented for ease
of understanding and application.

Interact J Med Res 2024 | vol. 13 | e58635 | p.995https://www.i-jmr.org/2024/1/e58635
(page number not for citation purposes)

Lang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Targeted patient behaviors in medication safety used in the survey.

Justifications and referencesExamples provided to participantsMedication safety behaviors

Bring medications

Collect all medicine bottles, including those over
the counter such as Tylenol and vitamins, and

Patients are expected to bring all
medications and all relevant

• The FDAa recommends keeping a list of all medica-
tions (prescribed and over the counter) and bringing

bring them with you to the health care provider’shealth-related documents to their
health care provider office visits.

it to all doctors’ appointments [17].
office. Make sure to also bring documents such
as medication lists and blood sugar and blood
pressure logs (if asked to keep one).

• Although often encouraged by primary care providers
[18,19].

• Only about 20%-40% of the patients bring in their
medications or medication list.

• Medication reviews lack standardization which can
result in increased mortality, morbidity, and poor pa-
tient outcomes [20,21].

Confirm medications

You have been taking 20 mg of Simvastatin every
day for cholesterol for a long time. In the last

Patients will verify any changes
in their medications after each
provider’s visit.

• FDA recommends to verify the medication list at least
once a year or any time there is a change [17].

visit, your cholesterol level has decreased. Your
provider reduced the medication dose to 10 mg.

• Medication discrepancies are very common among
patients with chronic conditions, especially those who
require frequent hospitalizations or see numerousYou make this change on your personal medica-

tion list. providers [22,23].

Refill system

Your provider advised you to call the pharmacy
when you are about to run out of refills, and not

Patients will establish a refill
system.

• Current recommendations are to address all refill
needs during the provider’s visit and send all prescrip-
tions ideally to one pharmacy only in order to preventtheir office. The pharmacy will contact the
gaps in medication therapies in chronic care due toprovider’s office for refill prescriptions. Using
disruptions and lapses in obtaining refills timely. In-two 7-day pill boxes allows you to know 2 weeks

in advance when a medicine will run out. novative systems use technological advances; howev-
er, older patients and individuals who speak English
as a second language are less likely to use technology
to refill medications [24-28].

Use portals

Your provider’s office sent you a link for creating
an account to access the patient portal website.

Using patient health care portals. • Patient portals were intended to improve the commu-
nication between the health care team and patients.
They allow patients to be actively involved in theirAfter you sign up, you can use the portal to com-
care, access their medical records, verify for accuracy,municate with your provider and access your

health information. report concerns, and seek medical advice or medica-
tion refill [6,8,29-31].

Organize medications

Pill boxes are effective tools to remind you when
and what medicines to take. You may also set re-

Using pill dispensers and other
organizer tools.

• The importance of having a system to organize medi-
cations was extensively studied. A list of memory tips
and reminder systems (such as daily pillbox, calendar,minders on your phone. To-go boxes are conve-
or chart) to help organize scheduled prescriptions arenient to carry in your bag or purse when you are
available on various online resources [32-35].out, running errands. Charts, calendars, and elec-

tronic pill boxes are other ways of organizing
medications.

Check medications

The mail-order pharmacy sends you your refills
automatically, so they always arrive before you

Verifying medications for dupli-
cates and expired medications.

• The FDA and NIHb recommend that patients check
all medications for expiration dates. Ingesting expired

run out of it. You know how to check the medications may pose significant health hazards
medicines against your list, as the color of the [17,36].
pills and names of medications (eg, generic vs
brand name) may change from time to time, and
you do not want to take duplicate medicines. You
also dispose of expired medicines, so you do not
accidentally take them.

Medication awareness
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Justifications and referencesExamples provided to participantsMedication safety behaviors

• The World Health Organization recommends that pa-
tients learn to identify and report any issues or side
effects pertaining to taking medication [17,36].

You went to the pharmacy to pick up a prescrip-
tion, but they did not have it. To clarify the situa-
tion, you call your provider’s office to inquire if
you are still supposed to take the medication and
verify the correct pharmacy on file.

In another situation, you may need to call the
pharmacist or the provider to find out what you
need to do if you accidentally doubled your heart
medicine.

Accessing resources pertaining
to medication-related issues.

Know medications

• Patients are advised to read carefully all information
provided with the medications such as package inserts
and pharmacy instructions. As many as an estimated
87% of patients do not read these instructions. Health
illiteracy continues to be a challenge. Patients who
are younger and have a higher formal education are
more likely to have an adequate knowledge of medi-
cations [35,37-39].

When you look at your medicine bottle, you are
able to locate the medicine name, dose, when and
how to take this medicine, how many refills are
left, expiration date, and telephone number to call
if you have questions about this medicine. For
instance, you are prescribed to take a round white
pill twice a day for high blood pressure. You wrote
the name (“metoprolol”) on the medication list.
You know to take 1 pill in the morning and 1 pill
in the evening. You also know that you should
take the pill with food. Symptoms to watch for
are lightheadedness or very slow heartbeats.

Have basic knowledge about
medications.

aFDA: US Food and Drug Administration.
bNIH: National Institutes of Health.

Data Sources
Participants were asked to rate their perceptions of these
behaviors in terms of importance and reasonableness on a
5-point Likert scale, with response categories of 1 (strongly
disagree), 2 (disagree), 3 (neither agree nor disagree), 4 (agree),
and 5 (strongly agree). After completing the survey, participants
were asked to provide their demographic information (age, sex,
race, ethnicity, education, and income) and number of chronic
medical conditions.

Study Size
The study size was determined by targeting a minimum of 1000
participants to ensure sufficient power to detect differences
between age groups. This target was based on previous studies
in the field that used similar methodologies and sample sizes
to achieve robust statistical power and generalizability of
findings [40,41]. We received 1222 completed surveys,
achieving a completion rate of 94.5%, of the total 1293 attempts.

Data Analysis
Statistical analyses were performed using Stata software (version
17; StataCorp). Differences in importance and reasonableness
between 2 age groups (younger than 65 years and 65 years or
older) were assessed by the Wilcoxon rank-sum tests. The
associations between importance and reasonableness were
assessed by the Pearson correlation coefficient. Disagreement
was assessed by differences in ratings of reasonableness and
importance scores for the same behavior by the same participant,
with serious disagreement defined as a difference of 3 or more
points. For ordered logistic regression models, the outcome
variables were the perceived importance and reasonableness of
the 8 medication safety behaviors, while the independent
variables included age group, sex, ethnicity, education, income,

and the number of chronic medical conditions. Each model used
only 1 independent variable at a time to assess its individual
impact on the outcome. Subgroup analyses with ordered logistic
regression based on sex, ethnicity, education, income, and
chronic medical conditions were conducted to understand how
various factors influenced age-related perceptions of the 8 health
behaviors.

Ethical Considerations

Human Participant Ethics Review Approvals or
Exemptions
This study was approved by the institutional review board (IRB)
at the University of Texas at Arlington (protocol 2022-0581).
The research involved human participants and adhered to
appropriate ethical review and approvals as per institutional
guidelines.

Informed Consent
Participants were given an online consent form, detailing the
study’s purpose, procedures, potential risks, and benefits. They
expressed their voluntary agreement to participate by clicking
on the “Continue” button on their computer screen. Participants
were informed of their ability to opt out of the study at any time
without any consequences.

Privacy and Confidentiality
All data collected were anonymized to protect the privacy and
confidentiality of participants. No personally identifiable
information was collected. Data were stored securely on
password-protected servers, and only the research team had
access to the anonymized data set.
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Compensation Details
Participants were compensated for their time and effort. Each
participant received US $0.25 for completing the survey, which
is a standard compensation rate for similar studies conducted
on MTurk. This compensation was designed to be fair and
transparent, ensuring that participants were adequately
reimbursed for their contribution to the research.

Results

We received 1222 completed surveys (completion rate of 94.5%)
from a total of 1293 attempts in December 2022. Participants
took an average of 3 minutes to complete the survey. The
majority of the participants were younger than 65 years, White,
held a bachelor’s degree, reported an income range of US
$40,000-80,000, and had 1 or more chronic conditions (Table
2). Detailed comparisons on sex, race, education, income, and
number of chronic conditions are reported in the Multimedia
Appendix 1.

Across age groups, “confirming medications” was rated as the
most important behavior while “knowing medications” was
rated as the most reasonable behavior (Figure 1). In contrast,
the behavior of using portals received the lowest scores for both
importance and reasonableness. The perceived importance and
reasonableness of each behavior were positively correlated
(P<.001; correlations in Table S1 in Multimedia Appendix 1).
Serious disagreements between importance and reasonableness
for the 8 behaviors were between 6% and 7.3% among the

participants (Table S2 in Multimedia Appendix 1). In addition,
older adult participants reported higher importance and lower
reasonableness ratings across the 8 identified behaviors
(Multimedia Appendix 2).

Among older adult participants, the behavior of confirming
medication was scored highest in importance, whereas the
younger age participants scored the behavior of bringing
medications as highest in importance (Multimedia Appendix
3). Furthermore, among the older adult participants, the
behaviors of getting help (P=.007) and knowing medications
(P=.03) were rated as the second and third most important,
respectively, and were found to be significantly higher than
those rated by younger adult participants.

The behavior of using portals scored lowest in both
reasonableness and importance for both age groups. In addition,
there was no significant difference in the scoring of this behavior
between the 2 age groups. Out of the total, 3 of the remaining
behaviors were scored significantly higher by older adult
participants than younger adult participants (Multimedia
Appendix 3).

Across different age groups, we observed a general negative
association between the perceived importance and
reasonableness of these behaviors with male, Hispanic or Latino
ethnicity, and education levels. Conversely, higher income was
associated with a positive perception of importance. In addition,
chronic medical conditions were linked to a negative perception
of reasonableness. A detailed breakdown of these findings by
individual behavior is shown in the Multimedia Appendix 1.

Table 2. Demographics of study participants (n=1222).

Proportion test across age groups, P value≥65 years<65 yearsCharacteristic

—a68.70 (2.95)36.77 (10.73)Age (years), mean (SD)

.2164 (51.2)497 (45.31)Female sex, n (%)

Race, n (%)

<.00183 (66.4)934 (85.1)White

<.00142 (33.6)163 (14.9)Non-White

.6140 (32)327 (29.8)Hispanic or Latino ethnicity, n (%)

Education, n (%)

<.00142 (33.6)131 (11.9)Less than bachelor’s degree

<.00145 (36)679 (61.9)Bachelor’s degree

.3138 (30.4)287 (26.2)Graduate degree

Annual household income (US $), n (%)

.0744 (35.2)300 (27.3)<40,000

.3870 (56)659 (60.1)40,000-80,000

.2211 (8.8)138 (12.6)>80,000

Chronic medical conditions, n (%)

<.00124 (19.2)418 (38.1)0

<.001101 (80.8)679 (61.9)≥1

a—: not applicable.
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Figure 1. Perceptions of behaviors in terms of importance and reasonableness (n=1222). Range scale was used.

Discussion

Our study found that older adults perceive a higher importance
and reasonableness of medication safety behaviors compared
with younger adults. Specifically, confirming medications and
knowing medications were rated as the most important and
reasonable behaviors across age groups while using patient
portals was perceived as the least important and reasonable.

Previous research and safety advocacy organizations have
suggested behaviors that patients can adopt to improve
medication safety in ambulatory settings. Figure 1 provides an
overview of participants’ perceptions of each behavior in terms
of importance and reasonableness. Despite advocacy from policy
makers and professional organizations for patient portal usage
[6,42], the results show that it is perceived as the least reasonable
and important behavior across age groups. This could be due
to a perceived disconnection between portals and
medication-related safety, although our study did not directly
explore this link. It is important to note that the survey question
about patient portal usage did not explicitly link its use to
performing other medication safety behaviors, which may have
influenced participants’ perceptions. Nonetheless, the
discrepancy highlights the importance of understanding patients’
perspectives in shaping policy and clinical practices.

Conversely, the behaviors of confirming medications and
knowing medications received the highest scores in terms of
both importance and reasonableness. These findings emphasize
the significance of these behaviors in patient engagement and
medication safety efforts. Health care providers should recognize
the value placed by patients on these aspects of medication
management and incorporate discussions and interventions
related to these behaviors into clinical practice.

Our analysis also revealed a strong correlation between
reasonableness and importance for all behaviors among

participants. This suggests that intervention strategies may
consider targeting efforts to explain the importance and values
of these behaviors. This aligns with a cost-benefit thinking
approach, where something is considered reasonable when its
benefits (ie, importance) are perceived as higher than the efforts
required [43]. By emphasizing the benefits of engaging in
medication safety practices, health care providers can encourage
patients to adopt these behaviors more effectively.

Our results suggested that older adults may be more cognizant
of and experienced with health issues, making them more willing
to expend effort to carry out the identified behaviors. Further
research is needed to understand the reasons behind this
observed difference in scores between the 2 age groups.

Our study has several limitations. While role-playing
experiments are widely used in marketing science and health
care [10,44], the online platform used in the study, MTurk, may
introduce biases in the sample population [45]. Consequently,
the perspectives of our participants may not fully represent the
broader demographic, particularly older adults, in terms of sex,
race, education level, and chronic conditions. Furthermore, the
underrepresentation of participants older than 65 years (10%
vs 17% in the US population) could limit the generalizability
of our findings. However, we mitigated this by analyzing
participants older than 65 years separately from those younger
than 65 years, allowing us to explore differences in perceptions
of medication safety behaviors between these distinct age
groups.

In addition, it is important to recognize the complexity inherent
in assessing perceptions of importance, particularly across
diverse demographic groups. While our study aimed to capture
patient perspectives on medication safety behaviors, the
construct of importance is multifaceted and may be influenced
by individual experiences, beliefs, and priorities. This highlights
the potential for bias in responses when using a single age frame,
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particularly for younger participants who might underestimate
the capabilities and perspectives of older adults.

Furthermore, the survey question about patient portal usage did
not explicitly link its use to performing other medication safety
behaviors, which may have influenced participants’perceptions.
The lack of context regarding the comprehensive use of patient
portals could have impacted the ratings given by participants,
thus presenting a limitation in accurately assessing the perceived
importance and reasonableness of using patient portals.

Future research should consider using alternative sampling
methods, such as stratified sampling or oversampling of
underrepresented groups, to ensure greater representativeness
in the sample. Conducting similar studies with a purposive
sampling strategy could provide a more comprehensive
understanding of patient perceptions of medication safety
behaviors across diverse demographic groups, including older
adults with multiple chronic conditions. Given the study’s
limited scope, qualitative components were not integrated into
the survey. Subsequent studies should encompass qualitative
interviews with a spectrum of individuals, both laypersons and
professionals. Furthermore, careful consideration should be

given to the age-related framing of survey questions. Using
age-specific framing tailored to different groups, such as
presenting scenarios relevant to their age experiences, could
minimize bias and provide more accurate insights into
participant perceptions and behaviors across various age ranges,
ultimately leading to findings with greater validity and
generalizability.

Conclusion
Our study found that older adults perceive higher importance
of a set of safety medication behaviors and see these behaviors
as more reasonable to perform than younger adults. Using
portals is generally perceived lower in importance and
reasonableness by patients in ambulatory settings when
compared with other medication safety behaviors, such as
bringing medications to clinic visits. Future studies should
explore additional factors influencing patient engagement in
medication safety behaviors including social determinants of
health. Longitudinal studies are needed to understand how
improvement efforts can take advantage of patient perspectives
on medication safety to design interventions to encourage the
adoption of specific behaviors.
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Abstract

Background: Home medication management has been insufficiently studied, including the factors that impact the development
and effectiveness of adherence strategies under both routine and anomalous circumstances. Older adults are a particularly important
population to study due to the greater likelihood of taking medication in combination with the desire to “age in place.”

Objective: This interview study aims to understand how older adults develop medication management strategies, identify when
and why such strategies succeed or fail, learn more about how older adults think about their medication, and explore interventions
that increase medication adherence.

Methods: This study used a qualitative, semistructured interview design to elicit older adults’ experiences with home medication
management. Overall, 22 participants aged ≥50 years taking 1 to 3 prescription medications were recruited and interviewed.
Interview responses were recorded, and thematic, qualitative analysis was performed by reviewing recordings and identifying
recurring patterns and themes. Responses were systematically coded, which not only facilitated the identification of these themes
but also allowed us to quantify the prevalence of behaviors and perceptions, providing a robust understanding of medication
management and medication adherence.

Results: Participants reported developing home medication management strategies on their own, with none of the participants
receiving guidance from health care providers and 59% (13/22) of the participants using trial and error. The strategies developed
by study participants were all unique and generally encompassed prescription medication and vitamins or supplements, with no
demarcation between what was prescribed or recommended by a physician and what they selected independently. Participants
thought about their medications by their chemical name (10/22, 45%), by the appearance of the pill (8/22, 36%), by the medication’s
purpose (2/22, 9%), or by the medication’s generic name (2/22, 9%). Pill cases (17/22, 77%) were more popular than prescription
bottles (5/22, 23%) for storage of daily medication. Most participants (19/22, 86%) stored their pill cases or prescription bottles
in visible locations in the home, and those using pill cases varied in their refill routines. Participants used ≥2 routines or objects
as triggers to take their medication. Nonadherence was associated with a disruption to their routine. Finally, only 14% (3/22) of
the participants used a time-based reminder or alarm, and none of the participants used a medication adherence device or app.

Conclusions: Participants in our study varied considerably in their home medication management strategies and developed
unique routines to remember to take their medication as well as to refill their pill cases. To reduce trial and error in establishing
a strategy, there are opportunities for physicians and pharmacists to provide adherence guidance to older adults. To minimize the
impact of disruptions on adherence, there are opportunities to develop more durable strategies and to design aids to medication
adherence that leverage established daily routines.

(Interact J Med Res 2024;13:e53513)   doi:10.2196/53513
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Introduction

Background
Medication adherence—defined as taking medication as agreed
with one’s prescriber—is a crucial part of aging well. Studies
have shown that ≥50% of US adults do not take their
prescriptions as directed and that medication nonadherence is
responsible for as many as 33% to 69% of hospital admissions
and 125,000 deaths annually [1-3]. The World Health
Organization emphasizes the importance of medication
adherence, stating that “[i]ncreasing the effectiveness of
adherence interventions may have a far greater impact on the
health of the population than any improvement in specific
medical treatment” [4].

There is a rising rate of medication nonadherence across all
ages, sex, and race groups in the United States [5]. The greatest
concern, however, is for older adults. According to population
estimates by the United Nations World Population Prospects
report, 1 in every 4 persons will be aged ≥65 years by 2050 in
Europe and Northern America [6]. This represents a doubling
in the older adult population—approximately 9% in 2019 to an
estimated 16% in 2050. Aging populations require consistent
medication adherence for health maintenance; approximately
67% of US adults aged 45 to 64 years take at least 1 prescription
drug, and this figure rises to 88.5% for those aged ≥65 years
[7].

Older adults are underrepresented in research on medication
adherence and may face some unique barriers compared to the
average population [8,9]. There is a consistently strong
preference to “age in place” by older populations, preferring to
remain within communities instead of institutional care [10].
However, home settings are associated with medication
nonadherence [8,11]. Identifying barriers to medication
adherence related to home medication management, specifically
related to unintentional nonadherence, may lead to successful
strategies to aid older adults who wish to age in place [12].
Forgetting to take medication is one of the most common
contributors to unintentional medication nonadherence and is
particularly relevant for older adults desiring to live
independently [12].

Many interventions have been designed to aid in individual
medication adherence, generally specific to a disease or
treatment. Innovation in general prescription packaging,
distribution, and education has been limited. Some innovations
in container, labeling, and package design include blister packs,
PillPack, and a variety of adherence devices ranging from digital
pill containers to dispensing devices [13-16]. Studies have
shown limitations to many of these innovations, particularly in
their design and usability. These innovations have also had
limited commercial success. Overall, no substantial impact on
adherence has resulted from the use of simple adherence devices
[17,18]. More than 700 medication adherence apps exist, but
users often report technical difficulties such as schedule
inflexibility because many do not take, or need to take, their
medication at an exact time, as well as notification fatigue from
daily timed reminders to take their medication [19,20].
Therefore, innovation in containers, packaging, devices, and

apps represents potential targets for improvement of adherence
[21-24].

Another way to improve medication adherence is counseling
patients on home medication management practices [25]. Health
care providers can play an efficacious role in encouraging
behaviors to support adherence, especially ones tailored to
patients’ medication regimens and needs [20,26]. External
influences such as reduced time for medical appointments and
the increased use of mail delivery of prescriptions, necessitating
fewer pharmacy visits, reduce opportunities for medication
adherence guidance from physicians or pharmacists,
respectively.

Medication adherence often relies on the development of a
behavior that is repeated in response to triggers and fits into a
routine [27]. Triggers are actions that are taken or objects that
are encountered that can help patients remember to take their
medication. Habit formation is a main determinant of behavior
change but can take trial and error to be established, especially
when no guidance is provided by a health care provider or
suggested from past caregiving experience [28]. Selection of
triggers and formation of habits specific to medication
management are understudied, especially regarding the factors
that may impact the development and sustainability of strategies
within the context of both routine and anomalous circumstances.

Objectives
This study aimed to identify home medication management
practices used by community-dwelling older adults with simple
medication regimens. Specifically, this qualitative study aimed
to (1) understand how older adults develop medication
management strategies, (2) identify strategies that lead to
adherence and when and why such strategies succeed or fail,
(3) learn more about how older adults think about their
medication, and (4) explore interventions that increase
medication adherence.

Methods

Approach
On the basis of the results of a survey [29], we planned an
interview study to learn in depth about the medication
management experiences of older adults in their homes. Our
goal was to better understand how older adults fit medication
taking into their daily lives. Hence, our interest was in patients
with simple regimens involving 1 to 3 medications because,
with more, medication management is a more all-consuming
daily task.

We developed an interview guide and semistructured interview
process to elicit responses from older adults on their experiences
with home medication management, including selection of
medication storage location and development of
medication-taking routines, to characterize which factors
positively influence medication adherence when managing a
relatively small number of medications. Many interview
questions were based on survey results, which showed what
respondents did but did not reveal why or how they made their
decisions [29]. Therefore, the interview questions were designed
to elicit a richer narrative of how and why home medication
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management decisions are made and patients’perceptions about
what worked and what did not. The protocol was piloted on
Zoom (Zoom Video Communications, Qumu Corporation) with
1 individual in the study demographic to test timing, flow, and
wording, and no changes were made. The interview guide is
included in Multimedia Appendix 1.

The interview questions were developed to elicit information
about how older adults manage their medications in their homes
as part of the daily routine and under anomalous circumstances
such as travel. Interview questions asked participants to recount
their medication routines and were designed to cover the 3
components of adherence—initiation, implementation, and
discontinuation—to fully address the stages of adherence [30].

For the initiation phase, participants were asked who prescribed
their medications, whether this was during in-person or virtual
visits, and if they visited a pharmacy or used mail delivery.
Participants were questioned about the extent of their health
care provider’s counseling or advice on home medication
management, including how and where to store prescriptions
and how to remember to take them. For the implementation
phase, patients were asked about their daily home medication
management practices, including how they administer, store,
and identify their prescription medications. They were
questioned about any vitamins or supplements they take. They
were asked about any stigma they experienced about taking
medication or about visitors to their home seeing their
medication. In addition, participants were questioned about their
strategies for ascertaining adherence, including alarms, apps,
devices, and assistance from others, and their interest in the use
of a medication adherence device that used sensors to alert them
only when they forgot to take their medication. This device was
described as using the same principle as a seat belt, chiming
only when you both forgot to latch it and turn on the ignition
in a car. The device was described as using one sensor on the
participant’s prescription bottle or pill case and another sensor
on a coffee pot, toothbrush, or another object related to the
participant’s daily routine. Finally, in the discontinuation phase,
participants were questioned about nonadherence. Demographic
questions were asked at the end.

Participants
Participants included older adults recruited in July 2022 through
the Osher Lifelong Learning Institute (OLLI) at Tufts University
[31]. Participants were recruited through postings in the weekly
email newsletter sent to approximately 2000 OLLI members
who subscribed. Inclusion criteria were participants aged ≥50
years, taking 1 to 3 prescription medications for chronic
conditions (as opposed to taking on a short-term or an as-needed
basis), proficient in English, and with no cognitive impairment.

A total of 22 people responded to the recruitment materials
using a link in the OLLI newsletter. All the 22 respondents
consented to the web form, responded to the email to schedule
a time for an interview, and participated in the study. Ages
ranged from 56 to 87 (mean 70.5, SD 6.3) years, and 82%
(18/22) of the participants identified as female and 18% (4/22)
as male. All participants were White, and all had a bachelor’s
degree or higher educational status. All were community

dwelling, living in a house or apartment alone or with a partner,
and all lived in an urban or suburban setting in Greater Boston.

Despite the constraints imposed by a small sample size, data
saturation was largely achieved. This was evident by recurring
patterns and themes emerging in the responses and the ability
to draw meaningful conclusions from our sample.

Semistructured qualitative interviews were conducted with 22
participants during August 2022. The study was conducted
during the COVID-19 pandemic, and owing to physical
distancing protocols, all interviews were conducted via Zoom
teleconferencing software. The duration of each interview was
30 to 45 minutes. Consent to participate was obtained at
recruitment, and consent to record the interview was obtained
at the start of each interview.

Interview Team
The interviews were conducted by 1 researcher (LG), who had
many years of prior experience conducting interviews. Emails
were sent to arrange an interview time, and at the start of each
interview, participants were told that the purpose of the
interview was for a research project on medication adherence
and were asked to consent to recording the session. No bias,
assumptions, or interests in the topic were reported about the
interviewer. Another researcher (MR) attended all sessions but
did not conduct any interviews. Both researchers (LG and MR)
took informal notes during the sessions. Recorded sessions were
transcribed verbatim.

Ethical Considerations
Study protocols were approved by the Tufts University Health
Sciences Institutional Review Board (STUDY00002865). All
participants consented to participate in the interviews and were
told the purpose of the research in the consent form. All
participants were asked at the start of the interview if they would
consent to recording the interviews, that they would be only
identified by a participant number and their names or any
identifying information would not be used, that all recordings
would be securely stored and erased at the culmination of the
research, and that they could skip any question they did not
wish to answer. The recordings and all data were identified only
by a participant number and were thus deidentified. All
participants were compensated with a US $50 Amazon gift card,
which was sent to their email address as a way of showing our
appreciation for their time. This amount was deemed appropriate
for 30 to 45 minutes without being coercive.

Analysis
The transcript analysis aimed to explore and understand the
experiences of the participants; therefore, thematic analysis was
chosen as the analytic strategy. Thematic analysis is a qualitative
descriptive approach that is used to identify, analyze, and report
patterns within data and is useful for analyzing narratives [32].
Thematic analysis was performed by 2 researchers reviewing
and coding recordings and transcripts. A subset of interview
questions, deemed most relevant to uncovering home medication
management practices, were coded as part of this analysis.

To initiate the analysis, the researchers reviewed the interview
responses to identify prominent themes and noteworthy topics
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emerging from the data. After identifying potential areas of
interest, a structured list of questions and topics was developed
to serve as a preliminary coding framework for the analysis.
The researchers independently reviewed the recordings and
interview notes to apply the initial coding framework. They
engaged in regular meetings to compare their findings and
discuss any discrepancies. This collaborative approach ensured
consistency and reliability in theme identification. It also
allowed for the iterative refinement of the coding scheme
through both deductive and inductive methods, as themes were
allowed to evolve naturally from the data, while the initial
framework provided a guide to maintain focus on the study’s
aims.

Coding the responses facilitated the identification of significant
themes and allowed the research team to quantify the prevalence
of behaviors and perceptions, providing a robust understanding
of medication management and medication adherence.

Results

Sample Description
Five themes were identified relevant to home medication
management strategies. These themes corresponded to the stages
of medication adherence: initiation, implementation, and
discontinuation.

Theme 1: Participants’ Experiences of Obtaining
Medications
The first set of interview questions asked participants how their
medications were prescribed and obtained. The purpose of these
questions was to start the interview with straightforward
questions that were simple to answer yet relevant to this
research. An additional objective was to ask participants if they
received counseling or advice from a physician or pharmacist
regarding home management of medication, including where
to store them or how to remember to take them.

In response to being asked about who prescribed their
medications, how they obtained them, and if any counseling or
advice was provided, all the participants obtained prescriptions
from their primary care physician or specialist, yet none received
guidance from a health care provider about how to devise an
effective medication management strategy. More than half of
the participants (13/22, 59%) used trial and error to develop a
strategy, which included trying different locations in the home
or trying a pill case after seeing one in a local pharmacy. Five
participants devised a strategy based on experience assisting
someone else manage their medication. One participant who
devised a strategy based on prior experience stated the
following:

I have managed medications in the past for my mother
and aunt, both of whom are deceased, but they had
pill cases [which are] pretty common. It seems [like]
it’s a good organizational tool. I didn’t think a whole
lot about it [and] went out and got a pill case when
I first started having prescriptions. [Participant 13]

The remaining 4 participants devised their medication
management strategy using suggestions from a friend or family
member.

Approximately half of the participants (10/22, 45%) received
prescriptions by mail delivery only, 14% (3/22) of the
participants used a combination of mail and pharmacy pickup,
and the remaining 41% (9/22) used pharmacy pickup only. All
but 1 participant (21/22, 95%) received a 90-day supply of their
prescription medication.

Theme 2: Participants’ Experiences of Taking
Medications at Home
All participants (22/22, 100%) responded to the question, “Can
you walk us through your daily schedule for taking your
medications, specifically when you take your medications and
where you store them?” All participants provided a description
of their home management practices, which constituted unique
routines. All participants reported on what they used for
medication storage and where containers were placed, refill
strategies for pill cases, and how they remembered to take their
medication.

For medication storage, only 23% (5/22) of the participants kept
their medication in the prescription bottles it was received in.
Most of the participants (17/22, 77%) used pill cases to store
their medication. Of these, there was considerable variance in
the type of pill case used, including the number of
compartments. Of the 17 participants, 7 (41%) used 1 weekly
pill case with 7 compartments. For participants with morning
and evening medication, 6% (1/17) used a 14-compartment pill
case, while 29% (5/17) used 2 separate pill cases each week.
Two participants 12% (2/17) used 2 pill cases each to be able
to refill them together for a 2-week medication supply, 1 of
them citing the inconvenience of refilling pill cases and the
desire to do so as infrequently as possible. Referring to their
pill case, one participant describes the following:

It’s kind of a pain to fill so I kind of put it off...but if
it’s obviously empty [or if] there’s maybe one slot to
go, I’ll say awesome, let’s just fill it...I’ve got some
time. [Participant 5]

One participant 6% (1/17) had a separate pill case for each of
their medications, and another participant 6% (1/17) used a pill
case that stored a 4-day supply of medication.

Most US pill cases are designed with “Sunday” on the left-hand
side; hence, we expected participants to have a weekend refill
routine; instead, there was variance in when pill cases were
refilled and how participants remembered to refill them. Overall,
41% (7/17) of the participants relied on the visual cue of an
empty pill case to refill it; however, this method did not typically
lead to them refilling their case on the same day every week.
One participant stated the following:

When I get to the point where something is empty,
and I say, oh, time to refill. It should be every seven
days, but sometimes I might forget. Or I don’t know
why. But it doesn’t always work out to be every seven
days. But anyway, whenever they’re empty, then they
need to be refilled. [Participant 7]
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Furthermore, 59% (10/17) of the participants consistently
refilled on a specific day of the week. One described the routine
for refilling as follows:

Sunday morning, it’s a routine. After breakfast, I drag
[my medication] out. I have two different sets [of pill
cases]. So I always have one in reserve in the closet
with the bottles of the pills. I can easily take [the
medication] on Sunday. I don’t have to wait till I fill
them in order to take pills [since] I already have a
set ready. Usually after breakfast or when I have a
chance during the day on Sunday, I’ll go ahead and
fill the one that I’ve just emptied in the previous week
and put it in the closet. [Participant 17]

Participants using prescription bottles used 1 storage location
for their currently used bottle; those who received a 90-day
supply in multiple bottles used a secondary location for excess.
Participants using pill cases used 2 storage locations: a primary
storage location for the pill case itself and a secondary storage
location for the prescription bottles used to refill the pill case.
The primary storage locations used for prescription bottles and
pill cases were visible locations in their home for 86% (19/22)
of the participants. The kitchen table was the most common
primary storage location (10/22, 45%), and the bathroom counter
was the second most common primary storage location (4/22,
18%). For the 17 participants using pill cases, 14 (82%) used a
secondary storage location that was hidden from sight. The most
common secondary storage location was the kitchen cabinet
(7/22, 32%), followed by the bathroom cabinet (5/22, 23%).

Independent of the storage container used, most of the study
participants (20/22, 91%) took their medication during a time
range tied to a routine, such as eating a morning meal, while
only a small number (2/22, 9%) reported taking medication at
an exact time every day. One participant reported taking her
evening medication as follows:

Sometime after dinner and before going to sleep. It’s
probably a two-, three-, or four-hour range there.
[Participant 11]

Only a few participants (3/22, 14%) used a digital time-based
reminder or alarm to manage their medication. One participant
set an Alexa device to give her an oral reminder to take her pill
at 10 AM every day, 1 participant used a smartphone reminder,
and 1 participant used an alarm. None of the participants used
medication adherence devices or apps for reminders.

All participants (22/22, 100%) relied on at least 2 triggers to
remind them to take their medication. No 2 medication-taking
routines were identical among participants. Action triggers
included eating a meal (10/22, 45%), getting ready for bed (5/22,
23%), and brushing teeth (4/22, 18%); object triggers included
a visible pill case (17/22, 77%) and a water glass (4/22, 18%).
Because most participants stored their medication in a visible
area, they could see their medication container as they engaged
in a routine; for example, of the 10 participants who took their
medication during a meal, 8 (80%) stored their prescription
bottle or pill case on a kitchen table or counter. Storing their
medication in a visible area served as a second trigger, backing
up the routine-based trigger. One participant recounted the
following:

I have what I call my staging area, which is an area
between my kitchen and my dining room. [My
medication] stays in the [staging area] and since I
take that medication right after dinner it’s right there.
As I’m clearing the table, after I put the dishes in the
sink, I just go and I take the medication right after
dinner, and it’s visibly right there. [Participant 6]

Some triggers were tactile, not just visible. One participant used
the spatial orientation of her pill bottles to manage medication
adherence, reporting the following:

I came up with a scheme, where I keep the medicines
on one side of my microwave, or my toaster oven.
When I take it, I put it on the other side. [Participant
4]

While all participants relied on at least 2 triggers to remind them
to take their medication, more than half (15/22, 68%) of the
participants relied on ≥3 triggers. One participant who relied
on 3 triggers, taking medication with a meal, using a pill case,
and placing it on the dining table, missed the first trigger but
saw their pill case, which acted as a fallback reminder.

Theme 3: Factors Contributing to Nonadherence
From the participants’ descriptions of their medication
management, the use of ≥2 triggers served as “a safety net”
most of the time, providing multiple reminders to take
medication. Yet even multiple triggers failed at times. The most
reported reason for medication nonadherence among participants
was an unplanned or unexpected change of routine (13/22, 59%),
such as missing breakfast, waking up later in the day, or being
distracted by a phone call. Such events typically led to the
absence of, or overlooking, a specific trigger. For example, a
participant who relied on eating breakfast as a cue reported
forgetting to take her medication if she skipped breakfast:

If I have to go somewhere, first thing in the morning,
that’s a typical time when I forget. Because sometimes
I don’t even have time for breakfast or for one reason
or another didn’t get around to it. Then the next day,
it’s Monday, but I’m looking at the Sunday
[compartment of the pill] case saying, “Oh, I guess
I forgot to take it yesterday.” [Participant 7]

Another participant acknowledged difficulties when her usual
routine was interrupted or altered, reporting the following:

I just got distracted. I was on the phone with a friend.
[Forgetting medication is] more apt to happen if I’m
with my mom or somewhere other than in my own
home because I’m out of the routine, even though I
have the pill with me. [Participant 17]

The second most reported reason for nonadherence was travel.
The 8 participants who reported nonadherence during travel
explained it by citing a change in schedule, not being able to
store their medication in the same place, or not having the same
triggers in their usual routine available. One participant recalled
the following:

I have occasionally forgotten. Frankly, it’s when I’m
on vacation; even though I have them in the [weekly
pill case], my routine is different on vacation. It [the
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pill case is] not in my kitchen on vacation. I’m away
someplace. [Participant 19]

Another participant reported forgetting to pack his medication:

There was one time, I remember, when I left my pills
home. So there were like three days where I was not
taking the pills. [Participant 18]

Stigma was not reported as a contributor to nonadherence. No
participants reported experiencing stigma about taking
medication or about visitors to their home seeing medication.
When asked about stigma, respondents spoke about how
common it was for older adults they knew to be on medication,
which, to them, eliminated the experience of stigma or
embarrassment.

Theme 4: Perception of Medication
Participants were asked about how they thought about their
medication, for example, prescription name, pill purpose, or
pill appearance. In response to this question, approximately half
of the participants (10/22, 45%) thought about their medication
by the chemical name, with the next most popular response
being by the appearance of the pill (8/22, 36%). A smaller
number (2/22, 9%) thought about the medication’s purpose or
the medication’s generic name. One participant described
medications as follows:

I can’t name the one that I have been taking the
longest, which is upstairs in the bathroom. [The
medication for] underactive thyroid I just remember
by the name Levoxyl. And I’ve always remembered
it. The one downstairs I just recently started and it’s
a statin. I still don’t know what the name of it is. But
it’s just for cholesterol. [Participant 14]

Another participant described medications as follows:

I know all of them by their generic names. And when
they’re new, I think about what they’re meant to do.
But over time, I recognize them by their shape and
color. On a day to day basis, I probably look for the
shapes. And it really is off-putting when the pharmacy
either changes the generic or I change my insurance
plan and deal with the pharmacy benefits manager
who happens to have a different generic. [Participant
20]

Furthermore, of the 19 participants who took vitamins or
supplements in addition to their prescription medication, 18
(95%) treated their medications the same, not distinguishing
between what was prescribed by a physician, recommended by
a physician, or something they were taking independent of their
physician. These 18 participants stored their vitamins and
supplements in the same pill case as prescription medication,
and they integrated them into their medication routine, rather
than distinguishing between their prescription medications and
their vitamins and supplements.

Theme 5: Interest in Adherence Device
The final question to participants was about their interest in the
use of a medication adherence device that used sensors to alert
them only when they forgot to take their medication. Of the 22
participants, 17 (77%) were interested in using this device; 12

(71%) participants expressed interest in using the device
immediately, whereas 5 (29%) were open to using the device
if their medication routine got more complicated or they
experienced any cognitive decline. Of those 5 participants, 1
(20%) talked about the need to use a device in the future, saying
the following:

At this point now, I wouldn’t [be interested in a
device], because I just don’t need it. But certainly, if
I was struggling to remember to take them or if I had,
like some people I know, this very, very complex
regimen. So, I would be open to it at some point, but
not now. [Participant 9]

Out of the 5 participants who were not interested in the device,
3 (60%) explained that they saw no need to change or add to
their current routine, while 2 (40%) rejected the idea due to the
potential of notification fatigue or an unwillingness to use
technology for medication adherence.

Discussion

Principal Findings
The purpose of this qualitative study was to explore the
experiences of older adults managing their medication in their
homes. In conducting this study, our most significant finding
was the complexity and uniqueness of what participants did to
manage simple medication regimens. Another significant finding
was the extent to which trial and error or prior experience were
used to develop strategies without guidance from health care
professionals.

Medication management strategies need to encompass how
people think about their medication and not the artificial
demarcation of prescription medication only. Study participants
who took vitamins and supplements thought about their
medication as prescriptions, vitamins or supplements
recommended by physicians, and vitamins or supplements
recommended by a friend or another source.

Another finding was the variability in the use of pill cases,
including the number and type of pill cases used and the
frequency and timing to refill them. Related to this was the
complexity of medication storage location selection for both
primary storage, for example, a storage location accessed daily
for medication, and secondary storage, for example, storage
used for extra medication supply. Overall, the sheer variability
in home medication management strategies was surprising and
unexpected, especially for participants with relatively simple
medication regimens.

Additional results from each theme are discussed in the
subsequent sections.

Theme 1: Participants’ Experiences of Obtaining
Medications
All study participants expressed that they received no guidance
from a physician or pharmacist on any aspect of home
medication management, including how to establish a routine
to be adherent. Of the 22 participants, 13 (59%) designed their
own medication management regimens. A small number relied
on prior experience helping someone else manage their
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medication or through the advice of a friend or family member.
This lack of guidance from health care providers presents a
missed opportunity to increase medication adherence from a
trusted professional [30]. A survey conducted by Gualtieri et
al [29] found that 96% of middle-aged and older adult
respondents were receptive to receiving guidance from a
physician or pharmacist regarding their medication management.
This guidance could occur as part of prescribing or a medication
review by a physician or by a pharmacist during prescription
pickup.

With more than half of participants receiving prescriptions by
mail only (10/22, 45%) or a combination of mail and pharmacy
pickup (3/22, 14%) and approximately all receiving a 90-day
supply of their prescription medication, fewer pharmacy visits
are required as part of obtaining prescriptions. While this may
decrease the likelihood of running out of medication, it also
serves to decrease the need to enter a pharmacy location and
therefore may reduce the extent to which an older adult
establishes a relationship with or asks questions of a pharmacist.
Less time in a pharmacy may limit opportunities to explore
adherence-related tools, such as pill cases, which are often
displayed next to or near pharmacies in retail stores. Less
explored consequences of the rise in mail delivery may be theft
or degradation of medicine by extreme temperatures, rain, or
humidity.

Theme 2: Participants’ Experiences of Taking
Medications at Home
Participants described a wide range of routines for taking their
medication. Each routine was unique with varying degrees of
complexity. Most integrated multiple tactile and visual triggers
into their daily routines to prompt them to take their medication
each day. These adherence regimens may be so varied due to a
lack of physician or pharmacist guidance or established norms
for home medication management. Additional diversity was
found in the unique locations where participants stored their
medication and the timing with which they refilled it.

When participants described their experiences of home
medication management, they included how they stored their
pills. Pill cases were the most popular medication adherence
device used at home. A possible reason for the high prevalence
of weekly pill cases is that they provide direct feedback on
whether someone took their medication using visual cues.
Whether the slot in the pill case is empty or full is a
straightforward indicator, unlike a prescription bottle, where
users have no way of knowing if they took a pill that day unless
they count pills. Weekly pill cases are also the most commonly
seen medication adherence tool at pharmacies, though as
evidenced by the interviews, the style and how they are used
can vary greatly. This theory aligns with other literature, which
demonstrates that pill boxes can effectively aid medication
adherence. Another study on medication adherence found that
some patients favored using pill boxes for managing their
medications because they provided a visual reminder that they
had taken their doses [33].

The most common primary storage location for medication was
the kitchen, which was associated with using food preparation
or consumption as a trigger for medication taking. This may be

because mealtimes are a stable component of a daily routine.
Another possible factor explaining the popularity of a kitchen
storage location is that the participants enter the kitchen to
complete specific tasks, as opposed to using it for long periods.
This prescription bottle or pill case may act as a visual cue in
the kitchen.

Theme 3: Factors Contributing to Nonadherence
Participants, in describing their medication management
strategies, referred to the use of multiple triggers that served as
reminders to take their medication. Because triggers sometimes
fail, they may depend on their specific context. An object or
action without its usual context might be less effective as a
reminder.

When asked to recount the last time they were nonadherent,
participants described a disruption leading to a change in routine
in their home or being in a different location due to travel.
Because the recounted occurrences are events that are not under
the control of the participant, developing a robust medication
management strategy should ideally accommodate these
anomalies. During a change in routine, a trigger that is usually
relied upon may be absent. More robust routines with multiple
triggers may endure disruptions better, or more durable triggers
that are not disrupted by unexpected events are needed. More
planning may also be needed to accommodate disruptions and
unplanned events. Adherence devices may provide reminders
to reduce nonadherence under anomalous circumstances.

Our study pinpointed factors contributing to nonadherence that
are consistent with those identified in an interview study by
Mickelson and Holden [34]. Their findings highlighted that
disruptions in daily routines or travel could result in lapses in
medication adherence. In addition, they observed a variety of
tools and technologies being used to manage medications,
including pill boxes. Uniquely, their study also revealed that
stigma played a role in nonadherence; participants were hesitant
to be seen as sick, leading them to skip medications in social
settings, a finding that contrasts with our study [34]. Our
participants noted that medication use among older adults is so
common that it does not carry any stigma for them.

Theme 4: Perception of Medication
How participants referred to their medication varied
considerably, with most referring to their medication using the
chemical name, followed by appearance. The use of chemical
names could be due to education because all participants had
obtained a bachelor’s degree or higher. Another factor
influencing how people refer to their medication could be the
number of medications that they take; it may be harder to keep
track of chemical names as the number of medications increases,
especially with the complexity of chemical names.

The second most common mode of reference participants used
was appearance. When pills are similar in appearance, concerns
about medical error arise. It is worth investigating the correlation
between how people think of their medication and medication
adherence and if discussion with a physician or pharmacist
should emphasize the medication name, appearance, and purpose
to aid in accurate identification by patients, especially for tasks
such as filling a pill case. The primary concern for medical error
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may be when a patient who relies on appearance for prescription
identification receives a new generic or a dosing change and
the new pill is a different shape, size, or color.

Most participants thought of their medication as prescription
medication, vitamins, and supplements, without categorizing
differently what they were prescribed, recommended by a
physician, or took of their own volition. Adherence is more
critical for prescription medications, but strategies to guide
patients should ideally address how they think about their
medication regimen and, for pill case users, how they select,
use, and refill pill cases.

Theme 5: Interest in Adherence Device
Only 1 participant currently relied on a general, as opposed to
adherence, technology to assist with medication; this participant
relied on a daily reminder from Alexa. None of the study
participants currently used adherence devices or apps to generate
reminders. More than two-thirds of the participants (17/22,
77%) expressed interest in using a device to assist with
adherence only when needed, in contrast to devices with timed
reminders. Only 2 individuals expressed a lack of interest in
this technology. In addition, most study participants lived alone
without others to remind them to take their medication,
providing an opportunity where an adherence device might be
beneficial as a backup. A lack of experience, positive or
negative, with medication adherence device or app use did not
seemingly deter participants from expressing interest in a device
that integrated naturally into their routine.

Strengths and Limitations
The strength of participant recruitment through the OLLI at
Tufts University was that our recruitment goal of ≥20
participants was met quickly. However, the disadvantage was
that our sample was not representative of the US Census for
adults aged >50 years. The narrowness of our study population,
due to our recruitment strategy, is a limitation of this study. A
subsequent interview study was conducted with adults who
identify as racial or ethnic minority individuals.

While our cohort consisted of participants who were more
educated, and hence likely to have higher health literacy skills,
they still experienced unintentional nonadherence. A higher
level of education is associated with higher socioeconomic
status; however, none of the strategies deployed for medication
adherence by participants were costly. Furthermore, many
participants were not working full time or were retired, which
may influence their daily routines and their ability to travel.
Because most of the participants lived alone, they were less
likely to be able to rely on others to remind them.

Finally, participants were limited to those taking 1 to 3
medications and experiencing no cognitive decline. A more
representative sample of older adults should include those taking
more medications, including those with complicated schedules.
It should also include those who are experiencing minor
cognitive decline yet are living independently because this might
add additional barriers to medication adherence strategy
development and may increase forgetfulness.

Despite some limitations in the diversity of participants, this
study has strengths in uncovering home medication strategy
development and execution through the set of questions eliciting
participants’ experiences. Face-to-face interviews lasting 30 to
45 minutes through Zoom enabled us to gain more insight and
details than we would have discovered through a survey; in fact,
our prior survey work led to the design of an interview guide
to gain a deeper understanding. Participants shared freely how
they developed and executed a home medication management
strategy, when the strategy was successful, and when and why
it failed.

Future Directions
Future work will build on the results of this study as well as the
completed interview studies on racial and ethnic minorities.
One goal is to create educational interventions that lead to
improved adherence under routine and anomalous circumstances
and eliminate or reduce the trial and error process so often used.
Ideally, an educational intervention would be delivered by
physicians when prescribing, by pharmacists when dispensing,
or by either professional when nonadherence is indicated by a
patient or by refill frequency.

Related to this, and in support of patient-physician
communication about adherence, another goal is to develop a
scale for home medication management, much like those for
medication adherence but focused on home practices. This scale
could be used by physicians when prescribing medication to
determine how likely a patient is to be adherent based on their
current lifestyle or by pharmacists or family caregivers to
provide guidance in developing an individualized medication
management strategy.

Another goal is to design and test medication adherence devices
that take a failsafe approach to helping older adults live
independently longer. While current medication adherence
devices and apps rely on time-based triggers, our study shows
the reliance on routine, leading to our interest in routine-based
triggers. Our study found that participants managed their
medication in the context of a routine, yet their routines did not
take place at an exact time but rather upon rising or in the
morning. Alerts or reminders set for a specific time may be
disruptive if the timing of the routine is variable. They can be
even more confusing if the person has already taken their
medication but still receives a reminder to do so. This may result
in notification fatigue or in turning off notifications altogether.
Thus, we plan to design and test a medication adherence device
that reminds users to take their medication only when their
current routine fails them and is robust enough to accommodate
disruptions. Given the high interest from our participants when
asked about this new medication adherence device, this has the
potential to reduce unintentional nonadherence in older adults
who are aging in place.

Given that study participants’medication management strategies
treated prescribed medication the same way as vitamins and
supplements, we will further explore the implications of this
for adherence. Home medication management strategies, to be
effective, should align with how patients think about their
medication. This should include any medication, prescription,
or nonprescription that patients take. Related to how people
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think about medication is further pursuit of the implications of
identifying medication by name, appearance, or purpose. The
special concern is if there are transitions due to a change to a
generic or in dosing and the ensuing challenges when refilling
pill cases.

Related to this, a future study will seek to better understand the
selection and use of pill cases over prescription bottles and the
impact on remembering to take medication as prescribed, not
taking extra doses when unsure if a dose was taken, and making
refilling a case easier and more convenient. For both users of
pill cases and prescription bottles, we aim to research how to
support the development of more durable, disruption-proof
triggers that function under routine and anomalous
circumstances.

A final interest stemming from this study is the influence of
home environments. We noted that participants who lived alone
could develop a medication routine with substantial triggers
with no limitations in terms of where they could place
medication. An open question is whether this affords more
flexibility to optimize the placement of a pill case or prescription
bottle. Yet these same individuals lack someone in the home to
remind them to take their medication, which for some provides
an additional safety net. Another question is the influence of
home size and the number of levels in a home in developing a

strategy, in particular, how much proximity is needed between
storage locations and heavily used locations in the home.

Conclusions
The findings of this study provide important insights into the
challenges older adults face in managing their medication and
indicate opportunities to improve medication adherence in older
adults. Our study participants formulated home medication
management strategies without physician or pharmacist
guidance, which represents an unexplored opportunity for
improving adherence strategies through patient education
provided by health care professionals during discussions with
patients. Another opportunity is to reduce the extent to which
trial and error is used to develop and refine medication
management strategies through tailored guidance. Individualized
guidance should include identifying more durable,
disruption-proof triggers that function under routine and
anomalous circumstances, including sufficient portability to
accommodate travel. This qualitative study suggests that, in
addition to supporting older adults who occasionally forget to
take their medication, there are opportunities to improve
adherence guidance to older adults when they are receiving their
first long-term prescription or during a regimen change. It also
suggests pathways for designing better adherence aids that
integrate with established daily routines.
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Abstract

Background: The concept of oral frailty has gained scientific and clinical relevance in recent years, and early detection can
facilitate timely intervention to manage its progression. The Oral Frailty Index-8 (OFI-8) was developed to assess
community-dwelling older adults at risk for oral frailty.

Objective: This study aims to investigate the psychometric validity of the OFI-8 in the Portuguese population, named the
Portuguese version of the OFI-8 (OFI-8-PT), which may serve as a reference for future studies related to longevity and oral
function.

Methods: This study included 2 main phases, involving patients aged 60 years or older, Portuguese speakers, and those who
consented to participate in the study. First, the researchers translated and cross-culturally adapted the original questionnaire to
make it suitable for native Portuguese speakers. The translated tool was then assessed for psychometric validation, which consisted
of test-retest reliability, internal consistency, construct validity, and sex invariance measurement.

Results: A total of 159 older adults participated in the baseline survey, with almost equal numbers of male (n=79, 49.7%) and
female participants (n=80, 50.3%). The OFI-8-PT demonstrated good reliability (Cronbach α=0.95) and construct validity
(goodness-of-fit index=0.96; comparative fit index=0.85; and root mean square error of approximation=0.05, 90% CI 0.00-0.09).
The study found sex invariance, indicating that the OFI-8-PT is equally valid for male and female participants, and the tested-retest
reliability of the OFI-8-PT was good, indicating consistent results over time.

Conclusions: The OFI-8-PT showed psychometric validity and good reliability to be used in the Portuguese population.

(Interact J Med Res 2024;13:e49975)   doi:10.2196/49975

KEYWORDS

oral frailty; oral health; functional disability; frailty; aging; dentistry; confirmatory factor analysis; psychometric validity;
questionnaire development

Introduction

Contemporary societies are grappling with an unprecedented
aging phenomenon, propelled by the evolving age distribution
of the global population [1,2], largely owing to remarkable gains
in life expectancy [3]. The increasing longevity—considered a
testament to medical advancements, improved access to
treatments, and an emphasis on preventive care including oral
health maintenance [1,4,5]—presents a notable societal
achievement. However, amid this transition emerges the

challenge of frailty—a condition marked by heightened
vulnerability attributed to age-related declines in physiological
reserves [6,7]. Frailty, often exacerbated by a prolonged lifespan,
poses distinct health and societal complexities [2], underscoring
the multifaceted nature of aging in contemporary times.

Within this spectrum, oral frailty was introduced in 2013 in
Japan and has gained increased attention in recent years [8,9].
Oral frailty is defined as a decline in oral health and functional
capacity, with broader implications for overall health and quality
of life [8,9]. Tanaka et al [10] developed an 8-item
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questionnaire, referred to as the Oral Frailty Index-8 (OFI-8),
for the purpose of surveying community-dwelling older adults
who are at risk of oral frailty. Evidence suggests that early
identification and intervention can slow the progression of oral
frailty and may even prevent its onset [11,12]. This has led to
a growing international interest in identifying the effects of
aging on oral health and appropriate strategies for its prevention
[11,13]. For this reason, oral frailty is currently considered one
of the main determinants of oral health and dentistry policies
[9].

Maintaining good oral function can then be one of the keys to
increasing longevity, but the evidence is limited and has not
been studied in detail [8]. Thus, additional high-quality studies
are needed, and it is extremely important to increase awareness
of oral frailty and provide appropriate literature related to this
concept to promote healthy aging in the future [5,10].

Therefore, considering the potential impact of the OFI-8 and
the need for further validation worldwide, the purpose of this
research is to serve as a reference for future studies related to
longevity and focused on oral function by translating and
exploring the psychometric validity of OFI-8 in the Portuguese
population, named the Portuguese version of the OFI-8
(OFI-8-PT).

Methods

Design, Setting, and Participants
This was a cross-sectional study that aimed to translate and
validate the OFI-8-PT in a sample of patients aged 60 years
older from the Egas Moniz Dental Clinic (Almada, Portugal).

To be eligible, participants needed to be aged 60 years or older;
be fluent in Portuguese; and consent to participate. The
recruitment was carried out between December 30, 2022, and
February 17, 2023, which corresponds to a total period of
approximately 7 weeks. The recruitment procedure and sampling
method consisted of a consecutive convenience sample of
participants eligible for participation that presented at the Egas
Moniz Dental Clinic for a first dental appointment.

Sample Size Calculation
To achieve the proposed aim, we calculated a minimum sample
size based on the rules of thumb from Terwee et al [14] (between
4 and 10 participants per variable), with a minimum of 10
individuals per questionnaire item. As such, considering an
8-item questionnaire with a dichotomous nature, we estimated
a minimum number of 80 participants to ensure the stability of
the variance-covariance matrix when performing confirmatory
factor analysis (CFA).

Translation and Cross-Cultural Adaptation of the
OFI-8
The original OFI-8 questionnaire measures the oral frailty using
8 dichotomous items, representing the number of natural teeth,
masticatory performance, maximum tongue pressure,
articulatory oral motor skill, subjective difficulties in eating
tough food, and subjective swallowing difficulties.

Each question is assigned a score that is then added together to
obtain the total score of the questionnaire, resulting in a
numerical scale that ranges from 0 to 11 points; higher scores
indicate a greater degree of oral frailty, which in turn has other
implications previously described, such as physical frailty,
dependence, and mortality [5]. For questions 1, 2, and 3, a
response of “Yes” was allocated 2 points, while for questions
4 and 5, a response of “Yes” was allocated 1 point. In contrast,
a “No” response was awarded 0 points. Conversely, for
questions 6, 7, and 8, a response of “No” was given 1 point,
while a response of “Yes” was not awarded any points [10].

Two independent, bilingual individuals fluent in both Portuguese
and English translated the original English version of the OFI-8
into Portuguese (VM and JB) in a “double-blind” process.
Because no disagreements were recorded, a final version of the
questionnaire was named OFI-8-PT. After back-translation to
English and comparing with the original to identify
discrepancies, no ambiguous wording or cultural nuances were
identified. The semantic and conceptual equivalence was attested
(Table 1).

Table 1. Original version and Portuguese translation of the Oral Frailty Index-8 (OFI-8).

Translation (Portuguese)Original (English)Item

Em comparação com há 6 meses, sentiu dificuldades em comer ali-
mentos duros?

Do you have any difficulties eating tough foods compared to 6
months ago?

1

Recentemente, engasgou-se com chá ou sopa?Have you choked on your tea or soup recently?2

Usa prótese dentária?Do you use dentures?3

Costuma ter a boca seca?Do you often have a dry mouth?4

Sai de casa com menos frequência do que no ano passado?Do you go out less frequently than you did last year?5

Consegue comer alimentos duros como carne seca ou nozes?Can you eat hard foods like squid jerky or pickled radish?6

Quantas vezes escova os dentes por dia (2 ou mais vezes/dia)How many times do you brush your teeth in a day? (2 or more
times/day)

7

Visita o Médico Dentista pelo menos uma vez por ano?Do you visit a dental clinic at least annually?8
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Variables
The dependent variable in this study was the older adults’
self-perception of their own oral health (oral frailty score), which
occurs as a result of the independent variable. The way in which
participants define their oral health condition is used as an
indicator for the oral frailty score.

Some parameters of the participants in this study, such as age
and sex, were considered independent variables of the study.
These variables can be used to determine if there is any
relationship with the oral frailty score of the individuals.

Statistical Analyses
The statistical analysis was conducted in the R plyr package (R
Foundation for Statistical Computing).

Reliability
The OFI-8-PT was pilot-tested on a random sample of 10% of
the total sample required for validation (and this subsample was
not part of the validation stage). The eligibility criteria of this
pilot test were the same as the validation. We used the
Kuder-Richardson formula 20 to test the internal consistency
of each item, considering its dichotomous nature [15].

Validity
Using the lavaan package, we performed the CFA to compute
the factorial loads and model fitness. To compute the model,
we used the maximum likelihood method, with the differences

between models being explored through chi-square (χ2) and
likelihood ratio tests. To test the fitness of CFA, we used the

χ2/df ratio (good adjustment with values <2) [16], the root mean
squared error of approximation (RMSEA; a good model
adjustment considered for values between 0.05% and 0.10%;
90% CI) [17], the confirmatory fit index (CFI; a cutoff criterion
of ≥0.90 indicates a good fit) [18], goodness-of-fit index (GFI;
values of 0.90 or greater indicate well-fitting models) [19], and
normed fit index (a cutoff criterion of 0.90) [20].

Then, to make sure that the change of the state variables
indicates state variability and not trait change, such as sex, we
analyzed the sex invariance of the OFI-8-PT. To do this, we
estimated 4 consecutive models: (1) unconstrained model; (2)
factor loading–constrained model (Model 1); (3) factor loading–
and structural covariance–constrained model (Model 2); and
(4) factor loading–, structural covariance–, and measurement
residual–constrained model (Model 3). Then, we were able to

obtain the Δ values for CFI (ΔCFI) and chi-square (Δχ2). We
defined a cutoff point of ΔCFI<0.01 as the presence of

invariance [18,21] and Δχ2=0.095 as invariance between the
models [22,23]. In addition, we explored the relationships
between the OFI-8-PT items to confirm instrument
dimensionality via the Spearman rank correlation coefficient

(ρ) and the effect of the previously mentioned 2 confounding
variables, sex and age, through the Spearman correlation with
the overall OFI-8-PT score. The level of statistical significance
was set at 5% in all inferential analyses.

Ethical Considerations
The data collection was performed electronically, ensuring the
confidentiality and anonymity of the participants’ data through
a cloud-based system [24]. The study was conducted in
accordance with the regulations applicable to research and was
approved by the Ethics Committee of the Egas Moniz (ID:
1140/2022). Informed consent was obtained from each
participant before their inclusion in the study. Participants
entered into this research voluntarily, fully aware of their right
to withdraw from the study at any point without the need for
justification. The informed consent process ensured that
participants had a clear understanding of the study’s purpose,
procedures, and the voluntary nature of their involvement.
Patients received compensation in the form of free diagnosis
and treatment without costs.

Results

Participant Characteristics
A total of 159 participants completed the OFI-8-PT, with an
average age of 73.9 (SD 9.4; range 60-99) years (mean 74.8,
SD 9.7 years and mean 73.1, SD 9.0 years for female and male
participants, respectively), and the group was equally composed
by female and male participants (n=80, 50.3% female vs n=79,
49.7% male).

Test-Retest Reliability
To test the reliability of the OFI-8-PT, 16 participants answered
the translated tool 2 times (baseline and 2 weeks after). Of these
participants, 6 (38%) were female and 10 (62%) were male,
with similar age intervals (female: mean 70.8, SD 4.7 years vs
male: mean 71.7, SD 9.2 years). The median total score of the
instrument was 3 (range 0-7).

The overall internal consistency through Kuder-Richardson
formula 20 was 0.69, thus considered to be a good reliability
score. Nominally, each question had excellent reliability
(Multimedia Appendix 1).

The OFI-8-PT exhibited an adequate reliability (with a Cronbach
α coefficient of 0.95) and an adequate psychometric feature.

Construct Validity
The CFA analysis attested the unifactorial structure of the
OFI-8-PT. The first-order unifactorial model resulted in an
adequate model fit (GFI=0.96; CFI=0.85; and RMSEA=0.05,
90% CI 0.00-0.09; Table 2).
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Table 2. Model fit indices in the unifactorial model and configurational invariance by sex.

ΔdfΔχ2ΔCFIRMSEAc (90% CI)GFIbCFIaχ2/dfP valuedfχ 2Model

———d0.05 (0.00-0.09)0.960.851.33<.0012026.5Unifactorial

Measurement invariance across sex

———0.04 (0.00-0.09)0.960.901.10—4043.8Unconstrained

74.80.100.00 (0.00-0.07)0.961.001.03<.0014748.61

77.40.050.02 (0.00-0.08)0.990.951.04<.0015456.02

00.00.000.02 (0.00-0.08)0.990.951.04<.0015456.03

aCFI: comparative fit index.
bGFI: goodness-of-fit index.
cRMSEA: root mean square error of approximation.
dNot applicable.

A multigroup CFA assessed the invariance across sex groups
in the OFI-8-PT (Table 1). Accordingly, there was invariance

for sex groups based on the comparisons of CFI, χ2, and df
values across the unconstrained and constrained models studied.

In order to learn the agreement level of OFI-8-PT components,
we analyzed the correlation between the items using Spearman
rank correlation coefficient. There was a low number of
significant correlations (4/28, 14% of all correlations; Table 3).

Table 3. Correlation between Portuguese version of the Oral Frailty Index-8 item scores.

87654321Item

1

0.0660.1120.3310.215–0.040.1660.1031r

.49.49.01.29.61.38>.99—aP value

2

0.1330.0120.070.0750.0440.17510.103r

.74.16.49.29.91.21—>.99P value

3

–0.037–0.1050.2050.0240.11710.1750.166r

.047.09.23.09.14—.21.38P value

4

–0.005–0.0420.1020.08610.1170.044–0.04r

.16.12.91.14—.14.91.61P value

5

0.1450.1870.14210.0860.0240.0750.215r

.18.03.78—.14.09.29.29P value

6

–0.0090.18110.1420.1020.2050.070.331r

.047.78—.78.91.23.49.01P value

7

0.12310.1810.187–0.042–0.1050.0120.112r

.23—.78.03.12.09.16.49P value

8

10.123–0.0090.145–0.005–0.0370.1330.066r

—.23.047.18.16.047.74.49P value

aNot applicable.
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Confounding Variables
When correlating the overall OFI-8-PT score, age was
significantly correlated (ρ=0.259; P<.001), whereas sex was
not (ρ=–0.035; P=.66), confirming as well the absence of sex
invariance.

Discussion

Principal Findings
This study demonstrated the psychometric validity of the
OFI-8-PT to depict individuals at risk of oral frailty and
functional disability in this Portuguese sample. In addition, we
found an adequate internal consistency and reliability of this
questionnaire.

The assessment of oral frailty in older adult individuals through
a comprehensive scale holds great clinical significance due to
its potential influence on geriatric care and the overall health
outcomes of these individuals. Older adults typically face a
variety of oral health challenges, such as tooth loss, periodontal
disease, and dry mouth, which can significantly impact their
quality of life and general well-being [25,26]. Despite the
prevalence of oral health problems in the older adult population,
there is a scarcity of specialized tools designed to assess oral
frailty, which encompasses the functional and structural
vulnerabilities of the oral cavity [27,28].

Expanding the usability of the OFI-8 to other languages could
help health care professionals detect, intervene, and track oral
health in older adults, potentially improving their quality of life
through preventive care and tailored hygiene. Moreover,
incorporating oral frailty assessment into routine geriatric
assessments can facilitate comprehensive care planning and
interdisciplinary collaboration among health care providers [29].
By addressing the clinical need for a validated scale to assess
oral frailty in older adults, this study contributes to enhancing
the holistic approach to geriatric health care and underscores
the importance of oral health in promoting healthy aging.

The GFI indicated that the observed covariance matrix of the
data fitted the covariance matrix implied by the model, revealing
a very good fit. The CFI, however, suggested a reasonable fit
with room for improvement when compared to a null model.
The RMSEA also revealed a good fit with a value of 0.05. These
results support the validity of the OFI-8-PT, although they
cannot be directly compared with the original study by Tanaka
et al [5] due to differences in methodology. Additionally, this
is the first study to validate the OFI-8 in a language other than
Japanese, which may contribute to future comparability with
other validations and cultural adaptations.

With the introduction of the OFI-8-PT, health professionals and
researchers will have a valuable tool for assessing oral frailty
in older adults in Portugal. This standardized and validated
questionnaire will enable early detection of oral frailty, allowing
for targeted interventions and preventive strategies. With the
current aging population, understanding and managing oral
frailty is becoming increasingly important to promote healthy
aging and improve overall well-being. By identifying individuals

at risk, the OFI-8-PT can facilitate appropriate oral health
services, ultimately contributing to improved oral health
outcomes and quality of life.

The OFI-8-PT questionnaire offers several advantages that make
it a valuable tool for assessing oral frailty in older adults in
Portugal. Its standardized and validated nature ensures reliable
and consistent assessment, while its ease of administration and
scoring facilitates its incorporation into routine assessments.
Implementation of the OFI-8-PT also allows for data collection
on oral frailty in the Portuguese population, contributing to a
better understanding of its prevalence and impact on health
outcomes. However, it is important to acknowledge potential
drawbacks, such as its primary focus on oral health aspects and
its reliance on self-reporting, which may introduce bias or
inaccuracy. Addressing these limitations and ensuring proper
training and awareness of participants will be critical to
maximizing the benefits of the OFI-8-PT questionnaire.

Strengths and Limitations
Overall, the study provides valuable insights into the
psychometric validity of the OFI-8-PT questionnaire in the
Portuguese population. However, there are some important
limitations worth discussing that should be considered when
interpreting the results.

First, the sample size used in the study was relatively small,
which may limit the generalizability of the findings to a larger
population. Yet, this shortcoming is limited as the OFI-8 is a
1-factor scale and we followed a previous validated strategy.
Additionally, the study relied solely on self-report measures,
based on self-perception of oral health, which could result in
bias or social desirability effects. Furthermore, the study was
conducted in a specific population from a university clinic,
consisting solely of patients who visited the dental clinic, and
therefore, findings may not be generalizable to the entire
Portuguese population or other populations in different
geographical locations. Nevertheless, these participants live in
the largest metropolitan area in Portugal and may provide a
considerable percentage of representation. Moreover, the
presence of confounding variables, such as chronic diseases and
medications, could influence the oral frailty score of individuals.
Although these variables were acknowledged, the study did not
extensively analyze their impact or control for their effects, and
the study could not assess longitudinal effects due to its design.

Accordingly, conducting further research with larger and more
diverse samples is recommended to address these limitations
and strengthen the validity of the findings.

Conclusion
In conclusion, the OFI-8-PT was shown to have psychometric
validity and reliability in the population under study, providing
a snapshot of its oral frailty and functional disability. This
consistency and ease of use may contribute to better screening
and monitoring oral frailty prevalence and its impact on health
outcomes. It may have an impact on future public health
strategies to address oral frailty.
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Abstract

Background: Long-term care hospitals have been considered an efficient response to the health care needs of an increasingly
aging population. These centers are expected to contribute to better hospital bed management and more personalized care for
patients needing continuous care. The evaluation of their outcomes is necessary after a sufficient period to assess their impact.
Hospitals for Acute and Chronic Long-Term Extended Stay (HACLES) emerged in Spain in the late 20th century as a response
to the aging population and the increase in chronic diseases.

Objective: This study aimed to analyze the profile of patients treated in a HACLES, particularly analyzing gender differences,
and evaluate the cost savings associated with using these centers.

Methods: A retrospective study was conducted based on data from patients 65 years old or older admitted to a HACLES between
2022 and 2023. Gender, age, household cohabitation data, diagnosis and comorbidity, daily medication intake, and degree of
dependency were obtained to describe the profile of patients who attended the HACLES. Data coded in SIA-Abucasis (version
37.00.03; Consellería Sanitat, Generalitat Valenciana; a digital medical record system used in the Valencian region) were reviewed,
and descriptive statistics and comparison tests were used. The direct cost savings of HACLES admissions were calculated by
comparing the daily cost of a general hospital bed with that of a HACLES bed.

Results: Data from 123 patients with a mean age of 77 years were analyzed. Most (n=81, 65.9%) had a cohabiting family
member as their primary caregiver. Palliative care was the most frequent reason for admission (n=75, 61%). The mortality rate
(odds ratio [OR] 61.8, 95% CI 53.2-70.5) was similar between men and women (OR 54.1, 95% CI 47.8-71.5 vs OR 59.7, 95%
CI 42.2-66.0; P=.23). The cognitive assessment, using the Pfeiffer scale, improved at discharge (mean 3.2, SD 3.2 vs mean 2.5,
SD 3.1; P=.003). The length of stay was significantly larger for patients who returned home compared with patients discharged
to other facilities (mean 89.8, SD 58.2 versus mean 33.1, SD 43.1 days; P<.001). The direct cost savings were estimated at US
$42,614,846 per 1000 admissions.

Conclusions: Patients typically treated in HACLES are older, with a high level of cognitive impairment and physical dependency,
and a significant proportion are in palliative care, highlighting the importance of adapting care to the individual needs of the
admitted patients. The HACLES model contributes to the sustainability of the public health system.

(Interact J Med Res 2024;13:e64248)   doi:10.2196/64248

KEYWORDS

chronicity; length of stay; hospital; chronic; long-term care; demographics; gerontology; Hospitals for Acute and Chronic
Long-Term Extended Stay; HACLES; healthcare economics; cost savings
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Introduction

In all high-income countries, long-term care hospitals have been
considered an efficient response to the health care needs of an
increasingly aging population that have multiple chronic
conditions simultaneously [1]. However, the care model is being
reviewed, and new ideas are emerging to leverage the potential
of these health care resources [2].

In Spain, Hospitals for Acute and Chronic Long-Term Extended
Stay (HACLES) were initially designed to free up beds in
general hospitals occupied by patients with chronic conditions
who did not require an acute care but needed a suitable hospital
environment [3]. These hospitals continue to focus on managing
complex medical needs that extend beyond short-term acute
care settings, with an emphasis on long-term care and support
for patients with chronic illnesses, disabilities, or conditions
requiring prolonged medical treatment.

In the mid-90s, HACLES were established in the Valencian
Community as a response to the need for specialized care for
patients with chronic conditions and those requiring long-term
care. These centers integrated medical, nursing, rehabilitation,
psychological, and social support [4]. By the early 21st century,
this model was consolidated with investments to make them
more accessible and comfortable for prolonged stays, adapting
to the profiles and needs of patients with chronic conditions,
including those requiring palliative care. These centers are
expected to contribute to better hospital bed management and
more personalized care for patients needing continuous care.

The HACLES model, as is happening in other countries [5] and
having gone through its period of implosion and consolidation,
requires the development of long-term strategies that respond
to the demographic and technological changes in our society.
This study aims to describe the profile of patients receiving care
in a HACLES, particularly analyzing gender differences, and
evaluate the cost savings associated with using these centers.

Methods

Overview
A retrospective observational study was conducted based on
the review of data coded in SIA-Abucasis (the digital clinical
history system used in the Valencian Community) from a
systematic sample of patients >65 years old admitted to the
HACLES. The STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines were used
to describe this study (Multimedia Appendix 1).

Patient Eligible Criteria
Data were recorded from all patients admitted over a period 2
years, between January 2022 and December 2023. A blinded
registration system was used for the research team. A web-based
platform was developed to ensure data quality, accessed through
a personalized key, respecting data anonymization.

Sample Size
Considering the annual number of admissions (N=294), an α
risk of .05, and a precision of 5%, the sample size was estimated

at 168 medical records. This calculation was made using the
formula for sample size in finite populations.

Sample Selection
Among the patients randomly assigned to each reviewer, a total
of 30 cases were selected through simple randomization (k=3).

The reviewers included 4 nurses (all women). The reviewers
were trained in the review procedure and in using a data
registration tool, ensuring uniformity in the interpretation of
the study protocol. A call center was available during the field
study to resolve any issues related to data entry on the web
platform.

Study Variables
These included binary variables such as gender; continuous
variables such as age, polypharmacy (daily medication intake),
average stay, and, when available, Barthel [6], Pfeiffer [7], and
Gijón [8] scales scores at admission and discharge; and nominal
variables such as household cohabitation data, primary
diagnosis, comorbidity (based on the International Classification
of Diseases, 10th revision [ICD-10]), reason for admission,
degree of dependency, residence at the time of admission,
destination upon discharge (home, institution, death, or others),
and who the primary caregiver is.

Cost Analysis
The direct cost savings represented by admission to a HACLES
were estimated by the difference between the daily cost of a
bed in a general hospital, established at US $1047 [9], and the
daily cost of a bed in a HACLES, estimated at US $373 [10].
Declared costs were adjusted to 2024 values considering
increases in the cost of living.

Data Analysis
Data curation included eliminating outliers in the variable of
hospital stay duration to avoid distorting the used statistics.
Specifically, outliers in the variable of hospital stay duration
were identified using the IQR method. Observations falling
below the first quartile minus 1.5 times the IQR or above the
third quartile plus 1.5 times the IQR were considered outliers.
These were removed to prevent distortion in the statistical
analyses, ensuring a more accurate reflection of the central
tendency and variability.

Descriptive statistics (mean and SD) were used to summarize
data and identify patterns. Comparative analyses were conducted
using both parametric and nonparametric tests, depending on
the data distribution. The Student t test (2-tailed) was used to
compare men and women for continuous variables, while the
chi-square test was used for qualitative variables such as
identifying patterns in the origin and destination of patients after
discharge. The Cochran-Mantel-Haenszel test was conducted
to analyze gender-adjusted differences in assistance rates.
Nonparametric tests such as Kruskal-Wallis and Wilcoxon tests
were used when assumptions for parametric tests were not met.
Statistical significance was set at P<.05 (2-sided) for all tests.

Ethical Considerations
The Ethics Committee of the Health Department of
Alicante-Sant Joan approved the study (reference 24/044). The
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Ethics Committee waived the requirement to obtain informed
consent from all patients, as it was an epidemiological study
that met the criteria of necessity, proportionality, and adequacy,
offering comprehensive guarantees for the protection of personal
data and respect for the privacy of the individuals involved, in
accordance with Spanish Law 14/2007 on Biomedical Research.

Results

Data from a total of 123 patients (73.2% of the expected total
of 168) were recorded. Almost half of the sample were men
(61/123, 49.6%). The mean age of the sample was 77.2 (SD

13.1) years. In 81 (65.9%) cases, the primary caregiver was a
cohabiting family member (Table 1).

The average duration of the hospital stay was 83.3 (SD 80.5)
days. Excluding outliers, the stay for men (55.2, SD 52.6 days)
and women (53.1, SD 53.4 days) was similar (P=.21). At
discharge, the number of daily medications administered to
patients was 7.7 (SD 4) for men and 8.2 (SD 3.8) for women
(P=.33). The reason for admission to the HACLES was similar
between men (36/61, 59% palliative care; 14/61, 23%
rehabilitation; 5/61, 8.2% convalescence; and 6/61, 9.8% long
stay) and women (39/62, 62.9% palliative care; 14/62, 22.6%
rehabilitation; 5/62, 11.3% convalescence; and 6/62, 3.2% long
stay; P=.52).

Table 1. Sample description.

Women (n=62, 50.4%)Men (n=61, 49.6%)Total (N=123)Variable

74 (11.8)79.2 (12.8)77.2 (13.1)Age (years), mean (SD)

25.4 (6.0)22.8 (4.8)23.9 (5.4)BMI (kg/m2), mean (SD)

Primary caregiver (multiple options could be selected), n (%)

2 (2.8)0 (0)2 (1.6)Institution

39 (58.3)42 (58.3)81 (65.9)Cohabiting caregiver

11 (15.3)10 (13.9)21 (17.1)Hired caregiver

4 (5.6)3 (4.2)7 (5.7)Self (loneliness)

5 (6.9)4 (5.6)9 (7.3)No identified caregiver

11 (15.3)10 (13.9)21 (17.1)Other (eg, supervision by descendants, support from a
nongovernmental organization, etc)

Emergency contact, n (%)

16 (25.8)28 (45.9)44 (35.8)Spouse

35 (56.4)19 (31.1)54 (43.9)Child

6 (9.7)7 (11.5)13 (10.6)Sibling

5 (8.1)7 (11.5)12 (9.8)Other family

Degree of dependency, n (%)

29 (46.8)28 (45.9)57 (46.3)None

0 (0)0 (0)0 (0)Moderate

5 (8.1)4 (6.6)9 (7.3)Severe

7 (11.3)3 (4.9)10 (8.1)High dependency

21 (33.9)26 (42.6)47 (38.2)Under review

4 (6.5)2 (3.3)6 (4.9)Receiving teleassistance, n (%)

Reason for admission, n (%)

39 (62.9)36 (59)75 (61)Palliative care

14 (22.6)14 (23)28 (22.8)Rehabilitation

7 (11.3)5 (8.2)12 (9.8)Convalescence

2 (3.2)6 (9.8)8 (6.5)Long-term stay

33 (17.6)40 (26.2)73 (43.3)Risk of falling at admission, mean (SD)

5.5 (4.2)4.8 (4.4)5.3 (4.1)Number of chronic conditions at admission, mean (SD)

In total, 70 patients died during their stay at the HACLES, while
54 were discharged and returned home (Table 2). The mortality
rate was similar between men and women (men: 54.1%, 95%

CI 47.8-71.5; women: 59.7%, 95% CI 42.2-66.0; P=.23). The
degree of dependency at admission was higher in patients who

Interact J Med Res 2024 | vol. 13 | e64248 | p.1025https://www.i-jmr.org/2024/1/e64248
(page number not for citation purposes)

Mira et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


eventually died compared with those who did not (P=.008; Table 2).

Table 2. Factors related to mortality.

P valueDied during admissionVariable

No (n=53)Yes (n=70)

Scale, mean (SD)

.113.3 (3.2)4.3 (2.3)Pfeiffer at admission

.7529.2 (33.2)27.4 (33.4)Barthel at admission

.008bDegree of dependency at admissiona, n (%)

0 (0)0 (0)Moderate

5 (9.4)4 (5.7)Severe

6 (11.3)4 (5.7)High dependency

12 (22.6)45 (64.3)None

.52Reason for admission, n (%)

36 (67.9)39 (55.7)Palliative care

14 (26.4)14 (20)Rehabilitation

5 (9.4)7 (10)Convalescence

6 (11.3)2 (2.9)Long-term stay

a47 patients were under review and were not included.
bThe chi-square test does not include patients under review.

The average length of stay for patients who died at the HACLES
was 35.4 (SD 80.1) days for women and 48.4 (SD 44.8) days
for men (P=.40).

A total of 57 (46.3%) of the 123 patients admitted to the
HACLES had a nonfamily caregiver or were institutionalized.
Among those cared for by a cohabiting family member (81/123,
65.9%), the recognized degree of administrative dependency
was higher (mean 1.3, SD 1.1 vs mean 1.9, SD 0.7; P=.001).

At discharge, a higher number of women than men were referred
to another residential institution (11/25, 44% vs 7/28, 25%),
although the difference was not statistically significant (P=.16).
Most returned to their home (men: 21/28, 75%; women: 13/25,
52%; P=.11; Table 3). The length of stay was significantly larger
for patients who returned home compared with patients
discharged to other facilities (mean 89.8, SD 56.8 vs mean 33.1,
SD 36.9 days; P<.001).

Table 3. Origin and destination of patients treated in the HACLES (Hospitals for Acute and Chronic Long-Term Extended Stay).

Women (n=62), n (%)Men (n=61), n (%)At discharge (N=123), n (%)At admission (N=123), n (%)Residence

13 (21)21 (34.4)34 (27.6)113 (91.9)Home

11 (17.7)7 (11.5)18 (14.6)2 (1.6)Institution

1 (1.6)0 (0)1 (0.8)5 (4.1)Day center

0 (0)0 (0)0 (0)1 (0.8)Assisted living

0 (0)0 (0)0 (0)2 (1.6)Not recorded

37 (59.7)33 (54.1)70 (56.9)—aDeath

aNot applicable.

Scores on the Barthel scale at discharge were 4 points higher
than at admission, but this difference was not statistically
significant (P=.46; Table 4). On the Pfeiffer scale, scores were
higher at the beginning compared to discharge, with an initial
score of 3.2 (SD 2.8) versus 2.5 (SD 2.8) at discharge (P=.03).
At discharge, the Barthel score was the same for men and

women (mean 36.4, SD 29.9 vs mean 30.2, SD 29.9; P=.45),
while the Pfeiffer score for men was lower than for women
(mean 1.7, SD 2.5 vs mean 3.9, SD 3.3; P=.01). The Gijón
social-familial scale score was very similar for men and women
at discharge (men: mean 7.6, SD 3.2; women: mean 8.3, SD
3.8; P=.27).
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Table 4. Scores on the Barthel, Pfeiffer, and Gijón scales.

Women at discharge, mean
(SD)

Men at discharge, mean
(SD)

At discharge, mean
(SD)

At admission, mean
(SD)

Scale at admission

30.2 (29.9)36.4 (29.9)33.5 (26.1)a29.7 (29.5)Barthel (autonomy)

3.9 (3.3)1.7 (2.5)2.5 (3.0)3.2 (3.2)Pfeiffer (cognitive function)

8.3 (3.5)7.6 (2.9)8 (3.2)—bGijón (socio-familial support)

aP=.04.
bNot applicable.

Table 5 summarizes the estimated cost savings represented by
the HACLES, both for the study sample and the extrapolation
per 1000 admitted patients, for both men and women,
considering the average stay of this study. On average, for every
1000 patients admitted to HACLES, the total hospital stay cost
is reduced by US $42,614,846 (considering 61/123, 49.6% men

and 62/123, 50.4% women). If the average length of stay is not
corrected by eliminating outliers (average stay of 98.6 days for
male patients and 69 days for female patients calculated during
the study period), the cost differential for admissions in a general
hospital compared with HACLES would be US $56,877.01.

Table 5. Cost savings from admissions in HACLES (Hospitals for Acute and Chronic Long-Term Extended Stay) compared with a general hospitala.

WomenMen

69.0 (82.7)98.6 (119.9)Average stay (days), mean (SD)

39.846.3Estimated savings per 1000 patients (US $ millions)

aAverage daily savings per bed of US $6280 compared with a general hospital.

Discussion

Principal Findings
The data from this study reflect that HACLES fulfill their
function by offering an alternative admission option for patients
requiring diversified and varying intensity care but for a longer
duration, reducing the higher per-bed costs of general hospitals.
The average age of patients admitted to a HACLES is around
77 years, with no significant differences between men and
women. These patients have, on average, about 5 chronic
conditions. In this sample, a significant proportion were admitted
to the HACLES for palliative care, although almost a quarter
were admitted for rehabilitation treatment in special conditions.

The average duration of stay in these centers is about 2 months,
significantly different from the average of 7.5 days in general
hospitals [11]. In this study, men had a 9.6-day longer stay than
women, but this difference is not statistically significant due to
the wide range of days of stay (including some stays up to 591
days).

HACLES could be responsible for saving over US $650 per
patient per day of hospitalization, which means that both in
terms of their specialization for the described patient profile
and in economic terms, their existence is justified.

Interpretation of Findings
Patients in long-term care facilities tend to be older and have a
higher burden of chronic illnesses and comorbidities compared
with the broader older adult population. Among the patients,
15 (15%) out of 100 had formal recognition of their level of
dependency and were receiving state aid to manage their
situation, with this being slightly more common among women
than men. However, this does not imply that the patients
admitted to HACLES had a less severe profile compared with

other patients analyzed in different studies [12,13]; rather, it
reflects the slow administrative process. Furthermore, it should
be noted that almost 4 out of 10 patients admitted to HACLES
are still awaiting evaluation of their degree of dependency due
to significant delays in Spain’s evaluation, registration, and
subsidy assignment process, which can extend for over a year
and a half.

Slightly more than half of the patients admitted died, consistent
with or slightly lower than findings reported in similar studies
[12]. This result contrasts with the lower mortality rates reported
in studies conducted in general hospitals [14] and among patients
with severe cognitive decline admitted to critical care units [15].

Most of those who died did not have recognized dependency,
although a part (27/70, 38.2%) was pending resolution or under
study. The reason for admission was not related to the mortality
rate. Among those with formal administrative recognition of
dependency, this situation does not account for differences in
mortality, length of stay, or discharge destination. The mortality
rate in this study was practically the same between men and
women, as highlighted in other studies conducted in contexts
more comparable to this one [16].

Scores on the Barthel scale indicated that both men and women
generally showed severe dependency. In this sample, women
presented greater cognitive deterioration than men admitted
during the study period. Greater functional impairment in
women, along with a similar mortality rate between men and
women, have been reported in other studies [17], and our data
confirm this trend. In this case, while women’s social risk was
moderate, men faced lower risk, which could explain their higher
proportion of home returns upon discharge. However, it should
be noted that the life expectancy for men (84.8 years) and
women (88.3 years) in Spain [18] for this age group is
significantly different.
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The frequency with which women are referred to a residential
institution upon discharge instead of returning home requires
attention and new studies with larger samples. The trend in our
data, combined with scores on autonomy, cognitive function,
and social and family relationships, suggests that the difference
may be due to women more frequently assuming the role of
caregivers compared with men because of gender bias ingrained
in our society. Other studies suggest that this is a phenomenon
that extends beyond Spain [19]; thus, when planning alternative
long-term care services, the different needs and preferences of
men and women [19,20] should be taken into consideration.

The main reason for organizing care for this patient profile
around a HACLES remains unchanged. Nearly 30 years after
its implementation [21], its function is still necessary, and with
the increase in chronic conditions, its capacity will likely be
limited to respond to demand. The care needs required by older
patients with multiple chronic conditions and limitations in their
autonomy, along with the cost savings these centers have
compared with general hospital admissions, corroborate the
function of these centers, in line with what happens in other
countries [22,23]. Furthermore, not only is the cost per bed
lower but it is also important to consider, as some studies point
out [24], that the number of medical tests and therapeutic
interventions for this patient profile is higher when admitted to
an acute care hospital. This increases risks for patients, affects
their well-being, and raises the cost of care.

In the literature on long-term care hospitals and chronic patient
management, the redistribution of spending across care settings
has long been recognized usually as a decisive factor in cost
savings [25,26]. The reinvestment of these savings should
contribute to the expansion of services for older adults.
Management models like the Chronic Care Model [27] have
been adopted in various countries [28], including Spain [29],
to provide a comprehensive approach to care. This aspect is
crucial, as highlighted by the results of this study.

Practical Implications
The health care teams in HACLES and their management teams
could review their action protocols, promoting integrated actions
with community resources to ensure a return home that addresses
the social and personal needs of the people they serve,
particularly in the case of women who show a greater tendency
toward institutionalization after discharge. It should not be ruled
out that while women commonly assume the role of informal
caregivers for their male partners, men who take on this
caregiving role face more limitations due to having less
experience with domestic tasks. In this context, developing new
approaches to involve relatives in long-term care is a significant
challenge in many countries. Engaging family members
effectively can improve patient outcomes and overall well-being,
but it requires innovative strategies and resources to support
both the patients and their caregivers [30].

Most patients were cared for by a cohabiting relative, typically
the spouse or 1 or more children. Almost a quarter might present
loneliness, which is in line with data analyzing the frequency
of loneliness in the general population in Spain [31], despite
almost half of this group receiving help from a non-cohabiting
caregiver. This data suggest that one function HACLES could

assume is to address, before discharge and in collaboration with
community or social welfare resources, measures to limit the
impact of loneliness upon return home. This would help address
a growing social problem and reduce primary care costs [32].

The study findings have further implications for health care
policies. First, since these facilities meet a significant practical
need, particularly for older adult patients requiring prolonged
hospital care at a much lower cost than general hospitals, health
care planners should consider this approach as a viable
alternative due to its efficiency in both public health systems,
like Spain’s, and in other mixed or predominantly private
systems. Second, health care planners and managers of health
care structures, such as primary and community care, should
work together to address the challenges of integrating care after
discharge from a long-term care hospital, as has already been
suggested [33]. Home care should be considered to maintain
positive outcomes for as long as possible after leaving the
long-term care facility, thereby preventing readmissions.

Future Research
Given the high mortality rate within a year after discharge [16],
it should be analyzed in relation to the discharge destination of
these patients, monitoring differences between men and women
and considering the different options available to each group.

The impact of HACLES activities diminishes if adequate
postdischarge care is not ensured. This requires offering
integrated care [28] that addresses the needs and preferences of
both men and women during this phase of their lives. Further
research providing insights into the critical success factors of
these interventions would facilitate more rapid implementation
of effective solutions when patients are discharged from
long-term care facilities.

Strengths
This study is conducted in a field where the number of studies
is limited, particularly in Spain. It describes the profile of
patients treated in HACLES, analyzing gender differences. It
identifies potential gender bias in home care provision. It also
analyzes cost differences with general hospitals.

Limitations
This study was conducted in a HACLES in one Autonomous
Community in Spain. There may be long-term care centers
organized to treat patients with other chronic conditions that do
not fit the profile of patients treated in this center. Information
records in clinical histories may sometimes be incomplete. When
interpreting these data, the impact of the long stay on
postadmission mortality should be considered [34].

Conclusion
In summary, HACLES contribute to the sustainability of the
health care system, and the reasons for their creation remain
valid. The profile of needs of the patients admitted to these
centers requires an integral approach, combining clinical,
rehabilitative, psychological, and social aspects, not only during
admission but also to set up appropriate mechanisms and
resources according to needs, to offer integrated quality care to
this generally more vulnerable group.
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Abstract

Background: Interdisciplinary evaluation of older adults’ health care is a priority in the prevention of chronic health conditions
and maintenance of daily functioning. While many studies evaluate different physical performance tests (PPTs) from a retrospective
view in predicting mortality or cardiopulmonary health, it remains unclear which of the commonly used PPTs is the most effective
at evaluating the current health of older adults. Additionally, the time and participant burden for each PPT must be considered
when planning and implementing them for clinical or research purposes.

Objective: This cross-sectional study aimed to determine how elements of overall physical capacity, performance, and other
nongait factors in older adults affect the results of 3 commonly used tests: the Short Physical Performance Battery (SPPB),
6-minute walk test (6MWT), and Incremental Shuttle Walk Test (ISWT).

Methods: A total of 53 community-dwelling older adults met the inclusion and exclusion criteria (mean age 77.47, SD 7.25
years; n=41, 77% female; and n=21, 40% Hispanic). This study evaluated older adults using 3 different PPTs including the SPPB,
6MWT, and ISWT, as well as constructed multiple linear regression models with measures of physical activity, static balance,
and fear of falling (FoF). The nongait measures included 7 days of physical activity monitoring using the ActiGraph GT9X Link
instrument, objective measurement of static balance using the BTrackS Balance System, and FoF using the short Fall Efficacy
Scale-International.

Results: The models revealed that the complete SPPB provided the most comprehensive value, as indicated by a greater R2

value (0.523), and that performance on the SPPB was predicted by both moderate to vigorous physical activity (P=.01) and FoF
(P<.001). The ISWT was predicted by moderate to vigorous physical activity (P=.02), BMI (P=.02), and FoF (P=.006) and had

a similar R2 value (0.517), whereas the gait component of the SPPB (P=.001) and 6MWT (P<.001) was predicted by only FoF

and had lower R2 values (0.375 and 0.228, respectively).

Conclusions: The results indicated the value of a multicomponent, comprehensive test, such as the SPPB, in evaluating the
health of older adults. Additionally, a comparison of the 2 field walking tests (ISWT and 6MWT) further distinguished the ISWT
as more responsive to overall health in older adults. In comparing these commonly used PPTs, clinicians and researchers in the
field can determine and select the most optimal test to evaluate older adults in communities and research settings.
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Introduction

Older adults are a rapidly increasing population that experiences
increased chronic health conditions [1] and decreased daily
functioning [2] compared to the general population. Physical
activity is a key intervention recommended by health care
providers to decrease the incidence of chronic health conditions,
increase the ability to perform activities of daily living, and
improve overall quality of life [3-5]. As such, evaluating
physical capacity and health is of critical importance in older
adults. Various physical performance tests (PPTs) have been
shown to be important predictors of mortality [6]; however, few
studies have compared the relevance of different PPTs to older
adults’physical activity, static balance, BMI, and fear of falling
(FoF) within the same population of older adults. Here, this
study aims to determine the PPT that is the most affected by
overall physical capacity, performance, and other factors in
older adults by comparing 3 commonly used tests (the Short
Physical Performance Battery [SPPB], 6-minute walk test
[6MWT], and Incremental Shuttle Walk Test [ISWT]).

Decreased physical performance in older adults has been
associated with an increased risk of cardiovascular disease,
physiological fall risk, and earlier onset of mental health
conditions [7-9]. Cardiovascular disease is the leading cause of
death in the United States [10]. For older adults specifically,
declines in cardiovascular health have been shown to lead to
further disability [7], highlighting the need for early detection
using tests that are easy to perform. Time spent in moderate to
vigorous physical activity (MVPA) is a cardioprotective measure
associated with a lower incidence of cardiovascular disease and
coronary heart disease in older adults [11,12]. However,
measuring physical activity objectively requires equipment such
as accelerometers or movement trackers. Similarly, 30% to 40%
of older adults experience a fall yearly [13]. Identifying people
at higher risk of falling has both social and financial incentives,
as falls exacerbate existing health conditions, further decrease
the quality of life for older adults, and cause injuries that pose
a significant financial burden for the health care system [14].
Fall risk is assessed objectively by devices that test static balance
and subjectively through questionnaires such as the short Fall
Efficacy Scale-International (FES-I). Measuring both the
physiological and perceived fall risk can help us understand the
incongruence between balance performance and FoF in older
adults to inform targeted fall prevention strategies [15]. Finally,
physical performance has also been associated with mental
health including earlier onset of depression in older adults with
poor performance. However, most of these studies that outline
the implications of changes in physical performance were
performed using different tests in different populations, often
relying on longitudinal or retrospective data. Given these
implications, the tools used for the assessment of physical
activity and fall risk are of paramount importance [16,17].

Three PPTs—the SPPB, 6MWT, and ISWT—are compared in
their response to physical activity levels, static balance, and
FoF in older adults. Each of these PPTs is commonly used by
physicians and health care personnel in evaluating the physical
fitness of older adults and recovering patients [18-20]. The
SPPB is a PPT of lower mobility that has been shown to be
associated with physical activity, static balance, and FoF
[21-23]. The SPPB is composed of 3 different parts, including
a gait speed component. The 6MWT is a gait measure associated
with static balance and FoF [24,25]. Similarly, the ISWT is a
more recent gait-related measure conducted incrementally and
associated with physical activity and dynamic balance [26,27].
While the SPPB has been widely used as a measure of overall
physical function and frailty, the use of 6MWT and ISWT has
been predominantly limited to characterizing cardiopulmonary
functional capacity and shown to be predictive of outcomes for
patients with heart failure [28-30]. Some work has investigated
the differences between the specified PPTs; however, this mainly
consists of meta-analyses comparing multiple studies or studies
that focus on the predictive value of the measure in health
outcomes [6,31,32]. These PPTs were selected for their
widespread use and similar purposes; by comparing their
effectiveness when modeled by nongait components of physical
health, we aim to determine which provides the most
comprehensive value for the time and methods involved in each.
As more studies are conducted on the aging population,
researchers are likely to use one of the abovementioned PPTs
to evaluate physical capacity and well-being in clinical and
nonclinical older adults. By evaluating the more holistic SPPB
alongside the gait component of SPPB, the 6MWT, and the
ISWT, this study aimed to determine how the 3 PPTs are
affected by overall physical capacity, performance, and other
nongait factors in older adults.

Methods

Overview
In this cross-sectional study, 65 participants were recruited from
Central Florida using word of mouth, announcements, and flyers.
Participants were selected using purposive sampling, based on
the following inclusion criteria: (1) aged 60 years or older, (2)
being able to walk with or without an assistive device (but
without the assistance of another person), (3) fluency in English
or Spanish, and (4) living in their own homes or apartments.
The exclusion criteria were (1) having a medical condition that
may preclude participation in balance tests (eg, inability to stand
on the balance plate) and physical activity (eg, shortness of
breath, dizziness, and tightness in the chest or unusual fatigue
at light exertion), (2) currently receiving treatment from a
rehabilitation facility, and (3) having medical implants (eg,
pacemakers).
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Data Collection and Procedure
This study required 2 visits to the study site, and the data were
collected from September 2022 to March 2023. In the first visit,
participants completed a demographic survey and
anthropometric measurements, followed by assessments of FoF
and static balance. Then, participants completed the PPTs,
including the SPPB, 6MWT, and ISWT.

At the end of the first visit, each participant was provided a
wrist-worn accelerometer and wore it for 7-day physical activity
monitoring in free-living conditions. On the second visit,
participants returned the accelerometer and were compensated
with a US $30 store gift card for their participation in the study.

Ethical Considerations
The study was approved by the Institutional Review Board at
the University of Central Florida (protocol STUDY00004365).
All participants provided written informed consent to participate.
The data have been anonymized and deidentified. Participants
were compensated with a US $30 gift card for their participation
in the study.

Assessments

PPTs
For each of the following PPTs, trained research assistants
demonstrated the procedure to the participant prior to the
participant performing the test.

SPPB
The SPPB comprised 3 tests, which were performed in the
following order: the standing balance test, the gait speed test,
and the chair stand test [33].

The standing balance test took place in a quiet area with no
visual distractions. Participants were instructed to wear
comfortable footwear with a heel less than 3 cm (~1 inch) while
performing three balance tests: (1) side-by-side stand: the
participant attempted to stand with feet together, side-by-side,
for 10 seconds; (2) semitandem stand: the participant attempted
to stand with the side of the heel of one foot touching the big
toe of the other foot for 10 seconds (participants were informed
to start with the foot of their preference as per protocol [28]);
and (3) tandem stand: the participant attempted to stand with
the heel of one foot in front of and touch the toes of the other
foot for about 10 seconds.

In the gait speed test, participants walked along a 4-meter course
at their usual walk speed (ie, the pace walked from one place
to another without urgency such as down a street or hallway).
Participants were permitted to use assistive devices if required
and completed the walk 2 times, for which the fastest attempt
was recorded for scoring.

In the chair stand test, the participant was instructed to rise from
a chair and sit down 5 times, as quickly as possible, without
using their arms, and recorded the time required to complete
the 5 chair stands. For each test, the experimenters demonstrated
the task and guided the participant to the appropriate position,
after which they started the test. Additionally, if the participant
could not continue with the task for any reason, the test was
terminated.

6MWT
Participants walked along a flat, straight corridor of 12 meters
in length, back and forth, as many times as they could for 6
minutes at their own pace. Participants were encouraged every
60 seconds using standardized phrasing. After 6 minutes, the
total distance walked was recorded [34].

ISWT
A 10-meter course was marked with 2 cones. Upon reaching
the second cone, the participant turned around, as modeled by
the experimenter. Audio recordings of standardized instructions
were played for participants to indicate walking speed. Each
time the participant reached a cone was considered as 1 shuttle
(ie, representing a 10-meter distance) and every single bleep
from the audio recording signaled the end of a shuttle. The
walking speed was progressively increased every minute,
indicated by a triple bleep, and the test ended when the
participant was unable to reach the turnaround points within
the required time [35].

Physical Activity
The participants were instructed to wear the ActiGraph GT9X
Link instrument (ActiGraph LLC) on their nondominant wrists
for 7 consecutive days in a free-living environment. The
ActiGraph accelerometer has been validated for assessing
free-living physical activity [36]. After 7 days, the
accelerometers were removed, and the raw data were
downloaded and processed in R statistical software (R Core
Team) using the GGIR package [37].

The data processing steps included (1) the autocalibration of
acceleration signals according to local gravity [38]; (2) nonwear
time detection; and (3) the calculation of the Euclidean norm
(ie, vector magnitude) of acceleration minus 1 g, expressed in
milli-gravitational units or mg (described as the sum of the
squared acceleration components [Euclidean norm] minus 1 g).
The time periods spent in sedentary behavior (SB),
light-intensity physical activity (LPA), and MVPA were
estimated using the following nondominant wrist–specific
Euclidean norm minus 1 g cutoff points for older adults, adopted
from the literature: (1) SB<30 mg, (2) 30 mg≤LPA<100 mg,
and (3) MVPA≥100 mg [38-41]. Participants with at least 4
valid days were included in the analysis, and only days during
which the accelerometer was worn for at least 14 hours were
counted as valid days [38].

Static Balance
Static balance was assessed using the BTrackS Balance System
(BBS). The BBS includes a portable BTrackS Balance Plate
(BBP) and BTrackS Assess Balance software running on a
computer device. The BBP’s dimensions were 15.5 × 23.5 ×
2.5 in, weighing 6.58 kg (approved by the Food and Drug
Administration). The participant stood as still as possible on
the BBP for four 20-second trials. The software produced a
normalized score using the BBS database to evaluate the
performance of others of the same age and sex [42].

FoF
FoF was assessed using the short FES-I, which consists of a
total of 7 items (eg, going in or out of a chair) on a 4-point scale,
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measuring concerns about the possibility of falling when
performing activities (eg, getting dressed), which have been
validated for community-dwelling older adults [43,44]. Total
scores range from 7 to 28, where higher total scores indicate
higher FoF [45]. Participants completed the short FES-I in a
quiet and private room prior to PPT testing.

BMI
Height and weight were measured by experimenters using a
stadiometer, and BMI was calculated by dividing the weight

(kg) by the square of the height (m2) [46].

Data Analysis
All statistical analyses were performed in R statistical software
(version 4.3.0). Pearson correlation coefficient is appropriate
for linear relationships, assumes normality, and achieves
efficiency when linearity and normality assumptions are met,
whereas Spearman rank correlation coefficient is suitable for
nonlinear relationships, ordinal or nonnormally distributed data,
and is robust to outliers [47]. As such, the correlation analysis
was performed using the Spearman correlation coefficient to
maintain validity for both normally distributed and nonnormally
distributed variables. The correlation matrix was produced using
the R package corrplot. The normality of variables was tested
using the Shapiro-Wilks test. The effects of race and sex on
PPT results were tested separately using ANOVA and
Kruskal-Wallis tests, for normal and nonnormally distributed
variables, respectively.

Multiple linear regression analysis was conducted to investigate
the relationship between each PPT (SPPB, ISWT, and 6MWT)

as outcome variables and the following predictors: physical
activity (MVPA), static balance, FoF, BMI, and age. A priori
sample size calculation for multiple linear regression revealed
that the minimum number of samples for 5 explanatory variables
at a statistical power level of 0.8, α=.05, and large effect size

(Cohen f2=0.35) would be 43; therefore, our sample size (ie,
N=53) had sufficient statistical power for multiple regression.

Results

Overview
This study included 53 older adults (mean age 77.47, SD 7.25
years) who were 77% (n=41) female. The sample included 5
(9%) African American, 21 (40%) Hispanic, 26 (49%) White,
and 1 (2%) other race older adults.

Correlation Analysis
Spearman correlation coefficients for measures of physical
activity (SB, LPA, and MVPA) yielded significant correlations
with all measures (P<.05), except static balance (BBS) and
BMI. Among the PPTs, the SPPB showed significant
correlations with all measures, except BMI; the ISWT was
correlated with all measures except static balance; and the
6MWT was correlated with all except LPA, static balance, BMI,
and age. FoF (FES-I) was correlated with all measures except
static balance and BMI. Static balance and BMI were both only
correlated with a few measures (MVPA, SPPB, and ISWT),
and age was correlated with all except 6MWT, static balance,
and BMI (Figure 1).

Figure 1. Correlation matrix between all collected and analyzed measures of physical performance tests. All values are significant (P<.05) Spearman
correlation coefficients. Blank cells indicate insignificant relationships (P>.05). 6MWT: 6-minute walk test; BBS: BTrackS Balance System; FES-I:
Fall Efficacy Scale-International; ISWT: Incremental Shuttle Walk Test; MVPA: moderate to vigorous physical activity; SPPB: Short Physical
Performance Battery.
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Effects of Sex and Race
The effects of sex and race were tested separately with ANOVA
test and Kruskal-Wallis test for nonparametric variables, to
evaluate differences in performance on the 3 PPTs, as shown
in Table 1. For sex, the female group (n=41) was compared to
the male group (n=12), finding no differences in the SPPB,

6MWT, or ISWT (P>.05; Table 1). Similarly, for race, the
African American (n=5), Hispanic (n=21), and White (n=26)
groups were compared, finding no differences in the SPPB,
6MWT, or ISWT (P>.05; Table 1). “Other” race was excluded
in the tests as the sample size was 1. Based on these
nonsignificant differences, sex and race were not included as
covariates in the multivariable regression models below.

Table 1. ANOVA and Kruskal-Wallis tests comparing performance on PPTa by sex and by race.

P valueTestDemographics effect and PPT

Sexb

.09Kruskal-WallisSPPBc

.34ANOVA6MWTd

.05ANOVAISWTe

Racef

.47Kruskal-WallisSPPB

.48ANOVA6MWT

.42ANOVAISWT

aPPT: physical performance test.
bFemale (n=41) and male (n=12).
cSPPB: Short Physical Performance Battery.
d6MWT: 6-minute walk test.
eISWT: Incremental Shuttle Walk Test.
fAfrican American (n=5), Hispanic (n=21), and White (n=26).

Normality
The Shapiro-Wilks tests revealed that 4 of the 9 variables (SPPB,
MVPA, static balance, and FoF) were not normally distributed.

Multivariable Linear Regression Models
The multivariable regression models were used on each PPT
(SPPB, ISWT, and 6MWT), as well as the gait component of
SPPB (SPPB-G; 4-meter gait speed test) to relate them to the
following predictors: physical activity (MVPA), static balance,
FoF, BMI, and age (years).

Performance on the SPPB was significantly predicted by MVPA
and the FES-I (Table 2). Performance on the 6MWT was
significantly predicted solely by the FES-I (Table 3).

Performance on the ISWT was significantly predicted by
MVPA, BMI, and the FES-I (Table 4). Performance on the
SPPB-G was similar to the 6MWT in that it was only predicted
by the FES-I (Table 5). Supplemental analyses removing the
FES-I as a covariate in the multivariable models showed no
significant predictors for the 6MWT; however, the SPPB was
then predicted by both MVPA and static balance, and the ISWT,
as well as the SPPB-G, was predicted by MVPA, BMI, and age
(Multimedia Appendix 1). Among the 3 models, the adjusted

R2 value for the SPPB (0.523; Table 2) was greater than those
for the 6MWT (0.228), ISWT (0.517), and SPPB-G (0.375).
The models without the FES-I as a predictor showed decreased

adjusted R2 values (all <0.500).
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Table 2. Short Physical Performance Battery multivariable regression model.

P valueη295% CIβPredictorsa

.001N/Ab5.86 to 20.0212.94(Intercept)

.010.400.00 to 0.03.02MVPAc

.150.14–0.04 to 0.01–.02BBSd

<.0010.33–0.53 to –0.20–.36Short FES-Ie

.750.417–0.09 to 0.12.02BMI

.760.201–0.08 to 0.06–.01Age

aR2/R2 adjusted: 0.569/0.523.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Table 3. 6-minute walk test multivariable regression model.

P valueη295% CIβPredictorsa

.004N/Ab104.65 to 822.29463.47(Intercept)

.470.18–0.40 to 1.06.33MVPAc

.670.01–1.16 to 1.37.11BBSd

<.0010.24–24.22 to –7.19–15.70Short FES-Ie

.67<0.01–6.40 to 3.92–1.24BMI

.99<0.01–3.61 to 3.65.02Age

aR2/R2 adjusted: 0.357/0.288.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Table 4. Incremental Shuttle Walk Test multivariable regression model.

P valueη295% CIβPredictorsa

<.001N/Ab554.88 to 1658.471106.67(Intercept)

.020.460.24 to 2.481.36MVPAc

.490.04–2.60 to 1.28–.66BBSd

.0060.21–31.88 to –5.70–18.79Short FES-Ie

.020.07–17.24 to –1.37–9.30BMI

.090.06–10.38 to 0.78–4.80Age

aR2/R2 adjusted: 0.563/0.517.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.
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Table 5. Gait speed component of the Short Physical Performance Battery multivariable regression model.

P valueη295% CIβPredictorsa

.001N/Ab2.71 to 9.596.15(Intercept)

.170.25–0.00 to 0.010MVPAc

.64<0.01–0.01 to 0.010.00BBSd

.0010.28–0.22 to –0.06–.14Short FES-Ie

.94<0.01–0.05 to 0.050BMI

.190.04–0.06 to 0.01–.02Age

aR2/R2 adjusted: 0.435/0.375.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Discussion

Principal Findings
This study examined associations between several measures of
physical performance and general physical health of older adults,
including physical activity, static balance, FoF, and BMI. We
found several significant correlations between PPTs and physical
health measures and further explored these with multivariable
regression models evaluating the health measures that are drivers
of each PPT.

The full correlation analysis showed significant correlations
(Figure 1) between most physical activity and PPTs, as well as
the subjective measure of FoF (FES-I). By characterizing
multiple measures of physical performance in the same sample,
this study is the first to our knowledge to evaluate and compare
the comprehensive value of 3 commonly used PPTs (SPPB,
6MWT, and ISWT). Among each test, the SPPB showed the
greatest magnitude and consistency of significant correlations.
Additionally, we note the similarity of significant correlations
between objectively measured physical activity and subjectively
measured FoF, emphasizing the value of subjectively collected
measures in older adults.

The multivariable regression models further evaluated the
comprehensive value and relevance of each PPT to the physical
activity, balance, FoF, and BMI of older adults. The complete
SPPB model (Table 2) was both predicted by more variables

and characterized by a higher adjusted R2 value than the models
predictive of gait function only (SPPB-G, ISWT, and 6MWT),
indicating a greater value in holistic testing. Performance on
the SPPB was significantly predicted by the FESI-I; MVPA;
and in the absence of the FES-I, static balance. Designed to
assess lower extremity functioning, the SPPB includes measures
of standing balance, 4-meter gait speed, and the time needed to
rise from a chair 5 times. This multipart test is easy to perform
and evaluates several parts of daily physical functioning,
indicated by the static balance test, a field walking test, and a
sit-to-stand test included in the protocol. As such, the SPPB
was a more comprehensive measure of older adults’ physical
health, evidenced by its associations with MVPA and static

balance. Separating the SPPB-G provided a foundation upon
which to compare the gait-based PPTs. In Table 5, the gait speed
on the 4-meter course was predicted by the FES-I. Very
similarly, the 6MWT (Table 3) was only predicted by the FES-I,
suggesting that performance on this test is more related to the
effect of subjective FoF and its impact on willingness to
participate in physical activity. Furthermore, the 6MWT is
limited by several factors, including variable standardization
of testing and the learning effect, where repeated administration
influences performance on the test [48-50]. The 6MWT is
focused on lower limb mobility as a PPT [25], and as such, may
be more of an indicator of gait performance and variables related
to mobility rather than overall health. This focus on mobility is
observed in the relationship between 6MWT performance and
its only significant predictor, the FES-I.

The ISWT was similar to the 6MWT in its aim of assessing
gait; however, the ISWT is performed incrementally and
externally paced. As such, it was expected to be more integrative
of overall health, supported also by a higher magnitude of
correlation coefficients for the ISWT than for the 6MWT. We
found that the ISWT was predicted by 3 components of overall
health in older adults: MVPA, BMI, and the FES-I (Table 4).
While the ISWT was more parsimonious in nature than the
SPPB, as shown by its multiple predictors, disadvantages include
the intensity and fatiguing nature of the ISWT. The similarity
of the ISWT to the 6MWT validated its link with FES-I scores,
although this has not been validated in the literature for the

ISWT. Additionally, the R2 values for the ISWT were more
similar but not as large as the complete SPPB, and larger than
the values for the SPPB-G and 6MWT, indicating its possible
superiority as a comprehensive PPT. The implications of such
a finding are its increased use as a standardized tool in geriatric
clinician visits or preferential use of a more robust measure
when evaluating gait. The broader impact of using the ISWT
relates to that it is cost-effective and relatively user-friendly,
not requiring significant training to administer.

Comparison to Previous Work
Our finding of associations between physical activity and FoF
is consistent with previous literature [21-23] indicating the
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effectiveness of PPTs in evaluating overall physical health.
Among the specific PPTs, the relationship between the 6MWT
and FoF is also supported by previous literature, which has
found that performance on the 6MWT has previously been
associated with both physiological fall risk [51] and more
subjective responses to FoF, as measured by the FES-I [52].
However, this study found a lack of other significant predictors
of performance on the 6MWT, which could contribute to its
decreased potential for assessing the overall health of older
adults in research and outpatient settings. The multiple predictors
of the ISWT are more difficult to justify based on previous
literature, which shows mixed results between physical activity
and ISWT performance. One study among patients with heart
failure has reported significant correlations between performance
on the ISWT and physical activity levels [26]. However, another
study in patients with chronic obstructive pulmonary disease
did not find a relationship between physical activity and ISWT
distance [53]. The relationship of the ISWT with BMI is notable,
in that it is indicative that the more incremental approach to the
walk test may be representative of overall body composition
and mass. This finding has previously been reported as the result
of increased exertion during the ISWT than during the 6MWT,
evidenced by a higher peak heart rate [54,55]. However, the
administration of the ISWT involves an externally set pace and
is typically used for adults with chronic obstructive pulmonary
disease; this may limit the applicability of this test for older
adults with impairments, as shown by studies demonstrating
decreased walking distance on the ISWT compared to the
self-paced 6MWT for adults with disabilities [56].

Strengths and Limitations
First, this study was limited by a small sample size to represent
several variables of overall health. This was evident in the power
analysis with a large, anticipated effect size. However, the depth
of data collected on each participant is a clear strength that
reflected the contribution of this work to the body of literature
on PPTs. Each participant completed 3 PPTs, physical activity
monitoring for several days, static balance testing, an FoF
questionnaire, and BMI measurement. In doing so, this study
allowed for direct comparisons of PPTs conducted in the same
sample. Second, the study sample consisted of predominantly
female participants (41/53, 77%). While this is representative
of the population of community-dwelling older adults who
attend community centers, it is an additional factor that may
impact the results. To address this, separate ANOVAs and

Kruskal-Wallis tests were conducted to evaluate the effect of
sex and age and include them as appropriate in the analysis.

The results of this study emphasized the value of the SPPB as
an indicator of overall physical health in older adults. As this
population grows in size, it is critical to determine optimal
standards of physical health assessment. In identifying the SPPB
as an optimal indicator, the authors not only validated its use
in both identifying older adults at higher risk for falls and
adverse health events but also set a standard for future research
in older adults. Additionally, while the 6MWT and ISWT are
both field walking tests, a comparison between these 2 tests
provided clarification on the response of the ISWT to measures
beyond its primary variable of interest, aerobic capacity. By
consolidating various measures of PPT into a single, more
comprehensive test, experimental and epidemiological studies
are more easily compared and reproduced.

Future Directions
To expand this work, further studies should validate these
findings in older adult samples from different communities to
evaluate the external validation, as well as clinical differences
over longitudinal data collection. Additionally, the mechanisms
behind how each of the physical health measures affects the
PPTs remains unknown. Interdisciplinary work can evaluate
the multifaceted drivers of physical performance and their
physiological mechanisms. Understanding these may provide
further support and additional interventions for older adults.

Conclusions
This study found that the SPPB was more comprehensive and
responsive to overall physical health compared to the 6MWT
and ISWT in older adults. In particular, the SPPB was predicted
by both physical activity levels and FoF. It assessed balance,
gait speed, and lower extremity strength through its inclusion
of standing balance tests, walking, and chair stands. In contrast,
field walking tests, like the 6MWT and ISWT, were more
limited in their associations. These findings suggested that the
SPPB should be standardized as the optimal physical
performance measure in geriatric research and care, as it allows
earlier identification of those at risk of functional decline.
However, the ISWT may still provide value in revealing
limitations at higher exertion capacities that are not apparent
with the SPPB. More comparative research is warranted to
develop the best assessment battery for evaluating multifaceted
geriatric health.
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ISWT: Incremental Shuttle Walk Test
LPA: light-intensity physical activity
MVPA: moderate to vigorous physical activity
PPT: physical performance test
SB: sedentary behavior
SPPB: Short Physical Performance Battery
SPPB-G: gait component of the Short Physical Performance Battery
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Abstract

Background: Anterior chamber–associated immune deviation (ACAID) is an active immunotolerance mechanism, which is
induced by placing antigen into the anterior eye chamber as long as a major surgical trauma is avoided. For this reason, ACAID
may be a major contributor to the favorable immunologic outcomes in Descemet membrane endothelial keratoplasty (DMEK).
Rodent models have demonstrated the importance of a functional spleen for the development of an ACAID.

Objective: This study aimed to investigate whether splenectomy leads to increased rejection rates after DMEK in humans.

Methods: A retrospective evaluation was conducted on the course following DMEK at the Eye Center, Medical Center, University
of Freiburg, for patients with a self-reported history of splenectomy compared to patients without this condition. Potential study
patients were contacted by mail. A questionnaire to self-report splenectomy and the time thereof was sent out. The medical records
of all consenting patients at the Eye Center were reviewed for graft survival and immune reactions.

Results: We asked 1818 patients after DMEK to report their history of splenectomy. A total of 1340 patients responded and
were included in the study. Of these 1340 patients, 16 (1.2%) reported a history of splenectomy (ie, 26 DMEKs, with 10 patients
being transplanted in both eyes and 6 patients being transplanted in 1 eye; median age at surgery 73.7, range 66.7-76.1 y). The
remaining patients (1324 patients, ie, 1941 eyes) served as controls, with 1941 DMEKs (median age at surgery 71.5, range
64.1-77.2 y). Five (19%) out of the 26 eyes from the splenectomy group required a second transplant due to dislocation (n=2.8%),
failure (n=2.8%), and rejection (n=1.4%). Kaplan-Meier analysis revealed no relevant difference compared with controls.

Conclusions: Our results suggest that splenectomy has no major effect on the outcome following DMEK. Subsequent, ACAID
may not be the main reason for the favorable immunological outcomes in DMEK, or the camero-splenic axis may be subordinate
in humans. However, we only included 16 patients who underwent splenectomy, so it might be possible that we missed a minor
effect.

(Interact J Med Res 2024;13:e50106)   doi:10.2196/50106

KEYWORDS

anterior chamber–associated immune deviation; ACAID; Descemet membrane endothelial keratoplasty; DMEK; splenectomy

Introduction

Nowadays, corneal transplantation is one of the most common
and successful forms of tissue transplantation worldwide, and
in the vast majority of cases, it occurs without a human
leukocyte antigen match [1]. Since not only can penetrating

keratoplasty be performed but lamellar surgery techniques (such
as Descemet membrane endothelial keratoplasty [DMEK]) are
also available, the proportion of penetrating keratoplasties is
decreasing while the number of DMEKs performed is increasing
[2]. Approximately 2% to 7% of normal-risk patients after a
DMEK and about 18% after a penetrating keratoplasty
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experience immunologic rejection [3-5]. At present, it remains
unclear why there is less rejection in DMEK transplantation;
consequently, a hypothesis arose—that the anterior
chamber–associated immune deviation (ACAID) phenomenon
may contribute significantly to the favorable immunologic
outcomes in DMEK. As of today, there are practically no clinical
data on this topic.

The fact that corneal transplantation can be effective was
demonstrated by various surgeons and ophthalmologists in
animal models as early as 1818 (on rabbits) [6]. The first
successful corneal transplantation in humans was performed by
Austrian surgeon Eduard Zirm [7] in 1906. In comparison, the
first successful kidney transplantation was performed almost
50 years later, in 1953 [8]. Corneal transplants were much less
likely to be rejected compared to organ transplants at very early
stages after transplantation. The reason why the corneal tissue
was not rejected directly led to many hypotheses about the
immunology of the eye that allows this [9]. Considering these
questions, clinicians as well as researchers began to investigate
ACAID [10,11]. The immune system is able to prevent immune
reactions against foreign antigens within the eye. In the rodent
model, it has been found that this principle works only if the
antigens are injected atraumatically into the eye [12]. The
removal of the spleen prevents the development of ACAID in
the rodent model, resulting in an increased rejection rate after
corneal transplantation [13]. This is currently explained by the
so-called camero-splenic axis. Antigen-presenting cells most
likely derived from the iris and ciliary body take up antigens
placed in the anterior chamber and migrate via the trabecular
meshwork and collector veins through the blood into the spleen.
Within the spleen, these antigen-presenting cells induce the
differentiation of antigen-specific regulatory T cells, forming
the cellular arm of ACAID [14]. However, there is currently no
proof of this theory; human data on the presence of ACAID or
the camero-splenic axis are lacking.

The primary objective of this retrospective study was to compare
outcomes between human patients with and without
splenectomy, specifically graft rejection and failure, following
DMEK surgery. For this purpose, all reachable patients who
underwent DMEK at the Eye Center, Medical Center, University
of Freiburg, during the last 12 years (2734 eyes in total) were
sent a questionnaire to self-report whether they underwent
splenectomy and the time thereof. We herein investigate the
potential role of ACAID in the excellent immunological
prognosis of DMEK. This could provide initial evidence on the
contribution of ACAID to the success rates of DMEK.

Methods

Study Design
This was a retrospective study evaluating the course following
DMEK at the Eye Center, Medical Center, University of
Freiburg, for patients with a self-reported history of splenectomy
compared to patients without this condition.

Data Collection
A total of 2734 DMEKs were performed between 2010 and
2022 at the Eye Centre, Medical Center, University of Freiburg.

Patients who underwent DMEK during this period were eligible
for inclusion. We were able to contact 1818 patients from this
pool. They were sent a cover letter by mail, including patient
information about the study, a consent form, and a questionnaire
to self-report splenectomy and the time thereof. This
questionnaire formed the basis of consent in our study. Patients
who did not respond to the questionnaire or did not wish to
participate in the study were excluded from the analysis.

The exposure of interest was a self-reported history of
splenectomy, which was assessed through the questionnaire
sent to patients. Data collected through the questionnaire
included self-reported history of splenectomy and the time
thereof.

The questionnaire was a simple 1-question survey asking
patients to self-report whether they had undergone splenectomy
and when. The questionnaire was developed by the research
team and reviewed and approved by the ethics committee to
ensure clarity and comprehensibility.

After submitting the questionnaire, patients cannot withdraw
their participation in the research project, as we irreversibly
anonymize their identity and destroy their questionnaire in
accordance with data protection regulations once their
information have been transferred for the statistical analysis.
Therefore, individual study participants cannot be identified
when publishing the study results.

Data collected from electronic health records included
demographic information, indication for DMEK, and
postoperative outcomes such as graft rejection and failure.

The medical records of all consenting patients were reviewed
for graft survival and immune reactions. All patients are
scheduled postoperatively for follow-up in our clinic, so it is
highly likely that we have captured almost all immune reactions.
These data were linked to the questionnaire responses to
compare patients who underwent splenectomy to the remainder
who served as controls.

DMEK surgery was executed per standards as previously
described [3]. Briefly, a trephine was used to punch the grafts,
which were stained with trypan blue 0.6 mg/mL. Subsequent
to descemetorhexis and insertion of the graft into the anterior
chamber, the graft was unfolded and centered. Next, complete
air filling of the anterior chamber connected the graft to the
posterior stroma. Postoperatively, patients were requested to
remain supine for 3 days. Postoperative local therapy consisted
of topical dexamethasone 5 times daily and tapered over 5
months to once daily, which was recommended for up to 24
months or longer. There was no evidence of any difference in
postoperative medical aftercare between patients who under
splenectomy and the controls.

Patients with postoperative epithelial defects were initially
treated with dexpanthenol and ofloxacin ointment alternately
every hour until epithelial closure, before the aforementioned
treatment was started.

The main outcomes were graft rejection and failure.

Graft rejection was determined by reviewing medical records
for signs of rejection, such as newly appearing endothelial
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precipitates on the graft [5]. Other clinical signs of graft rejection
may include cells in the anterior chamber or otherwise
unexplained corneal edema [15].

Corneal grafts that were not adherent and/or did not result in
corneal transparency were classified as graft failures.

Ethical Considerations
The study protocol was approved by the ethics committee of
the Albert Ludwigs University of Freiburg (21-1472). Informed
consent was obtained from all participants, and they had the
ability to opt out of the study. Data were anonymized, and
protective measures were in place to safeguard participant
information. No compensation was provided to participants in
this study.

Data Presentation and Statistical Analysis
Descriptive statistics summarized baseline characteristics
between the splenectomy and control groups. Median and IQR
were reported for continuous variables, and percentages were
reported for categorical variables. Differences were assessed
using ANOVA for continuous data and Pearson chi-square tests
for categorical outcomes.

Time-to-event analysis was performed using Kaplan-Meier
curves depicting the risk of immune reactions, graft failure (as
operationalized by regrafting), and rejection-free graft survival
(a combination of the 2 aforementioned end points) between
the splenectomy and control groups. Additionally, we also
conducted another analysis by excluding early regrafting (during
the first few postoperative days) due to technical failures.
Groups were compared using the log-rank test. Multivariable
Cox proportional hazard models were constructed to determine
the independent association of splenectomy on outcomes after
adjusting for potential confounding factors such as recipient
age, sex, baseline diagnosis, and triple surgery (ie, cataract
surgery in combination with DMEK). Hazard ratios with 95
CIs were reported.

Two-sided P values <.05 were considered statistically significant
for all analyses, which were performed with R software (version
4.1.3; R Foundation for Statistical Computing) [16].

Results

Of the 1818 patients contacted, 1311 (72.1%) responded by
returning the questionnaire. Additionally, 11 (0.6%) patients
responded by email, and 18 (1%) responded via telephone. This
yielded a response rate of 73.7% (1340/1818). Among the 1340
respondents, 16 (1.2%) reported a history of splenectomy. Only
5 other patients reported back and did not want to be included
in the study. The family members of 27 patients contacted us
to inform us that the patient had died and that no information
about splenectomy was available; thus, these patients were not
included in the study.

Of the 1324 patients who did not undergo splenectomy, we
performed DMEKs on both eyes among 617 patients, so a total
of 1941 eyes could be included in the control group.

Of the patients who underwent splenectomy, some had received
DMEKs on both eyes at our hospital, yielding a total of 26
DMEK procedures. Of the 16 patients who underwent
splenectomy, 11 (69%) were able to recall the time of the
surgery. The remaining 5 (31%) patients could not give
information about the time of surgery. Only 2 patients (each
having had a DMEK on only 1 eye) underwent the splenectomy
after the DMEK (see Multimedia Appendix 1). Median age at
transplantation was similar between the groups. However, there
was a lower proportion of female patients (9/26, 35% vs
1129/1941, 58.2%) and a higher rate of triple surgery (20/26,
77% vs 1139/1941, 58.7%) in the splenectomy group.

After reviewing the medical records, we found that of the 26
DMEKs (16 patients) in the splenectomy group, 5 (19%) eyes
required regrafting. Two of these repeated DMEKs were
performed for technical reasons because of incomplete graft
attachment. Only 1 patient presented the defined signs of
endothelial graft rejection, and the remaining 2 patients showed
unspecific late endothelial graft failure (see Table 1 and
Multimedia Appendix 2).

Table 1. Summative evaluation of the Descemet membrane endothelial keratoplasties (DMEKs) of the 16 patients who underwent splenectomy.

ValueVariable

16Patients who underwent splenectomy, n

26DMEKs, n

5 (19)Repeat DMEKs (n=26 eyes), n (%)

2 (8)Graft dislocation

2 (8)Graft failure

1 (4)Graft rejection

In the control group, graft failure occurred in 153 (7.9%) out
of 1941 eyes, and rejections were observed in 26 (1.3%) eyes.
We additionally compared the indication for DMEK between
the patients who underwent splenectomy and the controls (see
Multimedia Appendix 2). Of the 26 DMEKs in patients who
underwent splenectomy, 24 (92%) had Fuchs endothelial

dystrophy. Two patients had previously received penetrating
keratoplasty and required a DMEK for graft failure. Precisely,
these 2 cases required a second DMEK, both due to endothelial
graft failure.

Kaplan-Meier analysis (Figure 1) and multivariable Cox
proportional hazards models adjusting for age, sex, baseline
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diagnosis, and triple surgery revealed no statistically significant
differences in the risk of regrafting, failure, rejection, or

combined end points between groups (all P>.05).

Figure 1. Survival analyses. (A) The percentage of patients who did not need a repeat keratoplasty shown over time in days. The patients who underwent
splenectomy are presented in blue and the control group is shown in red. The splenectomy group includes the 2 cases of graft dislocation. (B) Without
these technical failures, a slight trend of patients who underwent splenectomy toward the need of a second keratoplasty may be seen. The same plots
are shown for (C) the rejection-free time and (D) without the technical failures. Included in these lower 2 curves is 1 rejection case that did not require
repeat keratoplasty. Again, one could assume a trend here.

Survival analyses comparing graft rejection rates, the need for
repeat keratoplasties, and the combined results between groups
are shown in Figure 1. The control group is considerably larger
than the splenectomy group for obvious reasons. When counting
the early repeat DMEKs from graft dislocation, the splenectomy
group showed a trend toward a slightly worse performance
compared to the controls (see Figure 1A). However, this is
abrogated when counting only events that could theoretically
be caused by immune reactions (see Figure 1B). In the
comparison of the DMEK grafts without rejection reaction,
almost no difference between the groups is discernable (see
Figure 1C). Ignoring technical failures when regarding the
combined results (see Figure 1D), a slight trend may be inferred
toward the splenectomy group performing worse than the
controls.

Specifically, the adjusted hazard ratio for the risk of graft failure
comparing patients who underwent splenectomy to controls
was 1.91 (95% CI 0.25-14.31; P=.53). Similar nonsignificant
findings were observed for rejection and combined outcome
models.

Discussion

Principal Findings
Our study was designed to investigate the effects of splenectomy
on rejection after DMEK. Based on the data presented here, the
spleen does not appear to have a major influence on the survival
or rejection of DMEK grafts, so the significance of ACAID for
human DMEK may be subordinate.

Animal models theorize that the spleen is essential in the
induction of ACAID [13,14]; evidence to support this theory
does not exist from clinical studies. This study is the first
large-scale study to examine this in a retrospective clinical
setting. We found no evidence to support these hypotheses.

It is still unclear whether ACAID and immune privilege for
corneal transplantation established in animal models also applies
to human keratoplasty and more specifically to DMEK. The
low risk of allograft rejection after corneal endothelial
transplantation is thought to be due to the ACAID phenomenon
after the introduction of antigens into the anterior chamber [17].
As early as 1966, Streilein et al [18] demonstrated that external
corneal procedures, such as keratoplasty, corneal cauterization,
and corneal sutures, lead to inflammation that prevents the
induction of ACAID. Yamada et al [19] examined the allogeneic
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response in the anterior chamber after the transplantation of
corneal endothelial cells in a mouse model. Both intracameral
injection of splenocytes and corneal endothelial cells induced
ACAID with the suppression of the delayed hypersensitivity
reaction. However, this could not be detected in inflamed eyes
by cryoinjury, so the loss of the delayed hypersensitivity reaction
does not seem to be regulated by ACAID.

Not all animal studies showed an effect of splenectomy on
corneal graft survival. Bourne et al [20] performed corneal
transplants in 19 rabbits each with and without splenectomy
and found no significant difference in graft survival. In 2017,
Vendomèle et al [11] summarized the evidence on ACAID and
noted that several factors raised questions about the reliability
and validity of studies using knockout mouse models. In
particular, physiological relevance and transferability to humans
must be considered critically.

To our knowledge, our study is the first with such a high number
of patients who underwent both splenectomy and DMEK. Hos
et al [21] followed a single case of a patient who underwent
splenectomy for 4 years after DMEK. During this time, they
noted no corneal graft rejection and assumed that the spleen
was not necessary for graft acceptance.

Of our 26 DMEK transplants, 1 case developed graft rejection
and 2 cases developed graft failure. In relation to the control
group, this may suggest that splenectomy possibly does lead to
a slight tendency of poorer graft acceptance. However, it has

to be considered that the 2 graft failures are part of the high-risk
group, because the indication for DMEK was the failure of a
previously performed penetrating keratoplasty. Thus, from the
data presented here, splenectomy does not appear to have a clear
effect on the immunologic response to corneal transplantation.
Furthermore, it should be noted that of all participating patients,
only 16 patients who underwent splenectomy were included;
thus, it is possible that we missed finding an influence on graft
rejection after DMEK. The validity and reliability of the basic
questionnaire was not formally tested. This is a limitation given
the self-reported nature of the splenectomy history but is
mitigated by the minimalistic (only 1 question) nature of this
document. Additionally, we can conclude that undergoing
splenectomy after DMEK does not have any influence either,
since 2 of our patients showed such a course.

Conclusion
As described previously, there is controversy about the relevance
of the spleen in animal models investigating corneal graft
rejection. The importance of the spleen in humans has not yet
been investigated. Our results suggest that splenectomy does
not substantially impact DMEK outcomes after accounting for
potential confounding factors. However, given the limited
sample size of patients who underwent splenectomy, a clinically
meaningful effect cannot be definitively excluded. Nonetheless,
ACAID may either not fully explain favorable immunologic
outcomes following DMEK based on current evidence or the
camero-splenic axis may be subordinate in humans.
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Abstract

Background: The interrelation between COVID-19 and various cardiovascular and metabolic disorders has been a critical area
of study. There is a growing need to understand how comorbidities such as cardiovascular diseases (CVDs) and metabolic disorders
affect the risk and severity of COVID-19.

Objective: The objective of this study is to systematically analyze the association between COVID-19 and cardiovascular and
metabolic disorders. The focus is on comorbidity, examining the roles of CVDs such as embolism, thrombosis, hypertension,
and heart failure, as well as metabolic disorders such as disorders of glucose and iron metabolism.

Methods: Our study involved a systematic search in PubMed for literature published from 2000 to 2022. We established 2
databases: one for COVID-19–related articles and another for CVD-related articles, ensuring all were peer-reviewed. In terms
of data analysis, statistical methods were applied to compare the frequency and relevance of MeSH (Medical Subject Headings)
terms between the 2 databases. This involved analyzing the differences and ratios in the usage of these terms and employing
statistical tests to determine their significance in relation to key CVDs within the COVID-19 research context.

Results: The study revealed that “Cardiovascular Diseases” and “Nutritional and Metabolic Diseases” were highly relevant as
level 1 Medical Subject Headings descriptors in COVID-19 comorbidity research. Detailed analysis at level 2 and level 3 showed
“Vascular Disease” and “Heart Disease” as prominent descriptors under CVDs. Significantly, “Glucose Metabolism Disorders”
were frequently associated with COVID-19 comorbidities such as embolism, thrombosis, and heart failure. Furthermore, iron
deficiency (ID) was notably different in its occurrence between COVID-19 and CVD articles, underlining its significance in the
context of COVID-19 comorbidities. Statistical analysis underscored these differences, highlighting the importance of both
glucose and iron metabolism disorders in COVID-19 research.

Conclusions: This work lays the foundation for future research that utilizes a knowledge-based approach to elucidate the intricate
relationships between these conditions, aiming to develop more effective health care strategies and interventions in the face of
ongoing pandemic challenges.

(Interact J Med Res 2024;13:e55699)   doi:10.2196/55699
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Introduction

The SARS-CoV-2 virus, which causes the disease COVID-19,
has impacted all areas of our lives. The scientific community
has shown an unprecedented and coordinated response to this
global pandemic [1,2]. This has led to a rapid acquisition of
new knowledge in a wide range of scientific fields and,
simultaneously, to new questions that needed to be answered
[3-5]. Some of the most important questions concern the origins
and causes leading to the severe form of COVID-19 or even
death [6,7]. One of the most important pathological aspects of
COVID-19 disease is its impact on the cardiovascular system,
more specifically cardiovascular disease (CVD) [8-11]. The
link between COVID-19 and CVD has been demonstrated and
confirmed in numerous studies. A recent scientific review article
by Vosko et al [12] offers an extensive overview of the literature
on the interaction between COVID-19 and CVDs. The authors
describe how COVID-19 can act as a yet unrecognized risk
modifier for CVD, including risk factors such as diabetes
mellitus [13] or arterial hypertension [14]. In the study by Vosko
et al [12], an increased incidence of CVD and poorer clinical
outcomes were observed in individuals with preexisting CVD,
noting conditions like myocarditis, acute coronary syndrome,
heart failure, thromboembolic complications, and arrhythmias.
Furthermore, the article by Vosko et al [12] summarizes the
mechanisms through which COVID-19 can affect CVD,
including the impact on endothelial cells and inflammation,
which can increase the risk for atherosclerosis and other
cardiovascular events. Additionally, a review study [15] was
conducted to demonstrate the connection between COVID-19
and CVD. This study provides a detailed examination of the
impact of COVID-19 on different cells in myocardial tissue and
offers an overview of the clinical manifestations of
cardiovascular involvement in the pandemic.

The most striking link between COVID-19 and CVD involves
the angiotensin-converting enzyme 2 (ACE2), which is the main
receptor for the glycoprotein membrane spike of SARS-CoV-2
[16-18]. ACE2 is bound to cell membranes in various tissues
of the vascular system [19]. Considering its importance in CVD,
a population-based study showed that higher ACE2 plasma
levels are associated with a greater risk of severe CVD [20].
COVID-19 has been found to increase the risk of cardiogenic
shock [21,22], cardiac arrhythmias [23,24], acute myocardial
injury [25,26], and sometimes sudden death in patients with
CVD [15,27,28], and at the same time, patients with CVD have
a higher risk of mortality due to COVID-19.

ACE2 is an important down-regulator of the
renin-angiotensin-aldosterone system (RAAS), which plays a
significant role in controlling arterial blood pressure [29].
Various studies have investigated the dysregulation of ACE2
in different cells of patients with CVD, indicating an
involvement of the RAAS [30,31]. For example, downregulation
was found primarily in fibroblasts and the vascular smooth
muscle of ventricles with dilated or hypertrophic
cardiomyopathy [32,33]. Conversely, an upregulation of ACE2
is mainly observed in the cardiomyocytes of patients with
ischemic and non-ischemic cardiomyopathy [32-34], It is also
noted in the lungs of patients with hypertension, cerebrovascular

disease, coronary artery disease, and other comorbidities such
as diabetes [35], which may be attributable to the joint treatment
of such comorbidities in addition to the disease itself [36].

This correlation is further supported by biochemical and genetic
analyses, as patients with heart failure show increased ACE2
expression. ACE is found in 7.6% of all heart cells, compared
to only 5.88% in healthy individuals. This is even more
pronounced in cardiomyocytes, where 9.87% of all
cardiomyocytes in heart failure express ACE2, whereas in
healthy hearts, the figure is 6.75% of cardiomyocytes. This is
reversed in arterial vascular cells: heart failure shows positive
ACE2 expression in 7.93% of vascular cells and 19.4% in
healthy individuals [37]. The invasion of SARS-CoV-2
upregulates the activity of the protease ADAM17, which in turn
downregulates ACE2 by cleaving it from the cell surface. This
process, known as “shedding,” and is very important for
understanding the cardiovascular effects of COVID-19.
Recognizing the beneficial effects of Ang-1-7 signaling, we
understand that disruption of this pathway through shedding
leads to the predominance of the RAAS, causing hypertension,
fibrotic remodeling, inflammation, and sodium retention [38,39].

Novel big data streams have created interesting opportunities
to synthesize research and identify hotspots of big data in
infectious disease epidemiology [40]. Furthermore, big data
bibliometric analyses can reveal trends and project future
developments in each scientific discipline [41-43]. Thus, based
on bibliometric analysis, a study was conducted [44], that aimed
to investigate the international scientific output on the
relationship between COVID-19 and CVDs. The findings
revealed that the United States and China are at the forefront in
both the quantity and quality of publications in this area.
Additionally, the analysis indicated that researchers have paid
special attention to cardiovascular comorbidities, outcomes,
and regenerative medicine in the context of COVID-19. Such
innovative analytical approaches, which leverage extensive big
data resources, are particularly crucial for deciphering the
complex dynamics of comorbidity patterns observed in
COVID-19 and CVDs. By integrating big data insights with
traditional epidemiological methods, our study not only
contributes to a deeper understanding of these comorbidities
but also opens new avenues for predictive analytics in health
care.

Considering all this evidence, a critical interface between the
virus and CVD has emerged, posing unique challenges to health
care systems worldwide. This study aims to unravel the complex
relationship between COVID-19 and CVD, addressing a
significant gap in our current understanding of the comorbidity
dynamics of these diseases. Utilizing a novel approach with
MeSH (Medical Subject Headings) descriptors, we
systematically analyze a wide range of literature to identify key
patterns and themes. Our study not only sheds light on the
increased risks and outcomes associated with these
comorbidities, but also paves the way for future research
methods. This manuscript is organized to first explain our
methodological approach, followed by a presentation of our
findings, a discussion of their implications, and concludes with
insights that have the potential to inform future health care
strategies and interventions.
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Methods

Overview
We conducted a search on PubMed [45] with specific search
queries on CVD and SARS-CoV-2 and limited our search to
articles published from the year 2000 onwards. Between January
1, 2000, and September 30, 2021, we collected all relevant
entries in PubMed. From these entries, we selected only
peer-reviewed scientific publications. We then created 2
databases: one for articles related to COVID-19 (the COVID-19
database) and another for articles related to CVDs (the CVD
database). The databases had a similar organization and stored
2 primary pieces of information: the PubMed identifier (PMID)
and all the MeSH descriptors provided for an article. The
following sections describe in detail the creation of the
databases, the use of the MeSH classification scheme, and the
analyses performed.

MeSH Classification
The MeSH thesaurus is a controlled and hierarchically organized
vocabulary developed and curated by the National Library of
Medicine (NLM). The assignment of MeSH descriptors to
papers by professional indexers at the NLM is highly consistent
and an efficient method for describing the main topics of an
article. Consequently, the MeSH classification system offers

an organized approach for sorting and accessing medical
knowledge. This knowledge is represented by MeSH descriptors
or MeSH terms, which are organized hierarchically to facilitate
efficient retrieval of biomedical and health-related information
from the NLM databases.

In the MeSH tree, the 16 main categories form the foundation
of its hierarchical structure. Each main category branches into
level 1 (LV1) subbranches, representing more specific aspects
of the primary category. These LV1 subbranches further divide
into level 2 (LV2) subbranches, offering an even more detailed
classification. This pattern continues, with each subsequent
level—level 3 (LV3), level 4, and so forth—delving deeper into
specialized topics, ensuring a comprehensive and nuanced
organization of medical subjects. Overall, the MeSH descriptors
are structured hierarchically across 13 levels of subbranches.
The coding of MeSH descriptors involves assigning unique
alphanumeric identifiers to each descriptor in the MeSH
database. These codes serve as precise references, facilitating
information retrieval and classification in medical and
health-related databases. Typically, MeSH codes consist of a
combination of letters and numbers. The letters often represent
the main category or aspect of health or medicine the descriptor
pertains to, while the numbers provide a unique identifier within
that category. Figure 1 presents a schematic representation of
the MeSH tree.

Figure 1. A schematic representation of the hierarchical structure within the MeSH (Medical Subject Headings) tree, illustrating the organization from
main branches to more specific sub-branches. The main branch example shown here includes categories like Anatomy [A], Diseases [C], and Chemicals
and Drugs [D]. It details the progression from a main branch (Diseases [C]) to a LV1 sub-branch (Cardiovascular Diseases [C14]), to more refined LV2
and LV3 sub-branches, which specify narrower topics such as Heart Diseases [C14.280] and further down to Hypertension [C14.907.489] within the
LV3 sub-branch. Each descriptor or topic is paired with a unique alphanumeric code that facilitates indexing and retrieval in medical databases. LV1:
level 1; LV2: level 2; LV3: level 3.

For our analysis, we developed a Python script capable of
mining relevant publications from PubMed through their API.
It extracts the MeSH descriptors associated with an article, along
with its unique PMID, and translates a given MeSH descriptor
code to the corresponding MeSH descriptor name. Since the
code of the MeSH descriptor embeds the location of the term
in the MeSH tree, our script can determine the branches from
which a MeSH descriptor originates. Our analysis primarily
focuses on the “Diseases” main branch (denoted by the letter
C), especially the “Cardiovascular Diseases” subcategory (LV1
subbranch C14; Figure 1). The hierarchical structure of the
MeSH tree enables an in-depth analysis of topics at different

levels of specificity, as illustrated in Figure 1. A more detailed
description of the algorithm is given in the subsequent sections.

Creation of the Database
Using Python and the PubMed API, Entrez, our algorithm
retrieved relevant information from the PubMed database on
COVID-19 and CVDs. We utilized MeSH descriptors as search
parameters. For the CVD database, our search query was
“Cardiovascular Diseases [MeSH Terms],” while for the
COVID-19 database, it was “COVID-19 [MeSH Terms].” Our
inclusion criteria were limited to articles from peer-reviewed
journals. Figure 2 provides a comprehensive breakdown of the
records obtained for each query, categorized by publication
type, focusing on the PMID and associated MeSH terms.
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Figure 2. Publication type prevalence in the (A) COVID-19 and (B) cardiovascular disease (CVD) data sets.

For the selected publications, we retrieved raw XML data from
PubMed and extracted 2 pieces of information from each XML
file: all MeSH descriptors and the PMID. The latter was used
to remove duplicate entries. Following this procedure, we
created 2 databases: one for the COVID-19 query and another
for the CVD query. In addition to these databases, we also
developed a graph of MeSH descriptors, which was used for
information retrieval.

Data Analysis
For each database, we performed statistical analyses using
Python [46] and its associated libraries: pandas [47] for data
manipulation, SciPy [48] for statistical calculations, and
Matplotlib [49] for data visualization.

Our initial step in the analysis involved calculating the relative
frequency of each MeSH descriptor within a specified branch
level, ranging from the “Disease” main branch to subsequent
levels such as the LV1 subbranch and beyond. We accomplished
this by tallying the occurrences of each MeSH term across all
publications in our database. After obtaining these raw counts,
we moved to a critical phase of normalization. We normalized
each count by the total number of articles within the database,
thus converting raw frequencies into proportional measures.
This adjustment allows the data to accurately reflect the
prevalence of each descriptor within the context of the overall
literature corpus.

For a more granular analysis of specific subbranches (i.e., LV1,
LV2, etc), we refined our approach. We quantified the number
of articles associated with each MeSH descriptor within the
subbranch of interest. This time, however, the normalization
process took into account the total number of articles relevant
to that particular subbranch, thus ensuring that our statistical
insights were accurately contextualized within the scope of the
subbranch’s literature.

To ascertain the relative significance of specific MeSH
descriptors within our databases, we denoted the frequency of
each MeSH term within a database (DB) as fDB (MeSH). This
measure allows us to conduct a comparative analysis to

determine the prominence of each descriptor in the COVID-19
database relative to the CVD database. We measure the disparity
in usage frequency of a MeSH term between the 2 databases by
calculating the difference , expressed as:

Δf(MeSH) = fCOVID(MeSH) – fCVD(MeSH) (1)

This difference, Δf(MeSH), provides an indication of whether
a MeSH descriptor’s presence is more pronounced
(up-regulated) or less pronounced (down-regulated) in the
COVID-19 database as compared to the CVD database. A
positive difference signifies a MeSH term’s greater relevance
to the COVID-19 corpus, while a negative value indicates lesser
importance.

However, the difference in frequencies can be misleading if the
absolute values are too large or small. This difference might
not accurately represent the term’s practical significance. To
address this, we also calculated the ratio, R(MeSH), defined as:

(2)

This ratio offers insight into the relative usage of each MeSH
descriptor. A ratio near 1 suggests comparable usage in both
databases, while ratios significantly greater or less than 1 imply
a disparity in descriptor usage.

By integrating both the difference, Δf(MeSH), and the ratio,
R(MeSH), of frequencies, we achieved a more nuanced
understanding of the role and emphasis of MeSH terms in the
COVID-19 database in contrast with the CVD database. This
dual-parameter approach allows for a more detailed and
representative interpretation of the importance of specific MeSH
descriptors in relation to the topics under investigation, such as
hypertension.

Statistical Analysis
To pinpoint the most significant MeSH topics within the context
of the 3 most prominent CVDs in relation to COVID-19, we
employed a statistical approach. We conducted a chi-square test
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of independence. This statistical test was employed to assess
whether the occurrence of specific MeSH terms shows a
significant difference when comparing the COVID-19 database
with the CVD database.

The chi-square test is particularly suited for this analysis as it
helps determine if there is a significant association between the
type of database (COVID-19 or CVD) and the frequency of
particular MeSH terms. A significant result from this test implies
that the likelihood of a MeSH term’s occurrence is dependent
on the database, indicating a specific relevance to either
COVID-19 or CVD-related articles.

Such a methodological approach allows us to identify and
highlight those MeSH terms that are disproportionately
represented in one database compared to the other, thereby
providing insights into the intersection of COVID-19 with
prominent cardiovascular conditions. This analysis not only
enhances our understanding of disease dynamics but also
potentially guides future research directions in these intersecting
medical areas.

Results

Our analysis begins with a thorough examination of the
“Disease” main branch in the MeSH tree. Specifically, our
interest lies in the corresponding MeSH descriptors found within
the LV1 subbranches. These LV1 subbranches are particularly
notable as they encompass the primary disease descriptors,
which are the fundamental classifications for various diseases.

In Figure 3, we show the frequency with which primary disease
descriptors are used in COVID-19 articles, fCOVID(MeSH).
Additionally, we analyze articles that have been assigned the
MeSH term “Comorbidity,” focusing exclusively on the
frequency of disease descriptors within this subset. We compute
the relative importance as defined in equation (1) to assess the
importance of each LV1 disease descriptor in the context of
comorbidity-related articles.

Overall, we find that all COVID-19 articles are labeled with the
LV1 disease descriptor “Infections.” The second most common
LV1 disease descriptor is “Respiratory Diseases,” which appears
in 26.7% of all articles. The third descriptor, “Pathological
Conditions, Signs and Symptoms,” was found in about 20% of
all COVID-19 articles. The MeSH term “Cardiovascular
Diseases” is the fourth most used descriptor, found in 7% of all
articles. The top ten LV1 disease descriptors found in
COVID-19 articles are shown in Figure 3A. In contrast, the
results in Figure 3B illustrate the relative importance of the
disease descriptors in a subset of COVID-19 articles related to
comorbidities, considering the baseline frequency shown in
Figure 3A. Therefore, the results in Figure 3B evaluate the
importance of each LV1 disease descriptor specifically for these
selected articles. As can be seen in Figure 3B, “Cardiovascular
Diseases” has the highest relative importance among LV1
disease descriptors in COVID-19 articles examining
comorbidity. This MeSH term has a 17.4% higher frequency
of occurrence among COVID-19 articles related to
comorbidities. It is also interesting to note that the MeSH term
“Nutritional and Metabolic Diseases” ranks second.

In continuation, we focus on the first- and second-ranked MeSH
descriptors in Figure 3B. To describe the disease terms in more
detail, we repeat the analysis at the second level of the MeSH
disease tree. Again, we separately calculated the proportion of
items with a given LV2 disease descriptor and the relative
importance of these descriptors within COVID-19 articles
related to comorbidities. The results are shown in Figure 4.

From the results shown in Figure 4A, we see that “vascular
disease“ and “Heart Disease,” which belong to “Cardiovascular
Diseases,” are among the 10 most frequently used LV2 disease
descriptors. For COVID-19 articles related to comorbidity, both
“Vascular Disease” and “Heart Disease” gain prominence
(Figure 4B). The LV1 subbranch “Cardiovascular Diseases” is
divided into 5 MeSH descriptors at the second level
(Cardiovascular Abnormalities, Cardiovascular Infections, Heart
Diseases, Pregnancy Complications, Cardiovascular and
Vascular Diseases). In contrast, the disease branch “Nutritional
and Metabolic Diseases” is divided into 2 descriptors at the
second level (Metabolic Diseases, Nutritional Disorders). This
should be considered as it could lead to a bias in the frequency
of occurrence of a descriptor caused by the number of terms
available in each subbranch. However, since we are interested
in their relative importance, we can circumvent these biases and
reveal the distributed or concentrated importance of the
descriptors. Therefore, we continue our analysis at the third
level of the MeSH tree of diseases. Since we found that at the
second level of the MeSH tree, the LV1 subbranch
“Cardiovascular Diseases” and “Nutritional and Metabolic
Diseases” have the highest relative importance, we continue
our investigation in this direction. The results are shown in
Figure 5.

Figure 5A reveals that “Disorders of Glucose Metabolism” top
the list as the most frequently mentioned LV3 MeSH term within
the COVID-19 data set, followed by “Hypertension” and
“Disease Attributes.” This figure provides an overarching view
of the commonality of these terms across all research articles.

Figure 5B delves into the LV3 MeSH descriptors that stem from
the LV2 subbranch of “Metabolic Diseases”. The data clearly
indicate that disorders of glucose and lipid metabolism are the
most recurrent topics within the LV3 subbranch, underscoring
their significance in the discourse on metabolic diseases.

Figure 5C illustrates that within the realm of CVDs, “Embolism
and Thrombosis” emerges as the most prevalent LV3 MeSH
descriptor utilized in the literature, followed by “Hypertension”
and “Heart Failure,” among others, in descending order of
frequency.

By comparing Figure 5B and 5C, we observe a less diverse
distribution of the embedded MeSH terms. The LV3 descriptors
within the CVD subbranch are more specifically clustered,
pointing to a narrower focus within CVD research in relation
to COVID-19, as opposed to the broader range of topics covered
under metabolic diseases.

Figure 5D presents a detailed ranking of LV3 MeSH descriptors
within the CVD domain as they appear in the context of
comorbidity research. Figure 5D specifically highlights which
cardiovascular conditions are most frequently discussed in

Interact J Med Res 2024 | vol. 13 | e55699 | p.1055https://www.i-jmr.org/2024/1/e55699
(page number not for citation purposes)

Markovič et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


conjunction with other health issues, shedding light on the
patterns of comorbidity that are prevalent in the current body
of literature. It allows researchers to identify which
cardiovascular disorders are most considered in studies that
address the complexities of patients presenting with multiple
concurrent health challenges. The data presented in Figure 5D
identifies “Hypertension” as the most used LV3 MeSH
descriptor within articles that discuss comorbidities, with “Heart
Failure” following in frequency. Based on these observations
from Figure 5, the subsequent analysis concentrates on 3 critical
LV3 MeSH terms: “Hypertension,” “Heart Failure,” and
“Embolism and Thrombosis.”

In our analysis of the COVID-19 and CVD databases, we use
the frequency of LV3 MeSH descriptors to represent the focus

of research. We started by examining “Embolism and
Thrombosis,” a common CVD descriptor (Figure 5C). Our
results (Figure 6A) indicate that “Embolism and Thrombosis”
is most frequently associated with “Disorders of Glucose
Metabolism” in the COVID-19 database. “Disorders of Iron
Metabolism” (with an increase of Δf[MeSH]=0.16% and a ratio
of R[MeSH]=5.64) and “Disorders of Acid-Base Balance” are
also significant but less frequent. “Disorders of Iron
Metabolism” have seen the largest increase, ranking it at the
top in the COVID-19 database. “Disorders of Glucose
Metabolism” follow (with an increase of Δf[MeSH]=1.14% and
a ratio of R[MeSH]=2.46), and “Disorders of Acid-Base
Balance” come in third (with an increase of Δf[MeSH]=0.06%
and a ratio of R[MeSH]=1.47).

Figure 3. Comparative analysis of level 1 (LV1) subbranch disease descriptor frequencies in COVID-19–related articles. Panel A presents the distribution
within the COVID-19 data set, while Panel B focuses on the subset of COVID-19 articles tagged with the “Comorbidity” MeSH (Medical Subject
Headings) term. Each bar’s color corresponds to a specific disease descriptor and maintains consistency throughout the manuscript.

Figure 4. Most important level 2 (LV2) disease descriptor. Results are computed for (A) the entire COVID-19 data set and (B) for the subset of
COVID-19 articles related to comorbidities. Each bar’s color corresponds to a specific disease descriptor, as defined in Figure 3. MeSH: Medical Subject
Headings.
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Figure 5. Ten most important level 3 (LV3) disease descriptors for COVID-19–related articles. Results are computed for (A) all LV3 disease descriptors,
(B) only for LV3 disease descriptors originating from the “Nutritional and Metabolic Diseases,” (C) only for the LV3 “Cardiovascular Diseases” branch,
and (D) only for the LV3 “Cardiovascular Diseases” branch obtained for the COVID-19 sub-set of articles considering comorbidities. Each bar’s color
corresponds to a specific disease descriptor, as defined in Figure 3. MeSH: Medical Subject Headings.
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Figure 6. A comprehensive comparison of the absolute and relative changes in the frequency of level 3 (LV3) MeSH (Medical Subject Headings)
descriptors in the COVID-19 database relative to the cardiovascular disease (CVD) database, focusing on 3 specific cardiovascular diseases: Embolism
and Thrombosis (panels A and B), Hypertension (panels C and D), and Heart Failure (panels E and F). The figure displays the top 15 MeSH descriptors
for each condition. Notably, the bars corresponding to “Iron Metabolism Disorders,” “Glucose Metabolic Disorders,” “Acid-Base Imbalance,” and
“Disorders of Lipid Metabolism” are distinctly color-coded in black, red, green, and orange, respectively, allowing for easy identification and comparison
of these key terms across different cardiovascular conditions.

For high blood pressure (“Hypertension”), the MeSH term
“Disorders of Glucose Metabolism” is most significant in
frequency difference, followed by “Acid-Base Imbalance” and
“Iron Metabolism Disorders” (Figure 6C). Interestingly, “Iron
Metabolism Disorders” show a smaller overall frequency
difference (Δf[MeSH]=0.11%) but a higher ratio
(R[MeSH]=5.90), indicating they are used more frequently in
COVID-19 research compared to CVD research. “Disorders of
Glucose Metabolism” take the second spot (with a substantial

increase of Δf[MeSH]=26.47% and a ratio of R[MeSH]=3.66),
and “Acid-Base Imbalance” is third (Δf[MeSH]=0.21% and
R[MeSH]=2.10) based on their relative frequencies.

In the third part of our analysis, we focused on heart failure,
with the findings illustrated in Figure 6E and 6F. Among the
various MeSH terms, “Glucose Metabolic Disorders” emerged
as the second most frequent term in the comparison between
the COVID-19 and CVD databases. While “Iron Metabolic
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Disorders” and “Acid-Base Imbalance” are also relevant, they
are positioned at 17th, explaining their absence from the figure
due to their lower frequency. Notably, “Iron Metabolism
Disorders” feature more prominently in the COVID-19 database
than in the CVD database, ranking tenth in frequency difference.
Significantly, as Figure 6F reveals, “Iron Metabolism Disorders”
rank second in relative importance among all LV3 MeSH
descriptors in the COVID-19 database, compared to the CVD
database. “Disorders of Lipid Metabolism” also show
considerable relevance, ranking third, whereas “Disorders of
Glucose Metabolism” are positioned seventh. Despite its lower
frequency, “Acid-Base Imbalance” maintains a high relative
importance, coming in at 17th. These results underscore the
shifted focus in medical research on specific metabolic disorders

in the context of COVID-19, particularly in relation to heart
failure.

To build upon these findings, we applied the chi-square test to
validate whether the observed differences in LV3 MeSH
descriptor frequencies between COVID-19 and CVD databases
are statistically significant. This test helped us determine if the
occurrences of 4 specific MeSH terms—“Disorders of Glucose
Metabolism,” “Iron Metabolism Disorders,” “Acid-Base
Imbalance,” and “Disorders of Lipid Metabolism”—in the
COVID-19 database are significantly different from their
occurrences in the CVD database. We also employed multiple
P values to strengthen our assessment of significance. The
findings are detailed in Table 1.

Table 1. Statistical significance of selected MeSH (Medical Subject Headings) terms in 3 subsets of COVID-19 articles related to cardiovascular

diseases (CVDs)a.

Heart failure, P valueHypertension, P valueEmbolism and thrombosis, P valueLV3b MeSH terms

<.05<.001<.001Glucose Metabolism Disorders

.116.525<.01Iron Metabolism Disorders

.585.42.103Acid-Base Imbalance

.05.53.94Lipid Metabolism Disorders

aThe P values signify whether the appearance of a MeSH term in the COVID-19 database is significantly different compared to the appearance in the
CVD database.
bLV3: level 3.

In the context of “Embolism and Thrombosis,” our analysis
reveals that the frequencies of both glucose and iron metabolism
disorders show a statistically significant difference when
comparing the COVID-19 and CVD databases across all 3
subdata sets.

For “Hypertension,” the scenario is slightly different. Here, the
incidence of glucose metabolism disorders stands out as the
only descriptor with a significant difference in frequency
between the COVID-19 and CVD databases.

Lastly, regarding “Heart Failure,” we again note a significant
difference for glucose metabolism disorders, although with a P
value of <.05. This pattern highlights a specific focus or
heightened research interest in glucose metabolism disorders
within the context of COVID-19, particularly when comorbid
with CVDs such as embolism, thrombosis, hypertension, and
heart failure.

Discussion

Principal Results
The aim of this study was to analyze all available peer-reviewed
articles from the PubMed database to identify the most relevant
topics regarding the relationship among COVID-19, CVDs, and
comorbidity. For this purpose, we used the MeSH term
descriptors, which are the most important topics covered in an
article in a standardized form. In COVID-19–related research
that considers comorbidity, we found the most relevant MeSH
descriptors are CVDs and nutritional and metabolic diseases.
Since both terms are quite broad, we continued our analysis one
branch deeper in the MeSH tree and found that the

corresponding significant topics are related to metabolic
disorders, vascular diseases, and heart diseases. Advancing one
level deeper in the MeSH tree, we investigated the meaning of
more specific terms related to CVD and metabolic disease. We
determined that the most significant CVDs related to
comorbidity and COVID-19 are embolism and thrombosis,
hypertension, and heart failure. Given the prominence of
metabolic disorders in our analysis, we also explored which
specific metabolic disorders were most significant and found
that glucose metabolism disorders were the most notable.
However, we also noted a significantly increased frequency of
the term iron metabolism disorders in COVID-19 articles related
to embolism and thrombosis compared to CVD articles related
to embolism and thrombosis.

Limitations
Using the methodology presented here, we were able to identify
the most important issues relevant to comorbidities and
COVID-19. Although the methodology can be applied to any
major topic and its corresponding subtopic, it has some
limitations. The main limitation is its inability to find
relationships between themes. This was addressed by selecting
relevant subtopics through iteratively evaluating the results at
each level of the MeSH tree. However, in future studies, we
intend to incorporate a knowledge graph-based approach by
mapping relationships between topics. This would in turn allow
us to consider not only the frequency of the occurrence of a
topic but also to evaluate the co-occurrence of topics.
Consequently, this would allow us to automatically find highly
related pairs of topics and eventually create a more detailed and
complex description of the item database under consideration.
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Comparison With Prior Work
In relation to COVID-19, individuals with certain comorbidities
have been shown to have a higher likelihood of developing a
severe form of this disease and have a higher mortality rate.
COVID-19 has been associated with an increased prevalence
of CVD, suggesting that CVD may be a risk factor for the
disease [50]. According to mortality data from China’s National
Health Commission, 17% and 35% of individuals with
COVID-19 had a history of coronary heart disease and
hypertension, respectively [51]. Li et al [52] showed that the
presence of cardio-cerebrovascular disease, diabetes, and
hypertension increased the risk of severe COVID-19 by
threefold, twofold, and twofold, respectively. A larger study
from the Chinese Center for Disease Control and Prevention,
which examined the clinical outcomes of 44,672 confirmed
COVID-19 cases, found that the case fatality rate was 2.3% in
the entire cohort, but was significantly higher (6%, 7.3%, and
10.5%, respectively) in individuals with hypertension, diabetes,
and CVD [53]. Several smaller cohort studies have also
presented similar reports, suggesting a higher risk of an adverse
episode in patients with COVID-19 with underlying CVD
[54-56]. Cardiac injury (characterized by elevated troponin
levels), myocarditis, and acute respiratory distress syndrome
have been reported as strong, independent risk factors associated
with mortality in patients with COVID-19 [57]. According to
the Pneumonitis Diagnosis and Treatment Program for Novel
Coronavirus Infections, the likelihood of COVID-19 infection
is higher in older people (>60 years) with pre-existing
conditions, especially in patients with hypertension, coronary
heart disease, or diabetes [51]. Thus, advanced age, male gender,
and the presence of preexisting conditions are the main risk
factors for COVID-19 mortality [57].

Given the increasing evidence of iron status’ importance for
immunity, it is not surprising that biomarkers of iron metabolism
have been investigated in several studies on patients with
COVID-19 [58]. COVID-19 is also characterized by a cytokine
storm, leading to increased production of hepcidin, the primary
hormone regulating iron metabolism, in response to heightened
proinflammatory cytokines [59]. Patients with low serum iron
status were likely to suffer from severe conditions and multiple
organ damage in COVID-19 [60]. In addition, both iron
deficiency (ID) and iron overload are commonly observed in a
variety of CVDs and contribute to the onset and progression of
these diseases. One of the devastating consequences of iron
overload is the induction of ferroptosis, a newly defined form
of regulated cell death that severely impairs cardiac function
through ferroptotic cell death in cardiomyocytes [60]. Our results
show that the term iron metabolism disorder occurs significantly
more frequently in COVID-19 articles related to heart failure
than in CVD articles on the same topic. Interestingly, ID is
frequently observed in patients with heart failure [61-63].
Furthermore, ID correlates with an increased incidence of right
ventricular failure in patients with acute HF [64,65]. ID also
contributes to impaired functioning of the respiratory chain
complexes (complex I to V), leading to altered myocardial
metabolism, ROS formation, and ultimately advanced HF.
Impaired mitochondrial function is one of the underlying
mechanisms of ID-induced HF [66,67].

Clinical Implications of Our Findings
Our research has highlighted the critical intersection between
COVID-19 and severe cardiovascular conditions, notably
embolism and thrombosis. The urgency of identifying and
managing these conditions is of paramount importance, as they
present immediate life-threatening risks and their symptoms
often overlap with those of COVID-19, especially pulmonary
thromboembolism [68]. Our findings underscore the vital
importance of vigilant monitoring for individuals affected by
COVID-19 to prevent these severe outcomes.

A primary tool in this monitoring process is the serial
measurement of D-dimer levels, which has been shown to
strongly correlate with an increased risk of disease progression,
critical illness, and mortality. D-dimer levels also serve as a
reliable predictor of venous thromboembolism when measured
at admission, and levels at discharge are associated with a higher
1-year mortality risk [69]. Current guidelines recommend
thromboprophylaxis for all hospitalized patients with
COVID-19, except those with an increased risk of bleeding
[68]. While further research is necessary to determine the
optimal anticoagulation dosage, standard doses of LMWH are
generally recommended for most patients, with intermediate
doses for those who are critically ill or obese [70]. Routine
screening for deep vein thrombosis with Doppler
ultrasonography is not currently advised for thromboembolism
screening, as rapidly increasing D-dimer levels and worsening
oxygenation have been found to be more successful [71].

We have also uncovered a significant correlation between
COVID-19 and glucose metabolism disorders. Increasing
evidence suggests a bidirectional relationship between diabetes
and SARS-CoV-2 infection. This indicates that patients with
diabetes are at a higher risk of developing a severe form of
COVID-19, while individuals with COVID-19 are more likely
to develop metabolic disorders. Shared pathogenic mechanisms,
such as general inflammation, a pro-thrombotic state, and
atherosclerosis, likely contribute to this association [72].

Analysis of the GTEx database revealed higher ACE2
expression in the pancreas than in the lungs. Liu et al. analyzed
pancreatic injury following SARS-CoV-2 infection and found
that such injuries predominantly occurred in patients with severe
COVID-19 [73]. Therefore, special attention is warranted for
patients with metabolic disorders, including priority for
vaccination and rigorous monitoring in the event of infection,
with a low threshold for intensifying care. Preventive measures
for detecting metabolic disorders should be implemented in
individuals after a severe SARS-CoV-2 infection. This includes
monitoring blood glucose levels, lipids, and biochemical markers
for pancreatic injury.

Additionally, our results underscore the importance of iron
metabolism, a factor currently underrepresented in clinical
practice, underscoring the need for further trials to integrate it
into care for patients with COVID-19. Research indicates that
ferritin levels can be used to estimate disease severity, providing
useful cutoff values. These could complement other initial
screening methods in predicting the necessary level and intensity
of patient care [74]. There is also an underexplored therapeutic
potential in manipulating iron levels, either by using chelators
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like deferoxamine to lower them or through iron
supplementation to raise them in patients with inappropriate
values. Before this approach can be widely adopted in practice,
further research is essential to determine the optimal levels.
Reducing iron in patients with highly active hepcidin due to
inflammation could impede recovery [75]. Nonetheless, the
importance of iron metabolism extends beyond coagulation
disorders to metabolic disorders, with iron overload contributing
to the development of these diseases [76,77].

In summary, the insights from our study have critical
implications for clinical practice. By identifying key biomarkers
and conditions associated with severe COVID-19 outcomes,
we provide a foundation for improving patient monitoring,
treatment strategies, and, ultimately, patient outcomes during
the pandemic. Our findings urge health care professionals to
incorporate these insights into their clinical practice, promoting
a proactive and informed approach to managing COVID-19 and
its cardiovascular complications.

Conclusions
Our study represents a crucial step toward understanding the
complex interplay between COVID-19, CVD, and metabolic
disorders, highlighting in particular the role of embolism,
thrombosis, and iron metabolism disorders. The method we
adopted, using MeSH term descriptors to dissect the different
levels of related topics, has furnished a comprehensive overview

of the main comorbidities influencing COVID-19 outcomes.
Importantly, this approach can be adapted and applied to other
important health topics and their subcategories, despite its
current limitation in directly mapping topic relationships. Future
research efforts should aim to incorporate a knowledge
graph–based methodology, enabling a more detailed analysis
of topic co-occurrences and their relationships. Such
advancements are essential for deciphering complex disease
dynamics, particularly in the context of emerging infectious
diseases such as COVID-19.

The knowledge gained from this study is invaluable for the
development of more effective clinical practices and public
health strategies. By identifying key comorbidities and their
impact on COVID-19, we are better positioned to tailor
treatments and interventions for patients affected by these
conditions. Additionally, understanding the role of specific
metabolic disorders, such as those affecting glucose and iron
metabolism, opens up potential therapeutic targets and
preventive measures. In managing the current pandemic and
preparing for future viral outbreaks, the findings from this study
are crucial in guiding medical advancements, improving patient
outcomes, and increasing the resilience of the health care system.
This work not only contributes to our immediate fight against
COVID-19 but also creates a foundation for more informed and
effective responses to similar health crises in the future.
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Abstract

Background: Thyroid disease (TD) is a prominent endocrine disorder that raises global health concerns; however, its comorbidity
patterns remain unclear.

Objective: This study aims to apply a network-based method to comprehensively analyze the comorbidity patterns of TD using
large-scale real-world health data.

Methods: In this retrospective observational study, we extracted the comorbidities of adult patients with TD from both private
and public data sets. All comorbidities were identified using ICD-10 (International Classification of Diseases, 10th Revision)
codes at the 3-digit level, and those with a prevalence greater than 2% were analyzed. Patients were categorized into several
subgroups based on sex, age, and disease type. A phenotypic comorbidity network (PCN) was constructed, where comorbidities
served as nodes and their significant correlations were represented as edges, encompassing all patients with TD and various
subgroups. The associations and differences in comorbidities within the PCN of each subgroup were analyzed and compared.
The PageRank algorithm was used to identify key comorbidities.

Results: The final cohorts included 18,311 and 50,242 patients with TD in the private and public data sets, respectively. Patients
with TD demonstrated complex comorbidity patterns, with coexistence relationships differing by sex, age, and type of TD. The
number of comorbidities increased with age. The most prevalent TDs were nontoxic goiter, hypothyroidism, hyperthyroidism,
and thyroid cancer, while hypertension, diabetes, and lipoprotein metabolism disorders had the highest prevalence and PageRank
values among comorbidities. Males and patients with benign TD exhibited a greater number of comorbidities, increased disease
diversity, and stronger comorbidity associations compared with females and patients with thyroid cancer.

Conclusions: Patients with TD exhibited complex comorbidity patterns, particularly with cardiocerebrovascular diseases and
diabetes. The associations among comorbidities varied across different TD subgroups. This study aims to enhance the understanding
of comorbidity patterns in patients with TD and improve the integrated management of these individuals.

(Interact J Med Res 2024;13:e54891)   doi:10.2196/54891
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Introduction

Thyroid disease (TD) is a prominent endocrine disorder and has
become an increasing public health concern worldwide. In the
United States, its prevalence rose from 2.54% in 1999-2002 to
5.05% in 2015-2018 [1]. Thyroid cancer (TC) is considered the
9th most common malignancy and the most common endocrine
cancer, accounting for over 586,000 cases and 43,600 deaths
annually [2]. In China, thyroid nodules (TNs) were the most
common form of TD, affecting about 36.9% of the population
in 2017 [3]. The incidence of TC in China is nearly 2 times the
global average, with 11.3 versus 6.6 cases per 100,000 people
[4].

TD is intricately linked to multiple diseases and health
conditions [5,6]. A comprehensive understanding of the
interactions and overlapping symptoms among these diseases
can enhance clinicians’ diagnostic accuracy and personalize
treatment plans [7]. However, previous studies have mostly
focused on the correlation between a single disease and a
specific type of TD [6,8], neglecting the simultaneous
consideration of multiple diseases. Consequently, the underlying
patterns of TD’s multiple comorbidities are far from fully
elucidated.

Advancements in network theory offer fresh insights into
understanding the intricate relationships among comorbidities.
Recently, the phenotypic comorbidity network (PCN) has gained
popularity in exploring associations and disparities across
multiple diseases. In the PCN, coexisting diseases are
represented as nodes, with edges indicating their connections.
These edges can be assigned weights to reflect the frequency
of their coexistence. The PCN uncovers hidden disease patterns,
facilitating enhanced comorbidity risk assessments and future
disease predictions for individuals. Recently, researchers have
used the PCN to reveal comorbidity patterns for specific diseases
such as diabetes [9], colorectal cancer [10], and heart failure
[11].

Electronic medical records (EMRs), a typical real-world data
set, are increasingly mined for valuable insights enriched with
clinical history information to enhance decision-making [12].
As a crucial component of EMR, discharge diagnoses reflect
patients’ co-occurring diseases and health status during

hospitalization, offering insights into comorbidity associations.
These disease diagnoses are typically identified by standardized
International Classification of Diseases (ICD) codes, which
have proven effective in elucidating comorbidity patterns among
diseases in prior studies [7,10,13].

In this study, we aimed to leverage a network-based method to
systematically investigate comorbidity patterns in a general
population of patients with TD, using disease codes from
large-scale real-world EMR data from both private and public
data sets. We hope to uncover previously recognized or
unrecognized relationships among multiple comorbidities of
TD.

Methods

Study Populations
We conducted a retrospective cohort study using EMR data
from both private and public data sets. Age, sex, and ICD codes
were extracted. The private data set, covering 2018-2022, was
obtained from a tertiary hospital in Guangxi, China, and included
21,771 hospitalizations and 6405 distinct ICD-10 (10th
Revision) codes. Patients with TD were identified by ICD-10
codes E00-E07 (benign TD [BTD]) or C73 (TC). We treated
each hospitalization record as an independent individual,
considering that patients may have different health states and
disease progression during different hospitalizations. The data
cleaning process to identify the study cohort was as follows:
(1) included adult patients aged ≥18 years; (2) excluded
diagnostic codes from chapters XV to XXII, which pertain to
pregnancy, childbirth, puerperium, perinatal conditions, and
general symptoms; (3) excluded patient records with fewer than
2 ICD-10 codes; and (4) excluded rare diseases with a
prevalence <2%. Ultimately, the study population comprised
18,311 patients in the private data set (Figure 1A).

Additionally, we validated our study using the Medical
Information Mart for Intensive Care (MIMIC)-IV data set, a
public clinical database containing over 73,000 admissions from
2008 to 2019. Diseases were initially coded using ICD-10 and
ICD-9 (9th Revision) codes. To ensure consistency, we
standardized all disease codes to 3-digit ICD-10 codes.
Ultimately, we extracted data for 52,108 patients with TD from
the MIMIC-IV data set (Figure 1B).
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Figure 1. Flowchart of the study participants. ICD-10: International Classification of Diseases, 10th Revision.

Ethical Considerations
The original data collection for this study was approved by the
Medical Ethics Committee of the First Affiliated Hospital of
Guangxi Medical University (approval number 2023-E592-01),
and the Ethics Committee waived the requirement for a consent
form. Informed consent from patients to use their data could
not be obtained because the study is retrospective, observational,
and population based. The analysis of the information was
anonymized, with no variables that could identify individual
patients. Additionally, we collected public clinical data from
the MIMIC database after completing the web course
(certification number 57439457). Given that the MIMIC-IV
database consists of deidentified data and is publicly accessible,
and as the collection of patient information and the creation of
the research resource were reviewed by the Institutional Review
Board at Beth Israel Deaconess Medical Center, which granted
a waiver of informed consent and approved the data-sharing
initiative [14], this study was not subject to specific ethical
review.

Comorbidity Prevalence
We stratified the population by sex (male or female) and disease
type (TC or BTD). The prevalence of all diseases with ICD-10
codes and the 95% CI were calculated. We excluded diseases
with a prevalence of <2% (P<.03, 1-sided test) in any subgroup
to avoid including rare diseases. The lists of 72 and 107 diseases
from the private and MIMIC-IV data sets are presented in Tables
S1 and S2 in Multimedia Appendix 1, respectively. TDs,
including TC (C73), nontoxic goiter (E04), hypothyroidism
(E02 and E03), hyperthyroidism (E05), and other BTDs (E06),
were excluded from the list of diseases, resulting in a final count
of 67 and 102 comorbidities in the private and MIMIC-IV data
sets, respectively. After comparing the comorbidity differences
between the TC and BTD subgroups, we analyzed the
comorbidity differences between patients with TC and those

with specific typical BTDs (nontoxic goiter, E04;
hypothyroidism, E02 and E03; and hyperthyroidism, E05).
Subgroup details are presented in Figure S1 in Multimedia
Appendix 1.

To evaluate the differences in comorbidity prevalence by sex
and disease type, we calculated relative differences and used a
Z-test for significance. The calculation for the relative difference
by sex is based on equation (1) [10]:

d = (Pmale – Pfemale)/[(Pmale + Pfemale)/2] (1)

where Pmale and Pfemale represent the prevalences of
comorbidities in males and females, respectively.

We considered comorbidity prevalence to be significantly
different if the relative difference exceeded 0.1 [10] and the
absolute difference was statistically significant. Among these,
comorbidities with a ≥0.5-fold prevalence increase were deemed
enriched. We used Spearman correlation to assess comorbidity
prevalence trends with age and applied K-means clustering to
group comorbidities by age-related prevalence.

Phenotypic Comorbidity Network Construction
We constructed a PCN to capture the coexistence of multiple
diseases. In the PCN, nodes represent disease codes (ICD-10
codes at 3 digits) that are connected by edges. Node sizes are
proportional to disease prevalence, and node colors represent
the ICD-10 categories. The cosine index was applied to quantify
the comorbidity strength of coexisting diseases, taking into
account the co-occurrence and prevalence of comorbidities,
thereby minimizing the influence of sample size. We defined a
cutoff value to detect comorbidity coexistence measured by the
cosine index by assessing the relationship between the Pearson
correlation and cosine index, where the number of significant
coexisting comorbidities was equal in both networks as
measured by the cosine index and Pearson correlation. The
cosine index and Pearson correlation coefficient are defined in
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equations (2) and (3), respectively, and the significance of 
was determined by performing a t test (2-tailed), calculated
according to equation (4) [10].

where N is the total number of patients with TD; and na, nb, and
nab are the number of patients with disease a, disease b, and
both diseases, respectively.

Four structural properties of the PCN were measured using
network indices, including network density, degree, average
degree of neighbors, and betweenness centrality [15]. Network
density measures the compactness of a network by calculating
the ratio of significant connections to all potential ones. A denser
network indicates more connections among comorbidities. The
degree of the PCN reflects its number of connections with other
comorbidities. When a comorbidity is directly connected to
others, those are referred to as neighbors. We calculated the
average degree of neighbors to measure neighbor connectivity.
Betweenness centrality represents the number of shortest paths
between any 2 comorbidities. A high betweenness centrality
indicates a greater likelihood of forming bridges between other
comorbidities or serving as endpoints for many comorbidities
[10].

To identify the most important comorbidity in the PCN, we
applied the PageRank algorithm, which considers edge weights
[16]. The PageRank algorithm calculates the importance of each
node in a network by assigning ranks. Nodes that are connected
to other nodes with a high rank receive a higher weight and are
considered more central, while a higher PageRank value for a
node indicates greater influence within the network.

Comorbidities with the top 5 PageRank values were defined as
the most important comorbidities in the PCN.

We constructed 4 separate PCNs for males, females, patients
with TC, and patients with BTD. We then compared comorbidity
strengths to measure disparities by sex and disease type. When
a coexisting disease was unique or enriched (with a comorbidity
strength of at least 0.05 higher than that of another) in a given
subgroup, the difference was considered significant and was
defined as an abundant connection [10].

Analyses and visualizations were performed using R 4.3.1 (R
Foundation) and Python 3.7 (Python Foundation), leveraging
the igraph and ggraph libraries for network visualization and
property computation in R, and the pyecharts package for
generating Sankey diagrams in Python.

Results

Characteristics of Patients With Thyroid Disease
In the private data set, the median age of patients with TD was
58 years, with 61.09% (11,187/18,311) being female and 6.25%
(1144/18,311) having TC (Table 1). By contrast, in the
MIMIC-IV data set, patients with TD were older, with a median
age of 67 years; among them, 71.74% (37,384/52,108) were
female and less than 0.93% (482/52,108) had TC. Patients with
TD exhibited a high comorbidity burden, with a median number
of comorbidities of 5 in the private data set and 7 in the
MIMIC-IV data set. Males had more comorbidities than females,
with the median number of comorbidities significantly higher
in males than in females (6 vs 4, P<.001, and 8 vs 7, P<.001,
in the private and MIMIC-IV data sets, respectively). Patients
with TC were younger and had fewer comorbidities than patients
with BTD. The median age of patients with TC was 16 and 11
years younger than that of patients with BTD, and the median
number of comorbidities in patients with TC was 2 and 3 fewer
than that in patients with BTD, in the private and MIMIC-IV
data sets, respectively.

Table 1. Characteristics of patients with thyroid disease on the 2 data sets.

MIMICa-IV data setPrivate data setDemographic and clinical
factors

BTDTCFemaleMaleOverallBTDcTCbFemaleMaleOverall

51,62648237,38414,72452,10817,167114411,187712418,311Number of patients

67 (55-
79)

56 (45-
70)

67 (55-
79)

68 (57-
78)

67 (55-
78)

59 (50-
67)

43 (34-
53)

57 (47-
66)

59 (51-
68)

58 (49-
67)

Age (years), median (IQR)

7 (5-10)4 (3-6)7 (5-10)8 (5-11)7 (5-10)5 (3-7)3 (2-4)4 (3-6)6 (4-8)5 (3-7)Number of comorbidities,
median (IQR)

aMIMIC: Medical Information Mart for Intensive Care.
bTC: thyroid cancer.
cBTD: benign thyroid disease.

The mean number of comorbidities increased with age in both
males and females across both data sets (Figure 2A and 2C). In
the private data set, the percentage of patients with TD decreased
as the number of comorbidities increased, both overall and
among females. By contrast, in the MIMIC-IV data set, the
percentage of patients exhibited a trend of initially increasing

and then decreasing with the number of comorbidities (Figure
2B and 2D).

The incidence of patients with different types of TDs varied
between the 2 data sets (Figure 3). In the private data set,
nontoxic goiter was the most common BTD, affecting 67.77%
(12,410/18,311) of patients, whereas in the MIMIC-IV data set,
hypothyroidism was prevalent in 86.36% (44,999/52,108) of
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patients. In most patient subgroups, the percentage of patients
decreased with the number of comorbidities in the private data
set, while in the MIMIC-IV data set, the percentage of patients
initially rose and then declined as the number of comorbidities
increased (Figure 3B and 3E). However, across all TD subgroups

within both data sets, the mean number of comorbidities
increased with age, with Spearman correlations of 0.993
(P=.001) and 0.955 (P<.001) in the private and MIMIC-IV data
sets, respectively (Figure 3C and 3F).

Figure 2. Comorbidity and age distributions in different subgroups of patients with thyroid disease. (A) Age-specific mean number of comorbidities
and (B) frequency of patients per distinct number of comorbidities per patient on the private data set, respectively. Panels (C) and (D) are the counterparts
of (A) and (B) on the MIMIC-IV data set, respectively. MIMIC: Medical Information Mart for Intensive Care.

Figure 3. (A-C) The number of patients across different age groups, the percentage of patients with varying numbers of comorbidities, and the mean
number of comorbidities for each thyroid disease subgroup, respectively, based on the private data set. (D-F) The corresponding data for patients from
the MIMIC-IV data set. MIMIC: Medical Information Mart for Intensive Care.
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Comorbidity Prevalence and Differences Between
Subgroups
Figure 4 displays the top 15 diseases with the highest prevalence.
In the private data set, the most prevalent comorbidities were
hypertension, liver disease, and diabetes, with prevalences of
35.14% (6435/18,311), 21.97% (4023/18,311), and 16.82%
(3080/18,311), respectively. In the MIMIC-IV data set,
hypertension and diabetes were also among the most common
comorbidities, with prevalence rates of 42.13% (21,951/52,108)
and 20.39% (10,627/52,108), respectively. Additionally,
disorders of lipoprotein metabolism (E78) showed high
prevalence, at 15.29% (2800/18,311) in the private data set and
44.37% (23,120/52,108) in the MIMIC-IV data set.

Among comorbidities with significant differences (P<.05) in
prevalence, the differences were substantial, with some
comorbidities enriched in specific subgroups (Table 2). In the
private data set, diabetes (E11), cerebrovascular diseases (I63
and I69), heart diseases (I11, I20, I25, I48, and I50), chronic
obstructive pulmonary disease (J43 and J44), renal diseases
(N04, N18, N20, and N28), and gout (M10) were enriched in
males. Conversely, systemic connective tissue disorders (M35),
dorsopathies (M48 and M50), and disorders of bone density
and structure (M80 and M81) were enriched in females.

Most comorbidities had higher prevalence and were even
enriched in patients with BTD, including heart disease (I20,

I25, and I50), cerebrovascular disease (I63, I65, and I67),
hypertension (I10), diabetes (E11), liver disease (K74), gastritis
and duodenitis (K29), and renal disease (N18, N20, and N08).
Notably, malignant neoplasms were enriched in the TC group,
including nasopharyngeal carcinoma (C11), bronchus and lung
cancer (C34), and lymph node cancers (C77). Tables S3 and S4
in Multimedia Appendix 1 present the complete prevalence
differences of enriched comorbidities in the subgroups of
patients with TD from the private and MIMIC-IV data sets,
respectively.

Age-specific comorbidities were clustered into 3 groups in the
private data set and 4 groups in the MIMIC-IV data set (Figure
5). Most comorbidities’ prevalence generally increased with
age, although the rates varied by cluster. In the private data set,
cluster 1 comprised 55 comorbidities with low, mostly stable
prevalence. Cluster 2 included 11 comorbidities with moderate
prevalence and high growth rates, such as atherosclerosis (I70),
ischemic heart disease (I25), and diabetes (E11). Cluster 3
contained a single comorbidity (hypertension, I10) with the
highest growth rate with age. In the MIMIC-IV data set, cluster
1 included 2 comorbidities (lipoprotein metabolism disorder,
E78, and hypertension, I10) that showed significant age-related
increases. Cluster 2 had 9 comorbidities with moderate
increases, while clusters 3 and 4 comprised 22 and 70
comorbidities with low prevalence, respectively.

Figure 4. The top 15 comorbidities with the highest prevalence of patients with thyroid disease on the (A) private and (B) MIMIC-IV data sets. MIMIC:
Medical Information Mart for Intensive Care.
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Table 2. Absolute prevalence differences of enrichment comorbidities in subgroups of patients with thyroid diseases on the private data set.

Absolute prevalence difference, value (95% CI)Crude prevalence (95% CI)Enrichment comorbidityICD-10a code

TCb – BTDcMale – Female

–2.6 (–3.0 to –2.2)N/Ad2.7 (2.5 to 3.0)Bacterial infectionA49

–3.0 (–3.5 to –2.5)5.1 (4.5 to 5.7)3.4 (3.1 to 3.6)Fluke infectionsB66

–1.7 (–2.0 to –1.4)2.2 (1.8 to 2.6)1.7 (1.5 to 1.9)Nasopharyngeal carcinomaC11

–1.8 (–2.0 to –1.6)1.8 (1.4 to 2.2)1.7 (1.5 to 1.9)Malignant neoplasm of the liver and intrahep-
atic bile ducts

C22

–7.5 (–8.1 to –6.9)3.7 (2.9 to 4.5)7.8 (7.4 to 8.1)Bronchial and lung cancerC34

–2.5 (–2.8 to –2.2)–3.9 (–4.3 to –3.5)2.4 (2.2 to 2.6)Malignant neoplasm of the breastC50

31.9 (29.0 to 34.8)4.0 (3.1 to 4.9)9.2 (8.8 to 9.7)Secondary lymph node carcinomaC77

–3.0 (–4.1 to –1.9)N/A6.4 (6.1 to 6.8)Secondary malignant neoplasm of the respira-
tory and digestive organs

C78

–3.2 (–4.1 to –2.3)2.9 (2.2 to 3.6)5.3 (5.0 to 5.6)Secondary malignant neoplasmC79

–1.8 (–2.0 to –1.6)1.9 (1.5 to 2.3)1.7 (1.5 to 1.9)Multiple myeloma and malignant plasma cell
neoplasms

C90

–2.1 (–2.8 to –1.4)N/A3.1 (2.8 to 3.3)Hemangioma and lymphangiomaD18

–2.9 (–3.4 to –2.4)–5.4 (–5.8 to –5.0)3.3 (3.0 to 3.5)Leiomyoma of the uterusD25

–6.9 (–7.8 to –6.0)N/A8.5 (8.1 to 8.9)AnemiasD64

–14.6 (–15.8 to –13.4)7.2 (6.1 to 8.3)16.8 (16.3 to 17.4)Diabetes mellitusE11

–3.4 (–3.8 to –3.0)2.2 (1.6 to 2.8)3.3 (3.1 to 3.6)Disorders of the adrenal glandE27

–5.0 (–5.4 to –4.6)N/A4.8 (4.5 to 5.2)Vitamin D deficiencyE55

–3.3 (–4.0 to –2.6)N/A4.4 (4.1 to 4.7)Disorders of glycoprotein metabolismE77

–12.5 (–13.7 to –11.3)N/A15.3 (14.8 to 15.8)Disorders of lipoprotein metabolismE78

–3.1 (–4.1 to –2.1)3.8 (3.1 to 4.5)5.4 (5.1 to 5.7)Disorders of purine and pyrimidine metabolismE79

2.5 (1.3 to 3.7)N/A1.6 (1.4 to 1.8)Disorders of mineral metabolismE83

–3.5 (–4.7 to –2.3)N/A6.9 (6.6 to 7.3)Disorders of fluid balanceE87

–2.4 (–2.6 to –2.2)1.1 (0.6 to 1.6)2.3 (2.0 to 2.5)Degenerative diseases of the nervous systemG31

–2.7 (–3.0 to –2.4)N/A2.6 (2.4 to 2.9)Sleep disordersG47

–3.4 (–3.7 to –3.1)N/A3.3 (3.0 to 3.5)Polyneuropathy diseasesG63

–25.2 (–27.2 to –23.2)N/A35.1 (34.5 to 35.8)HypertensionI10

–9.3 (–9.9 to –8.7)4.2 (3.3 to 5.1)9.3 (8.9 to 9.7)Hypertensive heart diseaseI11

–4.4 (–4.8 to –4.0)3.5 (2.9 to 4.1)4.2 (3.9 to 4.5)Angina pectorisI20

–14.6 (–15.5 to –13.7)8.1 (7.0 to 9.2)14.9 (14.4 to 15.5)Ischemic heart diseaseI25

–3.2 (–3.5 to –2.9)1.5 (1.0 to 2.0)3.1 (2.9 to 3.4)Atrial fibrillation and flutterI48

–5.3 (–5.8 to –4.8)N/A5.3 (5.0 to 5.6)Cardiac arrhythmiasI49

–7.8 (–8.2 to –7.4)4.6 (3.8 to 5.4)7.4 (7.0 to 7.7)Heart failureI50

–9.8 (–10.3 to –9.3)4.2 (3.3 to 5.1)9.3 (8.9 to 9.7)Cerebral infarctionI63

–3.2 (–3.5 to –2.9)N/A3.0 (2.7 to 3.2)Anterior cerebral artery stenosis and occlusionI65

–4.3 (–4.7 to –3.9)N/A4.2 (3.9 to 4.5)Cerebrovascular diseasesI67

–2.8 (–3.2 to –2.4)2.3 (1.8 to 2.8)2.9 (2.7 to 3.1)Sequelae of cerebrovascular diseaseI69

–15.3 (–16.2 to –14.4)N/A16.1 (15.5 to 16.6)AtherosclerosisI70

–3.9 (–4.2 to –3.6)N/A3.6 (3.3 to 3.9)Disorders of arteries, arterioles, and capillariesI79

–11.8 (–12.4 to –11.2)N/A11.6 (11.1 to 12.0)Bacterial pneumoniaJ15

–5.8 (–7.0 to –4.6)N/A9.2 (8.8 to 9.7)PneumoniaJ18
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Absolute prevalence difference, value (95% CI)Crude prevalence (95% CI)Enrichment comorbidityICD-10a code

TCb – BTDcMale – Female

–2.4 (–3.0 to –1.8)1.6 (1.1 to 2.1)3.0 (2.8 to 3.3)Chronic sinusitisJ32

–2.7 (–3.5 to –1.9)5.1 (4.4 to 5.8)4.1 (3.8 to 4.3)EmphysemaJ43

–2.1 (–2.3 to –1.9)3.2 (2.7 to 3.7)1.9 (1.7 to 2.1)Chronic obstructive pulmonary diseaseJ44

–3.9 (–4.4 to –3.4)N/A4.1 (3.8 to 4.4)Pleural conditionsJ94

–13.4 (–14.2 to –12.6)N/A13.5 (13.0 to 14.0)Gastritis and duodenitisK29

–3.0 (–3.3 to –2.7)N/A2.9 (2.7 to 3.1)Diseases of the stomach and duodenumK31

–2.7 (–2.9 to –2.5)N/A2.6 (2.3 to 2.8)Diseases of intestineK63

–1.8 (–2.3 to –1.3)1.7 (1.2 to 2.2)2.3 (2.1 to 2.5)Fibrosis and cirrhosis of the liverK74

–17.4 (–18.9 to –15.9)N/A22.0 (21.4 to 22.6)Liver diseaseK76

–7.7 (–8.6 to –6.8)N/A9.2 (8.7 to 9.6)CholelithiasisK80

–1.7 (–2.5 to –0.9)N/A3.3 (3.1 to 3.6)Diseases of the gallbladderK82

–2.2 (–2.6 to –1.8)4.6 (4.1 to 5.1)2.4 (2.2 to 2.6)GoutM10

–2.0 (–2.3 to –1.7)–2.5 (–2.8 to –2.2)2.0 (1.8 to 2.2)Systemic involvement of connective tissueM35

–4.8 (–5.3 to –4.3)–2.1 (–2.7 to –1.5)4.8 (4.5 to 5.1)SpondylopathiesM48

–2.4 (–2.7 to –2.1)–1.3 (–1.7 to –0.9)2.4 (2.2 to 2.6)Cervical disc disordersM50

–4.0 (–4.4 to –3.6)N/A4.0 (3.7 to 4.3)Intervertebral disc disordersM51

–1.9 (–2.2 to –1.6)–1.6 (–2.0 to –1.2)1.9 (1.7 to 2.1)Osteoporosis with pathological fractureM80

–7.2 (–7.7 to –6.7)–4.2 (–4.9 to –3.5)7.1 (6.7 to 7.4)Osteoporosis without pathological fractureM81

–3.2 (–3.5 to –2.9)3.1 (2.5 to 3.7)3.0 (2.8 to 3.3)Nephrotic syndromeN04

–4.2 (–4.6 to –3.8)N/A4.1 (3.8 to 4.3)Glomerular disordersN08

–5.6 (–6.0 to –5.2)4.5 (3.8 to 5.2)5.5 (5.1 to 5.8)Chronic renal failureN18

–4.2 (–5.0 to –3.4)3.0 (2.3 to 3.7)5.4 (5.0 to 5.7)Calculus of the kidney and ureterN20

–11.2 (–12.1 to –10.3)6.0 (5.0 to 7.0)12.1 (11.6 to 12.6)Disorders of the kidney and ureterN28

–3.2 (–3.5 to –2.9)–1.5 (–2.0 to –1.0)3.0 (2.8 to 3.3)Disorders of the urinary systemN39

–7.7 (–8.2 to –7.2)19.2 (18.3 to 20.1)7.5 (7.1 to 7.9)Hyperplasia of the prostateN40

N/A–2.5 (–2.8 to –2.2)1.5 (1.3 to 1.7)Benign mammary dysplasiaN60

aICD-10: International Classification of Diseases, 10th Revision.
bTC: thyroid cancer.
cBTD: benign thyroid disease.
dNot applicable, as the comorbidity was not enriched in this subgroup.

Interact J Med Res 2024 | vol. 13 | e54891 | p.1073https://www.i-jmr.org/2024/1/e54891
(page number not for citation purposes)

Huang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. (A) and (D) The optimal number of clusters identified using the K-means clustering algorithm. (B) and (E) The age-specific prevalence of
comorbidities within each cluster. (C) and (F) The cluster plots, where comorbidity prevalence in the 5 age groups (18-39, 40-49, 50-59, 60-69, and
≥70 years) has been reduced to 2 dimensions (x-axis and y-axis) through principal component analysis. Panels A-C are based on the private data set,
while panels D-F correspond to the MIMIC-IV data set. A detailed list of ICD-10 codes is provided in Tables S1 and S2 in Multimedia Appendix 1.
ICD-10: International Classification of Diseases, 10th Revision; MIMIC: Medical Information Mart for Intensive Care.

Phenotypic Comorbidity Network in Patients With
Thyroid Disease
In the private data set, the PCN of patients with TD contained
72 diseases and 492 disease pairs (Figure 6A). Each disease
shared a median of 13.7 significant correlations with other
comorbidities. Nontoxic goiter (E04), hypothyroidism (E03),
and TC (C73) were prevalent TDs, with degrees of 50, 57, and
22, respectively (Figure 6D). Hypothyroidism (E03) was
strongly linked to hypertension (I10), bacterial pneumonia (J15),
heart failure (I50), ischemic heart disease (I25), and anemias
(D64), with cosine indexes ranging from 0.23 to 0.36 (Figure
6A and 6E). By contrast, nontoxic goiter (E04) was associated
with hypertension (I10; cosine index=0.47), liver disease (K76;
cosine index=0.44), atherosclerosis (I70; cosine index=0.37),
gastritis and duodenitis (K29; cosine index=0.33), and disorders
of the renal and ureter (N28; cosine index=0.33), differing from
those of hypothyroidism (E03). Nontoxic goiter (E04) and
secondary lymph node carcinoma (C77) showed the highest
correlation with TC (C73), with cosine indexes of 0.32 and 0.27,
respectively, while other comorbidities had a cosine index of
less than 0.06 with TC.

In the private data set, hypertension (I10), atherosclerosis (I70),
ischemic heart disease (I25), diabetes (E11), and liver diseases

(K76) were the top 5 comorbidities with high degrees (range
32-52) and betweenness centrality (range 47.1-385.2), reflecting
their frequent coexistence and mediating role in disease
correlations. Among the top 103 comorbid disease pairs with a
cosine index of 0.20 or higher, some connections were within
the same disease system, such as 50 and 12 connections within
circulatory system diseases (ICD-10 codes starting with I) and
malignant neoplasms (ICD-10 codes starting with C). When
the diseases mentioned above (ie, E03, E04, I10, I70, I25, E11,
and K76), which account for about 10% (7/72) of the diseases
in the PCN, were removed, the scale of the PCN (Figure 6C)
decreased significantly, with the number of significant comorbid
disease pairs dropping by 57.5% (283/492).

In the MIMIC-IV data set, there were 107 diseases with 1819
disease links in the PCN, as shown in Figure S2 in Multimedia
Appendix 1. Hypertension (I10), ischemic heart disease (I25),
heart failure (I50), diabetes (E10 and E11), and esophageal
disease (K23) were closely connected with TDs, with the highest
cosine index values of 0.60, 0.48, 0.46, 0.42, and 0.39,
respectively. Figures S3 and S4 in Multimedia Appendix 1
display the PCN for each subgroup in the private and MIMIC-IV
data sets, respectively.

Interact J Med Res 2024 | vol. 13 | e54891 | p.1074https://www.i-jmr.org/2024/1/e54891
(page number not for citation purposes)

Huang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Phenotypic comorbidity network (PCN) in patients with thyroid disease (TD) on the private data set. (A) The PCN of patients with TD.
Nodes represent comorbidities. The node size is proportional to the comorbidity prevalence in patients with TD and its color is used to identify the
disease category. Link weights are proportional to the magnitudes of the cosine index which are >0. (B) The 103 edges in the PCN, for which the cosine
index values are ≥0.20. (C) PCN of dropping the top 7 diseases with the highest degree and the highest betweenness centrality. (D) The degree distribution
of the node and its neighbors. (E) Correlations measured by the cosine index between diseases. The disease codes are listed in Table S1 in Multimedia
Appendix 1.

Differences in Phenotypic Comorbidity Networks
Between Subgroups
In both data sets, the comorbidity coexistence relationships were
more complex in males than in females and in patients with
BTD compared with those with TC (Table 3). In the private
data set, males had 60 comorbidities and females had 63, with
the median numbers of connections for comorbidities of 14.0
and 11.5, respectively. Patients with TC had fewer comorbidities

(lower degrees) than those with BTD. As patients aged, the
PCNs exhibited an increasing average degree of nodes and their
neighboring nodes across the 5 age groups, indicating
increasingly complex comorbidity coexistence relationships.

Figure 7 displays the top 10 important comorbidities with the
highest PageRank values in different patient groups. In both
data sets, cardiovascular and cerebrovascular diseases (colored
in blue, ICD-10 codes with I), such as hypertension (I10 and
I11) and ischemic heart disease (I25), along with endocrine and

Interact J Med Res 2024 | vol. 13 | e54891 | p.1075https://www.i-jmr.org/2024/1/e54891
(page number not for citation purposes)

Huang et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


metabolic diseases (colored in orange, ICD-10 codes with E),
such as diabetes (E10 and E11) and lipoprotein metabolism
disorder (E78), showed high PageRank values, indicating their
significance in the PCN of patients with TD. Notably, secondary
lymph node carcinoma (C77) exhibited a particularly high
PageRank value within the PCN of patients with TD in the
private data set, especially among patients with TC.

Figure 8 illustrates the abundant connections among patients
with TD in the private data set. In the sex-specific PCN, there
were 103 connections involving 55 comorbidities common to
both sexes. Abundant connections in females were primarily
linked to atrial fibrillation and flutter (I48), heart failure (I50),
diseases of the stomach and duodenum (K29 and K31), and

renal failure (N18). By contrast, abundant connections in males
were mainly associated with various cardiocerebrovascular
diseases (ICD-10 codes with I), malignant neoplasms (ICD-10
codes with C), bacterial pneumonia (J15), disorders of the ureter
(N28), and cholelithiasis (K80). Differences in connections
based on disease type were relatively minor, with 2 abundant
connections in patients with TC and 5 in those without. The
abundant connections in patients with TC were primarily linked
to metabolic disorders (E78 and E79). By contrast, patients with
BTD exhibited several abundant connections, including
hypertension (I10), diabetes (E11), pneumonia (J18), and
cholelithiasis (K80). The abundant connections within a specific
subgroup of patients with TD from the MIMIC-IV data set are
shown in Figure S5 in Multimedia Appendix 1.

Table 3. Phenotypic comorbidity network structures in subgroups of patients with thyroid disease.

Degree of neighbors, median (IQR)Degree, median (IQR)DensityNodes, nSubgroup

PrivateMIMIC-IVPrivateMIMIC-IVPrivateMIMIC-IVPrivateMIMICa-IV

28.3 (23.1-34.4)49.2 (44.0-54.9)9.0 (6.0-17.5)30.0 (20.0-46.0)0.1920.32172102All

Sex

26.7 (21.3-30.7)43.0 (36.7-46.3)11.5 (6.0-16.0)27.0 (18.0-40.0)0.2400.3126090Female

32.9 (28.8-39.4)38.7 (33.2-43.0)14.0 (10.0-22.0)17.0 (10.8-27.8)0.3040.2296392Male

Disease subgroup

11.0 (8.8-12.2)24.2 (16.5-31.0)4.0 (3.5-5.5)1.5 (1.0-2.0)0.4190.0871528TCb

28.3 (23.6-34.6)48.4 (42.9-52.7)10.0 (6.0-16.0)30.0 (21.5-46.0)0.1980.33869100BTDc

30.9 (22.2-34.0)31.2 (24.7-46.7)10.0 (6.0-15.0)6.0 (2.2-9.8)0.2170.1116581Nontoxic goiter

28.2 (23.3-33.7)47.0 (41.4-51.8)11.0 (7.0-17.0)29.0 (20.0-43.0)0.2370.32961100Hypothyroidism

23.0 (18.6-29.8)30.8 (21.6-46.1)5.0 (3.0-8.0)4.0 (2.0-9.2)0.2080.0983979Hyperthyroidism

Age group (years)

21.1 (15.8-29.7)11.9 (10.0-14.3)4.0 (3.0-6.0)6.0 (2.0-9.0)0.1330.115465718-39

27.0 (22.6-33.0)17.5 (14.6-20.1)5.0 (3.0-7.0)7.0 (4.0-15.2)0.1430.127557140-49

33.7 (26.7-39.1)25.7 (23.0-30.1)9.5 (6.0-14.0)12.0 (6.0-21.0)0.2070.171668550-59

35.7 (28.9-42.6)34.6 (29.2-39.5)12.0 (8.0-19.0)17.0 (9.0-25.5)0.2650.206659260-69

38.2 (32.0-41.2)39.2 (33.9-43.5)15.0 (11.0-22.5)22.0 (10.0-35.0)0.3530.2655989≥70

aMIMIC: Medical Information Mart for Intensive Care.
bTC: thyroid cancer.
cBTD: benign thyroid disease.
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Figure 7. Sankey diagrams of the top 10 important comorbidities of patients with thyroid disease in subgroups on the 2 data sets. The links between
the subgroups and comorbidities were proportional to the PageRank values. The higher the PageRank value, the stronger the connection, and the more
significant the comorbidity. MIMIC: Medical Information Mart for Intensive Care.

Figure 8. Abundant connections by sex and disease type in patients with thyroid disease on the private data set. Except for those common to both
subgroups (link weight difference, ie, cosine index <0.05), disease pairs were identified as abundant edges in 1 subgroup, including enrichment (solid
lines) or only occurrence (dotted lines).

Discussion

Principal Findings
In this population-based cohort study, we used a network-based
approach to reveal the comprehensive comorbidity patterns in
patients with TD, highlighting differences across sex, age, and
TD types. Comorbidities were prevalent among patients with
TD, with variations in prevalence and complex coexistence
relationships influenced by sex, age, and the type of TD.
Nontoxic goiter, hypothyroidism, hyperthyroidism, and TC
were identified as the most common TDs. The top 5
comorbidities with the highest prevalence were hypertension,
liver disease, diabetes, atherosclerosis, and disorders of

lipoprotein metabolism. The number of comorbidities increased
with age across all patients with TD and subgroups. Males and
patients with BTD demonstrated higher rates of comorbidity,
greater disease diversity, and stronger associations compared
with females and patients with TC.

In this study, hypertension emerged as the most significant
comorbidity, affecting 35.14% (6435/18,311) of patients with
TD in the private data set. A previous study has demonstrated
a positive correlation between blood pressure and
thyroid-stimulating hormone levels [17]. Additionally, both
blood pressure and dyslipidemia have been strongly associated
with TNs [18]. Consistent with previous studies [5,19-22], we
found a strong link between TD and diabetes. Specific thyroid
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disorders, such as TNs [22], hypothyroidism [19], thyroid
dysfunction [5], and thyroid disorders [20], have been linked
to diabetes. Furthermore, thyroid function significantly impacts
the cardiovascular system [23]. Both hyperthyroidism and
hypothyroidism are associated with increased cardiovascular
morbidity and mortality, and abnormal thyroid function elevates
the risk of coronary heart disease [6,24]. Our findings also
revealed high PageRank values for ischemic heart diseases
within the PCN of patients with TD. Additionally, thyroid
hormones regulate metabolism, linking metabolic syndrome
and thyroid dysfunction to significant morbidity and mortality
[23]. We also observed that metabolic disorders, such as
disorders of lipoprotein metabolism, were closely associated
with patients with TD. Moratalla et al [8], exploring the
comorbidity network of hypothyroidism, showed strong links
to thyroid/larynx cancer, hyperthyroidism, anemia, and goiter.
We similarly found associations with nasopharyngeal carcinoma,
secondary respiratory cancers, anemia, hyperthyroidism, and
nontoxic goiter. However, we revealed that hypothyroidism
was strongly associated with hypertension and pneumonia,
which was unreported in the study by Moratalla et al [8].

In this study, females exhibited a higher TD burden than males,
especially among younger individuals. Similar findings have
been widely reported in several studies [22,25]. Consistent with
previous studies [22,25], TDs were more prevalent in females
than males [1], and the incidence of TC was significantly higher
among females, with a ratio of 2.36 in 2017 [26]. This could be
attributed to factors such as physiology, pregnancy, and estrogen
exposure [27,28]. Estrogen, which is higher in females, can lead
to thyroid gland changes, increasing the risk of TDs [27].
Therefore, greater attention should be paid to thyroid gland
examination in females.

Further, our findings revealed sex-specific comorbidity patterns
in patients with TD. Males, despite lower TD incidence, tended
to have more comorbidities than females, with 31 enriched
disease pairs in males’ PCN compared with only 5 in females
on the private data set. Moratalla et al [8] also found that
comorbidity networks showed more and stronger connections
in males than in females. Notably, cancers, especially malignant
neoplasms of lymph nodes, bronchus and lung, and respiratory
and digestive organs, demonstrated enriched connections with
TC in the PCN of males. Moreover, despite evidence of higher
primary TC incidence among females [26,29], males faced a
greater risk of developing second primary TC compared with
females [30-32]. For instance, males had a higher risk of head
and neck cancer than females [30]. Our results confirmed that
males were more likely to have concurrent cancers other than
TC than females. Besides, males exhibited enrichment in
multiple cardiocerebrovascular diseases, while females displayed
fewer heart disease associations. Understanding these
sex-specific comorbidity patterns aids in developing tailored
treatment plans for patients with TD.

Our findings showed that older patients with TD, regardless of
sex or TD type, tend to have more comorbidities, which increase
with age. This aligns with previous research, including Stenholm
et al [33], who reported a rise in diseases and physical
difficulties with age, and Xu et al [22], who found a similar
trend in TNs’prevalence. Therefore, enhanced nursing and care

for older adult patients with TD is crucial to reduce
comorbidities, improve quality of life, and ease medical burdens.

Notably, the average age of patients with TC in this study was
44 years, the same for both genders. A previous study [34] also
found that 45-year-old women are the most prone to papillary
thyroid carcinoma, while another study [26] reported peak ages
of 50-69 years for males and 15-49 years for females. However,
Huang et al [2] found that the incidence of TC increased in
populations aged under 40 years in China, with males showing
a higher growth rate (18.6 vs 13.3). Some researchers suggested
that young patients may delay seeking treatment due to
underestimating the cancer risk [35]. We speculated that high
workload and mental stress in young people may cause
endocrine issues and hormone imbalances, contributing to TC’s
younger trend. Given the link between neuropsychological
functions and thyroid health [36,37], extra care is needed for
young patients with TD to prevent cancer.

Besides, we observed that patients with TC, despite having a
relatively low median comorbidity count (3 and 4 on the private
and MIMIC-IV data sets, respectively), exhibited severe
comorbidities such as cancer, heart failure, cerebral infarction,
and pneumonia. This severity may stem from the aggressive
nature of cancer and its tendency to metastasize, leading to
life-threatening complications. Prior studies have shown higher
risks of papillary TC following other neoplasms, particularly
renal and breast cancers, as well as leukemias/lymphomas
[38,39]. Similarly, Lian et al [40] found that subclinical
hypothyroidism was common in patients with nasopharyngeal
carcinoma within a year and that thyroid volume is a risk factor
for radiation-induced hypothyroidism. Given these findings,
heightened vigilance is necessary to prevent cancer progression
and deterioration in patients with TC.

From a methodological perspective, we used cosine similarity
and Pearson correlation indices to quantify node connectivity,
considering disease prevalence and minimizing sample size
biases. Cosine similarity effectively captured significant
comorbidities in this study, as well as in previous analyses of
comorbidities associated with colorectal cancer [10] and
idiopathic cardiomyopathy [41]. Other similarity metrics, such
as the Jaccard index [42], which quantifies the overlap between
disease sets, and the observed-to-expected ratio, which considers
the observed prevalence of disease pairs relative to the expected
prevalence [7], were utilized in constructing cardiovascular
comorbidity networks [7,42]. Additionally, various network
properties were used to computationally identify key
comorbidities. We applied the PageRank algorithm, which
considers the number and weight of edges, the number of
neighbor edges, and the centrality of neighbors, to assess the
importance of comorbidities. In the comorbidity networks of
both data sets in this study, the comorbidities selected by
PageRank were similar, including hypertension and diabetes.
PageRank has also been utilized in constructing comorbidity
networks for patients with colorectal cancer [10], general
patients [16], and hypothyroidism patients [8]. Additionally,
other properties, such as degree [11] and degree centrality [42],
have been used to identify important comorbidities and their
connections.
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Limitations
This study has several limitations. First, apart from the
MIMIC-IV data set, we collected data and conducted analyses
solely in a general tertiary hospital in China, which may
introduce selection bias, particularly concerning geographical
and population factors. Utilizing multicenter data could yield
more representative and robust results. Second, our analysis
focused solely on the coexistence of comorbidities without
considering their causal relationships, and many network
properties remain unexplained in clinical or biological contexts.
Some diseases may share common pathophysiological
mechanisms or causes, leading to mutual influence. In some
cases, one disease may promote the occurrence and progression
of another. Therefore, further analysis is needed to explore the
deeper and more detailed causal relationships between thyroid
disorders and their comorbidities. Third, relying solely on
ICD-10 codes for disease identification may not fully capture
all cases related to thyroid disorders, potentially leading to
missing information. Additionally, some diagnoses may be
subject to overdiagnosis or underdiagnosis due to the complexity
of clinical issues. Certain diseases may not be frequently coded,
and broad categorization may obscure differences among

heterogeneous conditions. Finally, we conducted only a
cross-sectional analysis and did not consider the temporality
and sequence of comorbidities when constructing comorbidity
profiles. These patterns may change as diseases progress. By
collecting more data over longer periods from multiple hospitals,
a more detailed analysis could provide deeper insights into the
comorbidity patterns of patients with thyroid disorders.

Conclusions
This data-driven exploration of comorbidity patterns among all
patients with thyroid disorder and their subgroups aims to
provide valuable clinical and foundational insights into the
comorbidities associated with thyroid disorders. It enhances our
understanding of thyroid disorders as a whole and may inform
the development of more effective and integrated therapeutic
strategies for patients. Additionally, the network-based
methodology utilized in this study has the potential to uncover
comorbidity patterns in other diseases. In the future, we plan to
incorporate a wider variety of data to construct more
comprehensive networks. By extracting features from these
networks, we aim to leverage medical knowledge to develop
machine learning–based prediction models for patients with
thyroid disorders.
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Abstract

Background: Health care workers (HCWs) in Canada have endured difficult conditions during the COVID-19 pandemic. Many
worked long hours while attending to patients in a contagious environment. This introduced an additional burden that may have
contributed to worsened mental health conditions.

Objective: In this study, we examine the factors associated with worsened mental health conditions of HCWs as compared to
before the start of the pandemic.

Methods: We use data from a survey of HCWs by Statistics Canada. A regression model is used to estimate the odds ratios
(ORs) of worsened mental health after the start of the pandemic. The estimated odds ratio (OR) is associated with different
independent variables that include demographics (age, sex, immigration status, and geographic area), occupational factors (work
status, occupational group, and exposure category), and different access levels to personal protective equipment (PPE).

Results: Of 18,139 eligible participants surveyed, 13,990 (77.1%) provided valid responses. We found that HCWs younger
than 35 years old were more likely (OR 1.14, 95% CI 1.03-1.27; P=.01) to exhibit worsened mental health as compared to the
reference group (35-44 years old). As for sex, male HCWs were less likely (OR 0.76, 95% CI 0.67-0.86; P<.001) to exhibit
worsened mental health as compared to female HCWs. Immigrant HCWs were also less likely (OR 0.57, 95% CI 0.51-0.64;
P<.001) to exhibit worsened mental health as compared to nonimmigrant HCWs. Further, HCWs working in Alberta had the
highest likelihood of exhibiting worsened mental health as compared to HCWs working elsewhere (Atlantic provinces, Quebec,
Manitoba, Saskatchewan, Ontario, British Columbia, and Northern Territories). Frontline workers were more likely (OR 1.26,
95% CI 1.16-1.38; P<.001) to exhibit worsened mental health than nonfrontline HCWs. Part-time HCWs were less likely (OR
0.85, 95% CI 0.76-0.93; P<.001) to exhibit worsened mental health than full-time HCWs. HCWs who reported encountering
COVID-19 cases were more likely (OR 1.55, 95% CI 1.41-1.70; P<.001) to exhibit worsened mental health as compared to
HCWs who reported no contact with the disease. As for PPE, HCWs who never had access to respirators, eye protection, and
face shields are more likely to exhibit worsened mental health by 1.31 (95% CI 1.07-1.62; P<.001), 1.51 (95% CI 1.17-1.96;
P<.001), and 1.41 (95% CI 1.05-1.92; P=.02) than those who always had access to the same PPE, respectively.

Conclusions: Different HCW groups experienced the pandemic differently based on their demographic and occupational
backgrounds as well as access to PPE. Such findings are important to stakeholders involved in the planning of personalized
support programs and aid mental health mitigation in future crises. Certain groups require more attention.

(Interact J Med Res 2024;13:e50064)   doi:10.2196/50064
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Introduction

On March 11, 2020, the World Health Organization declared
COVID-19 a global pandemic. The pandemic resulted in
devastating health impacts on populations and a crisis within
the health care system [1]. This health care system was tasked
to handle the unprecedented inflow of patients. Functions within
the system that were impacted include emergency departments,
intensive care units, physician services, and long-term care units
[2]. Health care workers (HCWs) of different occupational
groups battled the pandemic. Overwhelmed hospitals in Canada
canceled less urgent surgeries by up to 80% by June 2020 [3].
These patterns shifted the workload on HCWs and had an impact
on the overall health care system. These conditions not only
demanded more hospital capacity but also put an overwhelming
strain on HCWs [4]. In addition to the operational pressure,
HCWs also suffered from the lack of personal protection
equipment (PPE), especially at the beginning of the pandemic
[5]. HCWs were at the frontline in battling this pandemic. This
battle has put pressure on their mental health conditions [6-8].

In this paper, we assess the various factors associated with
worsened HCWs’ mental health conditions as compared to
before the start of the pandemic. Although experiencing mental
health conditions may be a daily occurrence for some HCWs,
the duration and severity during the pandemic were different.
HCWs were also at a higher risk of infection, adding to the risk
of further mental health conditions [9]. In the past, HCWs have
experienced mental health problems during other outbreaks,
including the Middle East respiratory syndrome and the severe
acute respiratory syndrome [10]. Such conditions have been
studied in the literature [11]. In this study, we use a recent data
set by Statistics Canada from a national cross-sectional survey
that was conducted in the fall of 2020 to assess the impact of
COVID-19 on HCWs. Unlike work in the literature, we
comprehensively assess the impact of demographic and
occupational factors as well as the availability of PPE on HCWs’
mental health conditions [9,12,13].

In the global literature, authors assessed the mental health
conditions of HCWs during such outbreaks globally [14-16].
The impact of demographic, social, and occupational factors
was reportedly linked to various mental health conditions.
Researchers also assessed the prevalence of stress, anxiety, and
other psychological well-being indicators of HCWs in Oman
during the pandemic [12]. The focus was on young female
HCWs who encountered confirmed or suspected COVID-19
cases during their work. Another study in Turkey examined the
relationship between the perceived risk of infection and the
mental health conditions of HCWs during the COVID-19
pandemic [13]. In addition, a study in the Chinese province of
Hubei was conducted early in the pandemic to assess the
psychological impact of the pandemic on the frontline medical
staff [9]. The study measured the association of factors including
professional group, age, and sex factors with work stress.

Our study is among the first to highlight the association of
diverse demographic and occupational factors with the mental
health condition of HCWs during the pandemic in Canada. We
also considered the role of access to PPE on HCWs’ mental
health conditions. Unlike existing literature, we studied the
individual impact of each of the following factors on the mental
health of HCWs while holding the rest constant. Demographic
factors include age group, sex, province of the workplace, and
immigration status. Occupational factors include work status,
frontline category, and exposure to confirmed or suspected
COVID-19 cases. Finally, we also considered access to several
PPE. The findings of the study will be of prime importance to
key stakeholders, including mental health support program
planners, health care policy makers, HCWs themselves, and
researchers in the area. The goal of this paper is to understand
which factors were associated with worsened mental health
conditions in HCWs after the start of the pandemic.

Methods

Data Sources, Study Procedure, and Participants
We used a data set from a recent cross-sectional survey by
Statistics Canada on the impacts of COVID-19 on HCWs.
Unlike other traditional Statistics Canada surveys, a random
selection of participants was not used. Instead, Statistics Canada
sent an email invitation to HCWs across Canada. Then, a
snowball sampling procedure was used. The invitation included
a link to a web-based survey that was available through Statistics
Canada’s web page. Accordingly, 18,139 responses were
collected between November 24 and December 13, 2020, across
7 provincial and territorial regions in Canada. No data were
collected for this survey beyond these dates. Only responses by
HCWs were included in the data set. The responses were
completely anonymized by Statistics Canada.

The questionnaire asked HCWs for information related to the
job environment, demographics, geography, and information
on access to PPE as background information. Adaptive
questioning was used. Our study was limited to these 3 factors
categories only: demographics, occupational, and access to PPE
based on the available data from Statistics Canada. In assessing
mental health well-being, the survey asked HCWs: compared
to before the COVID-19 pandemic, how would you say your
mental health is now? HCWs self-reported their perceived
mental health on a 5-point Likert scale: much better now,
somewhat better now, about the same, somewhat worse now,
much worse now.

Statistical Analysis Strategy
Our study uniquely studied the association of various interesting
factors, as depicted in Figure 1, with HCW mental health
conditions as compared to before the start of the pandemic. To
consider each factor separately, we used a multivariate ordinal
logistic regression [17,18]. The model is defined in Multimedia
Appendix 1. The dependent variable is the state of mental health
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of the respondents. We reduced the mental health state
categories from the 5 mentioned above to 3 (improved, same,
or worsened) to yield statistically significant model estimates.
The independent variables include demographics such as age,
sex, immigration status, and the province of the workplace.
Occupational variables include work status, occupational group,
and exposure to COVID-19 cases. The model also estimated

the association of HCWs’ access to a variety of PPE, such as
respirators, eye protection, and face shields. Access to PPE is
also reported by the HCW on a 5-point Likert scale, which we
reduced to 3 categories (always available, sometimes available,
or never available) to yield statistically significant model
estimates. All responses are self-reported. Analyses were
conducted in RStudio (version 1.4.1717; Posit, PBC).

Figure 1. Factors associated with the mental health of HCWs. HCW: health care worker; PPE: personal protective equipment.

Ethical Considerations
Data collected by Statistics Canada were reviewed based on the
following principles: privacy, security, transparency,
accountability, trust, sustainability, data quality, and fairness,
as well as well vetted to be harmless to participants or the public.
All ethical approvals were considered by Statistics Canada. No
further ethical approval to use these data was required by the
authors and the survey is made available to the public. This
study is exempt from further ethical approval. Furthermore, the
authors also did not have access to information related to the
development and testing of the survey. The authors are also not
aware of any compensation provided to survey participants.

Results

Participant Profile
From the full data set of 18,139 responses, we considered
nonduplicate responses that provided valid answers to all
questions of interest to this study (N=13,990). The remaining
responses contained missing or invalid responses. For the

considered population, Table 1 outlines the number of
observations and percentages for different demographic factors
such as age group, sex, and immigration status. The number of
observations and percentages were also calculated for
occupational factors including the province of the primary
workplace, work status (full-time vs part-time), frontline work
status, occupational group, and exposure to confirmed or
suspected COVID-19 cases. Additionally, the last 3 rows of
Table 1 outline PPE access levels for 3 different PPE: face
shields, eye protection, and respirators. Overall 4261 (31%)
HCWs were younger than 35 years. The majority were female
participants (n=12,682, 91%). In total, 12,510 (89%) HCWs
were nonimmigrant. HCW workers were distributed across 7
regions, with the largest group of 6626 (47%) working in
Ontario. The majority (n=10,152, 73%) of HCWs worked
full-time and 5511 (39%) were nonfrontline allied health
professionals. A total of 8188 (59%) HCWs did not report
exposures to confirmed or suspected COVID-19 cases. As for
access to PPE, 10,758 (77%) HCWs always had access to face
shields, 10,118 (72%) always had access to eye protection, and
6898 (49%) always had access to respirators.
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Table 1. Participant demographic, occupational, and PPEa access characteristics.

Value, n (%)Characteristics

Age (years)

4261 (30.5)<35

3962 (28.3)35-44

3415 (24.4)45-54

2352 (16.8)≥55

Sex

1308 (9.3)Male

12,682 (90.7)Female

Immigration status

12,510 (89.4)Nonimmigrant

1480 (10.6)Immigrant

Province of workplace

1972 (14.1)Atlantic provinces

832 (5.9)Quebec

6626 (47.4)Ontario

1308 (9.3)Manitoba and Saskatchewan

2018 (14.4)Alberta

1194 (8.5)British Columbia

40 (0.3)Northern territories

Work status

10,152 (72.6)Full-time

3838 (27.4)Part-time

Frontline occupation

397 (2.8)Physician

4689 (33.5)Nurse

223 (1.6)Emergency medical personnel

Nonfrontline occupation

454 (3.2)Personal support worker

5511 (39.4)Allied health professional

1267 (9.1)Laboratory worker

169 (1.2)Pharmacist

1280 (9.1)Dental professional

Exposure to confirmed or suspected cases

5802 (41.5)Yes

8188 (58.5)No

Access to PPE

Face shields

10,758 (76.9)Always or usually available

1070 (7.6)Sometimes available

357 (2.6)Never available

1805 (12.9)Skipped answer

Eye protection
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Value, n (%)Characteristics

10,118 (72.3)Always or usually available

1132 (8.1)Sometimes available

556 (4.0)Never available

2184 (15.6)Skipped answer

Respirators

6898 (49.3)Always or usually available

1369 (9.8)Sometimes available

676 (4.8)Never available

5047 (36.1)Skipped answer

aPPE: personal protective equipment.

Analysis Results
In the following, we present the results for estimating the
associations between the various factors and the likelihood of
worsened mental health conditions for HCWs.

Demographic Factors
Model estimates are expressed as odds ratios (ORs), as presented
in Table 2. These ORs indicate the odds of worsened mental
health conditions as compared to before the start of the
pandemic. Based on the ORs in Table 2, HCWs who are younger
than 35 years old were more likely (OR 1.14, 95% CI 1.03-1.27;
P=.01) to exhibit worsened mental health conditions than the
reference group (35 to 44 years old). Furthermore, those aged

45-54 years and 55 years and older were less likely to exhibit
worsened mental health conditions than the reference group
(OR 0.71, 95% CI 0.64-0.78; P<.001; and OR 0.55, 95% CI
0.49-0.61; P<.001, respectively). Hence, the older the HCW,
the lower the likelihood of worsened mental health conditions.
As for sex, male HCWs were less likely (OR 0.76, 95% CI
0.67-0.86; P<.001) to exhibit worsened mental health conditions
than their female counterparts. Immigrant HCWs were also less
likely (OR 0.57, 95% CI 0.51-0.64; P<.001) to exhibit worsened
mental health conditions than nonimmigrants. Geographically,
HCWs working in Alberta have the highest likelihood of
worsened mental health conditions. HCWs living in Alberta
were most likely to exhibit worsened mental health conditions.
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Table 2. Estimates for the ordinal regression model for various factors associated with the mental health conditions of HCWsa.

P valueORb (95% CI)SEβIndependent variables

Age group (years; reference: 35 to 44 years)

.011.14 (1.03-1.27)0.050.13Less than 35

<.0010.71 (0.64-0.78)0.05–0.3545-54

<.0010.55 (0.49-0.61)0.06–0.6055 and older

Sex (reference: female)

<.0010.76 (0.67-0.86)0.06–0.28Male

Immigration status (reference: nonimmigrant)

<.0010.57 (0.51-0.64)0.06–0.56Immigrant

Work location (reference: Alberta)

<.0010.66 (0.57-0.77)0.07–0.41Atlantic provinces

<.0010.74 (0.61-0.89)0.09–0.30Quebec

.270.91 (0.77-1.08)0.08–0.09Manitoba and Saskatchewan

<.0010.78 (0.70-0.88)0.06–0.24Ontario

.310.92 (0.77-1.09)0.09–0.09British Columbia

.010.57 (0.30-1.15)0.34–0.56North Territories

Work status (reference: full-time)

<.0010.85 (0.76-0.93)0.04–0.16Part-time

Job setting (reference: nonfrontline)

<.0011.26 (1.16-1.38)0.050.23Frontline

Contact with patients with COVID-19 (reference: no contact)

<.0011.55 (1.41-1.70)0.050.44Exposure

Access to respirators (reference: did not need)

.130.97 (0.88-1.07)0.05–0.03Always

<.0011.34 (1.14-1.59)0.080.30Sometimes

<.0011.31 (1.07-1.62)0.100.27Never

Access to eye protection (reference: did not need)

.170.97 (0.85-1.10)0.06–0.03Always

<.0011.33 (1.08-1.65)0.110.29Sometimes

<.0011.51 (1.17-1.96)0.130.41Never

Access to face protection (reference: did not need)

<.0011.30 (1.14-1.48)0.070.26Always

<.0011.50 (1.21-1.86)0.110.40Sometimes

.021.41 (1.05-1.92)0.150.35Never

aHCW: health care worker.
bOR: odds ratio.

Occupational Factors
Frontline HCWs, such as physicians, nurses, and emergency
medical personnel, were more likely (OR 1.26, 95% CI
1.16-1.38; P<.001) to exhibit worsened mental health conditions
than nonfrontline workers (personal support workers, allied
health professionals, laboratory workers, pharmacists, and
professionals). Part-time HCWs, however, were less likely (OR
0.85, 95% CI 0.76-0.93; P<.001) to exhibit worsened mental

health conditions. Furthermore, HCWs who reported
encountering suspected or confirmed COVID-19 cases were
more likely (OR 1.55, 95% CI 1.41-1.70; P<.001) to exhibit
worsened mental health conditions.

Access to PPE
HCWs who never had access to PPE such as respirators, eye
protection, and face shields exhibited the highest likelihood of
worsened mental health conditions than those who always had

Interact J Med Res 2024 | vol. 13 | e50064 | p.1088https://www.i-jmr.org/2024/1/e50064
(page number not for citation purposes)

AbdulHussein et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


access to such PPE. For instance, HCWs who never had access
to respirators were more likely (OR 1.31, 95% CI 1.07-1.62;
P<.001) to exhibit worsened mental health conditions than those
who did not need this PPE. Similar trends were exhibited with
access to eye protection (OR 1.51, 95% CI 1.17-1.96; P<.001)
and face shields (OR 1.41, 95% CI 1.05-1.92; P=.02).

Discussion

Principal Findings
The statistical analysis in this study found that HCWs who are
younger than 35 years old were found to be more likely to
exhibit worsened mental health conditions than HCWs aged
35-44 years. Male HCWs were less likely to exhibit worsened
mental health conditions than female HCWs. Immigrant HCWs
were also less likely to exhibit worsened mental health
conditions than nonimmigrant HCWs. In contrast, HCWs
working in Alberta had a higher likelihood of worsened mental
health conditions than HCWs working elsewhere (Atlantic
provinces, Quebec, Manitoba, Saskatchewan, Ontario, British
Columbia, and Northern Territories). Frontline workers were
more likely to exhibit worsened mental health conditions than
nonfrontline HCWs. Part-time HCWs were less likely to exhibit
worsened mental health conditions than full-time HCWs. HCWs
who reported encountering COVID-19 cases were more likely
to exhibit worsened mental health conditions than HCWs who
reported no contact with the disease. As for PPE, HCWs who
never had access to respirators, eye protection, and face shields
were more likely to exhibit worsened mental health conditions
than those who always had access to the same PPE, respectively.

Comparison With Prior Work
Previous research has shown that shock events can result in
psychological trauma to HCWs [19-21]. To the best of our
knowledge, our study is the first to assess the association of a
comprehensive variety of factors (demographics, occupational
factors, and access to PPE) independently with the mental health
conditions of HCWs.

With regard to demographic factors, a study found sex to be
associated with worsened mental health conditions of HCWs.
Female medical staff exhibited a higher incidence of severe
anxiety than their male counterparts [22]. Sex was also found
as a predictor of increased anxiety and distress in a study that
found female HCWs more vulnerable to such conditions than
male HCWs [23]. Our study findings corroborate these previous
findings. Similarly, for age, our results demonstrated that older
HCWs exhibited less likelihood of worsened mental health
conditions. This agrees with findings from a study in the Middle
East that found older workers enjoyed better mental health
conditions than younger workers [24]. Older HCWs with longer
work experience seemed to have handled the pandemic better
than their younger counterparts. Another study found that HCWs
40 years or older were less likely to report higher anxiety during
the pandemic than younger HCWs [25]. Our results confirm
such findings as well.

As for occupational factors, our findings align with a
cross-sectional study conducted in Oman, which found frontline
workers to be more likely to have anxiety and sleep problems

[26]. This was attributed to frontline workers’ increased
awareness of the mortality rate of COVID-19 and their fear of
contracting the virus. Similar findings were reported by a study
conducted in China as well [27]. Exposure to COVID-19 cases
has been recognized as a risk factor associated with an increased
likelihood of mental health issues in the literature. For instance,
in France, female urologists working on the frontline were 1.41
times more likely to feel a degree of stress during their duties.
Of this group, those who worked in a department where patients
with COVID-19 are treated were 1.85 times more likely to report
a degree of stress during work duties [28]. This was attributed
to the workers’ fear of infection and the spread of the virus.
Direct involvement with COVID-19 care is also found to be
highly associated with fear, depression, and anxiety as compared
with those working under lower risk conditions [29]. The authors
attributed this to the workers’ fear of bringing the virus to their
families at home.

As for the work setting, contrary to our findings, the literature
reports higher levels of fear and anxiety among part-time HCWs
than among full-time [30]. Another study in France found
part-time HCWs to exhibit a greater association with distress
[31]. Given the small number of part-time HCWs in our study,
caution should be observed in interpreting the results. Regarding
factors related to access to PPE, access to PPE was found to be
associated with better health and less stress [24]. Lack of access
to PPE was found to be a major source of HCW stress in a study
that surveyed emergency physicians [32]. In Canada, a study
found that inadequate PPE supply is associated with increased
symptoms of anxiety and depression among HCWs [33].
Workers were concerned about the ability to access sufficient
PPE during work hours. These findings are in line with our
results. Compared to studies in the literature, our study is the
first comprehensive study that assesses the association of a
diverse pool of factors including demographics, occupational,
and access to PPE, with HCWs’ mental health conditions.

Implications: Mental Health Programming
Our comprehensive study sheds light on the association of
various factors with HCWs’ mental health after the start of the
pandemic. It helps in understanding the vulnerability of various
HCW groups to mental health during such events. Certain
groups were at substantially higher risk of exhibiting worsened
mental health conditions after the pandemic, hence the need for
a specialized support program to target this group. As a direct
implication, the findings can be used to inform guidelines for
mental health support for HCWs during future public health
emergencies. Such mental health support may be directed more
specifically to more vulnerable groups. Literature has pointed
to the importance of an evidence-based approach to designing
mental health support programs for HCWs [34,35]. For instance,
a study in Alberta during the pandemic pointed to the importance
of understanding HCWs’occupational settings and mental health
mitigation techniques [16]. Others have discussed the
importance of support programs for HCWs during the pandemic
based on need and background [36,37]. More importantly, many
studies highlighted the importance of designing personalized
mental health support programs based on various factors
including demographic and occupational factors [38,39]. Some
of these programs used mobile technology to offer mental health
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support to HCWs [35,40]. As such, our study aims to inform
stakeholders of such factors associated with HCW groups most
vulnerable to future events such as the pandemic and health
crises.

Limitations and Future Directions
This study has several limitations. First, the scope of the study
was limited to assessing mental health in general without
measuring different mental condition forms such as depression,
anxiety, and fear. This is due to the limited data offered by the
survey we used. Second, participants were asked, “Compared
to before the COVID-19 pandemic, how would you say your
mental health is now?” That is, HCWs had to objectively
compare their mental health state from the time they received
the survey to sometime in the past. There may be some variation
in how HCWs perceive this comparison. Third, data collected
were at a single point in time, which limits the ability to compare
mental health assessments to later periods in the pandemic and
during subsequent pandemic waves. Fourth, no information
about HCW medical history is collected in this survey. In future
research, we recommend collecting data at different points in
the given event to allow for a time-series analysis and
comparison at different crucial points of the event. We also
suggest the collection of distress information and whether the

conditions persisted beyond the initial shockwave. HCWs’years
of work experience and ethnicity information can also be useful
in future studies. We also believe medical history, particularly
a preexisting history of mental health disorders, is an important
factor associated with the mental health conditions of HCWs
and should be considered in future studies.

Conclusions
This study investigated the factors associated with worsened
mental health conditions of HCWs in Canada during the
pandemic. Our study suggested the association of various factors
with the likelihood of HCWs exhibiting worsened mental health
conditions as compared to feeling neutral and better. In
agreement with the literature, our findings concluded that
younger (vs older), female (vs male), nonimmigrant (vs
immigrant), full-time (vs part-time), and frontline (vs
nonfrontline) HCWs living in Alberta (vs other provinces)
exhibited a higher likelihood of worsened mental health
conditions than those who felt neutral or better. Those who
reported concerns about access to PPE also exhibited the same
trend. Such findings can guide the future development of health
care programming and inform mental health support planning
for HCWs. COVID-19 is a shocking event that introduced
uncertainty to the health care system.
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Abstract

Background: Individuals with severe mental illness living in supported accommodation are often socially excluded. Social
inclusion is an important aspect of recovery-based practice and quality of life. The Social Inclusion Questionnaire User Experience
(SInQUE) is a measure of social inclusion that has been validated for use with people with mental health problems. Previous
research has suggested that the SInQUE could also help support care planning focused on enabling social inclusion in routine
mental health practice.

Objective: This study aims to develop a web-based version of the SInQUE for use in mental health supported accommodation
services, examine its acceptability and perceived usefulness as a tool to support care planning with service users, determine the
extent of uptake of the tool in supported accommodation settings, and develop a program theory and logic model for the online
SInQUE.

Methods: This study involved a laboratory-testing stage to assess the acceptability of the SInQUE tool through “think-aloud”
testing with 6 supported accommodation staff members and a field-testing stage to assess the acceptability, utility, and use of the
SInQUE tool over a 5-month period. An implementation strategy was used in 1 London borough to encourage the use of the
SInQUE. Qualitative interviews with 12 service users and 12 staff members who used the tool were conducted and analyzed
using thematic analysis. The use of the SInQUE was compared with that in 2 other local authority areas, 1 urban and 1 rural,
where the tool was made available for use but no implementation strategy was used.

Results: Overall, 17 staff members used the SInQUE with 28 different service users during the implementation period
(approximately 10% of all service users living in supported accommodation in the study area). The staff and service users
interviewed felt that the SInQUE was collaborative, comprehensive, user-friendly, and relevant. Although some staff were
concerned that particular questions might be too personal, service users did not echo this view. Participants generally felt that the
SInQUE could help identify individuals’ priorities regarding different aspects of social inclusion by prompting in-depth
conversations and tailoring specific support to address service users’ inclusion goals. Some interviewees also suggested that the
tool could highlight areas of unmet or unmeetable needs across the borough that could feed into service planning. The SInQUE
was not used in the comparison areas that had no implementation strategy.

Conclusions: The online SInQUE is an acceptable and potentially useful tool that can be recommended to assess and support
care planning to enable social inclusion of people living in mental health supported accommodation services. Despite this, uptake
rates were modest during the study period. A concerted implementation strategy is key to embedding its use in usual care, including
proactive endorsement by senior leaders and service managers.
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Introduction

Background
Social inclusion refers to an individual’s ability to participate
in important societal activities and their sense of community
belonging [1,2]. Someone may feel socially excluded if they
do not have opportunities for societal involvement and
integration, often because of external factors that are beyond
their control [3]. Social exclusion is a multifaceted continuum
[2], typically signified by poverty, unemployment, inequality,
and poor health [4].

People with serious mental illness are thought to be among the
most socially excluded groups in society [5]. Individuals with
this type of mental health problems often have smaller and less
satisfying social networks [6], lower household income [7], and
lower levels of employment [8,9] and experience more criminal
and violent victimization [10,11] than those in the general
population. Social exclusion can be conceptualized as both a
cause and a consequence of mental illness [12]. Furthermore,
greater social inclusion is associated with better quality of life
and lower levels of loneliness among those with severe mental
illness, suggesting that social exclusion is an important area for
mental health practitioners to try to address [13,14].

Mental health supported accommodation services provide care
and support to individuals with particularly severe and complex
mental health problems as a way of supporting recovery in the
community [15]. It is estimated that there are approximately
100,000 people living in mental health supported
accommodation in England. Services are typically staffed by
support workers, with additional specialist clinical input
provided by National Health Service (NHS) community mental
health teams [16]. In England, three main types of supported
accommodation are provided: (1) residential care homes for
those with the highest needs that comprise 24-hour–staffed
communal facilities where placements are not time limited, with
meals, supervision of medication, cleaning, and activities
provided to service users; (2) supported housing services that
provide shared or individual, self-contained, and time-limited
tenancies with staff based on-site up to 24 hours a day to assist
service users in gaining skills to move on to less supported
accommodation; and (3) floating outreach services that provide
visiting support for a few hours per week to people living in
permanent, self-contained, and individual tenancies with the
aim of reducing support over time to zero [16].

Service users living in supported accommodation are often
socially isolated, with low levels of employment and little
involvement in civil and political processes [17]. Many report
feeling lonely and isolated and experiencing a high level of
stigma that causes them to become more socially isolated [18].
There is evidence that users of mental health supported
accommodation services report a variety of unmet needs, such
as accessing employment opportunities and forming intimate

relationships [19,20]. However, relatively little research has
been conducted to determine the precise needs of service users
living in supported accommodation [21], and a greater focus
on this group is needed to identify and implement interventions
that are likely to be the most useful for them [22].

Supporting service users to work toward desired goals and
community engagement is highly congruent with recovery-based
practice in mental health. Recovery-based practice recognizes
and builds on service users’ strengths and promotes
empowerment through collaboration between them and staff to
identify and work toward specific goals [23]. Many of the
identified goals are markers of social inclusion, such as
employment, social network development, and participation in
community activities [24]. There is qualitative evidence from
a large national research program suggesting that staff working
in mental health supported accommodation services operate
with a considerable degree of recovery orientation [24,25], and
the more recovery-orientated these services are, the more likely
people are to move on successfully to more independent settings
[26].

People living in mental health supported accommodation have
expressed a strong preference for individually tailored services
that offer choice and promote autonomy, consistent with a
recovery-based approach [18]. Patient-reported outcome
measures have been recommended to inform this individualized
approach by directly capturing service users’ perspectives on
constructs such as goal attainment, quality of life, and social
inclusion [27]. Such measures enable service users to make
informed decisions about their own support and care planning,
in line with World Health Organization recommendations for
recovery-based practice in community care provision [28].
Resources delivered across web-based platforms, particularly
those that offer guided support, have been established as
accessible, acceptable, and effective for use by participants with
severe mental illness [29,30]. A tailor-made web-based
assessment tool, the Quality Indicator for Rehabilitative Care
for supported accommodation, has also been successfully used
by managers of supported accommodation services, suggesting
that these settings have the required resources and expertise to
implement online measures [31].

The Social Inclusion Questionnaire User Experience (SInQUE)
was developed as a measure of social inclusion for individuals
with severe mental illness [32]. The measure has been validated
across a range of mental health populations, has established
reliability, is considered acceptable to service users, and has
been proposed as being potentially cross-culturally suitable
[32-34]. To date, the SInQUE has been used solely in offline
research contexts. However, stakeholder feedback from a
previous study testing the SInQUE indicated that the measure
may be useful in clinical practice to assess social inclusion,
facilitate important conversations with service users, and guide
care and support planning [34]. Furthermore, a consistent
research recommendation from the developers of the SInQUE
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tool has been to investigate whether the measure has utility as
a care-planning tool to promote social inclusion in routine
mental health practice [13,34].

This study aimed to develop a web-based version of the SInQUE
for use in mental health supported accommodation services.
We sought to examine the acceptability and perceived usefulness
of this tool among supported accommodation staff and service
users as a means to assess their needs for greater social inclusion
and promote care planning.

Aims
The study aims were as follows:

1. To develop and refine a web-based version of the SInQUE
social inclusion assessment tool tailored for use in mental
health supported accommodation settings.

2. To investigate the acceptability and perceived utility of the
online SInQUE tool among supported accommodation staff
and service users.

3. To determine the extent of uptake of the tool in supported
accommodation settings with and without a locally
developed implementation strategy to support its use.

4. Informed by the study findings, to develop a program theory
and logic model for the online SInQUE specifying its
anticipated outcomes, the mechanisms through which they
may be achieved, and contextual factors affecting the use
and experience of the SInQUE.

Methods

Study Design
This study comprised two stages conducted in 1 inner London
borough:

1. A laboratory-testing stage to assess initial acceptability of
the tool and develop it through “think-aloud” testing and
semistructured interviews with supported accommodation
staff.

2. A field-testing stage to assess wider acceptability,
feasibility, and use of the tool. Semistructured interviews
were conducted with staff and service users who had used
the online SInQUE during this stage.

The 5-month field-testing stage was supported by a local
implementation strategy developed in collaboration with local
service leads to support the use of the online SInQUE by
supported accommodation staff in the participating London
borough. The online SInQUE was also made available to
supported accommodation services by local service leads in 2
other areas without any accompanying implementation strategy.

Description of the SInQUE Tool
The web-based version of the SInQUE [35] can be used to assess
social inclusion and inform support and care planning for people
with mental health problems. It is designed to be used by staff
as part of routine care planning to be completed collaboratively
with service users. It can be used on a computer, tablet, or
mobile device. Staff are required to register for an account on
the SInQUE site using their work email address and details of
their organization and can then use the tool for free. No personal

data identifying service users are logged or stored on the
SInQUE platform. The online SInQUE generates a unique
reference number for each new service user, which is retained
by the staff member completing the assessment for future
reference and to link any repeat assessments.

The online tool developed for laboratory testing in our study
included the 46-item version of the validated SInQUE social
inclusion questionnaire, which was refined following stakeholder
feedback at the end of the previous measure development study
[34]. For this study, we removed 1 question from the SInQUE
that asked whether the respondent was living alone as this was
considered redundant for people living in residential care and
supported housing. The SInQUE’s psychometric properties
have been established among people with a range of mental
health problems receiving input from community mental health
services in previous studies [13,32,34]. Although the removal
of a question from the original SInQUE questionnaire
compromised its established psychometric properties, this minor
adaptation is unlikely to have disrupted them substantially. We
wanted to minimize changes to maintain the online SInQUE’s
similarity to the validated measure and did not aim to make
further significant refinements to the content of the tool. Instead,
we wanted to gain feedback on its acceptability and feasibility
for use in its digital format among staff and users of mental
health supported accommodation services to assist in care and
support planning.

The online SInQUE questionnaire yields a total score of 0 to
75, with a higher score indicating greater social inclusion. The
questions and subscale scores are grouped into 9 different areas
of social inclusion: leisure, social relationships, religious and
cultural activities, education and employment, transport, health,
crime victimization, home life and housing, and civic duties.
These areas cover the 5 social inclusion domains of the validated
SInQUE (social integration, productivity, consumption, access
to services, and political engagement), but the aforementioned
9 areas were considered more immediately understandable for
use in practice.

Using the service user’s responses, the online SInQUE generates
a list of areas in which the person has said that they would like
to be more socially included. It then offers a prompt for the
service user and staff member to collaboratively select up to 3
priority areas that they would like to integrate into the person’s
support plan. Once the assessment is completed, a summary
report is generated. If the assessment is repeated with the same
service user in the future, this report will also display changes
in their social inclusion over time. The tool can generate
management-level summary reports for each organization that
is registered with it and commissioner-level summary reports
of services using the tool across an entire area (such as a London
borough). Multimedia Appendix 1 provides a full description
of the SInQUE using the TIDieR (Template for Intervention
Description and Replication) checklist [36].

Setting
This study took place in mental health supported accommodation
services across 1 inner London borough. There are 21 such
services in the borough run by 6 different voluntary sector
organizations. They offer varying degrees of support to >270
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service users who are also supported by local NHS secondary
mental health services. In the borough, there are approximately
24 service users living in residential care, 159 living in supported
housing, and 89 who receive floating outreach support.
Supported housing services offer 24-hour support to 119 people
and “9 to 5” support to 40 individuals.

Laboratory-Testing Stage: Recruitment, Data
Collection, and Analysis
In total, 6 supported accommodation staff members were
recruited to provide initial impressions of the online SInQUE
tool. We discussed the study with service managers working in
3 different services and asked them to nominate 2 staff members
each from their service who were interested in taking part.
Participants were purposively sampled to include staff working
in floating outreach support, 24-hour supported housing, and
residential care. We asked the managers of each of the 3 services
to ask for volunteers from their staff teams. Interviews were
arranged with the first 2 staff members identified by the manager
of each service.

Data were collected between January 2022 and February 2022.
All 6 think-aloud interviews with staff members were conducted
and recorded using Microsoft Teams (Microsoft Corp). The
researcher first discussed the information sheet with each
participant and gave them the opportunity to ask questions.
Following this, participants’consent was verbally collected and
audio recorded separately from the main part of the interview.
Participants were then asked to fill out a short online form
providing their demographic information before beginning the
interview.

We conducted “think-aloud” testing of the online tool with staff
using a semistructured topic guide developed by the study team
(Multimedia Appendix 2). Following a process used previously
in developing web-based tools [37], participants were asked to
complete set tasks using the online SInQUE tool while providing
a continuous commentary on their thoughts. They were asked
to open the SInQUE website, register for an account, and
complete an assessment as they would with a service user. At
all stages, they were prompted to share their thoughts as they
navigated the website and offer their initial impressions on how
easy it was to understand and use and its potential suitability
for their work. Once participants had completed the
questionnaire, the researcher asked broader questions about
their experience using the tool and any ways in which it could
be improved. Throughout these interviews, participants were
asked to focus on their experience using the SInQUE tool rather
than offering specific feedback on individual SInQUE items.
This was because we did not intend to make substantial
modifications to the SInQUE questions to maintain their scope
and similarity to those of the validated SInQUE measure.

Identified problems and suggestions for improvements to the
online tool were collated by the researcher following the
interviews. They were then reviewed by the study team,
decisions about refinements to the online SInQUE were agreed
upon, and the tool was revised accordingly.

Field-Testing Stage: Recruitment, Data Collection,
and Analysis

Local Implementation Strategy
The revised version of the tool was made available for use in
mental health supported accommodation services across the
participating inner London borough. We iteratively developed
and implemented a strategy to encourage and support its use by
supported accommodation staff in the borough over a 5-month
period beginning on May 11, 2022. This implementation strategy
was informed by consultation with supported accommodation
service managers and clinicians working in the Islington
community mental health rehabilitation team and by individual
interviews conducted with supported accommodation service
users and staff.

Interviews With Field-Testing Participants

Participants and Recruitment

Individual interviews with service users (n=12) and staff (n=12)
who tried out the SInQUE tool were conducted from late May
2022 to September 2022. This number was chosen to explore
the views of staff and service users from a variety of supported
accommodation types and service providers. Following our
implementation strategy, we asked staff members to alert the
study researcher once they had tried the tool in practice. Any
staff member or service user in supported accommodation who
tried the SInQUE tool was eligible to participate in an individual
interview.

Once a staff member informed the study researcher that they
had tried the tool, we asked them whether they would like to
participate in an individual interview about their experience.
We also invited staff to pass on information about the study to
the service users with whom they had used the tool and ask
them whether they would like to participate in an interview
about their experience. If the service user was interested in
taking part, the researcher communicated with them either
directly or through the staff member they had completed the
SInQUE assessment with depending on their preference. Toward
the end of the recruitment stage, we recruited the final few staff
members and service users purposively to ensure that
participants were from a range of supported accommodation
types and provider organizations.

One service user interview and 1 staff member interview were
conducted online via Microsoft Teams; all other interviews
were carried out in person according to participants’preferences.
In-person interviews were conducted by the study researcher at
the staffed supported accommodation sites, aside from 1
interview with a service user receiving floating outreach support,
which was conducted at their home.

Measures and Procedures

The researcher first discussed the information sheet with the
participants and gave them the opportunity to ask questions
about the study. For in-person interviews, informed consent
was collected via a paper consent form; for online interviews,
verbal consent was audio recorded. Participants were then asked
to answer brief demographic questions about themselves and
their associated services. Following this, the researcher asked
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each participant questions about their experience using the
SInQUE; whether there were any ways in which it could be
improved; the appropriateness of the online tool for use in their
work; and what impacts, if any, they thought it might have on
care provision and service users’ experience. The interview
topic guides (one for staff participants and one for service user
participants) were developed by the study team as semistructured
interviews—they are provided in Multimedia Appendix 3.
In-person interviews were recorded using a digital voice
recorder; online interviews were recorded on Microsoft Teams.
Interview audio recordings were transcribed by a professional
transcription company with which University College London
(UCL) had a data-sharing and privacy agreement. Interview
transcripts were then checked by the study researcher for
accuracy. Any potentially identifiable text was anonymized.
The resulting cleaned transcripts were then securely stored on
the UCL university system.

Analysis

The analysis of the interviews comprised 2 stages. First, the
study researcher noted any problems experienced by participants
and recorded improvements to the online SInQUE they
suggested. These issues and the suggested changes were
reviewed by the study team, as in the previous laboratory-testing
phase. Minor modifications to the online SInQUE were agreed
upon, and we made adjustments to the tool in line with this.

Second, transcripts were uploaded to NVivo (version 12; QSR
International) for qualitative analysis. As we aimed to develop
a program theory for the online SInQUE intervention, we
initially coded data into a deductively derived framework that
used an intervention-context-actor-mechanism-outcome
(ICAMO) configuration, with each component of this ICAMO
framework representing a primary theme [38]. Within each of
these 5 primary themes, we inductively derived subthemes from
the data using thematic analysis. The initial coding was
conducted by the lead author (SE) and was then reviewed and
adjusted collaboratively by the study team. This included gaining
lived-experience perspectives from a researcher with experience
of mental health service use (JC) and clinical insights from a
senior clinical academic working in the participating borough
as a consultant rehabilitation psychiatrist supporting service
users who live in supported accommodation (HK). The team
brought in further perspectives from those with backgrounds in
social work (BLE), clinical psychology (PM), and forensic
psychiatry (GM) and from the community rehabilitation team
in the borough (MD).

Data Use Monitoring
Data on the uptake and use of the online SInQUE tool were
collected from the online SInQUE informatics for the 5-month
field-testing period from May 11, 2022, to October 11, 2022.

At the start of this period, the study team also contacted local
mental health service rehabilitation and housing leads in 2 other

areas: another inner London borough and a rural county in the
west of England. These service leads contacted local supported
accommodation managers and invited them to use the online
SInQUE in their service if they wished. The tool was made
available to 7 supported accommodation services in the London
borough and 10 in the rural county. No further encouragement
to use the tool or implementation support was provided. This
allowed us to monitor uptake and use of the tool in 2 areas
without an associated implementation plan, thus making
inferences about the necessity and impact of the strategy we
developed.

Logic Model Development
The study team developed a preliminary logic model for the
online SInQUE in planning this study. We used the findings of
the aforementioned research activities to review and refine this
logic model and develop an updated theory about the potential
outcomes for service users and organizations from using the
online SInQUE; mechanisms through which these outcomes
are achieved; and factors influencing the uptake, experience,
and impact of the online tool. Factors were related to (1) the
intervention itself, (2) the characteristics and attitudes of staff
and service users using the online SInQUE, and (3) the broader
organizational and societal context. This was summarized in a
logic model in the form of an “ICAMO map” [38], which was
developed and refined iteratively through discussion with the
study team.

Ethical Considerations
The initial laboratory-testing phase of this study (Supporting
social inclusion for people with serious mental illness living in
supported housing [SUSHI] phase 1) was approved by the UCL
Research Ethics Committee (REC) on June 18, 2021 (REC
reference 6711/002). The subsequent field-testing phase (SUSHI
phase 2) was approved by the London – Camden and Kings
Cross NHS REC on November 4, 2021 (REC reference
21/LO/0657). Written or audio-recorded informed consent was
obtained from all participants before they took part, and they
were clearly informed that they could opt out of the study at
any time. All the study data were carefully deidentified. Service
user participants were offered a £20 (US $25.14) shopping
voucher to thank them for their time.

Results

Participants
We recruited 6 supported accommodation staff members for
the “think-aloud” interviews during the laboratory-testing stage.
We recruited a further 12 staff members and 12 supported
accommodation service users for the individual interviews as
part of the field-testing stage. Participant characteristics for both
stages are summarized in Table 1.
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Table 1. Laboratory testing and field testing of the online Social Inclusion Questionnaire User Experience—characteristics of participants.

Field testingLaboratory testingParticipant characteristics

Service users (n=12), n (%)Staff (n=12), n (%)Staff (n=6), n (%)

Gender

11 (92)5 (42)2 (33)Male

0 (0)6 (50)4 (67)Female

1 (8)1 (8)0 (0)Nonbinary

Age group (y)

4 (33)8 (67)0 (0)18-30

3 (25)2 (17)2 (33)31-50

4 (33)1 (8)4 (67)≥51

1 (8)1 (8)0 (0)Prefer not to say

Ethnicity

1 (8)0 (0)1 (17)Asian/Asian British

4 (33)2 (17)3 (50)Black/Black British

1 (8)8 (67)2 (33)White/White British

6 (50)1 (8)0 (0)Mixed/multiple ethnic groups

0 (0)1 (8)0 (0)Other ethnic background

Sexual orientation

6 (50)N/AN/AaHeterosexual

1 (8)N/AN/AGay/lesbian

2 (17)N/AN/ABisexual

3 (25)N/AN/APrefer not to say

Type of supported accommodation lived or worked in

2 (17)2 (17)2 (33)Floating outreach support

2 (17)1 (8)2 (33)9-to-5 supported housing

8 (67)7 (58)2 (33)24-h supported housing

0 (0)2 (17)0 (0)Residential care

Length of time worked or lived in supported accommodation (y)

5 (42)7 (58)1 (17)<2

5 (42)3 (25)3 (50)2-5

0 (0)2 (17)1 (17)6-10

1 (8)0 (0)1 (17)≥10

1 (8)0 (0)0 (0)Prefer not to say

aN/A: not applicable; staff were not asked about their sexual orientation.

Changes Made to the SInQUE
Following phase 1 laboratory testing and phase 2 field-testing,
suggestions that participants made for how the tool could be

improved were collated and reviewed by the team. Accordingly,
adjustments were made to the online SInQUE after each stage,
an overview of which can be found in Table 2. This addressed
aim 1 of this study.
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Table 2. Changes made to the online Social Inclusion Questionnaire User Experience (SInQUE) following phase 1 and phase 2 testing. All changes
were made following the initial laboratory-testing stage unless indicated otherwise.

Justification for the
change

ResolutionExplanation of the problemSection of the SInQUE affect-
ed

Registration and use changes

It is easier for man-
agers, commissioners,
staff, and service users
to understand and use
the SInQUE.

Developed a guidance manual for service
managers and commissioners with infor-
mation on using the SInQUE as well as
an informational leaflet and poster aimed
at service users about the SInQUE.

Some staff members and service users suggested
developing additional materials to help explain

the SInQUEa.

The online SInQUE
home page

Allows for compilation
of service-level data
and is easier for staff to
navigate.

Changed response options to a fixed-re-
sponse drop-down menu with all housing
providers in the borough and an “other”
free-text option.

Staff were asked to enter the organization they
worked for in a free-text box. Some found it
confusing to know which organization name
they should enter.

The initial page where
staff members are asked
to register for the
SInQUE

Important contextual
information for the
questionnaire was ex-
plicitly clarified.

Additional guidance on how the question-
naire should be administered was added
to the introduction paragraph of the
SInQUE.

Some staff members thought that further infor-
mation on the exact purpose of the questionnaire
and how it should be administered would be
useful in the introductory paragraph describing
the assessment.

The page where staff
members enter details to
set up a new SInQUE as-
sessment

The clarity of the ques-
tion improved.

Changed the wording of the question to
the following: “Please select the type of
housing support the service user receives
from the list below.”

Some staff members found the wording of the
following question—“Please select the type of
accommodation in which the service user is liv-
ing from the list below”—to be ambiguous and
confusing.

The page where staff
members enter details to
set up a new SInQUE as-
sessment

Changes to the wording of SInQUE questions

The clarity of the ques-
tion improved.

Changed the wording of this subquestion
to the following: “Other leisure activity?”

Some staff members felt that it was unclear what
the “Other” option meant in the context of
question 3f: “Over the past year have you been
to...Other?”

The section covering
“leisure” questions

The clarity and appropri-
ateness of the question
improved.

Changed the wording of the question to
the following: “Do you go out for a cof-
fee/drink (e.g. to a café or pub, etc) at least
once a week?”

Some staff members and service users felt that
question 7—“Do you spend time in pubs or
cafés?”—was worded in a way that was poten-
tially inappropriate for people who do not drink

alcohola.

The section covering
“leisure” questions

The clarity of the ques-
tion improved.

Changed the wording of the question to
the following: “How many people, outside
the workers in your care team, could you
confide in?”

Some staff members were unsure whether
question 9—“How many people, outside those
in your care team, could you confide in?”—re-
lated to a professional or personal care team.

The section covering
“social” questions

The clarity of the ques-
tion improved.

Changed the wording of the question to
the following: “What type of housing
support do you receive?”

Some staff members thought that question
36—“What kind of accommodation do you live
in?”—was worded ambiguously.

The section covering
“home life/housing”
questions

The clarity of the ques-
tion improved.

Changed statement to the following:
“Question omitted, not included in the
online SInQUE.”

A statement alerting users that question 38 had
been omitted from the online SInQUE, which
read the following—“Not relevant for supported
accommodation contexts -omitted.”—was con-
fusing.

The section covering
“home life/housing”
questions

Changes to the SInQUE summary outputs

It was easier to interpret
the graph as sections
with different totals be-
came standardized.

Simplified the spider graph to show per-
centage of total score in the graph instead
of frequency.

Some staff members found the spider graph to
be confusing to interpret as the numbers summa-
rizing scores in each section were not standard-
ized and, therefore, it was difficult to tell which
domains scored lower than others.

The SInQUE summary
report

It was easier to under-
stand and relay the re-
sults.

Made comparative bar charts of multiple
scores across time with the same service
user available on the summary report.

In the section summarizing scores across multi-
ple time points, staff members thought that a
visual depiction of this comparison would be
useful.

The SInQUE summary
report for multiple assess-
ments completed with the
same service user

aChanges were made following the field-testing stage.
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Overall, the changes made to the online SInQUE were relatively
few and minor. Following initial laboratory testing, additional
information and guidance for users was added, and minor
revisions to the wording of questionnaire items were made to
improve clarity. Modifications to the visual representation of
scores in the summary reports were also made to aid ease of
interpretation. During the field-testing stage, very few suggested
changes to improve the usability of the online SInQUE were
made by staff or service user participants. Further changes made
at this stage included a minor wording adjustment to one
question to ensure its cross-cultural appropriateness. Changes
were made exclusively to the web-based version of the SInQUE
and did not affect the existing SInQUE measure. We also
developed an additional guidance document for managers and
commissioners and an informational leaflet and poster about
the SInQUE.

A few participants suggested substantial modifications to the
structure and wording of individual items in the SInQUE that
were not implemented by the study team. These decisions were
made to preserve the broad scope and logical flow of the tool.
We also declined to action some suggestions that were outside
the remit of the SInQUE tool, such as adding more or free-text

response options to some questions. However, where these
suggestions indicated important potential barriers to using the
SInQUE, they were noted and integrated into the qualitative
analysis and logic model development. A summary of all
comments and suggestions that were proposed but not
implemented after review by the team can be found in
Multimedia Appendix 4.

Interview Thematic Analysis

Overview
The interviews were analyzed using thematic analysis. Primary
themes were deductively imposed according to each core
element of the ICAMO model: intervention, context, actors,
mechanisms, and outcomes [38]. Subthemes were inductively
analyzed within each of these primary themes. The resultant
thematic framework considering the perceived utility and
acceptability of the online SInQUE and addressing aim 2 of the
study is presented in Textbox 1. The themes are summarized
in the following sections with a selection of illustrative quotes.
Multimedia Appendix 5 provides further illustrative quotes for
each subtheme.
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Textbox 1. Summary of the thematic framework (intervention-context-actor-mechanism-outcome themes and inductive subthemes).

Intervention: combination of program elements or strategies designed to produce behavior changes or improve health status among individuals

• The online Social Inclusion Questionnaire User Experience (SInQUE):

• Promotion of positive, collaborative discussion

• Comprehensive and novel questions

• Ability to repeat over time

• User-friendly design:

• Easy-to-navigate website

• Quick to complete

• Fixed-response questions

• Offers options to choose from

• Web-based format

Context: salient conditions that are likely to enable or constrain the activation of program mechanisms

• Relevance of the SInQUE to staff role

• Inconsistency in current assessments used across services

• Absence of comparably specific assessments

• Emergence from the pandemic

Actors: the individuals, groups, and institutions who play a role in the implementation and outcomes of an intervention

• Staff:

• Professional knowledge and skills

• Professional boundaries

• Staff (service user views about staff):

• Trusting relationship

• Proactivity in offering guidance and support

• Service users:

• Familiarity and comfort with the questions

• Individual language and cultural differences of service users

• Service users (staff views about service users):

• Engagement in the assessment

• Existing mental health needs

Mechanisms: any underlying determinants or social behaviors generated in certain contexts

• Using the online SInQUE can accomplish the following:

• Boost service user proactivity and confidence

• Identify service users’ priorities on social inclusion

• Prompt novel, personal conversations

• Monitor changes in social inclusion over time

• Identify gaps in support available within the organization and local community

Outcomes: behavior changes that follow the immediate knowledge change (intermediate) and changes such as patients’ health status and
impact on community and health system (long term)

• Intermediate:
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• Improve staff relationship with and understanding of the service user

• Help plan more relevant, targeted support for the service user

• Long term:

• Borough-level improvements and changes in services to support social inclusion

• Individual-level benefits for service users’ recovery and social inclusion

Intervention
In general, staff and service user participants felt that the tool
was user-friendly and collaborative. Many noted the ability to
repeat the assessment and the web-based format as being
particularly useful and felt that the website was easy to navigate.
The short length of the assessment was also discussed as an
important advantage, with both staff and service users
commenting that it felt quick to fill out. Participants noted that,
despite the short assessment length, it still offered a range of
interesting, positive, and sometimes unfamiliar questions that
felt comprehensive and useful to discuss:

I think that it wasn’t too just baseline, it was a little
bit more than that and I think that’s good. Because
it gives the option of, “Okay, you don’t want
something, how can we improve and what is it that
you do want that could help you while you’re in our
service?” [212; staff member]

Interviewees felt that the user-friendliness was aided by
accessible questions that were straightforward for service users
to answer and that were cross-culturally appropriate for
individuals from different ethnic backgrounds. Although some
participants from both groups felt that the fixed-response options
for the questions were limited, certain staff members thought
that this made the questionnaire more accessible to service users
who may otherwise struggle with engagement.

Context
Staff members largely felt that the tool was fitting and relevant
to their role in helping support service users, and most did not
already use assessments that were highly similar to the SInQUE.
Certain staff members highlighted a lack of continuity of support
workers within their service and noted that this often made it
difficult to build rapport with service users. Some also
commented on an inconsistency in assessments used across
different services (in the local context, where 6 different
provider organizations provided supported accommodation
services across the borough). They noted that individual
providers currently make their own recommendations on the
tools that staff should use:

If it was a standard central assessment that we do in
all supported housing, that’s similar, like this for
example, it might be beneficial in the long run. But
each company has their own policy around it. [205;
staff member]

One staff member noted that the tool felt particularly relevant
following the COVID-19 pandemic as a means to promote

engagement among service users after a period of likely
sustained social isolation.

Actors
There were 2 key actors to consider in the application of the
assessment: the staff members who asked the questions and the
service users who responded to them.

One staff member felt that the assessment was not particularly
relevant in the context of their work in a residential care service,
where they had an established relationship with service users
and already knew much of the queried information about them.
However, this was an outlying view. Although most staff
members thought that the online tool could be suitable and
useful for their work, they emphasized the importance of using
their professional knowledge and skills to pick when and for
whom the assessment would be appropriate. They suggested
that service users acutely struggling with their mental health
may find it difficult to maintain concentration and engagement
with the questionnaire and others may feel that the assessment
is not relevant to them.

Staff members also raised the importance of maintaining
professional boundaries with service users, and some expressed
a concern that certain questions may feel invasive or
uncomfortable for service users to answer:

I think there was one quite private like about if they’re
in a relationship or something, and that was the only
question that made me feel a bit like I’m asking
something very personal about a relationship.
Because they might not want to say that. [210; staff
member]

However, service user participants did not express any similar
concerns about intrusive questions. They generally indicated
that they felt comfortable with the assessment and that they
were used to answering personal questions. Both staff and
service users highlighted trust between those performing the
assessment as a key factor in promoting engagement with such
questions.

Both respondent groups highlighted the cultural diversity of
service users within supported accommodation, and many noted
that the tool felt appropriate for those from a variety of religious
and ethnic backgrounds. Some service users commented on the
importance of the staff members being proactive and taking the
time to go through the assessment in detail with them,
particularly individuals for whom English was a second
language, as further explanation was required for some
questions. Various staff members suggested that being provided
with information about the assessment and its purpose
specifically aimed at service users, for instance, a guidance
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leaflet, would be helpful for them to convey the essential
information about the assessment.

Mechanisms
Both participant groups discussed how the tool may boost
confidence and proactivity for a wide range of service users by
highlighting specific, achievable ways in which an individual
can improve their social inclusion. They also noted how the
assessment encourages service users to open up and enables
more profound conversations between them and staff members:

Yes I found it really interesting, so like because it’s
not really topics I would actually talk about. So it
gave me a bit of enthusiasm to talk about some of the
questions. [409; service user]

Both groups suggested that it might be particularly useful during
key working sessions as a means to get to know an individual
better and identify their support preferences soon after moving
into supported accommodation. Participants also noted the value
of repeating assessments over time, suggesting that this could
be a potentially encouraging way to demonstrate service user
progress and identify gaps in available support. The most
frequently suggested time between assessments was 1 to 3
months, with up to 6 months mentioned as a potential maximum
gap.

Outcomes
Interviewees discussed the short- and long-term outcomes that
they felt the tool could offer. They discussed how the tool
enabled targeted and relevant support that prioritized the service
user’s interests. Both groups also mentioned the potential for
the tool to improve the relationship and understanding between
service users and staff members:

It asks questions where maybe like for your support
worker to get a better understanding of you, like even

though the immediate thing is highlight areas you can
work on, it gives a general overview of how you are.
[410; service user]

Some staff members also discussed how prolonged use of the
tool could highlight the additional borough-level support that
may be needed to improve certain gaps in support and could
also promote service user recovery toward the goal of more
independent accommodation.

Implementation Strategy
Our implementation strategy was developed to encourage the
use of the SInQUE in the supported accommodation services
in the borough and was updated through consultation with
clinical staff working in the borough’s community rehabilitation
team and supported accommodation service managers. Our
strategy was further informed by feedback from staff and service
user participants during both stages of the study.

Each part of the strategy was developed to target an identified
potential barrier to staff using the online SInQUE with service
users. Subsequently, we mapped each component of the strategy
to the 3 broad domains of the Capability, Opportunity, and
Motivation–Behavior framework of behavior change [39] to
describe whether each element of the strategy was intended to
increase the staff’s capability, opportunity, or motivation to use
the online SInQUE. The complete implementation strategy and
the Capability, Opportunity, and Motivation–Behavior domain
that each component addressed are outlined in Table 3.
Strategies were related to enlisting leadership support to
encourage supported accommodation staff to use the SInQUE,
providing technical guidance and assistance with using the
online tool, and developing bespoke summary output reports
to reinforce use and increase the organizational benefits of using
the SInQUE.
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Table 3. Summary of the implementation strategy to support the use of the online Social Inclusion Questionnaire User Experience (SInQUE).

COM-Ba domainImplementation goal being addressedActivity

Increase awareness of the SInQUE tool among
supported accommodation staff and respond to any
of their concerns or other problems.

Study research assistant (SE) and clinical research staff member
(MD) visit all supported accommodation services to introduce the
SInQUE tool to staff and offer guidance on its use.

• Motivation
• Opportunity
• Capability

Lack of accountability after initially asking all staff
members to use the SInQUE and staff hesitancy
over which service users would be suitable for an
assessment

NHSb community rehabilitation team manager and clinical re-
searcher (MD) review supported accommodation caseloads to
identify suitable service users for a SInQUE assessment and ask
their key worker to complete an assessment with those service
users.

• Motivation

Lack of supported accommodation management
prioritization for staff to use the SInQUE

NHS community rehabilitation team manager contacts supported
accommodation managers to ask them to support and encourage
the use of the SInQUE by identified key workers within a given
time frame.

• Motivation
• Opportunity

Lack of supported accommodation management
prioritization for staff to use the SInQUE

Local authority commissioners contact all supported accommoda-
tion managers to encourage the use of the SInQUE within services
in the borough.

• Motivation

Increase visibility and awareness of the SInQUE
among supported accommodation managers and
respond to any of their concerns or other problems.

Study lead (BLE) and research assistant (SE) attend local Housing
Forum meetings to update on the study and encourage the use of
the SInQUE among all managers and staff members present.

• Motivation
• Opportunity

Uncertainty about how to manage the technical
process of using the SInQUE

Study research assistant (SE) offers supported accommodation
staff technological support with SInQUE registration and use.

• Capability

Uncertainty among some supported accommodation
staff members about how best to explain the pur-
pose of the SInQUE and engage service users

Study team develops and circulates a leaflet about the SInQUE for
supported accommodation staff to give to service users to help
explain the purpose of an assessment.

• Capability

Increased awareness among supported accommoda-
tion managers of the value offered by the SInQUE
for service planning to encourage them to prompt
staff to use it.

Study team sends summary reports to service managers outlining
use of the SInQUE and highlighting the areas of social inclusion

that are most frequently prioritized and addressed in their servicec.

• Motivation

Increased awareness of commissioners of the value
offered by the SInQUE for service planning and
commissioning to encourage them to prompt ser-
vices to use it.

Study team sends summary reports to local authority commissioners
outlining which services have used the SInQUE the most and
highlighting the areas of social inclusion that are most frequently

prioritized and addressed across all services in the boroughc.

• Motivation

aCOM-B: Capability, Opportunity, and Motivation–Behavior.
bNHS: National Health Service.
cThese actions were planned with service managers and commissioners but not carried out during the 5-month implementation period because of the
small number of completed SInQUE assessments.

Usage Data
In total, 27 staff members in the inner London borough
registered for an account with the online SInQUE. Of the 27
staff members who registered, 17 (63%) from 6 different
supported accommodation providers started or completed a
SInQUE assessment with at least 1 service user. This resulted
in 30 completed SInQUE assessments with 28 service users in
the borough. This represented just >10% of the estimated total
number of service users living in supported accommodation in
the borough. Of the 28 service users, 4 (14%) were from
residential care, 19 (68%) were from 24-hour supported housing,

3 (11%) were from 9-to-5 supported housing, 1 (4%) was from
floating outreach services, and 1 (4%) was registered as “other”
accommodation type. One staff member from 1 of the local
authority areas where there was no specific implementation
strategy registered for an account with the SInQUE; however,
they did not start or complete a SInQUE assessment. This
addressed aim 3 of the study.

Intervention Logic Model
On the basis of the collective study findings, we developed a
logic model to summarize the processes involved in using the
SInQUE and address study aim 4 (Figure 1).
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Figure 1. Intervention-context-actor-mechanism-outcome logic model for the online Social Inclusion Questionnaire User Experience (SInQUE).

The logic model was informed by the structure of an “ICAMO
map” [38]. The model outlines the key aspects of the
intervention (I), including its user-friendliness, its
comprehensive nature, and the fact that it was based on a
validated measure of social inclusion. It also indicates the
potential outcomes (O) from using the SInQUE at both the
individual and system levels, including improved support
planning, better relationships, and provision of additional
support for staff and services, which in turn may improve social
inclusion and mental health outcomes as well as care provision
more broadly. These operate within the broader societal context
(C) of service users often being socially excluded and there
being a high turnover of staff within these services and a high
degree of variation across services in assessment tools that are
recommended and in use, rendering the tool useful and relevant
to the staff’s role.

The key actors (A) in implementing the SInQUE are the staff
and service users, who require the skills and proactivity to
administer the assessment and the motivation and trust to engage
with the questions, respectively. Staff may encounter barriers
such as a concern that some questions are too intrusive, and
service users struggling more severely with their mental health
may lack the concentration or motivation to engage with the
questions. The potential outcomes operate through certain
mechanisms (M), which include increased service user
confidence and the prompting of more in-depth personal
conversations between service users and staff. The tool also
identifies more relevant priorities for service users, which may

or may not be chosen as an active priority for support by staff
owing to individual or organizational factors. Persistent and
wide-ranging use of the tool could, over time, highlight the
aspects of social inclusion that are feasible to work on and those
that are regularly not being prioritized.

Discussion

Principal Findings
The online SInQUE was generally perceived as acceptable and
potentially useful by supported accommodation staff and service
users. This is consistent with findings of previous studies that
used the SInQUE with other mental health populations [32,34].
Both staff and service users generally found the tool to be
user-friendly and relevant and suggested that it could promote
more targeted care planning and improve the relationship
between staff and service users. Owing to the lower uptake of
the SInQUE in residential care and floating outreach services,
findings related to the tool’s utility in these settings are less
conclusive than those for supported housing, where uptake was
highest.

Some staff members expressed a concern that certain questions
in the SInQUE could be perceived as intrusive by service users,
indicating that they did not feel wholly comfortable asking what
they perceived to be highly personal questions. However, this
sentiment was not echoed by service users, who generally felt
that the questions were appropriate and felt comfortable
answering them. This finding is interesting given that supported
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accommodation service users have highlighted in previous
research the importance of feeling personally understood by
staff in their service and have endorsed a process of
familiarization with staff [25].

We found that implementation support is essential to promote
the use of the tool in services, as evidenced by the lack of use
of the tool in the 2 regions where the SInQUE was introduced
without a concerted implementation strategy. The most effective
steps in our implementation strategy were those during which
the use of the tool was actively endorsed by individuals in
leadership positions, particularly service managers and local
service leaders. However, even with our concerted
implementation strategy, uptake of the SInQUE was only
achieved with approximately 10% of service users living in
mental health supported accommodation in the participating
borough within the 5-month study period.

Limitations
We used an established, iterative process of testing and feedback
to develop the online SInQUE and determine its real-world
acceptability and utility for use in mental health supported
accommodation. However, it is important to acknowledge
certain limitations of this study.

As mentioned previously, uptake of the SInQUE tool was
highest in supported housing compared with residential care
homes and floating outreach support. It is unclear whether this
discrepancy reflects a greater reluctance from staff or service
users in residential care and floating outreach support to use the
online SInQUE. As proposed by one residential care staff
member, it is possible that the staff in these services perceived
the tool as being less relevant to their role. The discrepancy in
part reflects the greater number of 24-hour and 9-to-5 supported
housing units in the borough compared with residential care
and floating outreach services, with approximately 6 times as
many service users living in supported housing compared with
residential care and nearly twice as many living in supported
housing compared with floating outreach support. Through the
local health service community mental health rehabilitation
team, we also had a more direct connection with supported
housing teams compared with other service types, which may
have further contributed to the imbalance in services in which
the SInQUE was used.

There were no female service user participants in the qualitative
analysis; therefore, the findings may not be applicable to women
in supported accommodation. It is unclear why it proved more
difficult to recruit female participants, although it may reflect
the higher proportion of male service users availing of supported
accommodation in England—one review suggests that between
68% and 74% of service users are male across all supported
accommodation types [40]. Furthermore, as we only tested the
SInQUE in 1 London borough, the findings may not be
generalizable to other regions.

As the tool was only used with approximately 10% of service
users in the borough, the success of our implementation strategy
was limited, and the low uptake may limit the wider
generalizability of our findings. Owing to the short period and
limited scope of the study, it was also not possible to assess

whether use of the SInQUE in practice led to improved
outcomes for service users or how useful the repeat assessments
were over time. As the staff who participated volunteered to do
so and they chose which service users to complete the SInQUE
with, the findings may have been affected by selection bias and
may not accurately reflect all supported accommodation staff
members’ and service users’ views.

Finally, we removed 1 question from the original SInQUE
questionnaire for our online version as asking people whether
they lived alone was considered redundant for people living in
supported housing. We also made very minor changes to the
wording of 2 other questions in response to users’ feedback
(Table 2). We think it is unlikely that these modest changes
substantially affected the SInQUE’s psychometric properties.
However, revalidation of the SInQUE in its web-based form is
desirable in the future to confirm its validity and determine
whether the minor wording changes should be retained for all
versions of the SInQUE.

Implications for Practice
The SInQUE can be recommended as a potentially useful and
acceptable tool for use in mental health supported
accommodation settings, particularly supported housing services
that offer 24-hour or 9-to-5 support, to provide a thorough
assessment of social inclusion and support care planning. The
tool may help meet an identified wish from service users for
more discussion and support with social inclusion and
relationships [41]. It was evident during the study that there is
currently no universal tool in widespread use to help with social
inclusion in mental health supported accommodation,
highlighting the potential gap for an assessment tool such as
the SInQUE. If used widely across supported accommodation
services, the online SInQUE has the potential to provide
benchmarking data and identify service users’ most common
priorities for greater social inclusion to inform service planning
and evaluation.

Our findings also suggest that, for an assessment tool such as
the SInQUE to be widely used, it is essential to have active
leadership endorsement and support. For example, it may be
required for managers or commissioners to direct staff to use
the SInQUE with service users who are willing and reinforce
this through team meetings, setting of use targets, or
implementation of key performance indicators for its use.

Implications for Research
It is important to hear from staff and service users who chose
not to use the online SInQUE to understand their reasons for
not using the tool and highlight barriers to using the tool that
we may have missed in this study. It would be useful to conduct
further testing of the tool in residential care and floating outreach
supported accommodation settings to better determine the utility
of the SInQUE in these service types. It would also be useful
to examine the utility of the SInQUE in other population groups
within different service types to determine whether the tool may
be useful in additional settings.

Future research is necessary to establish the level of uptake of
the SInQUE that can be achieved in supported accommodation
over a longer period and potentially establish more effective
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means of implementation support. A longer-term study is also
needed to establish whether the possible benefits from using
the SInQUE that were mentioned by staff and service users are
achievable through the use of the tool and how any potential
outcomes may vary over time. A hybrid
implementation-evaluation study would address these queries
to determine the effectiveness of the SInQUE tool as an
intervention for social inclusion and establish a precise
implementation strategy for widespread uptake of the tool in
supported accommodation. Further research using the SInQUE
is also warranted to examine service user needs related to social
inclusion and identify any additional barriers to addressing these
needs in supported accommodation services. Such research

could be used to inform the development of a future complex
intervention to support social inclusion in supported
accommodation services.

Although this study chose to examine the utility of the online
SInQUE specifically in supported accommodation, the tool may
also be useful in other mental health populations. Previous
studies have established that the SInQUE can be used with
mental health service users with a wide range of diagnoses
[13,32,34]. Therefore, it is reasonable to extrapolate that the
online SInQUE may be useful to assess social inclusion and
inform support and care planning for other mental health service
users, not just those living in mental health supported
accommodation.
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Abstract

Background: Skin picking disorder (SPD) is an understudied mental illness that is classified as a body-focused repetitive
behavior disorder. Literature suggests that pathological skin picking is strongly integrated into the daily lives of affected individuals
and may involve a high degree of variability in terms of episode characteristics, frequency, and intensity. However, existing data
on the phenomenology of SPD are limited and typically involve retrospective assessments, which may fail to accurately capture
the behavior’s variability.

Objective: This study aimed to investigate skin picking in the daily lives of individuals with SPD by using ecological momentary
assessment (EMA). The first aim focused on the description of skin picking patterns (eg, characteristics, intensity, and distribution
of episodes and urges), and the second aim explored differences in characteristics and patterns between automatic and focused
skin picking.

Methods: Participants were recruited online and underwent a web-based screening, a diagnostic telephone interview, and a
comprehensive online self-report questionnaire before participating in an EMA protocol. The latter included 10 consecutive days
with 7 pseudorandom, time-contingent assessments per day between 8 AM and 10 PM. The EMA questionnaire assessed the
current skin picking urge, the occurrence of the behavior, and a detailed assessment of the episodes’ characteristics (eg, length,
intensity, and consciousness) if applicable.

Results: The final sample consisted of 57 participants, who completed at least 70% of the scheduled assessments (n=54, 94.7%
female: mean age 29.3, SD 6.77 years). They completed 3758 EMAs and reported 1467 skin picking episodes. Skin picking
occurred frequently (mean 2.57, SD 1.12 episodes per day and person) in relatively short episodes (10-30 min; 10 min: nepisodes=642,
43.8%; 20 min: nepisodes=312, 21.3%; 30 min: nepisodes=217, 14.8%), and it was distributed quite evenly throughout the day and
across different days of the week. Focused and automatic episodes were relatively balanced across all reported episodes (focused:
nepisodes=806, 54.9%) and over the course of the day. The analyses showed statistically significant differences between self-reported
triggers for the different styles. Visual or tactile cues and the desire to pick the skin were more important for the focused style
(visual or tactile cues: mean focused style [Mf]=4.01, SD 0.69 vs mean automatic style [Ma]=3.47, SD 0.99; P<.001; SMD=0.64;
desire to pick: Mf=2.61, SD 1.06 vs Ma=1.94, SD 1.03; P<.001; SMD=0.82), while boredom and concentration problems were
more prominent in automatic skin picking (boredom: Mf=1.69, SD 0.89 vs Ma=1.84, SD 0.89; P=.03; SMD=–0.31; concentration
problems: Mf=2.06, SD 0.87 vs Ma=2.31, SD 1.06; P=.006; SMD=–0.41).
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Conclusions: These results contribute to an enhanced understanding of the phenomenology of SPD using a more rigorous
assessment methodology. Our findings underscore that picking can impact affected persons multiple times throughout their daily
lives.

Trial Registration: German Clinical Trials Register DRKS00025168; https://tinyurl.com/mr35pdwh

(Interact J Med Res 2024;13:e53831)   doi:10.2196/53831

KEYWORDS

skin picking disorder; ecological momentary assessment; EMA; body-focused repetitive behavior; obsessive-compulsive spectrum;
skin; dermatology; mental health; assessment; mobile phone

Introduction

Skin picking disorder (SPD) is a mental disorder, which is
characterized by the body-focused repetitive behavior (BFRB)
of manipulating one’s own skin including, for example,
squeezing, scratching, or rubbing—summarized as “skin
picking” [1]. With a lifetime prevalence of 1.4% to 3.1% [1,2],
SPD is not a rare disorder, even though it received comparatively
little attention in research and clinical practice so far.

Until now, there has been little research on the phenomenology
of SPD, and the existing research is of questionable validity as
it often entails retrospective reporting, so the clinical picture
has not been described in sufficient detail to date. This hinders
a well-grounded understanding of the disorder as well as the
development of specific treatment options.

Few previous studies have described skin picking in terms of
the frequency and episode length; for example, one study
reported a median of 38 minutes for skin picking per day
(range 1-360 min), while another found a mean of 8 (SD 22)
episodes per day with an average length of 21 (SD 42) minutes
[3,4]. In a more recent study, 78% of participants reported that
they typically have 1 to 5 episodes per day and that most
episodes are shorter than 30 minutes. Moreover, the majority
reported that they picked their skin almost every day [5].
Meanwhile, data on high-risk times throughout the day are very
scarce, with only 1 small study reporting such data (n=31) [6].
However, the small number of studies and the large variability
among the results suggest a need for additional and more
rigorous investigations.

In addition to episode characteristics, different styles of skin
picking characterized by the extent of awareness during behavior
were examined. “Focused skin picking” is hypothesized to occur
more intentionally and in response to urges or difficult emotions,
whereas “automatic skin picking” takes place without awareness
and is supposed to be associated with certain (routine) situations
and passive activities [7]. So far, little is known about the
distribution of automatic and focused skin picking within and
between individuals, other than that there seems to be high
variability. However, a recent study reported a shift from
focused skin picking toward more automatic skin picking with
increasing age [8].

In terms of episode triggers, previous studies identified certain
internal and external states commonly precipitating skin picking
behavior. Commonly reported triggers are affective states (eg,
tension or boredom), visual and tactile perceptions of skin
irregularities, passive activities, and certain situations or places

(eg, waiting, reading, or bathroom) [9-12]. Unfortunately, there
is currently almost no data available on the distribution of skin
picking and skin picking urges over the course of a day and a
week.

Moreover, the existing studies on skin picking phenomenology
include crucial shortcomings due to their cross-sectional and
retrospective designs. It is well known that retrospective
assessments imply a high risk of systematic biases, caused by
the way memories are stored and retrieved [13]. Moreover, these
designs are not able to capture dynamic processes and to identify
specific variations, for example, in behavioral patterns
throughout the day or week. Both of these issues are relevant
to studies on SPD phenomenology. For example, the large range
in the number and length of skin picking episodes in former
studies indicates that it is critical to examine the distribution
and characteristics of the behavior and to explore the role of
intraindividual and interindividual variability in the behavior.
In the clinical setting, affected individuals often report that the
behavior can strongly vary from day to day—depending on a
multitude of factors, for example, such as being in company
versus alone or at work versus at home. These differences are
masked in retrospective studies when the average time spent
on skin picking in the last 2 weeks is assessed.

In addition, retrospective studies usually do not allow a reliable
assessment and differentiation of characteristics of different
styles of skin picking, which are characterized by the extent of
awareness during skin picking. Moreover, the distribution of
focused versus automatic skin picking as well as the link
between specific triggers and different skin picking styles have
not been investigated in detail. Of note, as most individuals with
skin picking show a mixture of both styles, the retrospective
assessment of separate triggers for automatic versus focused
episodes would be very likely biased. However, the detailed
investigation of skin picking styles and the associated triggers
can serve as a solid basis for the specific selection and adaptation
of interventions and behavioral strategies for certain risk
situations or skin picking styles.

A promising method to comprehensively investigate processes
of skin picking behavior is ecological momentary assessment
(EMA) [14]. Momentary assessments within the daily life of
individuals provide the opportunity to study dynamic processes
in real time while minimizing retrospective biases. Since EMA
allows a more detailed assessment of behavioral processes and
implies a high ecological validity, the method received much
attention in psychological research in the last 2 decades and
was successfully applied by numerous studies in the
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investigation of different psychopathologies (eg, anxiety,
substance use, or eating disorders) [15-17].

For skin picking research, EMA is a promising tool for reliably
investigating the distribution as well as characteristics of skin
picking episodes. The analysis of these data then affords an
understanding of the course of skin picking behavior throughout
the day and week in detail and identifies high-risk times and
related circumstances. To the best of our knowledge, EMA has
not yet been applied to investigate these research questions in
SPD. Therefore, the main objective of this study was to
investigate skin picking in the natural environment of individuals
having SPD using EMA. Such data are urgently needed for a
more comprehensive description and understanding of the
phenomenology and mechanisms of this comparatively new
disorder.

The study followed 2 aims: the first aim was to describe skin
picking patterns in the daily lives of the participants (eg, number,
length, intensity, distribution of skin picking episodes,
distribution of skin picking urges, or self-reported triggers).

The second aim of this study was to explore differences between
automatic and focused skin picking concerning distributions
(eg, daytime), characteristics of the episodes (eg, length or
intensity), and self-reported triggers.

Methods

Procedures
Participants were recruited between November 2021 and May
2022 through support groups and online via mailing lists,
specific forums, and social media. Inclusion required a minimum
age of 18 years; satisfaction of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for
SPD; and provision of informed consent for study participation.
The inclusion of participants involved three stages of
assessment: (1) an initial web-based screening, which assessed
sociodemographic information and skin picking symptoms; (2)
a diagnostic interview via telephone, in which the DSM-5 criteria
for SPD were assessed; and (3) a web-based self-report
questionnaire (baseline) for those assessed to be eligible in the
interview.

EMA sampling started on the day after completion of the
baseline questionnaire. The assessment period comprised 10
consecutive days with 7 pseudorandom, time-contingent
assessments per day between 8 AM and 10 PM. In addition,
participants were asked to record additional skin picking
episodes (event contingent recording). The prompts were sent
to the participants’ smartphones via text message, which
contained a link to the EMA questionnaire. Additional records
could be made via the web-based study platform. The time and
event contingent EMA records took at most 5 minutes. All
assessment procedures were conducted with the software ASMO
[18].

Measures

Screening
The screening questionnaire included sociodemographic
variables and the German version of the Skin Picking
Scale-Revised (SPS-R) [19,20]. The scale assesses skin picking
severity over the past week and consists of 8 items that can be
split into 2 subscales: symptom severity and impairment. A
global score can also be calculated. All items are rated on a
5-point Likert Scale from 0 (eg, “none”) to 4 (eg, “extreme”).
The internal consistency of the total scale was high in this study
(α=0.84; subscales: symptom severity: α=0.77 and impairment:
α=0.85).

Diagnostic Interview
To assess the DSM-5 criteria for SPD, semistructured interviews
based on a BFRB module (personal communication with L
Mehrmann, February 2021) for the DIPS Open Access
Diagnostic Interview for Mental Disorders were conducted via
telephone [21]. The interviews were carried out by the first
author (CG) and a student worker, who was trained and
continuously supervised.

Baseline Measures

Overview

The baseline questionnaire contained the following assessment
instruments.

Skin Picking Severity

The current skin picking severity was assessed in the baseline
questionnaire with the SPS-R described above [19,20].

Impairment due to Skin Picking

Skin picking–related impairment was assessed with the German
translation of the Skin Picking Impact Scale (SPIS) [22,23],
which refers to the last week and contains 10 items capturing
potential impairments due to skin picking (eg, feeling
unattractive, ashamed, or not being able to do certain things due
to skin picking) rated on a 5-point Likert scale (0: “not at all”;
4: “severe”). The internal consistency of the SPIS was excellent
in this study (α=0.90).

Modes of Skin Picking

Different styles of skin picking (focused vs automatic) were
assessed with the German version Milwaukee Inventory for the
Dimensions of Adult Skin Picking (MIDAS) [7]. We translated
the scale in a former study following generally accepted
recommendations including backtranslation and approval by
one of the authors of the original scale (DW Woods) [24]. The
scale consists of 12 items, which are rated from 1 “not true for
any of my skin picking” to 5 “true for all of my skin picking”.
Both subscales (focused, automatic) contain 6 items and showed
an acceptable internal consistency of α=0.62.

Depressive Symptoms

Depressive symptoms were captured using the Patient Health
Questionnaire-9 (PHQ-9) [25]. The scale contains 9 items, which
are rated on a Likert scale from 0 (“not at all”) to 3 (“almost
every day”) in reference to the last 2 weeks. The scale showed
a good internal consistency in our study (α=0.84).
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Anxiety

Symptoms of generalized anxiety disorders were assessed with
the Generalized Anxiety Disorders-7 (GAD-7) [26]. The
Cronbach α was 0.84.

EMA Questionnaire
The EMA assessments included urge intensity (1: “no urge” to
5: “very strong”) and skin picking occurrence since the last
assessment (yes or no). If skin picking occurred, additional
questions assessed the following: intensity of skin picking (1:
“very weak” to 5: “very strong”), length of the episode (12
options: about 10, 20, 30, …, 120 min), awareness at episode
onset (“Did you notice when you started picking your skin?”;
yes or no), and perceived triggers (“What contributed to your
skin picking?”). For the last question, seven items had to be
rated on a 5-point Likert scale: (1) visual or tactile cues, (2)
itching, (3) tension, (4) boredom, (5) difficulties concentrating
on a task, (6) desire for skin picking, (7) certain routine (eg,
evening routine), and (8) other (text field).

Statistical Analyses
Patterns of skin picking were analyzed using descriptive
statistics. Frequencies for the number of episodes with certain
characteristics (length, time of occurrence, or consciousness)
were analyzed across all individuals and episodes. To control
for the unequal number of skin picking episodes reported per
person, mean scores within each person were calculated for
urge intensity, episode intensity, and the rating of specific
triggers. The average scores of the person means are reported.
The distribution of skin picking urges as well as the distribution
and characteristics of automatic and focused skin picking were
also analyzed descriptively. t tests (2-tailed) for paired samples
were calculated to test differences between focused and
automatic episodes. Focused and automatic episodes were
classified based on the yes or no question “Did you notice when
you started picking your skin?” Differences were quantified
using SMD. Analyses were performed in R (version 4.1.2; R
Development Core Team, 2021) and with SPSS Statistics
(version 29.0; IBM).

Ethical Considerations
All study procedures adhered to the latest version of the
Declaration of Helsinki and were approved by the ethics
committee of the Medical Faculty of Heidelberg University
(S-222/2021). The trial was registered at the German Clinical
Trials Register before recruitment started (DRKS00025168).

Participants provided informed consent for this study ahead of
the initial screening and were able to discontinue participation
at any time. Data are pseudonymized and can be subsequently
matched to the respective persons only by authorized personnel.
The data are anonymized as soon as possible after completion
of the analyses.

All participants were provided with a €15 (approximately US
$16) compensation in the form of a gift voucher for a bookstore.
Additionally, if participants achieved an EMA completion rate
of at least 70% (49 assessments), the voucher was upgraded to
€50 (approximately US $54).

Results

Sample Description
Overall, 113 individuals completed the screening questionnaire.
Of these, 79 (69.9%) participants started the EMA assessments.
Further, 1 person dropped out during the EMA period and 1
person was excluded from the final analysis due to wearing an
awareness bracelet, which vibrates when touching certain body
areas for the prevention of skin picking. Overall, 57 (74%) out
of 77 answered at least 70% of all scheduled EMA
questionnaires (ie, at least 49 assessments). The participant flow
is shown in Figure 1.

Participants of the final sample (n=57) completed 65.93 (SD
7.24) EMAs on average, with a range of 51 to 99 per person.
Frequencies above the number of scheduled time-contingent
assessments (n=70) result from additional entries made by
participants on their own initiative (event-contingent records).
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Figure 1. Participant flow. EMA: ecological momentary assessment; SPS-R: Skin Picking Scale-Revised.

Participants
The majority of participants were female (54/57, 94.7%) with
a mean age of 29.3 (SD 6.77) years. About half (28/57, 49.1%)
of the participants were employed and one-third (18/57, 31.6%)
were university students. The sample showed a PHQ-9 mean
score of 11.63 (SD 5.41), indicating moderate depressive
symptoms; a GAD-7 mean score of 9.63 (SD 4.85), indicating
mild to moderate anxiety; and a mean SPS-R score of 18.00

(SD 4.00), indicating substantial SPD severity. The participants
in the analyzed sample do not differ from the participants who
were excluded from the analyses due to the low EMA
completion rate (less than 49 assessments, <70%). t tests
(2-tailed) for independent samples and χ-quadrat tests did not
yield any statistically significant differences in terms of the
assessed sociodemographic and clinical variables (all P>.05).
A detailed overview of the sample characteristics is given in
Table 1.
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Table 1. Sample characteristics.

EMA<70% (n=20)EMA≥70% (n=57)Total EMAa sample (n=77)Characteristics

20 (100)54 (94.7)74 (96.1)Female sex, n (%)

27.3 (5.74)29.3 (6.77)28.84 (6.51)Age (years), mean (SD)

Education, n (%)

1 (5)—b1 (1.3)Still in school

2 (10)6 (10.5)8 (10.4)Middle secondary

8 (40)19 (33.3)27 (35.1)Highest secondary

9 (45)32 (56.1)41 (53.2)University

Occupational status, n (%)

12 (60)28 (49.1)40 (51.9)Employed

—1 (1.8)1 (1.3)Trainee

1 (5)—1 (1.3)School student

5 (25)18 (31.6)23 (29.9)University student

—3 (5.3)3 (3.9)Housewife or househusband

1 (5)1 (1.8)2 (2.6)Retired

1 (5)1 (1.8)2 (2.6)Unemployed

—5 (8.8)5 (6.5)Other

Family status

12 (60)22 (38.6)34 (44.2)Single, n (%)

5 (25)20 (35.1)25 (32.5)In a relationship, n (%)

3 (15)12 (21.1)15 (19.5)Married, n (%)

—2 (3.5)2 (2.6)Separated or divorced, n (%)

—1 (1.8)1 (1.3)Other, n (%)

12.15 (5.86)11.63 (5.41)11.95 (5.6)PHQ-9c, mean (SD)

10.5 (4.01)9.63 (4.85)10.04 (4.64)GAD-7d, mean (SD)

16.7 (3.87)18 (4)17.69 (3.98)SPS-Re, mean (SD)

23.8 (7.61)23.33 (8.94)23.45 (8.57)SPISf, mean (SD)

20.45 (4.05)19.7 (3.9)19.9 (3.92)MIDAS focusedg, mean (SD)

17.3 (3.74)18.49 (3.58)18.18 (3.63)MIDAS automatich, mean (SD)

aEMA: ecological momentary assessment.
bNot available.
cPHQ-9: Patient Health Questionnaire-9, depressive symptoms.
dGAD-7: generalized anxiety disorders-7.
eSPS-R: Skin Picking Scale-Revised.
fSPIS: Skin Picking Impact Scale.
gMIDAS focused: Milwaukee Inventory for the Dimensions of Adult Skin Picking, focused skin picking.
hMIDAS automatic: Milwaukee Inventory for the Dimensions of Adult Skin Picking, automatic or unconscious skin picking.

Number and Distribution of Episodes
In total, 57 participants completed 3758 EMAs and reported
1467 skin picking episodes during the EMA period of 10 days.
Altogether, 1351 (92.1%) episodes were reported in time-based
assessments and only 116 (7.9%) in event-based assessments.

On average, participants reported a mean number of 2.57
(SD 1.12; range 0.8-5.4) episodes per day.

Slightly more than half of the sample (32/57, 56.1%) reported
episodes on each day of the 10-day EMA phase, while 28.1%
(n=16) reported 1 day without skin picking and 15.8% (n=9)
had 2, 3, or 4 days without skin picking.
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Skin picking episodes were relatively evenly distributed
throughout the day. Small peaks in the number of episodes
emerged in the first (8-10 AM; nepisodes=253, 17.3% of all 1467
episodes) and the last (8-10 PM; nepisodes=211, 14.4% of all 1467

episodes) regular assessment period of each day. The number
of episodes over the course of a day is shown in detail in Figure
2 and Table 2. It should be noted that to avoid a biased
comparison between time-based and event-based surveys, only
the periods covered by the time-based assessment are presented.

Figure 2. Episode distribution throughout the day (event- and time-based EMAs; 8 AM-10 PM). EMA: ecological momentary assessment.

Table 2. Urge and episode parameters over the daya.

Urge intensity EMA
without episodes
(n=2291), mean
(SD)

Urge intensity

EMAb with episodes
(n=1467), mean
(SD)

Intensity of
episodes (n=1467),
mean (SD)

Automatic
episodes (n=661),
n (%)

Focused episodes
(n=806), n (%)

All episodes
(N=1467), n (%)

Time

1.78 (0.79)2.53 (0.98)2.61 (0.87)97 (14.67)156 (19.35)253 (17.2)8-10 AM

1.92 (0.73)2.54 (0.92)2.38 (0.72)94 (14.22)108 (13.4)202 (13.8)10 AM to Noon

1.87 (0.68)2.75 (0.86)2.19 (0.78)98 (14.83)103 (12.78)201 (13.7)Noon to 2 PM

1.83 (0.71)2.89 (0.84)2.43 (0.86)87 (13.16)86 (10.67)173 (11.8)2-4 PM

1.92 (0.76)2.90 (0.95)2.43 (0.88)78 (11.8)85 (10.55)163 (11.1)4-6 PM

1.92 (0.71)3 (0.85)2.43 (0.78)81 (12.25)99 (12.28)180 (12.3)6-8 PM

1.94 (0.76)3.02 (0.88)2.77 (0.74)103 (15.58)108 (13.4)211 (14.4)8-10 PM

aOnly periods of time-based assessments are listed. The total N refers to all registered episodes (Nepisodes=1467, Npersons=57). Intensity scores are
average scores of person-wise means.
bEMA: ecological momentary assessment.

Weekdays
The episodes were quite evenly distributed over the days of the
week. Across all participants, the average number of episodes
per day ranged between 2.20 for Saturdays and 2.77 for
Mondays and Tuesdays (Monday: mean 2.77, SD 1.78; Tuesday:
mean 2.77, SD 1.65; Wednesday: mean 2.66, SD 1.50;
Thursday: mean 2.54, SD 1.50; Friday: mean 2.53, SD 1.59;
Saturday: mean 2.20, SD 1.50; and Sunday: mean 2.57, SD
1.66).

Length and Intensity
Of all 1467 episodes, participants indicated the shortest
selectable length (approximately 10 minutes) in 43.8% (n=642),
20 minutes in 21.3% (n=312), and 30 minutes in 14.8% (n=217;
Table 3). Only 9 (15.8%) participants reported any episode of
60 minutes or longer and only 6 (10.5%) reported episodes of
at least 90 minutes.

Table 2 displays the distribution of focused and automatic
episodes as well as episode intensity and urge intensity over the
course of the day.

The reported intensity of the episodes across all subjects was
on average 2.55 (SD 1.11; 2: “mild”, 3: “medium”). Throughout
the day, the intensity of the episodes was quite stable. The
average person means in the regular EMA phase (8 AM-10 PM)
varied between 2.19 (SD 0.78; noon to 2 PM) and 2.77 (SD
0.74; 8-10 PM). Slightly higher average intensities were reported
in the evening and the morning (see Table 2).

Overall, in terms of intensity, most episodes were rated as very
mild (288/1467, 19.6%), mild (n=448, 30.5%), or medium
(n=426, 29%). Participants rated 16.4% (n=240) of the episodes
as severe and 4.4% (n=65) as very severe. Further, 10 (17.5%)
participants did neither report severe nor very severe episodes.
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Table 3. Length of episodesa.

Episodes), n (%)Approximate length

642 (43.8)10 min

312 (21.3)20 min

217 (14.8)30 min

97 (6.6)40 min

39 (2.7)50 min

64 (4.4)60 min

14 (0.9)70 min

26 (1.8)80 min

22 (1.4)90 min

6 (0.4)100 min

2 (0.1)110 min

26 (1.8)120 min

aAll episodes reported in time- and event-based ecological momentary assessments (Nepisodes=1467; Npersons=57).

Urge Intensity
The mean urge intensity (average scores of person-wise means)
in assessments with reported episodes varied between 2.53 (SD
0.98) in the morning (8-10 AM) and increased in small
increments throughout the day with the highest mean being 3.02
(SD 0.88) in the evening (8-10 PM). So, the average urge
intensity varied between mild (“2”) and medium (“3”) and was
significantly higher in assessments with reported episodes (mean
2.84, SD 0.71) compared to those without episodes (mean 1.89,
SD 0.65; t56=12.31; P<.001; SMD=1.63). The average scores
for the urge intensity per period are shown in Table 2.

Episode Characteristics

Consciousness
Participants reported a conscious onset of the behavior in 54.9%
(n=806; “focused episodes”) and an unconscious onset in 45.1%
(n=661; “automatic episodes”) of all 1467 episodes. Most
participants reported both types of episodes (49/57, 86%).
One-third of participants (n=19) reported 75% or more focused
episodes and 8 (14%) patients of these reported exclusively
focused episodes. A proportion of 75% or more automatic
episodes was indicated by 8 (14%) participants, and overall, it
ranged between 0% and 98.2% (median 39.3, IQR 14.2-63.3).

Across all participants, the ratio between these 2 modes was
relatively balanced throughout the day, with focused episodes

occurring slightly more often. However, comparatively more
focused episodes occurred in the morning (8-10 AM). Details
are shown in Table 2.

Focused and automatic episodes did not differ significantly in
terms of the intensity of the behavior or urge intensity (intensity:
mean focused style [Mf]=2.56, SD 0.62; mean automatic style
[Ma]=2.45, SD 0.78; t48=1.52, P=.14; urge intensity: Mf=2.86,
SD 0.77; Ma=2.90, SD 0.86; t48=–0.19, P=.85).

Self-Reported Triggers
Across all participants, the highest average values resulted for
visual or tactile cues (eg, felt or seen something on the skin;
mean 3.64, SD 1.26), tension (mean 2.63, SD 1.29), and habit
(mean 2.71, SD 1.45).

Comparisons between focused and automatic episodes showed
higher scores in focused episodes for visual or tactile cues as
well as for the item “wanted to pick the skin” (SMD=0.64 and
0.82, respectively). In contrast, boredom and problems with
concentration achieved higher scores in automatic episodes
(SMD=–0.31 and –0.41, respectively).

In the “other” category, additional conditions were mentioned
in 97 episodes: working or being at the PC, talking on the phone,
smartphone time, reading, watching television, driving,
showering, encountering a mirror, physical fatigue or tiredness,
hunger, emotional discomfort, and social situations or conflicts.
Scores are displayed in Table 4.
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Table 4. Self-reported triggersa.

SMDP valuet testb (df)Automatic (n=49),
mean (SD)

Focused (n=49),
mean (SD)

Total (N=57),
mean (SD)

Trigger

0.64<.0014.482 (48)3.47 (0.99)4.01 (0.69)3.64 (1.26)Visual or tactile cues

–0.22.13–1.532 (48)2.84 (0.97)2.67 (0.89)2.63 (1.29)Tension

–0.31.03–2.187 (48)1.84 (0.89)1.69 (0.89)1.69 (1.03)Boredom

–0.41.006–2.847 (48)2.31(1.06)2.06 (0.87)2.17 (1.31)Problems with concentration

0.82<.0015.753 (48)1.94 (1.03)2.61 (1.06)2.14 (1.27)Wanted to pick the skin

0.26.081.818 (48)2.56 (1.10)2.82 (1.07)2.71 (1.45)Habit or routine

–0.09.556–0.594 (39)1.81 (1)1.75 (0.94)1.67 (1.09)Itch

aAnswers rated on a 5-point Likert scale (1: not at all; 5: extremely). t test results refer to comparisons of the average scores of person-means in focused
and automatic episodes (nepisodes=1295, npersons=49). Further, 8 persons were excluded from the comparison as they reported no automatic episodes.
“Habit/routine” relates to the item “I picked my skin out of a routine (eg, after arriving home or during the evening bath routine).”
b2-tailed.

Discussion

Principal Findings
SPD has now been officially recognized as a separate disorder
for more than 10 years. However, despite increased research
efforts, there is still a lack of studies on the phenomenology of
the disorder. To our knowledge, this is the first study to
investigate skin picking behavior by using EMA in the daily
life of people with SPD.

The results document in several ways how strongly the behavior
is interwoven with the everyday life of affected individuals. For
example, 56.1% (32/57) reported that they experienced no day
without skin picking within the 10-day study phase, but only
15.8% (n=9) reported 2 to 4 days without skin picking. In other
words, skin picking occurred almost every day. In addition,
participants reported an average of 2.6 episodes per day (range
0.8-5.4), suggesting that the behavior is not limited to 1 daily
episode, but occurs several times a day and continuously
influences daily life. These results are consistent with the results
of 2 retrospective studies reporting also several episodes per
day [3,5]. The continuity of the behavior is also reflected by
the results over the course of the day and the week. Throughout
the day, episodes were more or less evenly distributed, with
only small peaks in the morning and evening. Similarly, the
average urge intensity varied only slightly over the monitored
periods and ranged constantly between weak and medium, with
values in the evening being somewhat higher. However, as
expected, the urge intensity was considerably higher in
assessments with reported episodes compared to those without.
Regarding the frequency of the episodes, there were also only
a few small differences between the different weekdays. The
lowest average number of episodes was reported for Saturdays
and the highest for Mondays and Tuesdays, but the differences
between other weekdays were quite small. Overall, data
regarding the skin picking urges and behavior indicate that both
are experienced frequently by affected individuals.

In terms of the episode characteristics, it is important to note
that 43.8% (nepisodes=642/1467) were no more than 10 minutes
long and 80% (nepisodes=1171) of the episodes were no longer

than 30 minutes, so the results suggest rather short, but frequent
episodes. This is also in line with previous studies reporting
that the majority of episodes are under 30 minutes [3,5].
However, short episodes are not necessarily mild since the skin
can be severely damaged in just a few minutes.

Regarding consciousness of the episodes, the results show
groups of individuals with a quite high preponderance (eg, ≥75%
of episodes) of a focused (19/57, 33%) or automatic (8/57, 14%)
style. A unilateral skin picking style, where individuals
predominantly (>95% of all episodes) show either automatic
or focused skin picking, was relatively rare (automatic: 2/57,
4%; focused: 8/57, 14% of the sample).

However, the ratio between focused and automatic episodes
was relatively balanced, although there were clear differences
between individuals. Overall, more participants showed a
tendency toward a focused style. The minor predominance of
focused skin picking is also consistent with the results of a
recent study that similarly found a slight dominance of focused
skin picking for middle adulthood [8].

In recent years, different studies tried to identify different skin
picking subtypes between individuals regarding various
characteristics (eg, symptom presentation and styles of skin
picking, or neurobiology), but nevertheless, this research is still
in its beginning [7,27-30]. However, as research shows that
most people with SPD show both styles of skin picking, there
is an obvious necessity to understand the different types of
pathological skin picking to develop prevention and intervention
strategies specifically for automatic and focused skin picking.
This is especially the case because the onset and course of an
automatic episode can strongly differ from focused episodes
necessitating different coping strategies matched to the specific
picking style.

The results showed statistically significant differences between
self-reported triggers for automatic and focused episodes: visual
or tactile cues and the desire to pick the skin (item “wanted to
pick”) played a more important role in focused episodes, while
boredom and problems with concentration were more related
to automatic episodes. Other triggers (eg, tension or itch) did
not differ between the 2 modes of skin picking. The largest
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difference was found for the trigger desire (“wanted to pick”;
SMD=0.82). Of note, the results do not provide any evidence
that 1 of the 2 styles is associated more strongly with tension
than the other.

Strengths and Limitations
Overall, the results offer useful insights into the nature,
frequency, distribution, and intensity as well as specific triggers
of skin picking. They also provide important starting points for
future studies that should investigate these aspects in more
detail. However, our results should be interpreted in light of the
specific strengths and limitations of this study. The latter may
include a bias due to the self-selection of the participants. It is
likely a rather specific sample of individuals, who are willing
to track their skin picking for a period of 10 days several times
a day. However, our data suggest a substantial impairment in
terms of skin picking severity, depression, anxiety, and skin
picking–related impairment.

Another limitation results from the assessment method since
self-observation and tracking skin picking can also increase the
awareness and therefore the controllability of the behavior.
Moreover, is it also discussed that the registration of an episode
may serve a punishing function due to the extra effort to record
it so that the likelihood of the behavior is reduced. These
mechanisms could have produced 2 biases in this study: first,
the number of automatic episodes could be underestimated due
to the increased awareness during this study. Second, the
frequency and intensity of the behavior may have been reduced
by the continuous monitoring within this study’s period.

Also, the assessment started regularly with the question “Have
you picked your skin since the last assessment?” This could
have caused a bias toward more reported episodes in the first
period of the day as individuals might also report skin picking,
which occurred in the night before. Consequently, the total
number of the period between 8 and 10 AM should be
interpreted cautiously.

Another limitation refers to the assessment of the episode length,
which was assessed by multiple choice with options in steps of

10 minutes. The shortest selectable option was “about 10
minutes,” but during this study, we received feedback from
participants that their episodes were much shorter. However,
this also leads us to the open question of what constitutes a skin
picking episode and if micro episodes might play an important
role. In addition, we know from clinical work that some people
report that the behavior occurs almost constantly throughout
the day. In this context, the question arises, whether and for
whom it makes sense to divide the behavior into episodes. In
this study, participants were forced to report behavioral episodes,
but it remains unclear what participants have defined as an
episode for themselves and if they tracked microepisodes. Future
research needs to address these issues by applying an even
tighter, more precise measurement of behavior, but this will
also need to take the abovementioned difficulty of measurement
reactivity into account.

Despite these limitations and the need for further research, this
study also has some important strengths. To the best of our
knowledge, this is the first study using EMA to assess skin
picking, and it is also the first EMA study in the field of
pathological BFRBs in general. It provides new insights into
the phenomenology of the SPD allowing for a more reliable
and accurate description of skin picking in the everyday life of
affected individuals, which is essential for a comprehensive
understanding of SPD of this relatively newly defined disorder.
The study clearly demonstrates the advantages of measurement
via EMA, since behavioral parameters could be assessed that
cannot be measured at all—or only with considerable
distortions—in retrospective assessments. Furthermore, this
study was conducted with a sample of individuals fulfilling the
diagnostic criteria for SPD, who showed good adherence overall,
so this study provides high-quality data allowing for a detailed
analysis of the phenomenology of SPD.

Our experience with the assessment of skin picking using EMA
and the resulting data serve as a firm basis for further EMA
studies on SPD and other disorders in the field of BFRBs and
contribute to an enhanced understanding of an understudied but
highly impairing mental disorder.
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Abstract

Background: To sustain performance during a task that requires attention may be a challenge for children with attention
deficit/hyperactivity disorder (ADHD), which strongly influences motivation for tasks and has been connected to the level of
arousal.

Objective: This study aimed to analyze the effect of musical stimulus on attentional performance in children with ADHD and
typically developing children.

Methods: A total of 76 boys (34 with ADHD and 42 typically developing) performed the Attention Network Test (ANT) for
children under 2 experimental conditions (with and without music). Four attentional measures were extracted from the ANT. We
tested the effect of the experimental condition and its interaction with the group using repeated measures ANOVA.

Results: We found no significant main effects or interactions for the reaction times of the alerting, orienting, and conflict
attentional networks of the ANT (all P>.05). Regarding ANT errors, we found a significant main effect for music, with a moderate

effect size (F1,72=9.83; P=.03; ηp2=0.06) but the condition×group interaction was not significant (F1,72=1.79; P=.18). Participants
made fewer errors when listening to music compared to the control condition.

Conclusions: Music seems not to interfere in the attentional network in children and adolescents. Perhaps background music
affects motivation. Future studies will be needed to validate this.

Trial Registration: ReBEC.gov U1111-12589039; https://ensaiosclinicos.gov.br/rg/RBR-8s22sh8

(Interact J Med Res 2024;13:e53869)   doi:10.2196/53869

KEYWORDS

attention; background music; ADHD; children; adolescents; music; attention network; effects; preliminary study; attention
deficit/hyperactivity disorder

Introduction

Attention deficit/hyperactivity disorder (ADHD) is a common
neurodevelopmental disorder characterized by harmful levels
of inattention, impulsivity, and hyperactivity [1]. ADHD exhibits
considerable heterogeneity, with individuals’ symptoms
reflecting impairments in different cognitive aspects [2], causing
distress or problems at home, at school, and with peers [3].

Impaired cognitive aspects in ADHD include frequent
compromises in executive functions (ie, working memory,
inhibitory control, cognitive flexibility, planning, and
problem-solving), self-regulation states (ie, the purposeful or
automatic mechanisms that enable behavior to be adapted
appropriately to a changing context), motivation (ie, temporal
reward discounting), and time perception (ie, the ability to
discriminate and compare time intervals) [4-6]. The
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hyperactivity and inattention levels of children with ADHD are
noticeably higher than expected.

The attentional modeling of Berger and Posner [7] provides an
appropriate theoretical framework to account for ADHD
dysfunction because it conceptualizes most of the abilities
mentioned above as part of attentional networks, such as alerting
(ie, arousal of the cognitive system), orienting (ie, allocating
attentional focus in the visual field), and executive control (ie,
ability to control our own behavior, resolve conflict, and inhibit
impulsive responses). A task that requires extra effort for
children to sustain performance may be a challenge for children
with ADHD, especially in suboptimal conditions [8]. On the
other hand, effort is determined by the motivation to perform
the task and has been connected to the level of arousal and
activation [8,9]. This explains why children with ADHD, who
are easily distracted by external stimuli, may benefit from
stimuli that promote increased alertness and consequently
improve performance in the task [10,11].

A recent systematic review showed listening to music without
lyrics that was chosen by the listener seemed to improve
performance in tasks requiring attention [12]. Music enhances
arousal, can affect mood, and increases motivation, especially
when it is preferred by the listener, potentially benefiting the
learning process through emotional processes [13-15]. This
heightened state of alertness and pleasant mood can enhance
attentional resources, allowing the listener to concentrate better
and sustain focus on cognitive tasks [16,17]. Music holds the
potential to augment the emotion regulation abilities and mood
of young individuals in their daily experiences [18].

Knowledge of the effect of music on the cognitive function of
individuals with ADHD is still limited due to inconsistent results
[19]. Among studies that evaluated music as a form of
stimulation in ADHD, 2 reported improvements in mathematical
problem-solving [20,21], while another study assessing
schoolwork completion (including math, reading, reading
comprehension, and language arts) showed no significant
difference in cognitive function. The heterogeneity in the
methodology of these studies makes it difficult to draw
conclusions on the true effect of music on task performance.

Nevertheless, a recent review indicated that listening to music
can reduce symptoms of ADHD and improve timing perception
and regulation [22], which are important for the functionality
and well-being of this population.

At present, there is a lack of data assessing the impact of music
listening on the attention networks of children with ADHD.
Therefore, the aim of this study was to investigate the effects
of music listening on the attention networks—namely, alerting,
orienting, and conflict—in children with ADHD and typically
developing children, while also exploring the relationship with
the attentional profile of these children. Given that previous
studies involving ADHD [23,24] incorporated measures of error
types alongside conventional assessments of the 3 attention
networks, we will also examine whether music influences error
rates during task performance. Our hypothesis is that music
may enhance attentional performance in children with ADHD
differently from their typically developing peers.

Methods

Study Design
This preliminary, experimental, repeated-measures study was
conducted from 2019 to 2022 to explore the impact of music
listening compared to no music listening on attention
performance. We enrolled boys aged 10 to 12 years, both with
and without ADHD, who completed the Attention Network Test
(ANT) for children twice under randomized conditions.

Recruitment
A total of 76 boys aged 10 to 12 years participated, comprising
34 with ADHD and 42 without ADHD (Figure 1). This age
range was selected based on evidence indicating that children
younger than 10 years are still developing their musical
preferences, while adolescents tend to be more receptive to
unfamiliar music styles [25]. Given that the musical stimulus
in our study needed to be familiar and preferred by the listener,
we focused on the age range of 10 to 12 years. Also, only boys
were included, because the majority of children treated at the
university hospital were male.
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Figure 1. Flow diagram of the research process. ADHD: attention deficit/hyperactivity disorder; TD: typically developing.

Participants were recruited from a university hospital that
provides psychiatric care for children and adolescents with
ADHD, as well as pediatric follow-up for healthy individuals.
Children with ADHD met the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition, criteria [1] and underwent
assessment using the semistructured Schedule for Affective
Disorders and Schizophrenia for School-Age Children–Present
and Lifetime (K-SADS-PL) [26]. Moreover, they achieved
scores at or above the 10th percentile on the Brazilian version
of Raven’s Colored Progressive Matrices intelligence test [27].

The control group was selected from the local community
between 2021 and 2022. This group was matched with the
ADHD group in terms of age and socioeconomic status, and
they met the inclusion criteria by not having a diagnosis of
ADHD or by not scoring above the cutoff points on screening
questionnaires for ADHD. These cutoff points included having
more than 5 ADHD symptoms identified by the Swanson,
Noland, and Pelham Scale IV (SNAP IV) or having a t score
greater than 70 on the ADHD scale of the Child Behavior
Checklist for Ages 6-18 (CBCL/6-18) [28,29].

Intervention
The intervention required participants to perform an attention
task in 2 different conditions: with music and without music.
The music selection comprised 5 songs chosen through

interviews with children aged 10 to 12 years, who shared their
favorite and most frequently listened-to songs. These songs
were played during the test. It is important to note that the
children interviewed about their favorite music were not
necessarily participants in the study.

To gauge the emotional connection between listeners and songs
(including familiarity, preference, mood, and arousal), a
questionnaire was administered. Participants listened to song
excerpts and answered questions such as “Do you know this
song?” (answers were yes, maybe, or no), “Do you like this
song?” (answers were yes, neutral, or no), and “How do you
feel listening to these songs?” using the adapted Self-Assessment
Manikin Scale [30]. A 5-point Likert scale was used to rate
subjective mood (1=very sad, 2=sad, 3=neutral, 4=happy, and
5=very happy) and arousal (1=nonarousal, 2=low arousal,
3=neutral, 4=arousal, and 5=high arousal) based on images
pointed to by the children. This questionnaire was administered
before the ANT to ensure that the results were not influenced
by the child’s performance. It can be found in Multimedia
Appendix 1.

To prevent experimenter bias, the order of play of the songs
was determined through a random drawing using Microsoft
Excel (Table 1). The music was played using a Samsung Galaxy
J5 and Shure 440 Hz headphones, with the volume standardized
to the same level for all participants.
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Table 1. List of selected songs and their order of play.

Duration (min:s)TitleOrder

3:50Fortnite OST–Battle Royale Menu Music (Rock Version) [31]a1

3:19Alone (Mashmallo) – Modified [32]b2

3:56Free Fire New EPIC Theme Song [33]c3

4:00Herobrine’s Life (Instrumental) [34]d4

3:07Olha a explosão (Mc Kevinho) – Modified [35]b5

aThis song is part of the game Fortnite and was formerly played in the Battle Royale menu and when a player wins the Battle Royale mode. It was
composed by Rom Di Prisco; all content belongs to Epic Games.
bThe original song was modified with Audacity (version 2.3.2; Audacity Team), an audio editor, to remove the voices.
cThis song is the theme song of Free Fire 2019.
dThis song is a Minecraft parody of the song “Something Just Like This” by The Chainsmokers and Coldplay.

Procedure
The attention task involved the child version of the ANT [36]
under 2 conditions (with and without music). The child ANT
was run using E-prime (version 2.0 professional; Psychology
Software Tools) downloaded on a Samsung notebook from the

webpage of Jin Fan [37]. All participants faced the laptop on
the table in a comfortable, seated position (Figure 2). Prior to
the ANT, the experimenter administered Conner’s Continuous
Performance Test (CCPT) to the children. The entire procedure
lasted approximately 1 hour and 30 minutes.

Figure 2. Experimental setup.

The first author (CGM) contacted parents or caregivers via
telephone to arrange the experiment day. For the ADHD group,
the experiment was scheduled on the same day as the
participant’s psychiatrist appointment at the university hospital,
or another agreed-upon day, to enhance adherence to the
intervention. Children were individually escorted to a quiet
office while their parents completed behavior scales and a
sociodemographic questionnaire in the waiting room. It is crucial
to highlight that this was a clinical sample. All children were
under psychiatric monitoring and had a confirmed diagnosis of
ADHD prior to participation.

For the control group, the experiment was scheduled on the
most convenient day and location for caregivers, provided the

child met all eligibility criteria. Screening for ADHD was
conducted using the SNAP-IV and CBCL/6-18 scales, which
were completed by the parents as a web form. When the
experiment was held at a participant’s home, the child performed
the task on a table in the quietest area of the house.

Additionally, all children and caregivers were asked to complete
a semistructured questionnaire, which can be found in
Multimedia Appendix 2, before starting the task.
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Measures

Primary Outcome Measure
The ANT (child version) was designed to assess 3 attention
networks (alerting, orienting, and conflict) within a single task
framework based on the model described by Posner and Petersen
[38]. In this version, participants are instructed to feed a central

colorful fish by pressing a joystick button corresponding to the
direction (left or right) in which it swims. The fish may appear
alone or accompanied by other fish moving in the same or
opposite direction (neutral, congruent, or incongruent stimuli)
combined with various cuing conditions (no cue, central cue,
double cue, and spatial cue) [38] (Figure 3).

Figure 3. Schematic of the child version of the ANT. In the actual task, the background color for every display is blue and the fish appear in yellow;
the auditory feedback was used only in practice trials. RT: reaction time.

Originally, the task comprised 24 practice trials followed by 3
experimental blocks of 48 trials each. Since children completed
the task twice (with and without music), practice rounds were
administered separately. This procedure typically lasted
approximately 45 minutes, including 5 minutes of practice and
15-minute rounds of 48 trials each, with 1-2 minute rest
intervals. Psychometric properties of the ANT were assessed
with a sample size of 40, yielding test-retest reliabilities of 0.52,
0.61, and 0.77 for the alerting, orienting, and conflict measures,
respectively [39]. Additionally, with a sample size of 104,
test-retest reliabilities of 0.36, 0.41, and 0.81 were reported for
the alerting, orienting, and conflict measures, respectively [40].

Secondary Outcomes
The SNAP IV is a screening scale for ADHD and oppositional
defiant disorder (ODD) based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition criteria [29]. It
consists of 26 items divided into subsets of symptoms
(inattention, hyperactivity/impulsivity, and ODD) rated on a
4-point Likert scale ranging from 0 (not at all) to 3 (very much).
Scores can be computed using 3 methods: averaging scores for
each dimension, summing total scores, or counting the number
of symptoms [29]. We used the symptom count to screen for
ADHD, while the second and third methods were used for

sample characterization. In a Brazilian sample, parental
assessment of the SNAP IV demonstrated robust psychometric
properties, with Cronbach α values of 0.94 and 0.92 for the
inattention and hyperactivity scales, respectively [29].

The CBCL/6-18 is a self-report questionnaire assessing
behaviors with 118 items scored as 0 (not true), 1 (somewhat
or sometimes true), or 2 (very true or often true). Scores yield
raw scores for 8 narrowband scales and 3 broadband scales,
which are then transformed into t scores based on normative
data [28]. The CBCL/6-18 aids in ruling out other pathologies
potentially confounding ADHD diagnosis and establishing
inclusion criteria for typically developing children. Internal
consistencies as measured by Cronbach α for the problem scales
range from 0.72 to 0.97 [28].

The CCPT is a computerized test measuring sustained attention
and vigilance in individuals aged 6 years and older [41,42].
Performance metrics include measures of reaction times, errors,
and response variability. Participants respond to letters displayed
on a screen by pressing the spacebar, except when the letter X
appears. The CCPT-2, chosen as a baseline attention measure,
demonstrates good internal consistency (Cronbach α ranges
from 0.64 to 0.96) and adequate test-retest reliability
(coefficients range from 0.48 to 0.79) [42].
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The Brazilian Economic Classification Criterion (CCEB)
assesses the socioeconomic status of families based on
household properties, educational attainment of the family head,
and access to infrastructure [43]. Scores categorize families into
socioeconomic levels from A to E. Considering that
economically vulnerable children may exhibit more ADHD
symptoms and externalizing disorders, this assessment ensures
the appropriate pairing of groups to mitigate bias [44].

In addition to standardized instruments, a questionnaire gathered
information on the children’s musical experience, preferences,
and listening habits at home. Details can be found in Multimedia
Appendix 3. At the study’s conclusion, the children were asked
about their preferred testing condition.

Statistical Analysis
The sample size of 46 was determined using G*Power (version
3.010; Universität Düsseldorf), considering α=.05, a medium
effect size of 0.25, and a power of 90%. Statistical analyses

were conducted using SPSS (version 22.0; IBM Corp) for
personal computers. Descriptive statistics were used to calculate
the mean and SD for sample characterization. Attention network
scores (alerting, orienting, and conflict) for each participant
were derived by subtracting error rates, including omissions,
perseveration, and outliers, as outlined by Fan et al [40].

To compute orienting and alerting scores per participant, the
mean reaction time (RT) per cue condition across flanker
conditions was calculated (orienting = RT for spatial cue – RT
for central cue; alerting = RT for double cue – RT for no cue
condition). Conflict scores were obtained by computing the
participant’s mean RT for each flanker condition across cue
conditions (RT for incongruent – RT for congruent). Mean
scores across participants were calculated for each network
using an Excel macro obtained from Jin Fan [37]. Error rates
were determined by averaging errors across all conditions (cue
and flanker). Detailed calculations are illustrated in Figures 4
and 5, based on the Excel macro downloaded from Jin Fan [37].

Figure 4. Example of calculations of attentional networks for participant 1, session 2, using an Excel (Microsoft Corp) macro.
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Figure 5. Example of calculations of overall errors of participant 1, session 2, using an Excel (Microsoft Corp) macro. The outlined squares indicate
the values used for the calculations in the example.

We used an ANOVA with a repeated measures design to test
if the experimental conditions (music×no music), groups
(control×ADHD), and their interactions were related to changes
in ANT scores. We used 1 model for each attention network
measure and error rate. To reduce potential biases arising from
individual differences in attention on ANT scores, we included
fine-grained age-corrected measures of attention errors from
the CCPT. Errors of commission (ie, responding to a stimulus
when one should not) and omission (not responding to a stimulus
when one should) were entered as covariates in each model.

Ethical Approval
Ethical approval for this study was obtained from the
University’s Ethics Review Committee (97425218.4.0000.5149).
Written informed consent was provided by all parents or
guardians, while minors provided written informed assent before
participation in the trial. The study protocol was initially
registered at ReBEC.gov (U1111-12589039). The study adhered

to the Transparent Reporting of Evaluations with
Non-randomized Designs (TREND) statement [45].

Results

Descriptive behavioral characteristics of the eligible participants
are presented in Table 2. Additional information regarding the
participants’ previous musical experiences and emotional
connections with the music selections can be found in
Multimedia Appendices 1-3. Nearly half of the children reported
both familiarity with and enjoyment of the songs used in this
study. Moreover, 57 of 76 children (75%) expressed a preference
for taking the test while listening to music compared to the
no-music condition.

Independent sample t tests (2-tailed) revealed no significant age
differences between the control and ADHD groups (t74=0.47;
P=.63). Similarly, no significant disparities in socioeconomic
status were observed between the groups (t71=–1.158; P=.25).
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Table 2. Demographic characteristics of participants (N=76).

ADHD group (n=34), mean (SD)TD group (n=42), mean (SD)Characteristics

10.9 (0.75)11.0 (0.85)Age (years)

31.5 (11.15)28.5 (11.32)Brazilian Criteria of Economic Classificationa

SNAP-IVb symptoms (t scorec)

6 (2.35))1 (1.97)Inattention

5 (1.85)0.5 (0.84)Hyperactivity/impulsivity

61.6 (11.47)44.7 (5.90)CBCL-ADHDd (t scorec)

CCPTe score

11.9 (8.6)11.7 (9.5)Omissions

25.4 (7.3)25.0 (6.0)Commissions

aFor the Brazilian Criteria of Economic Classification, 0-16=class D and E, 17-22=class C2, 23-28=class C1, 29-37=class B2, 38-44=class B1, and
44-100=class A.
bSNAP-IV: Swanson, Noland, and Pelham Scale IV. Each item is categorized as present (1 point, which means all answers are equivalent to 2, “quite
a bit,” or 3, “very much”) or absent (0 points, which means all answers equivalent to 0, “not at all,” or 1, “just a little”). The cutoff point for screening
ADHD is >5.
cMean t scores calculated with reference to Brazilian normative data [25].
dCBCL-ADHD: Child Behavior Checklist for Attention Deficit/Hyperactivity Disorder.
eCCPT: Conner’s Continuous Performance Test.

Effect of Music on ANT and Error Rate
Table 3 presents the means and SDs for each ANT measure
across different conditions and groups. Repeated measures
ANOVA models are shown in Table 4. We did not find
significant main effects for music or the interaction between
group and music for the alerting, orienting, and conflict
attentional networks (all were nonsignificant, with P values

ranging from .28 to .74). Regarding ANT errors, we found a
significant main effect for music with a moderate effect size

(F1,72=9.83; P=.03; ηp2=0.06) but not for the group×music
interaction (F1,72=1.79; P=.18). Both the typically developing
participants (mean 0.041, SD 0.036 vs mean 0.039, SD 0.049)
and ADHD participants (mean 0.066, SD 0.058 vs mean 0.052,
SD 0.042) made fewer errors in the ANT while listening to
music.

Table 3. Mean reaction time and SDs for correct responses in each condition (music and no music) and in both groups (attention deficit/hyperactivity
disorder and typically developing).

Reaction time without music (ms), mean (SD)Reaction time with music (ms), mean (SD)Group and flanker condition

OrientingNo cueDouble cueCentral cueOrientingNo cueDouble cueCentral cue

Typically developing group

612 (296)675 (229)614 (177)635 (135)619 (192)692 (130)626 (266)639 (120)Congruent

660 (203)723 (109)680 (177)674 (75)680 (62)736 (201)689 (343)702 (106)Incongruent

598 (246)657 (63)612 (255)634 (205)590 (182)664 (227)597 (115)621 (167)Neutral

Attention deficit/hyperactivity disorder group

648 (192)734 (130)672 (266)689 (120)663 (192)743 (130)668 (266)686 (120)Congruent

710 (62)781 (201)708 (343)759 (106)693 (62)796 (201)722 (343)763 (106)Incongruent

629 (182)709 (227)648 (115)651 (167)647 (182)732 (227)658 (115)672 (167)Neutral
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Table 4. Score comparison for participants with typical development (TD; n=42) and attention deficit/hyperactivity disorder (ADHD; n=34) on the
Attentional Network Test with and without music, controlling for Conner’s Continuous Performance Test omission and commission errors (repeated
measures ANOVA).

Interaction of music×groupMain effect of musicADHD group, mean (SD)TD group score, mean
(SD)

Measure

P valueF test (df)P valueF test (df)MusicNo musicMusicNo music

.700.15 (1).281.20 (1)62.32 (64.75)79.56
(54.64)

60.33
(81.28)

68.62
(52.67)

Alerting

.600.28 (1).360.86 (1)44.03 (57.8)38.62
(50.33)

24.29
(40.88)

26.69 (47.6)Orienting

.730.12 (1).740.11 (1)56.50 (38.28)56.18
(47.35)

53.81
(38.28)

58.02
(47.06)

Conflict

.181.79 (1).038.83 (1)0.052 (0.042)0.066
(0.058)

0.039
(0.049)

0.041
(0.036)

Error ratea

aηp2=0.06.

Discussion

Principal Findings
The results across both ADHD and control groups revealed
neither a significant main effect of music in attention networks,
as indexed by the ANT, nor a significant interaction between
music and group. However, a significant main effect was found
in the overall number of errors during the ANT, suggesting
listening to music decreases the error rate.

This study hypothesized that listening to music during testing
may improve the attention performance of children with ADHD.
However, our findings did not fully support this hypothesis. We
found listening to music can improve performance accuracy by
decreasing the number of errors, and this happened in both
groups. The deficits in the attentional networks of children with
ADHD assessed through the ANT are still controversial, and
there are previous studies that also did not find differences in
the efficiency of their networks when compared to children
without ADHD [24,46]. Also, higher alertness seems to be
associated with increased error rates [45,47,48], so music helped
promote an optimal condition, that is, one that would not affect
the accuracy of the attentional network, or it generated a weak
effect size for the detection of differences.

The effects of music on cognitive performance are affected by
motivation, especially if it is a favorite song [48]. In this study,
most of the participants reported positive feelings (ie, liking the
song and feelings of happiness) about the pieces of music used,
and they preferred to perform the ANT listening to music. This
may have increased the motivation to complete the task,
consequently contributing to making fewer mistakes while
listening to music, but this is only speculative. In the case of
the children with ADHD, they may have lower levels of
motivation and self-regulation problems, which lead to the
devaluing of rewards that are not immediate in comparison to
typically developing children [49,50]. Although we did not find
a significant difference between the groups, our results suggest
a tendency for the effect of music to be more significant in the
group with ADHD, which corroborates studies on the role of
motivation in achieving school tasks [51-53]. Children with

ADHD, when motivated, are more likely to try harder when
faced with difficulties or not to give up when something is
difficult to finish or is not interesting to them [54]. So, it is
important to understand that strategies that motivate these
children can directly affect their performance of a task, and this
does not necessarily have to be through an attentional route.

Also, previous studies demonstrated that when music has lyrics,
it might impair performance attention [55,56], which could have
been another important factor that contributed to the reduction
of errors during the performance of the task in our study. Still,
our musical stimulus was composed of songs that could have
created an atmosphere to captivate the children, as 3 of the songs
were from games that these children routinely played. This may
have generated a feeling of reward and motivated the children
more during the test.

The concept of affect-matching music refers to the idea that
individuals tend to seek out and prefer music that aligns with
their current emotional state or desired emotional state.
Improvements in cognitive performance are facilitated by
listening to affect-matching music [57]. On the other hand,
music is also capable of inducing emotions [12,15]. In this study,
we chose to use music that was familiar and preferred by most
participants, so it is possible that the combination of these
factors, music that induces emotions, plus the listener’s
perception (emotion and arousal), led to our results.

Since it was developed, the ANT has been widely used by the
scientific community in diverse cultures and investigations (for,
eg, anxiety, ADHD, bilingualism, borderline personality
disorder, deafness, mindfulness training, schizophrenia, and
time of day) [46,58], and the child variant [36] is the gold
standard in this population, being engaging and visually
stimulating. Thus, it was the best tool to assess the effect of
music on performance attention.

This study has some limitations. First, the results are only
generalizable to the specific music used in this study and
potentially to other music in the same genre and with a specific
visual task in a laboratory setting. It will be necessary to carry
out the same study with the same type of music while
performing school tasks or in the classroom.
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Second, the sample of children with ADHD was recruited from
only one clinical care setting, and this may have generated
biases. Also, because it is a single clinical sample, the findings
may not generalize to the broader population, limiting the
external validity of the study.

Conclusion
Our findings, while preliminary, suggest that music does not
appear to interfere with attentional networks. However, they do
indicate that listening to music reduces the number of errors
during directed attention tasks such as the ANT. Can similar
results be observed during academic tasks? Could listening to
music serve as a means to motivate children, thereby enhancing
their engagement and accuracy in completing tasks? These
questions warrant further investigation.

The motivational significance of a task plays a crucial role in
channeling the additional effort required to sustain attention,
potentially contributing to the reduction in errors observed.
However, the effects of music on attention may vary among
individuals with ADHD. While some children may find certain
types of music beneficial for enhancing attention, others may
find it disruptive. Therefore, it is essential to consider personal
preferences and sensitivities when assessing the impact of music
on attention in children with ADHD.

Ultimately, our research underscores the importance of exploring
alternative and complementary treatments for ADHD that
incorporate music, as it possesses intrinsic motivating potential
and is readily accessible in people’s daily lives. Further studies
are needed to deepen our understanding of how music can be
effectively used to support attention and cognitive function in
individuals with ADHD.
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Abstract

Background: Numerous studies have been conducted to predict depressive symptoms using passive smartphone data, mostly
integrating the GPS signal as a measure of mobility. Environmental factors have been identified as correlated with depressive
symptoms in specialized studies both before and during the pandemic.

Objective: This study combined a data-based approach using passive smartphone data to predict self-reported depressive
symptoms with a wide range of GPS-based environmental factors as predictors.

Methods: The CORONA HEALTH app was developed for the purpose of data collection, and this app enabled the collection
of both survey and passive data via smartphone. After obtaining informed consent, we gathered GPS signals at the time of study
participation and evaluated depressive symptoms in 249 Android users with the Patient Health Questionnaire-9. The only GPS-based
data collected were the participants’ location at the time of the questionnaire, which was used to assign participants to the nearest
district for linking regional sociodemographic data. Data collection took place from July 2020 to February 2021, coinciding with
the COVID-19 pandemic. Using GPS data, each dataset was linked to a wide variety of data on regional sociodemographic,
geographic, and economic characteristics describing the respondent’s environment, which were derived from a publicly accessible
database from official German statistical offices. Moreover, pandemic-specific predictors such as the current pandemic phase or
the number of new regional infections were matched via GPS. For the prediction of individual depressive symptoms, we compared
3 models (ie, ridge, lasso, and elastic net regression) and evaluated the models using 10-fold cross-validation.

Results: The final elastic net regression model showed the highest explained variance (R2=0.06) and reduced the dataset from
121 to 9 variables, the 3 main predictors being current COVID-19 infections in the respective district, the number of places in
nursing homes, and the proportion of fathers receiving parental benefits. The number of places in nursing homes refers to the
availability of care facilities for the elderly, which may indicate regional population characteristics that influence mental health.
The proportion of fathers receiving parental benefits reflects family structure and work-life balance, which could impact stress
and mental well-being during the pandemic.

Conclusions: Passive data describing the environment contributed to the prediction of individual depressive symptoms and
revealed regional risk and protective factors that may be of interest without their inclusion in routine assessments being costly.
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Introduction

Background
Depression is a serious and widespread disease accompanied
by a high individual burden [1]. Early detection of depressive
symptoms facilitates care through early intervention and can
thus prevent the development of severe symptoms such as
suicidal ideation [2]. Therefore, knowledge of the current
incidence and rapid recognition of trends in the prevalence of
depressive symptoms is of great social relevance [3], for
instance, for planning treatment strategies and identifying
capacities.

To identify such trends in a timely manner, population-wide
(broad) data collection in real time is pivotal. Collecting survey
data requires the commitment of the participants, and they have
to take the time and effort to answer questions. With the
proliferation of smartphones, an alternative data source is
available that does not require the effort of participants.
Smartphone data have been used in research on mental health
[4,5] and explicitly for depressive symptoms [6,7]. Analyses
based on these smartphone data often aim to predict, for
instance, depressive symptoms by including all available data
[4,6,8,9]. A distinction is made between active and passive data
collected via smartphones. Active smartphone data involve data
that require the active involvement of the smartphone user (eg,
survey data collected via the smartphone), and passive
smartphone data include data that can be collected without the
user’s involvement [4]. Passive smartphone data can be divided
into activity data, social media data, and sensor data [10]. A
whole body of evidence investigates the predictive power of
activity data (eg, text messages sent, calls made, and screen
activity), which are understood as objective measures of
behavior [11]. It has been shown that some of these activity
data are clearly related to depressive symptoms [12-15]. Social
media data include information about posts on social networks,
and these aspects of social interaction are also associated with
depressive symptoms [16]. Smartphone sensor data involve the
data measured with the sensors integrated in smartphones, such
as GPS [10]. Studies often use GPS to analyze mobility behavior
and have been able to identify correlations with depressive
symptoms as well [4,7,10,14,17-20]. However, by including
GPS sensor data in research on depressive symptoms, it is
further possible to describe the participants’ environment in
detail. Environmental factors include, for example, the
sociodemographics of the population living in the surrounding
area, economic conditions, social affairs, or living conditions
(Table S1 in Multimedia Appendix 1). These environmental
factors are external factors that affect people’s living conditions.
For example, urbanization and population density are
controversially discussed as risk factors for depressive symptoms
[21]. In addition, different types of noise and air pollution were
predominantly identified as positively related to depressive
symptoms [21]. A poor home or building environment has been

repeatedly identified as positively correlated with depressive
symptoms, and the same applies to a lack of green areas [21].

This study was conducted during the COVID-19 pandemic.
This was a time when people spent more time at home due to
contact restrictions and lockdowns [22]. Researchers argue that
environmental factors may have been particularly important for
mental health during the pandemic, as more time was spent in
those same environments [23-25]. This is also indicated by the
results showing an association between housing conditions (eg,
available space) and depressive symptoms during the COVID-19
pandemic [23,26]. For this reason, environmental factors should
be included in studies on depressive symptoms (especially
during the COVID-19 pandemic). In addition, integrating
environmental factors allows for a better understanding of
depressive symptoms, namely, to what extent environmental
factors are risk and protective factors for depressive symptoms
[27]. Furthermore, as some environmental factors such as
sociodemographics (eg, employment rate and age distribution),
economic conditions (eg, investments per employee), social
affairs (eg, percentage of households with children), and living
conditions (eg, percentage of 1-person households) can be
passively measured via GPS data, the prediction and
identification of depressive symptoms can be achieved with
much lower costs, effort, and in a faster manner. However, it is
unclear how accurately self-reported individual depressive
symptoms can be predicted purely on the basis of GPS signals.

Study Design
The aim of this study was to clarify to what extent environmental
factors that can be passively measured via an individual’s
location tracked by GPS explained the statistical variance in
individual depressive symptoms. In contrast to many studies
that have focused on single predictors only [13], this study used
a comprehensive approach and integrated a wide range of data
available through GPS smartphone data (eg, sociodemographics,
economic conditions, social affairs, and living conditions). Since
this study was conducted during the COVID-19 pandemic,
GPS-based COVID-19–specific variables such as the pandemic
phase and the regional COVID-19 infection count were
integrated as well.

The analyses were based on a data-driven statistical approach
that allowed us to analyze a large number of predictor variables
for individual depressive symptoms in an exploratory fashion
without overfitting the data. Hence, there was no a priori
selection of included variables based on any assumed connection
to depressive symptoms, but all available variables of the data
source were included.

Methods

Sample and Procedure
Data collection took place by means of the developed CORONA
HEALTH app, a cooperative project between the German
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universities of Würzburg, Ulm, and Regensburg, and the German
Robert Koch Institute. The CORONA HEALTH app was
specifically designed to explore factors during the COVID-19
pandemic and allows for both cross-sectional and longitudinal
data analyses [28]; in this paper, we exclusively used
cross-sectional data. Participants were recruited by means of
public relation measures (eg, press releases and social networks).
Participation in this study was voluntary, and participants did
not receive incentives for participation. The inclusion criterion
(for the analyzed study) was a minimum age of 18 years. In this
study, only those data from smartphones with Android operating
systems were analyzed. To participate, participants had to
download the app and were then requested to provide informed
consent (including use of GPS data). The study information
provided was based on the quality standards set out by Beierle
et al [29].

Based on the recorded GPS signal during survey participation,
we assigned each participant to the nearest district, which was
the smallest possible regional unit. The only GPS-based passive
data collected were the participants’ location at the time of the
questionnaire. This location was used to link participants to
district-level sociodemographic and environmental data from
official German statistical sources. For data protection reasons,
the resolution of the location was reduced to an accuracy of
11.1 km. In Germany, the statistical offices of the counties and
the federal government provide current average values for 160
indicators at the regional level in the so-called Regional Atlas
[30]. All these available average values for population structure,
housing conditions, and so forth, were assigned to each
participant according to his or her respective district. Data were
gathered from July 2020 to February 2021, coinciding with the
COVID-19 pandemic. This period in Germany was marked by
several waves of infections and accompanying
contact-restricting measures and correspondingly restricted
public life [22]. Based on the date of the first questionnaire
completion, the COVID-19 incidence rate in the respective
district and information on the pandemic phase [22] were
determined and assigned to the individual dataset.

The conception and implementation of the app followed medical
device regulations and were certified accordingly (see the study
by Holfelder et al [31]). This study was approved by the ethics
committee of the University of Würzburg (130/20-me).

Due to the inclusion of exclusively passive data, the dataset did
not contain any individual sociodemographic information but
rather the sociodemographic averages in the respective district.
The following sociodemographic averages describe the sample:
those aged 0-17 years accounted for 15% of the population
(averaged across all districts), those aged 18-24 years accounted
for 8.3%, those aged 25-44 years accounted for 29.7%, those
aged 45-64 years accounted for 25.6%, and those older than 65
years accounted for 27.5%. It is important to note that while
those aged 0-17 years were mentioned as comprising 15% of
the population, this figure provides general context about the
population, as individuals younger than 18 years were not
included in the study sample. On average, 39.6% of the
population in the districts graduated from school with a general
matriculation standard, and an average of 6% did not have a
school-leaving certificate.

The original sample had 1760 participants. Eighteen individuals
were dropped in a plausibility check based on correspondence
between similar items, straightlining, intraindividual response
variability, and extreme outliers. Of the remaining sample of
participants, 60.4% (1052/1741) had an Android operating
system, and 28.1% (490/1741) consented to the collection of
passive data. Of the remaining sample, only those districts with
more than 20 participants were included to meet the condition
of normally distributed data in the clusters. This resulted in a
final sample of 249 participants. Details on the sample can be
found in Table S1 in Multimedia Appendix 1.

Measures
The primary outcome of this study was depressive symptoms,
measured using the German version of the Patient Health
Questionnaire-9 (PHQ-9) [32]. The PHQ-9 is a validated
self-report instrument consisting of 9 items (eg, “Over the last
week how often have you experienced little interest or pleasure
in doing things?”), with responses on a 4-point scale (0=“Not
at all” to 3=“Almost every day”). The total PHQ-9 score ranges
from 0 to 27, with higher scores indicating more severe
depressive symptoms. A score of 0-4 suggests minimal
depressive symptoms; 5-9, mild symptoms; 10-14, moderate
symptoms; 15-19, moderately severe symptoms; and 20-27,
severe symptoms. The internal consistency of the PHQ-9 in this
sample was excellent, with a Cronbach α=0.85.

The PHQ-9 is widely used in both clinical and general
populations and was chosen as the outcome measure because
it allows for the assessment of the severity of depressive
symptoms in a continuous format, which aligns with the study’s
objective to explore predictors of individual depressive
symptoms. As a COVID-19 pandemic–specific variable, the
number of infections per 100,000 inhabitants in the respective
district at the time of assessment was included. These data were
derived from official statistics reported by the Robert Koch
Institute based on all laboratory-confirmed officially reported
SARS-CoV-2 cases within the framework of the German
Infection Protection Act [33]. In addition, the pandemic phase
at the time of assessment was included in each case according
to the classification by Schilling and colleagues [22] ranging
from 1 (calendar weeks 10-20 in 2020) to 3 (calendar week 40
in 2020).

The respective regional environmental factors were determined
using the district-level statistics of the Regional Atlas of the
Federal Statistical Offices [30]. All variables available on the
website on April 30, 2022, at the district level were included,
with each construct included once. These included data on
sociodemographics (eg, age group percentages in 2019, youth
ratio in the regional population in 2021, percentage of the
population without school-leaving qualifications in 2019,
employment rate in 2020, disposable income per inhabitant in
euros in 2020, and percentage of unemployed people in 2020),
economy (eg, percentage of employed individuals by sector in
2019, investments per employee in thousand euros in 2019, and
average length of stay of tourists in 2019), social affairs
(percentage of households with children in 2011, percentage of
children in care by age on March 1, 2021, proportion of fathers
receiving parental benefits in 2014, and places in nursing homes
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per 1000 inhabitants aged 65 years and older in 2020), and living
environment (eg, percentage of 1-person households in 2011,
population density of inhabitants per square kilometer in 2020,
percentage of area by use in 2015, and consumption-based
charge for drinking water supply per cubic meter in 2019). A
complete list of variables is shown in Table S1 in Multimedia
Appendix 2. Due to the district clusters, the respective districts
were included in the analyses as dummy variables. In addition,
the pandemic phases were included as dummy variables. In
total, the dataset included 121 variables.

Data Analyses
Using GPS coordinates, each participant was assigned to a
district. To control for the nested data, the respective districts
were included in the analysis as dummy variables. Two
participants who had a GPS location outside Germany were
excluded. The data contained only 3 missing values (in the
depressive symptoms variable); these were replaced using a
single imputation with 500 iterations using classification and
regression trees (cart method) with the R package “mice” (ie,
the mice package for multivariate imputation by chained

equations was developed by Stef van Buuren and is supported
by Utrecht University) [34]. Metric variables were z
standardized.

For the prediction of individual depressive symptoms, we chose
to compare ridge, lasso, and elastic net regression models [35].
The predictive performance, signaling the best fit, relied on the
root-mean-square error, mean absolute error, and explained

variance (R2). Using a grid search, we implemented
hyperparameter optimization. The analyses included automated
variable selection. This allowed for a statistical check of which
variables remained in the model with the best predictive
performance, that is, the lowest degree of prediction errors [36].
To avoid overfitting, we split the dataset into a training (70%)
and a test dataset (30%). In the training dataset, the final model
was calculated using 10-fold cross-validation with 5-fold
repetition [35]. In the test dataset, the model was evaluated for
its predictive performance in a sample that had not been part of
the model training. The result was a ranking by variable
importance (Figures 1 and 2). Variables were ranked based on
their contribution to the prediction of individual depressive
symptoms.

Figure 1. Total variable importance as an indicator of the contribution to reduce the estimation error in the prediction of depressive symptoms in the
lasso regression model.
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Figure 2. Total variable importance as an indicator of the contribution to reduce the estimation error in the prediction of depressive symptoms in the
elastic net regression model.

Ethical Considerations
The conception and implementation of the app followed medical
device regulations and were certified accordingly [31]. The
original data collection for this study was approved by the ethics
committee of the University of Würzburg (130/20-me). This
approval explicitly covered both initial data collection and any
potential future secondary analyses using the collected data. As
such, no additional institutional review board approval or
exemption was necessary for the present secondary analysis. In
accordance with local regulations and institutional guidelines,
the secondary use of existing, anonymized data does not require
a separate review or approval. Specifically, the main institutional
review board votum issued during the original data collection
already included provisions for future secondary analyses. This
is in line with German medical research standards, which state
that when data are collected with informed consent that includes
provisions for future use, and the data are anonymized,
additional ethical approval is not required for secondary analyses
(see Article 89 of the German Data Protection Regulation). All
procedures adhered to institutional ethical standards for research
involving human subjects, and all participant data were fully
anonymized to protect privacy. Participation was voluntary,
and no financial compensation was provided.

Results

The comparison of the individual models (ridge, lasso, and
elastic net regression) showed the following differences: in the
prediction of individual depressive symptoms, lasso regression
had the smallest average root-mean-square error (5.59). The

explained variance was second to highest (R2=0.05). The elastic

net regression produced the highest explained variance (R2=0.06;
Table 1). The listed characteristic values showed lasso and
elastic net regression as the analyses with the best fit. Lasso
regression reduced the dataset from 121 variables to 7 variables,
and elastic net regression reduced it from 121 to 9 variables.

The lasso and elastic net regression models shared the first 3
predictors. The most important predictor was the number of
current COVID-19 infections in the respective district. The
second was the number of places in nursing homes, and the
third was the proportion of fathers receiving parental benefits.
Both models also included the 3 variables population share of
the 0-17 years age group, average length of stay of tourists, and
the consumption-based charge for drinking water.

Lasso regression showed the second pandemic phase as a
relevant predictor (Figure 1). Elastic net regression further listed
(in descending variable importance) the third pandemic phase,
investment per employee and the youth ratio as relevant
predictors (Figure 2).
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Table 1. Model fit indices for predicting depressive symptoms resulting from stepwise, ridge, lasso, and elastic net regression based on 50 replicate

samplesa.

Maximum3rd quantileMeanMedian1st quantileMinimum

MAEb

5.5244.7464.4484.5154.1273.628Ridge

5.7174.6434.4644.4404.2313.606Lasso

5.7644.7414.4834.5064.1623.605Elastic net

RMSEc

7.3736.0805.5945.6265.0714.165Ridge

7.1045.9425.5855.6305.2444.216Lasso

7.1625.9125.6185.6775.2194.169Elastic net

R2

0.2280.0790.0480.0190.0030.000Ridge

0.3660.0520.0530.0190.0030.000Lasso

0.4150.0830.0630.0340.0090.000Elastic net

aOverall, elastic net regression had the best model fit due to the largest variance explained (R²), and lasso regression had the best model fit when including
the smallest mean absolute error and root-mean-square error.
bMAE: mean absolute error.
cRMSE: root-mean-square error.

Discussion

Principal Findings
This study aimed to identify correlates of depressive symptoms
based on regional factors allocated via GPS (passive data). It
should be noted that the only GPS-based passive data collected
were the participants’ location at the time of the questionnaire,
which was then used to assign participants to regional
sociodemographic and environmental data based on their district.
For this purpose, we used a passive data collection method. This
had the advantage of integrating a wide range of data without
any effort on the part of the participants.

The results helped identify regional and freely available
variables as risk and protective factors for individual depressive
symptoms. The identified risk and protective factors are
presented as follows, starting with the 3 aspects that had the
greatest relevance in both models.

The weekly number of cases of COVID-19 infections in the
respective district was positively associated with higher
individual depressive symptoms. In many cases, high COVID-19
case numbers were associated with contact restrictions in
everyday life imposed by law or by the population itself [37].
A connection between these contact restrictions and individual
depressive symptoms has been discussed repeatedly [38-41].
Different arguments were used to explain this connection. The
reduction in social contact promoted loneliness, which has been
identified as a risk factor for individual depressive symptoms
[42,43]. In addition, an increase in misconduct and home
violence has been reported [44]. Moreover, the high number of
cases might have been associated with increased fear of
infection, which increased substantially during the pandemic
[41], a lack of care capacities, or a severe course of the disease

[45]. This could be related to individual depressive symptoms
as an additional burden [46].

The proportion of fathers receiving a parental allowance was a
risk factor for higher individual depressive symptoms. Parental
allowance is a financial state benefit to mothers or fathers in
Germany that is granted for a certain period during which the
parent is not or only partially employed and devotes himself or
herself to the care of their child. For methodological reasons,
it was not possible to derive any causal associations from the
results of our analysis. However, one possible explanation could
be that paternal receipt of parental allowance might be an
indicator for those families in which both parents are employed.
These families were thus dependent on the functioning of the
childcare infrastructure and therefore particularly challenged
by the double burden of working from home and homeschooling
for the duration of the pandemic. In a different study, increased
individual depressive symptoms were also observed in parents
of underage children during the COVID-19 pandemic, which
also indicates the special burden on families [47].

In addition, the pandemic phase was a relevant factor for
individual depressive symptoms. Phase 2 of the pandemic was
positively related to individual depressive symptoms. The
second phase of the pandemic, from the end of May to the end
of September 2020, was accompanied by the opening of
restaurants, gradual school openings, and the lifting of travel
restrictions [22]. It is possible that with this return to regular
daily life, depressive symptoms became more noticeable. In
other words, it could be that it was only at the moment when a
person was no longer able to cope with demands that he or she
became aware of his or her own mental health condition. This
could have been the case for those affected by depressive
symptoms after the contact restrictions were removed and they
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returned to everyday demands. The same reasoning could apply
to the negative correlation between phase 3 of the pandemic
and individual depressive symptoms. The third pandemic phase
was characterized by a nationwide partial lockdown at the
beginning of November 2021 with tightened contact restrictions
and a nationwide lockdown with moderately strict regulations
from mid-December and the Christmas holidays [22]. Due to
contact restrictions and holidays, there were fewer day-to-day
demands to attend to during the period, such as homeschooling,
daily logistics due to travel, and social obligations. In the case
of individual depressive symptoms associated with reduced
drive and anhedonia [48], these individual depressive symptoms
would have been less noticeable during the lockdown, as there
were fewer events to manage anyway.

In contrast to previous findings, a high proportion of the 0-17
years age group and a high youth ratio were associated with
lower levels of individual depressive symptoms. In contrast,
numerous studies have shown that stress and individual
depressive symptoms in families increased during the pandemic
[47,49,50]. Since only proportions of the population and not
the absolute numbers were collected, a large share of the 0-17
years age group can also mean that the proportion of families
was correspondingly large and thus the proportion of people
living alone correspondingly smaller. Research showed that
1-person households correlated with lower well-being compared
with households with 2-4 people during the pandemic [51].
Furthermore, correlations between loneliness and individual
depressive symptoms were also found [52].

In contrast to the present results, previous studies showed a
correlation between nearby green spaces [25] or the quality of

housing conditions (>60 m2, view from the windows, and poor
indoor quality) [23] and lower depressive mood. A systematic
review confirmed this and identified poor housing, lack of green
spaces, and both noise and air pollution as environmental factors
that were associated with depressive mood across studies [21].
The reason for the deviation of the present results could be that
availability alone was not the decisive predictor for the
association with depressive symptoms. Using the example of
green spaces, research conducted during the COVID-19
pandemic, for example, showed that although natural areas were
visited more often, visits to parks decreased [25]. The authors
further discussed to what extent it was the time spent in green
spaces that was related to low depressive symptoms or whether
the green space was explicitly visited to participate in sports or
to maintain social contacts and whether these were actually
relevant predictors [25]. Sonnentag et al [53] found that the
psychological mechanisms underlying recovery seem to be
enhanced in natural environments.

Strengths and Limitations
A central strength of this study is the application of a data-driven
statistical approach that allowed us to analyze a large number

of predictor variables in an exploratory fashion without
overfitting the data. By these means, the approach allowed us
to investigate which environmental factors had predictive power.
The collection of passive data via smartphone made it possible
to reach participants despite pandemic-related contact
restrictions and to make a corresponding statement about the
included predictors for the COVID-19 pandemic period.

The cross-sectional study design of this study was limiting;
statements about causal relationships were therefore not
possible. In addition, the final dataset was very small, which
might have weakened the significance of the analyses. A
limitation that other studies have also observed [12] is the
limited predictive power of individual depressive symptoms
based on the passive data used. The use of GPS data was also
a limitation, as it included only the location at the time of
questionnaire processing. This was not the same as the place of
residence of the respective person. How long the respective
person was exposed to the general conditions could therefore
not be inferred from the data. In addition, the informative value
of the GPS data regarding individual environmental conditions
was limited due to the regional resolution: since large variances
in the average values were possible, it was of course not possible
to draw conclusions about individual cases. Moreover, the image
of the environment was only very roughly described. However,
it represented the smallest possible regional size at which data
from statistical offices could be collected nationwide. In
addition, a higher spatial resolution, for example, per block of
houses, would make it impossible to anonymize the data, as too
few people would remain in the respective cluster. The validity
of this study is further limited by the nonrepresentative dataset.
As this analysis was limited to data from Android smartphones
and required agreement to the collection of passive data,
selection bias could not be ruled out. This must be taken into
account when evaluating the results of this study. In addition,
neither changes in predictors over time nor long-term data
collection was considered to depict cause and effect more
validly. This study can therefore make statements only about
correlations and not about cause and effect.

Conclusions
This study showed that regional average data on socioeconomics
and living environment seemed to be limited predictors of
individual depressive symptoms; for the pandemic period,
individual depressive symptoms were predicted, although the
predictors had a rather low explanatory value and are not
transferable to postpandemic periods. This suggests that the
spatial resolution would need to be modified or that the dataset
would need to be supplemented with additional data sources.
Nevertheless, the results help classify freely available average
data as risk or protective factors for individual depressive
symptoms.
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Abstract

Spontaneous pneumothorax is one of the most common conditions encountered in thoracic surgery. This condition can be treated
conservatively or surgically based on indications and guidelines. Traditional surgical management includes pleurodesis (mechanical
or chemical) in addition to bullectomy if the bullae can be identified. Mechanical pleurodesis is usually performed by surgical
pleurectomy or pleural abrasion. In this case report, we present a case of a young patient with spontaneous pneumothorax who
needed a surgical intervention. We performed a new, innovative surgical technique for surgical pleurectomy where we used
carbon dioxide for dissection of the parietal pleura (capnodissection). This technique may provide similar efficiency to the
traditional procedure but with less risk of bleeding and complications.

(Interact J Med Res 2024;13:e54497)   doi:10.2196/54497

KEYWORDS

capnodissection; pleurectomy; VATS; video-assisted thorascopic surgery; novel technique; thoracic surgery; surgical innovation;
pneumothorax; spontaneous pneumothorax; pleurodesis; management; bullectomy; bullae; young patient; lung diseases; chronic
obstructive pulmonary disease; COPD; surgical treatment; male; capnothorax

Introduction

Spontaneous pneumothorax (SP) is a condition in which
pneumothorax occurs without trauma or iatrogenic cause. It can
be classified as a primary SP if there is no obvious underlying
lung disease. The most common cause is usually a small bulla
or bleb in the lung [1,2]. Comparatively, secondary SP happens
due to underlying lung diseases such as chronic obstructive
pulmonary disease [3]. The new British Thoracic Society (BTS)
guidelines advise surgical treatment for SP at initial presentation
if recurrence prevention is deemed important (eg, patients
presenting with tension pneumothorax or those in high-risk
occupations). Elective surgery should be considered for patients
with a second ipsilateral or first contralateral pneumothorax [4].

The surgical treatment that is recommended by the BTS
guidelines for SP is surgical pleurodesis with or without
bullectomy [4]. There are 2 common ways to perform surgical
pleurodesis: the first one is surgical pleurectomy and the second
one is pleural abrasion. Surgical pleurectomy is considered more
efficient, but it can be associated with an increased risk of
bleeding and infection [5]. The novel surgical technique that
we provide here can give a similar success rate but with less
risk of complications such as bleeding or infection.

Case Presentation

Our patient was a young male individual who was previously
healthy. He presented with a recurrence of an SP for the first
time (2 SPs in total). The previous episode was treated
conservatively 7 months prior, and his computed tomography
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scan for this episode showed that he had small apical bullae.
The decision was made to list the patient for elective surgical
treatment, and after discussion with the patient, he was listed
for a pleurectomy and bullectomy.

A standard anterior video-assisted thorascopic surgery (VATS)
approach was taken. A small incision was made at the sixth
intercostal space, and another small port site was created for
the camera, which was later converted into the drain site (Figure
1). Carbon dioxide (CO2) insufflation at 6-8 mm Hg on high
flow was used to achieve capnothorax. A small anterior VATS
incision was made at the sixth intercostal space, and the
dissection of the parietal pleura was performed extrapleurally
using Roberts forceps with a traditional technique. The forceps
were exchanged for a curved metal sucker, and the CO2

insufflation was attached at high flow and used to mobilize the
whole parietal pleura, first from apex to inferior and then from
posterior to anterior (Multimedia Appendix 1). The posterior
parietal pleura was then excised off the ribs using thorascopic
scissors 4 cm from the sympathetic chain posteriorly, 2 cm
lateral to the internal mammary vein anteriorly, and 2 cm
cranially to the diaphragm. Lastly, a bullectomy was performed
using a manual stapler to excise the presumed culprit apical
bullae seen on the computed tomography scan. Blood loss was
minimal, approximately 50 mL, predominantly from VATS
entry. Operative time was approximately 40 minutes. The
postoperative care was routine, and the drain was removed after
48 hours. The patient was discharged on the third postoperative
day.

Figure 1. Video-assisted thorascopic surgery (VATS) ports setup and surgical instruments.

Ethical Considerations

On the day of the operation, the patient completed a written
consent form. The patient kindly agreed to the recording of the
procedure and the utilization of his nonidentifiable data for this
case report and publication, which was further discussed
between the patient and GQ. Consent was sought by GQ and
given by those in the operating theater for recording of the
technique and publication as a case report.

Discussion

The use of CO2 in thoracic surgery has increased significantly
with the growing use of a minimally invasive approach.
Capnothorax leads to better visualization by collapsing the lung
and reduces the rate of complications [6,7]. In our department,
we usually use CO2 with robot-assisted thorascopic surgery and
VATS for these reasons.

Surgical pleurodesis of SP is the recommended treatment in the
BTS guidelines because it gives better long-term outcomes with
less risk of recurrence in the future [4]. Surgical pleurectomy,
in spite of it is efficiency, carries a risk of bleeding, infection,
and reoperation [8]. Surgical pleural abrasion is another method
that can be used for surgical pleurodesis. Chang et al [9]

published the first systematic review and meta-analysis that
compared surgical abrasion against surgical apical pleurectomy.
They found that there is no difference in the recurrence, but
pleural abrasion has a shorter length of stay in hospital,
postoperative chest tube duration, and operative time and less
surgical blood loss [9]. This may cause clinicians to consider a
change of practice from surgical pleurectomy to abrasion. A
systematic review of randomized controlled trials found that
SPs managed with a chest drain alone had recurrence rates that
ranged from 26.1% to 50.1%, whereas after VATS talc
pleurodesis, these ranged from 0% to 3.2%. Alternative chemical
pleurodesis can be achieved with tetracycline rather than talc,
although recurrence rates were reported as ranging from 13%
to 33.3% [10].

Our literature search did not find any studies in which
capnodissection was used for pleurectomy as a treatment of SP.
However, Dai, et al [11] recently published their findings for
using CO2 for visceral pleurectomy and decortication in patients
with malignant mesothelioma. They found that the positive
pressure of CO2 can facilitate dissection of the visceral pleura,
making the procedure easier while achieving an acceptable
postoperative air leak and chest drain output. They concluded
that capnodissection can be used in pleurectomy and
decortication for patients with mesothelioma [11]. It should be
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taken into consideration that although the effect of
capnodissection on gas exchange has not been rigorously
studied, there is evidence to show that hypercarbia can result
from CO2 insufflation for capnothorax during VATS or
robot-assisted thorascopic surgery procedures [12]. This must
be taken into account by surgeons and anesthetists when
considering compensatory ventilator strategies, especially in
patients with compromised gas exchange.

Our experience with the use of capnodissection for surgical
pleurectomy was successful, and after 17 months from the
procedure, the patient did not have any recurrence or
complications. Moreover, this technique was not
time-consuming (40-minute operative time), and the patient
was discharged after 48 hours, with the surgeons noticing less
pain in comparison to the traditional surgical pleurectomy,

although pain is subjective. After VATS talc pleurodesis, the
chest drain is typically removed no sooner than the second
postoperative day, with discharge later that day. There is a
theoretical risk of increased recurrence, as while the relatively
atraumatic nature of this technique may reduce patient pain, it
may also reduce the proinflammatory process required for
pleurodesis and hence recurrence prevention [13]. More cases
and longer follow-up are required to investigate the
noninferiority of our technique to the traditional procedure.

Conclusions

In this case, capnodissection of the parietal pleura was a novel,
safe, and successful technique that may decrease the risk of
bleeding and postoperative pain.
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Abstract

Degenerative cervical myelopathy (DCM) is a common neurological condition, with disease progression that is both variable and
difficult to predict. Here, we present a case of DCM in a gentleman in his late 60s with significant radiological disease progression
without consequent change in clinical symptoms. The case serves as a reminder of an enduring medical aphorism that clinical
history and examination should be prioritized above more complex data, such as imaging investigations. In addition, the case
also highlights that guidelines should be contextualized within individual clinical circumstances.

(Interact J Med Res 2024;13:e48212)   doi:10.2196/48212
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Introduction

Degenerative cervical myelopathy (DCM) is the most common
cause of adult spinal cord dysfunction worldwide and is
estimated to affect up to 2% of adults [1,2]. It arises secondary
to degenerative pathology in the cervical spine, which leads to
spinal cord compression. Cord compression may precipitate
progressive neurological deficits including motor, sensory, and
sphincter dysfunction [3].

The radiological progression of DCM does not always correlate
well with its clinical progression [4-6]. Imaging findings such
as the level and severity of spinal cord compression may not
match the patient’s experience of their symptoms over time,
thereby adding complexity to the clinician’s role of interpreting
and reconciling clinical and radiological features of the disease
[1,7].

Guidelines are clear in the event of symptom progression and
advocate for surgery [8]. In contrast, the management of
radiological progression without worsening symptoms is less

defined and remains controversial. This report describes a case
of the latter scenario, with the discussion focused on
management.

Case Presentation

A retired man in his late 60s presented reporting a 2-year history
of lower limb weakness, impaired balance, and calf aches. He
associated this with a preceding episode of influenza.

He had a background of long-standing lower back pain
secondary to lumbar stenosis, for which he had previously
undergone 3 surgical decompressions and atrial fibrillation, for
which he took aspirin daily. His father had undergone a cervical
laminectomy many years previously. The patient was otherwise
fit and well, regularly cycled for exercise, and was a nonsmoker.

His symptoms resulted in a referral to neurology and
investigations including magnetic resonance imaging (MRI) of
his cervical spine. The MRI revealed multilevel degenerative
changes from C3 to C7 in the cervical spine, on a background
of a congenitally narrow spinal canal (Figure 1). He was
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therefore referred to the neurosurgery department. Consent was
obtained from the patient.

On assessment in the neurosurgery clinic, the patient was
diagnosed with DCM. His modified Japanese Orthopaedic
Association (mJOA) score was 14 (4+6+2+2); a score of 12 to
14 indicates moderate myelopathy. Further exploration of his
symptoms revealed dysesthesia in the region of the left shoulder,
hypoesthesia of the third and fourth digits of the left hand,
difficulties with tandem walking, and bladder issues with minor
episodes of urinary incontinence. He was reluctant to undergo
surgery, and hence, it was agreed to monitor his symptoms with
reassessment in the clinic, with a strong recommendation to
consider surgery if there was further progression.

The appointment 5 months later demonstrated no further
progression of his symptoms, with an unchanged mJOA score.
A further 6 months later, at a third neurosurgical clinic
appointment, the patient reported some deterioration in his
condition; he had been finding cycling more difficult, felt lower
back stiffness, had worsened pain, and reported a mild electric
shock sensation on the right upper limb. His mJOA score
remained unchanged. He underwent a repeat MRI of his cervical
spine, with a view to considering surgical decompression. The
MRI showed progression of the degenerative changes at C3 to
C7 (Figure 2).

Nonetheless, at his subsequent follow-up appointment, the
patient reported improvement in the symptoms and the mJOA

score remained 14. He had, however, developed left L4 sciatica,
which had become his main concern. Three months later at his
fifth appointment, his mJOA score was 13 (4+5+2+2). He
reported increasing work and concentration required to walk
and climb stairs. Compared to the third appointment, there had
been a slow, gradual clinical progression. At this stage, the
patient was put on the waiting list for surgery, just before the
national lockdown in the United Kingdom during the COVID-19
pandemic.

At 3 subsequent follow-up appointments over the succeeding
8 months, there was no further clinical progression of the
patient’s DCM. Therefore, it was agreed to remove him from
the waiting list for surgery and continue with an expectant
approach. At the ninth appointment 6 months later, symptoms
were again stable. At the 10th appointment, the patient reported
some worsening back and lower limb pain, as well as some
deterioration in his general mobility. A further MRI was
therefore requested, which demonstrated significant radiological
progression of his DCM compared to his MRI 5 years earlier
(Figure 3).

At the 11th appointment, 5 months later, the symptoms had
improved to the patient’s previous baseline, including balance,
dexterity, numbness, and urinary urgency. His mJOA remained
13. The radiological progression was in stark contrast with the
fact that the patient remained clinically stable. Therefore, it was
agreed to continue with expectant management and continue
close clinical follow-up.

Figure 1. T2-weighted sagittal magnetic resonance imaging demonstrating multilevel degenerative cervical spondylosis and disc degeneration.
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Figure 2. T2-weighted sagittal MRI demonstrating the progression of multilevel degenerative changes in the cervical spine, including disc degeneration
at C3-C7.

Figure 3. T2-weighted sagittal magnetic resonance imaging showing significant radiological worsening of cervical cord compression at C3-C7 levels
despite unchanged symptoms and modified Japanese Orthopaedic Association clinical severity score.
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Ethical Considerations
According to the National Health Service Health Research
Authority, research ethics committee approval was not required
for this work. Informed patient consent was obtained for
publication.

Investigations
The first MRI showed multilevel degenerative changes of the
neck on the background of a congenitally narrow spinal canal:
C3/4—disc osteophyte complex causing central compression
of the spinal cord; C4/5—moderate stenosis; C5/6—moderate
stenosis; C6/7—severe compression, with associated T2 signal
changes.

The second MRI showed disc and facet joint degenerative
changes between C3 and C7: C3/4—central disc protrusion
causing moderate spinal canal stenosis and compression of the
spinal cord, which had progressed compared to the first MRI;
C4/5—broad-based disc bulge causing mild spinal canal
narrowing and indenting the undersurface of the cord;
C5/6—broad-based disc bulge causing moderate spinal canal
narrowing and mildly compressing the spinal cord, which had
progressed compared to the first MRI; C6/7—broad-based disc
bulge causing mild to moderate spinal canal narrowing,
indenting the anterior surface of the spinal cord.

The third MRI scan showed multilevel degenerative changes
from C3 to C7, with scoliotic deformity: C3/4—severe
circumferential stenosis with cord compression;
C4/5—significant circumferential stenosis with cord
compression; C5/6—circumferential stenosis with cord
compression; C6/7—circumferential stenosis with cord
compression.

Differential Diagnosis
The differential diagnosis for a presentation of lower limb
weakness, imbalance, and calf ache can be divided into upper
and lower motor neuron patterns of weakness. Causes for the
upper motor neuron pattern include pathologies in the brain and
spinal cord. In the brain, this includes demyelinating disorders
such as multiple sclerosis, vascular disorders such as stroke,
space-occupying lesions such as a parasagittal meningioma or
abscess, and motor neuron diseases such as amyotrophic lateral
sclerosis. In the spinal cord, this includes demyelinating
disorders such as transverse myelitis, myelopathies such as
DCM, space-occupying lesions, for example, tumor or abscess,
trauma, syringomyelia, and spinal stenosis (spinal claudication).

Causes for the lower motor neuron pattern include drugs such
as alcohol, metabolic disorders such as vitamin B12 deficiency,
diabetes mellitus, inherited disorders such as
Charcot-Marie-Tooth, infections such as HIV or syphilis, and
autoimmune disorders such as vasculitis and chronic
inflammatory demyelinating polyneuropathy. The causes of
calf aches include trauma, vascular disorders such as peripheral
vascular disease (intermittent claudication), and inflammatory
disorders such as myositis.

Treatment
Since being diagnosed 5 years ago, an expectant approach has
been taken in the management of this patient. International
DCM management guidelines recommend surgical management
for moderate, severe, or progressive DCM; however, for mild
DCM, the optimal treatment strategy remains undefined, with
a recommendation of either surgery or supervised nonsurgical
management [8]. In this patient’s case, there is moderate DCM,
with an mJOA score of 13, with significant radiological
progression but clinical and symptomatic stability across serial
assessments.

Outcome and Follow-Up
The patient continues close neurosurgical follow-up, currently
at 12 monthly intervals, alongside careful safety netting advice.

Discussion

Principal Findings
Degenerative changes in the cervical spine include disc
herniation, osteophytosis, ligament hypertrophy, and ossification
[9]. DCM is a clinical syndrome that arises when these changes
result in spinal cord compression that is associated with
symptoms, which may include neck pain or stiffness, limb pain
or weakness, urinary incontinence, decreased manual dexterity,
imbalance, or falls [1]. In this patient’s case, there was also a
risk factor for congenital stenosis of the cervical canal.

A challenging aspect of the management of DCM is how to
deal with symptoms changing over time and correlating this
with evolving imaging findings. Another challenging aspect is
the important decision on the timing of any surgical
management.

The guidelines advise clinicians to take a structured, consistent
approach to management. Each person with DCM requires
consideration of individual factors, which may mean that clinical
judgment or patient preferences result in deviation from
guidelines in some circumstances. The patient was diagnosed
with moderate DCM; the mJOA score for the patient was
initially 14 and then decreased and remained stable at 13.

Strict application of the guidelines would lead to a
recommendation for surgical intervention. However, while the
mJOA includes consideration of upper and lower limb motor
function, upper limb sensory function, and sphincter function,
it does not capture all symptoms and clinical features. For
example, in this case, limb pain was not captured. Nonetheless,
it is a validated scoring tool for the assessment of functional
status and is responsive to changes in the severity of DCM [10].

The complexity of this case requires a nuanced approach to
management. Surgical intervention within DCM is primarily
aimed at halting symptom progression; however, without
symptom worsening, the decision of when to operate becomes
more complicated. This patient’s symptoms were managed
expectantly with nonsurgical interventions such as physical
therapy as tolerated, oral analgesics, and neuropathic agents for
any acute pain flares. Urinary symptoms were stable and were
not actively managed. Waiting to operate at an older age may
increase the risk of further complications, and this possibility
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should be explained to the patient. This should be part of a
shared decision-making approach, where patients are empowered
to make decisions through collaboration with their clinicians
with the understanding that, in the context of a chronic disease
like DCM, this decision will likely be revisited [11].

The factors driving the disconnect between clinical and
radiological severity are unknown. Nonetheless, a model
proposed by Davies et al [12] postulates that DCM is a function
of (1) mechanical stress, (2) duration of injury, and (3)
individual vulnerability. Using this model, a scenario of limited
clinical progression and significant radiological progression
over time could be explained by decreased vulnerability to
injury.

An individual’s vulnerability to DCM comprises primary
protective mechanisms such as genetics and age, in addition to
adaptive protective mechanisms, such as autoregulation of spinal
cord perfusion, functional reserve capacity, and nutritional status
[12]. For example, certain genotypes are associated with
increased regenerative capacity, such as the HIF-1A
polymorphism rs11549467 [13]. This polymorphism is
associated with susceptibility to DCM and its clinical features,
including severity measured by mJOA.

Furthermore, adaptive protective mechanisms such as
autoregulation of spinal cord perfusion may minimize ischemic

injury. Decreased blood flow can result in blood-spinal cord
barrier dysfunction, leading to microglia activation,
neuroinflammation, and neuronal apoptosis [14]. In addition to
the ischemia precipitating apoptosis [14], dysregulation of the
autoregulatory system can occur from mechanical cord
compression in DCM [15-17]. It is possible that dysregulation
occurs to a lesser degree in some individuals, such as this
patient. Furthermore, reserve capacity within the central nervous
system [17-19] refers to resilience in the neurological system
to account for the disconnect between the clinical phenotype
and underlying histological pathology. In the context of DCM,
cervical spinal cord compression and injury are initially
asymptomatic, and the radiological changes affecting the spinal
cord represent, at best, a proxy for the clinical presentation of
the condition [12].

Conclusions
In summary, individuals may have different vulnerabilities and
protective mechanisms that may account for the disconnect
between clinical and radiological features of DCM. The message
is therefore to treat the patient rather than treating the findings
from the imaging. This is especially important, given that
asymptomatic cervical spinal cord compression is common in
the general population [2,7].
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Introduction

Selfies are a modern, yet preventable cause of injury and death
[1]. Medical responses and retrieval of persons, often in
challenging terrain, burdens emergency medicine practitioners.
To help prevent this issue, this study aimed to visualize
selfie-related incidents globally by initially creating a scrollable
visual story overlayed on a satellite map of the incidents in
Australia. This type of visual storytelling technique using a
world map helps illustrate the spatial context of this public
health issue.

Methods

Overview
Incident data were acquired via publicly accessible news reports
and a Wikipedia repository [2] and cleaned and prepared in
Excel (Microsoft Corp). Incidents in aquatic areas (eg, coastal
locations and inland waterfalls) were included; those in other
settings (eg, falls from artificial structures and incidents
involving trains) were excluded. Entries for each incident were
created using associated media reports, incident types bring
falls or drowns. Map coordinates were obtained by locating the
incident using Google Maps and inputted into a coordinate
finder using the Mapbox Location Helper [3]. Mapbox Studio
[4] was used to create a custom map. A satellite template was
chosen to best display the geographic context surrounding each
selfie incident. The data set was imported into the Mapbox

Studio custom map, which populated the data layer onto the
map. A heat map setting was chosen for the data. To create the
“scrollytelling” map story, the Mapbox storytelling template
available from GitHub was used [5]. The primary input is a
story comprising sections (chapters), each associated with a
particular view of a map, enabling the user to “scroll” down the
web page, and the resulting output is a zoomed-in view of a
specific case layered on the map. The data and corresponding
map visualization are hosted on GitHub and are published with
GitHub pages.

Ethical Considerations
Ethics approval was not required due to the use of publicly
available media reports and a Wikipedia repository to create
the map.

Results

The publicly accessible map and data can be viewed on the web
[6]. The heat map displays a worldwide overview of 104 cases
from June 2014 through August 2023 (Figure 1 [7-9]). Once
the user scrolls, the map displays 11 chapters, each showing an
individual selfie-related incident in Australia including 9 deaths
and 2 serious injuries. All cases reportedly involved emergency
services, 3 of which occurred in the same location: Diamond
Bay, Vaucluse, a suburb of Sydney, New South Wales. Two
cases occurred at Gibraltar Falls, Australian Capital Territory.
Further cases in Australia that are included in the map story are
detailed in Multimedia Appendix 1.
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Figure 1. (A) Image taken from the web-based site heat map of worldwide selfie-related incidents. The image provides a worldwide overview of
incidents based on the obtained media data used in this study. (B), (C), and (D) Example images acquired from the web-based site. These images illustrate
the scrolling story of the heat map focusing on a location that has seen selfie-related incidents. Each incident is indicated in a “chapter,” which provides
a description of the incident in that location and a link to the corresponding news report. Images were acquired from Mapbox [7] and OpenStreetMap
[8]. OpenStreetMap is licensed under the Open Data Commons Open Database License [9].

Discussion

Our heat map of media-based incident data provides a globally
applicable visual representation of the selfie-incident
phenomenon in Australia. Using a scrolling story template,
overlayed on top of a map, selfie incidents can be illustrated in
a geographic context. It is clear from the heat map that certain
locations worldwide (nations such as India) and in Australia
(cities such as Sydney) require specific and targeted prevention
strategies to attenuate the incidence of selfie incidents, which
is in line with their specific topographical realities.

Future research in this space should seek to further ascertain
the burden on emergency and retrieval services by evaluating
response times, resource allocation, retrieval or rescue methods,
and health care costs associated with treating selfie-related
injuries. Geographic disparities in service usage and response
times, terrain, and retrieval or rescue methods should be
identified and added to the visual map.

Understanding the geographic distribution and burden of
selfie-related incidents is essential for designing targeted public

awareness campaigns, improving safety regulations, and
optimizing the allocation of resources for emergency and
retrieval services.

The main limitation results from the use of media cases as the
basis of these incident reports. It is not possible to acquire
precise latitude and longitude coordinates. The coordinates
provide the best approximation using details provided in media
reports and analyzing the geography described in the report.
Nevertheless, this map provides a good overview of the
geographic nature of selfie-related incidents. Given the ethical
limitations regarding the use of coronial data and identification
of individual incidents, publicly available information of this
nature remains the most appropriate data source.

In conclusion, selfie-related incidents present a significant
geographic challenge for emergency services and retrievalists
due to the inherent geographic context surrounding this type of
event. Mapping selfie events may be a useful method of
analyzing and tracking these phenomena and may be of benefit
to emergency managers and land managers in collaborating to
attenuate this issue.
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Introduction

It is well known that health care spending in the United States
is much higher than similar countries but that this does not result
in better health outcomes [1]. Research has shown that this
higher spending is driven by high prices rather than greater
utilization of care [2]. Until recently, publicly available
information on health care prices has been scarce [3,4]. This
began to change when the hospital price transparency (HPT)
went into effect on January 1, 2021 [5].

HPT requires hospitals to post prices or negotiated rates of
common, “shoppable,” services, as defined by the Centers for
Medicare and Medicaid (CMS), in a machine-readable format.
Examples of these shoppable services include common blood
tests and radiology services such as X-rays and mammograms.
In July 2022, the CMS also mandated that payers post the prices
for a more expansive set of services, under the Transparency in
Coverage (TIC) regulation [6]. Thanks to HPT and TIC, health
care prices are no longer hidden from the public.

CMS’s stated goal [5,7] for these transparency initiatives is to
help inform consumers about the cost of medical services prior
to receiving them, as this information can help people make
informed decisions about where they receive services.
Additionally, transparency about prices could lead to greater
competition and potentially lower prices and health care
spending.

These transparency initiatives can be impactful if people are
aware that they can access information on health care prices for

decision-making, especially for shoppable services with
comparable quality across providers. This impact is only
actualized if hospitals comply with CMS requirements to
provide complete and accurate data on prices in a timely manner.

This paper aims to examine whether people are aware that they
can look up prices of health care services prior to receiving care,
and whether this newly available information is being used.

Methods

Overview
The data for this study come from a nationally representative
survey conducted by Gallup in partnership with West Health
Institute from November 2023 through January 2024 that
included 5149 randomly selected adults aged 18 years and older
from across all 50 states and the District of Columbia from the
Gallup Panel [8].

Ethical Considerations
The survey received ethical approval from Gallup’s internal
institutional review board for all human subject and external
reporting considerations (2023-10-04). Participation in the
survey was voluntary. All the responses were deidentified and
no personal health information or other sensitive personal
information was shared with the authors. Web respondents were
offered an incentive of $5 while mail respondents were offered
an incentive of $2.
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Survey
The survey response rate was 38%. Further details on the
sampling strategy are in Multimedia Appendix 1. The survey
consisted of questions on people’s experiences and perceptions
of health care in America. For this study, we focus on four
questions: respondents’ (1) awareness of, (2) use of, and (3)
and (4) opinions about compliance with price transparency laws.
Percentages were estimated as the count of responses divided
by the number of respondents, multiplied by 100. Probability

sampling weights provided by Gallup were used to weight the
estimated percentages and to calculate the population estimates.

Results

Low Awareness of Price Transparency
Almost three-quarters of respondents (73%) were not aware
that they could look up prices for common health care services
provided by hospitals. Men were less likely (77%) than women
(70%) to be aware of HPT. Lack of awareness was similar across
all ages (Table 1).

Table 1. Awareness of price transparency.

Population size, NResponses, %Characteristics

NoYes

Are you aware that hospitals are required to post prices on their website?

248,092,3037327Full sample (n=4946)

Gender

124,047,0667723Male (n=2513)

118,640,0047030Female (n=2371)

Race

194,419,8327228White (n=3091)

51,826,7507723Non-Whitea (n=1827)

Age (years)

43,876,733732718-29 (n=345)

44,685,260732730-39 (n=619)

41,625,267752540-49 (n=576)

60,433,949752550-64 (n=1551)

57,471,094712965 years and older (n=1855)

Have you ever looked up the price of a healthcare service before going to a hospital ?

248,212,2788119Full sample (n=4954)

Gender

123,971,1687921Male (n=2523)

118,835,8778416Female (n=2369)

Race

194,756,2537723White (n=3096)

51,610,3048218Non-White (n=1830)

Age (years)

43,614,198712918-29 (n=346)

44,980,477772330-39 (n=620)

41,553,530802040-49 (n=575)

60,512,956841650-64 (n=1554)

57,551,117891165 and older (n=1859)

aThe category “non-White” is used because there was 1 race/ethnicity variable instead of 2 separate variables for race and ethnicity. The non-White
group included a mix of races and ethnicities.
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Limited Use of Price Transparency Data
Less than 20% of respondents said they had looked up the price
of a medical service prior to their visit. Younger respondents
(age 18-29 years; 29%) were more likely than older respondents
(aged ≥65 years; 11%) to have ever looked up a price prior to
going to a hospital.

Opinions About Enforcing Compliance
Overall, 78% of respondents preferred stricter penalties for
hospitals that have not yet released their prices, and only 26%
were in favor of CMS allowing hospitals more time to comply
with the HPT requirements (Table 2).

Table 2. Opinions on enforcement of price transparency rules.

Population size, NResponses, %Characteristics

Agree or strongly agreeNeutralDisagree or strongly
disagree

The federal government should impose and enforce stronger penalties on the hospitals that have not made their negotiated prices public.

249,963,32378175Full sample (n=5004)

Gender

124,394,08875197Male (n=2534)

120,164,00181154Female (n=2408)

Race

195,617,98478166White (n=3122)

52,499,61878185Non-Whitea (n=1854)

Age (years)

44,314,2317918318-29 (n=348)

44,620,8898113530-39 (n=617)

41,571,9497915540-49 (n=575)

61,030,6747717650-64 (n=1571)

58,425,5797518665 and older (n=1893)

The federal government should allow more time for hospitals to comply before strictly enforcing the law.

248,828,600262351Full sample (n=4958)

Gender

123,838,600282646Male (n=2510)

119,584,767232056Female (n=2386)

Race

195,228,742232354White (n=3102)

51,754,137362440Non-White (n=1828)

Age (years)

44,180,94031244518-29 (n=347)

44,916,39223205630-39 (n=618)

41,625,26720235740-49 (n=576)

60,693,14024205550-64 (n=1557)

57,412,86028274565 and older (n=1860)

aThe category “non-White” is used because there was 1 race/ethnicity variable instead of 2 separate variables for race and ethnicity. The non-White
group included a mix of races and ethnicities.

Discussion

Increased price transparency has the potential to increase
competition and decrease health care spending in the United
States [3,4,9]. It can also help consumers of health care make
informed decisions [5]. We found limited awareness and use of

HPT data among the public, but there is a strong desire for
transparency in health care prices. It should be noted that these
findings are based on self-reported data and might differ from
actual awareness and use of HPT. The CMS should improve
compliance among hospitals by aggressively enforcing the
existing penalties [10]. Public awareness efforts could also lead
to increased use by consumers.
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Abstract

The psychological well-being of astronauts is becoming just as vital as their physical and technical readiness as space missions
extend into deep space. Long-duration missions pose unique challenges, such as isolation, confinement, communication delays,
and microgravity, which can significantly affect mental health and cognitive performance. This commentary discusses the need
for innovative mental health support systems, including automated psychotherapy, as well as Earth-based training methods like
mindfulness and relaxation techniques, to address the psychological demands of space travel. By integrating these approaches
into pre-mission preparation and in-flight routines, astronauts can develop self-regulation strategies to manage stress, improve
focus, and enhance emotional resilience. Automated psychotherapy available 24-7 provides real-time confidential support when
communication with Earth is delayed. As space exploration moves forward, the success of missions will depend not only on
technological advancements but also on the development of psychological countermeasures that prioritize mental health alongside
physical well-being. This paper emphasizes the importance of continued research and collaboration to refine and test these tools
in analog environments, ensuring astronauts are mentally and emotionally prepared for the challenges of space.

(Interact J Med Res 2024;13:e66626)   doi:10.2196/66626

KEYWORDS

space psychology; astronauts; psychotherapy; isolated and confined environment; mindfulness; relaxation; mind-body

Introduction

The manuscript “Automated Psychotherapy in a Spaceflight
Environment: Advantages, Drawbacks, and Unknowns,” written
by Smith [1], explores the potential of automated psychotherapy
to address the mental health challenges faced by astronauts
during space missions. This technique could be highly relevant
for human space exploration, particularly in overcoming delayed
communication issues in long-distance missions. However,
further research is needed in this field, which represents a new
frontier in both space exploration and mental health care.

Psychological Aspects of Space
Exploration

As humanity pushes further into space, the psychological
well-being of astronauts becomes as critical as the technical
aspects of a mission [1]. Long-duration missions, including
those on future Mars and lunar habitats, present unique
challenges beyond just the physical demands [2]. Astronauts
face months, even years, of isolation, confinement,
communication delays, and microgravity in an extreme
environment that is, from multiple perspectives, “hostile” to
human life. These factors can impact mental health; cognitive
performance; and, ultimately, mission success [3].
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Astronauts are highly trained individuals, but they are still
human. Prolonged isolation and distance from Earth, coupled
with the stress of living and working in space, can lead to
undesirable psychological reactions and reduced cognitive
function [4,5]. As missions become longer and more distant,
space agencies need to consider not only the physical but also
the psychological needs of astronauts to ensure that they can
function at their best.

Psychological Support in Space

Providing psychological support during space missions is not
a new concept [6], but as missions extend into deep space, the
challenges become more complex. Traditionally, astronauts
have had access to Earth-based psychologists via private
communications. Private consultations and ongoing support can
help manage interpersonal tensions, alleviate feelings of
isolation, and address stress in real time. While this has worked
well for missions in low earth orbit, such as those aboard the
International Space Station, long communication delays in deep
space are expected to make this system less effective [2]. For
example, a Mars mission could experience a communication
delay of up to 30 minutes each way. In such cases, astronauts
need tools that allow for real-time mental health support,
including the possibility of an automated psychotherapy system.
This is also where pre-mission psychological training and
on-demand support systems come into play. These include
resilience training, team dynamics workshops, and tailored
psychological tools that astronauts can access during the
mission.

Mindfulness and Relaxation: Key Tools
for Managing Stress

One promising approach to managing stress during long
missions is through mindfulness and relaxation techniques [7].
These practices have been shown to substantially reduce stress,
enhance focus, and improve emotional regulation, making them
valuable tools for astronauts facing long-term isolation and
confinement. Mindfulness encourages individuals to stay present
and manage stress without judgment, which can be particularly
helpful in an environment where stressors are constant and
inevitable. Astronauts trained in mindfulness techniques are
expected, according to subject matter experts, to handle stress
more effectively, maintaining mental clarity and
decision-making abilities even in high-pressure situations [8].
Recently, mindfulness disposition has been demonstrated as a
protective factor against stress in an analog environment, the
Concordia base in Antarctica [9].

Relaxation training, such as diaphragmatic breathing and
progressive muscle relaxation, can also play an important role.
These techniques can reduce physiological stress, promote better
sleep, and help astronauts manage their emotional responses to
challenging situations. Given the stressful and sometimes
monotonous environment of space, these practices offer simple
yet powerful ways to maintain both mental and physical
well-being [7].

By integrating mindfulness and relaxation into astronauts’
training, space agencies can equip them with effective
self-regulation tools to help manage the ongoing psychological
demands of space missions. These methods are not only
noninvasive but also easy to practice, making them ideal for
space, where time and resources are limited.

The Role of Automated Psychotherapy
in Space

With communication delays limiting real-time support from
Earth, automated psychotherapy offers a crucial solution for
mental health care during space missions. These systems can
provide astronauts with immediate access to cognitive behavioral
therapy and other interventions tailored to their specific needs
and the unique stresses of space travel. One of the most
compelling aspects of Smith’s [1] manuscript is the focus on
how automated psychotherapy could overcome the challenges
of delayed communication in deep space missions. This is
particularly relevant as human space exploration moves toward
Mars and beyond, where real-time communication with Earth
will no longer be possible. Smith’s [1] work provides a strong
foundation for understanding the psychological complexities
of long-duration missions, particularly the potential for
automated systems to fill gaps in mental health support when
traditional Earth-based therapy is not feasible.

Automated psychotherapy tools also offer additional advantages.
They are available 24-7, offering astronauts confidential
on-demand support. This is particularly useful for addressing
sensitive issues that astronauts might not feel comfortable
discussing with crewmates or mission control. These systems
can guide astronauts through therapeutic exercises, helping them
manage anxiety, stress, or feelings of isolation as they arise.
Furthermore, automated systems can be integrated with other
mental health tools, such as mindfulness and relaxation
practices, creating a comprehensive mental health support
network. This combination of tools ensures that astronauts can
address both immediate psychological needs and long-term
mental health maintenance without relying on Earth-based
professionals. As these systems are refined, they have the
potential to become a critical component of mental health care
for long-duration missions.

Conclusion

As space exploration advances into longer, more isolated
missions, the psychological and human aspects of space travel
become increasingly critical. The challenges of isolation, stress,
and confinement in space demand innovative solutions that go
beyond traditional mental health support [2].

The integration of automated psychotherapy, as well as newly
developed training techniques (eg, mindfulness and relaxation
training), offer a proactive and effective approach to
safeguarding astronaut mental health. By providing astronauts
with these essential tools, space agencies can ensure that crews
are not only physically prepared but also mentally resilient,
capable of adapting to the extreme demands of long-duration
missions. The success of future space exploration, however,
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will depend on our collective commitment to supporting the
psychological well-being of astronauts. The development,
testing, and refinement of these psychological tools in analog
environments are imperative. As we advance into the next phase

of space exploration, space agencies, researchers, and innovators
need to work together to ensure that mental health receives the
same attention as physical and technical preparation, helping
astronauts thrive on their journeys into the unknown.
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