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Abstract

Background: Electronic immunization registries (EIRs) are being increasingly used in low- and middle-income countries. In
2022, Indonesia’s Ministry of Health introduced its first EIR, named Aplikasi Sehat IndonesiaKu (ASIK), as part of a comprehensive
nationwide immunization program. This marked a conversion from traditional paper-based immunization reports to digital routine
records encompassing a network of 10,000 primary health centers (puskesmas).

Objective: This paper provides an overview of the use of ASIK as the first EIR in Indonesia. It describes the coverage of the
nationwide immunization program (Bulan Imunisasi Anak Nasional) using ASIK data and assesses the implementation challenges
associated with the adoption of the EIR in the context of Indonesia.

Methods: Data were collected from primary care health workers’ submitted reports using ASIK. The data were reported in real
time, analyzed, and presented using a structured dashboard. Data on ASIK use were collected from the ASIK website. A quantitative
assessment was conducted through a cross-sectional survey between September 2022 and October 2022. A set of questionnaires
was used to collect feedback from ASIK users.

Results: A total of 93.5% (9708/10,382) of public health centers, 93.5% (6478/6928) of subdistricts, and 97.5% (501/514) of
districts and cities in 34 provinces reported immunization data using ASIK. With >21 million data points recorded, the national
coverage for immunization campaigns for measles-rubella; oral polio vaccine; inactivated polio vaccine; and diphtheria, pertussis,
tetanus, hepatitis B, and Haemophilus influenzae type B vaccine were 50.1% (18,301,057/36,497,694), 36.2% (938,623/2,595,240),
30.7% (1,276,668/4,158,289), and 40.2% (1,371,104/3,407,900), respectively. The quantitative survey showed that, generally,
users had a good understanding of ASIK as the EIR (650/809, 80.3%), 61.7% (489/793) of the users expressed that the user
interface and user experience were overall good but could still be improved, 54% (422/781) of users expressed that the ASIK
variable fit their needs yet could be improved further, and 59.1% (463/784) of users observed sporadic system interference.
Challenges faced during the implementation of ASIK included a heavy workload burden for health workers, inadequate access
to the internet at some places, system integration and readiness, and dual reporting using the paper-based format.

Conclusions: The EIR is beneficial and helpful for monitoring vaccination coverage. Implementation and adoption of ASIK
as Indonesia’s first EIR still faces challenges related to human resources and digital infrastructure as the country transitions from
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paper-based reports to electronic or digital immunization reports. Continuous improvement, collaboration, and monitoring efforts
are crucial to encourage the use of the EIR in Indonesia.

(Interact J Med Res 2025;14:e53849)   doi:10.2196/53849

KEYWORDS

immunization; registry; digital; puskesmas; public health center; mobile app

Introduction

Background
Immunization is an important aspect of maintaining the health
of individuals and society as a whole. It is a life-saving measure
and a highly cost-effective public health intervention, an
indispensable element of primary health care that shields
children from avoidable mortality, illnesses, and disabilities
caused by highly transmissible diseases [1]. Routine
immunization plays an important role in reducing the incidence
of various infectious diseases such as diphtheria, Haemophilus
influenzae type B, measles, polio, rubella, and tetanus [2].
Located off the coast of Southeast Asia as the largest
archipelagic country with 5 main islands, Indonesia has the
fourth largest population in the world at >277 million [3]. This
large population potentially poses the risk of rapid disease
transmission if they are not protected by immunization. To
ensure universal access to immunization services, vaccines must
be distributed to geographically isolated regions as well as
culturally or socially distinct populations, including
hard-to-reach groups such as displaced individuals; migrants;
and those impacted by conflict, political instability, and natural
disasters [4]. Ensuring comprehensive immunization coverage
for the entire population is of utmost importance yet challenging
[3].

In recent years, Indonesia has faced challenges in achieving
complete basic immunization, with 2020 and 2021 rates reaching
84.2%, falling short of the coverage targets of 92.9% and 93.6%,
respectively [5,6]. Catch-up immunization for measles-rubella
(MR) in toddlers also had declining coverage, standing at 65.3%
(of a target of 76.4%) in 2020 and 58.5% (of a target of 81%)
in 2021 [7]. Even with the increase in complete basic
immunization coverage in 2022 (94.6%), immunization for
preventable diseases remained low in low-coverage areas [5].
The COVID-19 pandemic significantly contributed to this
decline as it led to disruptions in community immunization
services, hindering the further attainment of herd immunity
[5,6,8,9]. To address this issue, the Indonesian Ministry of
Health (MoH) introduced the nationwide catch-up immunization
campaign, which was called Bulan Imunisasi Anak Nasional
(BIAN), in 2022 focusing on improving immunization coverage.

The MoH periodically conducts these nationwide catch-up
immunization campaigns [7]. In 2022, Indonesia focused on
conducting BIANs for two main activities: (1) supplementary
immunization for MR and (2) catch-up immunization for
children aged <5 years [7]. This focus was chosen based on
several recommendations [7]. First, the National Committee for
Measles-Rubella and Congenital Rubella Syndrome Elimination
of Indonesia recommended to accelerate the achievement of
MR and congenital rubella syndrome elimination targets in

Indonesia by strengthening routine MR immunization with
doses 1 and 2, aiming for a minimum coverage of 95%. Second,
the National Immunization Technical Advisory Group
recommended implementing inactivated polio vaccine (IPV)
catch-up immunization for infants and children who had missed
their scheduled IPV immunization to close immunity gaps and
provide protection against the polio virus type 2. Third, the
expert committee on diphtheria control recommended catch-up
immunization efforts to close immunity gaps, especially among
children aged <5 years (toddlers), and outbreak response
immunization in areas experiencing outbreaks using appropriate
vaccines for the target age group.

The BIAN was held initially for 1 month in May 2022 for the
Sumatra, Kalimantan, Sulawesi, Nusa Tenggara, Maluku, and
Papua islands and in August 2022 for the Java and Bali islands
[7]. A total of 4 vaccines (oral polio vaccine [OPV]; IPV; MR;
and diphtheria, pertussis, tetanus, hepatitis B, and H influenzae
type B [DPT-HB-Hib]) were selected to support Indonesia’s
commitment to control global diseases, such as polio eradication,
elimination of MR and congenital rubella syndrome and hepatitis
B, control of diphtheria, reduction of the incidence of
tuberculosis, and elimination of maternal and neonatal tetanus
[7]. During the implementation of this BIAN, for the first time,
Indonesia used an electronic immunization registry (EIR)
capturing individual-level records [5] and replacing paper-based
records as the latter were shown previously to include
inaccuracies due to inexact, incomplete data and late reporting
[10-12].

Objectives
EIRs as part of an immunization information system are a tool
designed to provide information on immunization programs’
target populations. By definition, EIRs include information that
facilitates active search to identify individuals’vaccination data
and vaccine history and provide support for determining which
individuals need to be vaccinated and monitoring of
immunization dropouts [13]. The 2 main databases needed for
EIRs are demographic data and vaccination event data, which
aim to identify the vaccine recipient and the vaccination event
itself [13]. EIRs have been widely used in high-income countries
as such digital reporting tools can improve reporting timeliness,
precision, and overall performance [14]. Indonesia continues
to improve its digital health sector and has launched the digital
health transformation blueprint, aiming to create an integrated
and sustainable health system [15]. As part of this effort, the
government embarked on digitizing immunization reporting,
shifting from a manual collection of aggregate data to individual
digital records using the Aplikasi Sehat IndonesiaKu (ASIK).
This paper aims to provide an overview of ASIK and its use
and specifically evaluate ASIK implementation during the
nationwide immunization campaign (BIAN) period in Indonesia.
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Methods

ASIK Overview
ASIK is an integrated application system developed by the MoH
of Indonesia for health care workers to capture health care
services provided for communities outside public health centers
(puskesmas) [16,17]. This application is designed to help health
care workers in primary care settings record patient data, report
health care services provided for each individual, input routine
health screening data, and monitor patient conditions [16,17].

The ASIK mobile app is available in an Android version and
can be accessed through the Google Play Store. Targeted users
of ASIK are health care workers in primary care settings. Health

care workers need to register their account, as shown in Figure
1. Once registered and verified, health care workers can report
any health care services provided outside the public health
centers using ASIK to record individual data. Data reported
through the ASIK mobile app are collected and automatically
presented in an analytical dashboard provided in a web version
of ASIK [17]. This web version of ASIK can only be accessed
using a predetermined username and password for public health
centers, district health offices, and provincial health offices to
monitor and evaluate the coverage of health care services in
their respective areas. The data presented in the dashboard are
automatically synchronized from the public health centers level
up to the national level. A simplified flow for the use of ASIK
is shown in Figure 1.

Figure 1. Health service program reporting scheme using Aplikasi Sehat IndonesiaKu (ASIK). Puskesmas: Indonesian for "primary health center.".

ASIK was designed in line with elements of ideal EIRs
according to the Pan American Health Organization’s definition
[18]. These elements encompass (1) inclusion of all persons at
birth or as early as possible; (2) unique ID (national ID;
biometrics or birth registration; or a unique combination of
variables such as names, date or place of birth, and parental
names or IDs); (3) information about each person, including
information on geographical area of residence; (4) information
about the vaccines administered, dates, and provider; (5)
aggregation of data by geographical level as required; (6) timely
individualized follow-up of vaccination schedule; (7) data entry
as close to vaccination as possible (time and place); and (8) data
security and protection of patient confidentiality.

The elements of ideal EIRs in ASIK were incorporated as
follows: (1) allowing health workers to record individuals as
soon as they are born with no restriction on age; (2) allowing
health workers to record unique identification using the
Indonesia resident registration number and a combination of
name and date of birth as mandatory variables; (3) allowing
health workers to record information about each individual
using place of birth and current area of residence, which includes
province name, city and district name, subdistrict name, village
name, and detailed address; (4) allowing individuals to record
information about vaccination, which includes vaccine name,
vaccine batch number, date of vaccination, and location of
vaccination; (5) a tiered dashboard that displays aggregated and
structured data in spatial format from the national level to the
village level; and (6) protection of patient confidentiality by
ensuring a verification process during user registration and a
limited access to a dashboard that displays detailed individual

vaccination information (this access is designed specifically for
the public health centers).

BIAN Immunization Reporting Using ASIK
The MoH launched and tested ASIK during the BIAN in May
2022 [19]. The BIAN 2022 immunization campaign was held
in various mass public facilities such as posyandu
(community-based health care service in Indonesia where local
volunteers [cadres], midwives, and health workers provide
essential maternal and child health services, including
immunization); public health centers; subsidiary public health
centers; hospitals; clinics; immunization service posts in schools,
Islamic schools (madrasas), and Islamic boarding schools
(pesantrens); and other strategic community-gathering places
that could be turned into immunization posts [7]. Through ASIK,
health care workers were able to record immunization data
individually [16]. All immunization records from ASIK were
monitored by the immunization program coordinators in public
health centers in near real time.

Several databases served as the sources of ASIK data, including
the public health center registry (Aplikasi Registrasi Puskesmas),
the MoH Data and Information Center database, the Electronic
Logistic Management and Information System (SMILE), and
the Ministry of Home Affairs database. The Aplikasi Registrasi
Puskesmas provides information regarding the location of
immunization services, including names and locations of public
health centers along with registered codes for each health
facility. ASIK used data from the MoH Data and Information
Center to acquire information on the number of targeted
immunization participants for every district and city. Integration
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with the SMILE database allowed ASIK to access data on the
types of vaccines available, the quantity of vaccine doses, and
the distribution locations. During the process of recording
individual data, an interconnected application programming
interface with the Ministry of Home Affairs ensured data
validation for citizen identification numbers and domicile
information.

Each record generated through ASIK is stored in a separate
database and then automatically sent to the ASIK dashboard

for data analysis. Processed data are distributed to various
beneficiaries, such as health facilities, district and provincial
health offices, and citizens, through different platforms. In
addition, individuals who have been vaccinated can receive
their immunization history data through the PeduliLindungi
app, which was rebranded in 2023 as SATUSEHAT Mobile
[20]. Figure 2 illustrates the entire data flow within ASIK.

The immunization data collection process in ASIK (Figure 3)
comprises the steps outlined in Textbox 1.

Figure 2. Immunization data flow in Aplikasi Sehat IndonesiaKu (ASIK). OTP: one-time password; SMILE: Electronic Logistic Management and
Information System.
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Figure 3. Aplikasi Sehat IndonesiaKu user interface for (A) registration process, (B) log-in process, and (C) data input process. OTP: one-time password.
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Textbox 1. Immunization data collection process in Aplikasi Sehat IndonesiaKu.

User registration

Vaccinators are required to undergo registration to report immunization services using ASIK. The registration process involves providing personal
information, specifying the work area, and selecting a specific public health center. Upon completing the registration form, users need to input their
phone numbers to receive a one-time password for app log-in. The one-time password is sent through WhatsApp to each registered user to ensure
system and user security.

Immunization data input

Vaccinators can record immunization data at designated immunization centers. Before selecting the immunization centers, the pharmaceutical officers
must report the vaccine stock distribution to the specific immunization center through the SMILE. Once the logistic stock has been reported, vaccinators
can choose a specific immunization center and the date of the immunization service. They can then input immunization data, including the names and
addresses of recipients and the type of vaccine administered to each individual.

ASIK analytic dashboard

Immunization records captured by ASIK are integrated into an analytic dashboard. Public health center immunization coordinators can monitor the
results of immunization services through this dashboard. The analytic dashboard also provides a spatial representation of the data, organized at
provincial, district, and city levels. Thus, immunization data from the public health centers level to the national level can be monitored in near real
time, with updates every 2 hours.

Individual immunization record

Parents can access their children’s immunization records through the PeduliLindungi mobile app. Originally developed as a mass surveillance tool
during the COVID-19 pandemic, PeduliLindungi initially presented COVID-19 vaccine certificates and later extended its functionality to include
vaccine certificates from ASIK. Following the revocation of pandemic status, PeduliLindungi was further enhanced to encompass personal medical
records. As a result, in 2023, the app was rebranded as a citizen health app named SATUSEHAT Mobile.

Data Collection
Data entry is initiated by selecting the BIAN from the
immunization menu within ASIK. In total, 2 distinct roles can
be chosen, namely, immunization program coordinator or
immunization officer. The immunization program coordinator
(ie, the individual in charge of the immunization posts) validates
the available vaccine doses for each immunization post to
activate the individual data report feature. This involves
verifying data related to logistical distribution by reporting the
number of vaccine distributions and the return of vaccination
doses. On the other hand, immunization officers or vaccinators
focus on reporting vaccination data at the individual level.

To record individual data, either the 16 digits of the national
identification number or a combination of the full name and
date of birth are entered to locate the appropriate personal health
record. Consequently, a list of relevant individuals appears,
allowing the users to select the relevant data or create a new
identification record if the data are not available. Upon
completing the identification data, vaccinators proceed to enter
information about the administered vaccine type. To minimize
error, the system was designed to display only the list of
available vaccines suitable for the individual’s age. For instance,
for children aged 0 to 3 months, the system will not show the
IPV in ASIK as the IPV has a minimum age requirement of 4
months. The system automatically records the results of the
provided immunization services. It was recommended that
vaccinators input the data immediately after services have been
provided, although the option for backdating the data input is
also available in ASIK, allowing users to submit delayed reports.

A quantitative survey was conducted from September 19, 2022,
to October 21, 2022, using cross-sectional methods with a total
of 1065 participants. All immunization program coordinators
(ASIK users) from all public health centers, district health
offices, and provincial health offices from 2 regions were invited

to a web-based evaluation meeting. The first region represented
a low data input into ASIK (the data gaps between manual and
electronic reporting were approximately 30,000 to >100,000
immunization record data), and the second region represented
the highest data input into ASIK (data gaps were of <10%). A
total of 17.1% (182/1065) of the participants were provincial
and district health officers, and 82.9% (883/1065) of the
participants were health care workers from the public health
centers. A questionnaire was used to collect feedback from the
ASIK users (Multimedia Appendix 1). The survey used the
Mentimeter platform, which enabled participants to provide
direct answers and showed the cumulative, anonymized results
directly. The questionnaire consisted of four sections: (1) overall
user feedback on the system, (2) data reporting process, (3)
supporting infrastructure, and (4) data completeness.

Data Analysis
Three outcomes were assessed in this study: (1) ASIK
implementation coverage, (2) BIAN vaccination coverage (MR,
OPV, IPV, and DPT-HB-Hib immunization), and (3) ASIK use
feedback from users. ASIK implementation coverage and BIAN
immunization coverage were calculated from the ASIK database.
BIAN vaccination coverage was presented as percentage data;
it was calculated by dividing the number of vaccinations
(numerator) by the targeted population number for each
vaccination (denominator) at the province level.

The results of BIAN immunization services were automatically
presented in a structured dashboard that was accessible for
public health centers, district health offices, provincial health
offices, and the MoH. These data can be queried using
predetermined variables. For instance, the analysis includes
metrics such as the coverage of children administered the MR
vaccine, OPV, IPV, and DPT-HB-Hib vaccine by comparing
the service outcome rates (ie, the number of vaccinated children
compared to the target numbers). The target estimates were

Interact J Med Res 2025 | vol. 14 | e53849 | p.10https://www.i-jmr.org/2025/1/e53849
(page number not for citation purposes)

Aisyah et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


calculated based on the 2022 Health Development Program
Target Population data [7]. Data analysis of the results of
immunization services was also presented in a spatial format at
the provincial, district, and city levels. Trends in service
outcomes were depicted using time-series graphs. Moreover,
comparative results of immunization coverage were generated
(eg, by sex and age groups).

ASIK implementation coverage was measured by calculating
how many public health centers used ASIK for the nationwide
immunization program. The coverage was presented as
percentage data, calculated by dividing the number of public
health centers that reported BIAN immunization services using
ASIK (numerator) by the total number of public health centers
in Indonesia (denominator). The information was presented in
the dashboard using the monitoring and evaluation feature. This
feature enables relevant stakeholders to monitor the compliance
of public health centers in reporting BIAN immunization
services via ASIK. The monitoring and evaluation feature also
provides information that represents the coverage of subdistricts,
districts, and cities that have submitted their reports through
ASIK. In addition, the dashboard generates a list of public health
centers that have yet to submit their reports through ASIK. As
a result, the provincial, district, and city health offices can
effectively plan and implement a tiered monitoring and
evaluation process.

ASIK use was assessed using a quantitative survey to obtain
users’ feedback. The outcome of the quantitative survey was to
measure users’ feedback on ASIK and how data collection using
the digital tool was carried out, including (1) overall user
feedback on the system (user understanding, user acceptance
based on user interface [UI] and user experience [UX] and the
variables presented, and user-friendliness of the system), (2)
data reporting implementation (number of staff members for
data input, flow of data reporting, and time to input data into
ASIK), (3) infrastructure (mobile phone ownership and internet
access), and (4) data completeness (availability of data on
vaccinated individuals, comprising ID number, full name, date
of birth, and gender). Outcomes 2, 3, and 4 were also explored
to understand the real-life situations that potentially affected
the use of an electronic reporting system in public health centers.
The questions in the survey were developed as closed-ended
questions, which allowed respondents to choose from a set of
predefined answers quickly. The quantitative survey was
analyzed using descriptive analysis. The data analysis was
conducted using SPSS (version 20; IBM Corp) to describe users’
feedback regarding the mobile app use in 2 different regions.

Ethical Considerations
The data collected for this paper do not require ethics approval
in accordance with the Indonesian MoH National Guideline
and Standards for Ethical Research and Development in Health
guideline (2017, Chapter IIIB, point 2) [21] as no
individual-level data are presented. The immunization analysis
data are in anonymized, aggregate format and were handled
following the aforementioned guidelines. For the survey, this
research was conducted under the ethics approval of the
International Agency for Research on Cancer Ethics Committee
(22–37). Anonymous participation followed verbal informed

consent, which was considered an indication of consent for
obtaining and analyzing the data. There was no compensation
provided for participants as it is part of the MoH immunization
campaign program. No individual data were presented; only
aggregated anonymized data were used as per the
aforementioned guidelines.

Results

BIAN Immunization Reports by Province and Vaccine
Type
The BIAN was held in 2 phases. The first phase began in May
2022 and ran until the end of July 2022, targeting 27 million
children across 26 provinces in the Sumatra, Kalimantan,
Sulawesi, Nusa Tenggara, Maluku, and Papua islands. The
second phase took place in August 2022 in the Java and Bali
islands (7 provinces), aiming for roughly 10 million children.
The data analysis presented in this paper depicts the BIAN
reports between May 2022 and December 2022. Different areas
had distinct vaccination targets for each vaccine (Multimedia
Appendix 2).

According to the data records in ASIK, there were 21.89 million
BIAN immunization services recorded, with details on 18.3
million for the MR vaccine (18,301,057/36,497,694, 50.1%),
938,000 for the OPV (938,623/2,595,240, 36.2%), 1.2 million
for the IPV (1,276,668/4,158,289, 30.7%), and 1.37 million for
the DPT-HB-Hib vaccine (1,371,104/3,407,900, 40.2%).

The highest coverage of MR immunization was attained by
Banten, reaching 96.8% (901,465/931,740), followed by Central
Java (1,996,112/2,069,562, 96.5%) and East Java
(1,797,337/2,352,409, 76.4%). In contrast, Aceh reported the
lowest coverage (93,127/1,444,337, 6.4%), followed by Papua
(72,368/792,523, 9.1%) and Central Sulawesi (104,316/708,642,
14.7%).

For OPV immunization, 2 provinces surpassed 100% coverage,
namely, Lampung (49,833/37,827, 131.7%) and Banten
(111,255/105,771, 105.2%), followed by Central Java
(115,771/131,724, 87.9%). A significant contrast emerged in
OPV coverage, with Papua (951/118,227, 0.8%), East
Kalimantan (658/26,294, 2.5%), and Central Kalimantan
(2857/58,389, 4.9%) showing the lowest coverage.

For IPV immunization, Banten reached the highest coverage
(163,826/173,701, 94.3%), followed by Bali (1254/1426,
87.9%). In contrast, Papua (1814/167,678, 1.1%), East
Kalimantan (747/67,544, 1.1%), and Central Kalimantan
(1892/95,243, 2%) recorded the lowest IPV coverage.

For DPT-HB-Hib immunization, 2 provinces surpassed 100%
coverage, namely, Banten (188,804/172,619, 109.4%) and Bali
(3733/3620, 103.1%), followed by Lampung (64,043/71,504,
89.6%). Conversely, Papua (1294/194,510, 0.7%), Aceh
(7282/184,475, 3.9%), and Central Sulawesi (2041/43,691,
4.7%) recorded the lowest coverage (Multimedia Appendix 3).

In summary, significant regional disparities in immunization
coverage are apparent based on ASIK data. The Java and Bali
islands exhibited the highest coverage across all vaccine types
(MR: 7,544,342/9,435,097, 80%; OPV: 637,763/1,102,238,
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57.9%; IPV: 927,925/1,747,414, 53.1%; DPT-HB-Hib:
1,087,268/1,759,356, 61.8%), whereas the Sulawesi island had
the lowest coverage for 3 vaccine types (MR:
1,480,388/4,270,493, 34.7%; IPV: 25,270/406,208, 6.2%;
DPT-HB-Hib: 28,745/315,809, 9.1%). Low coverage was also
observed in the Papua, Maluku, and Nusa Tenggara islands for
all vaccine types.

Using the specified BIAN 2022 campaign targets as benchmarks
[7], we compared the immunization coverage achieved in each
province with their predetermined targets. The immunization
coverage report (Multimedia Appendix 4) illustrates that only
2 provinces, Banten and Lampung, successfully attained the
coverage goal for MR immunization. In parallel, 4 provinces
(Bali, Banten, Central Java, and Lampung) exceeded the target
for OPV immunization. Similarly, the immunization target for
IPV was met only by Bali, Banten, and Central Java. The
DPT-HB-Hib immunization target was accomplished only by
Bali, Banten, Central Java, and Lampung. These data are in line
with past reports in which immunization targets were often
unmet in the context of Indonesia, although the current
technological implementation allowed for more granular data
and for a quicker comparison at a national scale.

Digital Versus Paper-Based Recording of BIAN
Implementation
Although the implementation of the BIAN and the release of
ASIK happened simultaneously, the technical implementation
guideline document for BIAN stated that manual or paper-based
reports are still possible using a specified format [7]. Hence, all
provinces involved also recorded data using a paper-based
format. This manual data collection focuses on reporting
aggregate numbers of immunization services, such as the total
number of children aged 12 to 59 months receiving
DPT-HB-Hib immunization. The data presented in the following
paragraphs reflect the paper-based recording of the same
campaign used to compare the digital versus paper-based
recording of BIAN implementation.

Thus, according to the official letter from the MoH regarding
the achievements of the BIAN phase I and phase II in 2022 and
using the data from the paper-based records alone, the
immunization coverage in Indonesia for MR, OPV, IPV, and
DPT-HB-Hib was 72.7% (26,529,596/36,497,639), 54.2%
(1,330,928/2,454,340), 45.8% (1,842,869/4,024,564), and 61%
(2,011,057/3,294,942), respectively [22] (Multimedia Appendix
3).

The highest coverage of MR immunization was attained by East
Java, reaching 100.6% (2,365,820/2,352,401), followed by
Jakarta (710,757/715,786, 99.3%) and Banten (918,323/931,739,
98.6%). Conversely, Aceh reported the lowest coverage for MR
(280,017/1,444,335, 19.4%), followed by Papua
(307,466/792,523, 38.8%) and Riau (880,867/1,913,263, 46%).

In terms of OPV immunization, 3 provinces surpassed 100%
coverage, namely, Bali (786/732, 107.4%), Central Java
(113,325/106,194, 106.7%), and Banten (107,570/105,085,
102.4%). A significant contrast emerged in OPV coverage, with
West Nusa Tenggara (10,224/129,413, 7.9%), West Kalimantan

(6556/78,005, 8.4%), and Central Kalimantan (5472/58,389,
9.4%) showing the lowest coverage.

Regarding IPV immunization, Yogyakarta attained the highest
coverage at 92.2% (400/434), followed by West Java
(611,346/664,213, 92%) and East Java (195,047/212,128,
91.9%). Conversely, Papua (5521/167,678, 3.3%), East
Kalimantan (2744/67,544, 4.1%), and Central Kalimantan
(4378/95,243, 4.6%) recorded the lowest IPV coverage.

For DPT-HB-Hib immunization, South Sumatra led with the
highest coverage (36,117/36,397, 99.2%), followed by Bali
(3606/3639, 99.1%) and Central Java (293,073/297,231, 98.6%).
In contrast, Papua (9676/194,510, 5%), Aceh (25,323/195,289,
13%), and West Kalimantan (8510/79,635, 10.7%) reported the
lowest DPT-HB-Hib coverage (Multimedia Appendix 3).

On the basis of the table in the Multimedia Appendix 3, there
were gaps between manual reporting data as compared to the
digital recording via ASIK.

For MR immunization, the average reporting gap was 24.4%
±3.72% (95% CI: 20.68%-28.12%); the highest gap was
observed in Maluku (47.4%), followed by South Sulawesi
(47.3%) and Central Sulawesi (47.3%). The greatest reporting
alignment was observed in Central Java (1.5%), followed by
Banten (1.9%) and South Kalimantan (11.6%).

For OPV immunization, the average gap was 18.3% ±7.26%
(95% CI: 11.04%-25.56%); the highest discrepancy was
observed in East Java (70.4%), followed by Gorontalo (60.6%)
and the Riau islands (53.6%). The greatest alignment was
observed in Lampung (−39.7%), followed by Banten (−2.8%)
and Jakarta (−1.9%).

For IPV immunization, the average gap was 16.1% ±6.42%
(95% CI: 9.68%-22.52%); the highest data discrepancy was
observed in the Special Region of Yogyakarta (77.4%), followed
by East Java (70.8%) and the Riau islands (56.5%). The closest
reporting alignment was observed in Jakarta (−1.8%), followed
by West Nusa Tenggara (1.6%) and Papua (2.2%).

For DPT-HB-Hib immunization, the average gap was 20.7%
±7.23% (95% CI: 13.47%-27.93%); the highest data reporting
discrepancy was observed in the Riau islands (82.4%), followed
by East Java (71.6%) and Maluku (58.2%). The greatest
reporting alignment was observed in Banten (−12.2%), followed
by Bali (−4%) and Lampung (−0.4%).

ASIK Use and Coverage
To understand the aforementioned discrepancies, 2 further
aspects were considered: ASIK use and coverage and user
feedback on ASIK use. The results will be presented in the
following paragraphs. Regarding ASIK coverage, a total of
93.5% (9708/10,382) of public health centers, 93.5%
(6478/6928) of subdistricts, and 97.5% (501/514) of districts
and cities in 34 provinces reported BIAN activities using ASIK.
On the basis of the coverage as measured at the province level,
there were 10 provinces where 100% of their public health
centers reported BIAN activities using ASIK, namely, Bali,
Bengkulu, Gorontalo, Central Java, East Kalimantan, Bangka
Belitung Islands, Riau Islands, North Maluku, West Sulawesi,
and West Sumatra, whereas the provinces with the lowest
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number of public health centers reporting using ASIK were
Papua (132/448, 29.5%), Aceh (272/361, 75.3%), and Central

Sulawesi (169/217, 77.9%). Detailed information on other
provinces can be found in Figure 4.

Figure 4. Aplikasi Sehat IndonesiaKu (ASIK) use across 34 provinces during the Bulan Imunisasi Anak Nasional (BIAN) implementation.

User Feedback on ASIK Use
In parallel to understanding the coverage and use of ASIK, a
quantitative survey was conducted to obtain users’ feedback on
the system, including explorations of UI and UX, reporting
variables, and system interference. A total of 1065
questionnaires were received, although not all respondents
answered all questions. The results of the quantitative survey
are presented in this section and summarized in Table 1. In
general, users exhibited a good understanding of ASIK as the
EIR (650/809, 80.3%). For UI and UX, the highest feedback
was that it was overall good but could still be improved
(489/793, 61.7%), with 35.3% (280/793) of respondents
expressing that the UI and UX were very good and 3% (24/793)
saying that they were hard to understand. Regarding the required
variables for immunization data input in ASIK, 54% (422/781)
of the respondents expressed that the variables fit their needs
but could still be improved, 39.6% (309/781) expressed that the
variables fit their needs, and 6.4% (50/781) of users expressed
that there were too many variables. In terms of system
interferences, 59.1% (463/784) of users expressed that they
sometimes happened, and 24.5% (192/784) expressed that they
often happened. The most prevalent system interferences were
(1) inability to find individual data in the system (281/779,
36.1%), (2) server errors (217/779, 27.9%), and (3) problems
with logistic stock confirmation (135/779, 17.3%).

On the basis of the users’ feedback, 44% (382/869) stated that
there were 2 to 3 staff members that helped with the data
reporting process. However, the number of staff members who
helped with data input varied as users in region 2 (high data
collection) had >5 staff members for data reporting and users
in region 1 (low data collection) only had 2 to 3 staff members
to do so. Regarding the flow of data reporting, 33.4% (291/872)
of users exhibited a combination of recording the immunization
data on paper or on Microsoft Excel first and directly inputting
them into ASIK. Furthermore, more users preferred the input
of immunization data at public health centers right after the
immunization activity was completed (364/1089, 33.4%),
followed by inputting the data within 24 hours after the
immunization services (203/1089, 18.6%). However, 22.3%
(181/813) of users in region 1 input the immunization data 2
weeks after the immunization activity, whereas in region 2, a
total of 45.3% (125/276) of their users preferred to input the
data right after the activity was completed. Regarding the data
reporting process, each region had different characteristics for
each variable: number of staff members, data reporting flow,
and time to input the data. Region 2 showed a relatively higher
number of staff members, more direct flow of data reporting,
and timelier input of data into the system. As previously
mentioned, region 2 had the highest data collection, comprising
28 cities that did not have any gaps in data collection between
ASIK and manual reporting.
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Table 1. Quantitative exploration of the use of Aplikasi Sehat IndonesiaKu (ASIK; N=1065).

Total, n/ (%)Region 2/ (n=265), n/ (%)Region 1/ (n=800), n/ (%)Characteristic

Overall user feedback on the system

System understanding

159/809 (19.7)24/211 (11.4)135/598 (22.6)Limited understanding

650/809 (80.3)187/211 (88.6)463/598 (77.4)Good understanding

User interface and user experience

280/793 (35.3)80/206 (38.8)200/587 (34.1)Very good

489/793 (61.7)123/206 (59.7)366/587 (62.4)Overall good but can still be improved

24/793 (3)3/206 (1.5)21/587 (3.6)Hard to understand

Variables

309/781 (39.6)96/205 (46.8)213/576 (37)Fit with needs

422/781 (54)101/205 (49.3)321/576 (55.7)Fit with needs but can still be improved

50/781 (6.4)8/205 (3.9)42/576 (7.3)Too many variables

System interference

21/784 (2.7)3/205 (1.5)18/579 (3.1)Seldom

94/784 (12)36/205 (17.6)58/579 (10)Rarely happened

463/784 (59.1)137/205 (66.8)326/579 (56.3)Sometimes happened

192/784 (24.5)29/205 (14.1)163/579 (28.2)Often happened

14/784 (1.8)0/205 (0)14/579 (2.4)Always happened

Data reporting process

Number of staff members for data input

103/869 (11.9)8/224 (3.6)95/645 (14.7)1 person

382/869 (44)71/224 (31.7)311/645 (48.2)2-3 people

141/869 (16.2)43/224 (19.2)98/645 (15.2)4-5 people

243/869 (28)102/224 (45.5)141/645 (21.9)>5 people

Flow of data reporting

188/872 (21.6)35/225 (15.6)153/647 (23.6)(1) Recording the data on paper or manual book report before
inputting them into ASIK

139/872 (15.9)20/225 (8.9)119/647 (18.4)(2) Recording the data in Microsoft Excel sheet before inputting
them into ASIK

97/872 (11.1)46/225 (20.4)51/647 (7.9)(3) Directly inputting the data into ASIK

157/872 (18)26/225 (11.6)131/647 (20.2)Combination of 1 and 2

291/872 (33.4)98/225 (43.6)193/647 (29.8)Combination of 1, 2, and 3

Time to input data into ASIK

138/1089 (12.7)60/276 (21.7)78/813 (9.6)Directly at the vaccination center

364/1089 (33.4)125/276 (45.3)239/813 (29.4)Directly after the activity at the public health centers

203/1089 (18.6)42/276 (15.2)161/813 (19.8)Input the data within a day at home

100/1089 (9.2)14/276 (5.1)86/813 (10.6)Input the data within 3 days of manual data collection

82/1089 (7.5)14/276 (5.1)68/813 (8.4)Input the data within 7 days of manual data collection

202/1089 (18.5)21/276 (7.6)181/813 (22.3)Input the data ≥2 weeks after manual data collection

Existing infrastructure

Android mobile phone ownership

923/952 (97)y229/241 (95)694/711 (97.6)Yes
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Total, n/ (%)Region 2/ (n=265), n/ (%)Region 1/ (n=800), n/ (%)Characteristic

29/952 (3)y12/241 (5)17/711 (2.4)No

Internet access

553/950 (58.2)163/240 (67.9)390/710 (54.9)Available at all places

92/950 (9.7)14/240 (5.8)78/710 (11)Only available at the public health centers

305/950 (32.1)63/240 (26.3)242/710 (34.1)Limited availability

Data completeness

Data availability

282/856 (32.9)125/219 (57.1)157/637 (24.6)Individual data were complete

574/856 (67.1)94/219 (42.9)480/637 (75.4)Individual data were incomplete

Regarding the existing infrastructure, 97% (923/952) of users
had Android mobile phones. A total of 58.2% (553/950) of
respondents expressed that internet access was available at all
places, 32.1% (305/950) expressed that internet availability was
limited in several places, and 9.7% (92/950) expressed that the
internet was only available at public health centers (and not
available in immunization posts). The data suggested that the
internet was more accessible in region 2 compared to region 1.

Another constraint found during data reporting was data
completeness of the targeted participants. A total of 67.1%
(574/856) of users expressed that the individual data were
incomplete, especially on unique identifier (ID number), which
was only available for up to 79% of the collected data points;
full name, which was available for up to 95% of individual data
points; birth date, which was available for up to 95% of the
collected data points; and gender, which was available for up
to 95% of the collected data points.

Most respondents (618/1065, 58%) indicated several constraints
that hindered the use of ASIK and were experienced
intermittently or too frequently, including (1) challenges in
retrieving individual data, (2) server errors, and (3) logistic stock
validation. The first challenge that arose in the early
development of the system is the lack of interconnectedness
with the civil registration database. During the preliminary
development phase of ASIK, the absence of established data
sharing agreements between the Indonesian MoH and the
Ministry of Home Affairs prevented users from efficiently
engaging in data reporting using ASIK.

Interconnection between ASIK and the civil registration database
will help health care workers automatically retrieve individual
demographic information such as gender, date of birth, and
address by inputting the 16 digits of the national ID. During
BIAN implementation, ASIK was still not connected to the civil
registration database owned by the Ministry of Home Affairs;
thus, health care workers needed to input the individual
information manually.

The second challenge also stemmed from the early development
phase of the system, when the initial server capacity was
constrained, leading to suboptimal application performance.
System errors that were mentioned by the respondents happened
occasionally throughout the recording process. They sometimes
happened due to personal data input, vaccine type data input,

or the process of saving data. They potentially happened due
to limited server performance caused by the high number of
users inputting data at the same time.

The third challenge pertains to logistic stock management. In
contrast to the first challenge, ASIK was strategically integrated
with the logistic system (SMILE) during its development phase,
effectively establishing a linkage between immunization and
logistic data. However, the compliance and adherence to using
the SMILE were variable. Consequently, the comprehensive
implementation of the SMILE for monitoring logistic stocks in
the context of the BIAN 2022 campaign was not universal across
all public health centers. This posed an obstacle in the use of
ASIK given that logistic confirmation is a prerequisite for
inputting immunization data into ASIK. Respondents were
hindered from inputting the immunization data into ASIK if the
pharmacy staff had not input the logistic information into the
SMILE. This created some delays in the data recording process
during BIAN 2022.

These challenges have been addressed, and the system has been
enhanced over time, particularly during the latter stage of the
BIAN 2022 campaign. The system was integrated with the civil
registration database, the server capacity was upgraded, and
refinements were implemented in the integration between ASIK
and the SMILE. As a result, the efficacy of ASIK had a notable
improvement during the latter phase of the BIAN 2022
campaign. Nevertheless, many respondents gave positive
responses for the use of ASIK as the Indonesia EIR. The positive
response correlated with the convenience of ASIK as an EIR.

Discussion

Principal Findings
The launch of ASIK is a part of the MoH’s mission to transform
health care services by assisting health care workers in
efficiently and comprehensively recording patient data in a
single, integrated database [5,15,19]. The use of ASIK as
Indonesia’s first EIR was broad, covering 34 out of 38
provinces. The rate of adoption reached 93.5% (9708/10,382)
of public health centers (ie, the main health care provider for
the nationwide immunization campaign). Through 2 phased
releases, ASIK managed to record >21 million immunizations.
Although most users expressed a good understanding of the
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system, several challenges persisted during the implementation
phase.

EIRs are instruments proven to be cost-effective in enhancing
coverage and timeliness of vaccination [23]. The use of EIRs
was considered beneficial in preventing delays in vaccinating
children as they help parents keep track of their children’s
vaccination records and stay informed of their children’s
vaccination schedule [23,24]. Furthermore, EIRs are helpful to
identify high-risk populations; facilitate resource and activity
planning, such as monitoring vaccination coverage and vaccine
stock availability; and determine the overall performance of the
immunization program [23,24]. During ASIK’s first launch,
Indonesia’s MoH emphasized that, in the future, children who
have received immunization will have their records digitally
stored in ASIK, in which the integrated data aim to facilitate
parents’ access to their children’s immunization data, especially
to be used for school-related purposes [19].

In the technical implementation guideline document for the
BIAN, recording and reporting of immunization activities are
mandated to be conducted electronically through ASIK [7].
Despite electronic data input being mandatory, the data recorded
in ASIK did not represent the complete immunization service
during the BIAN 2022 campaign. According to the ASIK
analytical dashboard, the national coverage recorded in ASIK
for MR, OPV, IPV, and DPT-HB-Hib immunization was 50.1%
(18,301,057/36,497,694), 36.2% (938,623/2,595,240), 30.7%
(1,276,668/4,158,289), and 40.2% (1,371,104/3,407,900),
respectively. In addition, there was an average discrepancy of
approximately 19% between digital and manual data reporting.
When compared to similar supplementary immunization efforts
in previous years, the Polio National Immunization Week held
in 2016 achieved an impressive coverage rate of 96.5%. MR
supplementary immunization activities in 2017 exceeded
expectations, reaching >100.9%, whereas in 2018, the coverage
stood at approximately 73.4% [7]. Around the same time,
between 2017 and 2019, several countries, including
Afghanistan, Benin, Ghana, Timor-Leste, Togo, Sierra Leone,
Senegal, Rwanda, Pakistan, Niger, Malawi, Lesotho, and
Ethiopia, also attained MR supplementary activity coverage
rates of >90% [25]. Nonetheless, it is important to consider that
these coverage data were obtained from manual or paper-based
immunization records and postcampaign surveys [25].

Considering that the immunization data are stored in different
files segregated by health center and area, it is nearly impossible
to ensure that there is no duplication of data in each record.
Studies show that paper-based data reports actually create
challenges such as affecting health care workers’ability to make
data-driven decisions by analyzing the manual immunization
reports and increasing the burden of health workers to input
data both in the paper-based and digital reporting systems [26].
Furthermore, the use of paper-based aggregate data for analysis
presents gaps, such as limited individual longitudinal data, and
omits crucial sociodemographic information [27]. Data stored
electronically enable prompt data retrieval, hence facilitating
immediate reports related to disease and surveillance, which is
in contrast to paper-based reports that rely on manual retrieval
[13]. Dual use of EIR and paper-based immunization reports
further exacerbates the challenges of data input using ASIK for

health care workers. A transition from paper-based reports to
paperless reports and dual entry processes are also perceived
barriers and challenges to EIR implementation in other countries
such as Kenya and Vietnam [26,28]. The immunization program
has grown in complexity and leads to an increased need for
data, and the immunization information system must be flexible
to cater to those needs [13]. Paper-based reports are limited in
meeting such needs as they are heavily influenced by population
mobility and errors stemming from estimation of population
number [13]. Hence, moving forward, it is important for relevant
stakeholders to decide whether to solely use paper-based reports
or onboard using ASIK for Indonesia immunization programs.

On the other hand, data captured in ASIK represent individual
data, which can be linked to personal immunization history
records. Individual immunization data recorded in an EIR such
as ASIK offer the advantage of providing precise and timely
information. This, in turn, facilitates critical activities such as
monitoring vaccination compliance, mitigating dosing errors,
and identifying unvaccinated individuals [29]. The significance
of individual immunization records in clinical decision-making
is noteworthy as they provide a comprehensive historical
vaccination record and diminish the likelihood of misclassifying
vaccination status [30]. Consequently, this aids in reducing
instances of both under- and overimmunization in children [31].
Furthermore, integrating individual immunization data from an
immunization information system into an electronic medical
record or electronic health record can enhance the accuracy of
vaccine safety assessments [30,32].

ASIK has achieved significant engagement, involving 93.5%
(9708/10,382) of public health centers across Indonesia within
a span of 7 months since its launch. This indicates that public
health centers were informed about the data input process and
user guide updates that come with it, although long-term
adherence to data input remains to be seen. The high level of
ASIK use might be supported by several aspects, such as the
compatibility of the Android app in Indonesia, the
user-friendliness of the system interface, and the ease of use.
Considering the high level of mobile phone and internet use in
Indonesia, the digitization of health service reports is happening
apace [33]. In 2021, approximately 90.5% of households in
Indonesia owned at least one mobile phone, covering 65.8% of
the population, and approximately 62% of the population had
access to the internet [34]. Indonesia is estimated to have >200
million mobile phone users and is dominated by Android
operating systems (95%) [34,35]. This is in line with our
findings, in which 97% (923/952) of respondents stated that
they owned Android-based mobile devices. ASIK is built on
an Android operating system, which is compatible with various
mobile devices, allowing health care workers in Indonesia to
benefit from it [33]. Existing EIRs such as ImmunizaCA in
Canada, Zindagi Mehfooz in Pakistan, and DHIS2 Android
Capture App in Zambia are also built on Android-based
platforms [36-40].

A visually appealing or user-friendly UI and UX can prompt
users to explore an app, facilitating a comprehensive
understanding of its available functions, consequently
influencing user acceptability [41,42]. It is essential to
acknowledge that ASIK signifies a transition for health care
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workers from paper-based to electronic reporting; hence, data
and variables should be both useful and recognizable to the
health workers as it is important to note that a familiar interface
correlates with use frequency [43]. Other than that, a familiarity
with workflow and a design that carefully considers health care
workers’ needs are crucial for effective EIR implementation
[26].

Despite the users’ acceptability of ASIK as an EIR, the low
number of reporting in certain provinces may be due to several
factors. First, primary health care workers, often responsible
for numerous data collection tasks, are frequently burdened with
heavy workloads, lack motivation, and view data recording as
undesirable and time-consuming [44,45]. Such excessive
workloads can compromise the quality of health care data
reported at health facilities, leading to inaccuracies and
unreliability when other tasks interfere with data entry [46,47].
Indeed, the lowest compliance was often correlated with the
provinces that have the lowest ratios of primary health care
staff, and thus, it is presumed that staff time availability is the
strongest root cause for the observed variation in ASIK use.
The workload also affects workers’ opportunities to adequately
familiarize themselves (digital familiarization) with any health
information system they are about to use, often coupled with
inadequate handover and shortage of available staff for this
knowledge transfer [48,49]. In the next phase, to ensure that
there is an appropriate and sustainable knowledge transfer to
all end users, conducting a cascading training-of-trainers
approach and establishing a multilevel technical support network
is recommended [28].

The sudden explosion in the number of health-related apps in
Indonesia, with >400 health-related apps developed and
introduced for health care facilities, further exacerbates the
burden on health workers regarding digital familiarization and
data input [15]. In addition, lack of adequate monitoring by
supervisors or managers and provision of technical support
affects the effective implementation of data reports through an
information system [48,49]. Furthermore, the BIAN
implementation coincided with a massive COVID-19 preventive
immunization effort, adding more tasks to primary care workers’
daily workload [50,51]. The implementation of COVID-19
immunization entailed a collaborative approach involving
various sectors, with health personnel sourced from
governmental, military, and private practitioner sectors [52].
This stands in stark contrast to the BIAN 2022 campaign, which
relied heavily on health workers stationed at public health center
facilities [52]. Therefore, there was a double burden for primary
care workers to reach both the target for COVID-19
immunization and the target for the BIAN 2022 campaign and
report both results using different digital pathways. This further
justified the need to simplify, integrate, and ensure the
interoperability of the health information system in Indonesia,
as mentioned in the digital transformation blueprint, and ensure
that the EIR is developed to match users’ needs and able to
simplify the reporting workflow accordingly [15,26].

In the process of implementing digital technologies in the health
care sector, certain challenges are inevitable [53]. These
challenges encompass a range of factors, including but not
limited to client identification and verification as well as lack

of database integration [53,54]. In ASIK, the collection of the
national identification number of the service recipient is a
prerequisite for generating an immunization service record.
Indonesia uses a 16-digit identification number, known as the
resident registration number, which serves as a cornerstone of
national demographic identification [55]. Current data indicate
that 97.2% of Indonesian citizens already possess a unique
identification number, but there are also 5.38 million individuals
without unique identification numbers [55,56]. During BIAN
implementation, there were many instances in which patients
did not bring any personal identification tools when
immunization services were provided. Consequently, users were
burdened to create individual data without unique identifiers
while also needing to remember that exact record for
identification and retrieval in the future when the same patient
visited. Lack of linkage and integration with other databases
were also a common challenge, which happened in the
development of EIRs in Africa [54]. It is crucial to foster
awareness and establish a mutual understanding between the
realms of public health and IT to facilitate EIR development
[54]. Ensuring that EIRs comprehensively covered all regions
across Indonesia, encompassing an estimated target population
of 37 million individuals for BIAN immunization, presented a
challenge in conveying this requirement effectively, especially
in the beginning of the system’s development. To build an
interoperable EIR system, integration with the national ID
database is crucial [28]. Moving forward, the MoH could
establish a continuous collaboration with the Ministry of Home
Affairs as the primary stakeholders and foster understanding of
and commitment to the need for database integration and
providing immediate legal identity to the population since birth.

To report immunization data in ASIK, having access to the
internet is a prerequisite. Despite statistics indicating that
approximately 62% of Indonesia’s population use the internet
and the country’s consistent progress in improving internet
connectivity, disparities persist in terms of access across
different social classes and regions [34,57]. Notably, significant
portions of Indonesia, particularly in the eastern regions, still
lack access to the internet [58]. The distribution of infrastructure
for signal reception in Indonesia reveals that >3023 villages
lack signal reception infrastructure, with >934 of these villages
located in Papua [34]. Given the limited internet access, it is
unsurprising that the coverage of MR, OPV, IPV, and
DPT-HB-Hib immunization reports using ASIK remained low
in Papua. Mobile apps that need to constantly rely on internet
connectivity reduce effectiveness for users such as health care
workers that operate in remote regions [59]. To reduce the digital
divide among regions, the government could explore the
potential use of satellite-based cellular and internet connectivity
for rural areas [60]. This could be done through collaboration
with the Ministry of Communication and Information
Technology or alongside existing internet provider entities.
Other than ensuring internet connectivity, support and assistance
to infrastructure and human resources is paramount, particularly
in areas with low information and communications technology
maturity scores [61].

This is the first study that describes the EIR in Indonesia, which
replaces the manual reporting system from the MoH, including
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describing its use during the BIAN. Furthermore, the
quantitative survey provided an overview of the obstacles in
the implementation of ASIK for the BIAN program and provided
input on the features that need to be improved for future
immunization data collection processes. However, a relative
weighing of the factors that require future improvement was
not sought and, thus, can become the subject of future research.

This study has several limitations that need to be considered.
First, ASIK is only available on Android-based platforms and
has not been released for iOS; thus, data reporting is limited to
officers who own devices compatible with Android. Second,
the quantitative survey that was administered covered a limited
number of the actual ASIK users in the field, but it is expected
that this number can represent feedback from the field. In
addition, using Mentimeter potentially limited the feedback
from some of the participants when they did not fill the
questionnaire in a timely manner, and considering that the
evaluation meeting was conducted on the web, there was a risk
of limited control over the participants filling out the
questionnaire in a timely manner. Finally, the manual data that
were compared to ASIK are the result of a report from the
provincial health office, which might not fully capture the
recording process that took place. Nevertheless, this study
provides a deeper understanding of the use of ASIK in the BIAN
program as the first EIR implemented nationally by the MoH.

Conclusions
EIRs have demonstrated their cost-effectiveness in improving
vaccination coverage and timeliness, offering numerous

advantages in disease prevention and health care management.
Adoption and continuous use of EIRs entail numerous
challenges, especially in a country such as Indonesia with an
enormous number of targeted immunization populations and
limited infrastructure settings. Challenges observed from this
study included the gap between manually reported data and
electronic records due to dual data entry processes; heavy
workloads for primary care health workers to carry out
immunization campaigns as well as the reporting process; lack
of data completeness in ID number, full name, date of birth, or
gender; system interferences due to the early development phase
of the system; and limited infrastructure settings to support
digital connection in remote areas. Addressing these challenges
and ensuring adequate support for health care workers are
essential steps in enhancing the effectiveness of EIRs in
improving public health outcomes.

Although faced with the aforementioned challenges, ASIK as
Indonesia’s first national EIR managed to reach substantial
engagement. More than 93% of its targeted users adopted the
system, and this was potentially made possible by ease of system
use, continuous system improvement according to users’
feedback, and immediate regulation support. Ease of use and
user-friendly apps that simplify data input processes are essential
to reinforce user acceptability. In the future, ASIK can be
developed for a wider immunization program provided that
improvement of features is carried out, including the preparation
of relevant human resources and supporting digital infrastructure
and stronger regulatory support.
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Abstract

Case report forms (CRFs) are the instruments used by research organizations worldwide to collect information about patients and
study participants with the purpose of answering specific questions, assessing the efficacy and safety of medical products, and
in general improving prevention and treatment in health care. To obtain significant research results out of the collected data,
CRFs should be designed following the recommendations issued by regulatory authorities. However, we believe that semantic
interoperability in CRFs has not yet been properly addressed. Within an international consortium comprising several COVID-19
cohorts, we scrutinized the questions included in the different CRFs with the purpose of establishing semantic interoperability
across the different study data elements so that data could be merged and jointly analyzed. We realized that similar concepts were
structured very differently across the different CRFs, making it hard to find and match the information. Based on the experience
acquired, we developed 5 guiding principles on how to design CRFs to support semantic interoperability and increase data quality
while also facilitating the sharing of data. Our aim in this viewpoint is to provide general suggestions that, in our opinion, should
support researchers in designing CRFs. We conclude by urging authorities to establish an international coordination board for
standards and interoperable clinical study data with competence in clinical data, interoperability standards, and data protection
as part of a preparedness plan for future pandemics or other health threats.

(Interact J Med Res 2025;14:e51598)   doi:10.2196/51598
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Introduction

Since the onset of the COVID-19 pandemic, we have witnessed
the emergence of numerous studies worldwide aimed at
deepening our understanding of SARS-CoV-2 infection and
enhancing treatment strategies [1]. The urgency to produce
meaningful research results in a relatively short timeframe has
underscored the importance of efficiently merging data from
diverse studies. However, differences in languages, formats,
and terminologies often complicate the sharing and integration
of data.

The European project ORCHESTRA [2], which sought to build
a pan-European cohort of COVID-19 patients, confronted the
significant challenge of harmonizing data from various
cross-country studies [3]. Achieving interoperability among
disparate datasets is critical not only for supporting ongoing
research but also for bolstering preparedness against future
global health crises. This aligns with the European
Commission’s objectives under the European Health Data Space
regulation [4], which emphasizes improving data accessibility
and integration across member states.

Case report forms (CRFs) are essential tools employed by
research organizations worldwide to gather detailed information
from patients and study participants. These forms are designed
to address specific research questions, evaluate the efficacy and
safety of medical interventions, and ultimately advance
prevention and treatment in health care.

A clinical study is designed to answer one or several research
questions based on the analysis of data collected from patients
that have been enrolled and are being observed or are partaking
in specific interventions following the study protocol. CRFs,
either in paper form or electronic format, are the instruments
used to collect study data and form the basis of any subsequent
statistical analysis. Electronic CRFs (eCRFs) are preferred over
paper CRFs because data can automatically be stored in a digital
format and immediately used, removing inaccuracies derived
from the interpretation and transcription of handwriting.
Additionally, if properly structured, the digital format
intrinsically offers great potential for data objects to be more
findable, accessible, interoperable, and reusable, in other words,
more FAIR [5], than paper. The design of eCRFs is crucial for
the outcome of a study [6]. Therefore, it should be optimized
to enhance data quality and data interoperability.
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Ideally, a standard operating procedure is established initially
for designing eCRFs. Common recommendations for eCRF
design include suggestions to reduce data entry errors and
ambiguity in the interpretation of variables such as maximizing
the use of coded questions and answer lists and minimizing the
use of free text answers; using built-in consistency checks for
admissible ranges and plausible date checks; facilitating data
entry using branching logic strategies; specifying units of
measurement (particularly for laboratory parameters, but also
for vital signs, etc); adopting standard data formats; using (and
reusing) published Common Data Elements, if available, and
unambiguous temporal reference (eg, before or during infection).

Regulatory authorities and international expert organizations,
such as the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use and the
Society for Clinical Data Management, have published detailed
guidance on how to design CRFs, placing their focus on ensuring
accuracy, utility, and poignancy of layout and content[7],[8] ,
[9]. However, the idea of designing CRF variables to facilitate
standardization and reusability in the context of data
interoperability has remained unaddressed by these expert
institutions.

In the simplest setup, a study will be limited to 1 cohort,
enrolling patients within one country, across several
participating medical offices or hospitals. In more complex
cases, patients are enrolled across several cohorts located in
multiple countries. Regardless of the complexity of the study,
interoperability and quality of data should always be considered
high-priority objectives when designing the collection forms.
By so doing, study results are more reliable, and collected data
are ready for potential secondary use.

The COVID-19 pandemic, along with disease outbreaks caused
by other viruses such as human monkeypox, Zika, and Ebola,
has highlighted the need for international collaboration in terms
of research. They have led to large-scale clinical studies
conducted in the private sector and by public research consortia
[10]. Multi-country and multi-cohort retrospective studies come
with more challenges, as they generally need to combine data
that were collected in different formats and, at times, different
languages. This means that even when variables cover similar
information, extensive transformation or translation activities
are required before merging data can take place. This highlights
the need for coherent study protocols across research groups
and across countries, based on common formats and
terminologies. Here is where data standardization and
harmonization are the key to enabling quality data that can be
merged easily without resource-heavy transformation activities,
thus expediting analysis and gaining timely insights [11,12].

Aim

Our aim in this viewpoint is to provide researchers with general
suggestions in designing CRFs that, in our opinion, should
support interoperability, reduce ambiguity, improve data quality,
and facilitate data exchange across different systems.

The ORCHESTRA Project

ORCHESTRA was funded by the European Commission during
the COVID-19 pandemic and ran until the end of 2024. It aimed
at creating a pan-European cohort of COVID-19 patients to
study the disease, the efficacy of the treatment, and the
long-term effects on general and fragile population as well as
on health care workers. We were responsible for establishing
interoperability within the European ORCHESTRA project.
Partners in ORCHESTRA followed the goal to merge data from
different clinical studies to generate new knowledge about
multiple aspects of COVID-19 [3]. We examined over 3700
variables (comprised of questions and answers) with the
objective of identifying similar information across studies that
could be matched and analyzed jointly. This way, we compared
the variety of approaches used across 7 different COVID-19
studies to investigate similar health care concepts. Within our
project task, we associated international identifying codes from
the most pertinent standard health terminologies to the questions
and answers included in 7 clinical studies in ORCHESTRA.
Ambiguous or complex wording found in the CRF variables
needed to be evaluated as part of this mapping activity as well.

Based on our experience of being involved in large-scale
national and international research projects, we believe that
apart from ensuring accuracy and quality of collected data, CRF
design should also maximize semantic interoperability. That
way, time- and cost-efficient merging, analysis, and sharing of
data can be facilitated. Our conviction is supported by the report
published by the Joint Action Towards the European Health
Data Space, which is a European initiative that developed
principles for the secondary use of health data [13] and that
places semantic interoperability as one of the operational
objectives to achieve excellence of data quality.

To address the pressing need for streamlined data exchange and
integration in clinical research, we have formulated 5 guiding
principles that should be considered when designing CRFs. The
principles address the need to harmonize data, unambiguously
identify variables, associate clinical concepts with international
identifiers, promote data quality, and enhance semantic
coherence.

We believe that the application of the proposed principles would
enhance semantic interoperability and support the exchange of
information across different research groups.

Five Guiding Principles to Enhance
Interoperability of CRFs

Following our aim statement, we propose 5 guiding concepts
aimed at increasing semantic interoperability of CRF data and
quality of collected information.
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Harmonize Data

Concept 1: Creation or Reuse of Core Data Elements
(CDEs)
Recurring information across clinical trials that are general in
nature or specific to a specific disease should be identified and
shared in a common format across the scientific community.

Data concerning demographics or clinical evaluation of patients,
for example, is collected in many studies and should ideally be
standardized to create a uniform format. Frequently collected
disease progression and outcome information should also be
identified and grouped into well-defined disease-specific core
data elements (CDEs). CDEs can then be published for re-use
by researchers worldwide.

Granted, the National Institutes of Health (NIH) have been
focusing on developing CDEs for over 20 years. Yet, the
adoption of CDEs is facing challenges. Reasons for low adoption
by research projects, among others, are established data
collection practices and ambiguous interpretations and
implementations of health care concepts and CDEs.

The latter difficulty can, however be overcome by associating
a common standard terminology to data elements to remove
any ambiguity of meaning.

The increasing need to combine data in order to address global
threats to life will eventually have to gain greater weight than
maintaining localized, established practices.

National and international harmonization efforts such as the
International Patient Summary (IPS) [14], the European
Electronic Health Record Exchange Format [15], or the United
States Core Data for Interoperability (USCDI) [16] should be
considered to maximize reusability of data.

Unambiguously Identify Variables

Concept 2: Use of Standards in CRF Metadata
Following the FAIR principles, metadata is of foremost
importance for the quality re-use of information. Metadata
should ideally include references to international terminology
codes that unambiguously represent each concept. Whenever
possible, all CRF variables should be handled as close-ended
questions. In case of measurement or observations, Logical
Observation Identifiers Names and Codes (LOINC) should be
used. LOINC offers the possibility of defining data elements
without ambiguity by specifying with one code all the details
relative to the observation to be performed.

When no LOINC codes are available, other international
terminologies should be considered, such as the National Cancer
Institute’s Thesaurus for genomics data.

Qualitative answers should be restricted to defined (coded) value
sets and identified with the appropriate terminology codes, such
as those provided by Systematized Medical Nomenclature for
Medicine–Clinical Terminology (SNOMED CT) [17]. The
Anatomical Therapeutic Chemical Classification System can
be used to describe drugs and chemicals, and the International
Classification of Diseases to report diseases and disorders.

CRFs often include more complex questions that cover several
informational components. That can include details about time,
location, situation, etc. Hence, mapping several concepts to one
semantic code can at times be difficult. This is a challenge that
the postcoordination expression in SNOMED CT may help to
solve in some contexts. However, integrating postcoordination
into CRFs appears less feasible [18].

Terminology bindings proposed by national or international
harmonization initiatives such as those mentioned in Concept
1 should be reflected in the metadata of the study data elements
whenever possible. It should also be noted that the metadata
could also include information on the format of the data. That
can be achieved by mapping study elements to standards such
as the Health Level Seven’s (HL7) Fast Healthcare
Interoperability Resources (FHIR) standard or to the
Observational Medical Outcomes Partnership Common Data
Model.

The combined use of semantic and syntactic standards would
further support interoperability.

Associate Clinical Concepts With International
Identifiers

Concept 3: One Concept at a Time (Unless It Is Part of
a Questionnaire or Index)
The progressive adoption of FHIR by initiatives aiming to
harmonize health data, such as IPS and USCDI, would suggest
that information should follow the modular structure and be as
precise as possible.

Hence, our second recommendation would be to only include
one concept in a question. We have, for example, seen the
following question in a COVID-19–related study CRF: asking
enrolled patients whether they have had “Changes in or a loss
of smell.” In this case, we propose splitting the question into 2
variables: “Changes in smell” and “Loss of smell.” With this
approach, each variable could be represented by a specific
semantic code. Additionally, splitting the question into 2 would
also facilitate accurate analysis.

We acknowledge that this accuracy has to be balanced against
the manageability of the length of a CRF. It should not lead to
the creation of overly long CRFs, but rather to a focus on
accuracy and key variables needed for analysis.

However, it is also important to note that at times some concepts
which are included in questions could be removed without
lowering accuracy of the question. For example, information
like time points or target patients could be put as a header or as
instructions within the CRF.

Of course, the ultimate decision on what constitutes the most
relevant concepts to be included in the CRF questions always
lies with the scientific group or the principal investigator or the
sponsor.

Promote Data Quality

Concept 4: Accurate Wording
Initiatives such as IPS and the USCDI provide guidance on the
use of patient-related core data elements. However, often CRFs
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require the use of more study-specific variables. The wording
of variables (questions and answers) should be carefully phrased
to provide all and only the necessary information so that study
nurses and respondents understand exactly what is asked.
Precisely worded questions (and answer options) will increase
the quality of data. This is to ensure that the data collected in
response to these variables will be comparable and ready to be
merged. In the case of laboratory examinations, the use of
LOINC codes can be very useful because it automatically
includes all the information necessary to remove ambiguity,
that is, the methodology used, specimen type, or whether the
expected result is qualitative or quantitative, unit information,
etc.

If language translations of CRF variables are required, these
should be meticulously performed. Additionally, a quality check
on the wording and meaning of the translated variables is
recommended and should be implemented, ideally by native
speakers.

Enhance Semantic Coherence

Concept 5: Answer Options Should All Be Semantically
Coherent, and Units of Measures Clearly Stated and
Identified With the Unified Code for Units of Measure
Units
Another aspect of standardization relates to the answer options
that are the second component of a CRF variable, after the
question. It is important to maintain coherent semantic coding
of answers as well. We recommend that, during the design of
CRFs, semantic codes be used for mapping answers instead of
assigning generic numeric identifiers that lack specificity. This
would provide an unambiguous and reusable representation of
the answer concept. Furthermore, coding would help the
precision of the information and the quality of data by
highlighting inconsistencies such as value set options not being
semantically aligned.

For example, the question “What kind of swab test was
performed?” should not include “throat” and “PCR” as answers
in the same value set. In this case, the use of a terminology
system like SNOMED CT clearly shows that the codes of the
2 concepts belong to different semantic categories (“body
structure” and “procedure” respectively). Therefore, the question
might be equivocal and could lead to unclear results.

In addition, in case of variables that describe quantitative
(laboratory) measurements, such as “Dose of
immunosuppressive medication taken per day” “Body weight”
or “Glucose concentration measured” units of measure should
be clearly stated and identified with Unified Code for Units of
Measure codes [19,20].

Summary and Considerations

Based on our experience in standardizing and harmonizing CRF
variables from different protocols on COVID-19, we have
presented five concepts aimed at improving CRF design and
enhancing interoperability of clinical study data: (1) the creation
of or (2) use of already existing standardized data objects can
save time and help establish alignment and comparability with

other research datasets, and (3) data quality can significantly
be improved by paying attention to the fact that each CRF
question and every answer option only contains 1 concept, (4)
that variables are accurately phrased, and (5) that answer options
are coherent, or in case of numerical results, that clearly defined
units are included.

Probably, guidelines for reporting multiple concept codes in
the metadata should be established, as this is a common
occurrence in clinical research. In many cases, the possibility
to code complex questions as coded questionnaires is very
helpful. We believe it would be important to collaboratively
address this difficulty of coding complex variables for the
clinical study context.

The problem of not using interoperability standards is invisible
to many researchers. That is because often, the advantages of
such use become evident only when the need to merge data
arises. Ideally, standards should be introduced already during
the design phase of CRFs. Unfortunately, since the importance
of data standards is still not adequately known, their
implementation might be seen by some as a hassle that slows
down or even limits the development of CRFs. In our opinion,
a cultural change based on education and information in this
field is needed.

It is necessary to abandon the idea of doing research in silos
with data collected in incompatible formats by different research
groups. Common data elements and their format should be
identified, agreed on, and promoted by relevant national and
international authorities. On the other hand, a scenario where
clinicians are unwillingly responsible for standardization should
be avoided, considering the already existing strain on their time
and understandable gaps in expertise. New roles in health care
are needed with expertise in digital medicine to enable
interoperability of data and facilitate their integration within a
wider eHealth ecosystem where data are being collected from
different digital solutions and in a cross-country context.

The use of a common exchange format in combination with
standard terminologies for study data elements in an eCRF
would complete the interoperable data model of clinical research
information. The innovative standard that is increasingly being
adopted in the health care environment is HL7 FHIR. Thanks
to FHIR’s innovative modular organization of information, a
particularly efficient exchange of data is enabled. Its adoption
in the clinical research environment is still low, but we expect
this to change in the future. That is because the need to
streamline activities and integrate information from electronic
patient records or other medical devices into clinical research
is progressively becoming more evident [21,22]. In fact, a
dedicated HL7 working group is focusing on the design of FHIR
resources to conduct clinical research more effectively [23].

In this context, as mentioned before, the European Commission
has proposed a regulation for the European Health Data Space
to support the interoperability of data in healthcare and in
research. Forthcoming implementing acts will provide
specifications for the exchange format of data to support
cross-system and cross-border portability. In the United States,
the Office of the National Coordinator for Health Information
Technology promotes the USCDI [16], a set of health data
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elements divided into thematic classes to support information
exchange. In general, collaborations to improve interoperability
are fortunately increasing, including, for example, the
Observational Health Data Sciences and Informatics (OHDSI)
and the NIH concerning the maternal health data [24] or the
employment of the Observational Medical Outcomes Partnership
Common Data Model by the NIH research program “All of Us”
[25]. Very important is also the OHDSI and European Medicines
Agency collaboration in the project DARWIN [26], and the
HL7 Vulcan project bringing together OHDSI and HL7 FHIR
[27].

In conclusion, the COVID-19 pandemic has revealed to the
broad community how important it is to quickly analyze large
amounts of data, develop vaccines, and assess their safety and

efficacy. We therefore need to facilitate the exchange of
information in the context of global health challenges (including
cancer, infectious disease, and rare diseases) and implement
standardization of clinical study data collection. Additionally,
the establishment of an international coordination board for
standards and interoperable clinical study data with competence
in clinical data, interoperability standards, and data protection
should be part of a preparedness plan to face future pandemics
and other health threats. This proposed coordination board, in
coordination with ongoing international initiatives, could be
instituted at the regional level and associated with large funding
bodies and policy makers (ie, European Commission within the
European Union and NIH in the United States) or at the
pan-regional level, for example, as part of the World Health
Organization.
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Abstract

Although uroflowmetry and bladder diaries are widely used for noninvasive evaluation of lower urinary tract symptoms, they
still have limitations in diagnostic capability and users’ convenience. The aim of this paper is to discuss potential solutions by
reviewing (1) the evolution and current clinical use of uroflowmetry and bladder diary, including clinical guidelines, daily practice
applications, and their historical development; (2) a growing trend toward using home devices with various technologies; and (3)
a comprehensive comparison of the strengths and weaknesses of these home devices. In our opinion, the following points can be
highlighted: (1) the emerging trend of using home devices can enhance diagnostic capabilities through repeated measurements
and the convenience of at-home testing and (2) home devices, which provide both frequency-volume and uroflowmetry information,
have the potential to transform the management of lower urinary tract symptoms.

(Interact J Med Res 2025;14:e66694)   doi:10.2196/66694

KEYWORDS

lower urinary tract symptoms; uroflowmetry; bladder diary; home devices; bladder; noninvasive; evaluations; viewpoint; diagnostic;
mobile health

Introduction

As the population ages, there has been an increase in patients
reporting lower urinary tract symptoms (LUTS) in recent years.
To objectively assess the function of the lower urinary tract,
uroflowmetry and bladder diaries (BD) are commonly used
noninvasive examinations for those experiencing LUTS.

Uroflowmetry can measure various parameters during the
voiding phase, including maximum flow rate (Qmax), and
voided volume, which are essential metrics. Additional
parameters, such as flow pattern, time to Qmax, flow time, and
average flow rate, provide further insights [1]. This makes

uroflowmetry a comprehensive and objective tool for evaluating
the voiding phase. Consequently, uroflowmetry is recommended
in the guidelines of both the American Urological Association
and the European Association of Urology for assessing LUTS
[2-4].

BD offers physicians valuable insights into urinary frequency,
functional bladder capacity, most frequently observed bladder
volume, urgency and urge urinary incontinence episodes, volume
of water intake, nocturnal or daily urine output ratio, and
associated bladder pain episodes [5]. They assess not only the
storage phase but also some symptoms related to the voiding
phase. For optimal adherence and reliability, a duration of 3-7
days is recommended for maintaining a BD [3,6]. Additionally,
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BD is included in the guidelines of both the American
Urological Association and the European Association of Urology
for evaluating overactive bladder and LUTS [2-4].

Even though both of them can provide physicians with several
parameters for evaluating the lower urinary tract, there are still
some limitations of uroflowmetry and BD for depicting the
whole picture of patients’ LUTS, such as inconveniences,
inadequate measurement frequency for uroflowmetry, lack of
objective recording, and poor adherence for BD.

The aim of this paper is to discuss potential solutions for the
earlier-mentioned limitations by reviewing (1) the evolution
and current clinical use of uroflowmetry and BD, including
clinical guidelines, daily practice applications, and their
historical development; (2) a growing trend toward using home
devices with various technologies; and (3) a comprehensive
comparison of the strengths and weaknesses of these home
devices.

Clinical Application and Limitation of
Uroflowmetry and BD

Clinical Application and Limitation of Uroflowmetry
Uroflowmetry is typically performed in health care institutes,
where patients may experience heightened emotional effects
compared to when they are at home. Pre- and intratest anxiety
(just like “white-coat hypertension”) should be taken into
consideration for its effect on lowering test reproducibility [7].
This practice also causes inadequate measurement frequency
and a lack of voiding in different scenarios.

As to representativeness, some parameters are prone to
within-subject variation [8-11], so it is recommended to repeat
uroflowmetry measurements. The diagnostic accuracy of
uroflowmetry is largely affected by threshold values [12,13],
especially with physiological compensatory processes, detrusor
underactivity, or an underfilled bladder [14]. Although
uroflowmetry can be used to monitor treatment outcomes [15]
and to correlate symptoms with these objective findings [12,16],
its clinical value is still limited, as it is unable to differentiate
between the possible underlying mechanisms. Again, specificity
can be improved by repeated flow rate testing [6]. However, it
is not feasible for a patient to receive multiple uroflowmetry in
a clinical setting. Therefore, Caffarel et al [17] and Bray et al
[18] even suggested the use of home uroflowmetry to achieve
multiple measurements to improve the reliability of
uroflowmetry.

In summary, uroflowmetry should be performed in a comfortable
environment repeatedly to represent the whole picture of a
patient’s voiding pattern. This means that an at-home
uroflowmetry is preferred.

Clinical Application and Limitation of BD
BD provides a method of quantifying symptoms, such as
frequency of urge incontinence events and number of nocturia
episodes [3], and reduces recall bias. However, it is not
completely objective because the process relies on manual
actions, such as recording the time and using measurement tools.
These will affect BD’s reliability.

Furthermore, the use of BD might induce a “bladder training”
effect and influence the frequency of nocturnal voids [19].
Though it is important to guide patients to live an appropriate
lifestyle [20], such modifications could potentially obscure the
true micturition behavior of the patient. It is just like a clinical
“uncertainty principle” (when you measure a system and change
it at the same time), which should be taken into consideration
when the goal of the test is to accurately depict the true picture
of a patient’s micturition. It is preferred to record a BD
intuitively and insensibly.

The duration of BD has to be long enough to reduce sampling
errors but short enough to avoid nonadherence [21]. It is
recommended to conduct a BD including at least 3 days
(continuous or separated) [22]. However, a longer BD is
generally more reliable [23-26]. Because of the considerable
effort required to complete each entry in a BD, there has been
minimal achievement in comparing and validating BDs. Until
now, the International Consultation on Incontinence
Questionnaire BD is the only one that has undergone full
validation [27]. The current protocol of BD necessitates that
patients physically collect and measure each void, recording
the volume along with associated symptoms. This practice
requires patients’ thorough intellectual understanding of the
whole procedure and objectively recording BD. Among a survey
of urogynecology or female pelvic medicine and reconstructive
surgery specialists’ fellowship-trained attendings, 25% had
never or rarely (frequency of use <20%) used BD, and 97.5%
reported difficulties associated with obtaining correctly
completed and clinically applicable BD. The authors mentioned
the best way is to teach patients with thorough instruction [20].
Therefore, a BD system capable of automation, objective
recording, and repeated measurement appears to be the ideal
solution.

Innovative and Possible Solutions for
Avoiding Limitations

Evolution History of Uroflowmetry
As discussed in the “Clinical Application and Limitation of
Uroflowmetry” section, it is important to provide patients with
a comfortable environment and repeated measurements. In a
clinical setting, urine weight–based, dipstick, and spinning-disk
uroflowmetry are currently the most common conventional
measurements of flow rate. Urine weight–based uroflowmetry
detects the rate of changed weight or volume of voided urine.
Dipstick uroflowmetry uses a dipstick immersed in voided urine
sensing the change of fluid height and obtaining the flow rate.
Spinning-disk uroflowmetry relates the power needed to
counteract the slowing speed of the spinning disk hit by falling
urine to the rate of urine flow [28]. In this paper, some trials of
home uroflowmetry (relatively comfortable environment and
feasible for repeated measurements) will be presented and
discussed.

There have been several types of funnel-based uroflowmetry
in the market or research fields [29-36]. The principle of
funnel-based uroflowmetry is a combination of a funnel and
some calibrating assembly for measuring Qmax. They all need
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to be operated manually, and the results are then recorded on
paper. One funnel-based home uroflowmetry has been developed
for decades [37]. P-Flow (Tejnaksh Healthcare Ltd) is now a
commercially available home uroflowmetry, which provides
not only Qmax, average flow, voiding time of urine, flow curve,
and total voided volume of urine but also simple urinalysis by
an accompanied dipstick. However, users need to upload photos
of the indicators on the device after finishing the test onto the
health care company’s server for interpreting the final results.
There would be a time lag before obtaining the interpretation
from the experts of this company. Additionally, it was found
that Tejnaksh, the company behind this product, is a recognized
teaching institute by the Ministry of Health and Family Welfare
in India. To our knowledge, however, the product itself has not
obtained certification from any other health authority.

There are at least 2 series of active research groups devoted to
sound-based uroflowmetry, one from Singapore [38] and another
from Korea [39]. Both systems use mobile phones to detect
voiding sound and transfer it to the signal of voiding. Important
urodynamic parameters, such as Qmax, voided volume, voiding
time and average flow rate, and voiding flow patterns, can be
presented through the embedded artificial intelligence (AI)
algorithm. ProudP is currently commercially operated in the
United States, which not only enhances the communication
between patients and doctors but also improves the care quality
for patients with LUTS. However, sound sensing uroflowmetry
may be interfered in some noisy environments and even by the
material of the testing urinal. There will be more discussion
about the features of home devices in the “Comparison Between
Home Devices of Different Technologies” section.

To provide a comfortable and intuitive environment for
uroflowmetry, a toilet-shaped uroflowmetry (UM-100, Toto
Ltd) was commercially developed in 2008 and was initially
designed for clinical use [40]. A water-level measurement unit
is installed with a connection to the toilet bowl. By balancing
the hydraulic pressure between the measurement unit and the
toilet bowl (communicating tubes in physics), urination-caused
change in the water level can be measured and transformed to
uroflowmetry parameters. The merit of this system is no
necessity to do any cleaning work after each measurement.
However, since the system detects the change in the total
volume, it may have erroneous measurements when patients
pass stool and urinate simultaneously [41].

A novel technology of vibration-based uroflowmetry was
developed by a Taiwan-based interdisciplinary team [42]. This
system simultaneously detects vibration signals during urination
using an accelerometer alongside conventional uroflowmetry.
Strong correlations were observed between this system and
conventional uroflowmetry for parameters such as Qmax, voided
volume, voiding time, and time to Qmax. Additionally, an AI
model was used to analyze and predict 6 predefined patterns of
uroflow curves, aiding in diagnosing voiding dysfunction with
an accuracy of approximately 98%. This relatively low-cost
system is suitable for automatic home urinary monitoring and
enables repeated uroflow monitoring of patients outside health
care institutions.

Evolution History of BD
With the reflection in the “Clinical Application and Limitation
of BD” section, it is suggested to provide patients with
automation, objective recording, and repeated measurements.
It can be traced back to 1993 when the first computerized
voiding diary “Compu-Void” was developed [43]. Compu-Void
was a 64,000 RAM–capacity manual unit operated on the
primitive operating system “DOS” of a personal computer. In
the following decades, numerous trials have been conducted in
pursuit of enhancing BD, aiming for automation, objective
recording, and repeated measurement.

Quinn et al [44] ever developed a logical flow for asking users’
symptoms on the portable electronic BD “MiniDoc.” The
advantage of an electronic data-inputting device lies in its
accuracy and speed in retrieving data for further analysis [44].
Mangera et al [45] compared a paper-card reader and a
hand-held input device with conventional written BD and found
that an intuitive and user-friendly interface led to not only
patients’ preference but also the efficiency and accuracy of data
management. With the onset of the digital era, application
software (apps) on mobile phones and tablet computers began
to play a crucial role in recording BD [46], and their numbers
surged rapidly. Reports indicated that there were 55 apps
available in languages such as Portuguese, Spanish, French, or
English, with some offering functions for analyzing incontinence
episodes and nocturia [47]. However, all of these apps require
manual input.

For automated entry of data, Takai et al [48] ever introduced a
body weight–based BD, which demonstrated a strong correlation
between the voided urine weight recorded by the device and
voided urine weight measured manually by the examinee [48].
This is the best practice of frequency or volume record and
should be combined with entering episodes of LUTS to
accomplish a comprehensive BD, though it cannot measure
accurate urine weight during defecation.

With robust procedures of BD, the most common way to teach
patients how to complete a BD is by providing detailed
instructions along with any type of BD. In the current digital
age, it should be expected that more clinicians like to use mobile
apps or other digital resources. However, it was shown that very
few clinicians actually used mobile apps (0.9%) or directed
patients to use internet resources (1.2%) [20]. Furthermore,
there is still no evidence to suggest that these digital apps can
independently improve return rates or accuracy of the BD. In
our opinion, the reason behind this is that there is only little
difference between paper-based and electronic-based BDs.
Electronic BDs simply record data through manual input or
touch-screen processes, lacking automation. Moreover, the most
cumbersome step of BD, collecting and measuring urine volume,
remains unchanged. In this regard, a body weight–based BD
offers certain advantages [48].

Since some important characteristics of a reliable BD, such as
automation, objective recording, and repeated measurement,
are fulfilled by the earlier-mentioned technologies (Table 1),
we can envision a more advanced tool for accurately depicting
a patient’s voiding patterns. Additional suggestions for the
development of a combined home uroflowmetry and BD system
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are as follows: elimination of the need for cleaning after each
use, incorporation of an intuitive and user-friendly interface,
integration of wireless communication capability, accessibility
of data for both users and doctors, and suitability for both

storage and voiding phases. Therefore, such a comprehensive
and intuitive “voiding recorder” will be a new standard for
at-home voiding monitoring.

Table 1. Chronology of uroflowmetry and bladder diary (BD) advanced technologies in the recent century.

RemarksEventYear

[49]Ballenger suggested the maximum distance of a man’s urine ejecting1932

[49,50]Drake recorded change in urine weight with time and manually calculated flow rate1948

[51]Kaufman improved Drake’s system with electrical apparatus1957

[41]Von Garrelts electrically calculated flow rate1957

[29]Smith designed funnel-based uroflowmetry1965

[35]Drach used a dipstick to estimate the flow rate1976

[43]The first computerized voiding diary “Compu-Void” was developed1993

[52]International Continence Society defined uroflowmetry parameters1999

[44]Quinn drew a logical flow for asking users’ symptoms2003

[40]Toto developed communicating tube uroflowmetry2008

[45]Mangera used paper-card reader2014

[27]Bright designed the first standardized and validated BD (ICIQa BD)2014

[53]Krhut compared uroflowmetry and sonouroflowmetry2015

[46]Application of mobile phones and tablet computers in recording BD2016

[48]Takai introduced a body weight–based BD2021

[42]Pong linked vibration with uroflowmetry2022

aICIQ: International Consultation on Incontinence Questionnaire.

The Emerging Trend of Using Home
Devices

As we enter the era of AI, big data become crucial for training
and applying AI models. This enhances the value of home
devices, particularly for their ability to repeatedly measure home
uroflowmetry and generate big data. Home devices facilitate
mobile health or medicine by offering a comfortable
environment, enabling repeated measurements, and providing
big data for communication and application. It has been noted
that extensive at-home data are often more reliable than single
in-office tests [54]. Recently, there has been a surge in interest
in home uroflowmetry at international scientific meetings and
in literature [9,55-58]. Several commercial home uroflowmetry
devices have also been introduced, offering repeated
measurements of voiding parameters and uroflow curves. This
method of repeated home measurement can provide a
comprehensive picture of patients’ daily-life voiding without
the anxiety and stress associated with office uroflowmetry tests
[9,55]. As mentioned in the “Introduction” section,
uroflowmetry primarily describes the condition of the voiding
phase, while BD addresses the storage phase and some
symptoms related to voiding. Each can be applied to patients
with different types of voiding dysfunction. Following

advancements, home devices can now measure parameters in
both the storage and voiding phases, making them suitable for
almost all patients with voiding dysfunction.

Certainly, there is a need for home uroflowmetry to offer
repeated measurements and convenience, addressing several
clinical and practical challenges for practicing urologists [54].
With various home uroflowmetry technologies emerging in the
market, it is important to understand their strengths and
weaknesses. What are the comparative advantages and
disadvantages of these different home uroflowmetry
technologies?

Comparison Between Home Devices of
Different Technologies

All types of home uroflowmetry technologies share common
strengths, such as automatic recording, repeated measurements,
and the generation of big data. However, each technology also
has its own unique strengths and weaknesses when used for
home uroflowmetry. Table 2 outlines various features of these
technologies, including accuracy, susceptibility to environmental
interferences, uroflow curve pattern recognition, AI algorithms,
and contact-free operation.
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Table 2. The comparison on different technologies for home uroflowmetry.

VibrationSoundHeight sensorWeighing (gravimetric)Features or technologies

Uroflow curve pattern
recognition accuracy>0.98
[42]

Correlation with office
uroflowmetry (R=0.91) [54];
prediction rate of 99% [60]

FDA certified [59]FDAa certified [57]Accuracy

NoYes [61]NoNoVulnerability to the surrounding inter-
ferences

YesYes [60]NoNoUroflow curve pattern recognition

YesYes [60,61]NoNoAIb algorithm or model

YesYesNoNoContact-free (no need for installation
or cleaning)

aFDA: Food and Drug Administration.
bAI: artificial intelligence.

In terms of accuracy, all technologies yield results comparable
to office uroflowmetry, with some even receiving Food and
Drug Administration approval. However, sound-based
technologies are sensitive to environmental interferences like
noise or barriers due to their measuring mechanism. For accurate
recording, the urine stream must be voided into a water-filled
commode rather than a urinal [54]. Additionally, the sound of
voiding varies between men and women, likely due to
anatomical and postural differences during urination. Men, who
typically urinate standing up, produce louder sounds, as there
are no barriers to dampen the sound. In contrast, women, who
usually urinate sitting down, produce quieter sounds, and the
sitting position can block sound transmission. To address these
issues, different models have been developed for both genders
[61].

Vibration-based technology offers a potential solution by
reducing the barriers to sound transmission. Vibration is
transmitted more directly than sound, which travels through the
air, while vibration is conveyed through the concrete toilet bowl
or urinal to the sensor. Consequently, sound-based technologies
are more vulnerable to surrounding noise compared to
vibration-based ones [56].

After reviewing the literature, it is evident that only sound- and
vibration-based technologies have used AI models or algorithms
for uroflow curve pattern recognition [42,60,61]. These 2
technologies are advantageous for intuitive and contact-free
measurements, as they do not require installation or cleaning

for each use. The calibration of any device is crucial and must
be verified during the approval process. It should be ensured
that all home devices receive approval from health authorities
before clinical application. Additionally, with repeated
measurements using home devices, the current reference ranges
for clinical urodynamic studies may be revised accordingly.
However, such revisions should be undertaken only after
sufficient evidence has been accumulated. These home devices
not only enhance accessibility for patients and physicians in
assessing voiding patterns, but they also improve the diagnosis
and treatment process by collecting more comprehensive
information. The use of home devices is anticipated to transform
the management of LUTS.

Conclusions

Uroflowmetry and BD are key diagnostic tools for LUTS,
despite facing limitations such as the absence of a comfortable
environment and infrequent measurements for uroflowmetry as
well as the lack of automation, objective recording, and repeated
measurement for BD. Technological advancements have
addressed some of these limitations.

In our opinion, the following points can be highlighted: (1) the
emerging trend of using home devices can enhance diagnostic
capabilities through repeated measurements and the convenience
of at-home testing and (2) home devices, which provide both
frequency-volume and uroflowmetry information, have the
potential to transform the management of LUTS.
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Abstract

Large language models (LLMs) are artificial intelligence tools that have the prospect of profoundly changing how we practice
all aspects of medicine. Considering the incredible potential of LLMs in medicine and the interest of many health care stakeholders
for implementation into routine practice, it is therefore essential that clinicians be aware of the basic risks associated with the use
of these models. Namely, a significant risk associated with the use of LLMs is their potential to create hallucinations. Hallucinations
(false information) generated by LLMs arise from a multitude of causes, including both factors related to the training dataset as
well as their auto-regressive nature. The implications for clinical practice range from the generation of inaccurate diagnostic and
therapeutic information to the reinforcement of flawed diagnostic reasoning pathways, as well as a lack of reliability if not used
properly. To reduce this risk, we developed a general technical framework for approaching LLMs in general clinical practice, as
well as for implementation on a larger institutional scale.

(Interact J Med Res 2025;14:e59823)   doi:10.2196/59823
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Introduction to Large Language Models

The development of artificial intelligence (AI) solutions and
their recent democratization have allowed the public to access
various innovative tools. Notably, several large language models
(LLMs) have recently surged in popularity due to significant
media attention and by offering free access for registered users
(eg, ChatGPT, Gemini, and Meta LLaMA).

An LLM is a type of deep learning model that is pretrained on
large text datasets. They are often based on the transformer
architecture [1], an innovative form of neural network that uses
an encoder-decoder structure to rapidly process large blocks of
text, avoiding redundancies that hampered recurrent neural
networks in the past. Several popular LLMs have integrated a
chatbot interface to allow users to interact directly with the
model, generating appropriate, context-aware responses to a

user’s input in a conversational manner. This allows the user
to engage in dynamic conversations that appear natural, making
the technology a powerful tool for various applications across
a wide range of fields.

The use of LLMs has become widespread, and medicine is no
exception. LLMs have the potential of becoming a disruptive
tool in medicine [2] and will certainly have a major impact on
clinical practice, medical education, and research. Within this
field, LLM performance has already been evaluated to take
specialist board exams [3], improve communication with
patients [4,5], and write drafts for scientific papers. It can also
be an interesting tool for creating a dynamic learning experience
[6]. Although LLMs with chatbot interfaces represent an
interesting tool for many tasks in clinical medicine and research,
users should be aware of one of the most significant
shortcomings of these models, called “hallucinations.”
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In this viewpoint, we review the underlying causes of
hallucinations in LLMs and examine their implications within
the field of clinical medicine. We also explore current and future
strategies for mitigating these limitations and present a general
framework to guide clinicians in critically assessing and
integrating LLMs into clinical practice.

Overview of Hallucinations

In medicine, hallucinations refer to sensory experiences that
occur in the absence of corresponding external stimuli. In the
field of LLMs, hallucinations refer to the generation of false or
fabricated information. This signifies that the LLM will create
nonfactual content to answer a user’s question without clarifying
whether the answer contains fabricated information.
Hallucinations stem from many root causes, which we will delve
into below.

First, both the quality and volume of the dataset upon which
the LLM has been trained are important variables and can
explain the number of hallucinations the LLM produces to some
degree [7,8]. How data are collected and how the model is
trained can also influence hallucination frequency [8].
Furthermore, the method through which the editor fine-tunes
the model can also influence the final output.

Another major cause of hallucinations stems from the very way
certain LLMs are programmed. Indeed, most LLMs are
auto-regressive; the term “auto-regressive” refers to the model’s
ability to predict future elements of a sequence based on its
previous outputs. These elements, usually one or multiple words,
are termed tokens. An auto-regressive LLM aims to produce an
output based on token prediction; this signifies that the model
will predict the most probable next token(s) given a specific
input token. In practice, it predicts the following word(s) after
the sequence of words it has already given. However, it
generates each next token by considering the previous one, and
not the whole sequence. This means words are generated in a
word-after-word fashion, without necessarily using the whole
of the previously generated sentence to predict the rest of the
sentence [9]. This lays the groundwork for producing
hallucinations since factual accuracy is not the end goal. Rather,
accuracy is inferred from a high probability of adequate token
prediction based on the data in the training dataset. Since the
dataset is necessarily flawed or incomplete, hallucinations can
arise.

The size of the training dataset can also influence hallucination
type and degree. It has been demonstrated on multiple LLMs
that the larger the training dataset size, the more likely the model
will be capable of recognizing its limitations and acknowledging
uncertainty [10]. Furthermore, choices made by the editor will
also influence output quality (ie, fine-tuning decisions, output
ranking, censorship, etc).

User input is also of great importance in determining the quality
of the model output. Indeed, it has been shown that user input
through contextualization and inclusion of source material can
also modify the number of hallucinations an LLM produces
[11].

Implications for Clinical Medicine

LLMs have many potential benefits in the health care system,
for both providers and patients. For simple tasks, it is highly
likely that part or all of the process will be carried out with LLM
tools in the foreseeable future. Efficiency will likely be
improved by reducing redundant and tedious tasks (most likely
administrative before clinical) [12-14], and there may even be
applications for reducing diagnostic delay for difficult diagnoses
[15]. Nonetheless, despite these potential benefits, hallucinations
represent a major risk if unaccounted for when using LLMs
[16-18]. Below, we will review some situations that have
appeared apparent to us when testing LLMs.

In practice, LLMs may erroneously attribute clinical, biological,
or radiological characteristics to certain diseases or conditions,
depending on the way the clinician inputs data as well as the
probabilistic behavior of the model. This flaw, in combination
with anchoring and confirmation bias, may unknowingly lead
the clinician down an erroneous diagnostic or therapeutic
pathway. This can have severe consequences for the patient’s
health.

LLMs may also make false claims about diagnostic accuracy
for diagnostic procedures. This can lead the clinician to either
overestimate or underestimate the diagnostic capacity of a
procedure. The consequences could be either depriving a patient
of a reliable diagnostic method or, on the contrary, relying on
an inadequate diagnostic method to make a statement about the
disease process. More specifically in the latter case, the absence
of a disease process may be wrongly inferred based on an
insensitive exam, and the presence of a disease process may be
improperly inferred from a nonspecific exam.

Furthermore, the LLM may suggest inadequate workups and
therapeutic procedures. It is important to remember that LLMs
are trained on databases that may either not encompass the data
necessary to provide adequate guidance (ie, absence of medical
guidelines) or contain outdated medical recommendations.
Further, given the crucial importance of input data supplied by
the user, the omission of a simple characteristic may cause the
LLM to produce an inadequate plan of care. Moreover, the LLM
may not necessarily prompt the user for additional information
regarding important characteristics that could influence the plan
of care; most notably, social characteristics and cultural
preferences may be inadequately accounted for. Specific
diagnostic or therapeutic measures proposed by the LLM may
be inadequate or inappropriate, based on important parameters
such as pretest probability, as well as patient preferences and
prognosis. In addition, given the diversity of health care system
models in countries around the world, the inherent bias
introduced by the LLM’s dataset can lead to recommending
inadequate plans of care for a different health care model than
that which the dataset contains information on.

Consistency, and thus reliability, is another issue that can appear
while using LLMs to make recommendations for plans of care.
Indeed, even with a consistently identical user query, the
information contained within the LLMs response may vary
considerably when the user renews the query. This variability
is an important consideration when the clinician is contemplating
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the possibility of integrating LLMs into the patient care process.
Indeed, it is well accepted in the health care quality community
that reducing variability to a certain degree is an essential step
in increasing quality [19]; this is even more so true when some
parts of the information provided by the LLM are at risk of
being inadequate.

In addition, the use of LLMs in clinical practice raises a
significant number of ethical concerns, which we only slightly
touch upon in this viewpoint. Questions regarding overreliance
on LLMs and other AI tools, as well as the legal and ethical
ramifications of decision-making based upon AI input, are
crucial. In the era of evidence-based medicine, LLM source
material and information traceability will be essential in order
to reliably inform patient care decisions. The value of the
clinician’s experience in nuancing the LLM’s outputs will also
remain critical in delivering personalized patient care.

To build upon the legal and ethical concerns related to these
LLMs, it is important to keep in mind that many LLMs are
developed by private companies and are not open source. Data
management, especially related to patient privacy rights, is an
essential concern related to information input into the LLM.
Implementation of LLM components in electronic medical
record programs is being considered and poses the same risks.
Notably, the question stands on the use of personal data to
for-profit ends (targeted advertising or selling health care data
to insurance companies). Local institutional governance and

national regulations will be essential in managing and mitigating
these potential risks.

Finally, LLM use also carries considerable potential to alter the
patient-clinician relationship. Patients may increasingly discuss
their symptoms and conditions with LLMs before seeing a
medical professional, in a similar way that some patients use
search engines before consulting a physician today. This poses
the risk of fostering misguided self-diagnoses, with potentially
harmful health consequences, especially in settings where access
to health care can be financially challenging. Furthermore,
patients might develop unrealistic expectations or demand
unnecessary clinical resources, based on the information the
LLM has provided. As a result, this could affect the dynamics
of the patient-clinician relationship. On the other hand, LLMs
possess the capacity to tailor medical information to the patient’s
level of comprehension, which may help enhance therapeutic
education and adherence to medical advice.

Mitigating Hallucinations in Clinical
Practice

Hallucinations can therefore represent a significant source of
error if unaccounted for when using LLMs. A proactive and
systematic approach is necessary to help interpret LLM output
data and avoid succumbing to avoidable pitfalls that could cause
harm to patients. This approach is summarized in Textbox 1.

Textbox 1. Important technical considerations before integrating large language models (LLMs) into clinical practice.

• What dataset was the LLM trained upon?

• What specific considerations does this entail, with regard to bias?

• Is the dataset up to date?

• What organization is behind the LLM and the dataset?

• Is the LLM specifically tailored for medical purposes?

• In testing rounds:

• Is the information given by the LLM consistent with the existing knowledge on the subject?

• Are the recommendations made by the LLM adequate compared to the accepted standard of care?

• How much variability exists within the LLM’s responses? Can it be clinically significant for patient care?

• Enhanced capacity:

• Does the model possess the capacity to integrate up-to-date information?

• Does the model possess the capacity to search within reliable sources of information to better respond to the user’s request? If the answer
to one of the two above questions is yes, is this feature integrated within the LLM or is it operated by a third-party plug-in?

• If a third-party plug-in is involved, what strengths and shortcomings does it entail?

• Does the LLM possess the capacity to assess its answers’ reliability?

• Is the LLM capable of providing the links to its sources of information?

• Do best practice guidelines exist for the utilization of the LLM?

• If so, are they specific to use in the health care sector?

• If the guidelines are general use or specifically focused on another industry sector, what precautions must be applied before extrapolating
their use to the health care sector?

• Has the model been tested in a rigorous fashion, and are the results of this evaluation subject to scientific publication?
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First and foremost, understanding the model’s origins, version,
training database content, and strengths as well as drawbacks
are essential prerequisites for an informed use of the LLM. With
this information, the user should actively seek out what types
of bias the model may contain and understand how it can affect
the LLM’s answers [2]. Furthermore, information on the training
dataset should be sought out to understand how up-to-date the
knowledge within it is, as well as if it is well equipped to answer
medical inquiries. In this regard, a topic of emerging importance
is the development of LLMs specifically trained for medical
purposes. Although theoretically more performant than general
LLMs, their relevance for clinical practice has not yet been
evaluated.

Second, user input should be carefully crafted to create a
high-quality request. The request should contain a detailed
description of the clinical context; this requires carrying out a
thorough history, clinical exam, and incorporating current as
well as historical workup data. Clinical acumen thus remains
essential in creating an adequate request. Therefore, although
initially time-consuming, a higher-quality request can yield a
more relevant answer.

Third, model accuracy and hallucination prevalence should be
assessed before being put into practice, through iterative testing
and evaluation. During testing rounds, LLM accuracy should
be examined using standardized scenarios. Consistency, as well
as variability in the answers, should be evaluated by regenerating
the LLM’s responses multiple times. Whether through formal,
statistical evaluation or through getting a general sense of the
model’s characteristics, the clinician can evaluate the LLM’s
capabilities and shortcomings in this manner. Furthermore, the
scientific adequacy of the LLM’s responses should be assessed
with regard to current standards of care and up-to-date
guidelines. Even without knowing the database’s knowledge
cutoff, this method can help assess how up-to-date the data are,
as well as understand how often hallucinations arise with regard
to a specific subject.

Another useful tool that can help the clinician assess the
reliability of the LLM’s responses is plug-ins. These are usually
third-party apps that can be programmed to serve a wide range
of functions, including but not limited to, searching the internet,
retrieving information from scientific databases, and
substantiating responses with links to the sources of the
presented information. LLMs may also possess certain of these
capacities directly within the scope of their own functions.
Although plug-ins may significantly enhance the reliability of
the LLM’s responses, by providing the ability for up-to-date
referencing, they are not a guarantee that the response will be
free from hallucinations. Therefore, plug-ins should be evaluated
with the same amount of scrutiny as the LLM itself.

Finally, combining text, image, and video data in LLM training
databases can lead to more accurate responses and may decrease
the likelihood of hallucinations [20]. However, it is also
important to remember that the multimodal model’s
performances still rely on the quality of their training dataset
[21].

A crucial aspect in the deployment and judicious implementation
of LLMs in a clinical setting lies in the establishment of a
proactive error reporting program. In conjunction with the
aforementioned recommendations, the implementation of such
a program facilitates the identification and reporting of near-miss
incidents. At the individual level, this allows the user to develop
a personal appreciation of the model’s shortcomings, as well
as the topics subject to hallucinations. On an institutional level,
it can help develop best practice guidelines by identifying
frequent hallucination presentations and more general errors.
If LLM solutions are delivered as an on-premises solution, it is
conceivable that error reporting will help fine-tune local models.

Prospects

Research in AI will largely contribute to reducing hallucinations,
be it through fine-tuning of the underlying model, prompt
engineering techniques, development of specific medical LLMs,
or other innovative approaches.

Given the increasing awareness of hallucinations, and
understanding the risk they potentially pose to patient safety,
ingenious mitigation strategies have recently developed.
Measurement of semantic entropy [22], algorithmic approaches
to address root causes of hallucinations [23], and more classical
methods such as Retrieval-Augmented Generation [24] are some
of the many techniques that have been proposed to identify and
reduce hallucinations. Ideally, an automated combination of
different strategies may help both accurately identify and reduce
the occurrence of hallucinations. This would help ensure LLM
response accuracy and reliability.

To remain up-to-date with these rapid and substantial
developments in technology, many approaches will be required
to ensure clinicians stay current and use these tools to the best
of their capacity. Specific health care–related research will be
required to evaluate the full extent of individual LLM capacities
and performance. Furthermore, in the same way clinicians
require continuing education in emerging and evolving health
care topics, frequent training will be essential to use
LLM-related tools adequately. Particular attention should be
directed towards recognizing and mitigating the numerous
pitfalls associated with their use. To this end, we have identified
significant practical limitations of LLMs that may limit their
rapid uptake into daily clinical practice (Textbox 2).
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Textbox 2. Factors currently limiting the widespread implementation of large language models (LLMs) in clinical settings.

Model related

• Risk of bias related to:

• The quality and quantity of the data used to train the model

• How the model was trained and especially fine-tuned

• How the LLM reacts to different methods of prompting

• Difficulty of complex models to explicit the reasoning behind their responses

• Hallucination risk, without the capacity to inform the user on the final output’s trustworthiness: information related to the source of the
information not necessarily provided

• No assessment of source reliability

Human related

• Risk of misuse related to:

• Idealization of LLM capacities, and considering them to be completely foolproof, may lead to expert bias

• Biased user input and uncritical approval of LLM output, aligning with the user’s anticipated answer, can result in confirmation bias

• Increased dependency on automated aids without critical thinking and reassessment, can lead to automation bias

• Absence of a strong legal framework defining the scope and regulatory environment of LLMs, as of date

• Lack of institutional governance defining the following:

• Methods of informing patients and obtaining their consent for use of LLMs in their health care pathway

• Integration of LLM use within a legal framework

• Accountability in case of an error resulting from the use of the LLM

• Methods of initial testing, implementation, and continuous improvement of the selected LLM

• General operating conditions, namely:

• Defining specific tasks for which the LLM should be used

• Ensuring a human has the final word in the decision-making process, even though it is assisted by the LLM

• Training procedures and certifications required for health care professionals to use the tool

• Implementation format (on-premises vs outsourced)

• Quality control processes

• Traceability of feedback and changes in LLM implementation

• Ethical framework

Economically related

• Cost of the initial investment

• Cost related to maintenance in an “on-premises” format, including:

• Employee wages

• Infrastructure costs

• Energy costs

• Concerns regarding sustainability, given the high energy consumption of servers used to power and train current LLM models

As previously mentioned, future iterations of LLMs could also
be specifically trained on medical datasets and fine-tuned by
expert clinician input. This could be an effective method of
reducing hallucinations and would allow the tailoring of LLMs
to specific fields of medicine.

Conclusions

Due to its vast potential, LLM integration into routine clinical
practice is no longer a question of if, but when. As technology
advances, the integration of LLMs with other AI tools
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possessing multimodal analysis capabilities (text, audio, and
image) will follow suit. These advances offer significant
opportunities in terms of patient care. However, robust legal
frameworks will be necessary to guide their use on a national
scale, and institutional governance is key to their implementation

for everyday use. Indeed, an informed approach to using these
tools, as well as significant efforts in terms of capacity-building,
are primordial to avoid falling victim to their well-identified
shortcomings.
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Abstract

Physicians could improve the efficiency of the health care system if a reliable resource were available to aid them in better
understanding, selecting, and interpreting the diagnostic laboratory tests. It has been well established and widely recognized that
(1) laboratory testing provides 70%-85% of the objective data that physicians use in the diagnosis and treatment of their patients;
(2) orders for laboratory tests in the United States have increased, with an estimated volume of 4-5 billion tests per year; (3) there
is a lack of user-friendly tools to guide physicians in their test selection and ordering; and (4) laboratory test overutilization and
underutilization continue to represent a pervasive source of inefficiency in the health care system. These inappropriate test orders
not only lead to slower or incorrect diagnoses for patients but also add a significant financial burden. In addition, many ordered
tests are not reimbursed by Medicare because they are inappropriate for the medical condition or were ordered with the incorrect
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision diagnostic code, not meeting
the medical necessity. Therefore, current clinical laboratory test ordering procedures experience a quality gap. Often, providers
do not have access to an appropriate tool that uses evidence-based guidelines or algorithms to ensure that tests are not duplicated,
overused, or underused. This viewpoint lays out the potential use of an automated laboratory clinical decision support system
that helps providers order the right test for the right disease and documents the right reason or medical necessity to pay for the
testing.

(Interact J Med Res 2025;14:e46007)   doi:10.2196/46007

KEYWORDS

clinical decision system; CDSS; laboratory decision system; laboratory testing; test utilization; test ordering; lab test; laboratory;
testing; payment; decision-making; user; utilization; processing; decision

Introduction

Laboratory testing plays a key role in clinical decision-making
and physician orders for laboratory tests are increasing [1,2]. It
is estimated that at least 20% of the 4-5 billion lab orders
submitted annually in the United States are inappropriate.
Studies have shown that overutilization and underutilization of
laboratory tests occur 20.6% and 44.8% of the time, respectively
[3]. This inappropriate testing not only leads to incorrect or
delayed diagnoses but also significantly adds a financial burden

on the health care system. This situation is expected to worsen
as the available lab tests menu grows, especially in the areas of
molecular diagnostics and genetic testing. Due to a lack of
physician test information, education, and insurance coverage
questions, ordering less effective and sometimes obsolete tests
over newer tests that are more sensitive and specific remains a
major problem [4]. This inappropriate testing not only led to
incorrect or delayed diagnoses but also significantly added
financial burden. The situation is expected to get worse as the
number of lab tests is growing, especially in molecular
diagnostics and genetic testing. The introduction of an automated
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clinical decision support system (CDSS) that guides physicians
to order the most appropriate test(s) for their patients while
simultaneously providing both medical necessity requirements
and applicable diagnostic codes will be a vital tool to improve
test ordering and reimbursement efficiency.

Medicare and commercial health-care plans all require that
ordered tests are accompanied by appropriate International
Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) diagnostic codes that meet
medical necessity rules. These requirements make it a complex
process for providers to decide which tests to order, provide
diagnostic information, and obtain previous authorization if
required, so that test bills and payments are efficient and timely
[5,6]. Given the rapidly growing demand for tests, especially
molecular and genetic testing, the lack of a reliable laboratory
CDSS will compound this already complex process.

When physicians fail to select and order the most appropriate
test(s) based on the patient’s health condition and further fail
to provide the proper diagnostic codes to support medical
necessity, laboratory billing will most certainly fail. The patient
may then be held responsible for the laboratory charges and the
laboratory will be caught in the middle of disagreements
between the insurance company, the treating physician, and the
patient in determining the responsible party for the laboratory
charges. Ideally, every test ordered and procedure performed
by the lab should be paid or reimbursed by health insurance.
However, many ordered tests are not reimbursed, primarily due
to a lack of medical necessity. This issue arises from ordering
the wrong test that does not meet medical necessity criteria or
failing to provide the correct diagnostic code for the disease or
health condition. Therefore, the current clinical laboratory
test-ordering procedures suffer from a quality gap and require
an automated system to address this issue.

This viewpoint discusses the use of an automated laboratory
CDSS that helps providers order the right test for the right
disease and documents the right reason or medical necessity to
pay for the testing.

Inappropriate Test Ordering

Inappropriate testing encompasses both overutilization and
underutilization, both of which can affect quality patient care
and health care expenditures. Overutilization includes tests that
are ordered but not indicated, tests that are ordered at the
incorrect time in the clinical course, or tests that are ordered too
frequently. Conversely, underutilization refers to tests that are
indicated but not ordered, or those that are not ordered at the
appropriate time to positively impact patient care [2,5]. Both
can have an adverse impact on the quality of patient care and
health care costs because of downstream consequences such as
additional diagnostic testing, repeat testing, imaging,
prescriptions, surgeries, or prolonged hospital stays. It is
estimated that more than three hundred million patients visit
the laboratory annually and that at least 23 million of these
patients are affected by inappropriate test ordering and test
interpretation. The reports on the Commonwealth Fund Survey
of Public Views of the US Health Care System (2012) found
that more than 23% of laboratory tests ordered by physicians

were duplicated or repeated, which increases the cost of care
by further delaying or confusing the patient’s diagnosis and
care. It is also reported that overutilization and underutilization
of laboratory tests occurred 20.6% and 44.8% of the time,
respectively [2].

In 2011, a survey conducted by the Centers for Disease Control
and Prevention among primary care physicians found that 14.7%
had uncertainty in selecting and ordering the correct test and
8.3% had difficulty interpreting tests [7]. Physicians’ lack of
access to information about the availability of specific tests, the
limitations of tests, and insurance coverage might play a major
role in the underutilization of tests, whereas medical malpractice,
selecting obsolete testing, and use of certain aspects of
computerized provider order entry are documented factors
leading to overutilization [3,4].

Economic Impact of Test Misutilization

Expenditures for health care in the US were approximately $4.1
trillion in 2020, which is an increase of 9.7% from 2019, and
it accounts for 19.7% of the total gross domestic product. If the
trends continue, health care costs are projected to increase to
$6.2 trillion by 2028 [7]. Hospital and clinical service
expenditure also showed rapid growth in 2020 and accounted
for approximately $2.08 trillion of the total cost of health care.
Although laboratory testing accounts for only a fraction of health
care expenditures, 94% of objective and structured data in the
electronic medical record (EMR) are obtained from a clinical
laboratory [8]. Moreover, it is estimated that 60%-70% of all
clinical decisions are based on the results of laboratory testing
[9,10]. Considering 60% as the rate of influence on the clinical
decision, it can be estimated that $1.2 trillion of health care
spending is influenced by laboratory testing. Therefore,
inappropriate testing not only leads to incorrect or delayed
diagnoses but also significantly adds financial burden. 4-5 billion
tests are performed annually in the United States. Unfortunately,
it is estimated that at least 20% of the lab orders submitted are
inappropriate [2]. The situation is expected to get worse as the
number of esoteric lab tests is growing, especially in the areas
of molecular diagnostics and genetic testing.

Ideally, every test performed by the laboratory should be
reimbursed. However, many billed tests are not reimbursed due
to a lack of documentation ensuring medical necessity. In many
cases, the denial of the reimbursement is due to the submission
of improper diagnostic code(s) for the disease or health problem
being tested for. Therefore, current clinical laboratory test
ordering procedures experience an information gap and there
is an urgent need for an automated system to improve test
utilization for economic sustainability in health care.

Need for Clinical Decision Support
System in Clinical Laboratory

Selecting and obtaining authorization for appropriate medical
tests is an ongoing and growing challenge in many specialties,
including radiology, cardiology, pulmonology, and
pharmacology. With typical radiology and diagnostic imaging
costs higher than those for laboratory testing, the US government
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has prioritized approval of a reimbursement reward system for
insurance providers that use a CDSS to improve imaging
utilization. For example, there is a 2015 “Advanced Imaging
Bill” which mandates that government-approved imaging
services will only be reimbursed if the insurance claim confirms
that appropriate-use criteria were consulted or a CDSS was
used. The bill also recommends the use of CDSS for other
diagnostic test ordering, if available [5,11,12].

CDSS is currently also available in cardiology, medication
management, oncology, and urology. These broad and growing
applications along with expansive and expensive specialized
lab testing strongly indicate that there is a substantial need for
an expert laboratory CDSS to aid health care providers, care
managers, and payers in selecting, ordering, and approving
laboratory tests and reducing inappropriate testing.

Currently, there are some partially developed and semimanual
lab CDSSs that help physicians order laboratory tests; however,
these approaches are provider-driven and require inconvenient
interactive user questions to access the information needed [10].
Unlike radiology CDSSs, these systems do not provide any
scoring system for tests based on medical evidence, clinical
relevancy, or medical necessity. Incorporating a scoring system
based on test indications and providing information on
supportive diagnostic codes can help automate the laboratory
test ordering process and has positive impacts on test utilization,
medical necessity documentation, claim verification, and
payment processing. These developments strongly indicate that
there is also a substantial need for a laboratory CDSS to help
health care providers in selecting and ordering the appropriate
laboratory tests, reduce inappropriate testing, aid providers in
easier and more automated payment processing, and finally get
better and on-time health care to patients [4,5,13,14].

Solution to This Problem

A potential solution is to develop a laboratory CDSS that will
aid providers in selecting and ordering the right diagnostic tests
with which to manage patient health care. The CDSS will help
laboratories process the order, process the sample, and report
accurate results on-time delivery to the ordering provider. The
CDSS will provide information regarding the appropriate
diagnostic ICD-10 code(s) to meet the medical necessity. The
CDSS will also provide a medical evidence-based scoring
system based on clinical utility. A CDSS that provides the
testing indication(s) to complement the provider’s notes and is
electronically interfaced with EMRs, electronic hospital records,
and billing systems to automate processes like medication
management and radiology CDSS is desirable [4,5,14].

Laboratory Decision System (LDS), developed by Medical
Database Inc, is one of the available automated CDSS. LDS is
an algorithm-based test selection and ordering database for
physicians, health care providers, insurance and managed care
companies, and billing services. LDS is expertly developed to
help system users understand, select, order, and use laboratory
tests for disease diagnosis and management using
evidence-based guidelines and industry best practices. The
system uses our proprietary scoring system developed by our
editorial board (60 pathologists and PhDs), designed to rank

testing recommendations based on disease, clinical relevance,
medical necessity, and testing indication. Each time an order is
placed via the LDS platform, it automatically includes the
appropriate diagnostic ICD-10 code and Local Coverage
Determinations (LCD) or National Coverage Determinations
(NCD) to meet medical necessity for reimbursement. Included
in the robust database are all commercially available tests (over
2300 diagnostic tests), including genetic and proprietary tests
[5].

The LDS rates and scores potential tests for any given disease
and assigns an easily interpretable numerical and color-coded
score based on clinical relevance, medical necessity, and testing
indication. Tests with scores of 5 or above (10 being the highest
score) meet medical necessity, while those with scores of 4 or
less do not. LDS also follows Medicare’s medical necessity
guidelines by using testing indications such as “initial testing
indication” to allow providers to better characterize the patient’s
disorder based on initial test results before ordering overly
complex and expensive tests. Appropriate tests use indication
labels, for example, diagnostic, disease management,
monitoring, and alternative tests, categorizing each test with
the right indication or reason for testing to avoid using
providers’ charts and notes that make it difficult to automate
the system [4,5]. When assessing the effectiveness of LDS in
improving test utilization and reimbursement with 96,170
laboratory requests comprising 374,423 test orders from a
reference laboratory, 44,671 tests were accompanied by ICD-10
that are described by Medicare as “never covered” because of
the lack of a system to check or support the medical necessity
of each order. A total of 160,449 tests were subject to a
Medicare policy review from which 112,400 tests met coverage
criteria, and 48,049 tests did not. These orders were then
reevaluated using LDS. Of the original test order sample, 91.5%
had an associated LDS score. Of these scored tests, 47.8% met
coverage and 43.73% failed to meet coverage, according to the
LDS Ranking System. Importantly, LDS provided
recommendations for alternative diagnostic ICD-10 codes or
tests which could have aided physicians in choosing a more
appropriate test or submitting a different ICD-10 diagnostic
code to meet medical necessity. Around 96.4% have an
alternative ICD-10 code or a test score above 5, meeting medical
necessity. The LDS system recommended 80.5% which would
meet Medicare policies, demonstrating that the LDS system
would correct inappropriate orders if used as a testing utilization
management system [5]. However, more systemic testing of the
platform is needed to evaluate the effectiveness of test
utilization, medical necessity verification, and payment
processing.

Since the LDS platform has been built to interface with EMRs,
electronic hospital records, and laboratory information systems
(LIS), the content can be accessed directly through these
systems, allowing orders to be sent directly to laboratories for
testing coordination. Accordingly, when using the LDS platform,
every test ordered will automatically include a medical necessity
score, the correct testing indication, and the appropriate ICD-10
and CPT codes, all of which also support adjudication for bill
payment. An outline of the use of computerized provider order
entry of LDS is elucidated in Figure 1. In addition, each test
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ordered through the LDS platform will provide testing
indications to support the purpose of the testing, thereby
reducing manual submission of “medical necessity” review

data, including reasons for test ordering (scripts, notes, charts,
etc) and adding system automation with lower costs, faster
throughput, and higher performance [4,15].

Figure 1. Test ordering using LDS automates the selection of appropriate tests based on clinical relevance and integrates the International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision and LCD codes to facilitate reimbursement. LCD: Local Coverage Determinations;
LOINC: Logical Observation Identifiers Names and Codes; NCD: National Coverage Determinations.
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Conclusion

In conclusion, there is a clear and immediate need for an LDS
system similar to that which is used in radiology and medication
management, which can aid providers in selecting the right test
for each disease or condition while assigning the correct ICD-10
code, right Local Coverage Determinations and National
Coverage Determinations to meet the medical necessity and

right testing indication covering the reason and use of ordered
test(s). The available LDS system developed by Medical
Database, described in this viewpoint study may assist providers
in making appropriate utilization decisions while also supporting
laboratories in reimbursement and streamlining claim
verification for payers, all of which combined will potentially
make the laboratory industry and overall health care more
efficient and cost-effective.
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Abstract

In this viewpoint, we argue that recent studies using clinical public databases have revolutionized our understanding of hidradenitis
suppurativa (HS), a chronic inflammatory skin condition with significant impacts on patients’ quality of life. Our key messages
are as follows: (1) these databases enable large-scale studies integrating genetic, epidemiological, and clinical data, providing
crucial insights into HS’s genetic predispositions, comorbidities, and treatment outcomes; (2) findings highlight a strong genetic
component, with mutations in the γ-secretase complex playing a key role in HS pathogenesis and shaping targeted therapies; (3)
studies also reveal elevated risks for comorbidities like obesity, diabetes, cardiovascular disease, and systemic inflammation in
patients with HS, with diet-driven inflammatory pathways potentially exacerbating disease severity; (4) while these databases
offer unprecedented research opportunities, limitations such as data representativeness and quality must be considered; (5)
nonetheless, their benefits outweigh potential drawbacks, allowing the identification of rare comorbidities, disease progression
patterns, and personalized treatment strategies; and (6) increased funding for HS research is crucial to harness these databases’
full potential, develop targeted therapies, and ultimately improve patient outcomes. As HS’s impact is disproportionate to current
research investments, we believe advocating for more resources and addressing database limitations will be key to advancing HS
understanding and care.

(Interact J Med Res 2025;14:e70282)   doi:10.2196/70282
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hidradenitis suppurativa; clinical public databases; disease progression; patient data; HS

Hidradenitis suppurativa (HS) is a debilitating chronic
inflammatory skin condition that significantly impacts patients’
quality of life. Despite its profound effects, the pathogenesis of
HS remains poorly understood [1]. In this viewpoint, we aim
to highlight how recent advancements in clinical public
databases have provided researchers with a powerful tool to

explore the genetic, epidemiological, and clinical aspects of HS
(Table 1). We argue that these databases have enabled
large-scale studies integrating diverse patient data, yielding
crucial insights into the disease’s genetic predispositions,
comorbidities, and treatment outcomes [2].

Interact J Med Res 2025 | vol. 14 | e70282 | p.51https://www.i-jmr.org/2025/1/e70282
(page number not for citation purposes)

Liu et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:jiangxian@scu.edu.cn
http://dx.doi.org/10.2196/70282
http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Recent studies on hidradenitis suppurativa (HS) using clinical public databases.

DatabasesConclusionJournalYearTitle

UK BiobankExplored the genetic susceptibility of HS
to cardiovascular and metabolic diseases

JAMA Dermatolo-
gy

2024Genetic Susceptibility to Hidradenitis
Suppurativa and Predisposition to Car-
diometabolic Disease [3]

TriNetX Research NetworkFound an association between HS and
gout

Dermatology2024Association Between Hidradenitis Sup-
purativa and Gout: A Propensity Score-
Matched Cohort Study [4]

Clalit Health ServicesFound a correlation between a history of
asthma and susceptibility to HS

Archives of Derma-
tological Research

2023A History of Asthma Is Associated With
Susceptibility to Hidradenitis Suppurati-
va: A Population-Based Longitudinal
Study [5]

Clalit Health ServicesInvestigated the risk of myocardial infarc-
tion, stroke, and peripheral vascular dis-
ease in patients with HS

Archives of Derma-
tological Research

2023Hidradenitis Suppurativa and the Risk
of Myocardial Infarction, Cerebrovascu-
lar Accident, and Peripheral Vascular
Disease: A Population-Based Study [6]

Clalit Health ServicesEvaluated the bidirectional association
between HS and rheumatoid arthritis

Immunologic Re-
search

2021Hidradenitis Suppurativa and Rheuma-
toid Arthritis: Evaluating The Bidirection-
al Association [7]

Danish National Patient Regis-
ter

Studied the relationship between birth
weight, childhood BMI, and height with
the risk of HS

JAMA Dermatolo-
gy

2020Association of Birth Weight, Childhood
Body Mass Index, and Height With Risk
of Hidradenitis Suppurativa [8]

Global Hidradenitis Suppurati-
va COVID-19 Registry

Explored data-driven management prac-
tices through the Global Hidradenitis
Suppurativa COVID-19 Registry

British Journal of
Dermatology

2020Global Hidradenitis Suppurativa
COVID-19 Registry: A Registry to In-
form Data-Driven Management Practices
[9]

National Institute of Arthritis
and Musculoskeletal and Skin
Diseases Database and the
Global Burden of Disease

Compared skin research funded by the
National Institute of Arthritis and Mus-
culoskeletal and Skin Diseases with the
2010 Global Burden of Disease results

PLoS One2014Comparing Cutaneous Research Funded
by the National Institute of Arthritis and
Musculoskeletal and Skin Diseases With
2010 Global Burden of Disease Results
[10]

One of our key messages is that studies using clinical public
databases have revealed a strong genetic component in HS. By
analyzing data from diverse populations, researchers have
identified genetic factors, such as mutations in the γ-secretase
complex, that predispose certain individuals to develop HS
[3,11]. We believe these genetic insights are not only expanding
our understanding of HS pathogenesis but also shaping the
development of targeted therapies [11]. Furthermore, we
emphasize that clinical databases have shed light on the complex
relationship between HS and various comorbidities. Studies
have shown that patients with HS have a significantly higher
risk of developing obesity, diabetes, cardiovascular disease, and
even gout [4,6,12,13]. Notably, diet-driven inflammatory
pathways, particularly those involving interleukin-17 and
interleukin-1β, have been implicated in exacerbating HS severity
[12]. The interplay between obesity, immune checkpoint
inhibitors, and psoriasiform eruptions in HS further highlights
the role of shared inflammatory pathways in disease
exacerbation [13]. These findings underscore our view that a
holistic approach to managing HS is needed, addressing both
the dermatological and broader health risks faced by patients.

While we believe the insights gained from clinical public
databases are invaluable, it is essential to consider potential
limitations and counterarguments. One concern is the
representativeness of the data within these databases. We argue
that ensuring diverse and inclusive patient populations is crucial

to avoid bias and generate findings applicable to the broader
HS community [7]. Additionally, the quality and consistency
of data entry across different health care settings may vary,
potentially impacting the reliability of the results [5].
Furthermore, biases may exist in terms of the ethnic and
geographic diversity of the data, which may skew the results
for certain populations. We believe expanding the scope of these
databases to include more diverse patient groups will be essential
to ensure that the findings are broadly applicable and not limited
by sample biases.

Despite these challenges, it is our view that the benefits of using
clinical public databases in HS research far outweigh the
limitations. These databases provide access to large, diverse
patient populations and enable the identification of rare
comorbidities and treatment outcomes that may not be apparent
in smaller clinical settings. Moreover, longitudinal data captured
in these databases allow researchers to study disease progression
and identify early diagnostic markers, paving the way for timely
interventions and personalized treatment plans [8]. We argue
that researchers should focus on making improvements to
database infrastructure, such as ensuring data consistency and
addressing gaps in representation, to maximize their utility for
future studies.

As we continue to harness the power of clinical public databases,
we believe it is crucial to prioritize HS research and allocate
adequate funding. The Global Burden of Disease study has
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highlighted the significant impact of HS on patients’ lives, yet
research funding for HS remains disproportionately low
compared to other skin diseases [9,10]. We argue that increased
investment in HS research will accelerate the development of
targeted therapies and improve patient outcomes. Public health
initiatives aimed at increasing awareness of HS and its
comorbidities, along with funding to support further research,
will be vital to driving innovation and improving patient care.

In conclusion, it is our view that clinical public databases have
revolutionized HS research by providing unprecedented access

to large-scale, diverse patient data. The insights gained from
these databases have deepened our understanding of the genetic
susceptibility, comorbidities, and treatment outcomes associated
with HS. As we move forward, we believe it is essential to
address the limitations of these databases, ensure inclusive
patient representation, and advocate for increased funding for
HS research. By harnessing the full potential of clinical public
databases, we can unlock new avenues for personalized medicine
and ultimately improve the lives of individuals affected by this
challenging condition.
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Abstract

Internet-based research has exploded in popularity in recent years, enabling researchers to offer both investigations and interventions
to broader participant populations than ever before. However, challenges associated with internet-based research have also
increased—notably, difficulties verifying participant data and deliberate data manipulation by bot and spam responses. This study
presents a viewpoint based on 2 case studies where internet-based research was affected by bot and spam attacks. We aim to
share the learnings from these experiences with recommendations for future research practice that may reduce the likelihood or
impact of future attacks. The screening and verification processes used are presented and discussed, including the limitations of
these. Based on our experience, security and screening within internet-based research platforms are partly effective, but no solution
is available to protect researchers completely against bot attacks. Implications for future research and advice for health researchers
are discussed.

(Interact J Med Res 2025;14:e60548)   doi:10.2196/60548
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Introduction

Overview
The internet and digital technologies have irretrievably changed
the conduct of research. Whether it be participant engagement,
digital intervention delivery, data collection, or distribution of
findings, technology has allowed researchers to engage in
wider-reaching recruitment. Technology has also enabled people
to access and participate in research that may not have been
previously possible. In particular, health researchers have
embraced internet-based recruitment to invite participation from

varied population groups easily and to collect data from large
samples.

There has been a significant increase in sample sizes in the last
decades, intending to increase statistical power, replicability,
and generalizability of research findings [1]. The adoption of
open science practices and the emergence of global collaborative
efforts, such as the Human Connectome Project [2] and the UK
Biobank study [3], including tens of thousands of participants,
has facilitated the pooling of resources and increased the overall
sample sizes in research studies. However, with the increase in
public accessibility of internet-based studies comes a potential
increase in poor quality or false participants, ranging from
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careless respondents who respond with insufficient effort [4]
to malicious responses such as automated attacks in the form
of computer-programmed bots [5,6].

Bots can be fully automated to target internet-based research
via automated malware or malicious algorithms [7], or they
may be “hybrid” where there is an element of human control.
An example of a hybrid bot is when the human may complete
the initial survey screening questionnaires and then allow an
automated bot or algorithm to complete the remainder of the
survey. Bot attacks have existed since the early 2000s and are
becoming increasingly common. This increase may be linked
to the rise of internet-based paid research panels and
crowdsource platforms such as Amazon Mechanical Turk, which
bots can leverage. Whether the bots are automated malware or
human respondents who are completing surveys for financial
gain without meeting study inclusion criteria [8], it is irrefutable
that caution must be exercised when conducting an
internet-based or remote study [9,10].

Bot attacks must be identified as they impact the integrity of
datasets [5,11,12], creating a situation where ineffective
interventions may appear effective, and conversely, effective
interventions may seem ineffective. Similarly, one of the
significant risks of undetected bot attacks is the potential to
misrepresent populations [5,13] and influence decision-making
based on erroneous data. Misrepresentation is particularly
problematic for vulnerable [14] and at-risk populations such as
Indigenous communities, who are often poorly serviced by
many existing interventions [15], or populations where new
effective interventions are desperately needed [13,16]. Thus,
misrepresentations of bots as members of this population could
have dire consequences.

This paper discusses the viewpoints of strategies researchers
can use to help reduce the impact of bots on research. Like
several recent papers [5,13,17-21], the researchers were
impacted by bot attacks on 2 independent projects hosted on
different platforms at 2 institutions. We present case studies
(CS1 and CS2) of the 2 research projects (see Multimedia
Appendix 1) that were affected by bot attacks and demonstrate
the impact these would have had on the demographics of the
final dataset. We share the steps the research teams took to
identify potential bot participants, outline strategies to mitigate
the bots’ effects and reduce the chances of bot attacks in future
projects, and provide recommendations for other researchers.

Ways to Identify Bot Responses

Several signs in both case studies indicated likely bot
attacks—both in terms of researcher review of the dataset and
the survey metadata and through software flagging functions.
We also attempted to develop an algorithm to predict the
likelihood of the participant being a bot to help determine
authentic participants from bots. These strategies are discussed
further.

Researcher Strategies to Identify Bots
In both studies, recruitment appeared far more efficient than
expected, particularly as there was no targeted advertising and
the recruitment methods used were broad. Both studies had high

numbers of participant registrations in a brief period, with
registrations frequently being close together (often less than
minutes apart).

Second, study participant demographics were disproportionate
to the sample pool, and populations often hard to recruit were
overrepresented. As this was more subtle than the high number
of registrations, this may not have been detected until data
analysis was underway if unusual recruitment patterns were not
present. Overrepresentation was particularly obvious for CS2,
where we had planned to purposefully recruit based on ethnicity
and monitored to ensure we were successful in this recruitment
but had yet to start targeted recruitment. It is noted that although
the proportion remained high in the corrected dataset, this was
overinflated due to the small sample size and likely would not
have remained proportionally high once higher numbers or
participants were recruited.

Third, a review of participant email addresses indicated that
most suspected bot attacks had emails that followed similar
patterns (eg, a combination of letters and numbers followed by
the exact email domains) or were nonsensical. While not all
email users choose not to use their name in their emails, and
the desire to protect against identity theft means that some
people do not have emails that make sense, it was the similarity
between the email addresses that highlighted the differences
between suspected bots and the participants that we believed
to be genuine.

Finally, unusual responses in the internet-based surveys also
highlighted potential bot responses. Specifically, random
answering for survey questions as evidenced by inconsistent or
incongruent responses, a lack of answers to qualitative or text
responses, and patterned survey responses indicated likely bots.

Use of Survey Platform Data
In terms of using the functionality of the survey platforms,
several additional strategies can be used to determine if a bot
attack has occurred. Some survey platforms can flag surveys
that are likely bots, so this should be used where possible.
Although responses are flagged, researchers still need to review
the responses as above to identify atypical patterns of responses.
While this requires researchers to review survey responses, the
flagging system can potentially reduce the time required to
identify bot attacks.

Potential Statistical Prediction to Identify Bots

Overview
For CS2, there were two parts to the study; participants were
invited (1) to complete the “research” questionnaire, which
consisted of 8 forms, and (2) to use the internet-based
intervention component of the study accessed through a second
external website using their contact details. By cross-validating
the information from the intervention platform with the initial
research survey data (N=503), we obtained confirmation of true
participants (n=27). However, we could not be sure whether
the high number of remaining participants were bots or actual
participants who did not continue to the next part of the study,
although we assumed they were bots.
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Yet this scenario presented us with a unique opportunity to
attempt to create a bot detection algorithm to distinguish bots
from genuine participants in CS2 better using strategies
previously recommended in the literature [18,22]. To achieve
this, we assigned suspicion scores on a scale of 0-10 to responses
that we evaluated as being potentially anomalous based on the
following criteria:

Survey Completion Time
We tracked the completion rates, completion times of individual
forms within the survey, and the time difference between the
initial and final form completion. A weak bimodal distribution
appeared for completion times in CS2, allowing us to apply a
higher suspicion score to completion times of less than 5
minutes.

Email Address Analysis
We scrutinized patterns in email addresses, such as random
strings of letters and digits, along with unusual domain names,
to identify suspicious email patterns typically associated with
bots. Higher suspicion scores were applied to unusual email
address combinations.

Conflicting Response Analysis
We evaluated responses to specific correlated survey questions
to detect inconsistencies that might indicate automated
responses. For instance, we sought contradictory answers to 2
questions concerning the frequency of experiencing “not being
able to stop or control worrying” and “worrying too much about
different things” over the past 2 weeks. Greater negative
correlations between paired questions were assigned higher
suspicion scores.

To construct the bot detection model, we used the extreme
gradient boosting (XGBoost; The XGBoost Contributors)
algorithm with a logistic regression base model for binary
identification of bots and participants. XGBoost is a scalable
tree-boosting system that has shown excellent performance in
classification tasks due to its proficiency in managing
high-dimensional data and capturing intricate patterns [23,24].
We partitioned the dataset, allocating 80% for model training
and 20% for testing model performance. Hyperparameters were
fine-tuned through experimentation and cross-validation to
attain optimal performance. We used receiver operating
characteristic curve results to optimize accuracy, sensitivity,
and specificity by adjusting the classification threshold. After
optimization, the model achieved an overall accuracy of 0.937,
with a sensitivity of 0.967 (reflecting a high rate of bot
detection), but a specificity of 0.400 (reflecting a poor rate of
actual participant detection), for a classification threshold of
0.25. Hence, the optimized model was heavily biased toward
detecting potential bots and unable to identify true participants
consistently. The model’s balanced accuracy was moderately
low at 0.683, reflecting the challenge of simultaneously
identifying true positives and true negatives.

Based on this model, the most important features in order of
predictive use were the time difference between the first and
last form completions within the baseline survey, the time
difference between adjacent forms from “unique” participants,

the total completion time of the overall survey, the email
suspicion score, and conflicting responses for correlated
questions. We also ran univariate logistic regressions for
individual features to validate the XGBoost model results. Heavy
0 inflation (ie, high numbers of participants with suspicion
scores of 0) and poor discriminability were present in each
feature, making it impossible to identify bots accurately even
when features were combined.

To perform supervised learning this way, we assumed a binary
classification of participants versus bots. In reality, the data
were imperfectly labeled. Instead of labeling participants as
“not bot” or “bot,” the best we could achieve was labeling them
as “not bot” or “maybe bot.” Because the study comprised the
internet-based research questions and the internet-based
intervention, we used the login and intervention usage data to
confirm some true participants (as the intervention website
required interaction with diary components and activities, thus
confirming a true participant). Nevertheless, there remained a
high degree of uncertainty regarding the identity of the
remaining participants who only completed the first baseline
research questionnaire but did not proceed to log into the
intervention. Thus, the bot detector’s accuracy is probably
exaggerated.

Ways to Manage a Bot Attack

Researchers should regularly monitor recruitment and data
collection to aid in the early identification of bot attacks. Close
monitoring is critical soon after studies are advertised on the
web, as the risk of a bot attack, based on these 2 studies, seems
to occur soon after study advertisement. While frequent data
monitoring will not stop a bot attack, it may reduce the breadth
of the attack by being able to intervene early. Researchers can
monitor data manually by regularly checking recruitment or by
setting up alerts for new enrolments, which will signal if a high
volume of enrolments occurs over a short time.

Close or Pause the Survey
Once a bot attack is detected, it is essential to close or pause
the survey immediately. In both case studies, new surveys were
created and circulated with additional security measures in place,
including location screening features, CAPTCHA coding, the
use of fraud scores algorithms, and referral restrictions if
recruitment occurs through social media (further strategies are
discussed in the section “Ways to counteract a bot attack”).
Closing or pausing the survey ensures that no new bot
enrolments can occur (although settings may allow incomplete
surveys to be completed) and extra security measures can be
implemented.

Seek Institutional Support
After identifying the bot attack, several actions were taken to
help the research teams consider what to do next. Actions
included notifying the respective ethics committees about the
attack and seeking consultation and advice about responding.
Despite this surge in internet use for health research, there
remains limited guidance from health research ethics committees
on managing bot attacks or ensuring the validity of
internet-based research studies. The emergence of large-scale
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digital research and artificial intelligence have presented unique
challenges in research ethics and safety. Artificial intelligence
(AI) and “big data,” particularly digital data, present unique
ethical considerations, which institutional research ethics boards
may not be adequately equipped to deal with [25]. For example,
the issue of transparency is unique to contemporary AI models,
as they are often considered “black boxes” where the user is
unaware of how the model has reached its conclusion [26].
Accountability remains a complex issue as it is unclear who
should be held responsible when AI is involved [27]. In this
context, we believe retaining autonomy and “human control”
of digital data is paramount. AI can also blur the concept of free
and informed consent, and managing privacy becomes more
challenging with AI’s ability to identify individuals even after
data deidentification [28]. Data bias is also a concern as AI may
not always detect or could potentially generate biased results,
including harmful gender and racial biases [29]. It is crucial to
continue addressing these ethical challenges to ensure
responsible and safe implementation of AI technologies.

In both our case studies, several ethical dilemmas arose. The
first dilemma was the issue of reimbursement. As there is often
a set budget for participant reimbursement, an ethical dilemma
arises when the number of claims exceeds those budgeted.
Specifically, in studies where actual enrolments exceed planned
enrolments, there could potentially be hundreds of people who
cannot be reimbursed if the study protocol outlines
reimbursement of all respondents regardless of data quality.
The second dilemma was the inability to differentiate between
bots and actual participants in a way that could 100% confirm
which responses were “real” and which were not. Failure to
accurately identify between participants and bots could lead to
a risk of reimbursing bots and erroneously excluding
reimbursement of actual respondents due to budgeting
constraints.

Finally, there were concerns about potential reputational risks
for the researchers and their academic institutions if the research
team reimbursed “fake” responses or missed payment for “real”
participants. The respective university ethical and legal teams
were consulted about researcher obligations to compensate
based on completed answers, even if suspected bot attacks
generated these. The standard advice was that the bot attack
was a misrepresentative response, and therefore, there was no
obligation to compensate, given that the terms of research
participation had not been met.

In CS1, where participants were to be sent vouchers for
compensation, careful screening of voucher claims revealed
only 4 valid registrations (out of over 1200 claims), which were
subsequently paid. Where participant contact details were
available in CS2, we gained ethical approval to recontact
participants to indicate that there had been an attack on the
study. We asked participants to complete their baseline data
collection again to obtain their compensation. The recompletion
rate was approximately 55% and no complaints were received
about this by the researchers or the ethics committee.

Remove Data
Where there was a high probability of being a bot participant,
these data were removed from the dataset, and a record was

made of this decision. This decision was based on the above
identification parameters. Where it was difficult to tell if the
participant was a bot-participant or a legitimate participant, this
was noted to allow further scrutiny during the longitudinal
follow-up and for reporting in publications as appropriate. It is
noted that in both case studies, 2 researchers were involved in
each review of data and the decision to remove participants
based on being a bot. It was also determined that it was
important to do this before data analysis occurred, document
all research decisions, and inform the respective ethics
committees.

Ways to Counteract Bot Attacks

Plan Ahead
We believe that all researchers involved in internet-based
research should have a bot-management protocol in their data
management plan. This could be based on protocols such as
Ballard et al [11] and include the frequency of monitoring
enrolments for bot attacks, steps to take when the survey is
active if a bot attack is suspected, and a data handling and
analysis plan for the study and that includes planning for
bot-related and suspicious data. There should be a clear
justification for removing data, and the dataset should be
reviewed independently by 2 reviewers, including any decision
made to remove data. Decisions should be documented, and
publications related to the study should disclose the level of
data removal related to the bot attack. Similarly, ethics
committees who have approved the study should be consulted
and informed about bot attacks, given the impact on research
integrity.

Study Advertisements
The researchers in this study and others [9,18,30] believe that
studies that are advertised on social media, particularly media
where bots are highly active and reach are widespread (such as
Twitter or Facebook), are more likely to experience bot attacks.
The placement of study advertisements should be specific to
the study population, where possible, and highlight the benefits
of participating in the research other than compensation. Settings
on survey platforms can also limit access to pages via routes
other than where they were initially posted; for example, in
CS1, settings were changed so that only participants who
accessed the survey via the Facebook pages where the links
were posted were included in the dataset. In addition, only those
who accessed the voucher registration page via the survey could
enter their details. Using previously verified distribution lists,
such as those associated with professional or patient
organizations, may reduce the likelihood of bot attacks as the
advertising is more targeted.

Participant Information Sheets and Consent Forms
Participant information sheets and consent forms should
highlight the steps researchers will take if they believe a
participant has misrepresented themselves. Currently, participant
information sheets often outline the inclusion and exclusion
criteria and may ask that the participant indicate that they meet
these criteria; however, there is no explicit statement about data
management for suspected bot attacks. Upon reviewing the
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participant information sheet for CS2, the ethics committee felt
that the wording and context did sufficiently imply that
reimbursement was given only if the questionnaires were
completed as part of the intervention study, so this provided
adequate grounds for researchers to omit reimbursement to
participants who did not complete the questionnaires as part of
the fuller study. Nevertheless, an ethics amendment was made
where the wording was changed to stipulate that reimbursement
more clearly was only given if the questionnaires were
completed and the study intervention was used as part of
participation.

For future studies, we would recommend the inclusion of text
such as the following:

Any data that is thought to be generated by a bot or
non-human means, is a duplication beyond what is
required by the study, or is misrepresentative may be
removed by the research team. If this occurs, study
compensation for participation, as outlined in this
participant information sheet, will not be offered. If
you believe your data has been removed unfairly, you
may discuss this with the lead researcher, who may
ask you for proof of the legitimacy of your claim. If
there are issues with data collection, you may be
contacted to complete parts of the research again,
which you may choose to decline.

Consent forms should also include reference to this, such as “I
understand that if my data is believed to be misrepresented it
may be removed from the study and I may not receive
compensation for participation.” Before including this in
external documents, we recommend consulting with your
institutional legal team and ethics committee.

Prescreening of Participants
Designing a 2-step registration process that requires screening
for study eligibility prior to accessing the survey and that
includes multifactor authentication for identity validation may
be 1 way to counter web-crawler bots. A more thorough strategy
could be prescreening participants manually via a phone call,
but this increases the time intensity of a study [21] and may
also create a hurdle for participation by requiring additional
steps to be completed. Further, commercial tools for identity
verification from public records may also be used depending
on the location of the study, ethics committee approval, and the
researcher’s ability to access these. However, these tools rely
on up-to-date public records and prevent anonymous
participation, which again may create barriers.

Compensation of Participants
Offering financial compensation for research participation is a
common strategy when engaging in health-related research,
encouraging a breadth of responses [31] and helping to reduce
the impact of self-selection bias [32]. Compensating participants
is considered an ethical approach to ensuring widespread health
research engagement and facilitates participation by financially
disadvantaged participants [33,34]. Compensation also
recognizes the time participants have contributed to the research
project and the value of their contribution. However,
compensation means that research can also attract participants

who may not be interested in the outcome of the research and
are participating for other reasons.

Advertising compensation in study advertisements may increase
the likelihood of studies being targeted by bots [5,6,18].
Likewise, direct compensation for internet-based data collection
increases the risk of a bot attack, which may be mitigated by
offering a prize draw instead. However, a prize draw may be
less effective for recruitment [35], may not fairly compensate
participants for their time, and may be less likely to recruit or
may greater disadvantage more some individuals [36].
Alternatively, offering compensation contingent on completing
specific tasks may reduce the likelihood of fraudulent
participation, particularly if compensation payment is only made
at the end of the study.

Ethics committees recommend offering compensation relative
to the degree of involvement of the participant. For example, a
5-minute survey may only be eligible for a prize draw, whereas
a study with an in-person 3-hour visit that requires blood tests
and medical scans will warrant a higher compensation. However,
there is limited guidance on what compensation is expected for
different activities, and research teams arbitrarily determine
compensation. Thus, studies where researchers offer a higher
level of compensation for less effort (such as a short
internet-based survey), might be more appealing to bot attacks.
Given this, we would advocate for more explicit guidance on
research compensation, particularly for internet-based studies.

Clarifying participant identity to claim compensation may also
be another barrier for financially motivated bot attacks.
Examples of this could be participants being asked to provide
identification at the end of the survey to claim compensation
and to ensure the participant is a person or the research teams
sending vouchers to a postal address rather than an email
address. Another potential way to determine authenticity may
be using electronic bank transfers to a confirmed bank account
rather than digital vouchers similar to case transfer programs
that have been trailed in health research [37]. Alternatively,
cryptocurrency could also be effective, as the process of
claiming blockchain-based rewards could involve complex
cryptographic tasks or multifactor authentication methods that
are easy for humans but difficult for bots. Cryptocurrency
transactions are also publicly verifiable by default on the
blockchain, providing a transparent record of each payment
(note that cryptocurrency has not yet achieved sufficiently
widespread adoption to enable this method, and its use could
potentially be seen as contentious [38,39]). Likewise, the
requirement to share personal banking information may be a
barrier to participation or could preclude people who do not
have the financial fluidity to experiment with or access
cryptocurrency, which has often been associated with people
with more financial freedom [40]. Thus, the use of
cryptocurrency may only be viable in limited situations. These
strategies could reduce the potential for bots or hybrid bot
attacks to be paid and could prevent participants from claiming
multiple compensations for multiple completions of the same
survey.
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Enhanced Security Settings
Researchers should familiarize themselves with the security
options within their survey platforms to reduce bot attacks.
Security options include activating settings to reduce multiple
responses from the same participant, bot detection features, and
CAPTCHA settings. For CAPTCHA, Qualtrics (Qualtrics
International Inc) generates scores for each participant on a 0
to 1 scale based on several variables. Scores less than 0.5 are
likely bots. It was noted that in the case studies above, this was
not enough to deter bots but was a method of helping to identify
potential bots. RelevantID settings also use code to determine
if participants are taking the survey multiple times, allowing
researchers to remove duplicate participants.

Crafty Survey Development
Two survey design steps may help make it more difficult for
bots to access surveys. The first requires registration with an
email address, and then potential participants must validate their
email address to log on to the internet-based survey. This
registration requires more actions to log in, which makes it
harder for less sophisticated bots to access the survey. However,
as noted in CS2, bots or hybrid bots may be able to overcome
this. Additionally, initial screening or inclusion criteria could
be set up as individual questions that are randomized in order,
and the correct answers need to be selected for inclusion in the
final dataset. An alternative could be using questions that require
2 answers that are linked and require only certain answers to
indicate a valid participant. An example could include selecting
a country of origin from a drop-down list and then entering a
postcode [20] which the research team check to validate if this
is a real participant.

Surveys can also include questions that are only likely to be
completed by bots, not participants. These are called “honey
pot” questions, and each survey platform has a different way
of creating them. For example, a field may be created that is
invisible to humans, but can be detected by a bot. It is also noted
that creating these questions in some coding software may be
easier for a bot to detect, and recent internet-based threads have
recommended that JavaScript (Mozilla Foundation) be the
preferred coding platform for creating these fields.

The inclusion of text-based questions that need answering may
also help with the identification of bot participants. Examples
of this could include a series of questions requiring a typed
answer about the country’s capital, what year it is, the city the
person lives in, and basic mathematical equations such as “What
is one plus three?” Question format can also increase the chance
of detecting a bot by directing participants only to select a
specific number of items from a list where all items could be
answered.

Kay and Saucier [41] have created an internet-based database
of 660 items that can be used to detect careless or
insufficient-effort responders in survey data. The authors
propose that the best way to identify participants who respond
in a misleading or invalid way is to add frequency and
infrequency items. Frequency items should be endorsed almost
by every respondent (eg, it should be illegal to kill an innocent
person), and infrequency item statements should be endorsed

by almost no respondents (eg, when someone tells a funny joke,
I feel angry) [41]. Thus, failure to endorse a frequency item or
an infrequency item would likely indicate a bot.

The final recommendation is randomization of survey items or
questions that make it difficult for bots to “predict” the question
and answer “appropriately,” thus making it easier to identify
nonsensical surveys. Similarly, including free text or open text
questions may also help to identify bots versus actual
participants, as bots are less likely to complete these
meaningfully or may replicate answers. Thus, reviewing
qualitative answers for quality or content duplication may help
identify a bot. Additionally, including qualitative answers may
make bot responding more challenging and provide more
insights for future research not captured in closed-text answers
[14]. It is noted that these strategies individually will not
necessarily prevent hybrid people-bot attacks but will increase
the difficulty of survey completion. If multiple strategies are
used, it will likely be more deterring for the bot and make it
easier to identify bot-responding.

Metadata
The use of IP address tracking may be helpful to identify actual
participants compared to bots. Coupled with location filters, IP
address tracking can help determine when multiple attempts are
made of the same survey and when the participant is not within
the geographical catchment of the survey. However, it is noted
that virtual private networks can circumnavigate this, and IP
address tracking alone is not foolproof. Some ethics committees
consider IP addresses to be identifiable information that must
be disclosed during the informed consent process if collected.
Using this strategy should be approved by the overseeing ethics
committee. For further details on using IP addresses to mitigate
bots’ effects, see White and Brodhead [8].

Asking participants to provide information that is matched to
their IP address or metadata could also be another strategy to
validate real participants. This could include strategies such as
asking what country the person is in and matching it to an IP
address or geolocation or to confirm the time where they are
and match it to survey functions which capture the times of both
the participant’s browser and the server of the host institution
to detect discrepancies [20].

Challenges

Overview
There is likely no foolproof way to detect bots and determined
bot users could overcome many of these strategies through a
human answering some of the screening questions and then
running the bot script. Thus, bot-attacks in internet-based
research are an ongoing problem to manage. There are also
several ethical issues when identifying potential bots.

Decreased Anonymity
Requiring participants to provide a form of identification
prevents researchers from collecting anonymous responses. This
may be particularly problematic for studies where participants
may be reluctant to participate due to fear, stigma, or where the
behavior being studied is illegal [42]. There are strategies to
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reduce the impact of the potential to be identified, such as the
software randomly allocating codes that are not tied to answers
or a researcher who does not have access to the survey data (or
even the topic) being the contact person for voucher claims.
Researchers working in areas where stigma and shame are
common may be reluctant to design surveys where participants
may need to be identified; however, there is research showing
that larger incentives and greater privacy do not necessarily
equate to disclosure of more sensitive data [43] and greater
anonymity may impact the accuracy of internet-based surveys
[44]. Thus, protecting participant identity through
deidentification may be the preferred route to prevent bots and
increase survey accuracy.

Removal of Data
Removing bot data is important for research integrity, but this
should be done cautiously so as not to remove data belonging
to valid participants. This is particularly valid when considering
removing data with incomplete answers (particularly qualitative
answers), as this may result in removing data from people who
may struggle with literacy but also misrepresent attrition and
engagement—both critical issues in digital interventions [45-47].

Data removal should be done by 2 independent, blinded
researchers and disclosed in publications to ensure transparency
and rigor and decrease biases. Similarly, sharing the processes
around managing bot-suspected material will aid the research
community in developing a consistent approach to bot-data
management. Specifically, we believe that researchers should
report the methods used to determine bot data, the percentage
of data removed due to the data being bot-generated, and the
percentage of any suspicious remaining data. As such, we need
consistent community guidelines for handling and reporting
bot-related data and research impact.

Abusive Responses or Researcher Protection
Soon after the early closure of one of the studies, the researchers
began to receive requests for participation compensation. When
“participants” were told that there would be no compensation
due to suspected fraudulent behavior, researchers began to
receive abusive messages. While this is often not at the level
of abuse that has recently been disclosed with the rise of the
internet [48,49], receiving such abuse is a risk to the well-being
of researchers [50,51]. Given this, a plan is needed to determine
if and how to respond to such communications and ensure the
researcher’s well-being [50,51].

Discussion

Principal Findings
This study presents 2 case studies of bot attacks encountered
by our research team and the strategies we used to counter them.
Moreover, it underscores the critical challenge facing
internet-based survey research, which remains highly susceptible
to various forms of malicious interference. Unless novel
technologies are developed to counter these threats, the
challenge of obtaining trustworthy survey data over the internet
will likely become more difficult in future years. Our hope is
that this paper can serve as a warning, helping to drive the

changes needed to protect the integrity of internet-based survey
research moving forward.

As technology evolves, so too will the sophistication of bot
attacks. As such, bots are here to stay. Therefore, researchers
will need multiple, regularly updated strategies to combat and
manage bots’ effects, including institutional support and ethics
committees knowledgeable in this space. It is likely that health
research will need to consider multiple bot prevention strategies,
use multimodal recruitment and data collection, and develop
clear guidelines to help researchers manage bot-related data in
internet-based research.

Authentic participant data are valuable, and therefore,
researchers need algorithms and a decisional process to detect
bot data. A method that is overly sensitive to bots may remove
actual participants unnecessarily, thus reducing the size of the
dataset and may result in the study being underpowered. On the
other hand, an algorithm or decisional process with low
specificity may allow an excessive number of bot data to be
included, reducing data quality and increasing study costs
through compensation paid to nonauthentic participants. Further,
bots are likely to provide either extremely noisy or biased
answers that negatively impact data quality. When creating a
bot detection algorithm, it is up to the researcher to decide
whether they wish to prioritize sensitivity (the ability to detect
participants) or specificity (the ability to detect bots).

When attempting to develop an appropriate algorithm to detect
bots, we faced severe issues with zero-inflated data where most
participants—whether bots or not—registered a suspicion score
of 0 for multiple variables. This indicates a lack of information
about the methods used to create the bot. It highlights the
possibility that the attack was performed by human actors
responding manually to each survey, making it seem more
authentic. Yet even with perfect knowledge of our artificial bot
dataset, any bot detection algorithm trained on this dataset would
endure from severe overfitting issues, as the attack strategies
used will likely differ from those used for another project.
Consequently, our detection algorithm probably would not
generalize well to real-world attacks, except for similarly
designed REDCap (Research Electronic Data Capture;
Vanderbilt University) surveys. To make this even more
challenging, each of the survey tools currently available to
researchers (such as Qualtrics, REDCap, or SurveyMonkey)
have different programming interfaces and database structures
that would each require a unique version of the bot detection
algorithm that is configured to their setup. Hence, we remain
unaware of any tool that provides sufficient accuracy for bot
detection across the wide range of currently used survey tools.
Detection is made more difficult by imperfect participant
labeling. For example, researchers can rarely be completely
certain that an email address belongs to a bot, even in the
presence of “obvious” signs such as random strings of letters
or digits. Genuine participants wishing to preserve their
anonymity on the web may create a dummy email address for
responding to surveys or use “hide my email address” systems,
which can also create unusual email handles. The best way to
counter fake email addresses is by screening potential
participants beforehand and sending a private, individual survey
link to prescreened addresses rather than making the link
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publicly available [18]. However, this may not be practical for
all projects as it can be labor-intensive and as highlighted in
CS2, is not foolproof.

Implications
Health research often engages vulnerable populations, and
special care must be taken to protect privacy and ensure
appropriate risk management is available where
needed—including the detection of bots that may skew findings.
One vulnerable group are the Indigenous populations. Health
research must be responsive and capture the needs of indigenous
populations who often experience poorer health outcomes. In
CS1, bot responses identified as Māori (the Indigenous
population of New Zealand) made up 30% of the sample, and
after bot measures were in place, the percentage identifying as
Māori was 10%. In CS2, “bot” responses inflated the
participants that identified as Māori to almost 4 times what we
expected in recruitment based on the population composition.
Had we not identified the bot, we would have been quite
confident in the analysis we made relating to Māori participants,
given the high number, despite these results being unrelated to
Māori at all. Therefore, there is a risk that failure to detect and
adapt to bot technology could lead to misinformation and
contribute to poorer outcomes for indigenous populations based
on misinformed conclusions.

Given this, we encourage researchers to consider whether
internet-based surveys are the best way to obtain a representative
sample with high data accuracy. Internet-based recruitment may
preclude some people, and although we increasingly see people
being connected on the web, regular data connection, access to
technology, and technology literacy may not yet be everyone’s
privilege, including vulnerable communities. This is particularly
pertinent for those where the digital world may be at odds with
core and cultural values [52] or where surveys may not
accurately capture experiences [53]. Instead, the use of
multimodal surveys may reach a broader group, including those
who may not be aware of internet-based surveys, may be more
responsive to the needs of communities, and may be able better
to manage the impact of bots [14].

Recommendations
From our experiences and literature review, it would seem
prudent to develop clear guidelines for conducting internet-based
research to reduce the risk of bot attacks and increase the
robustness of internet-based research. There are currently few
guidelines that exist to guide practice in this area. The
Association of Internet Researchers released their latest ethical
guidelines for internet research in 2019 [54]. The guidelines
provide useful information about data management and security,
and consider some of the critical issues that we discuss in our
paper, including how to protect the researcher where the
researcher’s public identity is known; specific ethical topics
such as accountability, trust, and transparency which have
different considerations for internet-based research; and issues
related to the accuracy of data including in-built biases from
algorithms used for collection and how to use metadata. The
EQUATOR (Enhancing the Quality and Transparency of Health
Research) network refers to 3 reporting guidelines relating to
digital health research—the CHERRIES (Checklist for

Reporting Results of Internet E-Surveys) checklist—a checklist
for reporting results of internet e-surveys [55]; the CONSORT
(Consolidated Standards of Reporting Trials)-EHEALTH to
standardize the reporting of evaluations of web and mobile
interventions [56], and the iCHECK-DH (Guidelines and
Checklist for the Reporting on Digital Health Implementations)
which is a guideline and checklist on how to report digital health
implementations [57,58]. However, these EQUATOR guidelines
refer more to the reporting of the internet-based study than the
conduct and do not refer to bot attacks or management [59]. We
advocate for developing standardized guidance for researchers
conducting internet-based research that describe key
considerations and a standardized approach to ensuring data
accuracy and validity. These guidelines should also include
recommendations for reporting when bot attacks may have
occurred and how researchers should handle data with regard
to this. While we recognize that bot attacks are likely to be
ever-evolving and are likely to outpace the development of
guidelines, we believe it would still be useful for guidelines or
discussion documents for researchers for strategies to mitigate
or minimize the potential effects of bots. Similarly, these
guidelines or discussion documents may include points to help
researchers determine if the strategies required to minimize bot
attacks and the probability of obtaining valid data outweighs
the risk of an attack, thus determining if internet-based health
research is viable.

Future Directions
Bot attacks will likely become more widespread and more
difficult for researchers to detect as botware and attack
algorithms become more sophisticated. The experiences of our
research group and others [5,13,17-19] highlight a critical,
growing problem that deserves more focused researcher
attention. Nevertheless, internet-based research has many
advantages, such as the ability to reach large numbers of
participants and the ability to complete the research remotely.
Our experiences should not deter researchers from conducting
internet-based research studies. Instead, our paper is a call to
action to raise awareness and encourage researchers to consider
the risks and benefits of internet-based research. We recommend
developing guidelines around detecting and managing bot data
in internet-based surveys to help raise awareness of these issues,
provide guidance around survey design and data management,
and encourage transparency in reporting data that bots may have
impacted.

Researchers should also consider the recent exponential
development of large language models (LLMs) such as ChatGPT
(OpenAI) [60]. Unlike manually programmed bots,
LLM-assisted bots can interpret and respond to surveys more
coherently, making LLM responses more challenging to detect.
This also allows attackers to automate responses to qualitative
questions, a task previously reliant on human guidance. We
believe it is only a matter of time before LLM-assisted bots
become sophisticated enough to respond to any survey design.
Consequently, it may become impossible to trust any results
obtained from public survey links. Therefore, we recommend
that researchers begin implementing more effective security
strategies if they have not already done so.
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A question that arises at this point, and a potential focus for
further research, is whether bot attacks are generalizable across
different parts of the world, as different countries have varying
protocols for paying research participants [61]. Our experience
also suggests that all current research platforms may be
vulnerable to illegal bot attacks, and the associated responsibility
of software developers to ensure the security and privacy of
people is paramount. Thus, bot attacks are likely to be a global
issue.

Conclusions
While internet-based research studies increase the ease of
participant recruitment and accessibility to a diverse range of
respondents, the rise of sophisticated bot programmers and

algorithms to automate survey responses risks invalidating
internet-based research. Careful planning of internet-based
research study designs and incorporating measures to minimize
bot responses, such as using a mix of closed, open-ended, and
randomized questions, is necessary to protect internet-based
studies from bot attacks. However, these measures should be
weighed against the risk of inadvertently disqualifying or turning
away real, genuine participants. There is an urgent need for
standardized practices and guidelines to be developed to provide
researchers with clear guidance on safeguarding against bot
attacks and actions to take if a bot attack is suspected. As bot
attacks are here to stay, this paper aims to raise researchers’
awareness and create a call to action before the problem
becomes more widespread and challenging to manage.
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Abstract

Background: Chronic diseases such as diabetes and cardiovascular disease are global health challenges, affecting millions of
people worldwide. Traditional health care often falls short in chronic disease management. This has led to the exploration of
innovative solutions, such as mobile health (mHealth) technologies. mHealth, which leverages mobile and wireless technologies,
has the potential to transform health care delivery by providing continuous, accessible, and personalized care. However, the
effectiveness of mHealth, particularly when integrated with traditional health care interventions delivered by professionals,
warrants comprehensive investigation. Understanding the combined impact of mHealth and professional-led interventions is
critical to maximizing the potential of mHealth to improve patient outcomes and adherence.

Objective: This study aims to investigate the effectiveness of combining mHealth and health professional–led intervention for
improving health-related outcomes in chronic diseases

Methods: This systematic review and meta-analysis focused on randomized controlled trials. We searched Web of Science,
CENTRAL, MEDLINE, and CINAHL through July 17, 2023. The study targeted patients aged 18 years and older, experiencing
at least 1 chronic condition. The interventions were a combination of mHealth and the use of a health care professional. The
comparison groups consisted of participants receiving either general care and follow-up or those using mHealth devices without
any health care professional involvement. The outcomes measured in this review included hemoglobin A1c (HbA1c), quality of
life (QoL), and physical activity.

Results: The study included 26 research papers, encompassing 7360 individuals. Meta-analysis was conducted for HbA1c, QoL,
and physical activity. For HbA1c, short-term improvement was significant (standardized mean difference [SMD] –0.43; 95% CI

–0.64 to –0.21; I2=69%) and medium term (SMD –0.49; 95% CI –0.49 to –0.09; I2=21%). However, in the long term, the

improvement was not significant (SMD –0.23; 95% CI –0.49 to 0.03; I2=88%). For QoL, significant improvements were observed

in the short term (SMD –0.23; 95% CI –0.42 to –0.05; I2=62%), and in the medium term (SMD –0.16; 95% CI –0.24 to –0.07;

I2=0%). In the long term, however, the improvement was not significant (SMD –0.12; 95% CI –0.41 to 0.16; I2=71%). For physical
activity, both subjective (questionnaire) and objective (number of steps) outcomes were analyzed. In the short term, subjective

outcomes showed significant improvement (SMD 0.31; 95% CI 0.12-0.50; I2=0%), while objective outcomes did not (SMD 0.11;

95% CI –0.05 to 0.27; I2=0%). Medium- and long-term subjective outcomes showed no significant improvement. Meta-analysis
for objective outcomes in the medium and long term was not possible due to insufficient studies.

Conclusions: This study confirmed short- and medium-term benefits of mHealth combined with professional interventions for
HbA1c, QoL, and short-term physical activity, supporting effective chronic disease management.
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Introduction

Background
Mobile health (mHealth) is the delivery of medical and public
health services using mobile handsets, mobile kiosks, and other
wireless terminals in real-world environments [1]. Interventions
in mHealth can take various forms, including the creation of
original apps for the management of health conditions and
communication, simple text message-based interventions, as
well as those using voice calls or the accumulation of device
data on mobile apps for data management [2]. Many
interventions in the field of mHealth primarily emphasize
self-management without any direct human involvement [3].
Likewise, there are interventions that involve periodic health
care professional assistance and the additional use of health
devices [4,5].

The growing disease burden of chronic diseases, on the other
hand, is one of the global challenges [6]. Chronic diseases
include conditions such as cardiovascular diseases, stroke,
cancer, diabetes, respiratory conditions, and arthritis [7].
Furthermore, obesity is now defined as a disease, and the most
common chronic disease [8]. While the assistance of health care
professionals is essential for the management of these chronic
conditions, mHealth may be valuable in filling the gaps between
medical consultations or support, as well as in the monitoring
of disease conditions remotely. In fact, the efficacy of
therapeutic apps prescribed by physicians has also been reported
[9]. The effectiveness of mHealth is currently being investigated
through a systematic review [10]. The quality of research
methodologies is often limited, and consistent conclusions have
not been reached yet. Among the reasons for this is that the
definition of mHealth intervention methods varies widely, and
depending on the definition, conclusions about effectiveness
can differ. Some reports suggest that no significant effects have
been observed. There is a discrepancy in research on health
interventions that focus on self-monitoring for chronic diseases,
and it is unclear if there are any conclusive benefits [11-13]. A
systematic review evaluating the effectiveness of remote
monitoring in various types of chronic diseases found only
limited improvements in general health status and clinical
outcomes [14].

From a behavioral science perspective, effective management
of people with chronic conditions requires more than just the
use of mHealth technologies. It also requires consistent support
from health care professionals over medium and long terms. In
particular, studies focused on obesity have used interaction with
professionals as an indicator of engagement. This interaction
has been shown to play a significant role in achieving long-term
(ie, 1 year) weight loss outcomes [15] although these definitions
may vary between studies, potentially affecting the interpretation
of results. Therefore, to maximize the potential of mHealth, we
hypothesized that combining mHealth with health

professional–led interventions would be more effective than
relying solely on health care use. To investigate this hypothesis,
our study focused exclusively on interventions that integrated
mHealth with professional-led chronic disease strategies and
then evaluated their effectiveness for each different duration.

Objectives
With this systematic review and meta-analysis, we investigated
the effectiveness of combining mHealth and health
professional–led intervention for improving health-related
outcomes in chronic diseases.

Methods

Study Design
This was a systematic review and meta-analysis of randomized
controlled trials.

Protocol and Registration
This systematic review was preregistered in the PROSPERO
database (CRD42022337882) and conducted following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1).

Search Strategy
Our search spanned 4 databases from their start dates until July
17, 2023. These included Web of Science, CENTRAL,
MEDLINE, and CINAHL, as they are the four most used
databases in similar research. Manual searches systematically
screened the reference lists of all studies identified in the
database search. The same inclusion criteria were applied to
these references and the titles and abstracts were reviewed to
determine whether they were included studies. Our systematic
search strategy used both medical subject heading terms and
keywords derived from subject headings. We limited our
inclusion to randomized controlled trials published in English,
excluding gray literature. The detailed search strategy is
available in Multimedia Appendix 2.

Identification and Selection of Trials

Population
The population of interest included patients aged 18 years and
older with at least 1 chronic condition. This was a change from
the original protocol (CRD42022337882), which specified a
minimum age of 20 years, in order to increase the
generalizability of the findings by including all adults.

Interventions
This study’s interventions comprised a mix of mHealth and
direct health care professional involvement. The World Health
Organization defines mHealth as “the use of mobile and wireless
technologies to support health objectives” [16]. We excluded
interventions that primarily used computers, categorizing them
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as eHealth. Additionally, interventions where participants used
smartphones solely for calls or text messages, without using
specific apps, were not included to avoid overlapping mHealth
and eHealth interventions and to ensure a clear distinction. The
health care professionals involved in our study spanned various
fields, including doctors, nurses, physiotherapists, occupational
therapists, and dieticians. These professionals were actively
engaged in delivering the mHealth intervention, beyond just
explaining or reviewing app data. The methods used by health
professionals for interventions included face-to-face interactions,
phone calls, and text messaging.

Comparison
The comparison groups in this study consisted of the general
control groups used in each individual study. For example,
control groups were defined as those with only general care and
follow-up, or those using mHealth-related devices but no
involvement of a health care professional.

Outcomes
This systematic review assessed the following primary
outcomes: HbA1c levels, quality of life (QoL), and physical
activity. These outcomes were chosen for their relevance in
chronic disease management and were analyzed across different
follow-up periods (short, medium, and long terms) to evaluate
intervention effectiveness over time.

Selection Process
Rayyan software was used. Two authors (MK and TS)
independently assessed the title and abstract records to identify
eligible studies. The same authors then conducted a full-text
screening to assess whether the criteria were met; in cases where
the 2 authors’ judgments conflicted, a third author (TM) decided
and ultimately reached a consensus.

Assessment of Methodological Quality
The risk of bias for individual studies was assessed using the
Cochrane Risk of Bias Framework for sequence generation,
allocation concealment, blinding, completeness of outcome
assessment, selective reporting, and other biases. Data were
extracted by 2 authors (TM and MK). Disagreements were
reviewed by a third author and a final consensus was reached.
For the quality of the clinical evidence, the GRADE (Grading
of Recommendations Assessment, Development, and
Evaluation) system was used to evaluate the results.

Data Extraction
Data were extracted by 2 authors (TM and MK). Disagreements
were reviewed by a third reviewer and a final consensus was
reached. Data were extracted on (1) basic information about the
study, such as authors, year of publication, country, and region
where the intervention took place; (2) target population; (3)

intervention group description; (4) control group description;
(5) outcomes; and (6) key findings.

Data Analysis
When two or more studies assessed the same outcome, a
meta-analysis was performed using Review Manager 5.4 (Nordic
Cochrane Centre). The results of the intervention groups were
compared with the control group in each meta-analysis. The
combined app and professional intervention was considered the
intervention group and compared to the control group when
there were more than 2 groups. The meta-analysis evaluated 3
different categories of time periods: short-, medium-, and
long-term effects. Short term was defined as the closest to 3
months, medium term as the closest to 6 months, and long term
as the closest to 12 months. For each follow-up point, the mean
and SD were calculated. The group mean was calculated from
the SE, CI, and P value of the difference between the means in
trials that did not report SDs for each intervention group. In
studies that only reported the median and IQR without providing
SDs, we estimated the mean using the median value directly
and approximated the SD by multiplying the IQR by 1.35. This
method follows established meta-analytic conventions for
handling summary statistics in studies with limited data [17].
All meta-analyses were presented as standardized mean
difference (SMD) to account for adjusted and unadjusted means,
due to the different data presentation formats of the included
studies [17]. The authors of the studies in which the data were
presented in a graphical format were contacted to obtain the
exact values. If the reporting of results was still unclear after
the above procedure, studies were excluded from the
meta-analysis. For each meta-analysis, heterogeneity was
assessed using I². When the I² value exceeded 75%, sensitivity
analysis was conducted by sequentially excluding studies with
the largest effect sizes, as these studies contributed significantly
to the overall heterogeneity. This stepwise exclusion continued
until heterogeneity dropped below the 75% threshold. By
reducing the influence of studies with disproportionately high
effect sizes, we aimed to create a more consistent and
interpretable dataset, enhancing the reliability of the pooled
effect size and minimizing the risk of bias or misinterpretation
due to extreme variability among studies [18].

Results

Study Selection
The initial search identified 9837 records, which were screened
for title and text as primary screening after removing duplicates.
A number of 394 were selected for secondary screening after
the first screening. Finally, 26 studies were finally selected.
Figure 1 shows the flow chart of the selection process.
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Figure 1. Flow diagram.

Characteristics of Included Trials and Intervention
Description
Regarding the country, studies were conducted at outpatient or
community practices in the following countries: Pakistan (2/26,
8%) [19,20], Spain (4/26, 15%) [21-24], Mexico (2/26, 8%)
[25,26], United Kingdom (4/26, 15%) [27-30], United States
(2/26, 8%) [31,32], China (4/26, 15%) [33-36], Singapore (2/26,
8%) [34,37]; and one each in Netherlands [38], Australia [39],
Canada [40], Germany [41], Indonesia [42], and Thailand [43].

Regarding the disease, diabetes was the most common disease,
with 12 of 26 trials [21,22,25,29-31,33,34,36,39,42,43]. Seven
studies included type 2 diabetes [21,25,30,31,33,34,39] and 5
studies included both [22,29,36,42,43]. No study included only
type 1 diabetes. The next most common was heart disease, which
accounted for 7 of the 26 cases [19,20,24,35,37,38,44]. Other
disease areas included cancer (2 studies) [26,32], respiratory

diseases (1 study) [28], chronic diseases (2 studies) [23,40],
metabolic syndrome (1 study) [41], and depression (1 study)
[27].

The most common outcome was quality of life. There were 15
studies [20,22,24-27,30,32,34,37-41,44]. Ten studies used
physical activity as an outcome [19,21,26,28,30,32,35,39,40,44].
Details are provided in Multimedia Appendix 3 [19-44].

Risk of Bias Assessment
The results of the risk of bias assessment are summarized in
Multimedia Appendix 4 [19-44]. The risk of bias assessment
for studies on HbA1c, QoL, and physical activity (steps and
subjective measures) showed that most studies had a low risk
of bias. For example, studies like Anzaldo-Campos et al [25] and
Blair et al [26] were evaluated as low-risk. Some studies had
some concerns, such as Azelton et al [31] and Gill et al [40],
but none were classified as high risk. Several studies, including
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Franc et al [22] and Manzoor et al [19], did not have sufficient
data for a full assessment.

Certainty of the Evidence According to the GRADE
Approach
The certainty of evidence results using the GRADE approach
are described in the results for each outcome. The GRADE
assessment showed varying levels of evidence quality across
outcomes. Most HbA1c outcomes had very low to moderate
certainty, with short-term outcomes showing very low certainty
and medium-term outcomes showing moderate certainty. QoL
outcomes generally had low to moderate certainty, with
long-term outcomes showing very low certainty. Physical
activity outcomes varied, with step counts showing moderate
certainty and subjective measures ranging from very low to
moderate certainty. These findings highlight the need for caution
due to risks of bias and inconsistencies. A table with the results
is provided in Multimedia Appendix 5.

Synthesis of Results: Meta-Analysis
One study was excluded because data were not available [24].
Therefore, a meta-analysis was performed from 25 studies. Our

systematic review included a broad spectrum of conditions, but
diabetes was the most frequently addressed condition among
the included studies. Consequently, HbA1c was chosen as a
primary indicator due to its importance in diabetes management
and its frequent reporting in the studies. QoL was selected as it
is a critical outcome measure reflecting the overall well-being
of patients with chronic conditions. Physical activity and
subjective outcomes of physical activity were included because
these measures are commonly used to assess lifestyle
modifications and their impact on chronic disease management.
These indicators were the most frequently reported across the
studies we reviewed, making them the most relevant for our
analysis.

HbA1c Outcome

Short Term
Meta-analysis was performed on 9 studies
[23,25,29,31,33,34,36,42,43]. There was a significant increase
in improvement for the combination intervention (SMD –0.43;

95% CI –0.64 to –0.21; P<.001; I2=69%; Figure 2
[23,25,29,31,33,34,36,42,43]).

Figure 2. Hemoglobin A1c (HbA1c) for short term [23,25,29,31,33,34,36,42,43].

Medium Term
A meta-analysis was performed on 5 studies [29,33,34,36,43].
There was a significant increase in improvement for the

combination intervention (SMD –0.49; 95% CI –0.49 to –0.09;

P<.001; I2=21%; Figure 3 [29,33,34,36,43]).

Figure 3. Hemoglobin A1c (HbA1c) for medium term [29,33,34,36,43].

Long Term
One study was excluded because data were not available [24].
A meta-analysis was performed on 4 studies [22,23,25,30].
There was no significant increase in improvement for the
combination intervention in the long term (SMD –0.23; 95%

CI –0.49 to 0.03; P<.001; I2=88%; Figure 4 [22,23,25,30]).
Sensitivity analysis was performed because heterogeneity was
>75%. Two studies [23,30] were excluded and did not reach
statistical significance (SMD –0.00; 95% CI –0.10 to 0.10;

P<.001; I2=0%).
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Figure 4. Hemoglobin A1c (HbA1c) for long term [22,23,25,30].

QoL Outcome

Short Term
Seven studies were included. However, 1 study [27] considered
each of the 2 real samples, so they were included in the

meta-analysis separately. Therefore, a meta-analysis was
performed as 8 studies [26,27,32,34,37,39,44]. There was a
significant increase in improvement for the combination
intervention in the short term (SMD –0.23; 95% CI –0.42 to

–0.05; P<.001; I2=62%; Figure 5 [26,27,32,34,37,39,44]).

Figure 5. Quality of life for short term [26,27,32,34,37,39,44].

Medium Term
Seven studies were included. However, 1 study [27] considered
each of the 2 real samples, so they were included in the
meta-analysis separately. Therefore, a meta-analysis was

performed as 8 studies [20,27,34,37,40,41,44]. There was a
significant increase in improvement for the combination
intervention (SMD –0.16; 95% CI –0.24 to –0.07; P<.001;

I2=0%; Figure 6 [20,27,34,37,40,41,44]).

Figure 6. Quality of life for medium term [20,27,34,37,40,41,44].

Long Term
One study was excluded because data was not available [24].
A meta-analysis was performed on 2 studies [25,30]. There was

no significant increase in improvement for the combination

intervention (SMD –0.12; 95% CI –0.41 to 0.16; P=.04; I2=71%;
Figure 7 [25,30]).

Figure 7. Quality of life for long term [25,30].
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Physical Activity
We performed a meta-analysis of the outcome of physical
activity, dividing the data into subjective (questionnaire) and
objective (number of steps).

Objective Outcomes of Physical Activity

Overview
It was not possible to perform a meta-analysis for the medium
and long terms because there was less than 1 study that
corresponded to this time.

Short Term
Meta-analysis was conducted in 4 studies [26,28,32,39]. There
was no significant increase in improvement for the combination

intervention (SMD 0.11; 95% CI –0.05 to 0.27; P=.18; I2=0%;
Figure 8 [26,28,32,39]).

Figure 8. Physical activity (steps) for short term [26,28,32,39].

Subjective Outcomes of Physical Activity

Short Term
A meta-analysis of 3 studies was conducted [19,21,35]. There
was a significant increase in improvement for the combination

intervention (SMD 0.31; 95% CI 0.12-0.50; P=.002; I2=0%;
Figure 9 [19,21,35]).

Figure 9. Physical activity (subjective) for short term [19,21,35].

Medium Term
Meta-analysis was conducted in 2 studies [19,40]. There was
no significant increase in improvement for the combination

intervention (SMD 0.26; 95% CI –0.17 to 0.69; P=.24; I2=69%;
Figure 10 [19,40]).

Figure 10. Physical activity (subjective) for medium term [19,40].

Long Term
Meta-analysis was conducted in 2 studies [21,30]. There was
no significant increase in improvement for the combination

intervention (SMD 0.15; 95% CI –0.05 to 0.36; P=.14; I2=48%;
Figure 11 [21,30]).

Figure 11. Physical activity (subjective) for long term [21,30].
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Discussion

Principal Findings
This systematic review and meta-analysis showed that the
combination of mHealth and health professional–led
interventions improved health-related outcomes such as HbA1c

and QoL in chronic diseases. These effects were significant in
the short and medium terms and there was no significant long
term. For physical activity, there were no differences in
intervention effects except for the short term as measured by
questionnaires.

HbA1c

In this systematic review, studies targeting patients with chronic
diseases were included, and among the 26 studies, 12
incorporated HbA1c as an outcome measure. In a
meta-analysis that used mobile apps for lifestyle modification
among diabetes patients, similar to our study, improvements in
HbA1c levels were demonstrated [45]. Furthermore, the
meta-analysis indicated significant long-term effects in its
subgroup analysis, defining long-term as 9-12 months [45],
which differs from our study’s definition. The impact of
mHealth was indicated to diminish in the long term due to
factors such as adherence fatigue [46]. However, another
meta-analysis found that digital health–led diabetes
self-management education and support (including mHealth,
eHealth, and interventions using social networking services)
were effective in improving HbA1c at 6 and 12 months [47].
The discrepancies between our study and the other meta-analysis
may be due to some factors. These factors include variations in
digital health interventions, professional involvement levels,
patient populations, and adherence. The other meta-analysis
also included mHealth, eHealth, and interventions using social
networking services, which may offer different engagement and
support levels. These differences in intervention design and
implementation could contribute to the varying long-term
effectiveness observed. An overview of the studies we included
in our systematic review, for example, Anzaldo-Campos et al
[25] demonstrated that a smartphone app used for diabetes
management significantly improved HbA1c levels over a
6-month period, highlighting the potential of app-based
interventions for glycemic control. In contrast, Franc et al [22]
found that a telemonitoring system improved HbA1c levels
significantly over 12 months, suggesting that the integration of
professional support enhances the effectiveness of digital health
interventions. The differing results could be due to the varying
levels of professional involvement and continuous monitoring
provided in the telemonitoring system, which may help sustain
patient adherence and engagement over a longer period.
Additionally, Jiang et al [37] found that a nurse-led smartphone
intervention significantly reduced HbA1c levels over 6 months
in patients with type 2 diabetes, emphasizing the importance of
professional guidance in mHealth interventions. Conversely,
Zhang et al [36] reported that a self-guided mobile app
intervention without professional support did not result in
significant improvements in HbA1c levels, highlighting the
potential limitations of mHealth interventions lacking continuous

professional involvement. Our findings suggest that while the
combination of mHealth and health professional–led
interventions can be as diverse as those described above,
continuous feedback and support to patients through other digital
interventions to enhance engagement may be a key factor in
achieving long-term benefits [48].

QoL
QoL was the most prevalent outcome measure among the studies
included in this study. The results of our meta-analysis suggested
that combining mHealth and health professional–led intervention
can significantly improve QoL in chronic diseases in the short
and medium terms. Studies conducting meta-analyses on the
QoL in mHealth interventions for patients with chronic diseases
are limited [49-51]. In a meta-analysis by Qin et al [50], mobile
app–based interventions improved the QoL (SMD 0.39; 95%
CI 0.27-0.51; P<.001) of patients with cancer. They emphasized
that short-term interventions in particular (duration of 3 months
or less), physician-patient interaction interventions, and
cognitive behavioral therapy–based interventions may be most
effective in improving QoL, which was consistent with this
study. While extending beyond the scope of mHealth
interventions, there is only 1 reported meta-analysis that
indicated long-term improvements in QoL (mean difference
0.92; 95% CI 0.06-1.78; P=.04) resulting from cardiac
telerehabilitation for patients with coronary artery disease [52].
For instance, Araya et al [27] found that a digital intervention
combined with professional support significantly improved QoL
in patients with cardiovascular diseases over 12 months. This
improvement could be attributed to the continuous monitoring
and personalized feedback provided by health care professionals,
which likely enhanced patient adherence and engagement with
the intervention. In contrast, Blasco et al [24] reported
improvements in QoL among patients with acute coronary
syndrome using a web-based telemonitoring system. The
significant improvements observed in Blasco et al [24] study
might be due to the comprehensive nature of the telemonitoring
system, which included regular remote check-ins and the ability
to promptly address patient concerns, thereby providing a sense
of security and continuous care. Similarly, Manzoor et al [19]
demonstrated that the mHealth-augmented cardiac rehabilitation
program significantly improved QoL in patients with postacute
coronary syndrome over 24 weeks, underscoring the importance
of combining digital interventions with structured professional
support. On the other hand, Wong et al [35] found that a
self-guided mHealth intervention without professional
involvement had limited effects on improving QoL, indicating
that professional support is crucial for maximizing the benefits
of digital health interventions. In our meta-analysis, focusing
solely on mHealth interventions, it might be possible to identify
long-term effects on the improvement of QoL by expanding the
scope to include telehealth intervention or telerehabilitation as
well.

Physical Activity
The results of our meta-analysis suggested that physical activity
had no significant effect except for the short-term effect of
subjective assessment. One reason for this might be that many
mHealth interventions did not include specifications or support
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to promote physical activity. This could be attributed to the
predominant focus of many interventions on monitoring blood
data and providing advice [22,24,25,29,31,33,34,36,42,43],
potentially falling short of implementing behavior changes that
could lead to promoting physical activity. In fact, among the
26 studies, only 8 studies adopted physical activity as the
primary outcome. As an example of a study that adopted
physical activity as the primary outcome, Gill et al [40]
examined the effects of using a mobile app focused primarily
on increasing physical activity and professional support for
participants at risk for chronic disease and reported not only an
increase in steps over the next 6 months but also maintenance
of steps after 1 year. Dorje et al [44] found that a mHealth
intervention including exercise modules improved physical
activity levels in patients with coronary heart disease over 12
months, highlighting the potential of structured digital
interventions. Conversely, Demeyer et al [28] reported that a
self-guided digital intervention without professional support
did not significantly increase physical activity levels in patients
with chronic obstructive pulmonary disease, suggesting the need
for continuous professional involvement to achieve sustained
behavioral changes. In a different disease from the above, Blair
et al [26] showed that a combination of mHealth and
professional-led interventions for patients with cancer increased
the number of steps taken, although there was no effect on
outcomes related to sedentary behavior among physical activity
measures. Thus, it would be valuable to identify in future studies
which chronic diseases are more likely to improve physical
activity with a combination of mHealth and professional-led
interventions. Stavric et al [53] showed that digital physical
activity and exercise interventions had positive effects on
self-reported physical activity in people with chronic diseases,
but not on objectively measured physical activity, which
supports the results of our study. Their meta-analysis included
self-guided digital mHealth interventions [53]. Therefore, there
is room for future research to investigate whether self-directed
digital or mHealth interventions or a combination of mHealth
and health professional–led interventions, have more positive
effects on physical activity.

Implications for Practice
The results of our study suggest that combining mHealth with
professionally led interventions can be effective in chronic
disease management, particularly in short and medium terms.
This combination approach shows potential for improving
important health outcomes such as HbA1c and QoL. However,
the lack of long-term effects indicates the need for sustained
and adaptive intervention strategies. Health care providers
should consider integrating ongoing digital support and feedback
mechanisms to maintain patient engagement and adherence over
time. In addition, the involvement of health care professionals

in mHealth interventions should be designed to provide
personalized and digital support, leveraging technologies such
as telemedicine and mobile apps. For example, health care
organizations should invest in training and infrastructure to
support the seamless integration of mHealth technologies into
traditional care models. This can improve the scalability and
effectiveness of chronic disease management programs,
ultimately leading to better patient outcomes and reduced health
care costs.

Limitations
First, a major limitation of our study is the ambiguity in the
definition of “health professional–led intervention.” Our research
focused on a combination of such interventions with mHealth
strategies. However, the term may be misleading, as many
studies typically include some level of health professional
involvement in routine care. In contrast, our study specifically
included cases with a more active role for health professionals
than is typically seen in routine care. Additionally, the definition
of the control group varied across studies. Some studies included
only general care, while others provided mHealth devices
without additional interventions. Second, our focus on
health-related outcomes in chronic diseases limited our ability
to conduct comprehensive meta-analyses due to the diverse
nature of these diseases and their outcomes. Finally, we did not
assess the cost-effectiveness of integrating health
professional–led interventions with mHealth strategies. While
the involvement of health professionals could potentially
improve intervention effectiveness and reduce dropout rates, it
could also lead to higher costs. Although mHealth interventions
are known to struggle with high dropout rates [54], the cost
implications of incorporating health professional support need
to be further explored in future studies.

Conclusions
This systematic review and meta-analysis showed that the
combined mHealth and health professional–led intervention
had positive effects on HbA1c and QoL in chronic conditions
in short and medium terms. Positive effects on physical activity
were only observed in the short term as measured by
questionnaires. To achieve long-term effects of more than 1
year, it may be necessary to implement digital interventions
that provide continuous feedback and support, tailored to a
combination of mHealth and health professional–led
interventions. Future research should explore the sustainability
of these interventions over extended periods and investigate the
specific components of mHealth and health professional input
that contribute most to positive outcomes. Additionally, the
integration of advanced technologies such as artificial
intelligence and machine learning could further enhance the
personalization and effectiveness of mHealth interventions.
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Abstract

Background: As digital mental health delivery becomes increasingly prominent, a solid evidence base regarding its efficacy
is needed.

Objective: This study aims to synthesize evidence on the comparative efficacy of systemic psychotherapy interventions provided
via digital versus face-to-face delivery modalities.

Methods: We followed PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for
searching PubMed, Embase, Cochrane CENTRAL, CINAHL, PsycINFO, and PSYNDEX and conducting a systematic review
and meta-analysis. We included randomized controlled trials comparing mental, behavioral, and somatic outcomes of systemic
psychotherapy interventions using self- and therapist-guided digital versus face-to-face delivery modalities. The risk of bias was
assessed with the revised Cochrane Risk of Bias tool for randomized trials. Where appropriate, we calculated standardized mean
differences and risk ratios. We calculated separate mean differences for nonaggregated analysis.

Results: We screened 3633 references and included 12 articles reporting on 4 trials (N=754). Participants were youths with
poor diabetic control, traumatic brain injuries, increased risk behavior likelihood, and parents of youths with anorexia nervosa.
A total of 56 outcomes were identified. Two trials provided digital intervention delivery via videoconferencing: one via an
interactive graphic interface and one via a web-based program. In total, 23% (14/60) of risk of bias judgments were high risk,
42% (25/60) were some concerns, and 35% (21/60) were low risk. Due to heterogeneity in the data, meta-analysis was deemed
inappropriate for 96% (54/56) of outcomes, which were interpreted qualitatively instead. Nonaggregated analyses of mean
differences and CIs between delivery modalities yielded mixed results, with superiority of the digital delivery modality for 18%
(10/56) of outcomes, superiority of the face-to-face delivery modality for 5% (3/56) of outcomes, equivalence between delivery
modalities for 2% (1/56) of outcomes, and neither superiority of one modality nor equivalence between modalities for 75% (42/56)
of outcomes. Consequently, for most outcome measures, no indication of superiority or equivalence regarding the relative efficacy
of either delivery modality can be made at this stage. We further meta-analytically compared digital versus face-to-face delivery
modalities for attrition (risk ratio 1.03, 95% CI 0.52-2.03; P=.93) and number of sessions attended (standardized mean difference
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–0.11; 95% CI –1.13 to –0.91; P=.83), finding no significant differences between modalities, while CIs falling outside the range
of the minimal important difference indicate that equivalence cannot be determined at this stage.

Conclusions: Evidence on digital and face-to-face modalities for systemic psychotherapy interventions is largely heterogeneous,
limiting conclusions regarding the differential efficacy of digital and face-to-face delivery. Nonaggregated and meta-analytic
analyses did not indicate the superiority of either delivery condition. More research is needed to conclude if digital and face-to-face
delivery modalities are generally equivalent or if—and in which contexts—one modality is superior to another.

Trial Registration: PROSPERO CRD42022335013; https://tinyurl.com/nprder8h

(Interact J Med Res 2025;14:e46441)   doi:10.2196/46441

KEYWORDS

systemic psychotherapy; family therapy; adolescent; systematic review; meta-analysis; face to face; digital; remote; distance;
telehealth; delivery modality

Introduction

Background
Digital delivery of mental health interventions has gained
increasing prominence in recent decades. Digital delivery
provides solutions to many mental health intervention obstacles,
such as limited access [1], geographical distance [2], financial
constraints [3], and transportation issues [4]. These factors, and
not least the COVID-19 pandemic [5], have contributed to
increased delivery of digital modalities of mental health care
[6]. One current line of research uses randomized controlled
trials (RCTs) to determine the efficacy of digitally delivered
family therapies [6] and parenting interventions [7], including
but not limited to systemic approaches. This research supports
the efficacy of the digital delivery of interventions and finds no
evidence for digitally delivered interventions being inferior to
face-to-face interventions [8-13]. However, most of the current
literature does not compare face-to-face and digitally delivered
interventions directly, does not differentiate between the types
of digital delivery modalities (eg, therapist-guided
videoconferencing and self-guided web-based programs), and
does not consider how the modality differentially impacts
specific disorders, outcomes, or populations. Furthermore, these
studies aggregate findings across broad and diverse contextual
definitions of family therapy and parenting interventions instead
of applying unified and stringent theory-informed definitions.
Although these reviews (eg, McLean et al [6] and Florean et al
[7]) do not exclusively focus on a unified and stringent
definition, they do provide evidence for systemic approaches
in the broad context of family interventions. Many family
therapists consider themselves to be systemic therapists, and
there is an overlap between family therapy and systemic therapy
(ST). However, ST is grounded in a theoretical treatment model,
and unlike family therapy, it is not primarily defined by the
therapy setting [14]. Thus, ST provides a unified and stringent
definition that has practical consequences for research and
clinical practice.

ST is a conceptual framework for mental health interventions
that focuses on interpersonal relations, interactions, social
surroundings and resources, perspectives, and constructions of
problems; attempted solutions are appreciated and used as
integral parts of the intervention [13,15,16]. Consequently, most
family therapy and parenting interventions can be said to contain
elements of ST to varying degrees while also potentially

including elements from other conceptual frameworks, such as
cognitive behavioral therapy and psychoeducation [17].
Conversely, as ST interventions often focus on families as
important resources requiring incorporation into intervention
delivery [18], they can, but need not be, similar to other family
therapy or parenting interventions in terms of including other
family members in their setting. The efficacy of ST as a
face-to-face intervention is well documented in various reviews
and meta-analyses for a range of psychological disorders for
youth and adult populations [13,15-17,19]. In line with
developments for other psychotherapeutic interventions, the
implementation of digital delivery modalities of ST has rapidly
increased in recent years [20-22]. The implementation of
videoconferencing is particularly promising, and the experiences
of practitioners implementing this delivery modality are overall
positive [23]. Despite such indications, there are gaps in the
literature [20,24]. There is an urgent need to provide an evidence
base for practitioners to understand how face-to-face and digital
delivery of the same ST intervention compare (compare McLean
et al [6], Florean et al [7], and Fairburn and Patel [25]).

The need for greater granularity regarding the comparative
efficacy of digital and face-to-face delivery modalities is in line
with the more general requirement to identify “conditions under
which systemic therapy works best” [16]. Thus, we
simultaneously address both the need for a systematic review
and meta-analysis that investigates (1) how various types of ST
interventions, delivered in their traditional face-to-face form,
compare to the same ST intervention delivered digitally with
regard to their efficacy and (2) delivery modality as key
contextual factors that modulate ST intervention outcomes.

Research Questions
We conducted a systematic review and meta-analysis to address
the following research questions: (1) What are the
characteristics, quality, and resulting evidence from published
RCTs comparing the efficacy of ST interventions using digital
treatment modalities with ST interventions using face-to-face
treatment modalities across settings, populations, and outcomes?
(2) If a meta-analysis of RCTs comparing ST interventions in
digital and face-to-face modalities can be conducted, what is
the difference in delivery modalities for mental disorder
outcomes?
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Methods

Overview
This systematic review followed reporting guidelines as laid
out in the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 statement (Multimedia
Appendix 1 2020 checklist) [26]. We aimed to identify, evaluate,
and synthesize findings from RCTs comparing digital and
face-to-face delivery modalities for ST interventions across
settings, target populations, and outcomes. This systematic
review was preregistered (PROSPERO ID: CRD42022335013),
with no deviation from the registered protocol.

Inclusion and Exclusion Criteria
We applied the following inclusion and exclusion criteria for
articles to be considered for our systematic review within the
following categories: (1) study design, (2) participants, (3)
interventions, (4) digital delivery and face-to-face delivery
modalities, (5) outcomes, and (6) article type.

RCTs of any type were included (eg, parallel, cluster, and
quasi-RCTs). No minimum number of participants was
prespecified.

Only those articles were deemed eligible for inclusion that
involved individual participants of all ages and genders (1) with
one or more diagnoses of a mental disorder, (2) identified as at
risk in one or more mental or behavioral health domains, or (3)
adversely affected by salient circumstances (eg, belonging to a
structurally disadvantaged community and caring for a family
member). Articles involving participants at the system level
(eg, families) were also included as long as 1 member of the
system fulfilled at least one of the aforementioned criteria. No
further exclusion criteria were applied to increase the number
of eligible studies.

We only included articles reporting on interventions delivered
via at least 2 distinct delivery modalities: digital delivery and
face-to-face delivery. Digital delivery was defined as exclusively
relying on an external electronic medium (eg, videoconferencing
hardware and software, telephone, and synchronous and
asynchronous text-based conversations) for intervention
delivery. While this allowed heterogeneity of digital delivery
modalities across some dimensions (eg, synchronicity and extent
of interaction with mental health practitioners), it kept other
dimensions stable across all digital delivery modalities (use of
electronic medium and no mental health practitioner physically
copresent with recipients of intervention). Face-to-face delivery
was defined as exclusively relying on in-person intervention
delivery. This allowed for the use of external tools or media to
supplement the intervention while specifying that intervention
delivery had to occur solely between people physically present
in the same physical space (eg, a clinician’s office).

To increase the number of eligible studies, any relevant mental,
behavioral, or somatic health efficacy; adherence and attrition;
and further outcomes were included in this review. No a priori
categorization of outcomes was applied. Efficacy outcomes
were defined as any outcomes pertinent to improvement in
relevant mental, behavioral, and somatic health domains.
Further outcomes were defined as any outcomes not directly

pertinent to improvement in relevant health domains (eg,
subjective satisfaction rating of program delivery).

There were no restrictions imposed on the article type in terms
of language or date. Articles published in peer-reviewed journals
as full-text articles and other types of peer-reviewed full-text
articles were included. Unpublished data (eg, dissertations), as
well as study protocols, clinical trial registries, and
non–peer-reviewed articles, were excluded.

Intervention Inclusion Criteria
Only articles reporting on ST interventions delivered via both
digital and face-to-face delivery modalities were included. ST
was operationalized based on 4 adapted definition criteria of
ST [13], which were applied to the descriptions of the identified
constituent primary parts (CPPs; eg, core sessions) of
interventions. The definition criteria were derived from the
following definition of ST (referred to as systemic therapy) with
our adjustments in square brackets [13]:

We use systemic/systems-oriented therapy/therapies
(ST) as a general term for a major therapeutic
orientation that can be distinguished from other major
approaches (e.g., CBT or psychodynamic therapy).
We define systemic therapy as a form of
psychotherapy that (1) perceives behavior and mental
symptoms within the context of the social systems
people live in; (2) focuses on interpersonal relations
and interactions, social constructions of realities,
and[/or] the recursive causality between symptoms
and interactions; (3) includes family members
and[/or] other important persons (e.g., teachers,
friends, professional helpers) directly or indirectly
through systemic questioning, hypothesizing, and
specific interventions; and (4) appreciates and utilizes
clients’perspectives on problems, resources, and[/or]
preferred solutions.

For each intervention, the appropriate unit of primary
intervention delivery (as opposed to parts of the intervention
labeled supplementary, additional, or optional, etc) was
determined following the study’s authors (eg, core sessions,
core components, etc.). The total number of the intervention’s
CPPs was determined. If the intervention description did not
afford to determine an appropriate unit of intervention delivery,
the total number of CPPs was defined as 1.

For each description of content for any CPP, we assessed if it
met any of our definition criteria of ST. Notably, any particular
definition criterion could, in theory, be met by a set of CPP
descriptions >1, allowing different content descriptions to meet
the same criterion. This allowed a range of different
interventions to be classified as being similar in kind (ie, being
ST interventions), reflecting the integrative nature of clinical
ST practice [27,28], rather than requiring all interventions to
have identical CPPs.

All definition criteria of ST needed to be met by the respective
CPPs, with at least 2 of the 4 definition criteria being met
completely by all CPPs. If any of the definition criteria of ST
were not completely met, at most 2 of the 4 definition criteria
needed to be met by a minimum of at least 50% of all CPPs (or,
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in the case of uneven numbers of CPPs, the closest possible
number below the theoretical half point). The same CPP could
satisfy >1 criterion. Definition criterion (1) could additionally
be met by the relevant conceptual background provided.

Textbox 1 illustrates an example for 1 trial included in our study.
Our approach used to screen trials against inclusion criteria for
all trials is detailed in Multimedia Appendix 2 [13,29-32].

Textbox 1. Identified constituent primary parts (CPPs) of 1 trial against systemic therapy (ST) definition criteria for Behavioral Family Systems Therapy
for Diabetes (BFST-D) intervention [33].

Number and unit of CPPs and 4 primary intervention components

1. Perceives behavior and mental symptoms within the context of the social systems people live in

• Family functioning and maladaptive parent-child interactions were identified as central barriers to diabetes treatment adherence.

2. Focuses on interpersonal relations and interactions, social constructions of realities, or the recursive causality between symptoms and interactions:
3 of 4 CPPs

• CPP1: family-problem solving (as a family, defining the problem, generating solutions, making decisions, implementing and monitoring
results, and refining ineffective solutions)

• CPP2: communication training (instruction, feedback, modeling, and rehearsal of approaches toward improving maladaptive communicative
patterns)

• CPP4: family restructuring (functional and structural approaches toward changing maladaptive or ineffective family system patterns and
characteristics, such as weak parental coalitions or cross-generational coalitions).

3. Includes family members and other important persons (eg, teachers, friends, professional helpers) directly or indirectly through systemic
questioning, hypothesizing, and specific interventions

• All CPPs are delivered to the caregiver-adolescent dyad.

4. Appreciates and uses clients’ perspectives on problems, resources, and preferred solutions: 2 of 4 CPPs are as follows:

• CPP1 and CPP3: cognitive restructuring (addressing beliefs, attitudes, and attributions that could negatively affect effective interactions).

Search Strategy

Database Search
The following databases were searched from the earliest
available date until March 15, 2022: PubMed, Embase (via
Ovid), Cochrane CENTRAL (via Ovid), CINAHL (via EBSCO),
PsycINFO (via EBSCO), and PSYNDEX (via EBSCO). The
search strategy followed the guideline from Bramer et al [34],
and the original search string was developed for use in PubMed
and adapted manually for all other databases. The search strings
contained a set of the following: (1) 1 compiled term for
intervention type, (2) 1 compiled specificity term to define the
target domain, and (3) 1 compiled delivery modality term. For
the identification of RCT study design, we used the RobotSearch
AI RCT highly sensitive filter [35], which provides high
sensitivity in identifying RCTs [35-37]. Multimedia Appendix
3 [8,13,15,38-46] provides the full search strings, references of
the published sources upon which we based our search terms,
and explanations of the logical structure. On March 17, 2022,
we conducted complementary searches in ClinicalTrials.gov,
the International Clinical Trials Registry Platform, and the EU
Clinical Trials Register (all via the respective standard website
interface). On May 4, 2022, backward citation screening (articles
cited) was conducted on identified relevant reviews and
meta-analyses (Multimedia Appendix 4 [9,10,12,13,15,47-53]).
On May 10, 2022, forward citation screening (articles citing
included articles) was conducted via ISI Web of Science,
backward citation screening on included articles was conducted
via PubMed, and a “related articles” screening was conducted

on included articles (first 20 articles listed as related articles)
via PubMed.

Article Selection and Screening
Duplicates were removed using Automated Systematic Search
Deduplicator [54]. The resulting list of search results was split
into 2 sets (sorting by title in EndNote [version 20; Clarivate]
and allocating alternating sets of approximately 100 consecutive
references; number of articles=1816 and 1817) that were each
assigned to 2 pairs of authors (PE and JB; MB and JB), with
each author independently screening titles and abstracts using
manualized standard operating procedures that we developed
accommodating our inclusion and exclusion criteria. All
discrepancies at the title and abstract screening stage were
resolved through discussion between all 3 involved authors (PE,
MB, and JB). PE and MB independently screened at the full-text
stage. Discrepancies at this stage were resolved through
discussion between PE and MB. GM was consulted as an
independent author of this study in cases of persisting
discrepancies after discussions at any stage. Because on several
occasions a trial underlying an included article contributed data
to >1 included article, article-trial correspondence was
determined either via trial registration numbers (for 7 articles)
or via references to articles on the same trial, unique trial names,
as well as overlap in article authors, article dates, sample sizes
and characteristics, interventions, and procedures (for 5 articles).

Data Extraction
Data were independently extracted by PE and MB using the
Cochrane data collection form [55] for intervention reviews
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(Multimedia Appendix 5 [29,30,33,56-59]). Discrepancies were
resolved through discussion.

Risk of Bias
The authors (PE and MB) independently assessed the risk of
bias (RoB) using the revised Cochrane Risk of Bias (version 2)
tool for randomized trials [60] and following the process
outlined in chapter 8 of the Cochrane handbook [55].
Discrepancies were resolved through discussion. RoB figures
were created using robvis [61].

Data Synthesis and Analysis
We used RevMan (version 5.4) [62] to create forest plots and
calculate, depending on the variable type and type of analysis,
mean differences (MDs), standardized MDs, risk ratios, and
associated CIs at the 95% level. Where possible, we calculated
missing SDs using the Cochrane collaboration RevMan
calculator [62]. We conducted meta-analyses only in cases of
acceptable levels of clinical and methodological diversity and
where sufficient data were available [63]. We conducted
meta-analyses using random effects models as we expected
heterogeneity across articles to be high. Statistical heterogeneity

was assessed using the I2 statistic. MDs and CIs were calculated
where meta-analytic analysis was not possible, but
nonaggregated analysis was still deemed appropriate. This was
to increase qualitative comparability across studies with
nonnegligible heterogeneity in statistical approaches and
reported results. All relevant reported results are listed in
Multimedia Appendix 6 [29,30,33,56-59,64-68]. We grouped
MDs of outcomes according to their CIs into (1) fully located
within the range from –0.20 to 0.20 (equivalence), (2) fully
located outside this range (superiority), or (3) partially located
within and partially located outside this range (neither
equivalence nor superiority). In the absence of an established

a priori minimal important difference, we accept Cohen d cutoff
of 0.2 (small effect) as the defined range from –0.20 to 0.20 to
indicate equivalence [69]. We interpreted a CI of an MD falling
within, but not exceeding, this range as evidence for
equivalence, a CI of an MD falling entirely outside this range
as evidence for nonequivalence or superiority of one delivery
modality, and a CI falling within and exceeding this range as
insufficient evidence to determine equivalence or
nonequivalence on the respective measure. Where calculating
MDs and CIs was impossible due to missing information,
reported results on differences between digital and face-to-face
delivery modalities were provided (Multimedia Appendix 6).
Study authors were contacted to provide missing information.
A funnel plot was not created because we identified <10 trials
[70].

Results

Search Results
A flowchart of our search and screening process is depicted in
Figure 1 [35]. The primary search for this study retrieved 4977
references and 3633 after removal of duplicates. Additional
references (n=2) were identified through complimentary
searches. The resulting 3635 references were screened at the
title and abstract level. On the basis of our inclusion and
exclusion criteria, 97.1% (3529/3635) articles were excluded
during the title and abstract screening, and 2.9% (106/3635)
articles were screened at the full-text screening stage. Overall,
0.3% (12/3633) of the initially identified articles reporting on
4 trials were included in this systematic review. Some (3/12,
25%) of the articles reporting on 2 trials [29,56,57] are only
reported in Table 1 and Multimedia Appendix 6, as they could
not be included in further meta-analytic aggregation or discrete
analysis of MDs and CIs.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the articles included in the systematic review.
RCT: randomized controlled trial. *Results from CINAHL (EBSCO): n=432; PSYNDEX (EBSCO): n=53; PsycINFO (EBSCO): n=505; Embase (Ovid):
n=2177; Cochrane (Wiley): n=533; PubMed: n=4159; **RobotSearch AI, Marshall et al [35].
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Table 1. Characteristics of included studies (N=754)a.

Sessions,
mean
(SD)

F2FIeDIdFeatureMale, n
(%)

Youth age (y),
mean (SD)

Trial sample size (% of N; F2Fb;

DDc)

Trial and articles

BFST-Df

5.8 (3.3)ClinicVideoconferencingHbA1c
g

>9%

55
(61.1)

15.02 (1.75)90 (11.9%; 46; 44)Duke et al [29],
2016

5.8 (3.3)ClinicVideo conferencingHbA1c

>9%
55

(61.1)h
14.9h (1.7)90 (11.9%; 46; 44)Harris et al [58],

2015

—jClinicVideoconferencingHbA1c

>9%
42

(45.7)h
15.1i92 (12.2%; 45; 47)Freeman et al [33],

2013

6.3 (3.4)ClinicVideoconferencingHbA1c

>9%
55
(61.1)

14.182 (10.9%)kRiley et al [57],
2015

PAASl

—GSpIIoPRBn195h

(46)

—421 (55.8%; 141; 141; CCm: 136)Murry et al [56],
2019

—GSIIPRB191h

(46)

11.0412 (54.6%; 137; 138; CC: 137)Murry et al [59],
2019

4.0 (3.0)GSIIPRB191
(46.4)

11.4412 (54.6%; 137; 138; CC: 137)Murry et al [30],
2018

F-PSTq

6.3 (2.6)ClinicVideoconferencing+OPt,uTBIs96 (64)16.5 (1.1)150 (19.9%; 34; 56; SGr: 60)Kurowski et al
[65], 2020

6.3 (2.6)ClinicVideoconferencing+OPuTBI96 (64)16.5 (1.1)150 (19.9%; 34; 56; SG: 60)Wade et al [66],
2019

6.3 (2.6)ClinicVideoconferencing+OPuTBI96 (64)16.5 (1.1)150 (19.9%; 34; 56; SG: 60)Wade et al
[68],2019

6.3 (2.6)ClinicVideoconferencing+OPuTBI96
(64.0)

15.5 (1.5)v150 (19.9%; 34; 56; SG: 60)Wade et al
[67],2019

SUCCEATw

6.5 (2.0)GWSyOPANx9 (8.9)14.9 (1.9)102 (13.5%; 50; 52)Truttmann et al
[64], 2020

aSum of n at the trial level. In case of inconsistencies in reported n across individual articles for each trial, the mode n was selected.
bF2F: face-to-face delivery.
cDD: therapist-guided digital delivery.
dDI: digital implementation.
eF2FI: face-to-face implementation.
fBFST-D: Behavioral Family Systems Therapy for Diabetes.
gHbA1C: glycated hemoglobin.
hCalculated based on percentages and overall sample size provided.
iCalculated based on mean ages, sample sizes, and SDs provided.
jNot available.
kOnly participants who completed the Child Depression Inventory measure (only those aged <18 y eligible).
lPAAS: Pathways for African American Success.
mCC: control condition.
nPRB: potential risk behavior.
oII: interactive interface.
pGS: group session.
qF-PST: Family Problem-Solving Therapy.
rSG: self-guided digital delivery.
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sTBI: traumatic brain injury.
tOP: online program.
uTwo distinct digital delivery conditions: (1) videoconferencing+web-based program and (2) online program.
vMost likely a clerical mistake in reporting.
wSUCCEAT: Supporting Carers of Children and Adolescents with Eating Disorders in Austria.
xAN: anorexia nervosa.
yGWS: group workshop.

Characteristics of Included Articles

Number of Trials, Articles, and Sample Size
A total of 12 articles reporting on 4 trials were identified. One
trial was reported on by a single article [64] (Supporting Carers
of Children and Adolescents with Eating Disorders in Austria
[SUCCEAT] trial), while the remaining 92% (11/12) of articles
reported on a total of 3 trials. Of all 12 articles, 58% (n=7) of
articles provided trial registration numbers, allowing for
formally confirmed identification of the reported trial.

For the purposes of this study, the 4 trials are abbreviated
according to their respective intervention names as follows:
Behavioral Family Systems Therapy-Diabetes (BFST-D) trial
[29,33,57,58], Family Problem-Solving Therapy (F-PST) trial
[65-68], Pathways for African American Success (PAAS) trial
[30,56,59], and the SUCCEAT trial [64].

As articles reporting on the BFST-D trial and articles reporting
on the PAAS trial varied with regard to sample sizes (Table 1
and Multimedia Appendix 6), the total number of randomized
participants across all trials could not be unambiguously
determined. Given that for both trials, only 1 article each
reported a different sample size as compared to all other articles
reporting on the same trial, we reported the mode sample size
for the total number of participants randomized to all conditions
in all trials, including a control condition (N=754), and for the
total number of participants randomized to face-to-face and
digital delivery conditions (n=617). The same principle was
applied for all reported participant characteristics, which varied
in terms of proportions and absolute numbers depending on
variation in reported sample sizes.

Participants
Some (4/12, 33%) articles reported on interventions delivered
to youths with poorly controlled type 1 diabetes and their parents
(BFST-D trial), 25% (n=3) articles reported on interventions
delivered to parents, siblings, and youths identified as being at
disproportionate risk for contracting HIV and sexually
transmitted infections, teen parenthood, and substance use
(PAAS trial). Moreover, 33% (4/12) articles reported on
interventions delivered to youths with traumatic brain injury
and their parents and other family members (F-PST trial), and
8% (1/12) articles reported on interventions delivered to parents
of youths with anorexia nervosa (SUCCEAT trial). As there is
inconsistent terminology between and within articles, the term
parent is used here and throughout this paper to refer to parents,
grandparents, legal guardians, and caregivers included in the
respective articles. All identified interventions either involved
families in intervention delivery (BFST-D, PAAS, and F-PST
trials) or in terms of interpersonal target outcomes (SUCCEAT
trial). Additional participant information is provided in Table

1 and Multimedia Appendix 7 [29,30,33,56-59,64-68].
Participant characteristics were reported to be similar across
conditions in all articles, with the exception of the F-PST trial,
which included a lower proportion of White participants in the
face-to-face delivery condition, probably linked to
quasi-randomization involving place of residence in the
allocation procedure.

Face-to-Face and Digital Interventions and Delivery
Format
Interventions were provided by health professionals in 75%
(9/12) of articles (BFST-D, F-PST, and SUCCEAT trials) and
by trained community leaders in 25% (3/12) articles (PAAS
trial). Intervention content was similar across delivery modalities
for all trials, with all articles explicitly mentioning the same
intervention being delivered across conditions and all CPPs of
interventions being delivered in both conditions (Table 1 and
Multimedia Appendix 2).

All therapist-guided digital delivery was provided via
videoconferencing software. Self-guided intervention delivery
was provided via access to web-based modules for 33% (4/12)
of the articles (F-PST trial) and for 25% (3/12) of the articles
(PAAS trial) via an interactive interface visually representing
users through avatars in a virtual environment. Face-to-face
delivery was reported as individual in-clinic sessions for 67%
(8/12) of the articles (BFST-D and F-PST trials), as group
sessions at community centers for 25% (3/12) of the articles
(PAAS trial), and in-clinic workshops for multiple individuals
for 8% (1/12) of the articles (SUCCEAT trial).

Outcomes
Across all 12 articles, 56 outcome measures (ie, dependent
variables) were reported, including cases of parent-report and
youth-report measures of the same construct. Primary outcomes
(8/56, 14%), 71% (40/56) secondary outcomes, and 14% (8/56)
further, dropout, or attrition outcomes were identified. We have
provided an overview of all identified outcomes in Multimedia
Appendix 8 [29,33,56-59,64-68].

We summarized and structured data along three domains: (1)
outcome type (ie, youth, parent, family functioning, and dropout,
attrition, or further), (2) delivery modality type (face-to-face,
therapist-guided digital, and self-guided digital), and (3)
measurement time point (postintervention test and follow up
test) to reduce clinical and methodological diversity within
outcome data categories. We provide a more detailed overview
of delivery modality types (eg, videoconferencing or in-clinic
sessions) in Table 1, an overview of outcome measures (ie,
dependent variables) in Multimedia Appendix 8, and
measurement time points in Multimedia Appendix 6.
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The application of these 3 domains to the categorization of data
yielded 16 potential outcome categories: youth (Multimedia
Appendix 9 [58,59,64-67]); parent (Multimedia Appendix 9);
family functioning (Multimedia Appendix 10 [59]); and
adherence, attrition, and further outcomes (Multimedia
Appendix 11 [30,33,62,65,68]) for either therapist-guided digital
versus face-to-face delivery (Multimedia Appendix 9) or
self-guided digital versus face-to-face delivery modalities
(Multimedia Appendices 9 and 10) at either posttest (Multimedia
Appendices 9 and 10) or follow-up test (Multimedia Appendix
11) time points.

Risk of Bias

Overview
The 12 articles were rated as high risk for allocation
concealment. For sequence generation, 75% (9/12) articles were

rated as having some concerns. For randomization, 2 of the 4
trials used quasi-randomization. Some (9/12, 75%) articles were
rated as having some concerns in terms of missing data. Overall
proportions of RoB levels across articles are presented in Figure
2; individual RoB assessments at the article level are presented
in Figure 3 [29,30,33,56-59,64-68]. Moreover, 92% (11/12)
articles reported on 3 trials, with inconsistent reporting at times,
which constituted a challenge for assessing the RoB, particularly
for the domain of selective outcome reporting, as multiple
articles reporting on the same trial were found to simultaneously
overlap in some reported outcomes and diverge for other
outcomes (eg, inconsistent reporting of the Diabetes Family
Conflict Scale across articles reporting on the BFST-D trial).

Figure 2. Total proportions of articles’ risk of bias assessments by assessment domain.
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Figure 3. Risk of bias assessments of all included articles. D1: bias arising from the randomization process; D2: bias due to deviations from intended
intervention; D3: bias due to missing outcome data; D4: bias in measurement of the outcome; D5: bias in selection of the reported result.

Sequence Generation
Of all 12 articles, 8% (n=1) reported a quasi-randomization
temporal sequencing design (SUCCEAT trial); 33% (n=4)
reported a quasi-randomized, multicenter RCT design (F-PST
trial), in which participants were unequally allocated to the
digital and face-to-face delivery conditions based on their place
of residence (all participants who lived outside a 40-kilometer
radius from the site were randomly allocated to the digital
delivery conditions, and participants within the radius were
randomly allocated to all conditions, favoring the face-to-face
delivery condition by a ratio of 2:1); and 58% (n=7) reported
randomized controlled trials (BFST-D and PAAS trials). Of
those 7 articles, 57% (n=4) reported block randomization
without providing information on allocation sequence
concealment, increasing the RoB from sequence generation
(BFST-D trial). Overall, 25% (3/12) of the included articles
were rated low RoB arising from the randomization, while 75%
(9/12) were rated as giving rise to some concerns.

Allocation Concealment
The question of adequate allocation blinding procedures (for
participants and intervention providers) is a common concern
in psychotherapy outcome research [71]. This also applies to
the articles included in this review. Given the absence of a
universally agreed-upon alternative approach [71], all articles
were rated as high RoB in this domain.

Handling of Incomplete Data
For any of the 12 articles, not all outcome data were available.
Some (2/12, 17%) of the articles provided evidence of data
missing at random [56] or treated attrition as an outcome
variable [30] and were rated as having low RoB. Most (9/12,
75%) articles did not adequately analyze if missing outcome
data did not potentially bias the results and were rated as giving
rise to some concerns.
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Outcome Assessment
RoB arising from the measurement of the outcome variables
was rated low risk for 83% (10/12) of the articles and with some
concerns for 17% (2/12) of the articles that used a large
proportion of outcome measures for which judgments regarding
validity and reliability could not be made [56,59] (Multimedia
Appendix 8).

Selective Reporting
As indicated earlier, RoB from selective reporting was
challenging to assess given the interaction of multiple articles
reporting on the same trial and inconsistencies across articles
on the same trials. This was further exacerbated in the case of
a trial for which no preregistration could be identified (PAAS
trial) and of an article exclusively reporting on unregistered
outcomes of a preregistered trial [33]. Some (5/12, 42%) articles
were rated as giving rise to some concerns, 9% (5/12) were
rated as having low RoB, and 17% (2/12) of the articles were
rated as having high RoB.

Appropriateness of a Meta-Analysis to Determine the
Efficacy of Delivery Modalities, Adherence, and
Attrition
Meta-analytic aggregation was deemed inappropriate for all
delivery modality comparisons of youth, parent, and family
functioning outcomes due to the relatively low number of trials
within the respective outcome categories, combined with the
presence of substantial clinical and methodological diversity
across trials [63]. Meta-analytic aggregation of the number of
sessions attended and attrition was conducted because
heterogeneity was lower and the number of eligible trials was
higher for these outcomes as compared to the other outcome
measures reported and included (Figure 4 [58,64,65] and Figure
5 [58,64,65]). The substantial clinical and methodological
diversity across trials remains problematic for drawing
meaningful conclusions using meta-analytic aggregations.
However, a preliminary quantitative synthesis was included as
it still serves as a starting point for discussion and future
research.

Figure 4. Meta-analysis of number of sessions attended in face-to-face versus digital delivery modality comparison.

Figure 5. Meta-analysis of drop-out (event) risk ratio in face-to-face versus digital delivery modality comparison.

Nonaggregated Analyses for Face-to-Face and Digital
Delivery Modalities
Of all 56 reported outcomes (ie, dependent variables) across all
trials and articles, 25% (n=14) outcomes from 2 trials (13/14,
93% in the F-PST trial and 1/14, 7% in the SUCCEAT trial)
showed MDs with corresponding CIs falling either (1) fully
within our predefined range of minimal important difference of
–0.20 to 0.20 or (2) fully outside of this range. These outcomes

are reported in Table 2 and Multimedia Appendix 12. All
remaining 75% (42/56) outcomes showed MDs with
corresponding CIs partially located within and partially located
outside this range. Among these, 4% (2/56) further outcomes,
2% (1/56) family functioning outcome, and 2% (1/56) youth
outcome were reported as substantially different between
delivery modalities in the original articles while still including
our range for the minimal important difference. Multimedia
Appendix 9 shows a full list of all MDs and CIs of outcomes.
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Table 2. Outcomes with substantial differences (95% CI excluding 0) or equivalence across all trials (N=252; sum of n at the trial level).

DirectionalityMean differ-
ence (95% CI)

DD, mean
(SD)

DD, nF2F deliv-
ery, mean
(SD)

F2Fb delivery,
n

Type of

DDa
OutcomeOutcome type, postinter-

vention test and follow-up
test, trial, and article

Youth

Postintervention test

F-PSTc; Wade et al [67], 2019

Favors DD–8.90 (–17.48
to –0.32)

70.9
(18.49)

4362 (15.71)22TGePedsQLd, parent report

Favors DD–9.70 (–18.06
to –1.34)

71.7
(18.85)

5162 (15.71)22SGfPedsQL, parent report

Follow-up test

F-PST; Wade et al [67], 2019

Favors DD3.20 (0.50 to
5.90)

6.6 (5.90)449.8 (4.92)22TGHBIg somatic, youth report

Favors DD6.80 (2.25 to
11.35)

12.3 (9.91)4819.1 (8.58)22SGHBI cognitive, parent report

Favors DD3.00 (0.35 to
5.65)

6.8 (5.89)489.8 (4.92)22SGHBI somatic, youth report

Favors DD–9.60 (–18.23
to –0.97)

76.6
(18.98)

4867 (16.18)22SGPedsQL, parent report

Parent

Postintervention test

F-PST; Wade et al [66], 2019

Favors DD2.30 (1.42 to
3.18)

12.8 (1.53)4315.1 (1.81)22TGCES-Dh

Favors DD2.80 (1.61 to
3.99)

53.3 (2.02)4356.1 (2.46)22TGBSIi

Favors DD1.60 (0.75 to
2.45)

13.5 (1.42)5115.1 (1.81)22SGCES-D

Favors DD1.40 (0.25 to
2.55)

54.7 (1.88)5156.1 (2.46)22SGBSI

SUCCEATj; Truttmann et al [64], 2020

Equivalence–0.07 (–0.20 to
0.06)

0.31 (0.36)460.24 (0.26)48TGSCLk-90-R

Follow-up test

F-PST; Wade et al [66], 2019

Favors F2F delivery–1.60 (–2.77 to
–0.43)

53.3 (2.02)4451.7 (2.42)22TGBSI

Favors F2F delivery−1.40 (−2.36 to
−0.44)

13.2 (1.58)4811.8 (2.03)22SGCES-D

Wade et al [68], 2019

Favors F2F delivery1.20 (0.34 to
2.06)

7.8 (2.1)439.0 (1.4)22TGP-PEl

aDD: digital delivery.
bF2F: face-to-face.
cF-PST: Family Problem-Solving Therapy.
dPedsQL: Pediatric Quality of Life Inventory.
eTG: therapist guided.
fSG: self-guided.

Interact J Med Res 2025 | vol. 14 | e46441 | p.91https://www.i-jmr.org/2025/1/e46441
(page number not for citation purposes)

Erasmus et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


gHBI: Health and Behaviour Inventory.
hCES-D: Center for Epidemiological Studies Depression Scale.
iBSI: Brief Symptom Inventory.
jSUCCEAT: Supporting Carers of Children and Adolescents with Eating Disorders in Austria.
kSCL: Symptom Checklist 90-Revised Global Severity Index.
lP-PE: Parent Rated Program Evaluation.

Of the 14 outcomes falling fully within or fully outside the
minimal important difference range, superiority of the digital
delivery condition was found for 71% (n=10) outcomes. Of
these 10 outcomes, 60% (n=6) were youth outcomes and 40%
(n=4) were parent outcomes. The quality of life of youths,
reported by parents (Pediatric Quality of Life Inventory, parent
report) at post intervention test, was substantially higher for
both therapist-guided and self-guided digital delivery modalities
compared to face-to-face delivery modalities and remained
substantially higher for the self-guided digital delivery condition
at follow-up. Somatic symptoms of youths, reported by them
(Health and Behaviour Inventory somatic, youth report) at
follow-up, were substantially higher in the face-to-face delivery
condition compared to both therapist-guided and self-guided
digital delivery conditions. In addition, cognitive symptoms of
youths, reported by parents (Health and Behaviour Inventory
cognitive, parent report) at follow-up, were substantially higher
in the face-to-face delivery condition compared to the
self-guided digital delivery condition. Depressive symptoms of
parents (Center for Epidemiological Studies Depression Scale)
at post intervention test were substantially higher in the
face-to-face delivery condition compared to both
therapist-guided and self-guided digital delivery conditions.
Similarly, mental symptoms of parents (Brief Symptom
Inventor) at post intervention measurement were substantially
higher in the face-to-face delivery condition compared to both
therapist-guided and self-guided digital delivery conditions.

Superiority of the face-to-face delivery condition was found for
3 outcomes. All of these outcomes were parent outcomes from
the F-PST trial at follow-up. In contrast to comparisons at post
intervention measurement, depressive symptoms of parents
(Center for Epidemiological Studies Depression Scale) at
follow-up were substantially higher in the self-guided digital
delivery condition compared to the face-to-face delivery
condition. Similarly, contrasting with comparisons at post
intervention measurement, mental symptoms of parents (Brief
Symptom Inventory) at follow-up were substantially higher in
the therapist-guided digital delivery condition compared to the
face-to-face delivery condition. Program evaluation by parents
was more favorable in the face-to-face delivery condition
compared to the therapist-guided digital delivery condition.

Only 2% (1/56) of outcomes fell fully within the minimal
important difference range. In the SUCCEAT trial,
psychopathological symptoms of parents (Symptom Checklist
90-Revised Global Severity Index) at post intervention test were
equal between therapist-guided digital and face-to-face delivery
conditions.

Meta-Analytic Aggregation of Adherence and Attrition
A total of 9 articles reporting on all 4 trials (BFST-D trial
[29,57,58], PAAS trial [59], F-PST trial, and SUCCEAT trial)

reported on the number of sessions attended, and all (11/12,
92%) articles, except for 1 (PAAS trial [57]), reporting on all
trials reported on attrition. The number of sessions attended and
attrition were meta-analyzed, and the meta-analytic aggregations
are reported in Figures 4 and 5. The heterogeneity between trials

was moderate (I2=48% for number of sessions attended) to high

(I2=61% for attrition), and given the low number of included
trials, this heterogeneity estimate might be inaccurate [72], and
conclusions from the meta-analyses should thus be interpreted
with caution.

Discussion

Principal Findings
We identified 12 articles reporting on 4 trials from which data
were extracted (Multimedia Appendix 5). Of note, despite broad
inclusion criteria for participants, participants included only
youths or parents of youths. Recipients of interventions were
youths with poor diabetic control, traumatic brain injuries,
increased risk behavior likelihood, and parents of youths with
anorexia nervosa. A total of 56 relevant outcomes were
identified. Two trials provided digital intervention delivery via
videoconferencing, one via an interactive graphic interface, and
the other via a web-based program. RoB judgments varied
substantially across domains and articles, with largely some
concerns judgments for randomization, missing outcome data,
and selective reporting. Applying a minimal important difference
criterion to indicate equivalence or superiority, nonaggregated
analyses of MDs and CIs between delivery modalities yielded
varying types of comparative outcomes across the included
studies: superiority of the digital delivery modality and
superiority of the face-to-face delivery modality (CIs falling
fully outside the range of the minimal important difference) and
equivalence between delivery modalities (CIs falling fully inside
the range of the minimal important difference), with most
comparative outcomes, indicating neither superiority of one
modality nor equivalence between delivery modalities (CIs
falling within and outside the range of the minimal important
difference). Overall, our analyses did not reveal any strong
evidence for the superiority of face-to-face compared to digital
delivery conditions and might tentatively instead indicate a
higher proportion of favorable effects of digital delivery
modalities for certain outcomes and certain contexts. Due to
the qualitative nature of this analysis, the limited number of
studies included in this review, and the large heterogeneity
between studies, results need to be interpreted with caution. In
addition, more research is needed to draw meaningful
conclusions on the comparative efficacy of digital versus
face-to-face delivery modalities of ST interventions.

We found a limited and insufficient amount of evidence to
meta-analytically estimate the comparative efficacy of digital
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versus face-to-face delivery modalities of ST interventions with
regard to most psychological, somatic, and behavioral parent
and youth outcomes, as well as family functioning and further
outcomes at either postintervention test or follow-up test.
Meta-analytic analysis was deemed appropriate only for attrition
and the number of sessions attended. We compared digital
versus face-to-face delivery modalities for attrition and the
number of sessions attended, showing no evidence for the
superiority of either delivery modality in these domains.

Comparison With Prior Work
Our findings are largely consistent with related findings from
a recent meta-analysis on family therapy, including 3 trials
reporting no evidence for a difference at postintervention test
between therapist-guided digital versus face-to-face delivery of
interventions for youth outcomes and parent outcomes [6].
Similarly, our findings are consistent with findings from a recent
meta-analysis on therapist-guided digital parenting interventions
that included 4 trials reporting no evidence for a difference at
posttest for youth outcomes between therapist-guided digital
and face-to-face delivery conditions [7]. None of this prior work,
including ours, either strongly supports the superiority of
face-to-face over digital delivery conditions or vice versa.

This study adds to research as the first to contribute to the
existing body of research from an ST standpoint comparing
RCTs of digital and face-to-face delivery modalities of the same
intervention. While showing considerable overlap with family
therapy, couple therapy, and parenting interventions, ST
interventions are characterized by a largely independent
theoretical framework and set of therapeutic techniques. Recent
reviews in related areas of research [6,7,10,47,73] include
interventions with different conceptual backgrounds (eg,
family-based cognitive behavioral therapy and the integrated
family intervention for child conduct problems [6]) under
umbrella terms, such as family therapy or parenting
interventions. The theory-driven approach we adopted for this
systematic review helps to increase granularity by only including
interventions based on ST content and conceptual background.

Strengths and Limitations
Our systematic review has several strengths. First, we applied
rigorous methodology, which was preregistered and followed
PRISMA guidelines [26]. Second, we applied a search strategy
designed for high sensitivity to 6 databases, with an extensive
range of complimentary searches coupled with consistent
application of inclusion criteria on study design, intervention
type, and delivery modalities, which enabled the descriptive
synthesis of published evidence based on diverse target
populations, different contexts, and different digital delivery
modalities. Third, including ST interventions by identifying
CPPs and testing them against our definition criteria ensured
high levels of reproducibility and validity.

However, there are also limitations to be considered when
interpreting the findings of this study. First, the definition of
ST applied here is an adapted version of one of several, at times
inconsistent, definitions of ST currently used [74,75]. However,
our definition is based on the widely accepted definition by von
Sydow et al [19], which has also been used as the basis for

large-scale public policy and insurance regulations. Second, the
operationalized definition criteria were only applied to identified
CPPs of the interventions and for criterion 1 (namely, “perceives
behavior and mental symptoms within the context of the social
systems people live in”), conceptual background to make
inclusion or exclusion judgments during screening. This
approach may have excluded additional potentially relevant
information about the interventions not provided as part of the
description of the intervention itself (eg, the information
provided in cited articles). However, we judged this approach
to be the most beneficial to this study’s replicability by reducing
the arbitrary selection of intervention features as much as
possible. Third, given that this study was, to our knowledge,
the first to investigate digital versus face-to-face delivery
modalities for ST interventions, no a priori categorical
constraints were defined with regard to participants, outcomes,
or contexts. Instead, constraints were defined post hoc, with the
goal of maximizing diversity between and minimizing diversity
within subgroups. Of note, despite a few constraints regarding
the type of participant population, the sample from which
participants were recruited was found to be comparatively
narrowly defined (youths or parents of youths). Fourth, while
our definition of the minimal important difference is in line with
current guidelines [19] and current research in related fields
[69], also based on Cohen d cutoff of 0.2 for a small effect,
there are other approaches, such as anchor-based estimates [76],
which might yield different ranges for the minimal important
differences for the scales included in this study. However, given
the fact that the required data for other approaches toward
defining the minimally important differences, such as anchors
or expert ratings, are currently not available for all identified
outcome measures, our approach based on a Cohen d cut-off is
acceptable and feasible.

Generalizability
Some factors limit the generalizability of our findings. First,
while the identification of a low number of trials constitutes a
finding in its own right, it limits the appropriateness of
meta-analytic aggregation. This was exacerbated by the fact
that multiple articles with potentially relevant findings reporting
on the same trial were identified and that some articles, in some
cases, showed inconsistencies in reporting data (eg, on sample
size). Second, despite post hoc introduction of categories,
diversity within these categories remained substantial (eg, in
terms of participants’ race, differences in face-to-face delivery
formats, or different outcome domains), further limiting the
appropriateness of meta-analytic aggregation. The differential
impact of the type of digital modality used in each trial further
limits the results of our study, and due to the low number of
trials, it was not possible to analyze these tools separately. Third,
the high diversity between trials (eg, in terms of delivery
modalities, patient features, outcomes, and contexts) combined
with the low overall number of trials limits the generalizability
of this study’s findings to other populations and delivery
contexts. Fourth, the low number of identified trials did not
allow for subgroup analyses based on RoB judgments. Fifth, 3
of the 4 trials were conducted in the United States, and 3 of the
4 trials recruited a substantial majority of White participants,
further limiting generalizability to other contexts and target
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populations. Sixth, the influence of factors such as paraverbal
communication, subject of discussion, and client-practitioner
dynamics is crucial for understanding psychotherapeutic
processes. Although RCTs are seen as the gold standard in
evidence-based medicine, they may not adequately represent
these factors, and the same applies to our study by extension.

Clinical and Research Implications
This review has some important clinical and research
implications. Before digital interventions can be accepted
unanimously and unambiguously, solid evidence is needed to
be built on specific criteria for evaluating the appropriateness
of digital modes of delivering ST interventions. Digital delivery
is rapidly increasing despite insufficient evidence on the
comparative efficacy of digital and face-to-face delivery
modalities of ST. This might explain some of the reported
clinicians’ resistance to implementing digital interventions in
their practices [77] and should caution against replacing
face-to-face with digital delivery modalities without careful
consideration. At the same time, given the evidence base
supporting the efficacy of digitally delivered systemic
psychotherapy (though currently still not as broad as that for
face-to-face delivery), the largely inconclusive evidence
regarding the comparative efficacy of delivery modalities paired
with some indicators for the superiority of digital delivery
modalities of ST for certain populations and contexts could also
be interpreted as a caution against adopting face-to-face delivery
of ST interventions as the clinical default. Our study might serve
as a first tentative indicator that different populations benefit
differently from different delivery modalities. One could, for
instance, look at differences between significant outcomes from
the included trials in our study and speculate if parents might
be more likely to benefit from face-to-face delivery than youths
who, in turn, might be more likely to benefit from digital
delivery modalities. Potential avenues for future research in this
regard could, for instance, investigate the impact of the parents’
role as facilitators of self-guided group interventions. At this
point, these points of departure for future research remain
speculative, given the current lack of clear evidence regarding
the comparative efficacy of digital and face-to-face delivery
modalities of ST. To that end, more studies with equivalence
design are required.

According to Greene et al [78], equivalence studies should
include 4 key aspects in their design: an active comparator
condition, identifying appropriate equivalence margins,
calculating adequate sample size estimations, and doing
appropriate statistical analysis [78]. Our review highlights the
need for research implementing all these key aspects.

Furthermore, future research should explore subgroups or
conduct sensitivity analyses to understand the limitations and
the differential advantages of digital and face-to-face delivery
modalities. The questions, such as how different types of digital
interventions compare to face-to-face interventions and which
intervention is efficacious for target populations, specific
contexts, and various modes of digital interventions, including
therapist-guided, self-guided, videoconferencing, virtual
augmented reality, and smartphone apps, remain unanswered.
Moreover, research on digital apps and interventions that, even
if not directly involved in therapy, may provide several benefits
in supporting those delivering and receiving mental health
interventions is required. There is a need to investigate digital
modes of delivery that could potentially complement
face-to-face interventions through blended forms of care (refer
to the study by Erbe et al [79]), specifically in the context of
ST. Overall, more high-quality controlled trials using similar
outcome measures as well as systematic reviews and
meta-analyses are required to scrutinize under what
circumstances digital ST interventions work best, especially
given the increasing amount of available modes of delivery and
the increase in digital delivery of mental health care in general.

Conclusions
Taken together, our systematic review indicated that the current
evidence regarding the comparative efficacy of digital and
face-to-face delivery modalities of ST interventions does not
allow conclusions to be drawn regarding equivalence or
superiority for youth, parent, family functioning, adherence,
attrition, or further outcomes. There is a dearth of RCTs
comparing the efficacy of comparable ST interventions delivered
via both digital and face-to-face delivery modalities. The low
number of trials combined with high clinical and methodological
diversity between trials did not permit drawing meaningful
conclusions from meta-analytic aggregation, and neither
equivalence nor superiority of one modality can be excluded at
this point. Nonaggregated analyses of MDs and CIs between
delivery modalities indicated that neither equivalence nor
superiority of either modality can be excluded at this stage for
most outcomes, target populations, and contexts. As digital
delivery of ST interventions is becoming increasingly
ubiquitous, more research is urgently required to investigate
how digital delivery of ST interventions compares to
face-to-face delivery of the same interventions. There is a need
for more research with a particular focus on different types of
digital delivery modalities, including blended forms of mental
health care, investigating potential variation in efficacy across
different settings, populations, outcomes, and contexts.
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Abstract

Background: The rapid implementation of telemedicine during the early stages of the COVID-19 pandemic raises questions
about the sustainability of this intervention at the global level.

Objective: This research examines the patient experience, health inequalities, and clinician-patient relationship in telemedicine
during the COVID-19 pandemic’s first 2 years, aiming to identify sustainability factors.

Methods: This study was based on a prepublished protocol using the Joanna Briggs Institute (JBI) methodology for scoping
reviews. We included academic and gray literature published between March 2020 and March 2022 according to these criteria:
(1) population (any group); (2) concepts (patient experience, clinician-patient relationship, health inequalities); (3) context
(telemedicine in primary and outpatient care); (4) excluding studies pertaining to surgery, oncology, and (inpatient) psychiatry.
We searched Ovid Medline/PubMed (January 1, 2022), Web of Science (March 19, 2022), Google/Google Scholar (February
and March 2022), and others. The risk of bias was not assessed as per guidance. We used an analysis table for the studies and
color-coded tabular mapping against a health care technology adoption framework to identify sustainability (using double-blind
extraction).

Results: Of the 134 studies that met our criteria, 49.3% (66/134) reported no specific population group. Regarding the concepts,
41.8% (56/134) combined 2 of the concepts studied. The context analysis identified that 56.0% (75/134) of the studies referred
to, according to the definition in the United Kingdom, an outpatient (ambulatory care) setting, and 34.3% (46/134) referred to
primary care. The patient experience analysis reflected positive satisfaction and sustained access during lockdowns. The
clinician-patient relationship impacts were nuanced, affecting interaction and encounter quality. When mapping to the nonadoption,
abandonment, scale-up, spread, and sustainability (NASSS) framework, 81.3% (109/134) of the studies referenced the innovation’s
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sustainability. Although positive overall, there were some concerns about sustainability based on quality, eHealth literacy, and
access to health care for vulnerable migrants and the uninsured.

Conclusions: We identified confusion between the concepts of patient experience and patient satisfaction; therefore, future
research could focus on established frameworks to qualify the patient experience across the whole pathway and not just the remote
encounter. As expected, our research found mainly descriptive analyses, so there is a need for more robust evidence methods
identifying impacts of changes in treatment pathways. This study illustrates modern methods to decolonize academic research
by using gray literature extracts in other languages. We acknowledge that the use of Google to identify gray literature at the global
level and in other languages has implications on reproducibility. We did not consider synchronous text-based communication.

Trial Registration: Open Science Framework 4z5ut; https://osf.io/4z5ut/

(Interact J Med Res 2025;14:e45367)   doi:10.2196/45367

KEYWORDS

pandemic; primary care; outpatients; telemedicine; ambulatory care; global health; patient experience; NASSS; clinician-patient
relationship; health inequalities; gray literature; PRISMA

Introduction

Following the World Health Organization (WHO)
announcement declaring COVID-19 a pandemic on March 11,
2020, the organization recommended telemedicine as one of
the first critical interventions to minimize demands on stretched
supplies of personal protective equipment [1,2]. Although
telehealth was not new as a delivery mode, there were great
expectations particularly around the use of video consultations
in this context. In Africa, telemedicine held promise, as it
rationalized human resources allowing national or international
experts to relay advice to other clinicians [3]; in the United
Kingdom, the pandemic was deemed a “burning platform” to
propel the UK National Health Service (NHS) toward
widespread adoption of video consultations [4]. Most medical
specialties responded to the WHO recommendation with rapid
changes in service delivery toward telemedicine (both telephone
and a new medium—video consultations) in primary and
secondary care across the globe.

In the United Kingdom, 15 months into the pandemic, the
academic community and political groups raised questions
around the sustainability and impacts of the move toward
telemedicine, building upon the learning of the past year toward
a “new normal,” particularly as social distancing and lockdown
measures were removed [5]. A 2021 report by the UK Health
and Social Care Committee defined telemedicine as a
“welcomed and positive innovation” overall while highlighting
concerns by various national organizations on its impact on
health inequalities in terms of exclusion (lack of access), quality,
and patient safety. The committee reported important consensus
from recognized local institutions such as the Health Foundation
and the Kings Fund and patient organizations such as National
Voices and Healthwatch on the need for additional research to
assess the future of telemedicine in a patient-centered way [6].

In previous protocols [7,8], we relayed how prepandemic
evidence synthesis identified several barriers and objections
that hindered telemedicine uptake, including technology,
workload, and confidentiality [9], as well as concerns regarding
appropriateness [10]. However, at the outset of the pandemic,
these objections were rapidly overcome, supported by major
regulatory and financial enablers [11,12]. Given the considerable

incentives and support toward the implementation of
telemedicine, there are concerns about the risks of losing some
of the advantages of this mode of delivery in a postpandemic
future [13], particularly once incentives are no longer in place
[14,15]. These concerns apply to not only the United Kingdom,
Canada, or the United States but also sub-Saharan Africa [16]
and Latin America [17] where considerable barriers persist and
there has been more limited evidence of uptake.

The purpose of this scoping review was to explore the global
evidence (both academic and nonacademic) surrounding the
rapid adoption of telemedicine in outpatient and primary care
settings during the first 2 years of the COVID-19 pandemic to
identify how elements related to patient experience,
clinician-patient relationship, and health inequalities support
(or take away from) the sustainability of this delivery model.

Methods

Protocol
This review was conducted according to an a priori published
protocol [8] following the Joanna Briggs Institute (JBI)
methodology for scoping reviews, updated guidance, and data
extraction guidance [18-20]. This last guidance clarifies that a
review can focus on the most relevant section of a document
for analysis, without having to review whole studies in scoping
reviews [20]. We outlined deviations from the original protocol
and the methodology in Multimedia Appendix 1. A key
contribution of this study hinges on the methods used to search
and extract gray literature across a wider set of countries as to
achieve truly global representation.

Inclusion Criteria

Population, Concept, Context Principle
The inclusion criteria used the Population, Concept, Context
(PCC) principle. We classified each article against the PCC
framework. Namely, for each document, we sought to identify
(1) the population group (if any) to which the document referred,
(2) the concept to which it referred (patient experience,
clinician-patient relationship, health inequalities, or a
combination of these), and (3) in which (clinical) context
telemedicine was being used (outpatient, primary care, or
particular specialties).
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Population
The review focused on primary care services offered to the
general population. Studies focusing on specific population
groups or those with particular conditions within a particular
country or geographical area were included.

Concept
Although the key concept under consideration was the adoption
of “telemedicine,” as defined in the Introduction, we narrowed
our inclusion criteria to the sustainability of the interventions,
focusing on patient experience, health inequalities, and
clinician-patient relationship. Telemedicine has been defined
as per our protocol [8] using academic literature [21] and the
WHO [22], which defines it as “The delivery of health care
services, where distance is a critical factor, by all health care
professionals using information and communication technologies
[...].” Although we focused on telephone and video as
communication technologies, we thank an anonymous peer
reviewer who identified that text messaging also falls in this
category (albeit not included in our review).

Context
The context was primary care services provided during the
COVID-19 pandemic in any setting or country during the first
2 years of the pandemic (March 2020-March 2022).

Types of Sources
This scoping review considered quantitative, qualitative, and
mixed methods study designs for inclusion. In addition,
systematic reviews, protocols, other documents, and
commentaries or opinions were considered for inclusion in the
proposed scoping review. These commentaries or other
documents might have appeared in peer-reviewed journals or
other gray literature such as industry magazines or reports
[23,24].

Search Strategy
This section summarizes our prepublished protocol [8]. We
structured this section by first explaining the selection and
identification of search terms (both in English and other
languages), then how we used those terms to search for academic
and gray literature. To note, the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) [25] was used to structure our
review protocol [8].

Identifying Search Terms
Our search terms, which were in English, centered around
telemedicine, primary care, and COVID-19 and were expanded
through a limited search on Ovid Medline and Web of Science.
We also sought guidance from University of Warwick librarians,
who identified COVID-19 search terms from the National
Institute for Health and Care Excellence (NICE) [26].
Additionally, we examined previous telemedicine protocols in
general practice [27] and Primary Care Cochrane Library
Protocols. For search terms in other languages, we used a 2-step
process to identify relevant terms for the included non-English
search results. We used Google Translate and engaged in

discussions with native speakers to ensure these were accurate
translations.

Search Approaches
We had 2 distinct approaches depending on whether we were
searching for academic or gray literature. With the
aforementioned terms, we searched the following academic
databases: Ovid Medline (equivalent to PubMed [28]), Web of
Science, and Google Scholar. PROSPERO and Cochrane Library
were used to inform our design. PROSPERO in particular was
used to check whether there was any ongoing review on the
topic. All identified search terms and examples of the searches
(for academic and gray literature) can be found in Multimedia
Appendix 2, as per our previously published protocol [8].

We searched Ovid Medline/PubMed (January 13, 2022), Web
of Science (March 19, 2022), Livivo (March 15, 2022), Scopus
(March 19, 2022), PROSPERO (January 12, 2022), Cochrane
Library (January 12, 2022), and Google/Google Scholar
(February 2022 and March 2022).

As shown in Multimedia Appendix 2, to identify relevant gray
literature published at the time of the pandemic, we used
advanced Google search criteria with simplified search terms.
We combined the terms telemedicine, “Primary Care,” and
COVID-19 with (1) “patient experience,” (2) “health
inequalities,” or (3) “patient-clinician interaction” and asked
the search engine to provide pdf-only results within the years
2020 through 2022. Although we recognize it is not fully
possible to reproduce Google searches, the selection of pdf
documents was aimed at identifying the most retrievable and
credible gray literature [8] while, at the same time, supporting
reproducibility of the analysis [23,24].

We undertook these searches in English, Chinese, Spanish,
Arabic, Portuguese, Hindi, and Indonesian. To improve
representation of African countries due to difficulties searching
in Urdu, we undertook additional Google searches in English
including country-specific results for the 5 largest African
countries by population (Nigeria, Ethiopia, Democratic Republic
of Congo, Egypt, and South Africa [29]). For Google searches,
we selected the first 30 results by relevance, and for
English-based results, we selected the top 10 results by country.
We selected the first 30 results based on the literature [30-33],
timeline, and budget. Further, as can be seen in the example for
a failed search for Pakistan in Multimedia Appendix 2, Google
searches only provided less than a handful of results when
restricting by country of publication.

We followed established guidelines for analyzing non-English
text [34]. We used machine translation via Google Translate to
translate at least 3 paragraphs containing the key search terms
(telemedicine, primary care, and any of the combinations of
patient experience, clinician-patient relationship, and health
inequalities). We selected 3 paragraphs that were roughly
equivalent in the number of words to that of an abstract.

Screening
The authors used a single-phase, double-blind screening of
abstracts and extracts based on the eligibility criteria. Screening
instructions were tested by 4 authors across a sample of 50
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abstracts to verify the instructions had been properly understood.
The remaining articles were allocated across several
combinations of pairs of authors using double-blind screening
and Rayyan [35] as an aid. Any discrepancies were resolved by
the pair of authors themselves and verified by the lead author
before data extraction. Given the extended scope of our review,
and in agreement with the prepublished protocol and the latest
JBI guidance [20], there was no full-text screening as the
abstracts and extracts were our main data source. Abstracts and
extracts have been made available in Multimedia Appendix 3.

Data Extraction
The authors used double-blind extraction of data using an Excel
table template as outlined in Multimedia Appendix 4. Following
the latest JBI guidance for scoping reviews [20], we chose to
focus data extraction on abstracts and extracts only, reflecting
the wide research design that allowed us to accommodate the
breadth of the review in terms of (1) themes; (2) a worldwide,
multilanguage approach; and (3) sources. Using a data extraction
tool shared in Multimedia Appendix 4, we mapped the text in
tabular form against the NASSS framework [36] domains, noting
some of the document sections might touch upon 1 or more
domains.

Data Analysis and Presentation
In agreement with the latest JBI methodological guidance
[18-20], no critical appraisal was undertaken, and the final
presentation of results consisted of the following. In the first
section, the results of the search were presented in a
PRISMA-ScR flow diagram [25], including a flowchart and a
checklist, and we conducted a table analysis of more detailed
characteristics of the included documents (Table S1 in
Multimedia Appendix 5). We captured the number of articles
that included certain data against the PCC framework.
Understandably, in the “population” label, the numbers do not
add up to the total as some categories are not mutually exclusive.
A color-coded (heat map) mapping was created in tabular form

against the NASSS framework’s [36] domains: (1) the condition,
(2) the technology, (3) the value proposition, (4) adopters, (5)
organizations, (6) wider system, and (7) embedding and
adaptation over time. The heat map shows graphically the
maximum and minimum numbers of references for each domain
(using the average counts for double-blind data extraction and
mapping). We performed a narrative analysis (including
sentiment analysis) of references to the sustainability of video
consultations outside of social distancing restrictions brought
about by the pandemic. The results are discussed from the point
of view of sociotechnical grounded theory, providing strengths
and limitations of the sources and the review method itself. We
included a statement of positionality in our conclusions, as well
as recommendations for research and practice. We believe that
reflexivity through researcher positionality is fundamental to
decolonizing global health research that seeks to include voices
and perspectives usually marginalized from the academic
discourse [37-39].

Results

PRISMA Study Inclusion
Academic database searches identified 983 records, and 171
additional records were identified through Google searches for
various languages and countries. For Google Arabic and Google
Pakistan, there were no results that matched the search criteria.
Of the total 1154 articles, 181 were identified as duplicates and
were removed: 160 duplicates were academic articles, and 21
duplicates were identified among the nonacademic articles.
After the removal of duplicates, there were 973 articles to be
screened. Of these 973 articles, 823 articles were from academic
databases, and 150 were from nonacademic databases. After
the abstract screening and before data extraction, 703 academic
and 136 nonacademic articles were excluded, leaving a total of
134 documents [29,40-171] for data extraction including 120
academic articles and 14 extracts from gray literature searches.
See the PRISMA-ScR [25] flowchart (Figure 1).
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) flowchart outlining
the process of identification, screening, and final inclusion across various types of data sources.

Summary of Document Types
We separated the academic studies (which we identified as those
having a clearly labelled abstract with introduction, aims,
methods, results, and discussion sections) from the other
documents (or gray literature) and found that these other
documents represented 27.6% (37/134) of the selected
documents. Searches in academic databases and journals
provided a small group of gray literature in the form of
commentaries or guidelines. Conversely, general internet
searches also identified a minority of academic documents.

The document pool achieved global representation, with
documents from all continents, including South America
[46,110,166] and Africa [116,121]. There was, however,
overrepresentation from North America (58/134, 43%), with a
large proportion of documents from the United States.

In terms of the methodology in the selected documents, over
72% (96/134) of the documents used surveys, questionnaires,
or interviews. The use of surveys and questionnaires was closely
related to the type of design observed, with most studies being
cross-sectional (96/134, 72%). Finally, regarding the
telemedicine medium, the documents did not specify the medium
by generally referring to “telemedicine” in 57% (77/134) of
documents. More details are provided in Table S2 in Multimedia
Appendix 5.

Quantitative Classification Against the PCC
Framework
Table S3 in Multimedia Appendix 5 includes the characteristics
of the 134 documents against the protocol’s PCC. We follow

with a short commentary highlighting any documents that
exemplify these findings. Table 1 shows how the documents
related to the various key concepts explored (clinician-patient
relationship, health inequalities, and patient experience), and
the following paragraphs summarize the key findings. In
addition, Figure 2 shows the results of the bibliographic keyword
analysis.

In terms of population groups, a large subset of abstracts and
extracts (66/134, 49.3%) reported no specific demographics nor
patient characteristics (see, for example, the extract from the
board report from the East Kent Hospitals NHS Foundation
Trust [64] or Karacabeyli et al [95]). The main demographic
characteristics reported in abstracts and extracts were age
(39/134, 29.1%) and sex (20/134, 14.9%), with studies also
considering sociodemographic factors. It is important to note
that a particular document might have tracked more than one
characteristic; see, for example, Manski-Nankervis et al [113],
which tracked education status, gender, age, and whether
patients spoke English at home.

In terms of the concepts studied, the most popular concept was
the clinician-patient relationship, reported in 28 abstracts. The
majority of documents (69/134, 51.5%) combined 2 or 3
concepts. In the following paragraphs, we provide a brief
summary of results across the various concepts.

Regarding patient experience, we found 26 studies solely
focused on this concept. Patient experience was mostly equated
with patient satisfaction and access. There were positive levels
of satisfaction overall [99,121,149] and sustained access at the
time of lockdowns [48,53].
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Table 1. Classification of the documents against the key concepts.

Documents, nConcept

 1 concept

28Clinician-patient relationship 

11Health inequalities

26Patient experience 

2 concepts

11Clinician-patient relationship, health inequalities

29Clinician-patient relationship, patient experience

16Health inequalities, patient experience 

 All 3 concepts 

13Clinician-patient relationship, patient experience, health inequalities 

Figure 2. Bibliographic keyword analysis.

Regarding health inequalities, there were only 11 studies solely
focused on this concept. We found gaps in evidence that made
it difficult to pinpoint the impacts on health inequalities of
specific groups, with some evidence of health inequality
exacerbation for those considered to be at the fringe of the

economic and health system (such as vulnerable migrants,
families with high levels of economic deprivation or health care
insurance exclusion, or rural communities with limited access
to technology) [74,116,140].
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Regarding the clinician-patient relationship, there were 28
documents solely focused on this concept, mainly on the
clinician-patient interaction and quality of the encounter. There
was no consensus regarding whether the impact of telemedicine
on the interaction had been positive, neutral, or negative
[43,56,70], while there was consensus on the added value of
the quality of the remote encounter for triage, follow-up
consultations, or chronic condition management [128,133,155].

Finally, concerning the context, we identified 46 documents
focused solely on primary care, general outpatient care featured
in 19 documents, and various outpatient specialties were featured
in 56 extracts.

Mapping Against the NASSS Framework
As shown in Figure 3, there was considerable variability in
evidence across the NASSS [36] domains and subdomains.
Domains 6 (wider system), 7 (time domain), and 3 (value
proposition) had the most information. For domain 6, documents
referenced the pandemic or pandemic-related lockdowns and
infection control measures coupled with regulatory enablers or
recommendations (such as mandatory online triage in primary
care, parity in payments between face-to-face and telemedicine
appointments). There was lower density of information about
specific conditions that were being managed with telemedicine
(subdomain 1a), knowledge needed to use telemedicine
(subdomain 2c), and organizational or implementation aspects
(domain 5).
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Figure 3. Heat map against each of the nonadoption, abandonment, scale-up, spread, and sustainability (NASSS) domains.

Narrative Analysis of Sustainability
Roughly over one-half of the documents (75/134, 56%)
identified challenges in terms of sustainability or made
recommendations on how to address them. Among these,
sentiment was mixed or neutral in 40 documents and positive
in 31 documents, with only a small subgroup [68,89,141,148]
viewing such challenges negatively as barriers to further
planning and progress. Challenges and areas of consideration

included general planning such as workforce training, digital
resources, patient experience, and ethical issues [92] or a more
focused look at the technology itself such as more effective
digital platforms and increased use of home medical equipment
[43]. Other issues such as patient selection were also noted with
consideration to disease progression, language and cognitive
ability, health literacy, and technology access [40]. The
systematic review by Mbunge et al [116] of the digital
technologies deployed in South Africa during the pandemic

Interact J Med Res 2025 | vol. 14 | e45367 | p.108https://www.i-jmr.org/2025/1/e45367
(page number not for citation purposes)

Valdes et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


identified a “digital divide” barrier in rural areas and advocated
for better networks.

Almost one-third (38/134, 28%) of the documents set out plans
for sustainable growth and further embedding, with generally
positive sentiment. The report by the East Kent Hospitals NHS
Foundation Trust in 2021 [64] mentioned an enhanced
engagement plan to meet ambitious targets set by health care
authorities for the delivery of telemedicine appointments.
Tulupova et al [162] referred to plans for the creation of
telemedicine guidelines and an educational program on
communications in health care using digital technologies for
patients to improve digital health literacy. The remaining
documents either did not address the area of sustainability
[42,44,49,66,95,101,106,110,111,122,132,143,153,167] or had
a generally negative view on the sustainability of the
intervention [63,74,80,112,169]. The negative commentary was
based on concerns about quality (ie, treating musculoskeletal
conditions), eHealth literacy, and access to health care for those
at the fringe of the health care system coverage (such as
vulnerable migrants and the uninsured).

Discussion

This section includes 4 main areas: (1) a summary of our
findings, (2) a sociotechnical grounded theory research
interpretation of the findings (based on Hoda [172]), (3)
positioning against the wider and recent literature, and (4)
strengths and limitations of our study. The section finalizes with
a short conclusion.

Summary of Findings
Concerning the protocol’s PCC, 49% (66/134) of the documents
reported no specific population group targeted by the study
(population); according to the UK definition, 55% (74/134) of
the studies referred to an outpatient (ambulatory care) setting,
and 34% (46/134) referred to primary care (context); and 49%
(66/134) of the studies referred to only 1 of the concepts studied
(concept).

Mapping to the NASSS framework [36] identified that 93%
(125/134) of the studies referenced the sustainability of
telemedicine with moderately positive comments.

Global Representation
We found 134 studies meeting our criteria and achieved global
representation. We highlight some of the global results from
limited-resource countries here.

Despite the limited evidence for African countries (2 studies
[116,121]), our findings were aligned with other African reviews
around insufficient evidence of use due to considerable barriers
in this region [16] and a lack of “meaningful investment” in
this area [173]. We concurred with Nittari et al [174] that several
barriers are still present that risk the sustainability of this
delivery mode beyond the pandemic.

Studies in South America [46,110,166] provide examples of
effective use in outpatient settings (specifically speech and
language therapy [46]), as well as reflections on how this new
delivery mode in the context of the wider pandemic might have

generated an element of mistrust and fear in the clinician-patient
relationship [166].

Results from Middle Eastern and Asian countries
[41,97,104,105] provide perspectives on the use of telemedicine
in orthopedics and hematology while indicating the equivalence
of audio and video consultations, an important point to inform
telemedicine programs in low-income countries as a way of
increasing access to health services.

Positioning Against the Wider and Recent Literature
This review can be positioned in the emerging literature of
reviews around telemedicine during the pandemic period
[175-183].

A key finding of our study is how patient experience was
generally equated with patient satisfaction. Other studies have
found these are often used interchangeably [184-186]. However,
accepted definitions of patient experience go beyond satisfaction
and “focus on individualized care and tailoring of services to
meet patients’ needs” [187]. This is related to another finding,
as the studies are mainly observational with no reference to
patient experience frameworks, let alone to some emerging
frameworks specific to the digital patient experience [173,188].
Our findings on patient experience are aligned with another
recently published review focused on the COVID-19 pandemic,
with similar categories and findings [178]. In terms of the
clinician-patient relationship, our findings were mixed, but
recent reviews found that the relationship was “troubled”
telemedicine given both patient and clinician reluctance to use
[177]. However, others found the tool useful [106].

de Oliveira Andrade et al [175] focused on the role of legislation
in the widespread utilization of telemedicine during the
pandemic, finding that regulatory frameworks enabled
telemedicine spread in areas related to ethics, reimbursement,
data safety, and pandemic-related regulatory relaxation (in the
United States, for instance, relaxation of interstate practice was
particularly relevant [183]). We found a lack of consensus in
terms of sustainability as these financial and regulatory
incentives dissipated; however, supportive regulation would be
a defining factor in its sustainability. Our evidence seems more
nuanced than other recent reviews [177,189]. We are aware
specialties like family medicine and general practice seem to
have a preference for a particular medium, such as telephone
instead of video [190], with more work being undertaken
regarding the impacts on quality [191] or equivalence between
face-to-face and remote consultations [183].

Regarding the impact on health inequalities, another review
identified emerging literature on the opinions of vulnerable
populations regarding telemedicine [180]. We saw references
[192-195] to an emerging framework for digital health equity
[196], which we expect will help address the gaps we identified
in the design and evaluation of inclusive digital health care
services to address the “self-reinforcing effect of digital and
social exclusion” [197] and its impact on health care inequalities
in access and experience. Our concerns about implications on
health inequality resonate with other similar reviews for
telemedicine [179].
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Strengths and Limitations

Strengths
We mapped the emerging literature (gray and academic) on
telemedicine during the pandemic to a well-established
framework using 3 lenses (patient experience, health
inequalities, and clinician-patient relationship). We identified
this as the only systematic review of its kind. Only 1 other
review mapped academic literature on video consultations to
the NASSS framework [36] but outside the context of the
pandemic [37]. Notably, we effectively reflected the experiences
of non–English-speaking countries with literature across the 5
continents, so it is truly global health–oriented, with the added
values and perspectives of a diverse, multidisciplinary research
team.

When identifying the limited literature at the intersection of
health inequalities and telemedicine, we provided a brief
taxonomy of potential groups impacted differently. Recognizing
the multidimensionality and intersectionality of social exclusion,
we show that demographic characteristics such as age, sex, and
socioeconomic factors have received some attention, but there
is still very limited information and not enough to draw solid
conclusions on impacts.

From a methodological standpoint, we provided additional
insight on how to integrate effectively other documents and
nontraditional voices and experiences into academic research
with a reproducible approach.

Limitations of the Sources
The authors sought gray literature directly via Google to ensure
a unified source and methodology to identify and capture
experiences from non–English-speaking countries. This is a
method with limited reproducibility. Researchers interested in
gray literature information in English can consult the UK
National Grey Literature Collection Funded by Health Education
England. We are aware of additional databases with non-English
literature that could be used [198]. Emerging literature has
covered mostly single-center survey studies with limited sample
sizes, reflective of the immediate experiences arising in the
context of the pandemic.

Limitations of the Review
We have limited the depth of analysis to accommodate for the
extensive scope, in accordance with the JBI guidelines for data
extraction [199]. The use of document extracts using the
“surrounding keyword” approach needs further development
and testing, as we recognize slightly longer extracts are better
at conveying enough information to support screening and
analysis. We did not consider synchronous text-based
communication. The methodology of scoping reviews is still
skewed toward evidence from academic publications, which
are biased toward researchers from North America and Europe.
Although not specified in the current guidance, capping the
number of results from traditional academic databases provides
a more balanced representation and could reduce duplication
while having limited effects on how comprehensive the findings
are.

In conclusion, our discussion section has highlighted
considerable variation in the emerging literature during the
pandemic regarding changes in pathways toward telemedicine.
We highlighted the different focus of studies focused on health
inequality or outpatient care and the global representation of
the studies included (which is a key strength). Of note is the
finding equating patient experience with satisfaction, which
reflects a potentially limited understanding of sociotechnical
views of human-computer interaction and human factors in
traditional health service research.

Conclusions
This section is divided into 3 parts comprising a reflection of
our positionality as researchers in analyzing these themes as
well as further recommendations for research and practice.

Statement of Positionality
Following the method by Pant et al [37], we frame some of our
conclusions in the context of our positionality and our aims.
We are a diverse group of researchers (with roots in Latin
America, the Middle East, Asia, and Africa and with supervisors
from the United Kingdom), but our gaze is colonially influenced
by our education and current positionality in this country.

By opening our search criteria to non-English documents and
gray literature, we succeeded in capturing immediate, emerging
experiences at the global level, with 27.6% (37/134) of our
documents having no structured abstract and classified as gray
literature, with 5 documents from South America and Africa
and 13 documents from Asia. The balance, however, is still
very skewed toward the United States and English-speaking
countries.

Our positionality and knowledge of the UK health system and
legislation meant it was difficult to translate these categories to
other systems, and we had to modify our parameters and
analysis. For instance, although our choice of the UK diversity
legislation (“protected characteristics”) as a framework for
categorizing health inequalities was helpful, the UK definition
of “primary care” was not helpful due to its contrast with the
definition set out by the WHO (for example in the work by
Dimer et al [46] in Brazil, classifying speech and language
therapy services as a “primary health care service,” which are
not available in the United Kingdom in this setting).

Recommendations for Research
From a methodological standpoint, we urge researchers looking
to decolonize academic research to test and evaluate further our
approach to using gray literature extracts in other languages,
particularly in scoping reviews, as it provides that additional
level of immediacy with the phenomenon of study. We noticed
confusion on the use of patient satisfaction and patient
experience, so research should focus on more robust frameworks
reviewing the overall patient pathway (away from the evaluation
of a remote encounter [184-186]). As expected, our research
found mainly descriptive documents, so future research should
focus on robust evaluation of clinical outcomes arising from
changes in diagnostic and treatment pathways away from
face-to-face settings. We recommend future research with a
narrower approach to specific population groups and more
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focused on access and outcomes (Table S1 in Multimedia
Appendix 5). From a sociotechnical research perspective, we
recommend future research using modern techniques (natural
language processing, data mining, and sentiment analysis)
focusing on categories with closer links to human-computer
interaction. Following publication, we will publish our data on
Open Science Framework [200].

Recommendations for Practice
The impact of telemedicine on patient safety is critical to
determine the sustainability of this intervention when contrasting
it with the under- or overutilization of resources [201]. If not
ruling out the continued use of telemedicine, the authors outlined
the importance of further research and refinements to the
intervention itself. We found that models such as the Dynamic
Sustainability Framework [75] might be useful to support
learning and adaptation with care toward the potential
disenfranchisement of some patient groups.
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Abstract

Background: Major depressive disorder contributes to the global burden of mental illness. Therapeutic guidelines promote
treatment self-management and support caregivers and family members in this process.

Objective: We aimed to identify therapeutic guidelines for the symptoms of major depressive disorder.

Methods: This scoping review followed the assumptions established by the Joanna Briggs Institute and the PRISMA-ScR
(Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews) protocol, carried out in
12 databases (LILACS, PubMed, SciELO, Scopus, Web of Science, b-on, BDENF, AgeLine, Cochrane, BVS, IBECS, and
CINAHL) and 5 secondary gray literature sources (Google Scholar, Global ETD Search, EBSCO Open Dissertations, CAPES
Catalog of Theses and Dissertations, and the Digital Library of Theses and Dissertations of the University of Sao Paulo). The
eligibility criteria were based on the population, concept, and context framework: people diagnosed with major depressive disorder
aged >18 years (population), therapeutic guidelines for self-management of major depressive disorder symptoms (concept), and
symptoms of major depressive disorder (context). Data collection was carried out from March to July 2022 and updated in June
2024. The included studies were experimental, quasi-experimental, analytical observational, descriptive observational, qualitative,
or quantitative studies; systematic reviews and meta-analyses; and scoping and literature reviews published in full without time
restrictions in English, Spanish, or Portuguese. All the information, as well as the studies captured, was stored in a Microsoft
Excel spreadsheet using Rayyan and the JBI Manual for Evidence Synthesis. The titles, abstracts, and full texts were carefully
read and classified, extracting the results. After review by 2 independent researchers, 62 studies were selected. The results are
presented descriptively, including characterization of the studies and mapping and categorization of groups and subgroups of
therapeutic guidelines for self-management of major depressive disorder.

Results: In total, 62 studies published between 2011 and 2023 were included, where 44 (71%) came from indexed data sources
and 18 (29%) were gray literature indexed on Google Scholar (13/62, 21%), doctoral theses (3/62, 5%), and master’s dissertations
(2/62, 3%). Among the therapeutic guidelines identified, mapped, and categorized, 7 major groups were identified for
self-management: psychotherapy (32/62, 52%), adoption of healthy habits (25/62, 40%), integrative and complementary practices
(17/62, 27%), relaxation techniques (9/62, 14%), consultation with a health professional (14/62, 22%), pharmacological therapy
(9/62, 14%), and leisure or pleasurable activities (4/62, 6%).
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Conclusions: It was possible to identify therapeutic guidelines to promote self-management of major depressive disorder in the
adult population. Therapeutic guidance is an important resource for patients, their families, and the community, making patients
the protagonists of their own health. For health professionals, therapeutic guidelines become tools that help develop skills and
competencies for care among patients, thus ensuring their ability to self-manage major depressive disorder.

(Interact J Med Res 2025;14:e63959)   doi:10.2196/63959

KEYWORDS

major depressive disorder; nursing; revision; self-management; symptoms; PRISMA

Introduction

Background
Major depressive disorder is one of the most prevalent mental
disorders in the world, as well as one of the clinical conditions
that contributes most to the global burden of mental illnesses
[1]. The number of people presenting with symptoms suggestive
of this disorder has shown a significant increase at an alarming
and worrying rate, and it is estimated that it will be the world’s
first major disabling public health problem by 2030 [2].

It is a classic mental disorder that involves evident alterations
in affect, cognition, and neurovegetative functions, affecting
approximately 300 million people worldwide [2]. It is estimated
that 3.8% of cases lead to functional incapacity and damage to
physical and mental health, as well as professional losses and
considerable morbidity and mortality due to suicide or
association with other illnesses [3].

In addition to these impacts, it is difficult to diagnose major
depressive disorder accurately and quickly as its classification
and assessment are based on clinical findings and the patient’s
history [2]. Therapies for the treatment of major depressive
disorder, such as psychobiosocial therapies, psychotherapy, and
pharmacotherapy, have advanced and are used according to the
severity of the symptoms and potential adverse events [4].
Considering that mental health care has undergone important
transformations, such as the creation of an out-of-hospital
network made up of substitute services that propose the rescue
of the singularity or subjectivity of the person in psychological
distress, respecting their integrality and existence [5], promoting
their autonomy in the management of the illness or treatment
means encouraging empowerment, the ability to make choices,
and taking responsibility for themselves as a citizen and social
being [6].

This knowledge and skills are important tools to prevent
complications, control symptoms, self-manage treatment, and
even avoid recurrences and hospitalizations [7]. Due to the
complexity of the disease, some adaptive actions can be taken,
including controlling destabilizing factors, preserving
self-confidence, re-establishing important relationships,
attempting to regain functioning, managing symptoms,
negotiating the care environment, and maintaining satisfying
relationships [7,8].

Society has been moving toward the construction and adoption
of technological innovations using smartphones and computer
applications. These resources can be of great value in the process
of promoting people’s skills in the mental health field [8]. In
this sense, based on the results of this scoping review, a

systematic set of therapeutic guidelines was developed based
on clinical practice and scientific evidence. This set of
therapeutic guidelines is capable of supporting a computational
application, generating knowledge in the area of mental health,
creating a connection with the patient, and supporting
self-management of one’s health remotely [8,9].

These therapeutic guidelines can be adopted with the aim of
promoting and supporting self-management in the daily
treatment of the patient and supporting the caregiver or family
members in performing techniques safely and appropriately,
completing therapeutic sessions, maintaining functionality, or
preventing possible complications of the disorder [9]. It should
be emphasized that, although it is important to encourage
self-management by the individual and the family, it is also
essential that the care provided by health professionals, including
nurses, assists in the promotion and reorganization of the self,
breaks and overcomes relationships of dependence, and levels
the acquisition or development of knowledge and skills for
self-management [7,9].

Given the extent of the symptomatology and the particularities
of major depressive disorder, a scoping review allows for an
exhaustive analysis of the studies available so that the patient
has access to information that will allow them to develop
attitudes, knowledge, and skills to self-manage based on the
best scientific evidence.

Objectives
Similarly, a set of therapeutic guidelines will constitute an
instrument for the clinical practice of nurses and of the
multidisciplinary team as the deepening of specific skills will
allow for the provision of individualized care that is more suited
to the needs of the person with major depressive disorder.
Therefore, this scoping review was carried out with the aim of
identifying therapeutic guidelines in scientific production for
the self-management of major depressive disorder symptoms.

Methods

Overview
A scoping review is used to map key concepts, examine existing
evidence before conducting a systematic review, and clarify
and define conceptual boundaries. This scoping review was
prepared in accordance with the methodological proposal of the
Joanna Briggs Institute (JBI) in 2020, supported by the PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) [10] and PRISMA extension for Scoping
Reviews (PRISMA-ScR) [11] guidelines based on the following
steps: formulation of the research question, identification of
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relevant studies, selection of studies, extraction and analysis of
data, and synthesis and construction of the report. The
PRISMA-ScR checklist is available in Multimedia Appendix
1. This review protocol was registered in the Open Science
Framework platform [12] on November 11, 2023, and was
modified on February 19, 2025. There was no deviation from
the protocol registered on the Open Science Framework
platform.

Research Question
To formulate the guiding research question and guide data
collection, the population, concept, and context (PCC)
framework was used. The PCC strategy was adopted to drive
the research question of this scoping review. In this study,
population refers to people diagnosed with major depressive
disorder aged >18 years, concept refers to therapeutic guidelines
for self-management of major depressive disorder symptoms,
and context refers to major depressive disorder symptoms (eg,
changes in weight, appetite, and sleep; feelings of guilt;
irritability or bad mood; anhedonia; fatigue; and low
self-esteem).

Therefore, the following guiding question was defined: “What
therapeutic guidelines support self-management of changes in
weight, appetite, sleep, feelings of guilt, irritability or bad mood,
anhedonia, fatigue and low self-esteem?”

Study Design and Eligibility Criteria
The data search was carried out in 12 information sources
(LILACS, PubMed, SciELO, Scopus, Web of Science, b-on,
BDENF, AgeLine, Cochrane, BVS, IBECS, and CINAHL) and
5 secondary information sources of gray literature (Google
Scholar, Global ETD Search, EBSCO Open Dissertations,
CAPES Catalog of Theses and Dissertations, and the Digital
Library of Theses and Dissertations of the University of Sao
Paulo).

The search strategy was developed using the controlled and
noncontrolled descriptors obtained in the initial search plus the
Boolean operators “OR,” “NOT,” and “AND,” as well as
keywords found in the Health Sciences Descriptors and Medical
Subject Headings of the US National Library of Medicine
combined with each other according to each database. The
strategies used and how they were combined are available in
Multimedia Appendix 2.

The search followed five distinct phases according to the JBI
methodology, and a team of 5 researchers was assembled for
this scoping review: (1) initial search in the selected databases
to identify articles on the topic and, from there, select words
and indexing terms contained in these publications to develop
the full search strategy; (2) use of the keywords and indexing
terms identified to search all the databases included; (3)
definition of the study design and eligibility criteria, including
the determination of the type of study, target population,
interventions and outcomes analyzed. In addition, inclusion and
exclusion criteria were established for the selection of studies;
(4) identification and selection of studies, including the
systematic search in databases and sources of gray literature,
application of filters and search strategies to ensure the
identification of relevant studies and screening of relevant
articles (reading of titles, abstracts and, when necessary, the full
text); and (5) data extraction and analysis, including the
collection of information from the selected studies, the
assessment of methodological quality and the synthesis of
findings.

The eligibility criteria are described in Textbox 1, and the studies
found were refined based on the PCC acronym, type of study,
year of publication, language, and results. The search was
carried out from March 2022 to July 2022 and updated in June
2024.
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Textbox 1. Eligibility criteria.

Inclusion criteria

• Population: people diagnosed with major depressive disorder aged >18 years

• Concept: therapeutic guidelines for the self-management of symptoms of major depressive disorder

• Context: symptoms of major depressive disorder, such as changes in weight, appetite, and sleep; feelings of guilt; irritability or bad mood;
anhedonia; fatigue; and low self-esteem

• Type of study: experimental and quasi-experimental studies (randomized and nonrandomized controlled trials), analytical observational studies
(prospective and retrospective cohort studies, case-control studies, and analytical cross-sectional studies), descriptive observational studies (case
series, individual case reports, and descriptive cross-sectional studies), qualitative and quantitative studies, systematic reviews, meta-analyses,
scoping reviews, and literature reviews; due to the scarcity of publications found in the databases, it was also decided to include gray literature
(course completion studies, dissertations, and theses)

• Year: there were no restrictions on the search period as the first search strategies developed yielded few studies on the subject

• Language: English, Spanish, and Portuguese

• Results: publications whose objective addressed therapeutic guidelines to assist in the self-management of patients with active symptoms of
major depressive disorder

Exclusion criteria

• Population, concept, and context: publications without information on the population, concept, and context of interest for this study

• Type of study: duplicate studies, opinion articles, letters to the editor, abstracts of conference proceedings, and studies with unavailable text

• Language: studies in languages other than those selected

• Results: publications that did not fit the objectives and did not contain information related to the population, concept, and context of this study

Study Identification and Selection
The process of identifying and selecting studies is one of the
most important stages in the conduct of a scoping review. To
minimize potential bias, the JBI Manual for Evidence Synthesis
guidelines were used and explained in a meeting with 6
researchers to ensure that this process was clear to everyone.

Thus, to maintain the rigor of the screening process, the studies
obtained from each of the databases based on the eligibility
criteria were exported to a reference management software
(EndNote; Clarivate Analytics), and duplicates were removed.
The remaining studies were then imported into the Rayyan
application (Qatar Computing Research Institute) for analysis
and selection based on titles and abstracts.

The titles and abstracts were read and analyzed by 2 independent
reviewers to identify those that were potentially eligible. After
reading the titles and abstracts, the preselected studies were
subjected to data analysis and mapping, which consisted of
carefully reading and classifying the texts from which the results
were extracted.

The selected studies were read in full by 2 additional reviewers
(MdPSdSN and PdCT) to confirm their relevance to the research
question. Any doubts about the inclusion of studies would be
resolved through discussion with a third reviewer until a
consensus was reached. It was not necessary to contact a third
reviewer.

Data Extraction and Analysis
As recommended by the JBI, the authors developed a tool to
extract the data for the scoping review. Those responsible for
data extraction (MdPSdSN, PdCT, and PMM) read and carefully
classified the texts. The data were documented in a Microsoft

Excel (Microsoft Corp) spreadsheet for better data extraction
and evaluation. The final studies were determined from this
step. The following variables were extracted from the studies:
symptoms, authors, year, reference, study title, objective, study
design, and mapping of results.

The focuses of the studies were analyzed, and the results and
discussion are presented descriptively and quantified as
frequencies in tables. The Discussion section synthesizes the
evidence found during the review to explore it and compare it
with the existing literature.

The mapped results were categorized into 7 major groups and
subgroups of therapeutic orientations for the self-management
of major depressive disorder based on the similarities between
them. For example, therapeutic orientations focused on physical
activity or regular exercise and healthy eating were classified
as adoption of healthy habits, whereas listening to music,
watching movies, reading, painting, going out with friends,
taking outdoor walks, and practicing spiritual and religious
activities were grouped in the category of leisure or pleasurable
activities. This was done for all the therapeutic orientations
identified considering the objective of this scoping review.

Regarding the methodological assessment (although it was not
mandatory), each included study had its level of evidence
identified based on the JBI appraisal tools [13] and the study
design.

Thus, classification I was assigned to systematic reviews and
meta-analyses of randomized clinical trials, classification II was
assigned to randomized clinical trials, classification III was
assigned to nonrandomized controlled trials, classification IV
was assigned to case-control or cohort studies, classification V
was assigned to systematic reviews of qualitative or descriptive
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studies, classification VI was assigned to qualitative or
descriptive studies, and classification VII was assigned to
opinions of authorities or expert committee reports. This
hierarchy classifies levels I and II as strong, levels III to V as
moderate, and levels VI to VII as weak.

Results

Overview of the Studies Found
Initially, 258,509 potentially eligible publications were found
in the databases and 13,081 publications in the gray literature
sources, of which 1538 (0.63%) focused on sleep disorders,
8315 (3.39%) focused on appetite disorders, 6732 (2.74%)
focused on weight disorders, 5814 (2.37%) focused on feelings
of guilt, 2509 (1.02%) focused on irritable mood, 200,002

(81.46%) focused on low self-esteem, 1848 (0.75%) focused
on anhedonia, and 31,832 (7.64%) focused on fatigue.

The inclusion and exclusion criteria were applied, and 247,348
duplicate studies were removed, leaving 11,242 (4.55%). Next,
a new screening was carried out in search of available
publications that had abstracts and dealt with therapeutic
guidelines. Of the remaining 11,242 studies, 10,000 (88.95%)
were excluded, leaving 1242 (11.05%).

Once the 1242 studies had been selected, the second full reading
was carried out. Of the 1242 studies, 1180 (95.01%) were
excluded because they did not answer the guiding question.
Thus, 62 studies were included in the final sample of this review.
Figure 1 shows the results using the PRISMA-ScR flow
diagram.

Figure 1. Flow diagram of the search and selection of studies according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 model.

Characteristics of the Included Studies
Of the 62 studies dealing with therapeutic guidelines (Table 1),
71% (n=44) came from indexed data sources, and 29% (n=18)
were gray literature indexed on Google Scholar (n=13, 21%),
doctoral theses (n=3, 5%), and Master’s dissertations (n=2, 3%).

It was found that the studies were published between 2011 and
2023, with a higher number of publications in the years 2018
to 2023 (40/62, 63%), demonstrating that the use of therapeutic
guidelines is recently evolving. In terms of language, most

publications were in English (North America—United States)
and Portuguese (South America—Brazil), totaling 63% (40/62)
of the publications (Table 1).

Regarding study design, the studies were clinical trials (30/62,
48%), systematic reviews (6/62, 10%), narrative literature
reviews (7/62, 11%), systematic reviews and meta-analyses
(6/62, 10%), qualitative studies (3/62, 5%), pilot studies (3/62,
5%), experimental studies (2/62, 3%), case reports (2/62, 3%),
noncontrolled studies (1/62, 2%), cross-sectional studies (1/62,
2%), and scoping reviews (1/62, 2%; Table 1).
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Table 1. General characterization of the included studies (N=62).

Studies, n (%)Category and variable

Year of publication

22 (37)2011-2017

40 (63)2018-2023

Origin of the studies

40 (63)America

10 (17)Europe

9 (15)Asia

2 (3)Oceania

1 (2)Africa

Study design

38 (61)Clinical trial or experimental, pilot, qualitative, or quantitative study

20 (32)Systematic review and meta-analysis, scoping review, or literature review

4 (7)Noncontrolled design, case study, or cross-sectional study

Summary of the Extracted Variables
Table 2 presents the variables extracted from the studies:
symptoms, authors, year of publication, reference, title of the
study, objective, and study design. All 62 studies focused on
people aged >18 years with a diagnosis of major depressive

disorder and active symptoms, with a maximum age of 70 years.
Of the 15 publications selected on the symptom of sleep
disorders, 10 (67%) were published on PubMed [14-23], 1 (7%)
was published on SciELO [24], 1 (7%) was published on
AgeLine [25], and 3 (20%) were published as gray literature
[26-28].
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Table 2. Studies found according to symptom, study title, objective and study design.

Study designObjectiveStudy titleSymptom and study

Randomized clinical
trial; level II

To evaluate and understand the evidence on
Chinese medicine for major depressive disorder
in the literature

“Chinese medicine for major depressive dis-
order: clinical evidence, patients’ experience
and expectations, and doctors’ perceptions”

Sleep disorders; Yang
[26], 2019

Randomized clinical
trial; level II

Examine the frequency of sleep complaints, co-
occurrences, sociodemographic characteristics,
and psychiatric comorbidities associated with
each type of sleep profile

“Insomnia and hypersomnia in major depres-
sive episode: prevalence, sociodemographic
characteristics and psychiatric comorbidity
in a population-based study”

Sleep disorders; Geoffroy
et al [14], 2018

Pilot study; level IIExamine the feasibility and acceptability of a
portable bright light and its impact on sleep dis-

“Bright light as a preventive intervention for
depression in late-life: a pilot study on feasi-

Sleep disorders; Leggett et
al [15], 2018

orders and symptoms of depressive disorders in
older adults

bility acceptability and symptom improve-
ment”

Case report; level VIReview and discussion of sleep disorders during
major depressive disorder (in particular night
terrors, nightmares, hypersomnia, and insomnia)

“Sleep disorders and depression: brief review
of the literature, case report, and nonpharma-
cologic interventions for depression”

Sleep disorders; Luca et al
[16], 2013

Scoping review; level IMap effective guidelines in all clinical condi-
tions for the symptom of fatigue and whether

“Fatigue interventions in long term, physical
health conditions: a scoping review of system-
atic reviews”

Fatigue; Hulme et al [29],
2018

these guidelines can be applied to other symp-
toms

Systematic literature
review; level I

Identify and synthesize the evidence from studies
that have evaluated the effects of music therapy
on the symptoms of anxiety and depression in
adults with mental disorders

“Effects of music therapy on symptoms of
anxiety and depression in adults diagnosed
with mental disorders: a systematic review”

Sleep disorders; de Sousa
Ibiapina et al [24], 2022

Randomized clinical
trial; level II

Facilitate new approaches in clinical practice
and more meaningful results for patients experi-
encing states of chronic fatigue

“Personalized relaxation practice to improve
sleep and functioning in patients with chronic
fatigue syndrome and depression: study pro-
tocol for a randomised controlled trial”

Fatigue; Macnamara et al
[30], 2018

Pilot study; level IITesting the effect of increasing inaudible high-

frequency sounds on the effectiveness of CBTa
“Augmentation of positive valence system-
focused cognitive behavioral therapy by in-
audible high-frequency sounds for anhedonia:
a trial protocol for a pilot study”

Anhedonia; Ito et al [31],
2019

focused on the positive valence system to treat
anhedonia

Clinical trial; level IIITo investigate the effect of a music therapy-
based approach to managing major depressive
disorder and its associated symptoms.

“A pilot study investigating the effect of
music-based intervention on depression and
anhedonia”

Anhedonia; Braun et al
[32], 2019

Quasi-experimental
study; level II

To evaluate the effect of relaxation therapy on
major depressive disorder and its associated
symptoms such as anxiety, stress, quality of life
and blood glucose levels.

“Effect of relaxation therapy on depression,
anxiety, stress and quality of life among dia-
betic patients”

Anhedonia; Ebrahem and
Masry [33], 2017

Randomized clinical
trial; level II

To evaluate the feasibility, acceptability, and
effects of yoga among women with major depres-
sive disorder

“‘A feeling of connectedness’: perspectives
on a gentle yoga intervention for women with
major depression”

Low self-esteem; Kinser et
al [34], 2013

Randomized clinical
trial; level II

Examine the theory of patient-planned behavior
for major depressive disorder self-management

“Patient-initiated strategies for self-manage-
ment of depression and low mood: understand-
ing theory and changing behavior”

Low self-esteem; Grandia
[35], 2014

Randomized clinical
trial; level II

Examine a therapeutic guideline of hatha yoga
for 8 weeks as monotherapy for major depressive
disorder

“Treating major depression with yoga: a
prospective, randomized, controlled pilot tri-
al”

Sleep disorders;
Prathikanti et al [25], 2017

Literature review; level
V

To review the effectiveness of yoga and mindful-
ness as a treatment modality for major depressive
disorder

“Role of yoga and mindfulness in severe
mental illnesses: a narrative review”

Guilt; Sathyanarayan et al
[36], 2019

Randomized clinical
trial; level II

Determine therapeutic guidelines for patients to
recover from major depressive disorder

“Patients’ perspective on self-management
in the recovery from depression”

Low self-esteem; van
Grieken et al [37], 2015

Pilot study; level IIEvaluate the effects of tai chi on sleep quality
and functioning among patients with major de-
pressive disorder

“The effects of Tai Chi on sleep quality in
Chinese American patients with major depres-
sive disorder: a pilot study”

Sleep disorders; Ma et al
[17], 2018
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Study designObjectiveStudy titleSymptom and study

Clinical case study;
level VI

Describe an intervention carried out via occupa-
tional therapy on an older woman with major
depressive disorder and suicidal thoughts

“Applied occupational therapy for major de-
pressive disorder: clinical case report”

Guilt; Sarsak et al [38],
2020

Meta-analysis; level ITo determine the efficacy and safety of
acupuncture for major depressive disorder

“Clinical evidence for association of
acupuncture with improved major depressive
disorder: a systematic review and meta-anal-
ysis of randomized control trials”

Sleep disorders; Xu et al
[18], 2023

Study of a qualitative
nature; level V

To investigate the efficacy of Chinese auricular
acupuncture for major depressive disorder

“Chinese auricular acupuncture in the treat-
ment of depression”

Angry mood; Souza [39],
2019

Systematic literature
review; level I

Investigate the history, supporting theories,
guidelines, plant sources, safety, and pathophys-
iological responses of clinical aromatherapy in
nursing

“Clinical aromatherapy”Sleep disorders; Farrar and
Farrar [19], 2020

Randomized clinical
trial; level II

To compare therapeutic guidelines for major
depressive disorder in relation to activities of
daily living, psychological symptoms of major
depressive disorder, and health-related aspects

“Treatment of depression and/or anxiety -
outcomes of a randomised

controlled trial of the tree theme method®
versus regular occupational therapy”

Guilt; Birgitta et al [40],
2018

Meta-analysis; level IIdentify the prevalence of sleep disorders in
different mental disorders, including major de-
pressive disorder

“The clinical relevance of early identification
and treatment of sleep disorders in mental
health care: protocol of a randomized control
trial”

Sleep disorders; Ter Heege
et al [20], 2020

Experimental study;
level III

To evaluate a tool for restoring physiological
balance and improving sleep in major depressive
disorder

“Physical therapy intervention in the treat-
ment of insomnia”

Sleep disorders; Russi et
al [27], 2022

Systematic literature
review; level I

Describe a new self-management paradigm in
major depressive disorder centered on the patient
beyond the improvement of clinical symptoms

“Self-management of depression: beyond the
medical model”

Guilt; Duggal [41], 2019

Systematic review and
meta-analysis; level I

Evaluate the effects of a therapeutic approach
to lifestyle changes on short- and long-term
changes in body weight in people with major
depressive disorder

“Lifestyle interventions for weight loss
among overweight and obese adults with se-
rious mental illness: a systematic review and
meta-analysis”

Weight change; Naslund
et al [42], 2017

Randomized clinical
trial; level II

To investigate the relationship between major
depressive disorder symptoms and physical ac-
tivity patterns in university students

“Practicing physical exercise and symptoms
of depression in college students”

Angry mood; de Cassia
Rondina et al [43], 2018

Essay randomized clini-
cal trial; level II

Determine the effectiveness of guidelines for
weight loss in adults with severe mental illness,
including major depressive disorder

“A behavioral weight-loss intervention in
persons with serious mental illness”

Weight change; Daumit et
al [44], 2013

Randomized clinical
trial; level II

Investigate the effect of supplementation with
probiotics and prebiotics on appetite, BMI,
weight, and energy intake in patients with major
depressive disorder

“Effect of probiotic and prebiotic vs placebo
on psychological outcomes in patients with
major depressive disorder: a randomized
clinical trial”

Appetite change; Kazemi
et al [45], 2020

Systematic review and
meta-analysis; level I

Testing the effectiveness of therapeutic guide-
lines for changing lifestyle life versus usual care
among adults with obesity and major depressive
disorder

“The effect to behavioral weight-loss inter-
vention on depressive symptoms among
Latino immigrants in a randomized controlled
trial”

Weight change; Colombari
et al [46], 2018

Randomized clinical
trial; level II

To assess the importance of physical exercise
and healthy eating for managing low self-esteem
and depressed mood in people with major depres-
sive disorder

“The association between physical activity
and eating self-regulation in overweight and
obese women”

Weight change; Carraça et
al [47], 2013

Randomized clinical
trial; level II

Examine changes in hypersomnia and insomnia
after increased exercise in people with major
depressive disorder

“IL-1β and BDNF are associated with im-
provement in hypersomnia but not insomnia
following exercise in major depressive disor-
der”

Sleep disorders; Rethorst
et al [21], 2015

Literature review; level
V

To evaluate the beneficial effect of physical ac-
tivity in the treatment of major depressive disor-
der

“Physical activity in the treatment of young
adult depressive disease”

Angry mood; de Vaz Pato
Oom [48], 2019
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Study designObjectiveStudy titleSymptom and study

Systematic review; lev-
el I

Evaluate the main biological and psychosocial
mechanisms of activity as an antidepressant

“Physical activity and depression: towards
understanding the antidepressant mechanisms
of physical activity”

Low self-esteem; Kandola
et al [49], 2019

Randomized clinical
trial; level II

Evaluate initiatives to promote health through
outdoor exercise involving a population with
major depressive disorder

“Exercise-, nature- and socially interactive-
based initiatives improve mood and self-es-
teem in the clinical population”

Low self-esteem; Barton
et al [50], 2012

Literature review; level
V

To integrate the findings on the effects of physi-
cal exercise on obesity and major depressive
disorder

“Effects of physical exercise on obesity and
depression: a review”

Weight change; Soares et
al [51], 2020

Randomized controlled
clinical trial; level II

To demonstrate the effectiveness of aerobic ex-
ercise among adults with major depressive disor-
der

“A randomized trial of aerobic exercise for
major depression: examining neural indica-
tors of reward and cognitive control as predic-
tors and treatment targets”

Anhedonia; Brush et al
[52], 2022

Systematic literature
review; level I

Provide a concise update on the effectiveness of
physical exercise on major depressive disorder
and reduction in cardiovascular mortality

“Physical exercise in major depression: reduc-
ing the mortality gap while improving clinical
outcomes”

Anhedonia; Belvederi et al
[53], 2019

Randomized controlled
clinical trial; level II

Evaluate the impact of physical activity to im-
prove fatigue and symptoms of depressive disor-
ders in individuals with multiple sclerosis

“Physical activity and depression in MS: the
mediating role of behavioral activation”

Anhedonia; Turner et al
[54], 2019

Essay randomized clini-
cal trial; level II

To evaluate the effect of physical exercise on
the symptoms of major depressive disorder

“Exercise is an effective treatment for posi-
tive valence symptoms in major depression”

Anhedonia; Toups et al
[55], 2017

Systematic review of
the literature; level I

To investigate the effects of physical exercise
on depressive symptoms and biomarkers in ma-
jor depressive disorder

“Effects of physical exercise on depressive
symptoms and biomarkers in depression”

Anhedonia; Archer et al
[56], 2014

Review and meta-analy-
sis; level I

Identify, describe, and review the etiology,
management, and clinical presentation of major
depressive disorder

“Major depressive disorder”Angry mood; Bains and
Abdijadid [57], 2022

Cross-sectional study;
level VI

To examine the mediating effects of self-esteem
on the association among mindfulness, anxiety,
and major depressive disorder

“Mediating role of self-esteem on the relation-
ship between mindfulness, anxiety, and de-
pression”

Low self-esteem; Bajaj et
al [58], 2016

Systematic literature
review; level I

Evaluate studies investigating the association
between mindfulness and self-esteem in relation
to major depressive disorder

“Mindfulness and self-esteem: a systematic
review”

Low self-esteem; Randal
et al [59], 2015

Meta-analysis; level IEvaluate relapse rates in patients with depression
in remission receiving CBT based on mindful-

ness and CTb

“Prevention of relapse/recurrence in major
depressive disorder with either mindfulness-
based cognitive therapy or cognitive therapy”

Angry mood; Farb et al
[60], 2018

Systematic review and
meta-analysis; level I

Conduct a meta-analysis of individual patient
data to examine the effectiveness of mindful-
ness-based CT in the treatment of major depres-
sive disorder

“Efficacy of mindfulness-based cognitive
therapy in prevention of depressive relapse:
an individual patient data meta-analysis from
randomized trials”

Sleep disorders; Kuyken et
al [22], 2019

Systematic review of
the literature; level I

Examine studies on mindfulness for the treat-
ment of binge eating associated with major de-
pressive disorder

“Mindfulness meditation as an intervention
for binge eating, emotional eating, and weight
loss: a systematic review”

Appetite change; Katter-
man et al [61], 2014

Literature review; level
V

To describe the symptomatology and treatment
options for major depressive disorder, and to
examine and compare the effectiveness of two
treatment orientations: mindfulness-based cogni-
tive therapy and emotion-focused therapy

“Mindfulness based cognitive therapy and
emotion focused therapy as treatments for
major depression”

Guilt; Fawns [62], 2013

Randomized clinical
trial study; level II

To evaluate the mindfulness-based Headspace
smartphone app for managing symptoms of
major depressive disorder

“Improvements in stress, affect and irritability
following brief use of a mindfulness-based
smartphone app: a randomized controlled
trial”

Angry mood; Economides
et al [63], 2018

Clinical study; level IITo explore and investigate the link between night
eating syndrome and depressive symptoms

“A two-study investigation into the link be-
tween rumination and night eating, and
symptom improvement following a mindful-
ness-based intervention”

Appetite change; Person
[64], 2021
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Study designObjectiveStudy titleSymptom and study

Qualitative study; level
VI

Explore the use of focused mindfulness medita-
tion for major depressive disorder

“Spiritually focused mindfulness meditation:
an interpretative phenomenological analysis
of the effect of spiritually focused mindful-
ness meditation on depression with a clinical
population”

Sleep disorders; Belling-
ham [28], 2019

Randomized clinical
trial study; level II

Explore the effects of mindfulness-based CT on
risk and protective factors for major depressive
disorder relapse in the domains of cognition,
emotion, and self-relationship

“The effects of mindfulness-based cognitive
therapy on risk and protective factors of de-
pressive relapse - a randomized wait-list
controlled trial”

Guilt; Schanche et al [65],
2020

Systematic review of
the literature; level I

Identify the main techniques for managing anger
in adults with major depressive disorder

“Techniques for managing the emotion of
anger: a systematic review”

Angry mood; Rech et al
[66], 2022

Randomized clinical
trial; level II

Explore the relationship between sleep quality,
memory concerns (memory loss) and depressive
symptoms

“Mobile app use for insomnia self-manage-
ment in urban community-dwelling older
Korean adults: retrospective intervention
study”

Sleep disorders; Chung et
al [23], 2020

Randomized clinical
trial study; level II

Determine the effect of group CBT for the
management of low self-esteem in patients with
major depressive disorder

“Cognitive-behavioral group therapy in major
depressive disorder with focus on self-esteem
and optimism: an interventional study”

Low self-esteem; Moloud
et al [67], 2022

Randomized clinical
trial; level II

Examine the impact of CBT on different depres-
sive symptoms in Parkinson disease

“Cognitive behavioral therapy improves di-
verse profiles of depressive symptoms in
Parkinson’s disease”

Guilt; Dobkin et al [68],
2019

Randomized clinical
trial study; level II

To compare the effectiveness of psychotherapies
for patients with major depressive disorder

“Efficacy of procedural cognitive therapy and
behavioral activation in the treatment of ma-
jor depressive disorder: a randomized clinical
trial”

Angry mood; Santos [69],
2017

Systematic review and
meta-analysis; level I

Evaluate the clinical effectiveness and evidence
for the use of online CBT as an affordable
treatment solution for major depressive disorder

“Clinical efficacy and economic evaluation
of online cognitive behavioral therapy for
major depressive disorder: a systematic re-
view and meta-analysis”

Angry mood; Ahern et al
[70], 2017

Randomized clinical
trial study; level II

Evaluate whether competitive memory training
is an effective intervention for patients with
major depressive disorder

“Competitive memory training (COMET) for
treating low self-esteem in patients with de-
pressive disorders: a randomized clinical tri-
al”

Low self-esteem; Korrel-
boom et al [71], 2012

Randomized clinical
trial; level II

Pilot a therapeutic guided self-help intervention
for the treatment of major depressive disorder
in older adults

“Guided self-help behavioral activation inter-
vention for geriatric depression: protocol for
pilot randomized controlled trial”

Anhedonia; Wang et al
[72], 2020

Systematic review; lev-
el I

Describe and evaluate behavioral activation as
a psychotherapy tool and guideline for managing
mood, behavior, and emotions in patients with
major depressive disorder

“The role of behavioral activation in the
management of depressive symptoms”

Guilt; Alves and Bonvicini
[73], 2022

Randomized clinical
trial; level II

Contribute to the literature on the effectiveness
of cognitive maturation to return to work after
episodes of major depressive disorder

“Insights into cognitive work hardening for
return-to-work following depression: qualita-
tive findings from an intervention study”

Fatigue; Wisenthal et al
[74], 2019

Randomized uncon-
trolled clinical trial;
level II

Evaluate the feasibility and outcomes of a new
treatment based on self-acceptance for women
with obesity and major depressive disorder

“Uncontrolled pilot study of an acceptance
and commitment therapy and health at every
size intervention for obese, depressed women:
accept yourself!”

Weight changes; Berman
et al [75], 2016

aCBT: cognitive behavioral therapy.
bCT: cognitive therapy.

For the symptom of anhedonia, 9 publications were selected: 3
(33%) published on BVS [32,52,72], 3 (33%) published on
PubMed [53-55], 2 (22%) published on Scopus [31,56], and 1
(11%) published as gray literature [33]. Similarly, the symptom
of low self-esteem was identified in 9 publications: 5 (56%)
published in PubMed [34,37,49,50,71], 1 (11%) published on
Scopus [58], and 3 (33%) published as gray literature [35,59,67].
Furthermore, 9 publications were also selected for the symptom

of irritated mood: 4 (44%) published on PubMed [57,60,63,70]
and 5 (56%) published as gray literature [39,43,48,66,69].

For the symptom of guilt, 8 publications were selected: 4 (50%)
published on PubMed [40,41,65,68] and 4 (50%) published as
gray literature [36,38,62,73]. Regarding the symptom of weight
change, 6 publications were identified: 5 (83%) published on
PubMed [42,44,46,47,75] and 1 (17%) published as gray

Interact J Med Res 2025 | vol. 14 | e63959 | p.132https://www.i-jmr.org/2025/1/e63959
(page number not for citation purposes)

de Campos Tibúrcio et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


literature [51]. For the symptom of fatigue, 3 publications were
selected: 2 (67%) published on PubMed [29,30] and 1 (33%)
published on CINAHL [74]. Finally, for the symptom of appetite
change, 3 publications were identified: 2 (67%) published on
PubMed [45,61] and 1 (33%) published as gray literature [64].
Regarding the level of evidence, 48% (30/62) of the studies
were level II, 34% (21/62) were level I, 8% (5/62) were level
V, 6% (4/62) were level VI, and 3% (2/62) were level III.

Self-Management of Major Depressive Disorder
The evidence available from the included studies to promote
self-management of the symptoms of major depressive disorder
describes the characteristics, benefits, and applicability of
therapeutic guidelines in everyday life, demonstrating that these
guidelines can promote a safe space to share conversations on
sensitive subjects such as stigma and prejudice, adverse drug
events, diagnosis, and relapse [14-75].

The findings also point out that, to promote self-management
through therapeutic guidelines, it is necessary to know the
functionality of the patient or family, have access to community
resources and a social support network, and monitor the
participation of these individuals in their care [16,33,35,37,40].
The interdisciplinary team’s online or face-to-face follow-up
of patients with major depressive disorder involves monitoring
the use of therapeutic guidelines and whether they are being
carried out correctly and appropriately considering the
individual’s uniqueness, as well as monitoring changes in
symptoms and problems with medication, providing social
support, and identifying patients at high risk of relapse [23,41].

Another common point cited in the studies was the ability of
health professionals to instruct patients with major depressive
disorder on how to deal with symptoms and
biosociopsychological demands [16,31-33]. Professionals
require skills and good communication with patients when
instructing them on the use of therapeutic guidelines for
managing the disorder, since incorrect instructions or
misunderstandings may make the application of therapeutic
guidelines less efficient [23,35,37,40,67,70,74,75]. If the
professional advises the patient to sunbathe (phototherapy)
during the day, but does not specify the time, this may cause
the patient to take this guidance at inappropriate times and be
harmful to their health. Therefore, phototherapy would not be
effective. The findings encourage a multidisciplinary approach
to the applicability of therapeutic guidelines, focusing on the
specificities of each person and collective actions, strengthening
the patient’s ability to self-manage.

Therapeutic Guidelines for Self-Management
The analysis of the studies, as described previously, resulted in
the mapping and categorization of 7 large groups of therapeutic
guidelines for the self-management of major depressive disorder.
These guidelines are made up of a set of actions or activities
(n=40), which have been called subinterventions based on the
similarities between them (Table 3).

In total, 52% (32/62) of the therapeutic guidelines identified
fell into the category of psychotherapy, which helps monitor

and plan activities with the person (in the context of their
symptoms), manage adverse experiences, and develop social
skills [14,16,17,22,23,26,28,29,31,36-38,46,56,58-72,74,75].
Adoption of healthy habits (25/62, 40%) and integrative and
complementary practices (17/62, 27%) were the second and
third most observed categories. The process of adopting
integrative and complementary practices [17,19,20,24-26,29-40],
together with healthy habits such as eating a balanced diet and
exercising frequently and for the right duration, showed a good
response in improving depressive conditions, as well as being
an important factor in preventing relapses of major depressive
disorder [21,26,27,29,30,33,37,38,41-57].

Finally, relaxation techniques (9/62, 14%), consultation with a
health professional (14/62, 22%), pharmacological therapy
(9/62, 14%), and leisure or pleasurable activities (4/62, 6%)
were the least observed therapeutic guidelines in the studies.
However, they offered promising insights into self-management
of the disorder and underscored the importance of a multifaceted
approach to managing this complex condition [16,20,23,
26-30,33,36-38,41,50,57,66].

It is widely recognized that the concept of self-management is
traditionally associated with approaches that the patient can
carry out autonomously, such as adopting healthy habits,
physical exercise, and relaxation techniques. However, it is
crucial to emphasize that, in the context of major depressive
disorder, self-management transcends these independent
symptom management practices [37].

It involves empowering the patient to take active control and
gain an in-depth understanding of their condition through the
application of a variety of therapeutic interventions [35]. Patients
with major depressive disorder may experience feelings of
frustration and a range of negative thoughts, see everyday
problems as major catastrophes, have difficulty recognizing
efforts that awaken hope for life, and cope with the possible
adverse events that psychiatric medications can cause [66].

For this reason, orientation toward psychotherapy and
psychopharmaceuticals is justified as a self-management strategy
as a way of coping with the adverse effects of medication and
all the feelings of self-demand, excessive demands, and
frustration caused by the disorder.

In relation to the population to which this study refers, the results
show that patients with major depressive disorder have
motivational, cognitive, and psychological deficits that can
modify their ability to cope and reason [22,60,63,65].

In view of this, self-management of the signs and symptoms
resulting from major depressive disorder needs to take place at
the beginning of treatment, with the support of family or
caregivers; friends; community organizations; and, most
especially, the multi-professional health team to help with the
correct use of therapeutic options until the person is able to
self-manage independently [14-75]. Therefore, the therapeutic
guidelines found in this review are not restricted to the
professional-patient relationship; these relationships are broad
and include families and the community.
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Table 3. Mapping of the results regarding the therapeutic guidelines.

SubinterventionsTherapeutic guideline

Adopting healthy habits • Physical activity or regular exercise [21,26,27,29,30,33,37,38,41-57]
• Healthy eating [26,27,29,37,41-46]

Leisure or pleasurable activities • Listening to music, watching movies, reading, painting, going out with friends, taking
outdoor walks, and practicing spiritual and religious activities [37,38,41,50]

Relaxation techniques • Progressive muscle relaxation [33,41,66]
• Respiratory rehabilitation [16,26,27,29,30,36]
• Stretching [16,26,27,29,41,66]
• Warm baths [16]
• Massages [29,41,66]
• Meditation [30]

Pharmacological therapy • Psychopharmacological therapy [16,20,26,28,29,36,38,41,57]

Consultation with a health professional • Psychoeducation or professional counseling [16,20,23,26,27,29,36-38,41-43,57,66]

Psychotherapy • Behavioral activation [69,73]
• Cognitive behavioral psychotherapy [14,16,23,26,29,31,38,58,67-71]
• Mindfulness [22,26,28,36-38,59-66]
• Psychotherapy focused on problem-solving [29,38,74]
• Competitive memory training psychotherapy [71]
• Self-efficacy psychotherapy [46]
• Guided self-help psychotherapy [23,72]
• Interpersonal psychotherapy [17,23,56]
• Therapy focused on acceptance, commitment [62], and emotion [75]

Integrative and complementary practices • Acupuncture [19,26,29,39]
• Music therapy [24,30-33]
• Phytotherapy [26,29]
• Phototherapy [26,29]
• Aromatherapy [19]
• Cryotherapy [29]
• Thermotherapy [29]
• Tai chi [17,29,38]
• Reflexology [29]
• Qigong [29]
• Yoga [25,29,34-37]
• Art therapy [40]
• Chromotherapy [20]

Discussion

Principal Findings
From this review, it was possible to identify the therapeutic
guidelines for the self-management of the symptoms of major
depressive disorder in scientific production as psychotherapy,
adoption of healthy habits, integrative and complementary
practices, relaxation techniques, consultation with a health
professional, pharmacological therapy, and leisure or pleasurable
activities.

The selected studies show that knowledge on the subject
significantly improves self-management of the symptoms of
major depressive disorder through these therapeutic guidelines
to promote behavior changes and awareness of the symptoms
of the disorder, prevention of relapses, reduction of the
perception of obstacles, and increased adherence to treatment.

A small number of articles published in journals on the subject
were found for all the symptoms investigated, especially irritable

mood, followed by fatigue, weight change, appetite change,
sleep changes, and low self-esteem, necessitating the addition
of secondary documents that considerably broadened the
identification of other therapeutic guidelines.

Most of the studies originated in America (40/62, 63%), where
the largest number of people with major depressive disorder is
concentrated. Regarding the concept that triggered the research,
the studies involved health professionals, students, and the
general population, covering the definition, description,
comparative analysis, efficiency, and applicability of therapeutic
guidelines. These studies were included to increase the
possibility of nurses playing a leading role in the
self-management of symptoms of major depressive disorder
[14-75].

The factors considered important for the self-application of
therapeutic guidelines in the studies were cognition; level of
education; environmental factors; and the functional capacity
of the patient, caregivers, and family members. It should be
emphasized that, for self-management, clients who are going
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to follow these therapeutic guidelines should receive them in
clear and objective language and format, with specificity and
relevance for each symptom, enabling adherence to treatment
and favoring the therapist–patient or caregiver bond [26]. These
therapeutic guidelines are also considered low cost and easy to
use, optimize rehabilitation and autonomy, and encourage
self-care [26]. It is important to highlight the definitions of each
of the therapeutic guidelines identified in this review.

Integrative and complementary practices, as therapeutic
resources based on traditional knowledge, were the therapeutic
guidelines most commonly found in the literature as effective
for the self-management and management of major depressive
disorder symptoms, and their applicability aimed to induce a
state of harmony and balance throughout the body.

Phototherapy has been shown to reduce depressive symptoms
and improve irregularities in sleep patterns and quality,
especially in older adults with major depressive disorder, as
long as it is used with a certain frequency and is administered
before 10 AM [14-16,26]. It has also been used in the control
of nocturnal hyperphagia and has shown reductions in the
percentage of food eaten after dinner and in the number of
nocturnal meals eaten per week, reducing the rate of overweight
and obesity, as well as being used in the control of fatigue,
where it has shown a reduction in the feeling of tiredness [29].

Music therapy applied to adults [24] has been shown to be
effective in physical and mental relaxation, reducing anxious
and depressive symptoms and promoting well-being in a
conscious and healthy way [30]. Listening to soothing noises
and classical music associated with rhythmic breathing produced
a significantly higher rate of adherence to major depressive
disorder treatment, especially in the patients with the highest
severity [31-33].

A study has shown that anhedonia and clinically significant
depressive symptoms can be resistant to standard treatment but
adjuvant treatment with high-frequency inaudible sound therapy
increases the reward of related brain circuits and has a
synergistic effect on anhedonia [31]. Integrating music therapy
with conventional major depressive disorder treatment (therapies
and medication) gives people the opportunity to get in touch
with their emotions and provides distraction and a means of
communication capable of overcoming barriers and limits to
verbal expression [30].

Yoga [29,34,35] has been a beneficial exercise for managing
sleep quality and other symptoms of major depressive disorder
[25,36]. It is an important tool for promoting self-care and,
consequently, care for everything around the patient [37]. A
study carried out to explore the experiences of patients with
major depressive disorder showed that practicing yoga as a
self-management strategy helped them gain better insights into
their own condition, improving the quality of their health care
[37].

Tai chi has been shown to be more effective than traditional
rehabilitation (psychotropic drugs and therapies) in relation to
insomnia, with an improvement in the quality, duration, and
efficiency of sleep and a reduction in thoughts of guilt associated
with major depressive disorder [17,29,38]. Acupuncture has

been shown to be effective in treating people with major
depressive disorder [18,39], mainly in reducing sleep disorders
but also in symptoms related to changes in appetite, irritability,
anxiety, and sadness, and has not been shown to be effective
for suicidal ideation [26,29].

With regard to herbal medicines, St John’s wort, chai hu, and
gancao were the most widely used. In 3% (2/62) of the studies,
after 2 weeks of administering these herbs (alone or in
combination) as an alternative to conventional antidepressants,
they produced a statistically significant improvement in
symptoms of altered sleep [26,29]. Although the effects of these
herbs are not fully understood, it is likely that they produce
antidepressant effects through multiple pathways or targets that
interact with each other.

To a lesser extent among the studies but no less importantly,
aromatherapy [19], cryotherapy, thermotherapy, reflexology,
qigong [29], art therapy [40], and chromotherapy [20] improved
empowerment in the search for self-care and taking
responsibility for one’s own health, as well as reducing levels
of anxiety and stress, improving sleep disorders, improving the
immune system, and lowering blood pressure levels [29].

People with major depressive disorder have shown
improvements in sleep disorders, anxiety, and stress, as well as
enhancements in immune system function and reductions in
blood pressure levels when using respiratory rehabilitation
[16,26,27,29,30,36], stretching [16,26,27,29,41,66], warm baths
[16], massages [29,41,66], acupuncture, herbal medicine,
phototherapy, reflexology, qigong, and yoga
[17,19,20,24,26,29,34,38-40] as therapeutic guideline.

Cryotherapy and thermotherapy are not commonly used to treat
the symptoms of major depressive disorder, but they help relax
the body and mind as a physiotherapeutic resource [16,29].
There was a significant improvement in stress and body pain
related to fatigue, anxiety, and swelling in the feet and legs [29].

Another important therapeutic guideline was the adoption of
healthy lifestyle habits, such as healthy eating
[17,26,27,29,41-46] and physical exercise
[21,26,27,30,33,37,38,41-57]. These reduce stress; improve
mood, body image perception, and self-esteem; stimulate
cognitive functioning; promote greater satisfaction with life
[45,46]; and can help people feel stronger and more capable,
helping reduce the feelings of hopelessness and helplessness
associated with major depressive disorder [53,54].

It should be noted that, regardless of the physical activity
chosen, people with major depressive disorder need to make it
part of their routine and do it [47] according to their tolerance
and state of health [54]. An important concern in relation to
physical activity for people with major depressive disorder is
the fact that some of the common symptoms of depression
(fatigue, lack of energy, psychomotor retardation, despair, and
feelings of worthlessness) interfere with the motivation to
exercise [57].

In more severe cases, practicing physical activity can be difficult
for people with major depressive disorder [55]. This can
compromise adherence and long-term permanence in the
exercise program [52]. It is recommended to prescribe structured
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exercises based on the activities already practiced by the patient
to reduce obstacles [33].

Another group of therapeutic guidelines that were also
commonly identified in this review were psychotherapies.
Mindfulness-based therapy [58,59] is a promising therapeutic
approach for treating major depressive disorder and is part of
the list of integrative and complementary practices [26,37,60].
It combines elements of therapeutic guidelines [22,61] with the
aim of helping people develop a full awareness of the present
moment, accepting and acknowledging their thoughts, emotions,
and bodily sensations without judgment [62] and learning to
observe their negative thoughts and dysfunctional thought
patterns without allowing themselves to be involved with or
controlled by them [63].

Mindfulness improves self-management of prodromal symptoms
[64], represents a stability factor when practiced frequently and
in a supervised manner [28], positively influences memory and
distorted feelings of guilt, increases cognitive resilience,
balances mood and sleep, reduces high levels of stress, and
improves self-esteem and anxiety [65] associated with major
depressive disorder relapse.

Similarly, cognitive behavioral psychotherapy [26,66] uses
positive reinforcement techniques and systematic
desensitization, helping people cope with stress, face the
challenges of everyday life, change negative thought patterns
and behaviors to more realistic and positive ones [23,67], and
identify the first signs of relapse and prevent it as it focuses on
social skill training [68,69]. Recently, online cognitive
behavioral psychotherapy has been shown to be effective for
depressed and angry mood as a cost-effective treatment modality
for major depressive disorder [70].

Other psychotherapies aimed at influencing the person with
major depressive disorder and helping them modify emotional,
cognitive, and behavioral problems were self-efficacy
psychotherapy [46]; competitive memory training [71]; guided
self-help psychotherapy [23,72]; behavioral activation [69,73];
interpersonal psychotherapy [38,57,67]; psychotherapy focused
on problem-solving [29,38,74]; and therapy focused on
acceptance, commitment, and emotion [62,75].

Leisure time or pleasurable activities as a social practice,
contrary to what is often thought, are not only carried out during
the summer or on vacation but also in between daily obligations
[37]. Thus, they can take the form of individual or group
dynamics, whether it is reading a book, listening to music, or
going for a walk with friends [37,50]. The relationship between
leisure and health has fostered new techniques for the treatment
of depressive disorders with the aim of enabling the individual’s
psychic and social readaptation [37,50].

Painting for leisure, for example, can promote the manifestation
of feelings through emotions expressed verbally or not, thus
helping understand the mind and its sorrows [38]. In this sense,
of the possibilities for leisure activities recommended by the
professionals who collaborated with the data found, art therapy
[40], group and individual outings [41,50], trips [38], reading
books and watching movies [37,38], listening to music [31],

and attending religious institutions [50] were the most cited in
the studies.

In the context of pharmacological treatment, antidepressants
associated with psychotherapies [26,29,37] should be
administered with caution and under medical supervision
[20,38,41] based on the therapeutic alliance, clinical history,
monitoring and reassessment of psychiatric conditions, and
adequacy of the diagnosis, and guidance should be provided
for families [28,57].

In 5% (3/62) of the studies, the association of psychotropic
drugs with therapeutic guidelines was highlighted (due to the
severity of the major depressive disorder clinical picture) even
in the face of difficulties with medication adherence for different
reasons [16,29,38], which should be anticipated and addressed
proactively in every contact with the patient. Approximately
30% to 40% of people using antidepressants still do not respond
as expected to treatment [27,41].

Relaxation techniques appeared in this review as a more
appropriate way of coping with the psychological,
environmental, and social stimuli that people with major
depressive disorder may face. Among these strategies, breathing
techniques [16,26,27,29,30,36], progressive muscle relaxation
[33,41,66], massages [29,41,66], stretching [16,26,27,29,66],
a warm bath [16], and meditation [30] were the most cited.

In the context of major depressive disorder, these techniques
promote muscle relaxation, relieve stress and tension, rebalance
emotions, produce hormones such as endorphins, provide a
sense of well-being, and significantly improve sleep quality
[16]. Incorporating these practices throughout the day or even
before going to bed helps people let go of tiredness, become
aware of the present moment, and pay attention to their own
bodies [16,66].

Finally, therapeutic guidelines for psychoeducation or
professional counseling can be used to help with
self-management as major depressive disorder generates changes
in the family system and structure [16,18,26,36,38], resulting
in the need for clarification to relieve anxieties and doubts to
improve the psychological well-being of the patient
[20,37,42,43].

Thus, the wide variety of therapeutic guidelines found can
increase knowledge about the symptoms and aspects of major
depressive disorder, allowing the person to self-manage
symptoms such as fatigue, sleep disturbances, anhedonia, and
mood swings [16,27,29,66] in a more responsible and
autonomous way.

These therapeutic guidelines are characterized by providing
information on the diagnosis, etiology, prognosis, and course
of the illness; the identification of early signs of crisis; the
importance of adherence to medication or psychosocial
treatment; the promotion of healthy habits and regularity in
lifestyle (sleep, diet, physical activity, and substance use); and
how to deal with the stigmatization, doubts, fears, and myths
regarding major depressive disorder [23,41,42].

Therefore, the implications for practice are based on the fact
that therapeutic guidelines help in the self-management of major
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depressive disorder through behavioral, social, and emotional
changes that allow for better construction of clinical reasoning,
adaptation, autonomy, coping, and improvement of general
health.

Limitations
The limitations of this scoping review are related to the nature
of the review itself as its aim was to provide an overview of
therapeutic guidelines, which may not be sufficient for the
self-management of major depressive disorder as it is a complex
clinical condition with a heterogeneity of symptoms.
Furthermore, despite efforts to develop a comprehensive search
strategy, it was difficult to find controlled and uncontrolled
descriptors for the term “therapeutic guidelines,” which is not
an indexed descriptor.

Conclusions
By analyzing the methodological approach adopted in this study,
and in accordance with the proposed objectives, it was possible
to highlight a set of therapeutic guidelines to support a person’s
self-management in the context of major depressive disorder

symptoms. This does not preclude further study of their
effectiveness in the self-management of major depressive
disorder symptoms but demonstrates their contribution to
promoting self-management of major depressive disorder and
their power to prevent possible complications.

Self-management is a promising strategy that emphasizes the
person’s responsibility in the care process. It goes beyond
participation in health care interactions and includes dealing
with symptoms and disability; managing medication and
monitoring indicators; maintaining adequate levels of nutrition
and exercise; and adjusting to psychological, social, and lifestyle
demands.

These therapeutic guidelines can be applied by all members of
a multi-professional mental health team, including nurses,
provided they are trained as resources to help the person acquire
new knowledge, behaviors, and skills for self-management.
These guidelines are also an important resource for health
professionals in their role as facilitators of a person’s
development of knowledge and skills to ensure their capacity
for self-management.
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Abstract

Background: Adult spinal deformity (ASD) is a prevalent condition often treated with circumferential spinal fusion (CF), which
can be performed as staged or same-day procedures. However, evidence guiding the choice between these approaches is lacking.

Objective: This study aims to compare patient outcomes following staged and same-day CF for ASD.

Methods: Following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, a
comprehensive literature search was conducted in PubMed, MEDLINE, Embase, Cochrane CENTRAL, Web of Science, and
Scopus. Eligibility criteria included studies comparing outcomes following staged and same-day CF in adults with ASD. Searches
were exported to Covidence, and records were deduplicated automatically. Title and abstract screening, full-text review, and data
extraction were performed by two independent reviewers, with all conflicts being resolved by a third reviewer. A meta-analysis
was conducted for outcomes reported in 3 or more studies.

Results: Seven studies with 741 patients undergoing CF for ASD were included in the review (staged: n=331, 44.7% and
same-day: n=410, 55.3%). Four studies that had comparable outcomes were merged for the quantitative meta-analysis and split
based on observed measures. The meta-analysis revealed significantly shorter hospital length of stay (mean difference 3.98, 95%
CI 2.23-5.72 days; P<.001) for same-day CF. Three studies compared the operative time between staged and same-day CF, with
all reporting a lower mean operative time for same-day CF (mean between 291-479, SD 129 minutes) compared to staged CF
(mean between 426-541, SD 124 minutes); however, inconsistent reporting of mean and SD made quantitative analyses unattainable.
Of the 4 studies that compared estimated blood loss (EBL) in the relevant groups, 3 presented a lower EBL (mean between
412-1127, SD 954 mL) in same-day surgery compared to staged surgery (mean between 642, SD 550 to 1351, SD 869 mL). Both
studies that reported intra- and postoperative adverse events showed more intraoperative adverse events in staged CF (10.9% and
13.6%, respectively) compared to same-day CF (9.1% and 3.6%, respectively). Four studies measuring any perioperative adverse
events showed a higher incidence of adverse events in staged CF than all studies combined. However, quantitative analysis of
EBL, intraoperative adverse events, and perioperative adverse events found no statistically significant difference. Postoperative
adverse events, reoperation, infection rates, and readmission rates showed inconsistent findings between studies. Data quality
assessment revealed a moderate degree of bias for all included studies.
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Conclusions: Same-day CF may offer shorter operating time and hospital stay compared to staged CF for ASD. However, there
was marked heterogeneity in perioperative outcomes reporting, and continuous variables were inconsistently presented. This
underscored the need for standardized reporting of clinical variables and patient-reported outcomes and higher evidence of
randomized controlled trials to elucidate the clinical superiority of either approach.

Trial Registration: PROSPERO CRD42022339764; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=339764

International Registered Report Identifier (IRRID): RR2-10.2196/42331

(Interact J Med Res 2025;14:e67290)   doi:10.2196/67290

KEYWORDS

adults; circumferential fusion; scoliosis; spinal curvature; spinal fusion; spinal deformity; intraoperative; postoperative; perioperative;
systematic reviews; meta-analysis; PRISMA

Introduction

Adult spinal deformity (ASD) is defined as abnormal curvature
of the spine and is becoming increasingly prevalent, affecting
up to 68% of the older adult population [1,2]. ASD is a complex
spectrum of spinal pathology, including deformities such as
lordosis, kyphosis, or scoliosis of the lumbar and thoracic spinal
column. Although untreated adolescent ASD does occur, it
typically presents in patients older than 60 years due to factors
such as age-related spinal degeneration or reduced bone density
[1,3].

Individuals with ASD can undergo expectant (observation
alone), nonoperative, or operative therapies. At present, there
is no high-quality evidence to support the decisions surgeons
and patients face in treatment selection [4]. In past years, pain
management and physical therapy were the preferred treatment
options for ASD due to the high risk of adverse events,
prolonged recovery time, and financial burden associated with
surgical intervention [1,5]. If nonsurgical approaches fail to
improve patients’ quality of life, surgical intervention is often
considered. Multicenter retrospective cohort studies previously
showed an improvement in patient-reported outcomes following
the surgical management of ASD [3,6]. Indications for surgery
include (1) progressive curvature of the spine with sagittal or
coronal imbalance, (2) significant loss of pulmonary function
caused by the misalignment and deformity, and (3) loss of
function due to pain associated with spinal curvature [7-10].
These are weighted against the patient comorbidities and risks
of operation [11].

Long-segment surgical management by circumferential spinal
fusion (CF) has increased in popularity due to its added stability
granted by both anterior and posterior fixation of the spinal
column [12]. CF attempts to remedy the limitations of lateral
approaches alone, such as the need for intraoperative patient
repositioning, which increases operative time and puts the
patient at risk for adverse events due to longer time under
anesthesia [13-15]. ASD can be treated by CF in 2 primary
ways: staged and same day. Staged fusions occur on 2 distinct
operative days, while same-day fusions are completed within
a single session. Staging is largely determined by surgeon
preference and case complexity, which can cause variability in
the clinical management of ASD. The preference to treat with
or without staging does not necessitate a gold-standard treatment
for a given case complexity but rather can depend on surgical

training differences and hospital administration pressures. To
our knowledge, there has not been a review of published
literature on staging in CF. This systematic review and
meta-analysis aims to assess and quantify the patient outcomes
after staged and same-day CF for ASD to guide operative
decision-making and patient selection.

Methods

Guidelines, Protocol, and Registration
The design and reporting of this study were supported by the
following guidelines: PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; Multimedia Appendix
1) and PRISMA-P (Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols) [16,17]. In accordance
with PRISMA-P guidelines, the protocol of the systematic
review was registered on the PROSPERO (CRD42022339764)
and disseminated through JMIR Research Protocols
(PRR1-10.2196/4233), with the protocol being published before
any data were collected [12]. There were no deviations from
the protocol.

Eligibility Criteria
The Population, Intervention, Comparison, Outcome (PICO)
framework was used to formulate inclusion criteria.

• Population: Adults with ASD
• Intervention: Staged CF surgery
• Comparison: Same-day CF surgery
• Outcomes: Perioperative outcomes (estimated blood loss

[EBL], operative time, and length of hospital stay), adverse
events, infection rates, and hospital readmissions or
reoperations

Studies that do not differ in surgical timing (staged vs same
day), nonhuman or adolescent patient populations, reviews,
conference abstracts, single-case studies, or technical notes were
excluded from the analysis. Further, only studies originally
published in English were considered.

Search Strategy
Databases explored included PubMed, MEDLINE, Embase,
Cochrane CENTRAL, Web of Science, and Scopus. A literature
search was conducted in accordance with the PRISMA
guidelines on August 2, 2023. We used a complex search string
that was modified and fitted to the unique search functions of
each queried database (Multimedia Appendix 2). Additional
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searching through gray literature and reference lists was
conducted to identify studies not initially captured by the
database query.

Data Selection and Extraction
Studies and full text were screened, data were extracted using
Covidence (Veritas Health Innovation), and duplicates were
automatically removed by the software [18]. Titles and abstracts
were first screened independently by 2 reviewers (FCO and
ME). Next, the full text of each paper was assessed by 2
reviewers (FCO and ME) to determine the eligibility of the
studies. At both stages, a third reviewer (MMD) resolved any
conflicts. The following data were extracted by two authors
(FCO and ME) with a third (MMD) resolving any conflicts:
authors; publication year; location; number of patients; age;
study type; population details; surgery details; and results,
including intraoperative adverse events, postoperative adverse
events, postoperative infection, perioperative adverse events,
hospital length of stay (LOS), intensive care unit (ICU) LOS,
reoperation, readmission, and patient-reported outcomes.

Data Quality
The ROBINS-I (Cochrane) tool was used to assess the risk of
bias in the included nonrandomized studies, covering bias due
to confounding variables, patient selection, classification of
interventions, deviations from intended interventions, missing
data, measurement of outcomes, and selection of reported results
[19]. Two reviewers (FCO and JG) independently scored all
domains, with a third reviewer (MMD) resolving any conflicts.
Robvis was used for figure generation [20].

Data Synthesis
Studies with comparable outcomes were merged for the
quantitative meta-analysis and split based on observed measures.
After conducting a qualitative evaluation, we determined that
there were sufficient data to perform a meta-analysis. RevMan
(version 8.4; Cochrane) using random-effects modeling was
used for all quantitative analyses. Mean differences for
continuous variables (surgical time, EBL, hospital LOS, and
ICU LOS) and odds ratios for categorical variables
(intraoperative adverse events, postoperative adverse events,
postoperative infection, any adverse events, readmission, and
reoperation) were the end points of the meta-analysis.

Results

Study Identification
In our search (Figure 1), we identified 5199 unique studies by
searching PubMed, MEDLINE, Embase, Cochrane CENTRAL,
Web of Science, and Scopus, which were included for abstract
screening, of which 64 were forwarded for full-text screening.
After full-text review, 7 original studies were included in the
data extraction process and 4 of them were in the quantitative
analysis [21-27]. Studies were excluded during the full-text
review for the following reasons: wrong comparator (n=19,
29.7%), wrong patient population (n=19, 29.7%), pediatric
population (n=11, 17.2%), wrong outcomes reported (n=5,
7.8%), and wrong study design (n=4, 6.3%).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) flow diagram.

Baseline Parameters
Six of the studies included were conducted in the United States
[21-25,27], while 1 study was conducted in Japan [26]. The
included studies describe a total of 741 patients undergoing
either staged (n=331, 44.7%) or same-day (n=410, 55.3%) CF
for ASD: 297 (40.1%) patients underwent anterior lumbar
interbody fusion, 408 (55.1%) patients underwent lateral
interbody fusion (extreme lateral interbody fusion, direct lateral
interbody fusion, and lateral lumbar interbody fusion), 54 (7%)
patients underwent either lateral lumbar interbody fusion or
transforaminal lumbar interbody fusion, and all 741 patients
underwent posterior spinal fixation. The average number of

fused vertebrae across studies ranged from 4.4 to 10 (SD 3.9).
The largest variation between groups within a study ranged
from 7.3 (SD 3.1) in the same-day group versus 10 (SD 3.9) in
the staged group. The combined mean vertebrae fused for staged
and same-day CF was 7.54 (SD 2.41) and 6.62 (SD 2.40),
respectively. The follow-up period over all included studies
ranged from 1 to more than 36 months, and the average age of
patients ranged from 58.8 (SD 9.0) to 72.3 years. The patients
included in the study of Masuda et al [26] and Albayar et al
[21] were inverse probability weighted to facilitate the
comparison of spinal deformity and control for any differences
between the groups (Table 1).
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Table 1. Patient demographics and significant results of included studies.

ResultsSurgery detailsPopulation details and
differences

Study typeAgePatientsCountryAuthors
(year)

United
States

Albayar
et al
(2023)
[21]

• Staged: EBLd mean
1351.7 (SD 869)
mL, LOSe mean
10.5 (SD 5) days,
IOAEf (n=6),

• Staged ALIF, and
open posterior lum-
bar or thoracolum-
bar PSF, post. Verte-
brae fused: mean 10

• Patients aged >18
years at the time
of surgery and di-
agnoses of ASDa
undergoing (AL-

• Retrospective
cohort study,
inverse proba-
bility weight-
ed

• Mean
(SD):
58.8
(9.0)
years

• n=44
• n=56

POAEg (n=30), re-(SD 3.9)IFb), and open• Mean
(SD): operation (n=10),posterior lumbar • Same-day ALIF,

and open posterior POIh (n=5), andor thoracolumbar62.0
(PSFc)(11.9) readmission (n=10).lumbar or thora-

years columbar PSF, post. • Same day: EBL
mean 1127.6 (SDVertebrae fused:
945.4), LOS meanmean 7.3 (SD 3.1)
6.2 (SD 3.1) days,
IOAE (n=2), POAE
(n=30), reoperation
(n=8), POI (n=1),
and readmission
(n=8).

United
States

Anand et
al (2014)
[22]

• Staged: EBL mean
763 (range 25-2500)
mL and ORl time
mean 482 (range

• Staged DLIFj and
L5-S1 XLIFk fol-
lowed by PSF. Ver-
tebrae fused: mean

• Patients with adult
idiopathic scolio-
sis corrections un-
dergoing cMISSi,

• Retrospective
cohort study

• Mean
(range):
61
(20-

• n=37
• n=13

83-546) minutes.7 (range 4-15)Cobb angle of85)
greater than 30 butyears • Same day: EBL

mean 613 (range
• Same-day DLIF and

L5-S1 XLIF fol-less than 75 de-
150-1500) ml andlowed by PSF. Ver-grees
OR time mean 351tebrae fused: mean
(range 176-510)7 (range 4-15)
minutes.

United
States

Anand et
al (2013)
[23]

• Staged: EBL 671
mL and OR time
426 minutes.

• Stage combination
of DLIF and XLIF
with PSF. Vertebrae
fused: mean 4.4

• Adults with scolio-
sis undergoing
cMISS, two or
more levels

• Retrospective
cohort study

• Mean
(range):
64
(20-

• n=36
• n=35

• Same day: EBL 412
mL and OR time84) • Same-day combina-

tion of DLIF andyears 291 minutes.
XLIF with PSF.
Vertebrae fused:
mean 4.4

United
States

Arzeno et
al (2019)
[24]

• Staged: LOS mean
9 days, reoperation
(n=5), readmission
(n=1), POI (n=2),

• Staged circumferen-
tial spinal fusion
(anterior, posterior),
Ponte osteotomy

• Patients with
ASD, undergoing
anterior (including
lateral and antero-

• Retrospective
cohort study

• Mean
(95%
CI):
68

• n=45
• n=47

and PEAEm (n=12).(n=39), 3-columnlateral approaches)(61-
osteotomy (n=7),and PSF of at least78) • Same day: LOS

mean 6 days, reoper-and decompression5 levelsyears
(n=34). Vertebrae ation (n=7), readmis-• Groups differ in

approach, Ponte
• Mean

(95% sion (n=6), POIfused: mean 8 (95%
(n=3), and PEAECI 5-9)osteotomy, 3-col-CI):
(n=7).umn osteotomy,68 • Same-day circumfer-

ential spinal fusionO-arm, neuromon-(62-
itoring, decompres-72) (anterior, posterior),
sion, number ofyears Ponte osteotomy
posterior levels, (n=24), 3-column

osteotomy (n=1),fused; number. of
and decompressionosteotomy levels,
(n=16). Vertebraemean; and number
fused: mean 9 (95%of decompression
CI 9-9)levels
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ResultsSurgery detailsPopulation details and
differences

Study typeAgePatientsCountryAuthors
(year)

• Staged: ODIn mean
45 (SD 17) and
SRS-22ro mean 2.8
(SD 0.6)

• Same day: ODI
mean 48 (SD 15)
and SRS-22r mean
2.8 (SD 0.6)

• Staged circumferen-
tial -ALIF and PSF.
Vertebrae fused:
mean 8.7 (SD 0.48)

• Same-day circumfer-
ential – ALIF and
PSF. Vertebrae
fused: mean 7.4 (SD
2.4)

• Patients with ASD
who underwent
long PSF (more
than 5 levels
fused, with fusion
to the pelvis)

• Groups differ in
previous spine
surgery, scoliosis
or kyphosis, pseu-
darthrosis, and
pelvic incidence

• Retrospective
cohort study

• Mean
(SD):
62.0
(8.3)
years

• Mean
(SD):
60.0
(13.0)
years

• n=41
• n=46

United
States

Harris et
al (2021)
[25]

• Staged: EBL mean
642.5 (SD 550.5)
mL, OR time mean
541.3 (SD 124.1)
minutes, LOS mean
42 (SD 25) days,
IOAE (n=11),
POAE (n=11), reop-
eration (n=11), POI

(n=4), and AAEq

(n=22).
• Same day: EBL

722.2 (SD 612.6)
mL, OR time mean
479.9 (SD 128.5)
minutes, LOS mean
34.1 (SD 18.2)
days, IOAE (n=17),
POAE (n=23), reop-
eration (n=19), POI
(n=5), and AAE
(n=40).

• Staged circumferen-
tial-LLIF and PSF.
Vertebrae fused:
mean 7.7 (SD 2.3)

• Same day circumfer-
ential-LLIF and
PSF. Vertebrae
fused: mean 6.2 (SD
2.4)

• Patients with
ASD, ≥4 fused
levels and at least
1 level using
LLIFp, and pres-
ence of at least 1
spinal deformity
marker: scoliosis
Cobb angle≥20°,
sagittal vertical
axis≥5 cm, pelvic
tilt≥25°, pelvic in-
cidence minus
lumbar lordosis
angle≥10°, and
thoracic kypho-
sis≥60°

• Retrospective
cohort study,
propensity
score weight-
ed

• Mean
(SD):
72.2
(7.3)
years

• Mean
(SD):
72.4
(8.0)
years

• n=101
• n=186

JapanMasuda
et al
(2023)
[26]

• Staged: Reoperation
(n=4), POI (n=0),
and PEAE (n=9).

• Staged: Reoperation
(n=7), readmission
(n=1), POI (n=1),
and PEAE (n=8).

• Staged MISu LLIF
or MIS TLIFv with
PSF. Vertebrae
fused: mean 5.4

• Same-day MIS
LLIF or MIS TLIF
with PSF. Vertebrae
fused: mean 5.3

• Patients with
ASD, coronal
Cobb angle >20,
SVAs >5 cm,
pelvic tilt >20,
pelvic inci-
dence–LLt >10,
and thoracic
kyphosis >60.

• Retrospective
cohort study

• N/Ar
• N/A

• n=27
• n=27

United
States

Than et al
(2019)
[27]

aASD: adult spinal deformity.
bALIF: anterior lumbar interbody fusion.
cPSF: posterior spinal fusion.
dEBL: estimated blood loss.
eLOS: length of stay.
fIOAE: intraoperative adverse events
gPOAE: postoperative adverse events.
hPOI: postoperative infection.
icMISS: circumferential minimally invasive spinal surgery.
jDLIF: direct lateral interbody fusion.
kXLIF: extreme lateral interbody fusion.
lOR: operating room.
mPEAE: perioperative adverse events.
nODI: Oswestry Disability Index.
oSRS-22r: Scoliosis Research Society-22 revised.
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pLLIF: lateral lumbar interbody fusion.
qAAE: any adverse events.
rN/A: not available.
sSVA: sagittal vertical axis.
tLL: lumbar lordosis.
uMIS: minimally invasive surgery.
vTLIF: transforaminal lumbar interbody fusion.

Quantitative Analysis
Of the included studies, 4 studies compared EBL in the relevant
groups, with 3 studies presenting a lower EBL (mean between
412-1127, SD 954 mL) in same-day surgery compared to staged
surgery (mean between 642, SD 550, and 1351, SD 869 mL)
[21-24]. The meta-analysis shows a nonsignificant advantage
for same-day surgery (Figure 2A [21,24,26]). Only 2 studies
that measured EBL were included in the quantitative analysis
because of inconsistencies in reporting, where some did not
report variables as measures of variance, which made pooling
in these instances not feasible. Three studies compared the
operative time between staged and same-day CF, with all of
them reporting a lower mean operative time for same-day CF
(mean between 291-479 minutes) compared to staged CF (mean
between 426-541 minutes) [22-24]. Just 1 group reported mean
and SD for odds ratio time, thus restricting the potential for a
quantitative analysis.

Three studies comparatively evaluated the hospital LOS
[21,22,25]. All three studies consistently found that the mean

LOS was less for same-day CF (mean between 6-34.1 days) in
comparison to staged CF (mean between 9-42 days). The
meta-analysis clearly presented a shorter LOS in patients
undergoing same-day CF compared to staged CF (Figure 2B).

Two of the 7 studies compared intraoperative and postoperative
adverse events between staged and same-day CF procedures
[21,26]. Both Masuda et al [26] and Albayar et al [21] reported
more intraoperative adverse events in staged CF (10.9% and
13.6%, respectively) compared to same-day CF (9.1% and 3.6%,
respectively); however, the meta-analysis failed to show a
statistically significant difference between the groups (Figure
3A [21-27]). Masuda et al [26] reported fewer postoperative
adverse events in staged CF (10.9 vs 12.4%), while Albayar et
al [21] presented a lower incidence in same-day CF (53.6 vs
68.2%), without a significant difference in the meta-analysis
(Figure 3B). Four studies measured any perioperative adverse
events [21,22,26,27]. The overarching analysis showed a higher
incidence of adverse events in Staged CF over all studies;
however, the meta-analysis did not show significance (Figure
3D).

Figure 2. Forest plots comparing (A) estimated blood loss and (B) hospital length of stay between patients who underwent staged or same-day
circumferential spinal fusion for adult spinal deformity. IV: inverse variance.
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Figure 3. Forest plots comparing (A) intraoperative adverse event, (B) postoperative adverse event, (C) postoperative infection, (D) perioperative
adverse event, (E) 30-day readmission, and (F) reoperation rates between patients who underwent staged or same-day circumferential spinal fusion for
adult spinal deformity. M-H: Mantel-Haenszel.

Four of the included studies compared reoperation and
postoperative infection rates between patient groups
[21,22,26,27]. Albayar et al [21] and Masuda et al [26] showed
a slightly lower postoperative infection in same-day CF versus
staged CF (4.4 vs 6.4%, 2.6 vs 4%, and 1.7 vs 11.4%
respectively), while Than et al [27] showed a lower
postoperative infection in staged CF (0% vs 3.7%;Figure 3C).

While Arzeno et al [24] and Than et al [27] reported a lower
reoperation in patients undergoing staged CF (11.1 vs 14.9%
and 14.8 vs 25.9%, respectively). Masuda et al [26] and Albayar
et al [21] reported less reoperation in patients undergoing
same-day CF versus staged CF (10.2 vs 10.9% and 14.2 vs
22.7% respectively). However, none of these differences in
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reoperation reached statistical significance in either the original
respective studies or our meta-analysis (Figure 3F).

Readmission rates reported by Arzeno et al [24] and Albayar
et al [21] demonstrated diverging results. Arzeno et al [24] found
a lower readmission for staged CF versus same-day CF (2.2 vs
12.8%), while Albayar et al [21] reported a higher readmission
in staged CF versus same-day CF (22.7 vs 14.3%). The
meta-analysis did not indicate a conclusive result (Figure 3E).

Harris et al [25] are the only authors reporting on either the
Oswestry Disability Index (ODI) or the Scoliosis Research
Society Score, showing a better outcome measured by the ODI
in same-day CF and no difference in Scoliosis Research Society
Score.

Risk of Bias Analysis
There was a moderate degree of bias for all included studies
(Figure 4 [21-27]).

Figure 4. ROBINS-I traffic light plot of included studies.

Discussion

Overview
In this systematic review and meta-analysis, we compared
differences in perioperative outcome variables for individuals
undergoing staged or same-day CF in 7 included studies. The
meta-analysis revealed a statistically significant increase in
hospital LOS in the staged group when compared to the
same-day group. There were no statistically significant
differences in EBL, intraoperative adverse event, postoperative
adverse event, postoperative infection, perioperative adverse
event, 30-day readmission, and reoperation rates between
patients who underwent staged or same-day CF for ASD. There
were marked differences between patient populations and the
subsequent clinical outcomes that were reported in each
observational study, which most did not adjust for. Our
quantitative results are paradoxical as there were inconsistencies
between studies in the staged and same-day subgroups for
certain reported outcomes, while other findings had stronger
conclusive evidence. Due to the apparent differences in
consensus, the research included in the following discussion is
organized according to the consistency of results.

Mixed Findings
Heterogeneity in meta-analyses grants the opportunity to
examine variable factors that may be leading to the results.
There were several reported outcomes that yielded inconclusive
evidence in this study. Adverse event rates were reported by
authors in several ways, with some splitting between
intraoperative or postoperative adverse events, while others
reported any adverse event throughout the perioperative course.
Two studies reported more intraoperative adverse events in
staged CF, but the meta-analysis failed to show a statistically
significant difference. This can indicate that there is an increased
operative risk when staging, but it can also be due to the
generally sicker patients with more spinal deformity that is
leading to increased intraoperative adverse events. Further, 1
study presented a lower postoperative adverse events rate during
staged CF, while a different group found a higher rate in staged,
indicating no difference in postoperative complications between
the 2 approaches. When all perioperative adverse events were
instead considered, every study reported a higher incidence in
staged CF, and this result trended toward significance. Vastly
different conclusions depending on the stage of surgery in which
the adverse events are considered illuminate the need for greater
consistency in reporting outcomes. However, the increased
perioperative adverse events seen in staged CF, although not
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statistically significant, could be clinically important in
decision-making.

The Centers for Medicare & Medicaid Services targeted 30-day
readmission rates as a source of unnecessary costs [28]. A study
conducted by McCarthy et al [29] found the total hospital costs
to surgically treat ASD averaged US $120,394, with primary
surgery averaging US $103,143, and total readmission costs of
US $67,262 for their cohort. The high costs associated with
spine surgery make patient readmission and reoperation lucrative
targets. There is profound heterogeneity in reoperation and
readmission rates that depend on several factors, such as patient
demographics, procedure types, and institutional factors. A
recent systematic review found the 30-day readmission rate in
spine surgery to be 4.2% and 7.4% [30]. In this review, 2 studies
reported readmission with diverging results. Arzeno et al [24]
found a lower readmission for staged CF, while Albayar et al
[21] reported a higher readmission for same-day CF. Likewise,
4 studies reported reoperation with a split in consensus
[21,24,26,27]. Given the small number of studies that measured
reoperation and readmission, the results from our meta-analysis
were inconclusive. The lack of statistically significant
differences in the quantitative analysis combined with the
heterogeneity in the qualitative review indicates that no
differences in readmission and reoperation rates exist between
the 2 groups.

It was also uncommon for the included studies to report specific
reasons that reoperation or readmission occurred. As
readmission depends on many variables including patient
comorbidities, initial risk, or operative adverse events, it is
crucial for authors to include these measures in future
comparative studies for stronger subgroup analyses.
Postoperative infection is also a driver leading to reoperation
or readmission, as well as additional health care costs [31]. A
recent meta-analysis found the pooled incidence of surgical site
infection in 22,475 patients to be 3.1% [32]. Our included
studies also reported a low incidence of postoperative infection;
however, there were inconsistencies as 3 out of the 4 groups
found a lower postoperative infection in same-day CF
[21,24,26,27]. There are several risk factors for postoperative
infection that may lead to heterogeneity. Farshad et al [33] found
that intraoperative EBL was a risk factor for postoperative
infection. Some studies found BMIs to be predictors of
postoperative infection, although this result remains
controversial [34-36]. The discrepancies seen in this review
may stem from variations in surgical techniques, perioperative
antibiotic prophylaxis, institutional differences, and
patient-specific risk factors. The results of this study’s
meta-analysis do not support any difference between the 2
techniques in postoperation infection risk.

Associations of Operative Variables in CF Staging
For highly invasive spine surgeries, such as long-segmented
CF for ASD, patients may require extended resource use [37].
Surgical operative time and LOS are critical metrics in
evaluating the efficiency and resource use of staging in CF.
Shorter surgical times are generally associated with reduced
intraoperative adverse events, lower anesthesia-related risks,
and decreased blood loss, thus contributing to improved patient

safety and outcomes [15,38]. Peng et al [39] conducted a
meta-analysis on correlations between operative time and
postoperative infection, and they concluded that there was a
4-fold increase in postoperative infection risk for operations
greater than 3 hours [39]. The studies included in our review
all found a lower mean operative time for same-day CF.

A shorter LOS is also desirable as it minimizes health care
resource use and lowers costs [40]. Further, early mobilization
and discharge are associated with improved patient satisfaction
and reduced psychological stress [41]. However, reducing LOS
has also been associated with an increasing readmission rate at
the population level [42]. Our meta-analysis found a
significantly lower LOS for same-day CF compared to staged
CF. This difference in LOS may be attributed to the cumulative
effect of multiple hospital admissions, prolonged recovery
periods between surgeries, and the need for additional
preoperative preparation in staged CF. While the lower operative
time and LOS results in patients undergoing same-day CF seem
intuitive, it is important to interpret them cautiously, considering
potential factors such as patient selection, discharge criteria,
and institutional practices that may differ between studies.
Moreover, while shorter operative time and LOS may reduce
health care costs and improve resource allocation, they should
not compromise patient safety or postoperative care quality.

The results of shorter LOS and operative time combined with
the lack of conclusive differences between groups for adverse
events, readmission, reoperation, and infection rates indicate
that patient prognosis is similar when between staging
preferences. The shorter time spent in the hospital and operating
room is clinically important and contributes to improved patient
safety and outcomes while reducing hospital resource use.
However, the potential advantages of staging may outweigh
these benefits and thus improve patient prognosis for more
complex cases with a higher degree of relative deformity.
Therefore, the results from this review and meta-analysis show
preference toward same-day CF, while staging may largely
depend on a patient’s condition. Further studies investigating
the impact of patient-specific factors, for example, varying
degrees of deformity severity, on treatment selection and
subsequent outcomes are required.

Limitations
There are several limitations to this study and the papers
included in this review. First, the limited literature comparing
staged and same-day CF resulted in only 7 studies being
included, which reduced the statistical power of the
meta-analysis as only 4 studies qualified for quantitative
analysis. All the included studies are retrospective cohort studies
with a level of evidence of III or II, and only 2 studies used
inverse probability weighting to control for between-patient
differences. Consequently, there was a moderate potential for
bias, which limited our ability to reach generalizable
conclusions. To elucidate the differences in surgical treatment
options for CF, it will be necessary to investigate staging in
level I or II randomized controlled trials (RCTs). Without RCTs,
it is difficult to adjust for surgeon preference bias and the
complexity of the case. Each study also demonstrated
heterogeneity with respect to the patient outcomes reported,
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further limiting the ability for robust statistical analysis.
Continuous variables were generally poorly reported since many
did not report measures of variance such as mean and SD, but
rather mean or median and range (min-max or IQR). This made
pooling in those instances not feasible, limiting the
generalizability of results. Further, only 1 group presented
patient-reported outcomes, such as ODI, which is a standardized
clinical variable that can be useful for measuring subjective
pain and disability. Novel studies should aim to investigate
patient-reported outcomes and standardize the variables being
reported, so future meta-analyses will have wider samples to
yield more conclusive evidence for staging differences in CF.
In doing so, the mixed results presented in this study can be
further assessed to support wider implementation of either staged
or same-day CF while integrating clinically significant metrics
to evaluate patient outcomes.

Conclusions
Here, we present the first systematic review and quantitative
meta-analysis on staging in CF to treat patients with ASD.
Operative time and hospital LOS were significantly lower in
same-day CF surgery, with EBL and perioperative adverse
events also trending toward significance. However, there was
heterogeneity in additional operative measures, such as intra-
or postoperative adverse event rates, reoperation, and
readmission, and no differences were found in our meta-analysis.
Based on our results, it is suggested that same-day CF is
advantageous as a potential time-save with patients spending
less time in the operating room and hospital, potentially saving
costs. However, it is still unclear whether either same-day or
staged CF provides a clinical advantage for patient outcomes.
Additional level I and II RCTs should be conducted to elucidate
the associations between these variables and provide stronger
evidence in favor of either approach.
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Abstract

Background: Women have been entering pregnancy less healthy than previous generations, placing them at increased risk for
pregnancy complications. One approach to ensuring effective monitoring and treatment of at-risk women is designing
technology-based interventions that prevent maternal morbidities and treat perinatal conditions.

Objective: This scoping review evaluates what informatics interventions have been designed and tested to prevent and treat
maternal morbidity.

Methods: MEDLINE, Embase, and Cochrane Library were searched to identify relevant studies. The inclusion criteria were
studies that tested a medical or clinical informatics intervention; enrolled adult women; and addressed preeclampsia, gestational
diabetes mellitus (GDM), preterm birth, Centers for Disease Control and Prevention–defined severe maternal morbidity, or
perinatal mental health conditions. Demographic, population, and intervention data were extracted to characterize the technologies,
conditions, and populations addressed.

Results: A total of 80 studies were identified that met the inclusion criteria. Many of the studies tested for multiple conditions.
Of these, 73% (60/82) of the technologies were tested for either GDM or perinatal mental health conditions, and 15% (12/82)
were tested for preeclampsia. For technologies, 32% (28/87) of the technologies tested were smartphone or tablet applications,
26% (23/87) were telehealth interventions, and 14% (12/87) were remote monitoring technologies. Of the many outcomes measured
by the studies, almost half (69/140, 49%) were patient physical or mental health outcomes.

Conclusions: Per this scoping review, most informatics interventions address three conditions: GDM, preeclampsia, and mental
health. There may be opportunities to treat other potentially lethal conditions like postpartum hemorrhage using proven technologies
such as mobile apps. Ample gaps in the literature exist concerning the use of informatics technologies aimed at maternal morbidity.
There may be opportunities to use informatics for lesser-targeted conditions and populations.

(Interact J Med Res 2025;14:e64826)   doi:10.2196/64826
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Introduction

Women have been entering pregnancy less healthy than previous
generations [1]. Maternal morbidities such as preeclampsia and
gestational diabetes, and severe maternal morbidities such as
postpartum hemorrhage all have implications for the long-term
health of mothers well beyond the postpartum period.
Preeclampsia is associated with cardiovascular disease for
decades following pregnancy, including chronic hypertension,
stroke, and age-adjusted overall mortality [2]. Gestational
diabetes mellitus (GDM), a condition that in many cases resolves
itself after delivery, can still affect mothers beyond the
puerperium [3]. Severe maternal morbidity (SMM) encompasses
myriad conditions, including acute myocardial infarction,
eclampsia, and hemorrhage. Those who have experienced SMM
are more likely to die at any point after delivery and into the
decades beyond the postpartum period [4]. Preterm birth (PTB;
delivering before 37 weeks gestation) is associated with
long-term cardiovascular complications in the mother, including
ischemic heart disease, stroke, and atherosclerosis [5].

Informatics interventions offer tools that can help to prevent
perinatal health conditions that have long-term health
consequences for mothers, monitor these conditions in the
perinatal period so that mother and baby remain healthy, and
follow mothers post partum to ensure that they continue to
receive the health monitoring they need. Technology-based
tools that can be used for these purposes include mobile apps,
wearable technology, physician decision support, and telehealth,
among others. As artificial intelligence (AI) technology becomes
more common in health care, a range of interventions can be
used to predict, diagnose, and treat maternal morbidities that
lead to maternal complications, with the hope of reducing
maternal morbidity and mortality [6]. While some patients are
hesitant for their physicians to use AI to diagnose or treat
medical problems, physicians have demonstrated growing
acceptance and belief that AI will improve interactions with
their patients [7]. As the landscape of health informatics shifts
substantially with the advent of new technologies, it is important
to assess what technologies have already been tested to prevent,
diagnose, and treat common maternal morbidities so that gaps
can be identified and addressed in future research [8].

In this scoping review, we seek to identify what informatics
interventions have been designed and tested that address
maternal morbidity. In addition, we aim to assess the extent,
range, and nature of informatics interventions that have been
tested to prevent, diagnose, and treat maternal morbidities
known to have long-term health consequences for mothers. The
review summarizes discrete populations addressed in the
literature, types of informatics interventions tested in the

literature, conditions addressed by these interventions, and
outcomes measured.

Methods

Search Strategy
Our scoping review methodology was guided by Arksey and
O’Malley’s [9] framework, stages 1-5, and Joanna Briggs’s
Manual for Scoping Reviews. We asked what informatics
interventions have been designed and tested for SMM. Using
the PCC (Population, Concept, and Context) framework outlined
in the Manual for Scoping Reviews, the population was adult
women with SMM as defined by the Centers for Disease Control
and Prevention (CDC), the concept was informatics
interventions, and the context was prospective studies anywhere
in the world. We developed a review protocol to guide the
process. The literature searches were led by an expert
information specialist (JCS) in consultation with the research
team. Four electronic databases were searched from inception
until June 6, 2022: MEDLINE and Embase (searched
simultaneously on Ovid), Cochrane Library (Wiley), and
Engineering Village (Elsevier). One database was searched from
inception until June 7, 2022: IEEE Xplore (IEEE). The
MEDLINE (Ovid) search was peer-reviewed by another expert
librarian using the PRESS (Peer Review of Electronic Search
Strategies) checklist and modified as required [10]. The search
strategy was limited to the English language and encompassed
all years of publication. Embase and MEDLINE citations were
deduplicated in Ovid before exporting to Covidence online
review software. The full search strategies for each database
are publicly available in searchRxiv [11]. Lastly, review results
are reported using PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) [12]. This checklist can be found in
Multimedia Appendix 1. Our protocol was registered
retrospectively in Open Science Framework Registries [13].

Study Selection
The inclusion and exclusion criteria are described in Textbox
1. Studies were included that prospectively tested a medical
informatics intervention on either a group of women or
physicians who treat women. Study methodologies could include
both quantitative and qualitative approaches. Only studies
analyzing primary data to describe a health-related outcome
were included. Studies were included that tested medical or
clinical informatics interventions on human subjects to prevent,
monitor, or treat maternal conditions that have long-term health
consequences for mothers within and beyond the perinatal
period. Conditions included preeclampsia or hypertensive
disorders of pregnancy, GDM, PTB, new mental health
diagnoses, and SMM as defined by the US CDC [14].
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Textbox 1. Criteria for inclusion and exclusion.

Inclusion criteria

• Test a medical informatics intervention prospectively

• Medical or clinical informatics interventions

• Adult women or physicians who treat women

• Preeclampsia, gestational diabetes mellitus, preterm birth, perinatal mental health diagnoses, severe maternal morbidity as defined by the Centers
for Disease Control and Prevention (21 indicators)

• Physical health, patient-centered outcomes, mental health, health behavior, health knowledge or attitudes, health care use, quality of care outcomes

Exclusion criteria

• Systematic reviews, scoping reviews, literature reviews, opinion pieces, commentaries, proposals, reports, conference papers

• Pilot/feasibility studies

• Bioinformatics studies, including scans, ultrasounds, biomarkers, and predictive algorithms

• Adolescents

• Preexisting conditions: type 1 or 2 diabetes, chronic hypertension, preexisting mental health conditions

• Feasibility, acceptability, user experience

Systematic reviews, scoping reviews, and literature reviews
were excluded together with opinion pieces, commentaries,
proposals, reports, or gray literature. Studies were also excluded
if they focused primarily on bioinformatics, effectively
eliminating imaging (eg, ultrasounds), biomarkers, and
predictive algorithm development.

Article references were entered into review software for
screening and data extraction. The first and senior authors
conducted an initial title, abstract, and keyword screening. If
any author recommended inclusion, then the article underwent
full-text screening. All authors except for the information
specialist (JCS) then conducted a full-text screening, with two
team members reviewing all articles. Studies with two votes to
include were moved forward for extraction; those with two votes
to exclude were excluded from the study. During the full-text
screening, Cohen κ was used in the initial training to gauge
agreement until reviewers reached a κ of 0.80. After training,
disagreements were resolved by the first author.

Data Extraction
A subset of four authors extracted data using Covidence review
software. Reviewers were given an initial set of 10 articles and
met with the first author for consensus before reviewing the
remaining articles. All studies were reviewed for extraction by
the first author and one additional author. Most data extraction
categories were developed a priori, and selection options were
developed by the first and senior authors after reviewing all
articles for trends. The following data categories were added
after the protocol had been developed: aim of the study, years
of data collection, population inclusion and exclusion criteria,
and total number of participants. These categories were added
to the data extraction form iteratively to provide more context
to the reviewed studies.

Demographic data collected for each article by reviewers
included title of article, year published, lead author surname,

and country in which the study was conducted. The following
characteristics of included studies were extracted: informatics
technology tested, health problem, aim of study, study design,
years of data collection, population description, study
participation inclusion criteria, study participation exclusion
criteria, total number of participants, and health outcome.
Reviewers were given the option of selecting multiple answers
for each study characteristic. An open-ended “other” option was
available for the following study characteristics: informatics
technology, health problem, study design, and outcome.
Following extraction, the first and senior authors also extracted
data on whether a significantly positive result was found in the
studies, as well as racial diversity in participant samples for
those studies conducted in the United States.

Data were synthesized by tallying the options from each
category (study design, region, technology, health outcome,
study population, study outcome, and results) and calculating
the corresponding frequencies for each option.

Results

Overview
The PRISMA flow diagram for this scoping review can be found
in Figure 1. A total of 3799 records were identified for title and
abstract screening; 652 records underwent full-text screening
for eligibility. Of these, 572 were excluded. Common reasons
for exclusion were study design (eg, retrospective, systematic
or other review, narrative), type of study outcome (user
experience), or the wrong intervention (eg, machine learning
algorithms or predictive models not tested with patients or
providers). A total of 80 studies underwent full data extraction.
A list of the studies and their characteristics can be found in
Table 1.

Frequencies for synthesized data can be found in Table 2.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram.
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Table 1. Studies selected for extraction.

OutcomeSample size, nPopulationStudy designConditionTechnologyCountryAuthor (year)

100WomenRCTbGDMaIranAbbaspoor et
al [15] 2020

• Medical• SMS text message
• Health behav-

ior

940WomenNonrandom-
ized experi-
mental

HDPd,
GDM

GhanaAbejirinde et
al [16] 2019

• Quality of care• Smartphone/tablet ap-
plication

• DSSc

57WomenRCTGDMSaudi ArabiaAl-Ofi et al
[17] 2019

• Medical• Remote monitoring
• •Telehealth Health behav-

ior

1579WomenCohortHDPUnited
States

Arias et al
[18] 2022

• Health behav-
ior

• Telehealth

• Health care use
• Quality of care

74WomenRCTGDMUnited
States

Bartholomew
et al [19] 2015

• Number of
readings

• Remote monitoring
• Smartphone/tablet ap-

plication
• Web program

19WomenNonrandom-
ized experi-
mental

Mental
health con-
dition

United
States

Baumel et al
[20] 2018

• Mental health• Smartphone/tablet ap-
plication

• Web program

14,783ProvidersRCTHDPIndiaBellad et al
[21] 2020

• Medical• Web application

158WomenRCTGDMNorwayBorgen et al
[22] 2019

• Medical• Smartphone/tablet ap-
plication • Health behav-

ior

300WomenRCTMental
health con-

United King-
dom

Carlisle et al
[23] 2022

• Mental health• DSS

dition,

PTBe

48ProvidersRCTMental
health con-
dition

United
States

Carroll et al
[24] 2013

• Quality of care• DSS

660WomenRCTMental
health con-
dition

ChinaChan et al
[25] 2019

• Mental health• Smartphone/tablet ap-
plication

454WomenRCTHDPUnited King-
dom

Chappell et al
[26] 2022

• Medical• Remote monitoring

60WomenRCTGDMAustraliaCheung et al
[27] 2019

• Medical• SMS text messaging
• •Wearable Number of

readings
• Health behav-

ior

846WomenRCTMental
health con-
dition

CanadaDennis et al
[28] 2009

• Medical• Telehealth
• Mental health

249WomenRCTMental
health con-
dition

United
States

Dennis et al
[29] 2020

• Medical• Telehealth
• Mental health
• Health care use

27WomenNonrandom-
ized experi-
mental

Mental
health con-
dition

United
States

Felder et al
[30] 2017

• Medical• Web program
• Mental health
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OutcomeSample size, nPopulationStudy designConditionTechnologyCountryAuthor (year)

• Medical
• Number of

readings

1000WomenRCTGDM• TelehealthUnited
States

Ferrara et al
[31] 2012

• Medical
• Health behav-

ior

523WomenRCTGDM• TelehealthUnited
States

Ferrara et al
[32] 2016

• Patient-cen-
tered outcomes

• Mental health

72WomenRCTMental
health con-
dition

• Telehealth
• Web program

SwedenForsell et al
[33] 2017

• Health behav-
ior

238WomenRCTGDM• Remote monitoring
• Smartphone/tablet ap-

plication

NorwayGarnweidner-
Holme et al
[34] 2020

• Health knowl-
edge/attitudes

134WomenRCTGDM• Smartphone/tablet ap-
plication

IranGhaderi et al
[35] 2019

• Mental health30WomenCohortMental
health con-
dition

• Smartphone/tablet ap-
plication

TaiwanGoetz et al
[36] 2020

• Medical
• Mental health

291WomenRCTMental
health con-
dition

• SMS text messagingChinaGong et al
[37] 2021

• Quality of care
• Health behav-

ior
• Health care use

2988WomenNonrandom-
ized experi-
mental

Mental
health con-
dition

• SMS text messaging
• Telehealth

United
States

Guille et al
[38] 2021

• Medical
• Number of

readings
• Health behav-

ior
• Health care use

172WomenRCTGDM• Smartphone/tablet ap-
plication

ChinaGuo et al [39]
2019

• Health behav-
ior

• Health care use
• Quality of care

61WomenRCTMental
health con-
dition

• Smartphone/tablet ap-
plication

United
States

Hantsoo et al
[40] 2018

• Medical2014WomenRCTGDM• DSSUnited
States

Hedderson et
al [41] 2018

• Mental health159WomenRCTMental
health con-
dition

• Web programNetherlandsHeller et al
[42] 2020

• Medical
• Number of

readings
• Health knowl-

edge/attitudes

57WomenRCTGDM• Web programUnited
States

Homko et al
[43] 2007

• Medical
• Number of

readings

253WomenRCTGDM• TelehealthUnited
States

Homko et al
[44] 2012

• Medical
• Number of

readings
• Health care use

428WomenNonrandom-
ized experi-
mental

HDP• TelehealthUnited
States

Hoppe et al
[45] 2020

• Medical309WomenRCTGDMChina
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OutcomeSample size, nPopulationStudy designConditionTechnologyCountryAuthor (year)

Huang et al
[46] 2021

• Smartphone/tablet ap-
plication

• Mental health75WomenRCTMental
health con-
dition

• Smartphone/tablet ap-
plication

IranJannati et al
[47] 2020

• Medical146WomenRCTHemor-
rhage

• Smartphone/tablet ap-
plication

GhanaKlokkenga et
al [48] 2019

• Health behav-
ior

• Quality of care

2567WomenCohortHDP• Smartphone/tablet ap-
plication

United
States

Krishnamurti
et al [49] 2021

• Medical
• Health care use
• Quality of care

166WomenRetrospec-
tive

HDP• Remote monitoringBelgiumLanssens et al
[50] 2017

• Medical
• Health care use
• Quality of care

320WomenRetrospec-
tive

HDP• Remote monitoringBelgiumLanssens et al
[51] 2018

• Mental health47WomenNonrandom-
ized experi-
mental

Mental
health con-
dition

• TelehealthUnited
States

Latendresse et
al [52] 2021

• Medical
• Health behav-

ior

127WomenRCTHDP• SMS text messaging
• Web program
• Wearable

United
States

Lewey et al
[53] 2022

• Medical
• Health behav-

ior

287WomenRCTGDM• TelehealthChinaLi et al [54]
2021

• Medical
• Mental health

200WomenRCTGDM• Smartphone/tablet ap-
plication

SingaporeLim et al [55]
2021

• Medical
• Number of

readings
• Patient-cen-

tered outcomes

203WomenRCTGDM• Telehealth
• SMS text messaging

United King-
dom

Mackillop et
al [56] 2018

• Mental health43WomenRCTMental
health con-
dition

• Web programAustraliaMilgrom et al
[57] 2016

• Mental health116WomenRCTMental
health con-
dition

• TelehealthAustraliaMilgrom et al
[58] 2021

• Medical
• Number of

readings
• Patient-cen-

tered outcomes
• Health behav-

ior

120WomenRCTGDM• Smartphone/tablet ap-
plication

IsraelMiremberg et
al [59] 2018

• Mental health
• Parenting mea-

sures

130WomenRCTMental
health con-
dition

• TelehealthNetherlandsMissler et al
[60] 2020

• Mental health397WomenRCTMental
health con-
dition

• TelehealthChinaNgai et al [61]
2015
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OutcomeSample size, nPopulationStudy designConditionTechnologyCountryAuthor (year)

Nieminen et al
[62] 2016

• Patient-cen-
tered outcomes

• Mental health
• Health behav-

ior

43WomenRCTMental
health con-
dition

• Web programSweden

• Mental health54WomenNonrandom-
ized experi-
mental

Mental
health con-
dition

• SMS text messagingIranNiksalehi et al
[63] 2018

• Health knowl-
edge/attitudes

• Quality of care

54ProvidersNonrandom-
ized experi-
mental

Hemor-
rhage

• Smartphone/tablet ap-
plication

RwandaNishimwe et
al [64] 2021

• Health knowl-
edge/attitudes

110WomenNonrandom-
ized experi-
mental

HDP• Smartphone/tablet ap-
plication

IranParsa et al
[65] 2019

• Medical
• Number of

readings
• Health care use

108WomenCase controlHDP• Remote monitoring
• Smartphone/tablet ap-

plication

United King-
dom

Perry et al
[66] 2018

• Patient-cen-
tered outcomes

• Mental health
• Quality of care

61WomenCohortMental
health con-
dition

• TelehealthUnited
States

Posmontier et
al [67] 2016

• Medical
• Number of

readings
• Health behav-

ior

203WomenRCTGDM• Smartphone/tablet ap-
plication

GermanyPotzel et al
[68] 2022

• Quality of care310WomenRCTHemor-
rhage

• Web programBangladeshRahman et al
[69] 2017

• Medical
• Health care use

95WomenRCTGDM• TelehealthAustraliaRasekaba et al
[70] 2018

• Mental health133WomenRCTMental
health con-
dition

• Smartphone/tablet ap-
plication

AustraliaSawyer et al
[71] 2019

• Mental health126WomenRCTMental
health con-
dition

• TelehealthIranShamshiri Mi-
lani et al [72]
2015

• Medical
• Health behav-

ior

206WomenRCTHDP• Telehealth
• Web program

SpainSilva-Jose et
al [73] 2021

• Mental health
• Health behav-

ior

77WomenRCTMental
health con-
dition

• TelehealthIsraelSimhi et al
[74] 2021

• Mental health
• Health knowl-

edge/attitudes

17WomenQualitativeGDM• Smartphone/tablet ap-
plication

NorwaySkar et al [75]
2018

• Quality of care83WomenRCTMyocardial
infarction

• Anesthesia machine
cognitive aid

GermanySt Pierre et al
[76] 2017

• Mental health186WomenRCTMental
health con-
dition

• Smartphone/tablet ap-
plication

ChinaSun et al [77]
2021

• Medical21WomenRCTGDMKorea
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OutcomeSample size, nPopulationStudy designConditionTechnologyCountryAuthor (year)

Sung et al [78]
2019

• Remote monitoring
• Smartphone/tablet ap-

plication

• Medical
• Health care use

176WomenCohortGDM• TelehealthKoreaSung et al [79]
2021

• Health behav-
ior

169WomenRCTGDM• Smartphone/tablet ap-
plication

ChinaTian et al [80]
2020

• Medical309WomenRCTGDM• TelehealthChinaTian et al [81]
2021

• Number of
readings

333WomenRCTHDP• SMS text messaging
• Web-based program

United
States

Triebwasser et
al [82] 2020

• Medical
• Mental health
• Quality of care

2346WomenRCTHDP• Remote monitoring
• Smartphone/tablet ap-

plication

United King-
dom

Tucker et al
[83] 2022

• Mental health30WomenRCTMental
health con-
dition

• TelehealthUnited
States

Ugarriza and
Schmidt [84]
2006

• Number of
readings

• Mental health

108WomenRCTHDP• Remote monitoringBelgiumVandenberk et
al [85] 2019

• Medical
• Health care use

133WomenCase controlHDP• Remote monitoring
• Smartphone/tablet ap-

plication

Netherlandsvan den Heuv-
el et al [86]
2020

• Quality of care850WomenCohortHDP• Web programNetherlandsvan Montfort
et al [87] 2020

• Medical
• Health behav-

ior

268WomenRCTGDM• SMS text messagingNew
Zealand

Van Ryswyk
et al [88] 2015

• Mental health98WomenRCTMental
health con-
dition

• Web programCanadaVigod et al
[89] 2021

• Mental health62WomenRCTMental
health con-
dition

• TelehealthCanadaWozney et al
[90] 2017

• Medical107WomenRCTGDM• Smartphone/tablet ap-
plication

ChinaYang et al
[91] 2018

• Medical340WomenRCTGDM• Smartphone/tablet ap-
plication

SingaporeYew et al [92]
2021

• Quality of care847WomenRCTGDM• DSSUnited
States

Zera et al [93]
2015

• Medical
• Health behav-

ior

124WomenRCTGDM• Smartphone/tablet ap-
plication

ChinaZhuo et al
[94] 2022

aGDM: gestational diabetes mellitus.
bRCT: randomized controlled trial.
cDSS: decision support system.
dHDP: hypertensive disorders of pregnancy.
ePTB: preterm birth.
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Table 2. Outcomes measured.

Frequency, n (%)

Study design (n=80)

60 (75)Randomized controlled trial

9 (11)Nonrandomized experimental

6 (8)Cohort

2 (3)Case control

2 (3)Retrospective

1 (1)Qualitative

Region (n=80)

24 (30)North America

22 (28)East Asia and Pacific

20 (25)Europe and Central Asia

9 (11)Middle East and North Africa

3 (4)Sub-Saharan Africa

2 (3)South Asia

0 (0)Latin America and Caribbean

Technology (n=87)

28 (32)Application

23 (26)Telehealth/telemedicine

12 (13)Remote monitoring

10 (11)Web-based program

8 (9)SMS text messaging

3 (3)EHRa DSSb

2 (2)Wearable

1 (1)Other

Perinatal health outcome (n=82)

30 (37)New mental health diagnosis

30 (37)GDMc

12 (15)Preeclampsia/HDPd

5 (6)Hypertension

3 (4)Hemorrhage

1 (1)Preterm birth

1 (1)Myocardial infarction

Study population (n=80)

77 (96)Women

3 (4)Providers

Outcomes (n=140)

39 (27.9)Medical outcomes

30 (21.4)Mental health outcomes

21 (15.0)Health behavior

19 (13.6)Quality of care

13 (9.3)Number of readings
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Frequency, n (%)

12 (8.6)Health care use

5 (3.6)Health knowledge/attitudes

1 (0.7)Other

Results (n=80)

63 (79)Significant for at least one measure

17 (21)No significance

aEHR: electronic health record.
bDSS: decision support system.
cGDM: gestational diabetes mellitus.
dHDP: hypertensive disorders of pregnancy.

Included studies were mostly RCTs (n=60). Other study designs
included nonrandomized experimental (n=9), cohort (n=6), case
control (n=2), retrospective (n=2), and qualitative (n=1).
Included studies represented a range of countries and regions.
Most of the studies were conducted in North America (n=24),
East Asia and the Pacific (n=22), and Western Europe (n=20).
Fewer studies were authored from the Middle East and North
Africa (n=9), sub-Saharan Africa (n=3), and South Asia (n=2).
No studies focused on Latin America or the Caribbean.

Informatics Technologies
The specific informatics technologies tested by the study were
described. Descriptive categories included telehealth or
telemedicine (remote consultation via telephone or video chat
that may replace medical consultation), remote monitoring
(patient-performed measurements of vital signs and blood
glucose), electronic health record decision support system (tools
within the electronic health record that assist providers with
clinical decisions), smartphone or tablet applications, SMS text
messages (between providers and patients or between patients),
web-based programs (patient portals and other programs
administered through a web browser, not through a smartphone
or tablet application), and other (with the technology charted
manually). Studies tested a range of informatics technologies.
The most frequently tested technologies included
smartphone/tablet applications (n=28) and
telehealth/telemedicine (n=23). Technologies tested less
frequently included remote monitoring (n=15), web-based
programs (n=10), and SMS text messaging (n=8). Technologies
assessed in very few studies included electronic health record
decision support (n=3), wearable technologies (n=2), and other
(cognitive aid on an anesthesia machine; n=1).

Health Problems
Articles were categorized by the health problems treated by the
informatics technology; some tested more than one. These
included preeclampsia or hypertensive disorders of pregnancy,
hypertension, GDM, PTB, hemorrhage, and new (perinatal)
mental health diagnoses. Although our protocol searched for
“severe maternal morbidity as defined by the CDC” and included
a list of 21 conditions [13], after reviewing the articles, it was
clear that the only condition from the CDC list that was
frequently tested by informatics technology was postpartum
hemorrhage. Thus, any additional conditions were added

manually in the “other” option. Studies primarily used
informatics technologies to address new mental health conditions
(n=30) and GDM (n=30). Other health problems addressed by
the studies include preeclampsia or hypertensive disorders of
pregnancy (n=12), hypertension (n=5), and hemorrhage (n=3).
One study each addressed preterm birth and myocardial
infarction.

Population Type
Population type was categorized as either: women or medical
providers who treat women. Included studies overwhelmingly
tested informatics technologies on women, with only 3 studies
testing informatics technologies on providers. US studies were
also coded for sample demographics.

Outcomes
Finally, outcomes were categorized to gain an understanding
of the measures upon which the studies focused; many tested
more than one measure. These included medical outcomes (eg,
weight loss, blood pressure, blood glucose), number of remote
measures (eg, patient-collected and -reported blood pressure or
blood glucose measurements), mental health outcomes (eg,
Edinburgh Postnatal Depression Scale score, subjective
well-being measures), health behaviors (eg, dietary habits,
exercise frequency), health knowledge or attitudes (eg, patient’s
understanding of health condition, patient-reported attitude
toward care), health care use (eg, number of emergency room
visits, number of prenatal care visits), quality of care (eg,
Hospital Consumer Assessment of Healthcare Providers and
Systems [HCAHPS] scores, safety of care, effectiveness of care,
efficiency of care), or other. Studies measured myriad outcomes,
and many studies measured more than one outcome. Many
assessed medical outcomes (n=39), mental health outcomes
(n=30), and patient health behaviors (n=21). Fewer measured
quality of care (n=19), number of remote readings (n=13), and
health care use (n=12). Very few measured health knowledge
and attitudes (n=5) or other outcomes (n=1).

Effect
Studies were coded as to whether a significant positive effect
was exhibited for at least one health outcome measure (yes/no).
Most (n=63) studies found that the informatics technology
yielded at least one positive effect for a health-related (ie, not
user experience) outcome. Some (n=17) studies showed no
significant positive effect of the informatics technology tested.
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Discussion

Principal Findings
This scoping review was performed to characterize what
informatics interventions have been tested to address the
maternal morbidities that result in long-term negative health
outcomes for mothers. Our results show that most of the tested
informatics technologies were tested in North America, East
Asia, and Western Europe. They overwhelmingly focused on
patient populations diagnosed with GDM, mental health
conditions, and preeclampsia. Most were patient focused and
most aimed to prevent, diagnose, or treat physical or mental
health outcomes.

Women have been entering pregnancy less healthy than previous
generations. As the world population grows increasingly obese,
high BMI presents critical risks for birthing people, with obesity
linked to such perinatal complications as gestational diabetes
[95], preeclampsia [96], and postpartum hemorrhage [97].
Women also currently enter pregnancy in poorer cardiovascular
health than previous generations, with prepregnancy
hypertension especially pronounced in rural populations of
childbearing age [98]. This scoping review surveys the landscape
of informatics interventions tested to treat these increasingly
common conditions.

Most of the technologies were tested in North America, East
Asia or the Pacific, and Western Europe. Despite some evidence
of resistance to new technologies [99], studies generally show
perceptions of mobile health to be positive in sub-Saharan
Africa, especially toward maternal health applications [100].
There may be opportunities to test technologies developed in
North America, Asia, and Europe in underserved parts of the
world. In addition to improving maternal health in these
underserved areas, testing in diverse types of populations may
yield compelling findings that could be translated into US,
Asian, and European contexts through a process of reciprocal
innovation [101].

Our results show that most of the tested informatics technologies
focused on patient populations diagnosed with GDM; mental
health conditions; and, to a lesser extent, preeclampsia. Far
fewer focused on preventing or treating postpartum hemorrhage.
Although prevalences of GDM and mental health conditions
are high, preeclampsia and hemorrhage are leading causes of
maternal mortality and pregnancy-associated deaths in both the
United States and abroad [101]. Postpartum hemorrhage, in
particular, is the leading cause of maternal death worldwide,
causing 94% of maternal deaths [102,103].

There are at least two possible reasons for this imbalance in
testing of interventions. First, diabetes mellitus and mental
health conditions are also common in the general population,
unlike preeclampsia and hemorrhage. Thus, preexisting
interventions may be more easily transferrable to pregnant
populations. Second, GDM and postpartum depression can be
diagnosed through routine screening, with GDM diagnosed via
prenatal glucose testing and postpartum depression diagnosed
using the Edinburgh Postnatal Depression Scale. Indeed, 9.3%
of interventions measured the extent/accuracy with which

patients review their own biodata, including blood glucose
levels. Screening for GDM could be seen as a parsimonious
method to improve women’s health. On the other hand,
postpartum hemorrhage is less predictable, typically being
diagnosed through an urgent/emergent presentation. Thus, the
ease of routine screening practices may lend certain diagnoses
to being more amenable to the implementation of informatics
interventions.

Most of the interventions in this review aimed to prevent,
diagnose, or treat physical or mental health outcomes, and
almost all were patient focused. Very few interventions (n=3,
4%) were tested on providers who treat women. Of those studies,
two of the interventions focused on midwives and one used a
decision support system to assist physicians in screening for
maternal depression. Most interventions in this review were
tested on women and involved active participation from patients
(eg, taking blood glucose readings, logging symptoms in an
app, participating in an online support group). In other words,
most of the interventions entrusted patients with aspects of their
own health.

This focus on outcomes is logical given the maternal mortality
crisis both within and outside of the United States. Mental health
conditions are the leading cause of pregnancy-related deaths in
the United States according to state Maternal Mortality Review
Committees [104] and of non-Hispanic White and Hispanic
women when stratified by ethnicity. Cardiac conditions are the
leading cause of pregnancy-related death for Black/African
American women in the United States, but the focus on
interventions aimed at patients themselves minimizes the role
provider knowledge and practice within a health system plays
in the crisis. Research shows that lack of standardized
emergency obstetric care, maternity care coordination [105],
and systemic racism [106] can play a role in the safe and
effective delivery of care. The results of this scoping review
show a large gap in the literature related to using informatics
to improve the quality of care for maternal morbidities.
Interventions such as telehealth have been shown to improve
obstetric quality, including perinatal smoking cessation and
breastfeeding [107]. It is possible that expanding such
technologies and examining the way they are used by physicians
can help improve the quality of care and ultimately save the
lives of women.

The need for informatics interventions does not end with birth.
Prior research suggests that many physicians, including
obstetricians, are unaware of how maternal morbidity can
influence maternal health in the decades following pregnancy
[108]. Because of this lack of awareness, patients often do not
know to monitor their own health in the long term, and they
may not receive referrals for proper follow-up services. The
paucity of provider-focused technologies identified in this
review may also present opportunities for the development of
informatics-based interventions targeting physicians and
affiliated providers—especially in the treatment and prevention
of postpartum preeclampsia and hemorrhage—that could use
technologies like decision support to improve maternal health.
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Limitations
Our study has several limitations. Because this is a scoping
review, we did not systematically assess the quality of individual
studies. The studies reviewed may vary in quality or contain
potential biases or methodological limitations. Therefore, this
study is not intended to assess the quality of the evidence
supporting informatics-based interventions on the given perinatal
health conditions. Additionally, the nature of a scoping review
is not to analytically aggregate studies so as to make claims
about effect sizes. When additional, more comparable studies
have accumulated, further research is needed to examine which
informatics interventions are most effective and the size of the
impact on maternal and perinatal health.

In addition, we only considered published studies that tested an
informatics intervention and presented health-related outcomes.
We excluded many studies because they tested feasibility or
acceptability. It is possible that such excluded feasibility studies
will eventually test health-related outcomes. Overall, this
scoping review summarizes trends in the populations,

geographic areas, technologies, and conditions targeted by
informatics interventions tested and disseminated in the available
literature.

Conclusions
This scoping review paints a picture of the landscape of
informatics interventions aimed at preventing and treating
maternal morbidity. Most interventions identified in this study
were tested in North America, East Asia and the Pacific, or
Western Europe. Most tested either smartphone/tablet
applications or telehealth/telemedicine, and most technologies
tested for new mental health conditions and GDM. Almost all
the studies tested technologies on populations of women and
reported medical, mental health, and patient behavior outcomes.
Results suggest that there may be opportunities to use
informatics technologies to target providers who treat women
as well as conditions such as postpartum hemorrhage that are
more likely to lead to mortality. As the landscape of informatics
applications in health care continues to expand, maternal health
is poised to be an important target of these interventions.
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Abstract

Background: Metabolic syndrome (MetS) represents a complex and multifaceted health condition characterized by a clustering
of interconnected metabolic abnormalities, including central obesity, insulin resistance, dyslipidemia, and hypertension. Effective
management of MetS is crucial for reducing the risk of cardiovascular diseases and type 2 diabetes.

Objective: This study aimed to assess the effectiveness of combining glucagon-like peptide-1 (GLP-1) and dual gastric inhibitory
polypeptide (GIP)/GLP-1 agonists with a continuous, digitally delivered behavioral change model by an integrated care team, in
treating MetS among individuals with obesity.

Methods: The 6-month Zone.Health (meta[bolic]) weight loss program involved 51 participants (mean age 45, SD 10 years;
mean BMI 35, SD 5 kg/m²), categorized by gender, and treated with either tirzepatide or semaglutide. Participants received
continuous support via a digital health platform, which facilitated real time monitoring and personalized feedback from an
integrated care team. Engagement levels with the digital platform, measured by the frequency of inbound interactions, were
tracked and analyzed in relation to health outcomes.

Results: Tirzepatide reduced waist circumference (WC) by −18.08 cm, compared with −13.04 cm with semaglutide (P<.001).
Triglycerides decreased significantly with both drugs, with tirzepatide showing a reduction of −64.42 mg/dL and semaglutide
−70.70 mg/dL (P<.001). Tirzepatide generally showed more pronounced improvements in fasting glucose, blood pressure (BP),
low-density lipoprotein, and total cholesterol compared with semaglutide. Higher engagement with the digital health platform
showed significant difference among the 3 groups; the group with the highest level of app-based interactions (≥25 interactions)
had the greatest WC reduction (mean −19.04, SD 7.40 cm) compared with those with ≤15 interactions (mean −9.60, SD 5.10 cm;
P=.002). Similarly, triglycerides showed the greatest reduction in the group with ≥25 interactions (mean −108.56, SD 77.06
mg/dL) compared with those with ≤15 interactions (mean −44.49, SD 50.85 mg/dL; P=.02). This group also exhibited the largest
reduction in diastolic BP (mean −10.33, SD 7.40 mm Hg) compared with those with ≤15 interactions (mean −0.83, SD 7.83 mm
Hg; P=.004), and the most substantial decrease in fasting glucose levels (mean −18.60, SD 10.82 mg/dL) compared with those
with ≤15 interactions (mean −2.49, SD 27.54 mg/dL; P=.02). Participants in the highest quartile of digital engagement had a 60%
greater likelihood of MetS reversal compared with those in the lowest quartile.

Conclusions: This study shows that combining GLP-1 and dual GIP/GLP-1 agonists with a digital behavioral change model
significantly improves MetS markers in individuals with obesity. Tirzepatide proved more effective than semaglutide, leading to
greater reductions in WC and triglyceride levels, along with better improvements in fasting glucose, BP, and lipid profiles. Higher
app-based engagement was linked to better health outcomes, with participants in the highest engagement group having a 60%
greater likelihood of treating MetS compared with those with the lowest engagement.

(Interact J Med Res 2025;14:e63079)   doi:10.2196/63079

KEYWORDS

metabolic syndrome; obesity; GLP-1 medications; hybrid model of care; digital health; effectiveness; digital engagement; hybrid
care; adult; cardiovascular disease; type 2 diabetes; insulin resistance; efficacy; behavioral change; obese; zone health; weight
loss; monitoring; tirzepatide; semaglutide; treatment; medication; telehealth; health informatics; glucagon-like peptide-1
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Introduction

Metabolic syndrome (MetS) represents a complex and
multifaceted health condition characterized by a clustering of
interconnected metabolic abnormalities, including central
obesity, insulin resistance, dyslipidemia, and hypertension [1].
Individuals diagnosed with MetS face an elevated risk of
developing cardiovascular disease [2], type 2 diabetes [3], and
other related complications [4]. Understanding the intricate
mechanisms underlying MetS is crucial for optimizing patient
management and outcomes. In the United Arab Emirates, the
prevalence of MetS was 33.6% (269/801) in the Emirati
population, 34.5% (214/620) in the Arab non-Emirati
population, and 40.7% (695/1709) in the Asian non-Arab
population [5].

Obesity serves as a primary contributing factor to the
development and progression of MetS. Excess adipose tissue,
particularly visceral fat, contributes to chronic low-grade
inflammation and the release of adipokines, cytokines, and free
fatty acids, all of which play vital roles in insulin resistance and
metabolic dysregulation [6]. Central obesity, characterized by
an accumulation of adipose tissue around the abdomen, is
particularly indicative of MetS and poses a heightened risk for
cardiovascular complications [7]. The management of MetS
revolves around lifestyle modifications and pharmacological
interventions aimed at addressing its components and reducing
overall cardiovascular risk [8]. Lifestyle interventions, including
dietary changes, regular physical activity, and weight
management, form the cornerstone of treatment [9]. In patients
with MetS, dietary strategies emphasizing a balanced intake of
macronutrients and lifestyle modification such as smoking
cessation, regular exercise, and proper eating habits may
improve profiles of each component of MetS and reduce the
risk of developing diabetes and cardiovascular disease [9].

Pharmacotherapy plays a complementary role in the
management of MetS, with medications targeting specific
components of the syndrome. This may include statins to address
dyslipidemia, antihypertensive agents to manage elevated blood
pressure (BP), and insulin-sensitizing drugs to improve glucose
metabolism [8]. Notably, emerging therapeutic agents such as
glucagon-like peptide-1 (GLP-1) receptor agonists have shown
promise in addressing multiple aspects of MetS, including
glycemic control, weight reduction, and cardiovascular risk
reduction [10]. By mimicking the action of endogenous GLP-1,
these medications stimulate glucose-dependent insulin secretion,
suppress glucagon release, and delay gastric emptying, resulting
in improved glycemic control and reduced appetite [10].
Furthermore, GLP-1 receptor agonists have been associated
with favorable effects on body weight, BP, and lipid profiles,
making them attractive therapeutic options for individuals with
MetS [10].

MetS poses a significant challenge to public health, necessitating
comprehensive and more engaging approaches for prevention
and management. Integrating dietary modifications, lifestyle
interventions, and pharmacological treatments targeting specific
components of the syndrome are essential for mitigating its
adverse outcomes. The Zone.Health’s meta[bolic] program,

which combines pharmacotherapy with continuous engagement
and monitoring to enable sustainable lifestyle modifications,
demonstrated significant improvements in weight, body
composition, and metabolic markers [11]. Enhancing traditional
treatment paradigms by integrating continuous digital health
monitoring with tailored pharmacotherapy. This program
leverages advanced analytics and real time data to dynamically
adjust treatment plans, fostering deeper patient engagement and
more precise management of MetS components. Compared with
traditional models that often rely on intermittent follow-ups and
generalized treatment approaches, Zone.Health’s continuous
care model ensures long-term lifestyle modifications and
pharmacological adherence, which are critical for long-term
management of MetS. This integration of technology and
personalized care is designed to significantly improve clinical
outcomes by providing consistent, supportive, and adaptive
interventions tailored to individual patient needs. Therefore,
the aim of this study is to measure the effectiveness of GLP-1
and GLP-1/gastric inhibitory polypeptide (GIP) medications
when combined with a continuous, digitally delivered behavioral
change model involving a multidisciplinary team in the
treatment of MetS components and weight among individuals
with obesity in the UAE population.

Methods

Zone.Health Program
Zone.Health, introduced by meta[bolic] [12] in 2023, is a
value-based 6-month weight loss program designed to be used
in combination with pharmacotherapy. This innovative initiative
offers hyperpersonalized insights, and monitoring in order to
have patients adopt realistic, bite-sized behavioral change
decisions over the duration of the program. The program’s
“value-based” approach underscores its commitment to efficacy,
promising partial refunds to participants who fulfill specified
compliance metrics but do not achieve a minimum 10% weight
loss within the program’s timeframe. This ensures accountability
while prioritizing the participant’s progress and well-being.
Hyperpersonalization lies at the core of Zone.Health, where
each participant’s unique physiological, behavioral, and
psychological profile is considered. When focusing on
physiological factors, parameters like age, fat mass, muscle
mass, and physical activity levels are considered. Whereas the
behavioral and psychological aspect includes mental health,
goal setting, and psychological beliefs. Furthermore, using
continuous glucose monitoring (CGM), alongside activity and
sleep tracking, and other digital biomarkers, the health care
team dynamically tailors dietary recommendations, exercise
plans, and medication regimens to suit each participant needs.
The ongoing engagement between participants and the health
care team is necessary. Biweekly sessions by the health coach
comprehensive provides support, addressing progress,
challenges, and evolving needs. As participants advance,
engagement frequency adjusts to monthly sessions, focusing
on maintaining achievements and adapting strategies for
long-term success. Zone.Health’s multifaceted approach extends
beyond face-to-face interactions, incorporating an intuitive app
called “Zone.Health” supported by the health care team
including coaches, sports scientists, dietitians, physicians, and
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diabetes educators. The app is integrated with a nutrition
artificial intelligence food logging tool used by participants for
food logging as well as integration with wearable data from
Apple healthkit or Google fit. Participants are educated by
dietitians to ensure correct food logging and minimize errors,
by diabetes educators to interpret CGM data, and by health
coaches to ensure integrating all other digital wearables
(including Apple watch, Google Fitbit, or ŌURA ring [Oura
Health Ltd]) into the app and educate the participants data
collected from these wearables. Data integration is seamless,
with unified and time-synchronized information accessible
through a single clinician portal, facilitating effective patient
monitoring and engagement. Medication adjustments are made
monthly, guided by assessments of fat versus muscle loss ratio,
weight fluctuations, and reported side effects. Regular measure
of body composition analysis using (Seca mBCA 514, Seca
GmbH & Co. KG) ensures a comprehensive understanding of
each participant’s progress, with evaluations conducted both at
the program’s onset and quarterly thereafter for comparison.
The effectiveness of the Zone.Health’s hybrid approach is
supported by previous research, particularly in diabetes
management, demonstrating its potential to revolutionize weight
loss strategies and improve overall health outcomes [11,13,14].

Study Design
A retrospective, real world evidence observational study was
conducted among participants with MetS that signed up to the

Zone.Health weight loss program. A comprehensive examination
of medical records was undertaken to explore the occurrence
and factors contributing to MetS among patients who were
prescribed GLP-1 medications. This study encompassed 51
adult patients from diverse ethnic backgrounds who had
completed a 6-month program duration with all MetS parameters
collected. Medication administration followed a thorough
assessment, including a 15-day evaluation period and initial
dietary analysis, to confirm participant eligibility. Treatment
selection, whether semaglutide or tirezepatide, was determined
by physicians based on clinical suitability. Following the
standard practice, tirzepatide was started with an initial dose of
2.5 mg, gradually increasing to either 5.0 mg, 7.5 mg, or 10 mg
by the 3-month mark and reaching 12.5 mg or 15 mg by 6
months. Semaglutide started at 0.25 mg, escalating to 1 mg at
3 months and reaching to 2.0 mg at 6 months (Figure 1). All
participants adhered to the criteria, ensuring the continued
validity of contractual agreements. The study strictly followed
the ethical guidelines of the Declaration of Helsinki, ensuring
each participant gave signed consent. The UAE health care
authority monitored the clinical protocols, ensuring they met
international ethical standards for research involving human
subjects. All study procedures, including data collection and
analysis, respected participant rights and privacy.

Figure 1. Tirzepatide and semaglutide dose titration throughout the Zone.Health program.

Study Outcomes

Primary Objective
Reduction in MetS markers (waist circumference [WC],
triglycerides, and fasting glucose levels) among individuals
with obesity over a 6-month period when treated with GLP-1
(semaglutide) and dual GIP/GLP-1 agonists (tirzepatide).

Secondary Objectives
First, changes in BP (systolic and diastolic) and lipid profiles
(total cholesterol, low-density lipoprotein [LDL], and
high-density lipoprotein [HDL]) in participants receiving
tirzepatide versus those receiving semaglutide.

Second, association between levels of digital engagement with
the health platform and improvements in MetS markers.

Criteria for Diagnosing MetS
International Diabetes Federation (IDF) definition of MetS was
used accordingly to classify participants with MetS [15]. In this
study, females and males were included in the study if they had
the MetS if the following criteria were met.

First, waist circumference of ≥94 cm for males and ≥80 cm for
females, based on ethnic-specific values, such as Europids,
Sub-Saharan Africans, Ethnic South and Central Americans,
and Middle Eastern individuals.

Second, any two of the following four factors: (1) raised
triglycerides ≥150 mg/dL (1.7 mmol/L) or specific treatment
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for this lipid abnormality; (2) reduced HDL cholesterol (males
<40 mg/dL [1.03 mmol/L], females <50 mg/dL [1.29 mmol/L]),
or specific treatment for this lipid abnormality; raised blood
pressure (systolic BP ≥130 mm Hg or diastolic BP ≥85 mm
Hg), or treatment for previously diagnosed hypertension; (4)
raised fasting plasma glucose ≥100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2 diabetes.

Data Collection and Participants
Data were collected from physicians’patient records at baseline
and at 6 months using the electronic medical record (Diamond,
Hicom). Patients’ gender, age, ethnicity, medication, WC (cm),
weight kg, BP (mm Hg), and BMI (kg/m²) variables were
collected. Laboratory variables were collected including total
cholesterol (mg/dL), LDL cholesterol (mg/dL), HDL cholesterol
(mg/dL), triglycerides (mg/dL), and fasting glucose (mg/dL).
Engagement interactions were collected from the app portal.
Inbound interactions refer to interactions or messages received
from the participants related to dietary advice or modifications,
medication dosage and side effects, coaching-related queries,
and inquiries directed at any of the health care team. The
outbound interactions refer to the interactions or messages
initiated by the health care team to the participants, which
consists of (1) biweekly reminders of food logging, weight
recording, data integration, and monthly workout schedules
(dietitians, coaches, and sport scientists); (2) biweekly
physicians follow-up on the side effect of the medications; and
(3) CGM data feedback provided by the diabetes educator.

Participant Inclusion Criteria
Eligible participants were adults (aged 18 years and older)
diagnosed with MetS and obesity, who met the IDF criteria for
MetS, which includes central obesity (WC specific to population
and gender) plus at least 2 of the following: raised triglycerides,
reduced HDL cholesterol, raised BP, or raised fasting plasma
glucose. Participants had been prescribed GLP-1 or GIP/GLP-1
therapies as part of their treatment regimen. Individuals with
incomplete records or those who did not engage with the digital
platform were excluded from the analysis.

Ethical Considerations
Ethical approval was obtained from the Dubai Health Authority
(DHA; DSREC-02/2025_09), and patient data were anonymized
to maintain confidentiality. To protect participant privacy, all
data collected were anonymized, and measures were taken to
safeguard sensitive information, including data encryption and

restricted access. It is important to note that no compensation
was provided to participants for their involvement in this study.

Statistical Analysis
Data analysis performed using SPSS software version 29.0
(IBM Corp). Continuous data (such as age, weight, and
laboratory parameters) were presented as means and SDs, and
categorical variables (such as gender, medication type, Total
n° of IDF criteria met, and ethnicity) were expressed as counts
and percentage. The paired t test was used to compare variables
at baseline and at 6 months and ANOVA test was used to see
the baseline characteristics between female and male. One-way
ANOVA test was conducted to test differences in baseline
characteristics across medication types. ANOVA was also used
to assess differences between app-based interaction groups and
their impact on improvements in MetS markers. P<.05 was
considered significant. Furthermore, post hoc Bonferroni test
was conducted to measure the difference between app-based
engagement groups.

Results

Basic Demographics and Baseline Characteristics
Stratified by Sex (N=51)
The study population is almost evenly divided between
individuals of Middle Eastern (23/51, 45%) and European
(28/51, 55%) ethnicities (Table 1 and Table 2). Majority of
participants are treated with tirzepatide (31/51, 61%) as opposed
to semaglutide (20/51, 39%). In terms of the number of MetS
parameters met, all patients met the IDF criteria with most
participants (34/51, 67%) meeting 3 criteria, 27% (14/51)
meeting 4, and a small group of 6% (3/51) meeting all 5 criteria.
Differences between the tirzepatide and semaglutide groups are
evident in several baseline characteristics. There is a significant
difference in age, with the tirzepatide group being older (P=.02).
Notable disparities also exist in weight and WC, with the
tirzepatide group being significantly heavier (P=.01) and having
a larger WC (P=.002). The tirzepatide group also has a higher
BMI (P=.02). BP measurements between the groups are similar,
without significant differences in either systolic or diastolic BP.
Cholesterol profiles are comparable, with no significant
differences in total cholesterol, LDL cholesterol, or HDL
cholesterol levels. In addition, there are no significant
differences in triglycerides or fasting glucose levels between
the 2 groups.
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Table . Basic demographics and baseline characteristics in all participants classified as having the metabolic syndrome according to the IDFa criteria.

Values (N=51), n (%)Characteristic

Ethnicity

23 (45)Middle Eastern

28 (55)European

Sex

28 (55)Female

23 (45)Male

Total number of IDF criteria met

34 (67)3

14 (27)4

3 (6)5

aIDF: International Diabetes Federation.

Table . Clinical and metabolic characteristics of participants on tirzepatide and semaglutide.

P valueSemaglutide (n=20), mean (SD)Tirzepatide (n=31), mean (SD)Characteristics

.02a40.05 (9.61)47.03 (10.49)Age (years)

.01a88.61 (14.23)105.90 (26.60)Weight (kg)

.02a31.49 (3.04)35.43 (6.90)BMI (kg/m2)

.33123.55 (13.00)127.52 (14.66)Systolic BPb (mm Hg)

.3676.80 (7.82)79.03 (8.90)Diastolic BP (mm Hg)

.62204.52 (40.03)198.11 (46.69)Total cholesterol (mg/dL)

.40149.25 (45.42)138.39 (43.91)LDLc cholesterol (mg/dL)

.002a100.33 (9.72)114.26 (17.64)Waist circumference (cm)

.2850.93 (11.40)47.51 (10.61)HDLd cholesterol (mg/dL)

.50171.41 (83.93)156.41 (70.21)Triglycerides (mg/dL)

.38101.72 (22.43)106.02 (10.16)Fasting glucose (mg/dL)

aP values <.05 were considered significant from 1-way ANOVA test.
bBP: blood pressure.
cLDL: low-density lipoprotein.
dHDL: high-density lipoprotein.

Improvements of Diagnostic Criteria of MetS After 6
Months of Zone.Health Program
Table 3 illustrates significant improvements in the criteria used
to diagnose MetS after a 6-month program, comparing the
effects of tirzepatide and semaglutide (N=51). Tirzepatide
showed greater reductions in WC (–18.08 cm) compared with
semaglutide (−13.04 cm), both statistically significant (P<.001).

Triglyceride levels decreased significantly with tirzepatide
(−64.42 mg/dL) and even more with semaglutide (−70.70
mg/dL; P<.001). HDL cholesterol increases were modest and
not statistically significant for both drugs. Significant reductions
were observed in fasting glucose, systolic and diastolic BP, and
LDL cholesterol, with tirzepatide generally showing more
pronounced improvements than semaglutide. Overall cholesterol
levels also decreased significantly in both treatment groups.
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Table . Improvements of diagnostic criteria of metabolic syndrome after 6 months of the program in both female and male (N=51).

Semaglutide (n=20)Tirzepatide (n=31)Variables

P valuet test (df)Mean (SD)P valuet test (df)Mean (SD)

<.001a−12.75 (19)−13.38 (4.69)<.001a−13.44 (30)−14.07 (5.83)Weight (kg)

<.001a−10.69 (19)−4.53 (1.89)<.001a−10.69 (29)−4.96 (2.54)BMI (kg/m2)

<.001a−8.02 (19)−13.04 (7.27)<.001a−12.13 (30)−18.08 (8.30)Waist circumfer-
ence (cm)

<.001a−4.58 (19)−70.70 (69.10)<.001a−6.44 (29)−64.42 (53.10)Triglycerides
(mg/dL)

.321.01 (19)1.97 (8.67).101.68 (30)2.50 (8.47)HDLb cholesterol
(mg/dL)

.07−1.89 (18)−10.25 (23.64)<.001a−7.07 (27)−15.32 (11.46)Fasting glucose
(mg/dL)

<.001a−6.12 (19)−14.75 (10.76)<.001a−5.90 (30)−14.74 (13.92)Systolic BPc (mm
Hg)

.004−3.22 (19)−6.00 (8.32)<.001a−4.37 (30)−7.23 (9.20)Diastolic BP (mm
Hg)

.08−1.86 (18)−15.15 (23.64)<.001a−4.04 (28)−24.46 (32.58)LDLd cholesterol
(mg/dL)

.05a−2.13 (17)−20.09 (39.98).001a−3.51 (29)−28.87 (45.02)Cholesterol
(mg/dL)

aP values <.05 were considered significant from paired sample t test.
bHDL: high density lipoprotein.
cBP: blood pressure.
dLDL: low-density lipoprotein.

Treatment of Remaining MetS Markers in Patients
With Increased WC (n=26)
In participants who did not reverse MetS due to persistently
increased WC, improvements were observed with the remaining
MetS markers. For instance, 85% (22/26) of participants
successfully treated their elevated triglyceride levels to within
normal ranges. HDL saw a significant improvement with 73%
(19/26) of participants elevating their levels to the desired range.
In addition, BP was stabilized in 89% (23/26) of these
participants, and blood sugar levels were brought back to healthy
levels in 96% (25/26) of those who did not treat MetS due to
persistent increased WC.

Change in MetS Risk Factors by App-Based
Interaction Groups
Table 4 and Table 5 presents the difference between patient
engagement and improvements in MetS markers over a 6-month
period among all participants. Engagement is quantified as both
inbound and outbound interactions; inbound interactions
(received from participants) average at 28.86 (SD 21.32),
outbound (sent to participants from the health care team) at
58.57 (SD 25.26), and the total number of interactions at 84.00

(SD 45.76). Significant improvements were observed in several
markers. WC, triglycerides, diastolic BP, and fasting glucose
showed significant changes, with P values of .003, .01, .003,
and .03, respectively. Changes in HDL and systolic BP were
profound but not statistically significant. The post hoc analysis
showed significant differences among interaction groups,
indicating that higher app-based interactions are associated with
better outcomes (Table 6). A significantly increased reduction
in WC was found in individuals with ≥25 interactions (mean
−19.04, SD 7.40) compared with individuals with ≤15
interactions (mean −9.60, SD 5.10 cm, P=.002). In addition,
individuals with ≥25 interactions showed a significant reduction
in triglycerides (mean −108.56, SD 77.06 mg/dL) compared
with those with ≤15 interactions (mean −44.49, SD 50.85 mg/dL,
P=.02) and a significant reduction when compared with those
with 16‐24 interactions (mean −55.77, SD 44.52 mg/dL,
P=.03). Diastolic BP also significantly decreased in individuals
with ≥25 interactions (mean −10.33, SD 7.40 mm Hg) compared
with those with ≤15 interactions (mean −0.83, SD 7.83 mm Hg,
P=.004). Fasting glucose levels were significantly lower in
individuals with ≥25 interactions (mean −18.60, SD 10.82
mg/dL) compared with those with ≤15 interactions (mean −2.49,
SD 27.54 mg/dL, P=.02).
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Table . Distribution of engagement interactions by category.

Mean (SD)Engagement interactions and category

28.86 (21.32)Inbound

58.57 (25.26)Outbound

84.00 (45.76)Total

Table . Change in metabolic syndrome risk factors by app-based interaction groups (N=51).

Inbound app-based interactionsImprovements in MetSa

markers

P value≥25 (n=27)16-24 (n=12)≤15 (n=12)

.003c−19.04 (7.40)−16.01 (9.20)−9.60 (5.10)WCb (cm)

.01c−108.56 (77.06)−55.77 (44.52)−44.49 (50.85)Triglycerides (mg/dL)

.85+3.15 (5.63)+2.93 (7.33)+1.69 (10.03)HDLd (mg/dL)

.76−15.89 (13.78)−14.33 (12.79)−12.58 (10.39)Systolic BPe (mm Hg)

.003c−10.33 (7.40)−4.58 (9.29)−0.83 (7.83)Diastolic BP (mm Hg)

.03c−18.60 (10.82)−13.41 (8.88)−2.49 (27.54)FGf (mg/dL)

aMetS: metabolic syndrome.
bWC: waist circumference.
cP values <.05 were considered significant from 1-way ANOVA test.
dHDL: high-density lipoprotein.
eBP: blood pressure.
fFG: fasting glucose.
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Table . Post hoc analysis of metabolic syndrome markers by interaction group (N=51).

P valueMean difference (I–J)Interaction group (J)Metabolic syndrome markers and interaction group (I)

WCa (cm)

.126.4116‐24≤15

.002b9.44b≥25≤15

.12−6.42≤1516‐24

.733.03≥2516‐24

.002b−9.44b≤15≥25

.73−3.0316‐24≥25

Triglycerides (mg/dL)

≥.9911.2816‐24≤15

.02b64.07b≥25≤15

≥.99−11.28≤1516‐24

.03b52.79b≥2516‐24

.02b64.07b≤15≥25

.03b−52.79b16‐24≥25

Diastolic BPc (mm Hg)

.763.7516‐24≤15

.004b9.50b≥25≤15

.76−3.75≤1516‐24

.135.75≥2516‐24

.004b−9.50b≤15≥25

.13−5.7516‐24≥25

FGd (mg/dL)

.3510.9216‐24≤15

.02b16.10b≥25≤15

.35−10.92≤1516‐24

≥.995.19≥2516‐24

≥.99−5.19≤15≥25

.02b−16.10b16‐24≥25

aWC: waist circumference.
bMean difference is considered significant at .05 from Bonferroni post hoc test.
cBP: blood pressure.
dFG: fasting glucose.

Discussion

Principal Findings
This study examines the effect of GLP-1 and dual GIP/GLP-1
agonists when combined and integrated with a tech-enhanced,
continuous feedback cycle on lifestyle modifications in treating
MetS. MetS is intricately linked to central obesity and excessive
weight, with studies illustrating that increased adiposity,
particularly in the abdominal region, is a major risk factor for
developing MetS [16]. Central obesity is associated with

increased insulin resistance, which plays a pivotal role in the
pathogenesis of MetS [16].

Studies have shown that even a modest amount of weight loss
is associated with improvement in MetS parameters and related
cardiovascular disease risk components. Losing weight is
associated with a decrease in insulin resistance and insulin level,
decreasing the risk of type 2 diabetes or improving previously
diagnosed diabetes [17]. Losing weight also causes a positive
impact on dyslipidemia by an increase in the HDL level and a
drop in the LDL level [18,19]. GLP-1 and GIP agonist use has
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been shown to reduce MetS severity, abdominal obesity, and
inflammation [20].

Over a 6-month period, the comparative analysis of tirzepatide
and semaglutide in the Zone.Health program showed significant
improvements in MetS markers. Tirzepatide led to greater
reductions in WC and LDL cholesterol, with slightly better
results in fasting glucose and BP than semaglutide. While both
treatments modestly increased HDL cholesterol without
significance, semaglutide had a slightly better effect on lowering
triglycerides. This suggests the treatment choice may vary based
on individual patient needs and goals.

Despite significant improvements in WC observed in the study,
it is noted that the rate of change might be perceived as low
relative to other MetS markers. This could be attributed to
several factors. First, central obesity, characterized by high WC,
is often more stubborn and resistant to reduction through
conventional weight loss measures alone [21]. This resistance
could be partly due to the physiological characteristics of
adipose tissue in the abdominal area, which is more
metabolically active and sensitive to hormonal influences [21].
This may be attributed to the physiological characteristics of
abdominal adipose tissue, which is highly metabolically active
and hormonally sensitive, making it particularly challenging to
reduce through pharmacotherapy and lifestyle changes alone.
In addition, the IDF criteria consider an increased WC as a
mandatory component for the diagnosis of MetS, which could
preserve the perceived low reversal rate in study participants
despite other significant improvements. The other MetS markers
such as triglycerides, fasting glucose, and BP showed more
substantial improvements even with persistent increased WC.
These markers often respond more dynamically to metabolic
improvements induced by GLP-1 agonists and lifestyle
interventions. GLP-1 agonists improve insulin sensitivity and
secretion, which directly impacts glucose control and lipid
metabolism [18,19]. This improvement in insulin dynamics
could explain the significant decrease in triglycerides and fasting
glucose [22]. Similarly, the improvements in BP may be due to
the weight loss itself as well as the improvement in arterial
stiffness and endothelial function resulting from better metabolic
control [23]. Furthermore, the baseline WC of our participants
was significantly higher than the general thresholds for MetS,
suggesting that longer-term or more intensive treatment
strategies might be necessary to achieve meaningful reductions
in WC. Challenges in reducing WC in this study align with
findings from the Look AHEAD trial, where intensive lifestyle
interventions resulted in significant weight loss but less
pronounced reductions in WC [24]. This discrepancy highlights
the complexity of central obesity as a metabolic entity and
underscores the need for targeted strategies that specifically
address this component of MetS.

Integrating Digital Solutions in Weight Loss
Management and MetS Markers
The integration of hybrid care models in chronic disease
management, such as diabetes mellitus, has shown promising
results in reducing key metrics like HbA1c levels [11,13,14].
Our study also explores the perspective of people with MetS
receiving treatment with medication such as semaglutide or

tirzepatide along with feedback relating to their health in a real
world environment. The long-term treatment of obesity,
diabetes, and other chronic diseases requires that health care
professionals shift away from episodic care and keep patients
continuously engaged. The integration of digital tools as part
of a standard care pathway allows health care practices to
monitor and communicate with patients by observing personal
data received from patients, whether it be activity, sleep habits,
or information on dietary choices. Together, they are collectively
able to take action regarding medication titration or a more
consolidated plan during treatment [25]. The association
between patient engagement and improvements in MetS
markers, as presented in Table 3 of our study, further
underscores the potential of digital health solutions in chronic
disease management, particularly when combined with
pharmacotherapy. Our findings indicate that higher engagement
in inbound interactions is linked to better outcomes in key MetS
parameters such as WC, triglycerides, and diastolic BP, and are
supported by previous studies around engagement and outcomes
in diabetes [13]. The significant reduction in these MetS markers
with increased digital interaction suggests that patient
engagement may be as critical as medication adherence in the
management of MetS. This aligns with the broader trend in
health care that emphasizes patient-centered models where
ongoing patient engagement and personalized interaction play
pivotal roles. The integration of digital tools facilitates this by
providing continuous monitoring and real time feedback, which
are essential for sustaining behavior changes over time.
Furthermore, the Peterson Report emphasizes that purely digital
solutions often fall short in achieving long-term patient
engagement and effective disease management, citing a lack of
personalization and direct human interaction as key
shortcomings [26]. This finding supports the adoption of a
hybrid care model, which combines the scalability of digital
tools with the tailored support and expertise of the treating health
care professionals.

To our knowledge, this study is the first to examine the
effectiveness of GLP-1 medications alongside lifestyle
interventions under a hybrid model of care in improving MetS
markers. However, this study has a few limitations. First, the
sample size, although adequate for detecting significant changes,
is not large enough to ensure the generalizability of the findings
across diverse populations or to detect more subtle effects.
Second, the absence of a control group makes it difficult to
definitively attribute the improvements in MetS markers to the
interventions, as comparisons with a nonintervention baseline
are lacking. In addition, Zone.Health is a paid program, and
monetary investments into the program may have influenced
participant outcomes, as those who have paid for the program
might be more likely to participate actively and follow
instructions. What can be concluded is that GLP outcomes on
certain MetS parameters can be enhanced when delivered in a
hybrid care model, as demonstrated in previous studies, thereby
leading to better outcomes, an important factor considering the
cost of GLP treatments.

Conclusions
In conclusion, this study highlights the effective role of
combining GLP-1 and GIP/GLP-1 agonists with a continuous,
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digitally delivered behavioral change model by an integrated
care team in managing MetS, particularly in reducing WC,
improving lipid profiles, and enhancing glycemic control across
different genders. Despite notable improvements in most MetS
markers, the persistence of increased WC suggests a need for
strategies specifically targeted at abdominal obesity. Future

research should focus on optimizing interventions that
specifically address this resistant aspect of MetS, potentially
incorporating new digital biomarker monitoring to enhance
engagement even further due to the relationship between
engagement and outcomes, as shown in this study.
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Abstract

Background: Mobile health (mHealth) apps are increasingly used for health promotion, particularly for managing
noncommunicable diseases (NCDs) through behavior modification. Understanding the factors associated with successful weight
loss in such interventions can improve program effectiveness.

Objective: This study examined factors influencing weight change and the relationship between weight recording frequency
and chat volume with health care professionals on weight loss in individuals with obesity and NCDs.

Methods: The participants had obesity (BMI ≥25 kg/m²) and were diagnosed with NCDs (eg, hypertension, diabetes, dyslipidemia).
The program included 12 telephone consultations with health care professionals. Only participants who completed the full 6-month
program, including all 12 telephone consultations, and provided an end-of-study weight were included in the analysis. The primary
outcome was the rate of weight change, defined as the percentage change in weight from the initial period (first 14 days) to the
final period (2 weeks before the last consultation), relative to the initial weight. The key independent variables were proportion
of days with weight recording and chat communication volume (total messages exchanged). An interaction term between these
variables was included to assess moderation effects in the regression analysis. The volume of communication was measured as
the total number of messages exchanged, with each message, regardless of who sent it, being counted as 1 interaction. Health
care staffs were instructed to send a single scheduled chat message per week following each biweekly phone consultation. These
scheduled messages primarily included personalized feedback, reminders, and motivational support. In addition, providers
responded to participant-initiated messages at any time during the program. Furthermore, 1 professional responded to each
participant. Hierarchical multiple regression and simple slope analyses were conducted to identify relationships and interactions
among these variables.

Results: The final analysis of this study included 2423 participants. Significant negative associations were found between the
rate of weight change and baseline BMI (β=−.10; P<.001), proportion of days with weight recording (β=−.017; P<.001), and
communication volume (β=−.193; P<.001). The interaction between proportion of days with weight recording and chat frequency
also showed a significantly negative effect on weight change (β=−.01; P<.001). Simple slope analysis showed that when the
proportion of days with weight recording was +1 SD above the mean, frequent chats were associated with greater weight reduction
(slope=−0.60; P<.001), whereas no significant effect was observed at −1 SD (slope=−0.01; P=.94)

Conclusions: The findings suggest that both the proportion of days with weight recording and communication volume
independently and interactively influence weight change in individuals with obesity and NCDs.

(Interact J Med Res 2025;14:e65863)   doi:10.2196/65863

KEYWORDS

weight change; behavior modification; health care communication; weight recording; chat communication; text communication;
health care professionals; weight loss; mHealth; mobile health; app; digital health; smartphone; mobile health intervention;
noncommunicable disease; NCD; weight loss outcome; obesity; overweight; retrospective study; observational study;
cerebrovascular disease; cardiovascular disease; lifestyle modification; mobile phone
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Introduction

Obesity is a major public health challenge and a well-established
risk factor for noncommunicable diseases (NCDs), such as
hypertension, diabetes, and dyslipidemia. Effective weight
management is crucial not only for obesity prevention but also
for reducing the risk of NCD-related complications. Obesity is
recognized as one of the contributing factors to the onset of
NCDs, such as ischemic heart disease, cerebrovascular disease,
hypertension, and diabetes mellitus. It was found that 43% of
individuals aged 18 years and older were overweight and 16%
were living with obesity in 2022 over the world [1,2]. Several
guidelines for primary and secondary prevention of NCDs
recommend weight loss for managing risk factors derived from
insulin resistance [3-6]. Interventions causing any weight loss
significantly reduce systolic and diastolic blood pressure,
low-density lipoprotein cholesterol, triglycerides, fasting plasma
glucose, and HbA1c in a period of over 6‐12 months, and
lasting benefits persist for at least 2 years [7]. Furthermore,
other studies have shown that patients with diabetes who
achieved ≥10% weight loss in the first year after diagnosis had
a significantly higher likelihood of remission [8]. Thus, effective
strategies for weight reduction are important for managing and
preventing NCDs.

The use of mobile health (mHealth) apps is an emerging
approach, which has been proven to promote weight loss through
lifestyle modifications [9]. One of the key functions of mobile
apps is daily lifestyle records and health status monitoring,
which empower individuals to actively manage their health and
enhance efficiency for health care providers [10]. These apps
offer tools for self-monitoring, allowing users to record their
weight, dietary intake, and physical activity. Study has
confirmed the effectiveness of self-monitoring in promoting
weight loss [11], with frequent weight recording being
particularly associated with greater weight loss [12,13].

Recently, interactive approaches that include communication
with health care professionals are considered highly effective
in mHealth intervention [14,15]. These involve phone
consultations, chat messaging, and personalized feedback,
supporting swifter information exchange between the user and
health care professionals. Studies have also shown that
personalized advice and social support from health care
professionals enhance adherence to weight loss programs and
improve outcomes [14,15]. The success of these mHealth
interventions is due to user engagement, specifically, the
frequency of users recording their data in the app. High
engagement rates are crucial for effective self-monitoring and
allow health care professionals to provide relevant feedback.

Various opinions exist on what constitutes the most effective
form of interactive support within these programs. Although
some argue for the quality of interactions, such as the content
and personalization of messages, others have focused on the
importance of the quantity of interactions. Our review of the
literature suggests that the volume of communication between
users and health care professionals could be a critical factor in
the effectiveness of weight loss interventions [16-20]. However,
only limited evidence can confirm the interactive effect of

adherence to self-monitoring and the quantity of app-based
communication volume on achieving weight reduction.

Therefore, this study aims to investigate the relation of weight
recording frequency and app-based communication volume
with weight reduction and determine their interactive effects
on the participants of the app-based lifestyle modification.

Methods

Study Design and Setting
This retrospective observational study used data from
PREVENT Inc., a company providing medical data analysis
and mobile app-based lifestyle modification support programs
for individuals with NCDs. PREVENT Inc. predicts the risk of
the onset of cerebrovascular and cardiovascular diseases using
health insurance claims and health checkup data. Furthermore,
employees or their dependents who are at high risk of onset
could be provided with an individualized support program by
health care professionals.

Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki, and was approved by the Research Ethics
Committee of Nagoya University (approval 2022‐0453).
Participants agreed to a privacy policy at the start of the
program, which stated that the data gathered in the app may be
used for future study. All participants provided informed consent
before participating in the study. No financial compensation
was provided to participants, who were free to withdraw at any
time. All data presented were anonymized, and there are no
images in the paper or the Multimedia Appendix that could
identify individual participants.

Study Population and Procedure
PREVENT, Inc provides a mobile app-based lifestyle
modification support program called Mystar to individuals at a
high risk of cerebrovascular and cardiovascular diseases with
NCDs, commissioned by the health insurance association. The
selection of the target population was performed objectively
using health insurance claims and health checkup data provided
by the health insurance association. The principal approach to
participation in these targeted population programs was for the
health insurance association or PREVENT, Inc to send an
invitation to participate in the program, or for the health
insurance association to contact the individual. This study
analyzed data from individuals who participated in the program
from December 2018 to November 2023.

Participants eligible for this study were required to meet specific
inclusion criteria. These criteria included a diagnosis of
hypertension, diabetes, or dyslipidemia, with participants either
receiving medication or having a history of coronary artery
disease or stroke. Furthermore, participants needed to be
classified as having obesity, defined by a BMI of 25 kg/m² or
higher. Only individuals who agreed to participate in the
6-month program and provided informed consent for the use of
their data in study were included. Exclusion criteria were applied
to ensure the integrity of the study. Participants who failed to
complete the full 6-month program (dropouts) or whose BMI
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was below 25 kg/m² at the time of enrollment were excluded.
In addition, individuals with medical conditions that could
interfere with participation, such as severe cardiac diseases (eg,
arrhythmia or cardiomyopathy), end-stage kidney disease, or
mental disorders, were not eligible. The study also excluded
participants who were taking medications that might affect
weight management interventions, such as cardiotonic agents,
immunosuppressive drugs, or antipsychotics. Finally,
participants deemed unsuitable for inclusion by the health
insurance association were excluded based on predefined
criteria.

Disease Management Program
The disease management program was implemented with the
approval of the participants’ attending physicians. The
program’s objective was to improve the management of certain
conditions, such as hypertension, diabetes, and dyslipidemia,
through lifestyle improvements, to prevent the onset of
conditions, such as stroke and myocardial infarction. Participants
were provided with a mobile app account, which allowed them
to record their lifestyle habits and exchange chat messages with
health care professionals assigned to them. The program lasted
6 months, during which the participants had 12 telephone
consultations with health care professionals. Nurses, registered
dietitians, physical therapists, and other health care professionals
provided individual advice through phone calls and chats based
on the participants’ lifestyle and disease management conditions.
During telephone consultations, the participants set behavioral
goals for the next 2 weeks and worked on improving lifestyle
habits, such as exercise and diet by recording self-monitoring
of health behaviors. Using the chat feature, not only could the
participants ask health care professionals questions anytime but
health care professionals could also provide individual advice.
Further details of the program are described in a previous study
[21].

Measurement of the Study Outcome: Weight Change
This study’s primary outcome was that the rate of weight loss
because the rate of weight change has been shown to be
important for health improvement in individuals with obesity
in Japan [22]. The rate of weight loss was calculated as the
percentage change in weight over the program duration.
Specifically, it was determined by dividing the difference
between the initial average weight (recorded during the first 14
days of the program) and the final average weight (recorded
during the 2 weeks before the last consultation) by the initial
average weight, and then multiplying by 100 to express it as a
percentage. This approach ensures that weight change is
represented as a proportion of the initial weight, rather than just
an absolute difference.

Proportion of Days With Weight Recording
Weight recording was measured as the proportion of days during
the program on which participants recorded their weight at least
once. If a participant recorded their weight more than once on
a single day, only the first entry was used to calculate daily
adherence. Units are reported as the percentage of days with
weight recording relative to the total number of days in the
program.

Communication Volume
Communication volume was assessed by counting the total
number of chat messages exchanged between participants and
health care staff throughout the program. Each chat message,
whether initiated by the participants or health care staff, was
considered as 1 interaction. In addition, 1 professional responded
to each participant. The participants received advice from their
assigned health care staff a week after each of the biweekly
phone consultations, which was implemented over 6 months,
totaling 12 sessions. Chat interactions included responses to
participant inquiries, personalized feedback, and reminders for
weight tracking when participants failed to log their weight.
Health care professionals involved in these interactions included
nurses, registered dietitians, and physical therapists, and
messages were tailored based on participants’ conditions and
progress. Apart from these scheduled messages, the participants
and health care professionals could freely engage in chat
exchanges at any time during the program. In these chat
communications, the health care staff provided feedback,
lifestyle modification guidance, and information that encouraged
continued healthy behaviors based on the participants’
self-monitoring of health behaviors data. The participants could
report the details of their daily activities and ask the health care
staff about any questions or concerns. Each chat message,
whether initiated by the participants or health care staff, was
considered as 1 interaction.

Other Variables
We collected comprehensive demographic data (eg, age, gender,
height, weight, and BMI), medical information, self-monitoring
of health behaviors data, and app usage statistics from the
participants. In addition, medical history information was
obtained from health insurance claims data before the program
began. Demographic and medication data were collected at
program enrollment, while self-monitoring and app usage data
were recorded throughout the program.

Independent Variables
The key independent variables in this study were the proportion
of days with weight recording and chat communication volume.
In addition, age, gender, and BMI were included as independent
variables to control for demographic and physiological factors.
An interaction term between the proportion of days with weight
recording and chat communication volume was introduced in
Model 2 to examine their combined effect on weight change.

Statistical Analysis
To handle missing data, a listwise deletion method was used,
ensuring that only complete cases were analyzed. Descriptive
statistics were used to summarize the basic demographic and
clinical characteristics of the study population, including age,
gender, BMI, proportion of days with weight recording, and
volume of communication with health care professionals. To
assess potential selection bias, we compared baseline
characteristics between participants who completed the program
and those who were excluded due to missing data. Independent

t tests were used for continuous variables, and χ2 tests were
applied for categorical variables. A hierarchical multiple
regression analysis was performed to investigate the relation
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between the dependent variable—the rate of weight
change—and various independent variables. Model 1 included
age, gender, BMI, proportion of days with weight recording,
and communication volume as the independent variables. Model
2 expanded upon Model 1 by introducing an interaction term
between proportion of days with weight recording and chat
count to examine their combined effect on weight change. The
fit of Models 1 and 2 was compared to assess the contribution
of the interaction term in explaining the variability in weight
change. Upon identifying a significant interaction effect, a
simple slope analysis was performed to further investigate the
nature of this interaction. The proportion of days with weight
recording was categorized into 3 groups based on SD, which
included values more than one SD above the mean (+1 SD
group), the mean itself (mean group), and one SD below the
mean (−1 SD group). All statistical analyses were performed
using R (version 4.1.0; R Foundation for Statistical Computing).

Results

Baseline Characteristics of the Study Participants
A total of 3999 participants were assessed for eligibility, and
90 dropped out during the program. Thus, 3909 participants
(97.7%) completed the 6-month programme. Of these, 1486
were excluded from the analysis due to missing data, including
those who did not provide data at the end of the study.
Consequently, the final analysis was restricted to 2423
participants who met the criteria for the complete-data analysis.
Table 1 shows the characteristics of the 2423 participants
included in this study. Baseline characteristics were compared
between completers (n=2423) and excluded participants
(n=1486). Participants with complete data were older, more
likely to be male, and had a higher prevalence of hypertension,
while excluded participants had a higher prevalence of diabetes
mellitus (P<.01 for all). Participants with complete data also
had lower BMI, lower HbA1c, and greater app engagement
(higher chat volume and proportion of days with weight
recording; P<.01). Detailed results were provided in Multimedia
Appendix 1.

Table . Participants’ characteristics. Values are shown as mean (SD) for ordinal variables and counts (%) for categorical variables.

Results (n=2423)Participants’ characteristics

54.9 (6.8)Age (years), mean (SD)

Gender, n (%)

2144 (88.5)    Men

279 (11.5)    Women

NCDsa

1842 (76)    Hypertension, n (%)

1199 (49.5)    Diabetes mellitus, n (%)

1510 (62.3)    Dyslipidemia, n (%)

79 (3.3)    Previous stroke, n (%)

151 (6.2)    Previous ischemic heart disease, n (%)

Condition at the start of the program, mean (SD)

83.4 (12.7)    Body weight (kg)

29.2 (3.7)    BMI (kg/m2)

130.9 (12.2)    Systolic blood pressure (mmHg)

84.5 (9.4)    Diastolic blood pressure (mmHg)

6.5 (1.1)    HbA1c (%)

51.5 (11.9)    HDLb cholesterol (mg/dL)

121.8 (30.3)    LDLc cholesterol (mg/dL)

App-related factor, mean (SD)

1.9 (1.8)    Chat volume (chats per week)

78.6 (26.7)    Proportion of days with weight recording (%)

aNCD: noncommunicable disease.
bHDL: high-density lipoprotein.
cLDL: low-density lipoprotein.
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Factors Associated With the Rate of Weight Change
Hierarchical multiple regression analyses were conducted to
determine the factors associated with the rate of weight change
among the participants. In Model 1, the independent variables
included age, gender, baseline BMI, proportion of days with
weight recording, and communication volume. The analysis
identified significant negative coefficients for baseline BMI
(β=−.097; P<.001), proportion of days with weight
recording(β=−.017; P<.001), and communication volume

(β=−.193; P<.001). Model 2 extended Model 1 by incorporating
an interaction term between proportion of days with weight
recording and chat frequency, which assesses their combined
effect on weight change. The results of Model 2 showed a
significant negative interaction effect (β=−.006; P<.001),
suggesting that higher proportion of days with weight recording
combined with frequent chats substantially enhance weight loss.
Furthermore, Models 1 and 2 have shown that the addition of
the interaction term significantly enhanced model performance
(ΔF=13.97; P<.001). Table 2 has more details.

Table . Results of hierarchical linear regression analysis for weight change.

Model 2b (Adjusted R2=0.06)Model 1a (Adjusted R2=0.06)

P valueβP valueβ

.06.02.07.016Age

.03.39.02.398Gender (reference: Men)

<.001−.10<.001−.097BMI

<.001−.02<.001−.017Proportion of days with
weight recording

<.001−.15<.001−.193Volume of chat communica-
tion

<.001−.01——cProportion of days with
weight recording × volume
of chat communication (in-
teraction)

aModel 1 includes age, gender, BMI, proportion of days with weight recording, and volume of chat communication as independent variables.
bModel 2 extends model 1 by adding an interaction term between proportion of days with weight recording and volume of chat communication.
cNot applicable.

Simple Slopes Analysis
When the proportion of days with weight recording is −1 SD
below the mean, the slope of weekly chat times on weight
change rate is −0.01; this result is not statistically significant
(P=.94). When the proportion of days with weight recording is

at the mean (0 SD), the slope of weekly chat times on weight
change rate is −0.32; this result is significant (P<.001). When
the proportion of days with weight recording is +1 SD above
the mean, the slope of weekly chat times on weight change rate
is −0.6; this result is significant (P<.001) (see Figure 1).
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Figure 1. The figure illustrates the interaction between proportion of days with weight recording (wt_inp_rate_z) and communication volume
(chat_times_w_z) on weight change rate (wt_change14_rate).

Discussion

Principal Findings
This study aims to determine the factors associated with weight
change rates in mHealth and assess the interaction of proportion
of days with weight recording and communication volume on
weight change rates. As a result, the regression analysis
indicated that chat communication volume had a stronger
association with weight change rates compared with the
proportion of days with weight recording. Furthermore, the
higher chat communication volume was associated with greater
weight reduction in the case of high proportion of days with
weight recording, whereas it was not significant when the
proportion of days with weight recording were low.

The primary findings of this study were that the volume of chat
communication and proportion of days with weight recording
were associated with the weight change rate and that a
significant interactive effect on weight loss was observed during
the lifestyle modification program. Chat messages included
both generic reminders, such as prompts to log weight, and
personalized feedback based on participant progress and health
data, as reflected by the high proportion of days with weight
recording and the regular chat-based communication (1.9

exchanges per week) throughout the program. These
interactions, combining standardized guidance and tailored
support, may have helped participants stay motivated and
accountable. In this study, the average proportion of days with
weight recording over 6 months was 78.6% (1902/2423),
indicating a higher user engagement. The lifestyle modification
program in this study required biweekly telephone consultations
based on the lifestyle data including weight and provided
personalized feedback. Furthermore, this interactive approach
likely contributed to encouraging the participants’ proportion
of days with weight recording. Previous studies have reported
on the relationship between each indicator, proportion of days
with weight recording, and communication volume, as well as
the achievement of weight loss [11,12,14,15]. Weight
measurement has been considered as one of the key indicators
reflecting the user’s engagement, which is related to weight loss
outcomes in a mobile app intervention [12]. A study suggested
that regular self-weighing patterns, particularly high and
consistent self-weighing, are associated with greater weight loss
and maintenance, as well as better adherence to energy intake
and step goals in a 12-month behavioral weight loss intervention
[13]. Another study of physical activity promotion determining
the effectiveness of behavior modification support through
gamified mobile apps has found that users with high engagement
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showed greater improvements in physical activity [23].
However, it is still unclear how the interaction between the
proportion of days with weight recording and the amount of
communication affects weight loss due to lifestyle modifications.
In this study, the interaction between the amount of
communication and the effect of weight loss was higher when
the proportion of days with weight recording was high, whereas
no significant relation was observed between the amount of
communication and the effect of weight loss when the proportion
of days with weight recording was low. These findings suggest
that frequent weight recording tends to increase the impact of
communication with health care professionals, making
personalized feedback more effective and contributing to greater
weight loss.

Mainly 2 potential reasons could explain the findings of this
study. First, a high proportion of days with weight recordings
likely result in a richer and more continuous stream of data,
allowing health care professionals to better understand the
participants’ condition and provide more tailored and precise
advice. Conversely, a low proportion of days with weight
recording tend to provide fragmented data, possibly resulting
in more general feedback that may not be as effective. A
systematic review by Berry et al [24] has reported that tailored
advice in digital self-monitoring of physical activities and diet
is an effective intervention for promoting weight loss in adults
with obesity or overweight. Another study has reported that
individualized text messages and treatment information
provision tend to facilitate user behavioral change and the
development of healthy behaviors [25]. The assumption from
this study is that if health care providers can obtain large
amounts of self-monitoring of health behaviors data from
participants, it will be possible to provide highly personalized
health plans and advice. This concept is in line with the studies
reporting that lifestyle modification was promoted more by
individualized feedback, reminders, and messages compared
with standardized communication [26,27]. If only limited
self-monitoring of health behaviors data were available, health
care professionals would be unable to provide personalized
advice, and the advice given would predominantly be general.
Furthermore, a second possible explanation is the theory that
frequent weight monitoring will foster the habit of
self-monitoring, which will motivate participants to be more
consistent in achieving their weight loss goals, thereby
maximizing the effectiveness of communication with their
instructors. A study by Conroy et al [28] investigated the relation
between physical activity self-monitoring and weight loss and
found that frequent self-monitoring led to increased physical
activity and weight loss. Another study has found that users
who stopped tracking their weight experienced weight gain and
a decline in both their physical activity and activity tracking
frequency [29]. These results suggest the association between
weight monitoring and the motivation to achieve lifestyle
modifications. Furthermore, patient–provider communication
has been reported to affect adherence through trust and
motivation [30]. This heightened motivation enhances the impact
of communication with health care professionals as participants
are more likely to heed the advice seriously and act upon it.

The findings emphasize the critical role of self-monitoring in
the context of mHealth interventions. As digital health
technologies become increasingly integrated into daily life,
understanding the mechanisms and effects of self-monitoring
on behavioral change is important. Self-monitoring is
acknowledged as a cornerstone of behavioral change including
lifestyle modification [31], involves individuals in self-care
management, and enhances self-feedback through learning the
link between daily lifestyle changes and health outcomes. The
effectiveness of weight and lifestyle monitoring for weight
reduction has been widely accepted even before the development
of mHealth [24]. This study on mHealth intervention has
confirmed the potential role of self-monitoring in the relation
between mobile app-based communication and lifestyle
modification, emphasizing the unique role of self-monitoring
in the mHealth era. Thus, lifestyle monitoring using mobile
apps may facilitate the positive cycle of behaviors and outcomes
caused by personalized communication, which is a determinant
of the effectiveness of lifestyle modifications in mHealth
[24,32]. However, the high proportion of days with weight
recording in this study may indicate the high readiness of the
users for the program or their intrinsic motivation for lifestyle
modification. Furthermore, the potential burden on the
participants to consistently record their weight in daily living
should also be considered to monitor long-term adherence.
Therefore, further study is needed to investigate the causal
relation between self-monitoring passively promoted by mHealth
intervention, improved health care communication with health
professionals, and subsequent behavioral change. In addition,
future study should explore how chat interactions influence
participant retention, particularly among those who do not
experience early weight loss. Understanding whether chat
engagement can help maintain motivation in these individuals
could provide further findings for optimising mHealth
interventions for long-term adherence.

Limitations
This study performed a retrospective analysis targeting
participants in health programs provided by health insurance
unions. Consequently, the participants were predominantly those
who voluntarily joined the programs, the majority being males.
This demographic imbalance may limit the generalizability of
the findings. Future study should investigate whether similar
trends are observed in more diverse populations, including
elderly individuals and females. In addition, our analysis was
conducted using a completers-only approach, meaning that
participants who dropped out before completing the program
were not included in the final analysis. Since previous study
has shown that individuals who drop out of weight loss
interventions tend to have poorer outcomes, our findings may
not fully reflect the weight loss trajectories of all participants
[33]. In fact, baseline characteristics differed significantly
between participants with complete data and those with missing
data. These differences suggest that participants with complete
data may have been more intrinsically motivated or in better
health, potentially influencing weight loss outcomes.
Furthermore, this study measured the communication volume
solely based on the number of chat messages sent and received,
without considering the length or content of the messages. While
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message frequency is a useful measure of engagement, we did
not differentiate between participant-generated and
provider-generated messages. Participant messages may indicate
engagement and self-motivation, while provider messages likely
focus on feedback and support. This lack of differentiation limits
the ability to fully interpret the specific roles and contributions
of each message type in the observed outcomes. Additional
factors such as the duration of interactions, the frequency of
health-related queries, and the number of proactive messages
sent can provide further context into how communication affects
weight loss outcomes. This limitation may affect the accuracy
of assessing the impact of communication on weight change
rate. Thus, future studies should develop and use more
comprehensive methods for evaluating communication,
including qualitative assessments of message content and
context. Furthermore, determining the effectiveness of different
communication strategies, such as personalized feedback and
motivational interviewing techniques, could provide insights
into optimizing engagement and outcomes. Another limitation
is that the proportion of days with weight recording in this study
was calculated as the proportion of days on which participants
recorded their weight over the entire 6-month period. While
this measure provides an overall indicator of engagement, it
does not capture temporal variations in engagement patterns,
such as whether participants maintained consistent recording

behavior throughout the intervention or showed high initial
engagement followed by decline. This distinction is important
because sustained engagement is often a critical factor for
achieving successful behavior modification in mHealth
interventions. Future study should explore longitudinal patterns
of weight recording behavior to provide a more nuanced
understanding of compliance and engagement trends in
mHealth-based weight management programs.

Conclusions
The results of this study have revealed an association between
weight change rate and the interaction of proportion of days
with weight recording and communication volume between
health care staff and participants in a lifestyle modification
program. When the proportion of days with weight recording
was high, the relation between communication volume and
weight change rate was strong. Conversely, when the proportion
of days with weight recording was low, the relation between
communication volume and weight change rate was weak. These
findings suggested that the acquisition of self-monitoring of
health behaviors and lifelog data was crucial for maximizing
the effectiveness of the health care professional’s support.
Furthermore, these insights would be beneficial in the
development and process management of lifestyle modification
programs using mHealth.
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Abstract

Background: Psychoeducation positively influences the psychological components of chronic low back pain (CLBP) in
conventional treatments. The digitalization of health care has led to the discussion of virtual reality (VR) interventions. However,
CLBP treatments in VR have some limitations due to full immersion. In comparison, augmented reality (AR) supplements the
real world with virtual elements involving one’s own body sensory perception and can combine conventional and VR approaches.

Objective: The aim of this study was to review the state of research on the treatment of CLBP through psychoeducation,
including immersive technologies, and to formulate suggestions for psychoeducation in AR for CLBP.

Methods: A scoping review following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines was performed in August 2024 by using Livivo ZB MED, PubMed, Web of Science, American Psychological Association
PsycINFO (PsycArticle), and PsyArXiv Preprints databases. A qualitative content analysis of the included studies was conducted
based on 4 deductively extracted categories.

Results: We included 12 studies published between 2019 and 2024 referring to conventional and VR-based psychoeducation
for CLBP treatment, but no study referred to AR. In these studies, educational programs were combined with physiotherapy,
encompassing content on pain biology, psychological education, coping strategies, and relaxation techniques. The key outcomes
were pain intensity, kinesiophobia, pain catastrophizing, degree of disability, quality of life, well-being, self-efficacy, depression,
attrition rate, and user experience. Passive, active, and gamified strategies were used to promote intrinsic motivation from a
psychological point of view. Regarding user experience from a software development perspective, user friendliness, operational
support, and application challenges were recommended.

Conclusions: For the development of a framework for an AR-based psychoeducational intervention for CLBP, the combination
of theories of acceptance and use of technologies with insights from health psychological behavior change theories appears to be
of great importance. An example of a theory-based design of a psychoeducation intervention in AR for CLBP is proposed and
discussed.

(Interact J Med Res 2025;14:e59611)   doi:10.2196/59611
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Introduction

Globally, 60%-80% of adults experience low back pain, with
10% developing chronic forms, of which 85% are classified as
chronic nonspecific low back pain without a clear etiology [1].
Owing to the limited efficacy and adverse effects of
pharmacological approaches, there is a need for
nonpharmacological alternatives [2] to improve treatment
outcomes [3] and develop effective behavioral interventions
[4]. Treatment guidelines recommend behavioral modification,
exercise, psychoeducation [5-7], and physiotherapy for trunk
muscle strengthening [8-11] to reduce pain and disability.

Educational interventions for chronic low back pain (CLBP)
provide knowledge about the condition, coping strategies, and
physical activity [3,12], with the objective of enhancing the
quality of life and symptom management by mitigating anxiety,
kinesiophobia, hyperactive pain behavior, and depression, which
are risk factors for pain chronification. Additionally,
psychoeducation fosters self-efficacy to break the cycle between
anxiety and pain [13,14].

Many traditional interventions to boost physical activity, which
is key for CLBP treatment, rely on intention theories for
modifying health behavior [15]. A prominent intention theory
is the Unified Theory of Acceptance and Use of Technology 2
(UTAUT 2) by Venkatesh et al [16], which examines the
acceptance and use of technologies. It has gained recognition
in fields such as education, e-commerce, and health research
with advancing health technology [17,18]. UTAUT 2 explains
the formation of intention for technology use through the
constructs of performance expectancy, effort expectancy, social
influence, facilitating conditions, hedonic motivation, price
value, and habit. These factors may also be useful for predicting
the intentions of patients with CLBP toward educational
technology adoption. Furthermore, insights from theories
focusing on health behavior change may prove fruitful to
consider when attempting to change health behavior through
the use of a new technology. For instance, Schwarzer’s Health
Action Process Approach model [19], commonly used in health
behavior interventions, highlights self-efficacy and outcome
expectation. The Health Action Process Approach distinguishes
between intention formation and implementation as well as
between nonintenders, intenders, and actors, each requiring
tailored interventions to promote self-efficacy, information, and
support in implementation [20]. Another example is Michie’s
Behavior Change Technique (BCT) taxonomy with 93 BCTs
outlining strategies for successful behavior change [21].

Immersive technologies can be characterized on the
Reality-Virtuality Continuum by Milgram and Kishino [22].
They demonstrate visual display technologies ranging from real
to virtual environments, including augmented reality (AR) and
virtual reality (VR) [23-25]. AR enables the concurrent presence
and interaction of digital and physical elements within
real-world environments in real time. VR, in contrast, enables
complete immersion in VR and represents the extreme of
Milgram’s continuum between reality and virtuality [26].

With regard to research in immersive technologies such as VR
in the treatment of CLBP, VR-based treatments turned out to

be promising in reducing acute, experimental, and chronic pain
and can complement conventional CLBP treatments [27].

VR has proven effective in treating acute pain [24] by
redirecting attention from unpleasant stimuli such as back pain
to more pleasant visual, auditory, and tactile stimuli [27]. VR
interventions were found to reduce pain intensity,
catastrophizing symptoms, and psychological symptoms in
patients with CLBP after one session through distraction,
indicating the direct influence of VR on pain perception [26].
Other VR studies demonstrated the feasibility and efficacy of
VR for CLBP as an alternative approach, such as VR
applications with graded exposure during walking and grasping
with integrated game design [28], self-administered VR therapy
for CLBP at home [29], and its implementation even during
COVID-19 [30]. A recent meta-analysis also showed that
kinesiophobia and pain intensity in CLBP can be reduced
through VR training [31].

Although there is some evidence for the safety and tolerability
of VR treatment for CLBP, most studies lack methodological
quality and results were limited to short-term effects. Studies
on safety, acceptance, and satisfaction are lacking, including
targeted investigations of the risks of spinal pain caused by VR
[32]. Thus, while VR is promising in reducing CLBP symptoms,
AR might offer additional benefits through the integration of
physical and virtual elements, thereby reducing VR-associated
discomfort. AR enables the coexistence and interaction of virtual
and physical objects in real time in the real world, thus
combining the advantages of VR while mitigating its limitations
such as cybersickness and visual discomfort [33]. AR can
enhance interaction, presence, intuitiveness, and pedagogical
flexibility by enriching the real world with digital information,
accommodating various learning styles, and facilitating teaching
and learning [34]. Despite these presumed advantages of AR,
to our knowledge, there are no empirical studies of AR-based
treatment for CLBP.

In summary, pain treatment guidelines emphasize the key role
of educational CLBP treatment to counteract psychological
chronification and promote self-efficacy according to health
behavior change models. Furthermore, when health behavior
change is addressed using a new technology, a joint
consideration of health psychological models with theories of
acceptance from a technological perspective, like the UTAUT
2 [35], is considered useful for successful implementation.
Existing studies with immersive technology [24,26-31]
demonstrated positive effects for CLBP treatment in VR
incorporating psychoeducational elements. However, these VR
studies have methodological shortcomings and gaps regarding
dimensions of user experience such as satisfaction and
acceptance. Therefore, by formulating research questions using
the PICO (Population, Intervention, Comparison, Outcome)
framework, this scoping review aims to first examine research
in patients with CLBP (P) receiving psychoeducation through
immersive technology (I) compared to conventional
psychoeducation (C) to improve pain relief and
pain-psychological variables (O) and second on the basis of the
results of the literature analysis, to develop an intervention
design for AR-based psychoeducation in patients with CLBP
that combines conventional methods with immersive technology
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based on a technology acceptance model to promote acceptance
and pain management.

Methods

We investigated the research question through a scoping review
and followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) extension for scoping
reviews [36]. This review includes studies that used
psychoeducation for CLBP and chronic pain treatment: (1)
conventionally, (2) with immersive technology in VR or AR,
or (3) a combination of both, conventional therapy with VR or
AR technology use. Only papers published in English or German
in 2019-2024 were considered, wherein clinical guidelines were
generally updated every 3-5 years with new evidence [37]. The
exclusion criteria were as follows: (1) psychiatric patients, (2)
acute back pain, (3) back pain after medical procedures, and (4)
other specific pain conditions and pharmacological interventions.
Scientific investigations or studies in journals or textbooks were
included, regardless of the scientific methodology used. An
electronic search was performed in August 2024 by using
predefined English terms: (“chronic low back pain” OR “CLBP”
OR “chronic pain”) AND ((“virtual reality” OR “augmented
reality”) OR (“education” OR “multimodal pain therapy” OR
“psychological intervention”)). Reviewer RC used Citavi to
search for in vivo ZB MED and PubMed, and a manual search
was conducted in the Web of Science, American Psychological
Association PsycINFO, and PsyArXiv Preprints. The search
was conducted in line with the Joanna Briggs Institute
methodology for scoping reviews, extending the PRISMA
statement [38]. In accordance with Arksey and O’Malley’s [39]
recommendations for scoping reviews, we did not include a
formal quality assessment of the incorporated research. The
selection process was initially based on a review of titles and
abstracts regarding the inclusion and exclusion criteria, followed
by an assessment of the full text by a reviewer (RC) and
double-checked by another reviewer (ANT). Both reviewers
(RC and ANT) extracted the following information from the
included studies by using Microsoft Excel, following the Joanna
Briggs Institute model: (1) citation, (2) context, (3) participant
characteristics, (4) study aim, (5) methodology, (6) results, (7)
interventions, (8) limitations, (9) key results related to review
questions, and (10) future research areas [40]. Data analysis by
the first reviewer (RC) utilized a qualitative content analysis

[41]. A deductive approach was used to extract relevant
categories for achieving the research objective. Guidelines for
the treatment of CLBP [42] as well as recommendations of the
World Health Organization for digital health interventions [43]
served as the basis for this. Subsequently, 4 categories were
extracted to capture all the essential aspects relevant to the
design of the envisaged intervention. The categories are as
follows: (1) content of CLBP-specific education, (2) factors
based on the psychology of learning for the intervention design,
(3) technical conditions (framework) for CLBP interventions,
and (4) outcome measures of the educational interventions for
CLBP.

Results

Study Selection
The study selection process, as shown in Figure 1, began with
a database search that yielded 11,415 results. A total of 9602
titles were screened for the following terms: education, chronic
pain, chronic back pain, CLBP, VR, and AR. The title should
contain a minimum of 2 of the following keywords: education,
chronic pain, chronic back pain, CLBP, VR, or AR; 9291 papers
were excluded due to the lack of appearance of at least 2 of the
defined terms. After applying the inclusion and exclusion criteria
to 311 publications, 177 studies were excluded based on the
titles and 95 were excluded based on the abstracts. After
reviewing the full texts of the remaining 39 publications, 27
were excluded for (1) specific applications (eg, doctor-patient
communication), (2) insufficient intervention descriptions, (3)
overly specific populations (eg, elite athletes, primary school
students, nursing staff), (4) unspecified psychoeducation (eg,
cognitive behavioral therapy [CBT], cognitive functional
training), and (5) unclear differentiation between education and
physiotherapy in intervention design. Finally, the scoping review
analyzed 12 publications, displayed in Table 1 [44-55].

The studies originated from Italy, Spain, the Netherlands,
France, Chile, India, and Tunisia (8.33% each), Germany (25%),
and the United States (16.67%). The review included 9 empirical
studies (1 interview study, 8 interventional studies) and 3
reviews (1 systematic, 1 scoping, and 1 narrative review). All
studies were peer-reviewed, except the narrative review. The
results of the analysis of the 12 publications included are
presented below according to the 4 defined categories.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study selection process. APA: American
Psychological Association; AR: augmented reality; CBP: chronic back pain; CLBP: chronic low back pain; VR: virtual reality.
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Table 1. Included studies applying psychoeducation by using conventional approaches and virtual reality approaches for the treatment of chronic low
back pain [44-55].

Journal nameStudy titleAuthor

Patient Education and CounselingPain Neuroscience Education for Patients With Chronic Pain: A Scoping
Review From Teaching-Leaning Strategies, Educational Level, and
Cultural Perspective

Salazar-Méndez et al [44], 2024

Journal of Functional Morphology
and Kinesiology

Pain Education in the Management of Patients with Chronic Low Back
Pain: A Systematic Review

Ferlito et al [45], 2022

Korean Journal of Family MedicineEfficiency of Associating Therapeutic Patient Education with Rehabil-
itation in the Management of Chronic Low Back Pain: A Randomized
Controlled Trial

Rim et al [46], 2022

PLOS OneEffects of Pain Education on Disability, Pain, Quality of Life, and Self-
Efficacy in Chronic Low Back Pain: A Randomized Controlled Trial

Sidiq et al [47], 2024

European Journal of PainShort- and Medium-Term Effects of a Single Session of Pain Neuro-
science Education on Pain and Psychological Factors in Patients With
Chronic Low Back Pain: A Single-Blind Randomized Clinical Trial

Tomás-Rodríguez et al [48], 2024

Patient Education and CounselingMiddle-Term Effects of Education Program in Chronic Low Back Pain
Patients to an Adherence to Physical Activity: A Randomized Controlled
Trial

Janik et al [49], 2024

Anasthesiologie Intensivmedizin
Notfallmedizin Schmerztherapie

Use of Virtual Reality as a Component of Acute and Chronic Pain
Treatment

Lindner et al [50], 2020

Journal of NeuroEngineering and
Rehabilitation

Virtual Reality in Pain Therapy: a Requirements Analysis for Older
Adults With Chronic Back Pain

Stamm et al [51], 2020

Virtual RealityVirtual Reality Exergame for Supplementing Multimodal Pain Therapy
in Older Adults With Chronic Back Pain

Stamm et al [52], 2022

American Journal of Translational
Research

Chronic Pain Education Delivered With a Virtual Reality Headset in
Outpatient Physical Therapy Clinics: A Multisite Exploratory Trial

Brown et al [53], 2023

Annals of MedicineA Multicenter Feasibility Randomized Controlled Trial Using a Virtual
Reality Application of Pain Neuroscience Education for Adults With
Chronic Low Back Pain

McConnell et al [54], 2024

Behavior Research and TherapyPain Education and Pain Management Skills in Virtual Reality in the
Treatment of Chronic Low Back Pain: A Multiple Baseline Single-Case
Experimental Design

de Vries et al [55], 2023

Contents of CLBP-Specific Education
The systematic review evaluated clinical studies from 2011 to
2021 comparing pain education/CBT with conventional
physiotherapy for CLBP [45]. Thirteen studies, including 12
randomized controlled trials with 1642 participants, were
analyzed. Six studies demonstrated a significant reduction in
pain compared with the control group. The review concluded
that due to the multimodality and heterogeneity of treatments,
no definitive statement can be made regarding the efficacy of
pain education or CBT in patients with CLBP [45]. Seven
studies included an educational program in conjunction with
physiotherapy [45-48,52-54]. Educational content varied
considerably, ranging from exclusive focus on pain biology
[46-49,52,53,55] to the inclusion of psychological aspects
[46,52-55] and multidisciplinary approaches [49]. Most of the
programs [48,55] incorporated education on pain physiology,
frequently based on the book “Explain Pain” [56] by Butler and
Moseley. Psychological education encompassed topics such as
physical activity [45,46,49,53], fear of physical activity,
emotional management [45-49,51], lifestyle modifications, daily
exercises [45,49,52], pain-specific coping strategies [45,52,54],
pain sensitization [47,54,55], and relaxation techniques,

including stress management and mindfulness [45,49,52-55] in
6 studies, of which 5 included VR interventions. The content,
duration, and physiotherapeutic integration of the individual
education programs can be found in Multimedia Appendix 1.

Factors Based on Psychology of Learning for
Intervention Design
This category encompasses factors of psychology of learning
that are pertinent to the design of interactive interventions.
Analysis of 3 studies showed that VR-based education employs
passive mediation strategies such as informational videos and
lectures (provided conventionally and in VR), alongside active
and interactive strategies [44,50,54]. Three studies mentioned
VR-based gamified approaches [50,52,55] and 2 studies [50,51]
mentioned the promotion of intrinsic motivation.

Mediation Strategies
The included systematic review [44] examined the programs,
cultural adaptations, and the efficacy of pain neuroscience
education for chronic musculoskeletal pain, analyzing 71 studies
that met our inclusion criteria and featured pain duration
exceeding 3 months in adults. The analyzed studies explored
pain neuroscience education in different settings by using
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various experimental designs, including secondary analyses of
randomized controlled trials, and showed positive effects on
pain and psychological variables. Despite cultural influences
on pain-relevant factors, only 2 (3%) of the 71 studies culturally
adapted the pain neuroscience education material. Passive
teaching-learning strategies tended to yield better outcomes for
pain and functionality, whereas active methods resulted in
significant knowledge improvements, albeit with insufficient
description. The outcomes of multimodal therapies for chronic
pain depend on the individualized integration of pain-specific
education, considering biopsychosocial factors, educational
level, culture, and diverse learning methods and materials for
conveying pain neuroscience content [44]. Interaction content
is passively conveyed through videos or lectures [46-49,53],
particularly VR-based 360° nature videos [53].

Gamification and Motivation Enhancement
The Pain-Neuro-Education 2.0 software utilized a VR headset
with immersive footage and computer-generated images for
visually and emotionally engaging educational and relaxation
training for chronic pain. This included interactive emotion
regulation exercises such as breathing and mindfulness exercises
in natural environments [54]. The VR program Recupt was also
used to convey information in an engaging manner by having
the user shoot at the pain stimulus with a laser gun, among other
things. In the spinal cord phase, participants focus on visual
“pain gates” and breathing to metaphorically “close” them and
experience relaxation-induced pain relief. The brain component
elucidates the reduction in pain response through the
visualization and reactivation of illuminated connections. The
alarm center gameplay demonstrates how emotions, cognitions,
and behaviors influence pain perception. Finally, participants
envision the alarm center as a brain region that regulates pain
stimuli in an aircraft cockpit [55]. The VR program ViRST
provides a therapeutic, interactive user interface with task-based
activities in a farm environment [52]. Patients visualize
movements and exertion levels by using game-based
biofeedback with progress tracking and narrative elements [51].
Exergames incorporate biofeedback such as heart rate variability
via photoplethysmography to prevent overexertion in interactive
scenarios [52]. Gamification can motivate and enhance therapy
adherence by fulfilling the psychological needs of competence,
autonomy, and relatedness through interactive knowledge
transfer. It also improves user skills through playful activities
[50]. In the long term, feedback should be framed positively to
maintain intrinsic motivation [52]. Avatars manipulate body
perception for therapeutic effects, with the Proteus effect causing
users to adopt their avatar’s behavior in real life. Personalized
avatars can amplify pain relief [50].

Technical Conditions (Framework) for CLBP
Intervention
The technical parameters of 3 enclosed VR studies, comprising
1 needs analysis [52] and 2 feasibility studies [52,53], provide
insights into the design of AR-based education and identify
potential areas of focus such as user-friendliness [51,53],
operational support [51-53], and various application challenges
[51,53]. The needs analysis was based on semistructured
interviews (n=10) in focus groups to determine the requirements

of older patients with chronic back pain, physiotherapists, and
psychotherapists regarding VR pain therapy in terms of overall
system, hardware, and software [51]. Findings emphasize that
the designed system must be user-friendly; provide personalized
instructions, demonstration videos, and individual guidance;
and be available for rent. Assistants should support this system.
Automatic breaks were considered crucial to avoid overexertion
and pain aggravation. Activity should be limited to 30 minutes
followed by a 15-minute rest. The study also highlighted the
importance of balancing active therapy and relaxation. For
hardware, it was determined that the VR headset must be
independent and removable. Software design should consider
user-friendliness by integrating the game environment with the
level in-game environment for individual calibration of
movement restrictions, particularly in gaming activities. Finally,
a spacious room and wireless head-mounted display were
considered essential for safety to prevent falls.

One feasibility study also emphasized the importance of safety
aspects for the usability of VR headsets. The authors indicate
that 93% of the application issues were associated with handling
spatial and temporal limitations [53]. The second feasibility
study demonstrated that disregarding body height (insufficient
arm span) was perceived as disruptive [52]. Operational support
software allows therapists to intervene during instances of pain,
anxiety, or improper exercise execution by using a help button
or emergency assistance [51]. Incorrect exercise execution is
considered disruptive [52] and often lacks adequate support
personnel for error correction or clinical assistance [53].

Outcome Measures of Educational Interventions for
CLBP
Of the 12 studies [44-55] reviewed, 8 [46-49,54,55] were
quantitative interventional studies. Commonly evaluated
outcomes in CLBP studies encompassed pain intensity
[45-49,51,52,54,55], kinesiophobia [46,48,51-53,55], pain
catastrophizing [48,53-55], disability [45-47,51,52,54],
health-related quality of life [51,52,54], well-being [47],
self-efficacy [47,54], depression [46,53], attrition rate [49,53],
and VR intervention user experience [52,53]. A comprehensive
table displaying the different methods used, study results, and
conclusions for each of the included studies can be found in
Multimedia Appendix 2. A list of the pain-specific constructs
and their measurement tools assessed in the different studies
can be found in Multimedia Appendix 3.

Discussion

Principal Findings
Psychoeducation is a key element for CLBP treatment.
Psychoeducation provided in AR could offer more benefits than
that in VR or with conventional methods by integrating physical
and virtual elements. Additionally, psychoeducation in AR was
assumed to be superior to VR due to reported VR-associated
discomforts in CLBP treatment, such as cybersickness and visual
discomfort. Therefore, we conducted a literature review in the
first step to evaluate research on CLBP treatment through
psychoeducation using conventional methods and immersive
technologies in order to design a psychoeducational intervention
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in AR for CLBP. In the second step, we applied the extracted
results of the literature review to a theoretical framework, in
particular, the UTAUT 2, to provide a design example for
AR-based psychoeducation for CLBP.

Our findings indicate that various educational programs were
combined with physiotherapy [45-48,52-54]. These studies
referred to conventional methods or VR-based interventions.
No relevant study with AR for CLBP treatment was found. The
varying educational content encompassed pain biology [46-49],
psychological education on physical activity [45,46,49,53],
anxiety management [45-49,51], lifestyle modifications, daily
exercises [45,49,52], coping strategies [45,52,54], pain
sensitization [47,54,55], and relaxation techniques [45,49,52-55].
Passive, active [44,50,54], and gamified strategies [50,52,55]
were employed alongside the promotion of intrinsic motivation
[50,51]. User-friendliness [51,53], operational support
[51,52,54], and application challenges [52,53] were considered
important for software development. The key variables of
educational CLBP interventions included physiological variables
such as pain intensity [45-49,51,52,54,55] and disability level
[45-47,51,52,54]; psychological variables such as kinesiophobia

[46,48,51,52,54,55], pain catastrophizing [48,53-55], quality
of life [51,52,55], well-being [47], self-efficacy [47,54], and
depression [46,53]; and technical variables such as dropout rates
[49,53] and user experience [52,53].

Our results elucidate key aspects of a useful design of a
psychoeducational treatment in AR for CLBP, which does not
exist to date, to the best of our knowledge. Our findings point
out the relevance of the interplay of technical and psychological
components, in particular, the health psychological aspects
incorporating psychology of learning to foster behavior change.
In the next step, the findings were applied to a theoretical
framework. For this, we referred to the UTAUT 2 [8,9]. UTAUT
2 encompasses constructs such as (1) performance expectancy,
(2) effort expectancy, (3) social influence, (4) facilitating
conditions, (5) hedonic motivation, (6) price value, and (7) habit
for intention formation as well as the moderating variables age,
gender, and experience [8]. Therefore, we recommend the
following design suggestions for psychoeducational
interventions in AR based on UTAUT 2 for the treatment of
CLBP, as exemplified in Figure 2.

Figure 2. Exemplary mapping of the extracted findings from the literature review (grey) applied to the Unified Theory of Acceptance and Use of
Technology to design an artificial reality–based psychoeducation for chronic low back pain. HMD: head-mounted display.
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UTAUT 2 Constructs

Performance Expectancy
It is recommended to convey psychoeducational content that
demonstrates how CLBP can be positively influenced through
physical activity [45,46,49,53], emotion management in
kinesiophobia [45-49,51], pain-specific coping strategies
[45,52,54], and stress and mindfulness techniques [45,49,52-55].
This content can be conveyed through a biofeedback system
and supportive agent. As many educational measures are
combined with physiotherapy [45-48,52-54], the agent can
provide movement exercises, educational content, and
interactive stress management techniques [54], supplemented
by biofeedback. The biofeedback level and multimodal feedback
of avatars promote top-down and bottom-up processes and
enable associative learning [50]. To avoid discrepancies between
instructions and sensory feedback, facilitate rapid corrections,
and enhance user-friendliness [52], the avatar should provide
immediate visual-acoustic performance feedback [50].
Biofeedback and body feedback are essential interventions for
behavioral modification [17]. It is recommended to combine
psychoeducation with a mindfulness-based stress reduction
body scan and heart rate biofeedback [51], wherein biofeedback
demonstrates progress and enables gamification elements
[50,52].

Effort Expectancy
Software design should incorporate a gaming environment with
in-game level settings to facilitate personalized calibration of
movement limitations and body size, particularly for therapeutic
activities [51,52]. The system should enable therapists to
intervene through a help button or emergency assistance when
patients experience pain, anxiety, or perform exercises
incorrectly [51]. Frequent feedback for incorrect exercise
execution should be avoided, as it may be perceived as
disruptive [52].

Social Influence
With regard to social influence, an AR intervention should be
accompanied by an agent that conveys pain-specific knowledge
through lectures as passive knowledge transfer [44] or through
support in psychological interactions, such as stress management
exercises [54]. An agent can monitor a patient’s body
movements to integrate the phenomenon of “virtual body
ownership” into the body image or utilize the analgesic effect
of the Proteus effect to promote behaviors in the real world [50].
This aligns with BCT‘s recommendations for behavior change,
wherein instruction, repetition, and demonstration of behavior
have positive effects on physical activity that persist for up to
6 months [50,51]. Therefore, we propose to increase the
intention to use by incorporating an agent in an AR intervention,
with both passive and interactive roles.

Facilitating Conditions
A user-friendly system requires personalized instructions,
demonstration videos, and individual briefings. For safety
considerations, a spacious environment and wireless
head-mounted displays are essential to mitigate the risk of falls.
An assistant should be present to support the system. Automated
breaks are crucial to prevent overexertion and exacerbation of

pain, thereby automatically balancing the active therapy and
relaxation periods. The VR headset should be designed for
independent removal and application [51].

Hedonic Motivation
Passive learning strategies tend to yield superior outcomes in
pain and functionality, whereas active methods can elicit
significant improvements in knowledge [44]. Gamification
demonstrates a motivation-enhancing effect through active and
interactive patient engagement [50,52], for instance, through
the interactive development of pain-specific knowledge in the
Reducept program, where users enter their own brains and shoot
with laser guns or connect points [55], or through movement
exercises on a simulated farm [52]. A feedback system or
biofeedback could be integrated, as outlined in the variable
“performance expectancy” of UTAUT 2 and should be phrased
positively as praise to increase motivation [51]. Praise as a social
reward can occur through interaction with an agent, as described
in the variable “social influence” [18]. In CBT, praise serves as
positive reinforcement to promote adaptive behaviors and
cognitions corresponding to positive CBT, which incorporates
positive psychology and solution-focused brief therapy into a
cognitive-behavioral context [57]. Gamification in an AR-based
intervention enables the implementation of BCTs [17] by
creating a material incentive such as within the framework of
a game in an AR application [43].

Price Value
The headsets required for the interventions should be provided
or loaned rather than purchased [50].

Habit
Educational programs for CLBP should incorporate a
multidisciplinary approach that encompasses both physiological
and psychological pain while promoting behavioral
modifications such as regular physical activity [49].
Conventional recommendations for behavioral change
emphasize repetition as crucial for habit formation [50]. For
long-term interventions aimed at behavioral modification,
theories addressing the intention-behavior gap and behavioral
automaticity in physical activity should be considered, such as
the Affective Reflective Theory of Physical Inactivity and
Exercise [58] or the Physical Activity Adoption and
Maintenance model [59].

Strengths and Limitations
This scoping review gives an overview of the most important
educational content, elements of psychological training,
interactive design forms, and relevant pain psychological
variables for developing CLBP interventions in AR. It offers a
substantiated basis for a theory-based development of a
psychoeducational treatment in AR. Thus, this study provides
a framework for the theory-driven extraction of hypotheses for
future AR research in CLBP treatment. One limitation of this
review encompasses the exclusion of certain sport science and
physiotherapy databases (eg, SPORTDiscus) and the restriction
to studies published in German and English, potentially omitting
relevant publications. Further, the distinction between CLBP
and chronic nonspecific low back pain in the included studies
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was often imprecise. The distinction might be relevant for the
intervention design, which was neglected in our analysis.

Recommendations for Research
First, the theoretically proposed design of AR-based
psychoeducation for CLBP should be realized in future research.
Second, an evaluation of the feasibility and user experience is
needed. Third, the therapeutic efficacy of the psychoeducational
content in AR must be demonstrated in a clinical evaluation
study with patients with CLBP. As no studies on the
psychometric properties of measurements in AR are known,

psychometric assessments must be tested for measurement
equivalence.

Conclusions
For the development of a framework for an AR-based
psychoeducational intervention in CLBP, the combination of
theories of acceptance and use of technologies with insights
from health psychological behavior change theories appears to
be of great importance. An example for a theory-based design
of psychoeducation in AR for CLBP is proposed and discussed.
Our results offer a substantiated basis for a theory-based
development of psychoeducational treatment in AR.
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Abstract

Background: Adherence to antiretroviral therapy is a critical component in achieving viral suppression in people living with
HIV in addition to increasing overall quality of life. Several indirect methods have been used to measure adherence including
the Simplified Medication Adherence Questionnaire (SMAQ).

Objective: The objective of this study is to evaluate the reliability and validity of the SMAQ in men living with HIV/AIDS
attending a Mexican national hospital.

Methods: A cross-sectional analytical design study was carried out in a Mexican National Hospital in Jalisco, including men
aged >18 years with at least 3 months of antiretroviral treatment, excluding those with cognitive difficulties in answering the
survey. A minimum sample size was calculated to detect the contribution of the variables within the model. The analysis included
descriptive tests, confirmatory factor analysis, reliability and validity assessment, correlation between adherence and viral load,
and association between viral load and adherence.

Results: The final analysis included a total of 260 patients with a mean age of 43 (SD 12) years and an average of 8.97 (SD
6.33) years on antiretroviral treatment. The SMAQ showed sufficient structural validity (comparative fit index=1, root-mean-square
error of approximation=0, 90% CI 0-0.085) with satisfactory factor loadings on most questions except item 2 (Do you always
take your medication at the prescribed time?). The reliability of the scale is acceptable (Cronbach α=0.702, ω=0.718). Adherence
correlated with viral load significantly but not with recent TCD4 lymphocyte levels. Patients classified as adherent were three
times more likely to be undetectable than nonadherent patients (odds ratio 3.31, 95% CI 1.13-9.64, P=.04).

Conclusions: The SMAQ represents an adequate tool to assess adherence in men living with HIV in the Mexican context, this
will contribute to this study and compression of adherence to establish future intervention programs.

(Interact J Med Res 2025;14:e59562)   doi:10.2196/59562

KEYWORDS

treatment adherence; HIV; Mexico; validation; Spanish; Hispanic; cross sectional; surveys; questionnaires; scales; adherence;
viral load; sexually transmitted infection; STI; drugs; pharmacotherapy; medication; simplified medication adherence questionnaire;
SMAQ
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Introduction

According to the Joint United Nations Program on HIV/AIDS,
39 million people were living with HIV by 2022, of which only
76.4% were receiving antiretroviral treatment (ART). In Mexico,
by 2022, there were 270,000 cases registered with the Ministry
of Health, 80% (n=270,000) of which were men; in addition,
Jalisco ranks 4th in prevalence of people living with HIV with
a record of 7134 patients on ART and 78% of this population
has achieved viral suppression through such treatment [1,2].

The World Health Organization defines adherence to treatment
as an individual’s behavior regarding medications, diet, and
lifestyle changes that correspond to the recommendations
provided by a health professional [3].

Therapeutic adherence is a complex process that is made up of
a personal component represented by the patient, where their
attitudes toward their disease and the positions they take on it
are concentrated, as well as a relational component involving
the health professional and the health structure that surrounds
them. All these components work synergistically toward a
common goal to benefit the patient’s health [4].

Adherence to ART is a critical component to achieve viral
suppression in people living with HIV as well as to increase the
overall quality of life [5]. Its study is important because in
Mexico there has been a sustained prevalence in recent years,
and it is necessary to improve the tools available to optimize
treatment success [6].

There are various methods for measuring adherence in a patient;
however, there is no gold standard for this purpose. Due to this,
its measurement will depend on the characteristics of the
population studied; in addition, the method should have basic
psychometric standards of acceptable validity and reliability
[7]. These methods are classified as direct, those that directly
quantify the drug and its metabolites in blood or any other fluid
or tissue, but they are costly and impractical for routine
implementation, and indirect, that is they base their measurement
on pill counts and self-reports, among others [8].

An indirect tool that has been used by several authors is the
Simplified Medication Adherence Questionnaire (SMAQ). This
questionnaire has been used in studies to evaluate adherence to
ART in people living with HIV, and its six-question structure
makes it practical in clinical contexts where a rapid evaluation
is required [9,10]. This scale was introduced in 2002 by Knobel
et al [9]. They designed the scale intending to create a
questionnaire to identify nonadherent patients and found that
this instrument had a sensitivity of 72%, a specificity of 91%,
and a likelihood ratio of 7.94, as well as a Cronbach α of 0.75
[9].

The SMAQ questionnaire has also been validated in different
pathologies, medical conditions, and chronic diseases, such as
hypertension, diabetes, and tuberculosis. These validations have
shown consistent results, supporting the usefulness and validity
of the questionnaire in different health care settings [9,11]. The
instrument was originally developed for the Spanish population
in 1999, but the current social and pharmacological context
differs for the population we are now studying. It is important

to evaluate the validity and reliability of the instrument when
used in contexts different from its original development, to
ensure the quality of the collected information. This is because
the metric quality of a self-report questionnaire must be explored
in the context where it will be applied. Otherwise, the
psychometric properties would be compromised, leading to
negative consequences for the evaluation [12,13].

This questionnaire is not yet validated in Latin people, thus, its
utility in our population is unknown. There is only a pilot study
with 10 participants that used the SMAQ in Peruvian people
living with HIV; where item comprehension was evaluated, as
cultural applicability and social acceptance [14]. To our
knowledge, no studies have been conducted to validate this
instrument in the Mexican population. This study aimed to
evaluate the reliability and validity of the SMAQ in people
living with HIV/AIDS attending a Mexican national hospital.

Methods

Study Design
This study is a cross-sectional analytical design study concerning
people living with HIV/AIDS receiving ART at the Civil
Hospital of Guadalajara “Fray Antonio Alcalde.”

Selection of Participants
Men older than 18 years of age receiving ART for at least three
months before their inclusion in this study were included. Every
participant gave his informed consent before participating in
the research. On the other hand, those persons diagnosed with
serious mental illnesses that may affect their ability to
understand or answer the questionnaire were excluded, as well
as those with cognitive or communication difficulties that may
hinder their participation in the evaluation. Additionally
considered as an exclusion criterion is not having performed
the test to detect viral load within the period established for this
study.

Sample Size Calculation
To determine the sample size, we used a calculator that used a
structural equation model approach, in which we anticipated an
effect size (factor loading) of 0.5, which would reflect a
significant contribution of the latent construct to the observed
variables (items), ensuring sufficient construct reliability, a
power of 80%, one latent variable, five observable variables,
and a probability level of 0.05, resulting in a minimum sample
of 100 participants, to detect the specified effect given the
structural complexity of this model [15,16].

Variables
The variables considered for this study were age in years,
schooling (considered as the last completed grade of studies);
municipality of residence (with the category “other” for those
participants who indicated not being from a nearby
municipality); marital status; employment (was considered
positive when they would indicate having an economically
remunerated activity); the use of tobacco, alcohol, and illicit
drugs (it was considered positive when patients indicated to use
in the last 30 days on more than two occasions); the number of
pills (including those belonging to a treatment other than ART);
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time living with HIV and time on ART (which were calculated
considering from the date of HIV diagnosis and the start of ART
until the date of enrollment in this study); and finally, clinical
stage was classified according to the Center of Disease Control
classification [17].

Instrument
The questionnaire consists of 6 questions: the first 4 can be
answered with “yes” or “no,” while the last 2 require numerical
responses: “1. Do you ever forget to take your medication?” “2.
Do you always take your medication at the prescribed time?”
“3. Do you ever stop taking the drugs if you feel unwell?” “4.
Did you forget to take the medication over the weekend?” “5.
In the last week, how many times did you miss a dose?” and
“6. In the last 3 months, how many full days did you miss taking
the medication?” The six questions assess three components of
ART adherence: (1) the intentional (question 3), (2) the
unintentional (questions 1 and 2), and (3) frequency or quantity
(questions 4, 5, and 6). The patient is classified as nonadherent
if they answer any in a “nonadherence sense” and if they report
missing more than two doses in the last week or reports not
having taken more than 2 full days of medication in the last
three months [10].

Statistical Analysis
For descriptive analysis, normality tests were performed as
necessary. Quantitative variables were described with means
or medians, and qualitative variables with frequencies and
percentages.

The evidence of validity based on internal structure. was
assessed by confirmatory factor analysis using the weighted
least squares method with adjusted mean and variance [18].
Model fit was assessed using recognized indices, such as
comparative fit index (CFI>0.90) [19], root-mean-square error
of approximation (RMSEA<0.08) [20], and weight
root-mean-square residual (WRMR<1) [21].

To determine reliability, we estimated the internal consistency
coefficients according to Ponterotto and Charter [22]. Scores
Cronbach α>0.70 were considered as reliable scores [22]. In
addition, we investigated validity by examining the relationship
between adherence and undetectable plasmatic viral load using
the Pearson correlation coefficient [23].

Finally, Fisher exact tests were used to calculate the odds ratios
(OR) to evaluate the association between having an undetectable
(patient in control) versus detectable (patient not in control)

plasmatic viral load and the scale classification of adherent
versus nonadherent (based on the concept that a patient with an
undetectable viral load was an adherent patient) [5].

The descriptive and correlational analyses were carried out in
SPSS (version 24; IBM Corp) software, while the factor analysis
was performed with Mplus (version 7; Muthén & Muthén)
software [19]. Finally, the analysis of ORs was performed in
Epi Info (Centers for Disease Control and Prevention) software
in the Stat Cal module [24].

Ethical Considerations
This research was approved by the Bioethics Committee of the
Civil Hospital of Guadalajara (169/23), and it was carried out
under the ethical standards for research on human participants.
All participants signed an informed consent form that outlined
the objectives of the research, the procedures to be followed,
and the contact information for the research team. Any questions
or concerns were addressed verbally prior to signing the consent
form. The information collected was handled exclusively by
the research team, and to protect participants' identities an
alphanumeric code was assigned to each. Additionally,
identifying data were excluded from the database used for
analysis. Finally, no direct financial compensation was provided
to participants for their involvement in the study.

Results

Characteristics of the Participants
A total of 299 patients were evaluated, 259 men and 40 women,
and due to the ratio between groups, we decided to exclude the
group of women from the analysis, to maintain the homogeneity
and representativeness of the sample [25].

Of the 259 participants included, the mean age was 43 (SD 12)
years with an average of 8.97 (SD 6.33) years in ART treatment.
Considering schooling, the majority had high school (n=87,
34.6%) or middle school (n=57, 22%) education. The most
common municipality of residence was Guadalajara (n=110,
42.5%) and the vast majority were single (n=214, 82.6%).
Regarding substance use, 89.6% (n=232) had not consumed
illicit substances in the last 30 days while 33.6% (n=87) had
consumed alcohol and tobacco in the same period. The mean
number of pills per day was 2 (SD 2) and the mean number of
years living with HIV was 10 (SD 7.17) with an average CD4+
T lymphocyte count of 686.5 cells/μL (SD 353.88; Table 1).
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Table 1. Sociodemographic characteristics of the sample (N=259).

Values

43 (12)Age (years), mean (SD)

Schooling, n (%)

2 (0.77)Illiterate

16 (6.2)Can read and write

44 (17)Primary school

57 (22)Junior high school

87 (34.6)High school

50 (19.3)University

3 (1.2)Postgraduate

Municipality of residence, n (%)

110 (42.5)Guadalajara

32 (12.4)Zapopan

24 (9.3)Tlaquepaque

16 (6.2)Tonalá

2 (0.8)Zapotlanejo

1 (0.4)Tepatitlán

1 (0.4)La Barca

2 (0.8)Arandas

2 (0.8)Zapotlán el Grande

69 (26.7)Other

Marital status, n (%)

214 (82.6)Single

16 (6.2)Married

22 (8.5)Common law marriage

2 (0.8)Widower

Regular employment, n (%)

37 (14.3)No

222 (85.7)Yes

Used any illicit substance within the last 30 days, n (%)

232 (89.6)No

27 (10.4)Yes

Consumed alcohol in the last 30 days, n (%)

172 (66.4)No

87 (31.3)Yes

Used tobacco in the last 30 days

171 (66)No, n (%)

87 (33.6)Yes, n (%)

2 (2)Pills taken per day, mean (SD)

8.97 (6.33)Years in ARTa, mean (SD)

10.08 (7.17)Years living with HIV, mean (SD)

686.47 (353.88)CD4+ T lymphocyte count, mean (SD)
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Values

Clinical stage according to the CDCb, n (%)

122 (47.1)A1

20 (7.7)A2

4 (1.4)A3

16 (6.2)B1

4 (1.5)B2

4 (1.5)B3

37 (14.3)C1

32 (12.4)C2

20 (7.7)C3

aART: antiretroviral therapy.
bCDC: Centers for Disease Control and Prevention.

Responses From the Participants
Regarding the responses to the questionnaire, 66.6% (n=172)
of the respondents reported not forgetting their medication,
while 33.4% (n=87) admitted to having forgotten it at least once.
On the second question, 80.3% (n=198) stated that they took
their medication at the indicated time and 19.7% (n=61)
admitted not following this pattern. Regarding whether they
stopped taking the drugs if they felt unwell, the great majority
(n=242, 92.2%) stated that they did not do so but 7.8% (n=17)
admitted having done so at some time.

The majority reported not having forgotten to take their
medication over the weekend (n=250, 96.6%). In the last week,
the majority (n=242, 93.8%) reported missing only one dose,
while 6.2% admitted missing a dose once or twice.

On the other hand, of the responses to question 6, a total of
66.5% (n=174) indicated not having missed taking medication
on any full day, while 30.6% (n=174) acknowledged having
experienced some degree of medication interruption.

Finally, according to the scores of the questionnaire, 66.6%
(n=174) of participants reported being adherent while 33.4%
(n=88) reported being nonadherent (Table 2).
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Table 2. Distribution of responses to the Simplified Medication Adherence Questionnaire (N=259).

Participants, n (%)Questions

1. Do you ever forget to take your medication?

172 (66.6)No

87 (33.4)Yes

2. Do you always take your medication at the prescribed time?

61 (19.7)No

198 (80.3)Yes

3. Do you ever stop taking the drugs if you feel unwell?

242 (92.2)No

17 (7.8)Yes

4. Did you forget to take your medication over the weekend?

250 (96.6)No

9 (3.4)Yes

5. In the last week, how many times did you not take a dose?

242 (93.8)1

16 (5.9)2

1 (0.3)3

6. In the last 3 months, how many full days did you not take your medication?

174 (66.5)0

51 (20.6)1

17 (5.9)2

7 (3.1)3

10 (1)>4

Outcome on adherence

174 (66.6)Adherent

88 (33.4)Nonadherent

Evidence of Validity Based on Internal Structure
The unidimensional model obtained favorable fit indices (CFI=1;
RMSEA=0, 90% CI 0-0.085; WRMR=0.072), as well as factor
loadings around what was expected, except for item 2 (Do you
always take your medication at the prescribed time? Table 3).
After performing a second analysis without item 2, the results
are adequate both at the level of fit indices (CFI=1; RMSEA=0,
90% CI 0-0.103; WRMR=0.047) and factor loadings (>0.50;
Table 3).

Regarding reliability, the magnitudes were acceptable for both
scores (Cronbach α=0.702) and construct (ω=0.718).

Finally, the correlation of adherence with viral load was
statistically significant (r=0.128; P=.04), but not with recent
CD4 T lymphocyte counts (r=0.015; P=.81).

On the relationship between undetectable viral load and
adherence, those patients classified as adherent by the scale
were 3 times more likely to be undetectable compared to those
classified as nonadherent (OR 3.31, 95% CI 1.13-9.64, P=.04;
Table 4).
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Table 3. Factor loadings of the Simplified Medication Adherence Questionnaire scale.

Second analysisFirst analysisQuestions

0.8540.8151. Do you ever forget to take your medication?

—a–0.3582. Do you always take your medication at the prescribed time?

0.5260.6123. Do you ever stop taking drugs if you feel sick or drink alcohol?

0.3740.3834. Did you forget to take your medication over the weekend?

0.7010.6775. In the last week, how many times did you not take a dose?

aNot applicable.

Table 4. Relationship between Simplified Medication Adherence Questionnaire adherence classification and viral load.

P valueORa (95% CI)NonadherentAdherent

.043.31 (1.13-9.64)76168Undetectable viral loadb

——d96Detectable viral loadc

aOR: odds ratio.
bPlasma viral load of ≤40 copies/mL.
cPlasma viral load >40 copies/mL.
dNot applicable.

Discussion

Principal Findings
Adherence is vital to achieve viral suppression and increase the
quality of life of people living with HIV; however, its
measurement represents a major challenge [26]. Although direct
methods exist to measure adherence (eg, plasma drug
concentration), they are costly and impractical for routine
implementation in clinical settings with limited resources such
as ours [8], thus, indirect measurement methods based on
self-reporting may have a good performance and could be used
routinely.

This study aimed to evaluate the reliability and validity of the
SMAQ in people living with HIV/AIDS attending a public
hospital in the western region of Mexico.

As for the factorial structure, 4 of the 5 original items were
retained, and the one that was eliminated obtained the lowest
factorial loading, and its response was oriented in the opposite
direction to the other items, which reinforces the argument that
this type of item usually presents methodological problems.
This new four-item version obtained adequate fit and reliability
indices (CFI=1; RMSEA=0, 90% CI 0-0.103; WRMR=0.047)
[27].

The validity of its relationship with other variables was analyzed
using an association with viral suppression (or undetectable
viral load), finding a threefold greater probability of achieving
viral suppression when classified as adherent (OR 3.31, 95%
CI 1.13-9.64, P=.04).

The use of the SMAQ in the framework of explanatory studies
could provide greater insight into the factors associated with
adherence, providing evidence for the design of appropriate
interventions to improve adherence in this patient population
[28]. This, in turn, would strengthen the capacity of health

services to enhance and promote quality care, ultimately yielding
a positive long-term impact on people living with HIV.

Concerning previous studies, the study by Agala et al [10] also
found adequate factor loadings, except for one item, like this
work. However, there is no agreement on the eliminated item,
which could be attributed to differences in the populations
studied because the analysis of our study was only in men and
theirs in women. This highlights the existing differences in
adherence behaviors between these groups [10].

This situation underscores the need to consider
sociodemographic and cultural characteristics when analyzing
the evidence and validity of self-report tools such as the SMAQ.

Limitations
Regarding its limitations, it is important to recognize that,
despite its simplicity, it may be subject to self-report bias [11].
Similarly, only men were considered due to the proportion that
was recruited from both groups and to maintain statistical
homogeneity [29]. This limitation does not allow for the
opportunity to explore differences that could influence adherence
between the two groups.

It is concluded that the SMAQ presents favorable evidence of
validity per internal structure and association with viral
suppression, as well as acceptable levels of reliability.

In future studies, we recommend that the SMAQ be analyzed
at a psychometric level in the group of women to explore
possible differences by gender. In addition, this tool will allow
studies focused on adherence and its determinants to be carried
out with a greater degree of precision.

Conclusions
The use of the SMAQ provides a valuable tool for assessing
adherence among the Mexican population living with HIV. This
evaluation is critical for enhancing health outcomes and
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optimizing therapeutic interventions. Additionally, the SMAQ
helps to strengthen public health programs by furnishing reliable
data on treatment adherence, which can inform the development

of targeted strategies to support patient engagement and
medication management.
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Abstract

Background: Interstep variations in step riser height and tread depth within a stairway could negatively impact safe stair
negotiation by decreasing step riser height predictability and, consequently, increasing stair users’ fall risk. Unfortunately, interstep
variations in riser height and depth are common, particularly in older stairways, but its impact may be lessened by highlighting
steps’ edges using a high-contrast stripe on the top front edge of each step.

Objective: This study aimed to determine (1) if fall-related events are associated with greater interstep riser height and depth
variations and (2) if such fall-related events are reduced in the presence of contrast-enhanced step edges compared with a control
stairway.

Methods: Stair users were video recorded on 2 public stairways in a university building. One stairway had black vinyl stripes
applied to the step’s edges and black-and-white vertical stripes on the last and top steps’ faces. The stairway with striping was
counterbalanced, with the striped stairway than a control, and the control with stripes. Each stair user recorded was coded for
whether they experienced a fall-related event. A total of 10,000 samples (observations) of 20 fall-related events were drawn with
0.25 probability from each condition to determine the probability of observing a distribution with the constraints outlined by the
hypotheses by a computerized Monte Carlo simulation.

Results: In total, 11,137 individual stair user observations had 20 fall-related events. The flights that had 14 mm in interstep
riser height variation and 38 mm in interstep depth variation were associated with 80% (16/20) of the fall-related events observed.
Furthermore, 2 fall-related events were observed for low interstep variation with no striping, and 2 fall-related events were
observed during low interstep variation with striping. A total of 20 fall-related events were observed, with 4 occurring on flights
of stairs with low interstep variation. For stairs with high variability in step dimensions, 13 of 16 (81%) fall-related events occurred
on the control stairway (no striping) compared with 3 of 16 (19%) on the high-contrast striping stairway. The distribution of
fall-related events we observed between conditions likely did not occur by chance, with a probability of 0.04.

Conclusions: These data support the premise that a vision-based strategy (ie, striping) may counteract fall risk associated with
interstep riser height and tread depth variation. Possibly, perception and action elicited through the horizontal-vertical illusion
(striping) may have a positive impact on the incidence of fall-related events in the presence of high interstep riser height and
depth variation. The findings of this study suggest that contrast enhancement (ie, striping) may be a simple and effective way to
reduce the risk of falls associated with interstep variation, highlighting the potential for this approach to make a significant impact
on fall prevention efforts.

(Interact J Med Res 2025;14:e60622)   doi:10.2196/60622
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Introduction

When approaching a stairway, stair users seemingly anticipate
uniformity in the step riser height and tread depth [1,2].
However, this assumption may lead to fewer attentional
resources being allocated to estimating these metrics, potentially
compromising the safe negotiation of the stairway.
Unfortunately, interstep riser height and tread depth variations
are common. Often described as dimensional uniformity in
building code, stair riser heights and tread depths shall be of
uniform size and shape. The tolerance between the largest and
smallest riser height, or tread depth, shall not exceed 3/8 inch
in any flight of stairs. In our investigation, the range of
dimension uniformity is referred to as interstep variation.
Interstep variations, as small as 6 mm, between adjacent stair
risers or treads can disrupt step cadence and increase the risk
of accidents or falls [3]. One strategy to mitigate this risk
involves applying a horizontal-vertical illusion and black stripes
to the top front edge of each step, which could potentially
decrease the frequency of slips, trips, and falls [4-6]. Recent
research has demonstrated that adding a high-contrast stripe
along the top front edge of each step [4,7-11] can lead to
increases in heel clearance above the step. Similarly, adding
vertical monochrome striping to the faces of the bottom and top
steps can also enhance vertical foot clearance [4,5,12,13].

Although the exact mechanism behind these interventions is
not fully understood, it is possible that they increase step height
by drawing more attention to each step’s edge [7] or by creating
a horizontal-vertical illusion, which makes the steps appear
taller than they actually are [14,15]. Ultimately, either
mechanism may decrease the likelihood of a slip, trip, or fall
on stairs with high interstep variation. We, therefore,
hypothesized that when comparing 2 flights of stairs with similar
interstep variability, the stairs with vertical monochrome striping
and tread edge highlighters would record fewer fall-related
events than stairs without this intervention. In addition, stairs
with greater interstep variation in riser heights and tread depths
would generally record more fall-related events than stairs with
less interstep riser height and tread depth variability, but this
effect would be lessened with the addition of monochrome
striping and tread edge highlighters.

To test our hypotheses, we estimated the probability of
observing a range of fall-related event distributions that could
plausibly occur by chance, given our hypotheses [high or low
interstep riser height and tread depth variations and control or
striping intervention conditions]. We codified our hypotheses
in a Monte Carlo simulation using 4 constraints based on our
hypotheses. First, there would be more fall-related events on
control flights of stairs (without the contrast intervention) with
greater interstep variation than those with lower interstep
variation. Second, both control and intervention (with the

contrast enhancement) flights of stairs with low interstep
variation should observe a comparable frequency of fall-related
events (ie, a difference of less than 2 fall-related events between
conditions). Third, fewer (less than or equal to half the number
of) fall-related events should be observed with high interstep
variation intervention stairs compared with the high interstep
variation control stairs. Finally, the relative difference in
fall-related events between high and low interstep variation stair
flights in the control condition should be greater than on the
intervention flights.

Methods

Participants
This cross-sectional study took place on 2 public stairways on
the Utah State University campus. Video capture occurred on
public stairways, and most stair users appeared to be young
adults.

As previously discussed, 11,137 individual stair user
observations were coded and balanced across the stairway
conditions (control and intervention) and stairways (East and
West) [16]. There were 7458 (66.97%) feminine observations
and 3679 (33.03%) masculine observations, where most
observations (n=10,970, 98.5%) were in the age group of 18-40
years. Additional participant details were described previously
[6]. Given the observational nature of this study in a public
space, no screening was performed in advance. Eligibility
criteria were as follows: (1) inclusion—visually appearing 18
years of age and older, captured within local time (eg, 7 AM-5
PM) and (2) exclusion—use of assistive walking devices (eg,
crutches and walking boots), individuals that did not transverse
the stairs, or involved unusual stairway behavior, as described
by Harper et al [6] were documented and removed during the
data cleaning phase.

Protocol
High-resolution security cameras (8 megapixels, 4K Ultra HD,
3840×2160 resolution at 7 frames per second, Lorex cameras
[Lorex Technology Inc]) were placed in the stairways to record
stair users’ behavior.

Intervention
High-contrast black vinyl film (Gerber High-Performance Series
220 vinyl film [Gerber Technology]) stripes (5.5 cm wide,
0.063-0.09 mm thick) were applied flush to the top front edge
of each stair [4,9,12]. A total of 19 black-and-white vertical
vinyl stripes (12 cycles/1 meter) were placed on the very bottom
and top steps’ faces [4,9,12].

Figure 1 [6] depicts the combined striping intervention. Stairway
interstep riser height and depth variations were measured across
every step, from the middle part of the step (Figure 2) [6].
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Figure 1. Control and interventional stairway conditions. Intervention conditions are further illustrated to show step riser (face of step) and top of step
(superior view) vinyl stripes. Step riser height=step height. Stairway width=step tread depth. Vinyl striping depth. Adapted from Harper et al [6], which
is published under Creative Commons Attribution 4.0 International License [17].

Figure 2. Real-world stairway design. East upper and lower stairway flights interstep riser height variation ranged between 5 mm and 14 mm, and
interstep depth between 4 mm and 38 mm, respectively [6]. West upper and lower stairway flights’ interstep riser height variation ranged between 12
mm and 14 mm, as well as interstep tread depth variation of 6 mm and 38 mm respectively, are shown [6]. Adapted from Harper et al [6], which is
published under Creative Commons Attribution 4.0 International License [17].

In total, 48 steps were observed across 4 flights of stairs. The
control stairway was unaltered and used to compare with the
intervention stairway. Halfway through data collection, the
intervention (striped) and control stairways were
counterbalanced.

Measures
Each outcome variable was assessed by stairway location (East
and West) and condition (intervention and control), as well as
by stairway flight (lower and upper; Figure 3).

In total, 4 assumptions were used to code our hypotheses based
on our a priori knowledge of the total number of fall-related

events recorded (n=20): (1) the number of fall-related events
high interstep variations, control condition>low interstep
variations, control condition; (2) the difference between low
interstep variations, stripe intervention and low interstep
variations, control condition ≤2 fall-related events; (3) the
number of falls in high interstep variations, control condition
will be ≥2 times of high interstep variations stripe intervention;
and (4) the difference between low interstep variations, control
condition and high interstep variations, control condition > the
difference between low interstep variations, stripe intervention
and high interstep variations stripe intervention. The probability
of a distribution meeting these assumptions occurring by chance
is approximately 0.04 with a sample size of 20.
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Figure 3. The probability of observing a range of distributions of fall-related events. The following assumptions evaluated the observed fall-related
event distribution. HC: high interstep variations, control condition; HS: high interstep variations stripe intervention; LC: low interstep variations, control
condition; LS: low interstep variations, stripe intervention.

Data Sources
We coded stair users’ navigation direction (ascent and descent)
and the presence of a fall-related event. As described previously,
a fall-related event was coded if an observed stair user
experienced a relatively subtle trip or slip, with minimal
recovery action, through a complete loss in balance, resulting
in a fall [6]. If a fall-related event occurred, the stairway and
step number (starting from the bottom to the top) were recorded.
To assess research bias or intercoder reliability, each week, one
of the researchers would randomly select and evaluate 10% of
the data collected for that week. If an error was present, a second
coder reviewed all data recorded by the first coder for the week
in question, and the second coder made a determination on the
final coding record [6]. Data were encoded using Microsoft
Excel.

Statistical Analysis
Data are presented as mean (SD) as well as count (percentage)
of observed results. The distribution of fall-related events was
assessed across stairway flights (interstep variations) and
conditions (control and intervention) using a 0.5-inch threshold
(approximately 13 mm), given that 75% (80/101) of stair
accidents occurred in stairways with interstep riser height
variations of ≥0.5 inch [18]. A Monte Carlo simulation in Julia
[19] was used to estimate the probability of observing the
distribution of fall-related events defined by our hypotheses by
chance. Specifically, 10,000 samples (observations) of 20
fall-related events (refer to the Results section) were drawn with
0.25 probability from each condition to determine the probability
of observing a distribution with the constraints outlined by the
hypotheses through a computerized Monte Carlo simulation
[20,21].

Ethical Considerations
Ethical approval was obtained from the institutional review
board of Utah State University (10773). As an observational
study, participants did not give written consent. Given the
observational nature, participants were not compensated to

participate. The video recordings were taken in a public setting,
and only the approved research team had access to the
identifiable data. Therefore, our video data are not available as
supplementary material.

Results

Individuals who had any visible health-related conditions (eg,
crutches and walking boots) were documented and removed
before analysis. In addition, those who visually appeared under
the age of 18 years were documented and removed before
analysis. All steps were measured at the center of the steps. The
average of the East and West stairways combined was 168 (SD
4) mm, with the average riser height of the West stairway steps
being 171 (SD 3) mm, and the East stairway being 166 (SD 3)
mm, independently. The average step tread depth for the East
and West stairways was 328 (SD 8) mm, the average depth of
the West stairway steps was 327 (SD 8) mm and the Easy
stairway was 329 (SD 8) mm.

Of 20 observed fall-related events, 80% (n=16) of events were
observed on the flights where interstep variations were the
greatest (riser height ranged 14 mm and tread depth ranged 38
mm). In comparison, 4 of 20 fall-related events were observed
on flights with lower interstep variation. Between East and West
stairways, 7 of 20 (35%) fall-related events occurred on steps
that had step riser heights greater than 1 SD from their mean
including 2 fall-related events that occurred on the first step
while ascending (step riser height=170 mm; flight mean 166,
SD 3 mm), 3 events on the last step while descending the East,
lower stairway (height=155 mm; mean 166, SD 3 mm), 1 event
on the last step while ascending the East, upper stairway
(height=170 mm; mean 166, SD 3 mm), and 1 event on the
second-to-last step while ascending the West, lower stairway
(height=173 mm; mean 171, SD 4 mm).

A total of 20 fall-related events were recorded. On flights where
interstep riser height variation ranged 14 mm and step depth
variation ranged 38 mm, 13 of 16 (81%) fall-related events
occurred on the control stairway condition (no striping),
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compared with 3 of 16 (19%) on the striped intervention
stairway. Finally, 2 fall-related events were observed for low
interstep variation with no striping, and 2 fall-related events
were observed during low interstep variation with striping.

The estimated probability of observing data that fit the range
of distributions constrained by our hypotheses and using a
sample size of 20 fall-related events, was approximately 0.04
(Figure 3). This result suggests that (1) interstep variations may
be contributing to falls and (2) adding a striping intervention to
the stairs may reduce the impact of interstep variations on
fall-related events.

Discussion

Principal Results
We sought to assess the impact of interstep riser height and
tread depth variations on fall-related events (eg, slips, trips, or
falls) occurring on stairways to determine if fall risk increases
with greater interstep variations but is reduced by adding
high-contrast striping. The lower flights of stairs, which had
interstep riser height variations that ranged 14 mm and interstep
depth variations that ranged 38 mm, accounted for 80% (16/20)
of the observed fall-related events, supporting the notion that
stairways with greater interstep variations may be associated
with a greater risk of fall-related events. Furthermore, 35%
(7/20) of fall-related events were observed on steps where
interstep riser height variation was greater than 1 SD from the
flight mean. Together, these results suggest that flights of stairs
with greater interstep riser height variation exhibit more
fall-related events than flights with lower interstep variation.
When high-contrast striping was added to flights of stairs with
high interstep variation, there were fewer fall-related events
observed over a similar time period (3/20 fall-related events in
the intervention vs 13/20 fall-related events in the control
condition). This result suggests the addition of high-contrast
striping to stair flights with high interstep variation may reduce
the number of fall-related events resulting from interstep
variation.

Comparison With Previous Work

Interstep Variations Increase Fall Risk
Interstep variations on stairways can have a profound negative
impact on fall risk. Even minor interstep variations, such as a
6 mm variance in riser height [3], can disrupt step cadence and
increase the likelihood of a fall, as can interstep variation in
tread depth. Furthermore, a review of 80 stairway falls from
1992 to 2007 found that 60% (48/80) of riser height and 34%
(27/80) of interstep depth variation were greater than 3/8 inch
in a study by Cohen et al [7], and greater (3/8 inch compared
with 0.5 inch) interstep variation that can disrupt cadence [3].
Francksen et al [22] found that adults could adjust their stepping
behavior for increases in depth, but they could not adjust for
interstep riser height variation over 10 mm. Stair-related fall
injuries are also more commonly associated with interstep riser
height variation than interstep tread depth variation [7].
Alternatively, the greater association of falls with interstep riser
height variation could be due to the increased frequency of
observing interstep riser heights compared with tread depth

variations (eg, > 3/8 inch is observed more often in riser heights
[48/80, 60%] than tread depths [27/80, 34%]) [7]. Nevertheless,
additional research is needed to explore the extent and impact
of interstep variation on stair-related falls. In this study, we
observed that 80% (16/20) of fall-related events on stairs
occurred when the interstep riser height variation was 14 mm
and depth was 38 mm. Since interstep riser height and depth
variations were both present in our observational design, we
are unable to distinguish which of these factors may have had
a greater role.

The Intervention Was Associated With Reduced
Fall-Related Events With Interstep Variation
Broadly, our findings indicate that greater interstep variations
are associated with an increased frequency of fall-related events.
Importantly, the frequency of these fall-related events decreased
when the intervention was present. Our data suggest that adding
high-contrast stripes may reduce fall-related events on stairs
when large interstep variations are present. Of the 20 fall-related
events observed, 16 were on the flights of stairs with larger
interstep variation, but only 19% (3/16) occurred when the
intervention was present, whereas 81% (13/16) occurred when
the intervention was absent.

Mechanisms Contributing to the Reduction in
Fall-Related Events
The intervention may induce a horizontal-vertical illusion by
the intervention. This occurs when horizontal and vertical lines
of similar length are presented together (like the letter “T”),
which results in an illusory sense that the vertical line is longer
than the horizontal one. The intervention used in this study
included black vinyl stripes applied to each step’s top front edge
and black-and-white vertical stripes on the face of the first and
last steps. Together, the abutting edges of the combined striping
that formed “T”-like configurations could have contributed to
an increased perceived step riser height [14], resulting in greater
step heights. Indeed, previous research suggests that under
similar experimental conditions, perceived step height is
increased and is associated with an increase in the height of the
step taken [12,13,15]. In further support for this mechanism,
the horizontal-vertical illusion effect is reduced when only edge
highlighters are present [13], suggesting that the vertical lines
contribute to the increased step height and, perhaps, that the
horizontal-vertical illusion is a primary mechanism contributing
to the reduction in fall-related events we observed with the
intervention. It is also possible that other intervention formats,
such as those that could induce the Müller-Lyer illusion [23],
could reduce fall-related events. The Müller-Lyer illusion occurs
when the perceived length of a line is influenced by the
orientation of arrow-like segments attached to its ends. Lines
of the same length appear shorter or longer depending on
whether the arrowheads at the ends point inward or outward.
By manipulating the direction of the fins at the end of the lines,
perhaps step height could be increased or decreased depending
on the particular interstep variation. Recent outdoor
observational research suggests that greater vertical foot
clearance occurs when a “fins out” configuration is applied to
a 2-step stairway [24], which is the illusion’s expected effect.
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Future research could examine whether a “fins in” configuration
reduces step height.

By accentuating the steps’ edges, the intervention may draw
attention to them, thereby enhancing the accuracy with which
stair users can estimate the dimensions of each step and then
compensate for irregularities. Future research could investigate
whether the presence of striping increases awareness of interstep
variation, thereby evaluating this potential mechanism. In
addition, the novelty of the intervention itself may have drawn
attention to the stairs. Schomaker and Meeter [25] suggest that
novel visual stimuli, such as a change in contrast, may increase
attention to the stairs [26]. It is worth noting that the striping
intervention was installed several days before data collection
began. It is likely that some stair users had exposure to the
striping before the start of video recording and this early
exposure could have reduced the novelty of the striping effect
before data collection, thus reducing the drawing effect. We
also expect that this effect would have worn off over time as
many of the observed stair users traverse the stairs frequently
due to regular classes in the building.

What Should Be Done About Excessive Interstep
Variations
Maybe the most important challenge associated with observing
increased fall-related events with greater interstep variations is
what to do about it. Is the risk of falls sufficient to warrant
widespread evaluation and enforcement of building codes?
Although we do not provide recommendations here, conducting
assessments, enforcing regulations during construction, and
evaluating older stairways (likely to exhibit the greatest interstep
variation) may reduce fall-related events, especially when
considering cost-effectiveness. For older stairways, as used in
this study (built in 1971, and at the time of construction, the
1967 Uniform Building Code [Sec 3305 (d)] that was in place
in the United States required the maximum interstep variation
in riser height and tread depth to be no more than 3/16 inch),
adding an intervention like painting stripes might be the most
cost-effective way (an estimated US $288 for the high-contrast
striping used here) to reduce the impact of interstep variations
(assuming the application or materials used to apply the striping
do not themselves increase fall risk through reduced or increased
friction, or materials peeling). While increased interstep
variation is associated with a greater risk of fall-related events,
there are cost-effective interventions that can help reduce this
risk. By enforcing building codes and evaluating stairways for
interstep variation, we can work toward creating safer
environments for everyone.

Limitations
While these results are promising, we acknowledge several
limitations of this study. Even with over 10,000 observations,
we only observed 20 fall-related events. A larger sample of falls
would provide a more precise estimate of the differences
between flights of stairs and strengthen the inferences that could
be drawn from these data. Since most of the observations in this
study were younger adults, future work should consider targeting
older or clinical populations (eg, those with visual impairment
and mobility-related limitations) to determine if such an
intervention could reduce fall-related events. However, future
designs will need to consider comparing historical fall frequency
records to future intervention fall frequencies rather than using
a control condition if it could pose a fall risk to these
populations. Furthermore, we did not include Cohen κ, as a
measure of interrater reliability. In addition, the lack of a
validated questionnaire, such as Yang et al [27], are methodical
limitations and should be included in future studies. In addition,
given the emphasis on younger adults in this study, it is
unknown whether the striping intervention’s impact is greater
in younger versus older adults. Finally, since the steps used here
had interstep variations in both riser heights and tread depths,
future observational designs could assess these 2 factors
independently to determine the impact of each on fall risk.

Future Directions
Given the considerable negative impact of falls on public health,
continued research is necessary to improve safety on stairways.
In addition, programs, such as educational campaigns, could be
used to raise awareness of factors that contribute to falls [28]
and perhaps to help motivate small actions, such as painting
stripes on problematic stairways that could have a big impact
on public health and provides support for scaling up effective
public health interventions for long-term population health
benefits.

Conclusions
This study highlights the importance of addressing interstep
variations in stairways to reduce the risk of fall-related events.
By understanding the factors that contribute to fall risk and
implementing cost-effective interventions, we can work toward
creating safer environments for everyone. The findings of this
study suggest that contrast enhancement (ie, striping) may be
a simple and effective way to reduce the risk of falls associated
with interstep variations, highlighting the potential for this
approach to make a significant impact on fall prevention efforts.
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Abstract

Background: Loneliness is a global public health issue contributing to a variety of mental and physical health issues. It increases
the risk of life-threatening conditions and contributes to the burden on the economy in terms of the number of productive days
lost. Loneliness is a highly varied concept, which is associated with multiple factors.

Objective: This study aimed to understand loneliness through a comparative analysis of loneliness data on Twitter and Reddit,
which are popular social media platforms. These platforms differ in terms of their use, as Twitter allows only short posts, while
Reddit allows long posts in a forum setting.

Methods: We collected global data on loneliness in October 2022. Twitter posts containing the words “lonely,” “loneliness,”
“alone,” “solitude,” and “isolation” were collected. Reddit posts were extracted in March 2023. Using natural language processing
techniques (valence aware dictionary for sentiment reasoning [VADER] tool from the natural language toolkit [NLTK]), the
study identified and extracted relevant keywords and phrases related to loneliness from user-generated content on both platforms.
The study used both sentiment analysis and the number of occurrences of a topic. Quantitative analysis was performed to determine
the number of occurrences of a topic in tweets and posts, and overall meaningful topics were reported under a category.

Results: The extracted data were subjected to comparative analysis to identify common themes and trends related to loneliness
across Twitter and Reddit. A total of 100,000 collected tweets and 10,000 unique Reddit posts, including comments, were analyzed.
The results of the study revealed the relationships of various social, political, and personal-emotional themes with the expression
of loneliness on social media. Both platforms showed similar patterns in terms of themes and categories of discussion in conjunction
with loneliness-related content. Both Reddit and Twitter addressed loneliness, but they differed in terms of focus. Reddit discussions
were predominantly centered on personal-emotional themes, with a higher occurrence of these topics. Twitter, while still
emphasizing personal-emotional themes, included a broader range of categories. Both platforms aligned with psychological
linguistic features related to the self-expression of mental health issues. The key difference was in the range of topics, with Twitter
having a wider variety of topics and Reddit having more focus on personal-emotional aspects.

Conclusions: Reddit posts provide detailed insights into data about the expression of loneliness, although at the cost of the
diversity of themes and categories, which can be inferred from the data. These insights can guide future research using social
media data to understand loneliness. The findings provide the basis for further comparative investigation of the expression of
loneliness on different social media platforms and online platforms.

(Interact J Med Res 2025;14:e49464)   doi:10.2196/49464
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health informatics; loneliness informatics; loneliness theory; health effects; loneliness interventions; social media; lonely;
loneliness; isolation; mental health; natural language processing; tweet; tweets; comparative analysis
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Introduction

Loneliness not only affects quality of life but also leads to other
mental health issues, thus burdening the public health service
system. The monetary loss as a result of loneliness is estimated
to be between US $8074.80 and US $12,077.70 per person per
year in the United Kingdom [1]. The monetary cost of lost days
and loss in productivity is estimated to be US $3.14 billion per
year for employees in the United Kingdom. Loneliness is shown
to be associated with a high risk for multiple health conditions
such as physical and mental health issues, dementia, and early
mortality [2].

Loneliness is formally defined as, “the unpleasant experience
that occurs when a person’s network of social relationships is
deficient in some important way, quantitatively or qualitatively”
[3]. Loneliness, thus, is the perceived and subjective dissonance
between one’s desired and actual social contacts and
relationships. It is difficult to know whether a person is lonely
when there is no direct reporting by the person, as loneliness is
a very subjective phenomenon. As opposed to social isolation,
which is objective and points to a lack of any social connection,
loneliness is hard to identify. Loneliness also follows a U-shaped
curve demographically, that is, young and old people are the
loneliest [4]. Because social media and technology are more
frequently used by the younger generation, they are helpful for
analyzing loneliness. A previous report provided a theoretical
explication of loneliness, loneliness informatics, and the gaps
in research on the topic of loneliness informatics, that is, the
application of informatics tools to study loneliness [5].

The causes of mental health issues can vary from genetic factors
to social and economic factors, and might involve immediate
family or finding meaning in life. The result can be withdrawal
from human bonds and touch. Loneliness can be addressed
through different interventions. However, there is a need to
understand the prevalence of loneliness to devise
technology-based and community-oriented strategies.
Technology may have resulted in fragmented and individualized
existence, but it can also be a great healer. The rise of social
media has transformed the way we interact with others, offering
new opportunities for social connection and communication.
Loneliness is a common experience that can have negative
effects on mental and physical health, and social media use has
been implicated as a potential contributor to loneliness.

To better understand loneliness, this study performed a
comparative analysis of Twitter and Reddit data. The aim of
this study was to analyze data from these 2 different social
media platforms to identify the topics and themes highly
associated with the mention of loneliness. We aimed to identify
the associations of socioeconomic, political, and
personal-psychological factors with the feeling and expression
of loneliness. We were not interested in finding out how many
people are lonely. We wanted to assess what kind of expression
is associated with loneliness. Both platforms are popular social
media sites that allow users to post and interact with others, but
they differ in terms of their user base and content focus. Twitter
is a micro-blogging site with a broad user base that covers a

wide range of topics, while Reddit is a forum-based site with
niche communities focused on specific topics.

Loneliness is a subjective experience. Social media has become
one of the best sources to study loneliness because loneliness
must be studied by self-reporting of this subjective feeling.
Understanding the nature of social media platforms viz-a-viz
the kind of expression about loneliness is important. This study
is a step toward understanding the difference in how loneliness
is expressed via different social media platforms. The aim is
not to conceptualize loneliness per se as this is beyond the scope
of this study, but our analysis will provide insights into what
terms, topics, and categories occur more frequently in the
mention of loneliness.

The aim of the study is not to discuss the qualitative difference
between Reddit and Twitter. The difference between both
platforms will stand for all topics of analysis. We do not claim
to present the differences between the 2 platforms, which is
beyond the scope of this paper. Moreover, discussing the
differences between different social media platforms may not
be of research interest. The research interest is to assess whether
the expression of loneliness varies on different social media
platforms. We found that there was some variance. The actual
reasons may not be known as we are not aware of any research
that mentions why people prefer one social media platform over
another. Using natural language processing techniques, we
analyzed user-generated content on both platforms to identify
and extract keywords and phrases related to loneliness. We then
compared the prevalence and nature of loneliness-related content
on Twitter and Reddit to identify common themes and trends
related to loneliness across the 2 platforms. We wanted to
understand the topics mostly associated with loneliness and
their frequency of occurrence with the mention of loneliness.
Before carrying out this analysis, sentiment analysis of tweets
was performed through the valence aware dictionary for
sentiment reasoning (VADER) tool from the natural language
toolkit (NLTK) [6]. The research questions were as follows:

1. What topics and themes can be identified from the data
collected on the expression of loneliness from social media?
It is important to understand what the data covers and then
to carry out an objective comparison.

2. Are there differences in the expression of loneliness on
different social media platforms?

3. How the topics and themes associated with loneliness across
social media platforms can be divided into various
categories?

Social media data with public access are available for Twitter
and Reddit. Facebook, a popular social media platform, does
not provide access to information based on key terms. As of
October 2023, Facebook provides access to an Ad Targeting
dataset. Quora, which is a blog-based social media platform,
does not have any public application programming interface
(API) to provide access to its information. Reddit and Twitter
were selected as their data were publicly available when we
started collecting data.

Reddit and Twitter as well as other social media platforms can
have their own audience, and it cannot be said with any certainty
why people use or prefer one platform over the other. This paper
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does not provide an answer to this question. The characteristics
of each social media platform are broadly true for any kind of
data extracted from them. In this study, we wanted to investigate
whether the expression of loneliness varies on different social
media platforms. The objective reasons or causal reasons for
the differences are beyond the scope of this study.

Several systematic and scoping reviews have been performed
to better understand loneliness. Understanding loneliness
theoretically and evaluating its relation to mental health have
been the topics of several studies [7]. Theoretical studies on
loneliness have established the negative effects of loneliness.
Similarly, from the health informatics perspective, there have
been multiple systematic reviews of the connection between
loneliness and mental health [8]. Moreover, there have been
studies dealing with the application of technology-based
interventions to cope with loneliness [5].

A comparative methodology has been used to compare countries
in terms of the parameters of public health [9,10]. Although this
study does not involve a country-wise comparative analysis, it
is pertinent to note that a comparative analysis of different topics
is an established practice. Foufi et al [11] used Reddit as a source
to mine textual information about chronic diseases, the entities
for the expression of diseases and conditions, and their relations.
Similarly, Reddit was used by Schrading et al [12] for an
analysis of domestic abuse. They developed a classifier based
on the data available on Reddit to classify whether a post is
about domestic abuse. Twitter data were analyzed by Tsai and
Wang [13] to evaluate people’s attitudes toward public health
policies. The use of Twitter to analyze mental health or other
public health conditions during COVID-19 is a prevalent
approach, with studies focusing on a range of issues from
insights into the pandemic [14] to analyzing social network data
[15] and discerning emotions about COVID-19 [16].

Comparison of social media data for different purposes has been
carried out in the literature because each social media platform
is associated with a particular kind of user and a particular mode
of expression. Cinelli et al [17] used Gab, Facebook, Reddit,
and Twitter to assess the difference of opinion across different
platforms. Curiskis et al [18] focused specifically on Twitter
and Reddit for document clustering and topic modeling, while
Gozzi et al [19] performed a comparative analysis of media
coverage on Reddit and Wikipedia. Similarly, both Twitter and
Reddit were used to monitor the spread of hateful content in
the wake of COVID-19 [20].

This study builds on literature reviews involving a comparative
analysis of social media and other such comparative techniques
to better understand loneliness. This study attempts to assess
how loneliness is expressed on Reddit and Twitter. The reason
for this analysis is to clarify the roles of these platforms in
research on loneliness. As social media can provide an intimate
perspective on the experience and expression of the feeling of
loneliness, understanding how different social media can

contribute to research on loneliness is important. Loneliness is
a subjective experience, and analysis of social media data can
play a fundamental role in informing strategies to counter
loneliness and understand its dynamics. This study attempts to
clarify how different social media platforms can be used to
understand loneliness. The findings of this study will be helpful
in devising a large framework using social media for
understanding loneliness.

Methods

Ethical Considerations
This study was exempt from seeking ethical approval as it
analyzed publicly available online content. The study did not
use the identity of the people from the data but provided an
overall picture based on opinions expressed publicly. Data were
collected from the public domain, and the data analysis involved
aggregate terms, which were not concerned with individual
statements. There were no relevant guidelines from the
institutional review boards of the authors’ institutions regarding
the use of publicly available social media data. In the literature,
no ethical approval has been taken for using social media data
to perform different assessments.

Methodology
We used social intelligence analysis (SIA) to identify the themes
associated with the expression of loneliness. SIA is a broad
theme that incorporates multiple social media sources such as
Facebook, Reddit, and Quora. SIA is important to gain insights
into users’ data and, in our case, understand the dynamics of
loneliness. While SIA can be used for a variety of purposes,
such as mining content to create stories and finding trends, we
used SIA for sentiment analysis of collected data on loneliness.
This is a comparative study to assess the themes associated with
loneliness across different social media platforms. Therefore,
we used Twitter and Reddit to collect data. The following
subsections describe in detail the processes of data collection
and analysis for Twitter and Reddit data.

Twitter
We performed an analysis of publicly available data of users
posting about loneliness. Figure 1 presents our pipeline of the
analysis of data collected from Twitter. Twitter is a social media
platform that is used for connectivity and opinion sharing, and
allows users to post via short messages consisting of 280
characters. Twitter provides access to user data through its
publicly available Twitter API for developers. Relevant tweets
about loneliness were gathered and stored in a database. Twitter
data analysis involved the following 3 stages: (1) data collection
(tweet collection); (2) division of the collected data into negative
and other tweets through preliminary analysis (sentiment
analysis of tweets); and (3) further analysis of tweets with
negative sentiments through manual coding to find relevant
themes and categories (manual coding and analysis of tweets).
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Figure 1. Pipeline for processing Twitter data.

Tweet Collection
Tweets containing the keywords “lonely,” “loneliness,” “alone,”
“isolated,” and “isolation” were collected. In theoretical
literature, the words “loneliness” and “lonely” are used to
describe the feeling under consideration in this study. The
authors of a previous report [21] collected Twitter data based
on the keywords “lonely” and “alone.” We went further and
included the synonyms and related words of loneliness for
collecting our Twitter data.

We did not want to exhaustively search for data from a specific
country because we wanted the collected data to be a proof of
concept. We focused exhaustively on cities or countries and
collected more data. The majority of tweets were from the

United States (38%) and India (24%). The rest were from
various countries across the globe. Tweets were extracted from
these 2 countries to make a subdataset. This was meant to reflect
the majority composition of the dataset. The subdataset
contained 100,000 tweets. The collected data were merged based
on location, user ID, and tweet ID to identify tweets belonging
to the United States and India. We did not have control over
the countries from which the data were collected. However,
after data collection, we found that most tweets were from the
United States and India. From the data collected, we made
another dataset that contained 60% data from the United States
and 40% from India. No city-wise allocation of data or analysis
was carried out. Figure 2 presents the process of collecting data
from Twitter and the process of tweet analysis.

Figure 2. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) diagram for Twitter data.

Sentiment Analysis of Tweets
The next step was to perform a preliminary analysis of the
collected tweets through sentiment analysis. This step is required
because loneliness is a negative feeling. To determine how it
is expressed in its meaning for mental health analysis, we filtered
out tweets where the expression of loneliness was negative. If
we decided to report all tweets that contained feelings of

loneliness, we would not have required a further step. In our
case, the problem becomes determining the association of
themes (which may represent loneliness) with the keywords
depicting loneliness. For instance, we had to assess the
relationship of “hurt,” “sick,” “tired,” “sleep,” etc with the
expression of loneliness. This task is usually carried out through
the association of lexicon categories with tweets including the
word “lonely” or “alone.” The collected tweets also contained
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metaphorical use of lonely or loneliness, which does not pertain
to our use of loneliness. Such mentions of loneliness are
represented by positive and neutral sentiment tweets. The
definition of loneliness in this paper connotates a negative
feeling. While loneliness can also be a positive or neutral feeling
for some people or some situations, when it comes to its
association with mental health issues, the negative consequences
of loneliness must be considered.

Therefore, to perform the task of separating tweets with negative
connotations for loneliness, we used sentiment analysis.
Sentiment analysis was carried out after cleaning the data, such
as removing redundant characters, numbers, special characters,
user profile IDs, and information like “retweets.” For finding
tweets with negative sentiment, we used VADER based on
Python’s NLTK. VADER is suited for microblog content, such
as that of Twitter. VADER combines the lexicon, that is,
dictionary-based analysis, and rule-based approach to
characterize the sentiment. VADER uses gold-standard quality
like Linguistic Inquiry and Word Count (LIWC) [22], which
has been validated by humans. It distinguishes itself from other
efficient tools, such as LIWC, in that it is more sensitive to
sentiment expression in social media contexts. VADER also
provides valence of the sentiment on a range from 1 to 9. Owing
to the sentiment score, we can know through VADER the extent
to which the sentiment is negative or positive.

This valence is based on generalizable rules that represent
grammatical and syntactical conventions that humans use in
contexts meant for emphasizing sentiment intensity. For our
purpose, another important feature of VADER is the inclusion
of sentiment-bearing lexical nonverbal items, such as emoticons,
and verbal items, such as slang, acronyms, and initialisms, which
are prevalent in social media contexts. The combination of
valence polarity through both the lexicon and rule-based
approaches is valuable for fine-grained sentiment analysis. The
shortcomings of the lexicon-based approach include coverage,
general sentiment intensity, and acquiring a new set of human
lexical features.

Manual Coding and Analysis of Tweets
We stored tweets with negative sentiments separately to carry
out further analysis. We assessed the themes and categories that
most prominently featured in the tweets with negative sentiment.
This we performed through manual coding and analysis. We
composed a list where the number of occurrences of each word
was presented. Before creating the list, we removed stop words
and carried out lemmatization to find out the root words.
Lemmatization reduces the number of words, and hence, the
list was compact.

Manual analysis of the list of occurrences helped in devising
larger socioeconomic or emotional-personal categories. The
lists were thoroughly searched to identify meaningful words.
There were words used for grammatical construction and others

not mentioned significantly. This step was subjective and
depended on the number of occurrences in the list. The words
to include as topics under different categories were guided by
the literature [21,23]. The creation of categories and the
assignment of topics were subjective. This part of the
classification can be considered qualitative as it was guided by
the authors’ judgments and opinions based on the literature.

Reddit
The Reddit assessment involved only 2 steps: data collection
and manual coding. The intermediary step was not required
because the Reddit data were forum-based, with a focus on
coping with the negative effects of loneliness.

Reddit Data Collection
The Reddit data collection methodology was relatively
straightforward. Reddit is a forum-based social media platform
where people post about a topic on a subforum dedicated to the
topic. These subforums are called subreddits. The Reddit API
provides access to individual subreddits to download posts along
with comments. The API provides access to download the top
posts on a topic determined by the number of up-votes and other
parameters of engagement. Figure 3 presents our pipeline for
processing posts from Reddit. The difference between Figure
1 and Figure 3 is that there is no additional step of sentiment
analysis for Reddit posts. After glossing over the subreddit
“loneliness,” we found that the posts were about the emotional
expression of loneliness and did not involve metaphorical or
off-topic use of loneliness. The nature of Reddit and subreddits
designed for each topic encourages serious engagement on the
topics. Because of this fact, sentiment analysis of Reddit data
was not deemed important, and posts were analyzed through
the frequency of the occurrence of words to identify the themes
and topics most highly associated with loneliness.

Reddit posts from the “loneliness” subreddit were collected
through the Reddit API. The “loneliness” subreddit had 13,000
members, and people could post and comment in the subforum.
Reddit has its own algorithm for providing a score (ie, higher
visibility for posts), which also considers inputs from other
users in the form of up-voting. We collected the top 2000 Reddit
posts from the “loneliness” subforum with all comments. The
comments varied for each post in terms of both number and
size. It is worth noting that some of the comments were of the
same or even larger size than the original post. Thus, comments
can be considered to include data on loneliness. The total
number of individual texts analyzed was more than 2000 (posts
multiplied by the average number of comments). Some posts
did not have any comments, and the maximum number of
comments for a post in the data we collected was 55. The
average number of comments was 4.51, while the total number
of comments was 8570. Combining the comments with the posts
provided more than 10,000 unique texts or personal expressions
on loneliness from Reddit.
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Figure 3. Pipeline for processing Reddit data.

Reddit Data Manual Coding and Analysis
We analyzed both the posts and comments to identify the
frequency of the occurrence of words to locate the associations
of topics and themes with loneliness. The Reddit posts and
comments were analyzed without performing any sentiment
analysis.

The Reddit posts and comments were collected in a database,
and stop words were removed. We performed lemmatization to
find out the root words. Then, a list of occurrences of each word
was created and analyzed similarly to the method presented in
the subsection Manual Coding and Analysis of Tweets.

Reason for Using Manual Coding and Analysis
As the aim of this study was to identify differences between
expressions of loneliness on Twitter and Reddit, assessment of
important topics was an objective way to achieve this. A
qualitative comparison of different tweets and different Reddit
posts could be performed, but this would be biased and limited.
When the comparison involves thousands of tweets and Reddit
posts, it might not be possible to achieve a meaningful subjective
comparison. Breaking down the tweets and Reddit posts into
topics and categories allows for objective assessments of
similarities and differences.

This method of searching for relevant categories of sociopolitical
and personal-emotional content and topics was used because it
has more flexibility. Usually, the n-gram method indicates the
association of words that co-occur, which cannot be perceived
to have happened by chance. However, this method does not
indicate the occurrence of individual topics and words, and thus,
the impact of a topic will not be known. The use of a
keyword-based method (ie, using the collected data for some
keywords and then reporting their occurrences) is a deductive
approach, and it can help in searching the data for predefined
keywords. In this study, we used more of an inductive approach,
where we let all the important themes and topics in the data
emerge. This allowed us to perform a more thorough analysis
of data rather than being limited by keywords to look for in the
data. This method to analyze the data is a quantitative approach.
We did not qualitatively analyze the tweets and Reddit posts
(ie, we did not provide our observations on what is contained
in them). We reported the number of occurrences of meaningful
words and then divided them into relevant categories. This

quantitative stating of sentiment analysis and the words
contained in negative sentiment tweets under categories was
achieved by reading the literature and following the literature.

Results

Comparison of Reddit and Twitter Data
The number of tweets and Reddit posts for analysis was not
determined by a specific rule. In the literature, different numbers
of tweets and Reddit posts have been used for analysis. For
example, Zubaiga [24] carried out an analysis of collected tweets
to show the diversity of subjects and dataset sizes. The size of
the datasets ranged from over a hundred thousand to more than
10 million. The aim of the study was to reflect in indicative
terms the difference in the use of social media according to the
expression of loneliness, and therefore, the numbers identified
were considered reasonable.

Tables 1 and 2 provide basic details of Twitter and Reddit data,
respectively. As discussed earlier, the dataset for Twitter
analysis was obtained by combining tweets from the United
States and India. The proportions of tweets with negative
sentiment for the dataset of each country and for the combined
dataset are presented in Table 1. Tweets with negative sentiment
were then further analyzed to identify the frequency of the
occurrence of topics. For Reddit data, the breakup of the data
into words provided a total of more than 25,000 words. For the
sake of the meaningful mention of topics and brevity, we only
included topics that were mentioned at least 50 times, resulting
in 411 words for analysis. Among these 411 words, there were
many words related to language construction, such as
propositions, and sentence structure. Words that were
meaningful in terms of emotions or other expressive qualities
were finally included in the analysis.

Table 3 presents the topics highly associated with negative
mentions of loneliness in the Twitter dataset. Tweets with
negative sentiment were first tokenized and stemmed to obtain
a concise list of words and topics associated with loneliness.
The list was then analyzed, and meaningful words representing
topics of interest, such as emotional, social, and health
identifiers, were found. Words like “oh,” “yeah,” and “ur” were
ignored when composing the list. For the overall dataset,
intimate relationships and interpersonal relationships showed
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the highest associations with loneliness (Table 3). “Death” as
a topic representing matters of health occurred the most in
mentions related to loneliness, along with mentions related to
COVID. In terms of socioeconomic factors and political
expressions, a wide range of topics were identified.

Table 4 provides a list of themes mentioned with loneliness in
the loneliness subreddit. The numbers given represent the total

number of occurrences of the word or topic in the Reddit posts.
The focus was mostly on relations and emotional expression.
As longer posts are allowed, people have more space to express
their feelings and open up. Social media platforms provide
spaces to own one’s vulnerabilities without facing the backlash
that can come in the form of social ostracization. In Table 4,
the topics and their relevant thematic categories provide deeper
insights into the personal-emotional associations of loneliness.

Table 1. Analysis of Twitter data.

Sentiment analysis of tweets (negative sentiment proportion)Country

33.8%India

48.3%United States

Table 2. Analysis of Reddit data.

Value, nVariable

35,057Total words

611Words occurring more than 100 times

78Words occurring more than 1000 times
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Table 3. Topics highly associated with mentions of loneliness in Twitter data.

Mentions, nThematic area and topic

Intimate relationships

2550Family

1539Children

64Cheat

3534Woman

1213Relationship

Interpersonal relationships

10,452Want

9854Need

5173Feel

Health

5715COVID

9652Die

3729Life

Socioeconomic factors

1538Injustice

1344Money

3391Poor

4452Culture

2276Colorism (black/white)

Emotional expression/insecurities

2343Sad

5621F*ck

3542Hate

Political

1328War

1198Protect

2731Visa

1576Modi

543Citizen

3742Custody

4068Protest

Insomnia

7154Night

4315Day

1564Sleep

543Awake
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Table 4. List of themes associated with the expression of loneliness in Reddit data.

Value, nThematic area and topic

Intimate relationships

563Love

196Women

233Relationship

238Family

111Single

1015Friends

Social relations

172Friends

110Girl

587She

467Her

146People

106Online

237Meet

428Person

Interpersonal relations

2648Me

101He

1596Yours

196Us

245Everyone

1775People

194Others

Emotional expression

197Thought

110Hurt

284Trying

114Pain

105Experience

101Remember

268Understand

435Feeling

941Want

539Need

1904Feel

229Wish

262Care

Self-focused

13,604I

119Mental

3989My
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Value, nThematic area and topic

5424You

Work-related

331Work

117Job

190Tried

105Time

175School

About time

1608Life

234Year

269Live

145Old

Similarities and Differences in Reddit and Twitter
Data
There are similarities in the categories and themes that can be
found in conjunction with mentions of loneliness, but differences
in the use of both social media platforms can be crucial in
devising strategies to use social media data to understand
loneliness. Reddit data are more focused on themes around
personal-emotional categories and have a larger number of
occurrences of topics around these categories. For Twitter, a
range of categories were identified, and personal-emotional
categories were the dominant ones, but other topics also
occurred. Moreover, the associations of themes and topics with
expressions of loneliness were in line with broader psychological
linguistic features focused on the self-expression of mental
health issues. The difference again was in the range. Twitter
can have a wider range of topics that are associated with
expressions of loneliness, while Reddit is more focused on
psychological personal-emotional categories. These findings
will help in providing a guideline for further research into
deploying social media data to understand loneliness.

The differences that can be observed in Tables 3 and 4 involve
diversity and extensiveness. In Twitter data, the range or
diversity of topics and themes can be seen. Because of the
limited-character expression on Twitter, people can express
their thoughts or opinions, and from these, we can find the
association with loneliness. There can be a range of such themes
involving direct mentions of loneliness with mentions of a topic
in a negative way. On the other hand, Reddit data indicate the
extensiveness or depth of a theme or group of topics associated
with loneliness.

Some categories, such as “political” and “insomnia,” are missing
from Reddit data. The reason for this might be a conjuncture,
as direct evidence for the lack of data on Reddit needs to be
obtained after following a proper study protocol. However, it
can be assumed that because Reddit is more personal (ie,
anonymous with the culture being encouraged to reveal personal
problems), the general associations of loneliness, such as
political and extensive social themes, are not present. For

“insomnia,” the easy nature of Twitter (ie, the requirement of
short posts) might be seen as a better alternative to discuss sleep
problems later at night. Again, these can be conjectural
inferences, but the wider social and cultural context can inform
the interpretation of these results.

Another reason for Twitter data containing socioeconomic and
political categories, which are lacking in Reddit data, is the
geographical composition of the data. However, further
investigation is needed to determine the geographical
composition of the data. According to these findings, Reddit
data could be useful for finding the depth of a theme associated
with loneliness (ie, what subthemes or topics under a broader
category are related to loneliness). Twitter, on the other hand,
showed the range and diversity of themes and categories
associated with loneliness. This is important to investigate the
possible causes of loneliness. The fact that Twitter provides a
range of topics and themes and Reddit shows the depth of a
theme can be used in a complimentary way.

Discussion

Principal Findings
The study performed a comparative analysis of 100,000 tweets
and around 10,000 Reddit posts to understand the themes
associated with the expression of loneliness according to
socioeconomic and personal-emotional topics. The number of
Reddit posts was kept lower than the number of tweets because
Reddit posts are lengthier. These 2 social media platforms are
important because of their unique nature. Twitter allows short
texts, while Reddit allows a freehand composition of one’s
opinion and analysis. Analysis of the tweets and Reddit posts
provided attributes to understand the associations of
socioeconomic and personal-emotional factors with loneliness.
These attributes included emotion, sentiment, emojis, and topics.
The analysis demonstrated that such attributes could help gather
evidence and analyze interactions on the topic of loneliness and
other such related topics. The first attribute was emotion, which
can serve as a guide in understanding people’s reactions. The
second most common attribute was relationships. Other thematic
areas, such as health, work, self-focused topics, and
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insomnia-related topics, indicated the intimate nature of
loneliness. The major finding of this study was that both social
media platforms differed in the range of expressions of themes
in association with loneliness.

There were similarities in the themes associated with loneliness
on social media, but differences in platform usage are crucial
for strategies to understand loneliness. Reddit was heavily
focused on personal-emotional themes, with a higher frequency
of these topics. Twitter, while also emphasizing
personal-emotional themes, included a broader range of
categories. The thematic associations with loneliness aligned
with broader psychological linguistic features centered on mental
health self-expression. The key difference was range. Twitter
had a wider variety of associated topics, whereas Reddit
concentrated on personal-emotional themes. These findings
provide guidelines for future research using social media data
to understand loneliness.

The methodology developed in this paper showed the association
of loneliness with language, which was associated with mental
health issues such as anger and depression. The tweets and
Reddit posts analyzed prove that psychosocial linguistic features
can be found in the self-expression of loneliness, which can
identify the dynamics of loneliness [25,26]. Tweets containing
keywords associated with loneliness represent a self-focused
discourse, which affirms previous literature on loneliness
[27,28].

The topics and categories involve linguistic expressions of
underlying mental health and related emotions. The findings of
this paper regarding the topics and themes associated with
loneliness, including mental health, alcoholism, emotional
dysregulation, and sociopolitical circumstances, are backed by
the literature. The relationships between mental health issues,
such as depression and suicidal ideation, and issues related to
neurobiology have been discussed by Lam et al [29]. These
include conformity with the literature on the association of
loneliness with emotional dysregulation and trouble with
relationships [30]. The LIWC was used for different thematic
concerns for loneliness by previous authors [23]. The study
presented in tabular form the related social and emotional
supercategories and relevant subcategories of loneliness.
Self-referential pronouns were associated with loneliness
according to the study. This study also affirms this finding. Our
data present such linguistic categories, which have been proven
by previous research to be associated with the linguistic nature
of loneliness [31].

Finding themes associated with mental health and other issues
in public health, such as loneliness, through social media
analysis is interesting because such an analysis can provide
insights into the first-hand experiences of people. The primary
question in this study was “Is there a significant difference in
the use of different platforms when it comes to the expression
of loneliness?” The answer to this question is not binary. When
it comes to larger patterns of the association of topics with
loneliness, both platforms can provide similar patterns.
However, the difference lies in the range of topics expressed
and the depth of a particular topic. This finding is in line with
previous findings. A previous study found that Twitter and

Reddit can provide different sentiment expressions after a while
for opinions regarding vaccination [32].

Which platform is better to use for the analysis of topics
associated with loneliness and other related public health issues?
From the data analysis and results, we found that Twitter can
provide access to a large number of tweets through its API, but
special steps in data cleaning and the combination of different
data frames have to be taken in order to carry out a meaningful
analysis. Reddit, on the other hand, provides access to lengthier
posts where users are free from the constraints of space, and
multiple insights into the nature of loneliness can be gained
from a single post. Therefore, Twitter provides access to a range
of insights, while Reddit provides access to a depth of insights.
We also found that Reddit posts, although lesser than tweets,
provided a lot more topics, but the topics were constrained by
the variety of themes and belonged to similar thematic areas.

This study has provided the following insights into the nature
and dynamics of loneliness through the collection of data from
different social media platforms (Twitter and Reddit):

1. Despite the limitations of the dataset, the varying nature of
loneliness can be observed on both platforms. It gives
investigators the opportunity to approach the data on the
expression of loneliness on different social media platforms
differently.

2. Reddit allows users to share their opinions without limits,
and Reddit is built around communities. These communities
allow people having similar experiences to share their
stories in detail. Therefore, Reddit is more suitable for
educational and other messaging services, while Twitter
can provide a range of topics, which can further be
investigated in depth.

3. The data returned by Twitter can be very large, and to use
the data, special data cleaning tools and other steps, such
as sentiment analysis, should be used. Reddit data are from
communities, and as such, they can be directly analyzed.
There can be posts from bots and other such automatic or
malicious agents. We did not remove these in this study.
These need to be removed before further analysis in future
work.

Limitations
This study has a number of limitations. First, the data from
Twitter and Reddit are self-reported and may not represent the
broader population. Only English posts were analyzed, limiting
generalizability. Future research should explore various
platforms and languages for a more comprehensive
understanding of loneliness. Second, the dataset size of both
Twitter data and Reddit data was small. We used a limited
dataset to determine whether loneliness has different expressions
on these platforms. The point was not to be exhaustive but
indicative. This limitation can be addressed in a future study
by increasing the dataset size to verify or change the findings
of this study. Third, the Reddit data were not geo-tagged, and
thus, we were not able to determine the countries of the users.
However, there are methods to identify the locations of the users
of Reddit posts. In the future, these methods can be used to
carry out a comparative analysis with geo-located Twitter data.
Fourth, there was no control over the data returned by the
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Twitter API regarding specifying a country for data collection.
The data returned was not probabilistically sampled, and thus,
there may be bias in terms of both content and the country or
region from which the data are collected. Fifth, the sentiment
analysis of Twitter data may have issues. The automatic
classification of tweets into negative and positive through
sentiment analysis may not be fully accurate. While this was
the basis of the study to carry out automated analysis, the results
of this automated sentiment analysis need to be validated by
looking at a certain number of tweets that were identified
as negative. Current models do not detect some linguistic
expressions such as sarcasm and humor. New models can be
developed, which can correctly classify the sentiment of tweets
that use sarcasm and humor. With this approach, we will be
able to know the confidence of the analysis and quantify errors.
This is related to the methodology of the study, which did not
analyze tweets with negative or neutral sentiments. There is a
possibility that even a positive or neutral mention of loneliness
is associated negatively with mental health, but for the sake of
a coherent analysis of a large number of tweets, this has been

removed. Validation of sentiment analysis is needed to
determine how many tweets with positive sentiment actually
had negative connotations.

Conclusion
This study aimed to compare data on loneliness from Twitter
and Reddit to identify topics and themes associated with the
expression of loneliness. The findings of this study suggest that
Twitter provides a wide and diverse range of data related to
loneliness, while Reddit shows the depth or extensiveness of a
theme associated with loneliness. By analyzing the language
used in tweets and Reddit posts, it was possible to identify
common themes associated with loneliness, such as social
isolation, mental health, and relationship issues. The results of
this study provide valuable insights into the ways in which
people express and experience loneliness on social media
platforms. The ability to identify these themes and topics
associated with loneliness could be useful for health
professionals and researchers to understand the complex nature
of loneliness and its impact on individuals.
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Abstract

Background: By allowing for abortion bans and restrictions to take effect in the majority of US states, the 2022 Dobbs v Jackson
Women’s Health Organization decision portends to have lasting impacts on patient care and the physician workforce. Notably,
it is already beginning to impact practice location preferences of US health care workers, evidenced by declining application rates
to residency programs in abortion-restrictive states since 2022. Yet, there remains a gap in the literature regarding why this trend
exists.

Objective: This study aims to describe what factors are driving the practice location preferences of medical students and
physicians after the Dobbs decision.

Methods: This study analyzes qualitative data from a web-based, cross-sectional study. In August 2022, a nonprobabilistic
sample of physicians and medical students were surveyed on social media about the impact of overturning Roe v Wade on practice
location preferences, which included the free-text question “Please share your thoughts about the overturning of Roe v Wade and
how it will affect your decision about your (residency/job or fellowship) programs.” A total of 3 independent team members
completed an inductive thematic analysis of 524 free responses, resolving differences by discussion.

Results: Approximately 1 in 4 survey respondents also completed the free-response item (524/2063, 25.4%); a total of 219 were
medical students, 129 were residents and fellows, and 176 were practicing physicians. Of them, approximately half (261/524,
50.5%) resided in states where abortion bans were in place or anticipated. Those who answered the free-response item were
relatively more likely to hail from states with restrictive abortion bans (P<.001) compared to those who did not, with other
demographic characteristics being largely similar between the groups. Inductive thematic analysis yielded 2 broad thematic
categories: patient-related and workforce-related factors influencing practice decision preferences. The 3 most common themes
overall were respondent concerns regarding their patient’s access to care (249/524, 47.5%), their desire not to practice or train
in a state with abortion restrictions regardless of current residence (249/524, 47.5%), and their personal belief that abortion bans
are human rights and/or body autonomy violation (197/524, 37.6%). Some respondents stated that the Dobbs decision would not
impact their choice of practice location (41/524, 7.8%), and some supported it (35/594, 6.7%).
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Conclusions: This study shows that abortion restrictions are having an impact on the practice location preferences of the
physician workforce due to both patient care and personal factors. It is important that state policy makers and others who are
considering abortion restrictions also consider how to address these concerns of physicians and medical students, to avoid
worsening geographic maldistribution of physicians and worsening access to care from physicians for their citizens.

(Interact J Med Res 2025;14:e55035)   doi:10.2196/55035

KEYWORDS

abortion; physician workforce; social media; reproductive health; medical education; abortion access; education; survey study;
students; training; patient care; care; medical students; human rights; autonomy

Introduction

The US landmark Dobbs v Jackson Women’s Health
Organization decision allowed for widespread restrictions on
abortion care, with 14 US states now enforcing total abortion
bans and 27 more with bans based on gestational age [1,2].
These include Targeted Regulation of Abortion Providers
(TRAP) laws that hamper and criminalize the practice of
abortion [2].

While evidence affirms that abortion restrictions have
deleterious effects on patient care and public health [3-6], it is
important to understand that such policies also impact the health
of physicians. A majority of physicians and medical students
plan to build families during or after medical training, with
thousands desiring pregnancy each year [7,8]. Many rely on
infertility treatments, which abortion restrictions hamper [9].
Abortion restrictions, therefore, may deny a significant
proportion of the physician workforce comprehensive family
planning services, placing them at risk of forced birth [10].
Furthermore, they may also create moral injury among
physicians from conflict between personal and professional
morals, uncertainty regarding allowable practices, and fear of
prosecution [11]. Those who provide abortion care may face
increased stigma or even criminalization, depending on the state
in which they train or practice. Those who are in restricted states
and are not able to provide abortion care may struggle to
navigate what is right for their patients versus what is legal,
potentially worsening burnout and compassion fatigue [11,12].

Recent analysis from the American Association of Medical
Colleges (AAMC) shows that fewer US MD seniors applied
for residency positions in abortion-banned states versus nonban
states in 2023 [13]. This includes a small but significant decline
in the number of applications to obstetrics and gynecology
residency programs in restrictive states in 2022 and 2023 [14].
To date, no study has described why physicians hold such
preferences. Using an inductive analysis of free-response survey
questions from our previous survey, this study aims to describe
how state abortion restrictions may influence physicians’ and
students’ decisions about where to live and practice.

Methods

Overview
We conducted a web-based, cross-sectional study for 2 weeks
in August 2022. A nonprobabilistic sample of physicians
(practicing physicians, fellows, and residents) and medical
students were recruited from dedicated physician communities

on social media (Twitter [rebranded as X in July 2023],
Facebook, and Instagram [Meta Platforms]) through platforms
like the American Medical Women’s Association and Inside
The Match. All physicians and medical students in the United
States were eligible to participate, including both those who
practice or intend to practice in reproductive health care and
those who do not. There was no minimum age for participation.
Physicians completed a questionnaire about the impact of
overturning Roe v Wade on practice location preferences [15].
Respondents reported demographic information and their
location preferences for residency (medical students) or
fellowship and jobs (physicians). No identifying information
was collected.

This analysis focused on the study respondents’ stated practice
location preferences. Quantitative data from this study were
previously published [15]. Survey respondents were offered a
free-response question, “Please share your thoughts about the
overturning of Roe v Wade and how it will affect your decision
about your (residency/job or fellowship) programs.” An
inductive thematic analysis was used [10]. We consulted the
Standards for Reporting Qualitative Research to report the study
findings [16]. The free-response item was included to allow
respondents to contextualize their practice location preferences
[17]. The study team is comprised of a medical student pursuing
obstetrics and gynecology (OBGYN; SMM), residents in
radiation oncology (MSL) and OBGYN (SF), a fellow in
Complex Family Planning (AL), and practicing physicians in
psychiatry (SAB and JAG) and internal medicine (SJ and VMA).
Some team members practice or are training in locations with
abortion restrictions, and some practice in less restrictive
locations. A total of 4 independent coders (MSL, SAB, SMM,
and SF) coded responses until thematic saturation was reached
(n=73 for medical students and n=102 for residents, fellows,
and practicing physicians) and established the code book through
consensus discussion. After establishing the code book, 2
authors coded all responses (n=524), and differences were
resolved by discussion. Statistics were done in IBM SPSS
(version 29), and group comparisons were calculated with
chi-square testing. The CHERRIES checklist for the reporting
of internet surveys guided the reporting of the study (Multimedia
Appendix 1) [18].

Ethical Considerations
The study was approved as exempt from review by the
Institutional Review Board at the University of Chicago
(IRB22-1066). Participants provided consent with the
opportunity to opt out of the study and were not compensated
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for participation. Data were collected without identifiers and
are only accessible to study team members.

Results

Demographics
Of the 2063 survey respondents, 524 (25.4%) completed the
free-response item. Respondents consisted of medical students
(n=219), residents and fellows (n=129), and practicing
physicians (n=176). Most identified as cisgender women
(391/524, 74.6%). The majority (453/524, 86.5%) of respondents
were of reproductive age (less than age 44) and had no children
(361/524, 68.9%). Approximately half (261/524, 50.5%) resided
in states where abortion bans were in place or anticipated; half
(256/524, 49.5%) resided in states where abortion remains legal
[19]. Roughly a fifth (114/524, 21.8%) specialized in OBGYN,
13.2% (69/524) specialized in family medicine, and 65.1%
(341/524) specialized in another field. The complete
demographics of the sample who answered the free-response
portion appear in Table 1.

Respondents who answered the free-response item were similar
to those who did not by gender (P=.07), race (P=.13), or whether
they intended to provide abortion care (P=.22). Respondents in
states with restrictive abortion bans (50.5%) were more likely
to respond (P<.001) compared with those in a state without
restrictive abortion bans (41.7%).

Free-response rates suggest that these qualitative data
appropriately represent the spectrum of views on abortion rights
and access. Of the overall sample, 82.3% (1698/2063) indicated
they would prefer to apply where abortion access is preserved;
among them, 23.1% (393) answered the free-response item
versus 76.9% (1305/2063) who did not (P<.001). However, of
the 9.7% (200/2063) who did not prefer to apply where abortion
access was preserved, 41.5% (83) provided a free response,
while 58.5% (117) did not (P<.001). Of the 11.1% (229) who
indicated that abortion restrictions do not impact their
preferences, 32.8% (75) responded versus 67.2% (154) who did
not (P<.001).
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Table 1. Demographics of medical students (n=219), residents and fellows (n=129), and practicing physicians (n=176) who answered the free response
item.

Practicing physi-
cians (n=176), n (%)

Residents and fellows
(n=129), n (%)

Medical students

(n=219), n (%)a
Total (n=524), n (%)Characteristic

Genderb

139 (79)94 (72.9)158 (72.1)391 (74.6)Woman

31 (17.6)30 (23.3)48 (21.9)109 (20.8)Man

1 (0.6)2 (1.6)4 (1.9)7 (1.4)Transgender and/or gender nonconforming

3 (1.7)0 (0)2 (0.9)12 (2.3)Prefer to describe

2 (1.1)3 (2.3)7 (3.2)43 (2.1)Prefer not to answer

Ethnicityc

8 (4.5)10 (7.8)27 (12.3)45 (8.6)Hispanic

161 (91.5)114 (88.4)181 (82.6)456 (87)Not Hispanic

7 (4)5 (3.9)11 (5)23 (4.4)Prefer not to answer

Racec

0 (0)0 (0)2 (1)2 (0.4)American Indian, Alaska Native, Native
Hawaiian, or other Pacific Islander

22 (12.5)9 (7)18 (8.2)49 (9.4)Asian

2 (1.1)16 (12.4)19 (8.7)37 (7.1)Black, African American, or African

8 (4.5)6 (4.7)13 (5.9)27 (5.2)Multiraciald

130 (73.9)91 (70.5)140 (63.9)361 (68.9)White

6 (3.4)1 (0.8)8 (3.7)15 (2.9)Prefer to describe

8 (4.5)6 (4.7)19 (8.7)33 (6.3)Prefer not to answer

Sexual orientation

13 (7.4)8 (6.2)30 (13.7)51 (9.7)Bisexual

7 (4)4 (3.1)8 (3.7)19 (3.6)Gay or lesbian

141 (80.1)106 (82.2)157 (71.7)404 (77.1)Heterosexual

8 (4.5)6 (4.7)7 (3.2)21 (4)Queer, pansexual, and/or questioning

0 (0)0 (0)3 (1.4)3 (0.6)Don’t know

2 (1.1)0 (0)4 (1.8)6 (1.1)Prefer to describe

5 (2.8)5 (3.9)10 (4.6)20 (3.8)Prefer not to answer

Age rangee (years)

68 (38.6)127 (98.4)218 (99.5)453 (86.5)≤44

108 (61.4)2 (1.6)1 (0.5)71 (13.5)≥45

Relationship status

27 (15.3)29 (22.5)72 (32.9)128 (24.4)Single

7 (4)29 (22.5)89 (40.6)125 (23.9)Partnered

130 (73.9)68 (52.7)53 (24.2)251 (47.9)Married

2 (1.1)0 (0)0 (0)2 (0.4)Widowed

4 (2.3)0 (0)1 (0.5)5 (1)Divorced

3 (1.7)1 (0.8)1 (0.5)5 (1)Other

3 (1.7)2 (1.6)3 (1.4)8 (1.5)Prefer not to answer

Children

116 (65.9)22 (17.1)25 (11.4)163 (31.1)Yes
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Practicing physi-
cians (n=176), n (%)

Residents and fellows
(n=129), n (%)

Medical students

(n=219), n (%)a
Total (n=524), n (%)Characteristic

60 (34.1)107 (82.9)194 (88.6)361 (68.9)No

Respondent’s current state of residence, by anticipated abortion restrictionf

70 (40.2)66 (51.2)125 (58.4)261 (50.5)Ban or likely bang

104 (59.8)63 (48.8)89 (41.6)256 (49.5)Legalh

Specialties

35 (19.9)28 (21.7)51 (23.3)114 (21.8)Obstetrics and gynecology

22 (12.5)17 (13.2)30 (13.7)69 (13.2)Family medicine

119 (67.6)84 (65.1)138 (63.0)341 (65.1)All others

aIncludes US medical students (n=188) and international medical graduates applying to US residency programs (n=31).
bNationally, medical students are 47.9% female and 52.9% male, residents and fellows are 46.8% female and 53% male, and practicing physicians are
35.9% female and 64.1% male [20].
cNationally, medical students are 0.2% American Indian or Alaska Native, 54.6% White, 21.6% Asian, 6.2% Black or African American, 5.3% Hispanic,
8% multiple races, and 3.5% other. Nationally, residents and fellows are 0.11% American Indian or Alaska Native, 48.9% White, 26.6% Asian, 6%
Black or African American, 9.2% Hispanic, 4% multiple races, and 3.1% other. Nationally, practicing physicians are 0.1% American Indian or Alaska
Native, 63.9% White, 19.2% Asian, 3.6% Black or African American, 5.5% Hispanic, 2% multiple races, and 5.6% other [20,21].
dRespondents who selected more than one option are considered multiracial for the purpose of this study.
eAge 15-44 years is defined as reproductive age per the Centers for Disease Control and Prevention [22].
fIncludes all 50 states, Puerto Rico, and the District of Columbia. Excludes the 7 respondents who indicated “other” on their location [19].
gAlabama, Arizona, Arkansas, Florida, Georgia, Idaho, Indiana, Iowa, Kentucky, Louisiana, Michigan, Mississippi, Missouri, Montana, North Carolina,
North Dakota, Ohio, Oklahoma, South Carolina, South Dakota, Tennessee, Texas, Utah, West Virginia, Wisconsin, and Wyoming [19].
hAlaska, California, Colorado, Connecticut, Delaware, District of Columbia, Hawaii, Illinois, Kansas, Maine, Maryland, Massachusetts, Minnesota,
Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, Oregon, Pennsylvania, Puerto Rico, Rhode Island, Vermont, Virginia, and
Washington [19].

Overview of the Inductive Analysis of Free-Response
Survey Answers
There were 2 groups of themes and 2 stand-alone themes. One
group described how practice location decisions impact patient

care (Table 2), and the other captured workforce-related
concerns (Table 3). The remaining themes included no impact
and antiabortion sentiment.
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Table 2. Patient factors influencing decisions about practice location emerging from the inductive analysis of the following: for students applying to
residency, “Please share your thoughts about the overturning of Roe v Wade and how it will affect your residency application and ranking decisions
below,” and for fellows and practicing physicians, “Please share your thoughts about the overturning of Roe v Wade and how it will affect your decision
about your job or fellowship programs” among respondents (n=524).

Example quotePhysicians
(n=305), n
(%)

Example quoteStudents
(n=219), n
(%)

Theme

I want to be able to support my patients to make good
decisions about pregnancy. I need to be able to refer
people if they need termination of pregnancy. It goes
against my ethics to have to deprive someone of that op-
tion. I care foremost about my patients. If one of my pa-
tients died because she couldn’t get an abortion, I
wouldn’t be able to live with myself.

165 (54)I’m horrified when I imagine taking care of
a teenager who is being forced to carry out
a pregnancy. I’m terrified of the burden of
caring for a NICU filled with babies who
were born despite having anomalies that
make their short lives painful. I can only
hope I’m not assaulted or become pregnant
without the option to terminate.

84 (38)Patient access to
abortion (or repro-
ductive care)

A politician is unable to grasp the grey areas of obstetric
care and the heartbreaking scenarios we encounter. It is
bad enough that hospital administrators police our obstet-
ric practice; we do not need another non-medical person
telling us how to practice evidence-based medicine.

78 (25)I never want to be in a situation where I face
disciplinary and/or legal consequences for
reporting a patient who is miscarrying
(spontaneous or induced), and with the
current climate, I genuinely fear that we
may be moving toward the criminalization
of abortion in many places. That risk is not
worth it to me when I could train in so many
other places.

45 (20)Did not want pol-
itics to interfere
with medical care
decisions

As an abortion provider, I know that as much as I care
about serving a population with unmet needs, the in-
evitability of burnout working in a place where abortion
is severely limited would be too much.

65 (21)I was previously set on Ob-Gyn, but I am
now looking seriously at other fields be-
cause of the politics surrounding women's
health care. I don't want to have to worry
about legal repercussions for providing the
best care to my patients. This has strongly
turned me away from Ob-Gyn as a medical
specialty.

41 (19)Challenges of
providing any re-
productive care
to patients with
an abortion ban

I’m a dermatologist, and this affects our practice, too!
We prescribe Accutane every day, and if a patient does
become pregnant while on this drug due to contraceptive
failure, we recommend termination. We prescribe lots of
other teratogenic drugs as well for many different cuta-
neous diseases, especially methotrexate. I don’t know
how I can practice in a state where pharmacists might
refuse to fill MTX.

47 (15)It will significantly impact the ability of
every physician to provide care to their pa-
tients, regardless of their specialty, as many
medical conditions are exacerbated by
pregnancy status

15 (7)Challenges of
providing patient
care that is not
reproductive in
nature

Interact J Med Res 2025 | vol. 14 | e55035 | p.248https://www.i-jmr.org/2025/1/e55035
(page number not for citation purposes)

Levy et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table 3. Practice location decisions that are workforce-related emerging from the inductive analysis of the following: for students applying to residency,
“Please share your thoughts about the overturning of Roe v Wade and how it will affect your residency application and ranking decisions below,” and
for fellows and practicing physicians, “Please share your thoughts about the overturning of Roe v Wade and how it will affect your decision about your
job or fellowship programs” among respondents (n=524).

Example quotePhysicians
(n=305), n
(%)

Example quoteStudents
(n=219), n
(%)

Theme

Just finished residency and specifically did not even
consider jobs in states that ban the full spectrum of repro-
ductive healthcare or states that looked like they would
consider a ban. Overturning of Roe made me basically
have to ignore half the country during my search. But
given the job market today, finding a position in a state
that allows me to actually care for my patients wasn’t
hard.

172 (56)This decision has heavily affected my resi-
dency application process. Amazing pro-
grams that I’ve highly considered are now
at the bottom of my list.

77 (35)Not choosing to
practice or train
in a state with
abortion restric-
tions

The overturning of Roe is the overturning of basic free-
doms, the right to privacy, and bodily autonomy. It is the
first step in overturning other rights. It is removing science
from medicine. It threatens all doctors whether they pro-
vide abortion care or not. I’m likely to leave medicine,
then practice in that environment and take those risks.

134 (44)States that do not respect basic human rights
are not places I wish to live or raise a fami-
ly.

63 (29)Personal belief
that an abortion
ban is a human
rights/body auton-
omy violation

One of my biggest decisions in choosing my state of res-
idency was to allow me every opportunity to learn about
women’s care at all levels. The overturning will prevent
students and residents from reaching their full potential
of learning care for women. It is truly unfortunate that
men outside of the walls of understanding of medical
knowledge think they have the authority to control not
only women’s bodies but also the education of those to
be able to treat women in emergency settings safely and
holistically.

15 (5)I want to be part of a program where abor-
tion training is easily accessible, and I will
not have to go out of state to get this train-
ing. I also want to protect these rights for
myself and my future patients.

43 (20)Access to train-
ing and education
in abortion

I was planning on looking for underserved community
jobs in Idaho, but now that they have an early abortion
ban, I will not be. I am actively trying to get pregnant and
won’t risk my life to pursue a job.

58 (19)I’m a guy, but what about my daughters in
the future? What about a pregnancy compli-
cation with my wife? What about my pa-
tients? This is the problem when people
claim moral high ground on the basis of
their religion and are placed into positions
of power; you end up with a sort of theocra-
cy.

36 (16)Personal or fami-
ly access to abor-
tion care or fami-
ly building

Unfortunately, my answers are influenced by the fact that
I live in a state with some of the most restrictive policies
and have no ability to move. I cannot simply uproot my
life to another state due to my feelings on abortion access.
I work here, and my husband works here. My family is
here. His family is here. The best I can do is to advocate
for change, but I must remain in place as the primary
breadwinner in my family.

38 (12)I attend medical school in my home state,
which hasn't banned abortion as of yet but
might do so in the future. If abortion is
banned here, I'll likely still rank in-state
programs due to the proximity of my family,
but I will not rank out-of-state programs
where abortion is banned.

18 (8)Geographic ties
to states with
abortion restric-
tions limiting relo-
cation

I’m a program director and am concerned about how this
will affect recruiting talented and eager physicians to our
state. Our patients already have difficulty accessing the
medical system, so if this decision leads to physicians
leaving the state, it will only amplify disparities.

18 (6)0 (0)Challenges re-
cruiting to states
with abortion re-
strictions

Patient Factors Influencing Decisions About Practice
Location

Patient Access to Abortion or Full-Spectrum
Reproductive Care
Many physicians and medical student respondents want patients
to have access to safe and legal abortion. Respondents
specifically highlighted concerns that adolescents,
underrepresented minority groups, people in rural communities,

and lower-income patients would increasingly face challenges
in finding abortion providers, exacerbating health disparities
(Table 2).

Physicians also noted that restrictions interfere with their ability
to provide or refer patients for abortion care. For example, one
stated, “I won’t practice in a state that limits my ability to
provide or refer my patients for care that is safe and necessary
for their health and well-being.”
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Challenges of Providing Reproductive Care to Patients
During an Abortion Ban
Reproductive health care providers anticipate moral distress if
they are unable to provide abortion care in circumstances like
lethal fetal anomalies or pregnancies resulting from rape or
incest. An OBGYN physician explained, “Abortion care and
prenatal care go hand in hand. This is a field with a lot of gray
areas, and elimination of options will harm those who can get
pregnant.” Many physicians feared legal repercussions and were
disappointed by a perceived lack of institutional support for
evidence-based health care.

Do Not Want Politics to Interfere With Medical Care
Decisions
Some respondents expressed concern that lawmakers are
interfering with medical care. Others emphasized the role
physicians play in advocacy and supporting elected officials in
favor of essential reproductive health care. A participant stated,
“The government should have no standing in a medical decision
between physician and patient.”

Challenges of Providing Patient Care That Is Not
Reproductive in Nature
Physicians across various fields were concerned that abortion
restrictions would adversely impact their clinical practice. For
example, a pediatrician noted, “Working with fetal cardiac
patients, it is imperative that my patients have access to abortion
services if that’s the choice they make that’s best for their
families.” In addition, an oncologist worried about restrictions
on chemotherapy regimens, a dermatologist had questions about
prescribing common medications (like Accutane) that are
teratogenic, and a rheumatologist had concerns about prescribing
methotrexate.

Workforce-Related Practice Location Decisions

Choosing Not to Practice or Train in a State With
Abortion Restrictions
Many respondents living in states with abortion protections
stated that they would be unwilling to move to a state with
abortion restrictions (Table 3). Others living in restrictive states
intend to move or preferentially apply to and rank training
programs in states without abortion bans. Trainees described
how these decisions compound their stress regarding the highly
competitive match process. Some still felt pressured to apply
everywhere, regardless of their personal preferences, stating,
“Residency is already so competitive, so unfortunately, I feel
like I have to apply everywhere, but I would definitely
preferentially rank somewhere that I would have access to
abortion care and that my patients would as well.”

Challenges Recruiting to States With Abortion
Restrictions
Some residency and fellowship program directors and
administrative leadership in states with restrictive abortion laws
are concerned about recruiting and retaining residents, fellows,
and faculty. Many foresee the reluctance of trainees and faculty
to work in restrictive states. A program leader said, “I am an
APD at an academic medical center in the Midwest. I have

already been told by two residents that they had planned to stay
in the state to practice but are now leaving solely because of
the lack of reproductive rights in our state. I fear we will rapidly
lose amazing physicians.”

Personal Belief That Abortion Restrictions Violate
Human Rights and/or Bodily Autonomy
A substantial portion of respondents described the overturning
of Roe v Wade as a human rights violation and criticized its
negative impact on patients’bodily autonomy. Others discussed
the potential moral injury from practicing in a state whose laws
and policies prevent clinicians from providing evidence-based
medical care.

Respondents connected states’ abortion policies to their
overarching sociopolitical climates, noting that bans and
restrictions may portend other harmful (eg, racist, homophobic,
transphobic) policies. A medical student said, “Extremely
cautious about applying to these states who have denied abortion
care. Not only because of abortion care but also because these
states are notoriously anti-LGBTQ+ and hold racist values. I
do not want to live and work and raise a family in that
environment, where I am not respected and have less human
rights than others.”

Access to Abortion Training and Education
Students applying to OBGYN and family medicine expressed
that their application decisions would be shaped by access to
proper training in abortion care. Applicants to residency and
fellowship recognize that selecting programs in
abortion-restricted states may limit access to adequate training.
Multiple students noted that they intend to inquire about abortion
training during the residency application process.

Some recognized that trainees in abortion-restricted states could
seek abortion training out-of-state. For example, a respondent
said, “I plan to first rank programs in states with full spectrum
reproductive health access, followed by programs that are
intentional about providing training for their residents with full
support (financial, housing, etc) to leave the state for abortion
training.” However, current trainees also discussed challenges
in obtaining abortion training, including professional,
administrative, and financial barriers.

Geographic Ties to States With Abortion Restrictions
Limiting Relocation
Some noted that geographic relocation is a privilege not afforded
to everyone equally. The decision to move is often influenced
by distance to a support network, job benefits for the respondent
or their spouse, housing, and childcare. Such geographic ties
discourage or prevent many medical students and physicians
from leaving their state of residence despite their personal or
professional opposition to abortion restrictions.

Some said they understand the risks of staying in a state with
abortion restrictions. If necessary, they would travel out of state
to receive an abortion, again recognizing their mobility is a
privilege. A respondent said, “I definitely would prefer to be in
a state that maintains access to abortion. Unfortunately, those
are not states where my family lives, and I am grateful that I
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have enough privilege if I needed an abortion, I could leave the
state.”

Personal or Family Access to Abortion Care or Family
Building
Respondents were concerned about practicing in a location that
limits their options for receiving comprehensive reproductive
health care. Multiple respondents highlighted that they did not
want to be forced to carry a pregnancy if they could not get an
abortion, especially during training. Others specifically cited
medical conditions that would make pregnancy physically
challenging and even contraindicated as a reason to ensure they
had access to abortion care. A respondent said, “I am a medical
student with chronic conditions that make pregnancy
life-threatening for me. Although I am on contraceptives,
nothing is 100%, and I want to be able to protect my life and
well-being in case I do accidentally get pregnant.”

In addition, physicians with infertility undergoing in vitro
fertilization noted that practicing in a state where life is defined
as beginning at fertilization would make family building
significantly more challenging. Commonly, respondents stated
they were concerned about care for themselves, their children,
or their partners, underscoring the importance of recognizing
that physicians, too, need access to care.

Additional Themes

No Impact
Few medical students and physicians stated that the Dobbs
decision would not impact their choice of practice location
(Table 4). Some indicated that the residency and fellowship
match were too competitive to make decisions based on abortion
legislation. For example, those who apply to every program in
their field may end up applying to programs in states with
abortion restrictions to increase their likelihood of matching.

Table 4. Practice location decisions that are workforce-related emerging from the inductive analysis of the following: for students applying to residency,
“Please share your thoughts about the overturning of Roe v Wade and how it will affect your residency application and ranking decisions below,” and
for fellows and practicing physicians, “Please share your thoughts about the overturning of Roe v Wade and how it will affect your decision about your
job or fellowship programs” among respondents (n=524).

Example quotePhysicians
(n=305), n
(%)

Example quoteStudents
(n=219), n
(%)

Theme

It will have zero impact on my decisions regarding jobs/fel-
lowships.

11 (4)Matching and getting into a program
is challenging enough considering the
various factors at play; this decision
will not be part of deciding which states
or programs I end up applying to.

30 (14)No impact

I am supportive of the overturn and believe it will be better
for our patients and medical care to ban an inhumane practice
like abortion. Human lives in the womb deserve protection
just like all of our other patients at any age and ability.

18 (6)The overturning of Roe v. Wade is long
overdue. It was not right in the first
place, as the Supreme Court made clear
in its ruling. Babies deserve to live in-
side and outside the womb.

17 (8)Expressed
support for
overturning
Roe v Wade

Expressed Antiabortion Sentiment and/or Support for
Overturning Roe v Wade
Physicians and medical students who expressed antiabortion
(“pro-life”) views supported the Supreme Court decision (Table
4). Multiple respondents noted that they would purposefully
seek out practice environments where abortion restrictions
existed. Reasons for this include not supporting abortion care
for any indication, stating that they do not view abortion as
health care, a desire to “preserve life,” and a desire to “protect
the unborn.” Multiple respondents discussed that abortion is an
issue that should be legislated at the state level.

Discussion

Principal Findings
Our study shows that abortion restrictions will have a substantial
impact on the physician workforce in patient care and practice
location decisions. The 3 most common themes were patient
access to care, not choosing to practice or train in a state with
abortion restrictions, and personal belief that an abortion ban
is a human rights/body autonomy violation. This study enhances
emerging literature about the impacts of abortion restrictions
on the physician workforce, including physicians and medical

students at all levels of training across all 50 states within both
reproductive and nonreproductive health fields.

Respondents shared concerns that abortion restrictions will
negatively impact their ability to provide high-quality,
comprehensive reproductive care. This was evident among
trainees who provide abortion care, like OBGYN residents, who
expressed concerns about new or worsening barriers to obtaining
foundational skills like first-trimester uterine aspiration at their
primary institution [23,24]. OBGYN trainees also cited multiple
barriers to obtaining foundational abortion care skills at their
primary institutions. Some programs have created away rotation
opportunities for residents unable to obtain comprehensive
abortion training at their own institutions [25]. However, there
are many barriers to these programs, including obtaining
state-based medical licenses, getting funding and organizational
affiliations in place, and disruptions to families when living in
another state [25].

Even within nonreproductive health care fields, respondents
shared concerns about the downstream effects of abortion
restrictions on clinical training and practice. In the 2 weeks
following the Dobbs decision, only 38.5% of a list of 187
societies across a wide variety of specialties had made a
statement about the decision [26]. Respondents from specialties
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that do not provide abortion care noted concern for restricted
use of potentially abortifacient or teratogenic medications and
worsening health among patients whose physical or mental
health will be adversely impacted by restrictions.

Physicians and medical students also worried that abortion
restrictions would deleteriously affect their personal health and
well-being. Restrictions hold significant health implications for
reproductive-age women, a large and growing demographic of
the physician workforce [27]. Recent studies have reported that
abortion is common among physicians, affirming that
physicians, too, need safe, legal access to abortion [28]. This
study informs future medical education and occupational health
research by elevating trainees’ and employees’ concerns. As
highlighted by the medical student responses on geographic ties
and competitiveness of the match process, it is critical to
recognize the multifactorial decision-making involved in where
to complete residency training. While before the Dobbs decision,
telehealth may have been able to bridge the gaps in access to
abortion care, this is less likely to be possible in the current
landscape [29]. Medical schools and hospitals, especially those
in restrictive states, must recognize this and prepare to navigate
the adverse health, financial, and legal repercussions their
employees may face. Otherwise, disparate abortion access may
increase health disparities within the physician workforce and
threaten its diversity and resiliency [30].

If medical students do not want to practice in states with abortion
restrictions in place, it is less likely that they will establish their
practice in those locations. In 2022, 55.2% of those completing
training established their practice in the same state where they
completed residency [31]. The lack of physicians who are
willing to practice in states with abortion restrictions can further
poor health outcomes in maternity care deserts [32,33]. Idaho
is a notable example, where 41% of OBGYN physicians
consider leaving and cite restrictive abortion laws as a
motivation [34,35]. Idaho has the lowest rate of physicians per
100,000 people in the entire country [34,35].

Some physicians stated that abortion restrictions would not
impact them or that they support them. Notably, a subset of “no
impact” responders shared that the scarcity of available
positions, particularly within highly competitive specialties and
for historically marginalized applicants, outweighs their personal
opposition to abortion restrictions. Others acknowledged the
futility of setting preferences since the match is ultimately
complex and multifactorial.

Limitations
This study may be limited by self-selection bias, given its
recruitment of medical students and practicing physicians on
social media. Of the respondents who did not prefer to apply
where abortion access was preserved, a substantial number
(41.5%) provided a free response, indicating that we had a
spectrum of views on abortion rights. Furthermore, this sample
is focused on physicians and does not represent other health
care workforce members who are likely also impacted by
abortion restrictions.

Conclusion
The findings of this study captured responses to abortion
restrictions before the 2023 Match cycle and provided context
to the recent AAMC data showing that residency applications
disproportionately decreased in restrictive states [13]. Narrative
responses bolster our original quantitative data, affirming that
access to full-spectrum reproductive health care was highly
valued personally and professionally by most physicians [15].

This study shows that abortion restrictions are having an impact
on the practice location preferences of the physician workforce
due to both patient care and personal factors. It is important that
state policy makers and others who are considering abortion
restrictions also consider how to address these concerns of
physicians and medical students, to avoid worsening geographic
maldistribution of physicians and worsening access to care from
physicians for their citizens.
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Abstract

Background: Cardiovascular diseases are one of the leading causes of mortality globally. Cardiac rehabilitation (CR) programs
are crucial for patients recovering from cardiac events, as they help reduce the risk of recurrent events and support patient recovery.
The patient’s journey in CR spans the stages before, during, and after the program. Patients have to progress through each stage
of CR programs successfully to complete the entire CR journey and get the full benefits of CR programs, but numerous barriers
within this journey can hinder patient progression.

Objective: This study aims to explore the barriers to progression at all stages of the CR patient journey from the perspectives
of health care providers involved in CR care.

Methods: This qualitative study involved semistructured interviews with health care providers involved in CR care from July
2023 to January 2024. A purposive maximal variation sampling method was used to target providers with diverse demographics
and specialties. Snowball sampling was used to recruit participants, leveraging the existing networks of participants. Each interview
lasted between 30 and 45 minutes. Interviews were recorded, transcribed verbatim, and analyzed using an inductive thematic
analysis approach. Data analysis was conducted from August 2023 to February 2024.

Results: Ten health care providers, comprising 7 females and 3 males, were interviewed. Their roles included physician, program
director, nurse manager, clinical manager, nurse coordinator, nurse, physiotherapist, and kinesiologist. The analysis identified
four overarching themes related to barriers to progression in the CR journey: (1) patients not being referred to CR programs, (2)
patients not enrolling in CR programs, (3) patients dropping out of CR programs, and (4) patients’ lack of adherence to lifestyle
changes post-CR programs.

Conclusions: In light of the growing interest in technological interventions in CR programs, we proposed 4 potential technological
solutions to address the barriers to progression identified in our analysis. These solutions aim to provide a foundation for future
research to guide the development of effective technologies and enhance patient progression within the CR journey.

(Interact J Med Res 2025;14:e66164)   doi:10.2196/66164

KEYWORDS

cardiac rehabilitation; health care providers; CR patient journey; qualitative study; barriers; technology

Interact J Med Res 2025 | vol. 14 | e66164 | p.255https://www.i-jmr.org/2025/1/e66164
(page number not for citation purposes)

Ramesh et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

mailto:fateme.rajabiyazdi@carleton.ca
http://dx.doi.org/10.2196/66164
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Cardiovascular diseases are one of the leading causes of
mortality globally [1]. Cardiac rehabilitation (CR) programs
are often recommended for patients who have experienced a
cardiac event to reduce the risk of recurrent cardiovascular
events and support patient recovery [2]. CR programs are
comprehensive and multidisciplinary, encompassing exercise
training, risk factor management, health education, and
psychosocial support [3,4]. Research has shown that
participation in CR programs significantly reduces morbidity
and mortality associated with cardiac events [5,6] while also
enhancing patients’ health-related quality of life and
psychological well-being [7,8].

The patient’s CR journey begins even before enrollment and
continues through maintaining lifestyle changes after completing
the program [9,10]. It begins with a provider’s referral to the
CR program, made before discharge from the hospital following
a cardiac event or surgery [11]. The journey then involves
enrolling in, participating in, and completing the CR program
[12]. After completing the program, the journey continues with
integrating and maintaining the lifestyle changes and health
habits learned throughout the program [13]. Patients must
successfully progress through each stage to complete the entire
CR journey in order to get the full benefits of CR programs.
However, numerous barriers exist within the CR patient journey
that could affect progression.

Previous research has identified various barriers in CR, such as
low patient interest, comorbidities, travel complications, limited
program availability, scheduling conflicts, and financial
constraints [14-18]. However, these studies focused only on
specific stages of the CR patient journey, such as referral,
enrollment, completion, or postcompletion, but not throughout
the entire CR patient journey. Understanding the barriers to
progression throughout the entire CR patient journey is essential
because each stage of the journey is interconnected, and barriers
at one stage can influence subsequent stages [19,20]. Moreover,
existing studies predominantly focus on the patient’s
perspective. It is equally important to consider the perspectives
of the providers who deliver CR care, as they encounter a
diverse range of patients with varying needs. Insights from those
who deliver care can provide valuable information on improving
CR delivery and addressing barriers effectively [21].

The aim of this study was to explore the barriers to progression
throughout the CR patient journey from the perspectives of
health care providers involved in CR care. We conducted
semistructured interviews with 10 providers and identified 4
barriers to progression within the CR patient journey. In light
of the growing interest in technological interventions in CR
programs [20,22], we proposed 4 potential technological
solutions to overcome the barriers to progression identified in
our study. The novelty of our work lies in the identification of
barriers to progression from the perspectives of health care
providers and the proposal of potential solutions to address these
challenges. We hope these potential solutions provide the
foundation for future research and guide the development of

effective technologies to overcome barriers to progression within
the CR patient journey.

Methods

Ethical Considerations
This study protocol was approved by the ethics committees of
Carleton University (clearance number 119779) and the National
Research Council Canada (clearance number 2023-108). Ethical
review was conducted per institutional guidelines, with no
exemptions or waivers applied. Written informed consent was
obtained before each interview. Participants were informed of
their right to withdraw at any time without consequence. No
secondary data were used. All data were anonymized to ensure
privacy and confidentiality. No compensation was provided to
the participants.

Overview
This qualitative study is reported in accordance with the COREQ
(COnsolidated criteria for REporting Qualitative research)
guidelines [23] (Multimedia Appendix 1). We conducted
semistructured interviews to explore the barriers to progression
in the CR patient journey from the perspective of the health
care providers involved in CR care. We chose interviews to
ensure that participants could freely share their thoughts and
experiences. The semistructured format allowed us to ask
follow-up questions in order to gain an in-depth understanding
of their perspectives. In addition, the confidential nature of the
interviews encouraged open and honest sharing [24]. Eligible
participants included health care providers who refer patients
to CR, those who provide CR services, and those who manage
CR programs. Eligible participants were also required to be
proficient in English. Exclusion criteria included individuals
not involved in direct patient care or CR, such as administrative
staff. To ensure that the perspectives of a diverse group of
participants from various specialties in CR care were included,
we used purposive sampling [25]. To further expand the
participant pool, we used snowball sampling methods [26]. HF,
who has extensive connections with health care providers
involved in CR care and CR centers, shared the study objectives
and recruitment details within her network. Through this
process, she received the email addresses of potential
participants. Subsequently, SHR contacted these potential
participants via email, providing detailed information about the
study and inviting them to participate. We contacted 11 potential
participants, of whom 10 agreed to participate, while 1 did not
respond. No participants dropped out after providing informed
consent. No prior relationship was established between the
researcher and the participants before the study commenced,
and participants knew only that the researcher was conducting
the study as part of an academic project focused on CR.

Data Collection
Data collection took place from July 2023 to January 2024. The
interviews were conducted virtually via Microsoft Teams, with
each session lasting between 30 and 45 minutes. No repeat
interviews were carried out. Each participant was interviewed
once during the study. The researcher (SHR), a female PhD
student familiar with the subject matter and trained in qualitative
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research, conducted the interviews, asked questions and
follow-up questions as needed, and took notes during the
sessions. While conducting the interviews, the researcher
maintained a neutral stance, ensuring that her personal views
or assumptions did not influence the questions asked or the
participants’ responses. The research team collaboratively and
iteratively developed an interview script and questions
(Multimedia Appendix 2). The questions were open-ended to
allow for an in-depth exploration of the providers’ perspectives
on the barriers to progression in the CR patient journey, with
follow-up questions asked when appropriate. We conducted a
pilot test of the interview guide with a health researcher to
ensure clarity, relevance, and logical flow of the questions.
Feedback from this pilot test was used to refine the questions
and the interview guide before data collection commenced.

Data Analysis
Our analysis was conducted from August 2023 to February
2024 inductively and did not aim to validate any preexisting
theories or hypotheses. We followed a thematic analysis
approach following the 6 steps outlined by Braun and Clarke
[27]. Two analysts, SHR and a male undergraduate student (DJ)
with subject knowledge and qualitative research training, were
responsible for the analysis. Disagreements in coding and theme
assignment were resolved through consensus facilitated by
senior female researchers FR and HF, both of whom are familiar
with the subject matter and hold PhDs with extensive experience
in qualitative research. We adopted a reflexive approach,
acknowledging the influence of researchers’ views and
experiences [28]. In step 1, both analysts read interview
transcripts and took notes. In step 2, they reviewed the first 2
transcripts line by line and identified prominent codes to
generate a codebook using NVivo software (version 14.23;
Lumivero), which was then applied to subsequent interviews.
Codes were iteratively refined every 2 interviews. Step 3
involved systematically grouping codes into candidate themes.
In step 4, these themes were compared and refined. In step 5,
other team members contributed to further theme refinement.
Thematic saturation was assessed using a saturation table that
documented the themes found in each interview. Finally, in step
6, we produced a report summarizing our findings. Transcripts
were not returned to participants for comment or correction.
The analysis was conducted based solely on the interview data
collected during the sessions.

Rigor and Trustworthiness
Rigor and trustworthiness were achieved by ensuring credibility,
transferability, dependability, and confirmability throughout
the research process [29]. To address credibility, we conducted
peer debriefing sessions within our research team, which
provided an external check on our interpretation of the data,
analysis, and coding decisions. Dependability was achieved
through detailed documentation of themes and subthemes,
providing transparency, and enabling replicability of the coding
process. To support transferability, we provided comprehensive
descriptions of our study design, participant selection criteria,
and data collection methods, allowing others to evaluate the
applicability of our findings to various CR settings. As Lincoln
and Guba [30] highlighted, confirmability is achieved when
credibility, transferability, and dependability are established.
We ensured confirmability by documenting the rationale for
theoretical, methodological, and analytical decisions throughout
the study.

Results

Overview
Ten health care providers, comprising 7 females and 3 males
involved in CR care, including a physician, a program director,
a clinical manager, a nurse manager, a nurse coordinator, a
nurse, 3 physiotherapists, and a kinesiologist, were interviewed
(Table 1). The thematic analysis revealed four overarching
themes concerning barriers to progression within the CR patient
journey, as perceived by these providers: (1) patients not being
referred to CR programs, (2) patients not enrolling in CR
programs, (3) patients dropping out of CR programs, and (4)
patients’ lack of adherence to lifestyle changes post-CR
programs. Multimedia Appendix 3 provides illustrative quotes
within each of the themes identified. Thematic saturation was
reached after analyzing 7 interviews [31] (Multimedia Appendix
4). This was determined using a saturation table, where no new
themes emerged after the seventh interview. To ensure
robustness, 3 additional interviews were conducted, which
confirmed the saturation of themes. The early achievement of
saturation reflects the shared perspectives of participants, despite
their varied roles within CR care.

Interact J Med Res 2025 | vol. 14 | e66164 | p.257https://www.i-jmr.org/2025/1/e66164
(page number not for citation purposes)

Ramesh et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table 1. Characteristics of interviewed participants.

ValuesCharacteristics

10Total, n

Sex, n (%)

7 (70)Female

3 (30)Male

Specialty, n (%)

1 (10)Clinical manager

1 (10)Nurse manager

1 (10)Nurse

1 (10)Physician

1 (10)CRa program director

1 (10)Kinesiologist

3 (10)Physiotherapist

1 (10)Nurse coordinator

Practice setting, n (%)

7 (70)Urban

2 (20)Urban and rural

1 (10)Rural

47.9 (10.2)Age (year), mean (SD)

18.7 (9.5)Years of experience, mean (SD)

aCR: cardiac rehabilitation.

Patients Not Being Referred to CR Programs
One of the barriers to progression within the CR patient journey
is patients not being referred to CR programs, as without
referrals, patients may not have access to CR programs (Table
S1 in Multimedia Appendix 5). Unintentional biases in referrals,
such as those related to health conditions, geography, age, and
gender, can contribute to patients not being referred to CR
programs. As one provider noted, “There is a lot of inherent
bias in terms of who is being referred to rehab” [P3]. Providers
may hesitate to refer patients with comorbidities or complex
health conditions to CR programs due to concerns about their
ability to participate. In addition, if the patient is not residing
near a CR center, the provider may assume that it is difficult
for the patient to travel and, as a result, be hesitant to refer the
patient to a CR program. Providers may perceive that older
adults might be frail or disconcerted after a cardiac event or
surgery, which may result in providers not referring these
patients to a CR program. Some providers may be hesitant to
refer certain patients to CR programs, considering their
gender-specific responsibilities, such as work, family, and
parental roles, which could contribute to women being
overlooked for referrals.

Furthermore, another reason for not referring is the providers’
heavy workloads. The paperwork involved in referring patients
to CR programs can be time-consuming, which may discourage
some providers from making these referrals. Although automatic
referral systems are available in some CR centers, providers’

endorsements are crucial for motivating patients; as one provider
emphasized, “Endorsements from [providers] are key for
[motivating patients]” [P1]. However, individually discussing
the benefits of CR with every patient is time-consuming and
requires much effort. Referring providers may also lack
awareness of the various programs available at the CR center.
As noted, “[Referring providers] just don’t know all the services
that are available” [P8]. Consequently, providers may hesitate
to refer patients due to uncertainty about the programs available.
In addition, providers mentioned that it is important to carefully
select a CR program that aligns with the patient’s needs, as
some programs with high-impact exercises might be appropriate
for immediate needs, whereas low-impact exercise-based
programs could offer better long-term benefits. However,
identifying the best CR program for each patient during referral
can be challenging for providers without access to a wholesome
list of CR programs.

Patients Not Enrolling in CR Programs
Another barrier to progression in the CR patient journey is
patients not enrolling in CR programs after referral. After
patients are referred, they must enroll and start the program to
benefit from it. Providers mentioned various factors contributing
to this nonenrollment (Table S2 in Multimedia Appendix 5).
Providers often observed that a substantial number of patients
lack awareness and knowledge about CR, with many patients
being unaware of its importance and benefits. Providers also
noted that patients sometimes hold misconceptions about CR,
believing that they can recover by themselves at home or that
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surgical treatment alone is sufficient without rehabilitation.
Providers think that inconvenient waiting periods also contribute
to patients not enrolling in CR programs. For some patients, the
waiting period may be perceived as too short after surgery,
leading them to feel unready to start the program. Conversely,
for other patients, the waiting period between referral and the
program’s start may seem excessively long. In addition, CR
programs are sometimes offered on fixed schedules, where
groups of patients begin the program simultaneously. If patients
miss the upcoming enrollment window, they will need to wait
for the next scheduled start date, which can lead to delays in
enrolling in CR programs.

Providers also think that cultural restrictions can prevent some
patients from enrolling in CR programs, particularly when there
is discomfort or disallowance in mixed-gender sessions due to
cultural or religious beliefs. Providers have mentioned that
financial barriers are a concern for some patients and can affect
their enrollment. Some patients may not have insurance
coverage, or they may be unaware of what services their
insurance will cover. Financial barriers can also include the
costs associated with transportation and parking. In addition,
in some CR centers, patients have the option to participate in
CR programs virtually through videoconferencing and
web-based meeting platforms such as Zoom (Zoom Video
Communications). Providers mentioned a lack of technical
knowledge and equipment requirements as factors contributing
to nonenrollment in these virtual CR (VCR) programs. They
noted that patients may encounter obstacles due to the need for
reliable Wi-Fi, laptops, tablets, email addresses, and
smartwatches to monitor vitals such as heart rate for VCR,
which may not be accessible to all patients.

While providers have mentioned several factors for patients not
enrolling in CR programs, they believe that some factors remain
hidden and express uncertainty about fully understanding why
some patients do not enroll in these programs. Providers have
also highlighted that while they try to find these factors through
patient data recorded in electronic medical records (EMRs),
they are unable to fully explore and uncover the underlying
reasons solely from EMRs due to missing or insufficient data.
As one provider noted, “We try and capture what we can from
[the EMR], so we can count visits and things like that within
the EMR. It is definitely not perfect” [P7]. Providers expressed
the need for a tracking system to understand potential hidden
factors that contribute to patients not enrolling. As one provider
mentioned, “[We] do need a little bit of like...something to keep
track of, because there's quite a few patients that come through.
So just to have...what date they start...it is nice to have an
overview of the patient's journey” [P8].

Patients Dropping Out of CR Programs
Dropping out of a CR program before completing it is also a
barrier to progression in the CR patient journey, as it prevents
patients from fully benefiting from the CR program (Table S3
in Multimedia Appendix 5). Providers observed that
reproductive and hormonal conditions can deter female patients
from completing or fully participating in CR programs. These
conditions include concerns about the safety of exercise during
pregnancy, managing pregnancy-related fatigue, menopause

issues, and menstrual cycle discomfort, such as severe menstrual
cramps. In addition, providers recognized that a lack of support
is a factor for dropout, including insufficient family support to
manage home obligations such as caregiving for children or
older adult family members or a lack of peer support for mental
and emotional well-being during the rehabilitation process.

Providers noted that low motivation, low self-efficacy, and a
lack of belief in one’s ability to perform exercises or improve
one’s lifestyle contribute to a lack of participation and eventual
dropout from the program. As one provider mentioned, “They
just don’t [participate] because they have no motivation to”
[P8]. In addition, providers have observed that low
accountability in some patients, requiring an external push and
motivation from family or providers, can also lead to dropout.
Although providers make efforts to encourage patients by
emphasizing the benefits of continuing rehabilitation, some
patients may still find it challenging to stay engaged with their
rehabilitation, which can contribute to dropouts. As one provider
mentioned, “We try to help them understand that if they
[continue rehabilitation], their health can get better” [P9].

Patients may face several challenges in reaching CR centers,
particularly when they lack access to a car or public
transportation or when adverse weather conditions, such as
extreme heat or cold, are present. Providers mentioned that these
challenges in reaching CR centers can contribute to patient
dropouts. In addition, the lack of multilingual support and
translators in some CR programs can be challenging for patients
who need services in other languages. Providers mentioned that
these language barriers can also contribute to dropouts. Providers
highlight that some patients may be frail due to medical
conditions such as shortness of breath, arthritis, or chronic pain,
which can prevent them from performing the required exercises,
leading to frustration and dropout. Furthermore, in VCR, patients
often need to interact with digital interventions for extended
periods. Providers mentioned that this prolonged interaction
can be one of the factors contributing to dropouts, particularly
in VCR.

Patients’ Lack of Adherence to Lifestyle Changes
Post-CR Programs
Providers recommend that patients continue following the
lifestyle changes they learned during the CR program even after
finishing the CR program cycle to achieve better health-related
quality of life. However, patients sometimes struggle to adhere
to these recommendations, which becomes a barrier to
progression in their journey (Table S4 in Multimedia Appendix
5). Providers noted that patients could experience persistent
feelings of sadness, hopelessness, stress, and anxiety about daily
life and responsibilities, which could lower their motivation
and hinder their adherence to lifestyle changes. A lack of
personal drive could also contribute to not adhering, as patients
may struggle to set and achieve personal health goals
independently. Providers noted that financial constraints may
impact adherence to post-CR programs, with high costs for
healthy food, gym memberships, medications, and inadequate
insurance coverage preventing patients from fully following
recommended lifestyle changes. Providers try to emphasize the
importance of physical exercise in maintaining a healthy
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lifestyle, but only a small portion of patients follow this advice.
As one provider noted, “The reality is that a small percentage
of patients, once they graduate rehab, remain as physically active
as they were during rehab” [P3]. In addition, providers
mentioned that some patients face challenges in performing
physical exercises due to factors such as lack of space at home,
exercise-induced pain or discomfort, and a lack of resources to
fully understand and perform exercises without pain or
discomfort. These challenges lead to frustration and doubts
about their ability to perform exercises, as mentioned by a
provider: “I do get a few [patients] that tell me they're just not
interested because exercise is just not for them” [P9]. Providers
think that a lack of monitoring and follow-up clinical
appointments could also contribute to nonadherence, with
insufficient regular feedback on health progress and areas for
improvement leading to decreased adherence to lifestyle
changes.

Discussion

Technological Solutions
In this study, we explored the barriers to progression in the CR
patient journey from the health care providers’ perspectives.
We identified four barriers that hinder progression in the CR
patient journey, such as (1) patients not being referred to CR
programs, (2) patients not enrolling in CR programs, (3) patients
dropping out of CR programs, and (4) patients’ lack of
adherence to lifestyle changes post-CR programs. Based on our
findings, we recommend 4 potential technological solutions to
overcome these barriers: monitoring patients’ progress
throughout the CR journey using interactive data visualization
systems, monitoring physical exercises through automated video
analysis–based feedback systems, matching the patients to the
right programs using machine learning (ML)–driven predictive
analysis, and supporting patients with self-management using
targeted natural language processing (NLP) and large language
model (LLM) tools. These potential solutions could provide the
foundation for future research and guide the development of
effective technologies to overcome barriers to progression in
the CR patient journey.

Monitoring Patients’ Progress Throughout the CR
Journey Using Interactive Data Visualization Systems
Health care providers have noticed that some patients in CR
programs do not show adequate improvement in their progress,
which could be due to the loss of motivation over time. In
addition, they have mentioned that there may be other hidden
reasons within the CR programs that are impacting patients’
progress, making it difficult for patients to take necessary actions
to improve progression. Effective monitoring of the patient’s
progress can help patients stay motivated [32-34] and help
providers identify any hidden reasons affecting patients’
progress [35,36]. Research has shown that interactive data
visualization systems are effective in monitoring patients’
progress for both patients [37,38] and providers [39,40]. Based
on the success of these systems, we propose the development
of interactive data visualization tools for monitoring patients’
progress in CR. Patients and providers have different goals and
require varying levels of detail in monitoring patients’ progress

[41]. Therefore, visualization systems should be developed
targeting the unique needs of patients and providers with a
human-centered approach [42] while involving them in the
process of design and development.

For patients, visualization systems can enable them to monitor
their progress throughout the CR journey by using EMR and
personally collected health data in CR, such as vital signs,
exercise performance, attendance, and assessment results. The
system can include gamified visualizations [43] and real-life
object representations [44] to make it engaging and easier for
patients to understand their progress, rather than using complex
charts. For example, a patient who visually sees an improvement
in heart rate rhythm and blood pressure after regular exercise
may feel more encouraged to actively participate throughout
the CR journey.

For providers, visualization systems can assist them in
monitoring the progress of patients in CR journey and help them
identify any underlying reasons that affect patient progression
by using aggregated EMR data of patients in the CR center.
Providers can use the visualization system to filter and drill
down into specific patients or groups based on demographic
characteristics, particular cohorts, or specific CR sessions to
analyze patients’ attendance patterns and improvements or
declines in progress [45]. For instance, providers might discover
a trend where patients older than 65 years show better progress
in heart rate rhythm when exercise sessions are coupled with
meditation than when they are offered solely.

Monitoring Physical Exercises Using Automated Video
Analysis–Based Feedback Systems
Providers noticed that many patients in CR struggle to perform
physical exercises correctly, particularly during VCR and after
completing CR programs, where direct supervision from health
care providers is not available. Without this supervision and
real-time feedback, patients often find it challenging to
understand proper exercise techniques, leading to uncertainty
about their form and an increased risk of adopting incorrect
postures or unsafe practices, which could result in injuries.
Recent studies show promising results for monitoring physical
exercises with artificial intelligence–powered feedback systems
that analyze posture [46,47] and provide real-time exercise
feedback through video analysis [48-50]. Building on the success
of previous artificial intelligence–powered feedback systems,
we suggest developing automated video analysis–based physical
exercise feedback systems to guide and monitor patients’
exercise techniques and provide immediate corrective feedback.

The system can leverage pose estimation algorithms such as
DensePose [51], YOLO-Pose [52], and OpenPose [53] to
identify patient posture by detecting joints in real-time video.
These algorithms can be trained on a dataset including correct
and incorrect postures, as demonstrated and annotated by health
care providers [54]. The system can then incorporate
mathematical algorithms that calculate the angles between
various body joints to classify whether a posture is correct or
incorrect [47]. Patients can perform physical exercises while
the system captures video through their web cameras. The
system would analyze the video feed in real time, classifying
the exercise form as correct or incorrect. If an incorrect form is
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detected, the system will identify the specific area of the body
that is not aligned properly and provide immediate feedback.
This feedback could be delivered through text and image
overlays, offering suggestions such as “You are doing a great
job, but bend more,” alongside visual corrections that highlight
the areas needing adjustment. In addition, real-time voice
prompts could be integrated to help patients quickly understand
and adjust their form during the exercise. For example, if a
patient is performing a lunge and their front knee extends too
far forward over their toes, the system might display a red
overlay on the knee area with a voice prompt saying, “Step back
slightly to keep your knee aligned with your ankle.”

Matching the Patients to the Right Programs Using
ML-Driven Predictive Analysis
Health care providers mentioned that patients often drop out
early from CR programs, which could be because they are not
matched to a program that meets their needs during referral
[55,56]. Providers face challenges in identifying which patients
are at risk of dropping out and selecting the appropriate program
that aligns with those needs, as this process is complex and
time-consuming. Previous research has demonstrated the
efficacy of predictive algorithms in successfully predicting
dropout rates and selecting appropriate programs. For instance,
predictive algorithms have been used to predict dropout rates
in health care programs [57,58], such as cognitive behavioral
therapy for insomnia [59], chronic disease management
programs [60], rehabilitation programs [61-63], and for selecting
appropriate treatment plans [64,65]. Building on previous
research, we suggest that ML-driven predictive analysis
algorithms can be developed to proactively identify patients at
heightened risk of dropping out from CR programs based on
their characteristics and historical program outcomes and suggest
the most suitable CR programs for each patient.

These algorithms can be developed using various ML models.
For example, logistic regression [66] or naive Bayes models
[67] can assess how specific patient factors influence the
likelihood of dropout. Random forests [68], or eXtreme Gradient
Boosting models [69], can be used to identify which factors (or
combinations of factors) are most predictive of dropouts.
Gradient boosting machines [70] or support vector machines
[71] can then predict dropout risk and recommend the most
suitable CR programs based on the identified factors. These
algorithms can be trained using historical patient data such as
age, gender, location, marital status, education level,
socioeconomic status, comorbidities, and previous CR program
and health outcomes (eg, completion, dropout, improvement in
cardiac health, readmission, or relapse). Once trained, the
algorithm can be used to match new patients to the right CR
program at the point of referral. By comparing the characteristics
of new patients with those of previous patients who dropped
out, the algorithms can pinpoint factors associated with dropout
risks, such as irregular attendance or poor performance in
rehabilitation sessions. The algorithm can generate risk scores
that indicate the new patients’ likelihood of dropout. It can then
recommend the CR program that has historically yielded the
best outcomes for patients with similar profiles. For instance,
a 65-year-old patient with a history of diabetes and hypertension
and a 90% dropout risk due to long travel distance might be

matched with a program offering fewer inpatient visits or a
virtual option, emphasizing dietary management and low-impact
exercises based on the success of similar profiles in historical
data.

Supporting Patients With Self-Management Using
Targeted NLP and LLM Tools
Providers observed that many patients in CR face difficulties
in self-management. This includes difficulties in independently
setting their health goals and finding reliable answers to their
health-related questions outside of their scheduled appointments
with providers. To help patients set their health goals on their
own, NLP-based automated goal-setting tools have been shown
to be effective in various medical conditions such as
hypertension [72], HIV [73], stroke [74], and aphasia [75].
Similarly, to help patients find answers to their health-related
questions, LLM-based chatbot solutions have been shown to
be successful, particularly, for patients managing chronic
diseases [76], inflammatory bowel diseases [77], and breast
cancer [78]. Building on the effectiveness of these tools in
various medical conditions, we suggest developing targeted
NLP- and LLM-based tools specifically for patients in CR.
NLP-based tools, such as mobile apps or web interfaces, can
assist patients in setting personal health goals in CR.
LLM-integrated chatbots can help patients find answers to their
questions and enhance their understanding throughout their CR
journey.

For goal setting, NLP-based tools can allow patients to input
detailed information about their health conditions, preferences,
goals, and obstacles in their own words. Using NLP techniques,
the tool can use intent recognition [79] to identify patient
objectives, entity extraction [80,81] to categorize health
conditions and challenges, and sentiment analysis [82,83] to
assess emotional states and motivation levels. Based on this
analysis, the technology can generate personalized goals using
the SMART (Specific, Measurable, Achievable, Relevant,
Time-bound) framework [84]. Patients can also review, refine,
prioritize, and track their goals over time. For example, if a
patient wants to “exercise more” but struggles with “low energy
levels,” the technology could suggest a goal based on the
SMART framework, such as “Walk for 20 minutes, three times
a week, and gradually increase the duration as energy improves.”

To provide answers to patients’ questions, targeted LLM-based
chatbots can be trained on CR-specific educational resources,
a database of frequently asked questions by patients in CR, and
anonymized patient-provider conversations specific to CR. The
chatbot should be capable of providing CR education, detailed
explanations to patients’ questions; offering empathetic
responses and coping strategies for managing stress, anxiety,
and other emotional challenges; and assisting patients in finding
support groups and educational materials tailored to their needs.
If patients have questions anytime throughout the CR patient
journey, they can access the chatbot. For instance, if a patient
asks how to safely continue their exercise routine at home while
experiencing menstrual cramps, the chatbot could recommend
gentle stretching exercises or advise reducing workout intensity
while encouraging confirmation of this guidance with their
provider at their next appointment [85].
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Limitations
While our study aimed to capture the perspectives of health care
providers from various specialties involved in CR care, the use
of snowball sampling may have introduced selection bias, as
participants were primarily recruited based on a research
collaboration network. Although we reached thematic saturation
after 7 interviews, indicating common barriers across providers
from different specialties, the small sample size of 10
participants may not fully reflect the diversity of perspectives,
particularly as we did not include providers from other countries.
In addition, despite following rigorous methodological
standards, the qualitative analysis remains interpretative by
nature and may be subject to researcher bias [84]. As with any
qualitative study, the rigor of our findings should be judged by
their resonance and plausibility rather than their generalizability.
Furthermore, our findings may not be transferable to other CR

centers that differ in resources, cultures, or geographical settings
[85].

Conclusions
The objective of this study was to explore the barriers to
progression in the CR patient journey from the perspectives of
health care providers involved in CR care. Our findings show
that patients not being referred to CR programs, patients not
enrolling in CR programs, patients dropping out of CR
programs, and patients’ lack of adherence to lifestyle changes
post-CR programs are the 4 barriers to progression as perceived
by providers. We also proposed 4 potential technological
solutions to overcome the barriers identified through our study.
Future work should focus on designing, developing, and
evaluating the technological solutions proposed in this study to
overcome the barriers to progression in the CR patient journey.
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Abstract

Background: The generalizability of clinical research hinges on robust study designs, which include the recruitment and
maintenance of a representative study population. This study examines the evolution of the demographic characteristics of 329,038
participants who enrolled and participated in The All of Us Research Program (AoURP), a decentralized study aimed at representing
the diversity of the United States.

Objective: The primary objectives of this study were to assess alterations in the demographic composition of the cohort at
different protocol stages within AoURP, while analyzing completion rates and timeframes for survey and substudy completion.
Additionally, we examined how participant interactions with the program impacted engagement and survey responses.

Methods: We conducted a longitudinal analysis of the AoURP data, tracking changes in demographic composition, completion
rates, and completion times for surveys and substudies. Comparative analyses were performed to assess differences in engagement
and survey completion based on sociodemographic characteristics of participants involved in postenrollment study components.

Results: The sociodemographic composition of the cohort that participated in the postenrollment study (eg, optional components)
differed significantly from that of the recruited population. The proportion of self-identified White participants increased by
21.2%, whereas the proportion of Black or African American participants decreased by 12.18% (P=.02). Participants who identified
as White (n=93,614, 52.7%) and NonHispanic (n=109,279, 42.21%) were more engaged compared to those identifying as Black
or African American (n=10,887, 15.76%), Asian (n=4274, 38.72%), or Hispanic (n=12,530, 20.7%; P=.006). Participants’ response
times to study surveys and completeness varied across all demographic groups (P<.001). Furthermore, those identifying as White
skipped fewer survey questions (1.19) compared to those identifying as Black or African American (1.40) or other racial and
ethnic identities (P<.001).

Conclusions: The AoURP dataset serves as an exceptional resource for investigating diverse public health concerns. However,
the longitudinal analysis of participant-level data underscores a significant skew in population diversity, suggesting the need for
targeted strategies to enhance engagement and retention across all groups. Ensuring diversity in the cohort is essential for
maintaining the study’s representativeness and the broad applicability of its findings.

(Interact J Med Res 2025;14:e56803)   doi:10.2196/56803

KEYWORDS

digital health; engagement behavior; All of Us Research Program; retention; decentralized research cohorts

Introduction

There is a history of lack of racial, ethnic, and gender diversity
in health studies [1,2]. This lack of diversity can lead to issues
related to the generalizability of research findings and equity
in health care. However, lack of plurality has decreased in the
last three decades, partially due to regulatory and policy efforts
within government agencies, such as the National Institutes of
Health [3], Food and Drug Administration [4], and Department
of Health Services [5], that have sought to enhance minority
participation in clinical research as well as identified scientific
need [6]. As the demographic makeup of the United States is

becoming more pluralistic, diverse study populations are
necessary to have representative and translatable observations.
Much of the effort to increase minority representation in research
has focused on the recruitment of diverse study populations.
However, the recruited population is not always representative
of the population that is ultimately studied, due to engagement
rates being different across sociodemographic groups. This has
been demonstrated in remote observational studies, where there
is less direct interaction with participants compared to studies
which require in-person visits [7]. Poor engagement can lead
to study failure due to reduced sample sizes, causing loss of
power or imbalanced study populations. Prior research has
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shown that remote-only studies demonstrate different
engagement rates based on demographic features including
disease presence or absence, age, race or ethnicity, and
recruitment methods [6-8]. When the engagement rates vary
across different populations, there is a risk that the effective
study population (ie, the population with longitudinal data)
becomes unrepresentative of the originally recruited cohort.

The All of Us Research Program (AoURP) was launched in
May 2018, with an aim to recruit more than 1 million
participants living in the United States to accelerate health
research and precision medicine. AoURP has specifically
focused on recruiting demographic categories that have
historically been underrepresented in biomedical research
(UBRs) and has largely succeeded in this objective through
partnership with more than 340 recruitment sites nationwide
[3]. During the first year of the AoURP, 80% of recruited
participants self-identified as belonging to one or more UBR
populations [9]. In this study, we explore long-term engagement
within AoURP by exploring participation in optional
components of the AoURP study (eg, surveys and substudies
that could be performed post enrollment), the time that it takes
participants to complete optional surveys, and survey response
completeness. We hypothesize that this information, combined
with data on specific interactions of participants with the AoURP
can be used to improve and develop strategies that promote
sustained engagement across the diverse demographics. This
study primarily assesses changes in cohort demographics across
AoURP protocol stages, completion rates for surveys and
substudies, and the influence of participant interactions on
engagement and responses. These insights provide actionable
strategies for sustaining diverse, representative cohorts.

Methods

Study Design and Participants
This study is a longitudinal study that analyzes data from
participants in the AoURP, encompassing individuals aged 18
and older residing in the United States, irrespective of race,
ethnicity, sex, gender, or sexual orientation [10,11]. Data from
the 329,038 participants in the September 2021 AoURP data
freeze were analyzed. The AoURP protocol has evolved since
its launch in 2018 (Figure 1A). At present, after consenting,
participants are given the option to share their electronic health
record (EHR) data, provide a biosample, and answer 3 core

surveys (ie, The Basics, Overall Health, and Lifestyle) [12].
Participants can also respond to additional optional health
surveys including Healthcare Access (HCA), Personal Medical
History (PMH), and Family Medical History (FMH), at any
time and in any order after enrollment (Table S1 in Multimedia
Appendix 1) [12]. In addition to these components, AoURP
included two additional optional substudies, at the time of
analysis: (1) a COVID-19 survey and (2) a “bring your own
device” (BYOD) Fitbit study, which allows participants to share
data from any Fitbit wearable device (Google Inc, Mountain
View, CA) owned by them. The AoURP also collects additional
data, such as physical measurements; however, our analysis is
restricted to recruitment and engagement characteristics based
on participant-provided information (eg, health and demographic
surveys) and BYOD Fitbit data.

The core surveys included information about the participants’
self-reported demographics, which was used to explore
differences in participation. Specifically, we used responses to
the questions on (1) date of birth; (2) What was your biological
sex assigned at birth; (3) Which categories describe you (race);
(4) Which categories describe you (ethnicity); and (5) What is
your annual household income (from all sources) [12]. Based
on the All of Us (AoU) Researcher Workbench, we categorized
age into three bands: younger (18‐44 years), middle aged
(45‐64 years), and older adults (≥65), and household income
into 4 bands (<$50,000, $50,000-$100,000, $100,000-$200,000,
>$200,000). For other multiple-choice questions, we included
categories with at least 1.8% respondents. This resulted in the
following categories: male and female for biological sex at birth;
White, Black or African American, and Asian for race; and
NonHispanic and Hispanic for ethnicity. These categories were
used to assess changes in cohort demographics during the course
of the study, with the primary outcomes under investigation
being (1) engagement (ie, number of participants who remain
engaged by completing optional components after enrollment),
(2) response time (ie, time between invitation and completion
of optional components), and (3) completeness of response (ie,
how often participants chose to answer specific questions).
Understanding these changes is essential for examining shifts
in participant demographics and engagement over time, which
helps identify trends and biases, ensuring the cohort
representativeness and development of targeted strategies for
improved engagement and retention.
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Figure 1. Protocol and changes in engagement across components in study. (A) Timeline for components of protocol and journey of a participant in
the AoU program. Based on respective protocol launch dates, participants had the option to consent to share EHR data, participate in COVID-19 surveys,
and share data from a BYOD Fitbit data. Each survey block reflects the ordering of core and additional surveys configured in the program. (B) Sankey
diagram showing the population distribution within the AoURP throughout the protocol journey. The nodes represent different types of events (eg, EHR
consent, completion of optional surveys, BYOD Fitbit data sharing). Flows between notes are color-coded by self-identified race (ie, White, Black, or
African American, Asian, or other). The width of the nodes and links provide quantitative information. AA: African American, AoURP: All of Us
Research Program; BYOD: bring your own device; EHR: electronic health records; HCA: Healthcare Access survey.

Data Processing
For the primary analysis, we built an engagement cohort
consisting of participants who successfully enrolled in the study
and responded to the demographic questions using the AoU
Researcher Workbench [13]. Since all components of the study
were not launched at the same time (eg, BYOD Fitbit and the
sharing of electronic health records using Sync4Science [14]
were added later; see Figure 1A for the timeline), we conducted
a secondary analysis using enrollment dates extracted from the
observation table to evaluate the effect of timing of enrollment
on these components. Specifically, this secondary analysis
included individuals who enrolled after Sync4Science launch
(August, 2018) and after the BYOD Fitbit protocol being
launched (November, 2020). For all cohorts, activities where
participants completed the surveys were considered as
“active/engaged” events. All survey questions included a “prefer
not to answer” option. Survey completeness was analyzed across
participants by counting the number of questions answered as
“prefer not to answer”.

Statistical Analysis
Various statistical techniques were used for the three different
analyses. Whenever possible we favored the use of
nonparametric statistical tests and resampling techniques to
avoid relying on distributional assumptions. These included the
Kruskal-Wallis test (instead of analysis of variance),
Mann-Whitney tests for pairwise group comparisons),
bootstrapping for computation of confidence intervals, and
permutation tests for calculating statistical significance. For all
analyses, a significance level of P<.05 was used with Bonferroni
correction for multiple testing [15].

To analyze engagement across self-reported age, sex at birth,
race, household income, and ethnicity groups, we compared the
proportion of participants responding in each demographic
group between the core survey and optional components using

a χ2 test for homogeneity.

Participants’ response time, as measured by the number of days
between joining the study and completing (or joining) an
optional component, was analyzed using the nonparametric
Kruskal-Wallis one-way analysis of variance for each optional
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component separately, as the data was not normally distributed
[16]. To further understand the variability between each group,
pairwise differences between groups were analyzed using the
Python language (version number 3.9; Python Software
Foundation), including the statannotation package (version
0.4.2) [17], along with the with Mann-Whitney integrated
statistical test and Bonferroni for multiple testing correction
[18,19].

To better understand the relationship between various
self-reported demographic variables, a linear mixed model
(LMM) was used to analyze the response time across the 3
surveys concomitantly. To improve the fit of the model, response
time data was log-transformed before feeding into the model.
All self-reported demographic variables were fitted into the
model to evaluate the effect produced by each predictor. Age
was treated as a continuous variable, while other variables were
fitted as categorical variables. The coefficient of relative change
for each variable was reported by the LMM model, and the
log-transformed relative change between each group was
back-transformed to a percentage change in response time across

groups for all the categories, using formula 100(ecoefficient–1).
To further evaluate confidence intervals, bootstrapping was
used. To account for the repeated measurements of each subject,
the bootstrap confidence intervals for the LMMs were
constructed based on 1000 iterations of the following couple of
steps. First, we obtained a bootstrap sample from the original
data by sampling with replacement at the subject level (ie,
assuming that our dataset contains data from N subjects, we
grouped the repeated measurements of each subject as a “subject
block,” and then sampled with replacement N “subject blocks”
out of the N blocks in the original dataset.) Second, for each
bootstrap sample, we fit a LMM and computed the coefficient
of relative change of each variable as described above. Finally,
we computed 95% CI for the coefficients of relative change
using the percentile interval method, where the lower and upper
confidence bounds correspond to the 0.025 and 0.975 quantiles
of the distribution of coefficients generated across the 1000
bootstrap iterations.

We independently examined outliers in the response time for
optional surveys to check if these outliers were the cause of any
systematic differences. Outliers comprised any individual who
had a response time less than the first quartile (Q1)–1.5×IQR
or greater than Q3+1.5×IQR. To evaluate the differences, we
computed the proportion of outlier participants for each

demographic group and then conducted a χ2 test (test of
homogeneity) for testing the equality of outlier participants
proportion across different demographic groups.

Completeness of response was evaluated by counting the number
of questions where a participant responded “prefer not to
answer.” First, the nonparametric Kruskal-Wallis test was used
to evaluate variability across different groups (since the data
was not normally distributed). However, due to ties in the
completeness of the response variable, we adopted a permutation
test to assess differences between the groups [12]. The
permutation test was conducted by comparing the observed
value of the ANOVA F-statistic computed in the original data
(Fobs) against the permutation null distribution of the F-statistic

computed on permuted versions of the data (F*), where the
group labels were randomly shuffled. The test was based on
1000 data permutations and the permutation P value was
computed as the proportion of times the permuted F-statistic
was greater or equal to the observed test statistic (ie, P=(1+
sum{i=1..B indicator{F*>=Fobs})/(1+ B), for B=1000). Due to
the large sample set, it is possible that we may be detecting very
small effect sizes with very high statistical significance across
different categories. To assess the effect size, 95% CI were
computed using nonparametric bootstrapping for the pairwise
group mean difference for each group [20].

Ethical Considerations
This study used deidentified data from the All of Us Research
Program, which obtained institutional review board (IRB)
approval and informed consent from participants for secondary
research [21]. The original data collection was approved by the
AoURP IRB [21], and no additional IRB approval was required
for this secondary analysis. According to the All of Us
Responsible Conduct of Research training, analyses using
deidentified data on the Researcher Workbench do not require
a separate IRB review [22], as the research involves no direct
interaction with participants. All analyses adhered to ethical
principles, ensuring privacy and confidentiality as outlined by
the AoURP.

Results

Population Characteristics
Data from 329,078 consented participants were made available
as part of the version 5 data release [23] by AoURP. Of the total
consented participants, 329,038 (99.98%) completed all core
surveys and were considered successfully enrolled in the
program. Additionally, 311,253 participants (94.59%) consented
to share all their electronic health records; including
retrospective medical records from before the AoURP study
was launched. Post completion of core surveys, participants had
the option to complete three optional health surveys. A
significantly smaller proportion completed these three optional
surveys: (1) HCA-37.84% (n=124,528/329,078), (2)
FMH-117,693 (35.76%), and (3) PMH-113,830 (34.59%)
(Figure 1B). Both the COVID survey and the BYOD Fitbit data
collection were launched at later stages of the study (Figure
1A). A total of 99,701 (30.3%) people participated in the first
COVID survey and 11,615 (3.52%) participated in BYOD Fitbit
data sharing. Participants who enrolled before the BYOD Fitbit
data collection protocol was launched were less likely to consent
to share their BYOD Fitbit data compared to those who enrolled
after the protocol launch (3.51% vs 6.51%, respectively).

The AoURP aims to recruit persons from the UBR populations,
and recruitment was successful, with 24.36% (n=80,154) of the
participants responding to the core surveys with a self-reported
race of Black or African American and Asian, while 53.98%
(n=177,615) self-reported as White. We compared the
distribution of ages and race to the 2020 US Census data [24],
which showed the enrichment of self-identified races other than
White, as well as middle-aged individuals, in the AoU cohort
(Figure 2A) at baseline. Additionally, more participants reported
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being female (Figure S1a in Multimedia Appendix 1) and
Hispanic ethnicity (Figure S1b in Multimedia Appendix 1)
compared to the census.(However, this initial enrichment of
people self-identifying as belonging to one or more UBR
populations diminished as participants engaged with optional

components of the protocol. Distributions across demographic
variables for each component of the study is shown in Table 1.
Moreover, a total of 1416 (0.4%) deaths were reported by the
end of version 5 data release.

Figure 2. (a) Population pyramids divided by self-reported race (White vs other) see Multimedia Appendix 1 for additional populations pyramids.
Three different pyramids are displayed for comparison for three different populations representing: those who responded to: AoURP core survey, one
optional survey (HCA) and the 2020 US census. At baseline, based on response to the core survey) cohorts tend to be older and less white compared
to the 2020 US Census, while responses to later optional surveys showed that the proportion of self-reported White participants increased significantly
and a sudden drop in participants self-identifying from other racial groups. (B-E) represents the mean difference of number of skipped questions between
demographic groups specific to each survey for: (b) Race, (c): Ethnicity, (d): Age, (e): Sex at birth. The bar plot with the error bar represents the bootstrap
(1000 iterations) 95% confidence interval for pairwise group mean differences. (f): Race, (g): Ethnicity, (h): Age and (i): Sex at birth) represent pairwise
statistically significant differences (P<.001) across all the self-reported demographic groups of the participants responded to the additional surveys.
AA: African American; AoU: All of Us. HCA: Health Care Access. *P<.001.
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Table . Demographics characteristics and percentage distribution of participants in each component.

Fitbit
(n=11,615), n
(%)

Covid survey
(n=99,701), n
(%)

EHRc

(n=271,421), n
(%)

Medical history
(n=113,830), n
(%)

Family history
(n=117,693), n
(%)

HCAb survey
(n=124,528), n
(%)

Core surveya

(n=329,038), n
(%)

Groups

Age (years)

3,984

(34.3)

23,130

(23.2)

88,212

(32.5)

32,328

(28.4)

33,307

(28.3)

35,740

(28.7)

108,254

(32.9)

18‐44

4,321

(37.2)

33,698

(33.8)

100,697

(37.1)

38,019

(33.4)

39,545

(33.6)

42,090

(33.8)

121,415

(36.9)

45‐64

3310

(28.6)

42,971

(43.0)

82,512

(30.4)

43,483

(38.2)

44,841

(38.1)

46,698

(37.5)

99,369

(30.2)

≥65

Sex

3,357

(28.9)

33,699

(33.8)

104,497

(38.5)

38,475

(33.8)

39,663

(33.7)

42,090

(33.8)

125,034

(38)

Male

8,200

(70.6)

65,304

(65.5)

163,395

(60.2)

74,559

(65.5)

77,207

(65.6)

81,441

(65.4)

199,726

(60.7)

Female

Race

9,698

(83.5)

78,963

(79.2)

144,124

(53.1)

86,625

(76.1)

89,094

(75.7)

93,645

(75.2)

177,681

(54)

White

581

(5)

7,278

(7.3)

58,898

(21.7)

9,448

(8.3)

10,004

(8.5)

10,958

(8.8)

69,098

(21)

African Ameri-
can

372

(3.2)

2,892

(2.9)

8,685

(3.2)

3,870

(3.4)

4,002

(3.4)

4,234

(3.4)

11,187

(3.4)

Asian

Ethnicity

10,674

(91.9)

89,631

(89.9)

212,523

(78.3)

100,398

(88.2)

103,570

(88)

109,336

(87.8)

258,953

(78.7)

NonHispanic

767

(6.6)

7,876

(7.9)

51,027

(18.8)

11,041

(9.7)

11,652

(9.9)

12,577

(10.1)

60,543

(18.4)

Hispanic

Income (USD)

2,532

(21.8)

27,916

(28)

116,982

(43.1)

34,035

(29.9)

35,661

(30.3)

38,106

(30.6)

139,183

(42.3)

<50,000

3,554

(30.6)

27,518

(27.6)

48,041

(17.7)

30,279

(26.6)

31,071

(26.4)

32,626

(26.2)

59,556

(18.1)

50,000-100,000

3,520

(30.3)

24,526

(24.6)

36,913

(13.6)

26,750

(23.5)

27,422

(23.3)

28,766

(23.1)

46,394

(14.1)

100,000-200,000

1,371

(11.8)

10,469

(10.5)

15,851

(5.84)

11,724

(10.3)

12,005

(10.2)

12,702

(10.2)

20,071

(6.1)

>200,000

aCore Survey at enrollment.
bHCA: Health Care Access.
cEHR: electronic health records.

Differences in Engagement
The relative shift in the proportions of participants is reported
as percentage changes. We observed an increase of 21.2% in
the proportion of self-identified White participants and
correspondingly a decrease of Black or African American
respondents by 12.18% in the HCA compared to the Core
surveys. Similarly, the proportion of participants who identified
as NonHispanic (of all races) increased by 9.1%, to 87.8%

(n=109,336) of the total respondent pool in the HCA survey,
while people self-identifying as Hispanic decreased by 8.33%
to 10.1% of the respondent pool (Table 1 and Figure 2A). To
explore the engagement further, we compared the percentage
of each self-identified demographic group that continued in
each optional component of the study (ie, optional surveys,
EHR consent, COVID Surveys, and BYOD Fitbit) and observed
that the engagement varied across most components except the
BYOD Fitbit (Table 2). The engagement with optional surveys
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was 3 times higher among people who identified as White, with
52.7% (n=93,614) of White participants who enrolled and also
completed the optional surveys (HCA), compared to Black or
African American participants (n=10,887, 15.8%), and nearly
twice as high as those identifying as Asian (n=12531, 38.7%)
(P<.001). Similarly, 42.2% (n=109,279) of those self-identifying
as nonHispanic (of all races) engaged with optional surveys as
compared to 20.7% (n=12,531) of self-identified Hispanic
participants (P<.006). 63.4% (n=12,681) of participants who
self-identified with high household income engaged in the
optional surveys compared to 27.4% (n=38,190) of
self-identified with low household income (P<.001). A total of
47% (n=46,743) of older adults (aged >65 years) engaged with
optional surveys compared to 34.64% (n=37,504) and 33.05%
(n=40,096)of the middle-aged and younger groups, respectively.
Engagement was 40.8% (n=81,460) for participants who
self-identified as female at birth engaged in the optional surveys
compared to 33.66% (n=42,137) of self-identified male at birth.
However, neither self-reported age nor sex at birth were

statistically significant indicators of engagement using the χ2

test.

The first COVID survey showed large differences in
participation across age (P=.02), race (P<.001), household
income (P<.001), and ethnicity (P<.001), but not by sex at birth
(P=.45), Older individuals participated at higher rates, with
43.2% (n=42,964) of self-reported older adults compared to
27.8% (30,099) of middle-aged and 21.3% (n=25,841) of
younger participants completing the first survey. Self-reported
White participants (n=79,048, 44.5%) participated at more than
4 times higher levels than self-identified Black or African
American participants (n=7281, 10.54%) and nearly twice those
identifying as Asian (n=2880, 26.09%). Self-identified
high-income participants (n=10,485, 52.4%) participated at
more than approximately 2.5 times higher levels than
self-identified low household income participants (n=27,876,
20%). Similarly, participants self-identifying as nonHispanic
(n=89,552, 34.59%) engaged at almost 3 times higher rates than
those identifying as Hispanic (n=7876, 13.01%).

We did not observe any statistically significant differences in
engagement by self-reported age, race, ethnicity, or sex in
participation rates for the BYOD Fitbit substudy or the consent
to share EHR data.
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Table . Demographics characteristics and response rate proportion specific to each survey in comparison to core surveys, (ie, response rate percentage
= Number of participant responded to optional surveys/Number of participants responded to core survey)×100.

P valueFitbitd,
n (%)

P valueCovid
survey,
n (%)

P valueEHRc, n
(%)

P valueMedical
history,
n (%)

P valueFamily
history
(%)

P valueHCAb

survey,
(%)

Corea

(n)

Groups

.99.02.94.19.18.22Age
groups
(years)

4,489

(3.7)

25,841

(21.3)

96,932

(79.9)

36,274

(29.9)

37,244

(30.7)

40,156
(33.1)

121,31718‐44

3,898

(3.6)

30,099

(27.8)

91,162

(84.2)

33,996

(31.4)

35,295

(32.6)

37,461
(34.6)

108,26845‐64

3,282

(3.3)

42,964

(43.2)

82,745

(83.2)

43,461

(43.7)

44,853

(45.1)

46,743
(47)

99,453>65

.59.45.81.42.41.41Sex

3,380

(2.7)

33,674

(26.9)

105,530

(84.3)

38,431

(30.7)

39,683

(31.7)

42,187
(33.7)

125,184Male

8,186

(4.1)

65,288

(32.7)

162,122

(81.2)

74,672

(37.4)

77,068

(38.6)

81,460
(40.8)

199,658Female

.18<.0010.40<.001<.001<.001Race

9,770

(5.5)

79,048

(44.5)

135,359

(76.2)

86,509

(48.7)

89,174

(50.2)

93,615
(52.7)

177,637White

553

(0.8)

7,254

(10.5)

63,557

(92)

9,395

(13.6)

10,017

(14.5)

10,915
(15.8)

69,084African
Ameri-
can

364

(3.3)

2,881

(26.1)

8,578

(77.7)

3,875

(35.1)

3,974

(36)

4,272
(38.7)

11,040Asian

.23.001.41.006.006.006Ethnicity

10,615

(4.1)

89,578

(34.6)

208,152

(80.4)

100,451

(38.8)

103,558

(40)

109,254
(42.2)

258,895NonHis-
panic

787

(1.3)

7,870

(13)

55,147

(91.1)

11,078

(18.3)

11,623

(19.2)

12,531
(20.7)

60,535Hispan-
ic

.31<.001.98.001.001.001Income
(USD)

2,537

(1.8)

27,946

(20.1)

134,125

(96.2)

34,092

(24.5)

35,639

(25.6)

38,162
(27.4)

139,380<50,000

3,556

(6)

27,554

(46.3)

55,078

(92.5)

30,222

(50.7)

31,134

(52.3)

32,700

(54.9)

59,56350,000-
100,000

3,520

(7.6)

24,512

(52.9)

42,346

(91.3)

26,729

(57.6)

27,411

(59.1)

28,728

(61.9)

46,381100,000-
200,000

1,377

(6.9)

10,494

(52.5)

18,181

(90.9)

11,785

(58.9)

12,043

(60.2)

12,685
(63.4)

20,008>200,000

aCore survey at enrollment.
bHCA: Health Care Access.
cEHR: electronic health records.
dFitbit was launched later in the study (see Figure 1). For a comparison of engagement rates between participants who joined before and after the launch
of the Fitbit component (see Table S5 in Multimedia Appendix 1).

Response Time to Optional Surveys
In addition to differences in engagement, we also analyzed how
long it took for participants to participate in optional surveys

as measured by the time in days between enrollment and
completion of the optional component. Given that only the three
optional surveys (ie, HCA, PMH, and FMH) were available,
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and the COVID Surveys and BYOD Fitbit, were unavailable
at the launch of the study, we were only able to explore the
delay for these surveys. We found differences in the response
time based on self-reported age, sex at birth, race, ethnicity, and
household income (all Ps<.001 based on Kruskal-Wallis one
way analysis of variance). These results are summarized in
Table S2 in Multimedia Appendix 1. Overall for the optional
surveys, response times ranged from 0 to 1342 days with a mean
of 247.9 (SD 233) days and median value was 141 (IQR 314.55)
days. Self-reported older adults (median 117, IQR 213) took
less time to respond to optional surveys compared to younger
(median 135, IQR 251) and middle aged (median 138, IQR259)
participants. People who identified as male at birth (median
120, IQR 221) took less time compared to people who
self-identified as female at birth (median 133, IQR249). People
who self-identified as White completed surveys sooner after
enrollment (median 115, IQR 202) in comparison to those who
self-identified as Black or African American (median 202, IQR
340), and Asian (median 153, IQR 295). People who identified
as nonHispanic of any race (median 123, IQR 225) responded
sooner to optional surveys as compared to people who
self-identified as Hispanic (of all races) (median 188, IQR 335).
People self-identified with high household income (median 119,
IQR 195) took less time compared to people with low household
income (median 150, IQR 279). We performed a secondary
analysis to determine pairwise differences using the
nonparametric Mann-Whitney test to illustrate which groups
had quicker participation (Figure 2F–I). The linear mixed effect
results presented in Table 3 provided valuable insights into the
relationships between various demographic variables and their
impact on response time. The table displays the estimated effects
in terms of coefficients and relative percentage changes, with
the use of bootstrap for accuracy. When examining age groups,

individuals aged 45-64 years exhibited a 3.04% increase in
response time compared to the reference group (18-44 years),
while those aged ≥65 years displayed a decrease of −2.76%.
Gender differences were also notable, with women showing a
5.65% increase in response time compared to men. In terms of
race, African Americans exhibited a substantial 33.5% increase
in response time compared to White individuals, while Asians
and other racial groups also displayed significant differences.
Ethnicity played a role as well, with Hispanics experiencing an
18.41% increase ( Table 3) . Finally, income levels showed a
consistent trend, with higher income brackets associated with
decreased response times, highlighting the influence of
socioeconomic factors on response behavior. These results offer
important insights into the complex interplay between
demographics and response times, shedding light on potential
areas for further investigation and intervention. We conducted
a secondary analysis to check if outliers were responsible for
any significant difference and found no difference in the
demographics. Distribution across demographic data is shown
in Table S3 in Multimedia Appendix 1. We also explored the
interaction effect (see Table S4 in Multimedia Appendix 1)
between other demographic features and household income.
The study found that the effect of age, gender, race, and ethnicity
on response time was moderated by income. The response time
was slower for people with higher income in all age groups,
except 18-44 years. The difference was most pronounced for
people aged ≥65 years. The interaction effect between gender
and income was only significant for people who identify as
neither male nor female. The interaction effect between race
and income was significant for all race groups except White.
The interaction effect between ethnicity and income was only
significant for people who were not in plurality.
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Table . Estimated effect (coefficient and relative % change using bootstrap) on response time.

ModelVariables

Percent change (95% CI)Coefficient

Age (years)

0018-44

3.04 (2.99-3.09)0.0345-64

–2.76 (–2.78 to –2.69)–0.028>65

Gender

00Male

5.65 (5.55-5.65)0.055Female

Race

00White

33.50 (33.40-33.57)0.289African American

18.41 (18.30-18.54)0.169Asian

Ethnicity

00NonHispanic

18.41 (18.26-18.49)0.169Hispanic

Income (USD)

00<50,000

–4.79 (–4.91 to –4.56)–0.04550,000-100,000

–6.39 (–6.45 to –6.31)–0.066100,000-200,000

–4.88 (–4.96 to –4.78)–0.05>200,000

Completeness of Responses
To evaluate the frequency of skipped questions in each survey
(survey completeness), we counted skipped questions and
compared those across self-reported demographic groups (Table
S5 in Multimedia Appendix 1). Skipped questions were
relatively rare, with approximately 124,000 skipped questions
out of 34 million answered; on average 329,038 participants
skipped a mean of 1.32 (SD 0.74) questions per survey. We
reported the results of “completeness of response” based on
core surveys only, given that all the questions in the optional
surveys were already answered except for one participant, who
skipped one question. Using a nonparametric test, we observed
differences in completeness for all self-reported demographic
groups in the three core surveys. Mean values are reported for
missing data (ie, skipped questions). Middle-aged participants
skipped more questions ( 1.72 questions) compared to 1.54 for
younger and 1.6 for seniors (P<.001). Participants who identified
as female at birth skipped fewer questions (1.58) compared to
participants who identified male at birth (1.99) (P<.001).
Participants who self-reported as Black or African American
race (1.86) and people self-reporting nonHispanic ethnicity of
any race (1.71) skipped more questions compared to people of
self-identified White (1.62) and Asian (1.62) race, and those
who self-reported Hispanic (1.57) ethnicity of any race (P<.001).
Participants with high household income skipped fewer
questions (1.58) compared to participants with low household
income (1.61) (P<.001). Also, we conducted pairwise group

mean differences to further estimate the effect size which
returned significant results (Figure 2B-E).

Secondary Analysis on Effect of Timing of Enrollment
on Engagement
As all protocols were not launched at the same time, time of
enrollment may have affected the engagement behavior of the
participants who joined before and after the launch of the
specific study components. We conducted a secondary analysis
to evaluate if there were any differences in engagement between
individuals who enrolled before and after the launch of BYOD
Fitbit and Sync4Science separately. We found no significant
differences in the demographic groups. Distribution across
demographic variables for pre- and postlaunch of BYOD Fitbit
(Table S6 in Multimedia Appendix 1), and for Sync4Science
is shown in Table S7 in Multimedia Appendix 1.

Discussion

Principal Finding
The utility and translatability of studies is dependent on the
study being carried out on a representative population. The
AoURP has enrolled an extremely large cohort that aims to be
representative of the diversity of the broader US population
[25]. However, the data collected over time is not as
representative as the enrolled population, with differences in
engagement across demographic groups. This pattern is observed
in both, the demographics that remained engaged and the degree
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to which participants completed optional substudy components
and how quickly they responded [26]. These variations are
driven by socioeconomic, cultural, and structural factors,
underscoring the need for tailored strategies to mitigate
participation disparities [27]. Addressing these disparities is
essential to maintain the cohort’s representativeness, which
directly impacts the validity and generalizability of the findings
[28].

Comparison to Prior Work
This study builds on prior research by highlighting demographic
engagement disparities in longitudinal cohort studies, an issue
that has been well-documented in other population-based
research efforts [29,30]. Previous studies have reported similar
challenges, such as the underrepresentation of minority groups
and the overrepresentation of higher socioeconomic status in
voluntary participation metrics [31]. However, unlike earlier
research, this study leverages the unique scale and diversity of
the AoURP cohort to provide deeper insights into how
engagement patterns vary over time and across demographic
groups. By emphasizing socioeconomic and structural drivers
of engagement disparities, this work highlights the need for
target interventions necessary for retaining participants and
ensuring equitable representation [32].

Strengths and Limitations
Our study benefits from a large, diverse cohort and longitudinal
data, providing valuable insights into participation patterns.
However, there are limitations that must be acknowledged. First,
there may be biases due to self-selection and varying dropout
rates among demographic groups. Overrepresentation of more
engaged participants with higher socioeconomic status in
optional surveys could skew health outcome estimates [7].
Second, the high dropout rates observed among
underrepresented groups over time pose a challenge to
maintaining sample diversity, which could limit the
generalizability of findings to the broader US population [33].

Third, reliance on self-reported data, which may introduce
reporting biases that affect the accuracy of the findings [27].
To address these limitations, efforts should focus on
implementing strategies such as over-recruiting populations
with higher attrition rates, developing tailored retention
programs, and validating self-reported data through objective
measures such as linked medical records [29]. These steps can
enhance the reliability and applicability of the study’s findings,
ensuring their broader impact.

Future Directions
Based on our findings, decentralized studies such as AoURP
should prioritize interventions that address engagement
disparities. Over-recruiting populations with higher attrition
rates and implementing targeted outreach strategies for
underrepresented groups can enhance participation. Importantly,
these strategies should be codesigned with input from
participants to address specific barriers effectively [30].
Addressing challenges such as the digital divide, cultural
differences, and logistical barriers is critical to fostering equity
in research participation [31,34]. Innovative approaches such
as bidirectional engagement where participants actively
contribute to study design and receive meaningful feedback
could further strengthen retention. Additionally, leveraging
digital health tools and adaptive technologies can facilitate
participant engagement while addressing socioeconomic barriers
[35].

Conclusion
This study underscores the importance of maintaining
representativeness in large, decentralized cohort studies such
as AoURP. By identifying participation disparities and their
underlying drivers, we provide actionable insights to improve
cohort retention and engagement strategies. Future research
should continue to explore and validate these interventions to
ensure equitable and impactful scientific discoveries that benefit
all segments of the population.
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Abstract

Background: Taiwan’s categorization of hospital emergency capability (CHEC) policy is designed to regionalize and dispatch
critical patients. The policy was designed in 2009 to improve the quality of emergency care for critical time-sensitive diseases
(CTSDs). The CHEC policy primarily uses time-based quality surveillance indicators.

Objective: We aimed to investigate the impact of Taiwan’s CHEC policy on CTSDs.

Methods: Using Taiwan’s 2005 Longitudinal Health Insurance Database, this nationwide retrospective cohort study examined
the CHEC policy’s impact from 2005 to 2011. Propensity score matching and difference-in-differences analysis within a generalized
estimating equation framework were used to compare pre- and postimplementation periods. The study focused on acute ischemic
stroke (AIS), ST-segment elevation myocardial infarction (STEMI), septic shock, and major trauma. AIS and STEMI cases,
monitored with time-based indicators, were evaluated for adherence to diagnostic and treatment guidelines as process quality
measures. Mortality and medical use served as outcome indicators. Major trauma, with evolving guidelines and no time-based
monitoring, acted as a control to test for policy spotlight effects.

Results: In our cohort of 9923 patients, refined through 1:1 propensity score matching, 5566 (56.09%) were male and were
mostly older adults. Our analysis revealed that the CHEC policy effectively improved system efficiency and patient outcomes,
resulting in significant reductions in medical orders (–7.29 items, 95% CI –10.09 to –4.48; P<.001), short-term mortality rates
(–0.09%, 95% CI –0.17% to –0.02%; P=.01) and long-term mortality rates (–0.09%, 95% CI –0.15% to –0.04%; P=.001), and
total medical expenses (–5328.35 points per case, 95% CI –10,387.10 to –269.60; P=.04), despite a modest increase in diagnostic
fees (376.37 points, 95% CI 92.42-660.33; P=.01). The CHEC policy led to notable increases in diagnostic fees, major treatments,
and medical orders for AIS and STEMI cases. For AIS cases, significant increases were observed in major treatments (β=0.77;
95% CI 0.21-1.33; P=.007) and medical orders (β=15.20; 95% CI 5.28-25.11; P=.003) compared to major trauma. In STEMI
cases, diagnostic fees significantly increased (β=1983.75; 95% CI 84.28-3883.21; P=.04), while upward transfer rates significantly
decreased (β=–0.59; 95% CI –1.18 to –0.001; P=.049). There were also trends toward increased major treatments (β=0.30; 95%
CI –0.03 to 0.62, P=.07), medical orders (β=11.92; 95% CI –0.90 to 24.73; P=.07), and medical expenses (β=24,275.54; 95%
CI –640.71 to 4,991,991.78; P=.06), although these were not statistically significant. In contrast, no significant changes were
identified in process or outcome quality indicators for septic shock. These findings suggest policy spotlight effects, reflecting a
greater emphasis on diseases directly prioritized under the CHEC policy.
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Conclusions: The CHEC policy demonstrated the dual benefits of reducing costs and improving patient outcomes. We observed
unintended consequences of policy spotlight effects, which led to a disproportionate improvement in guideline adherence and
process quality for CTSDs with time-based surveillance indicators.

(Interact J Med Res 2025;14:e54651)   doi:10.2196/54651

KEYWORDS

categorization of hospital emergency capability; quality; time-sensitive diseases; emergency care; difference-in-differences

Introduction

Background
The Agency for Healthcare Research and Quality proposed the
concept of time-sensitive diseases [1] using scientific data to
maintain up-to-date guidelines and launched the Get with the
Guidelines campaign to establish it as the basis for surveillance
indicators of process and outcome quality [2]. Critical
time-sensitive diseases (CTSDs) refer to life-threatening
illnesses or injuries that require immediate emergency care,
where rapid intervention is paramount to mitigate morbidity
and mortality [3]. The various guidelines for managing
time-sensitive events emphasize the crucial importance of time.
In the context of acute ischemic stroke (AIS), the “time is brain”
[4] goal focuses on the timely reperfusion treatments, including
intravenous thrombolysis and mechanical thrombectomy; in
ST-segment elevation myocardial infarction (STEMI), the “time
is muscle” goal focuses on early reperfusion [5]; in septic shock
events, the “early goal” focuses on early resuscitation [6]; and
in major trauma cases, the “golden hour” goal focuses on the
window of opportunity in which patients can undergo rescue
operations [7].

The American Medical Association issued the categorization
of hospital emergency capability (CHEC) guidelines [8] to
classify hospitals according to their emergency care capabilities,
thereby regionalizing and providing emergency medical services
with references for transport emergency patients to the nearest
appropriate hospitals [9], aiming to reduce preventable deaths.
Most studies investigating the effects of this categorization,
designation, and regionalization policy reported positive findings
[10,11]. However, these studies mainly focused on a single
disease entity [10,11] or region [11]. The CHEC policy often
implements rigid time-based surveillance indicators. These
indicators can affect disease-specific guideline adherence in
clinical practice because they may reshape the behaviors of
emergency department (ED) medical providers [12]. This
phenomenon is related to the so-called policy spotlight effects,
which influence medical care providers’ assessment of how
others perceive them [13]. More specifically, the policy spotlight
effects refer to the perception of medical care providers
regarding how policy makers interpret surveillance indicators
and adjust their process-related behaviors accordingly [14].
Current emergency care policies often use time-based criteria
as process quality indicators, which may exacerbate the policy
spotlight effects [13]; however, the unintended effects or safety
concerns generated by these effects remain unclear. Therefore,

our study targeted 4 CTSDs: AIS, STEMI, septic shock, and
major trauma [7]. Our research hypothesizes that emergency
care providers might inadvertently give more attention to
diseases under active surveillance while potentially neglecting
those not thoroughly incorporated in this observation. This focus
might be based on their perception of observer expectations
[15].

Objective
We aimed to examine the effects of the CHEC policy on process
quality and outcomes for CTSDs, addressing three research
questions: (1) How does the CHEC policy impact the quality
of diagnosis, treatment, and outcomes for these diseases? (2)
How do policy spotlight effects influence the prioritization of
diseases under active surveillance and impact emergency care
providers’ behaviors in this context? and (3) What are the
potential consequences of policy spotlight effects?

Methods

Setting, Study Design, and Data Source
Taiwan’s National Health Insurance is a single-payer,
compulsory social insurance system that primarily operates on
a fee-for-service basis. This study is based on the National
Health Insurance 2005 Longitudinal Health Insurance Database
(LHID2005), which contains 1 million random cases, including
medical records and hospital information, collected since 1995.
The LHID2005 was validated to represent medical use, diagnosis
and treatment process, and outcome quality for CTSDs [16].

This nationwide retrospective cohort study uses propensity score
matching (PSM) and difference-in-differences (DID) analysis
to evaluate the impact of the CHEC policy on CTSD care quality
and outcomes. The CHEC policy was initiated in August 2009,
which integrated 190 hospitals into a network focusing on acute
conditions such as stroke, myocardial infarction, major trauma,
and perinatal care [17]. We divided our analysis into 2 periods:
before CHEC (August 1, 2005, to July 31, 2009) and after
CHEC (August 1, 2009, to July 31, 2011). This division aimed
to assess the CHEC policy’s effects distinctly from the ED
quality improvement plan introduced in 2012. Well-established
guidelines exist for AIS, STEMI, and septic shock. In contrast,
the guidelines for major trauma are continuously evolving due
to the variability in injury mechanisms, locations, and severity.
Moreover, AIS and STEMI events are stringently monitored
under the CHEC policy with specific time-based quality
indicators, whereas septic shock and major trauma events are
not (Table 1).
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Table 1. Critical time-sensitive diseases and categorization hospital emergency capability (CHEC) policy indicators in Taiwan [18].

Major traumaSeptic shockST-segment elevation MIaAcute ischemic strokeQuality indicator

Guidelines development •••• DevelopingWell developedWell developedWell developed

Major diagnosis indicator •••• Image studyBlood cultureEKGdBrain imaging (eg, CTb

and MRIc)

Major treatment indicator •••• Rescue operationAntibioticsPCIfIntravenous TPAe

Guideline’s major goal •••• Rescue operationGoal-directed therapyEarly reperfusionEarly thrombolysis
• •••Time is brain (Golden hour)Early goalTime is muscle

Guideline’s time-based
criteria

•••• 1 h3 to 6 h90 min60 min

CHEC policy indicators •••• Trauma teamICUSh critical care
team

PCI teamStroke team
• ••NIHSSg score evaluation ISSi evaluationGive aspirin and clopido-

grel• Intravenous TPA

CHEC policy time-based
criteria

•••• Trauma team activation
in <30 min

Admission in <24 hCardiologist consultation
in <30 min

Neurologist consultation
in <30 min

•• Door to EKG in <10 minDoor to CT in <30 min
•• Door to needle in <30

min
Door to CT read in <45
min

• •Onset to needle in <3 h Door to balloon in <90
min

aMI: myocardial infarction.
bCT: computed tomography.
cMRI: magnetic resonance imaging.
dEKG: electrocardiography.
eTPA: tissue plasminogen activator.
fPCI: percutaneous coronary intervention.
gNIHSS: National Institute of Health Stroke Scale or Score.
hICU: intensive care unit.
iISS: Injury Severity Score.

Thus, we selected major trauma events as a reference for our
study because they were not monitored under the CHEC policy
with rigid indicators. We adopted pre- and postimplementation
of a CHEC policy, using 1:1 PSM to control for confounding
variables. We used the DID estimation approach to estimate the
association of the CHEC policy on process and outcomes for
AIS and STEMI. For the counterfactual, we used major trauma
cases unexposed to the clinical guideline or CHEC policy
time-based quality indicators as the basis for comparison.

Identification of Study Cohort
This study identified CTSDs based on ED visits accompanied
by a primary diagnosis using the appropriate disease code. The
identification of AIS (ie, codes 433 and 434), STEMI (ie, code
410), and septic shock (ie, codes 038, 785, and 995) was based
on the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD‐9‐CM). Major trauma cases were
classified following the American Academy of Surgery
Committee guidelines (ie, codes 800-959) [19]. Due to the
absence of trauma severity data in the LHID2005 database,
primary ICD-9-CM codes served as our initial method for
identifying major trauma incidents. This identification was
further refined by including cases where patients received rescue

surgery or were admitted to the intensive care unit, serving as
additional criteria for major trauma [20]. We excluded cases
before the study period and those without hospital or patient
sociodemographic information. We also excluded hospitals with
a volume of <5 CTSD cases per year [21]. We used the date of
the first ED visit as the index date.

Definition of Variables
The independent variable in this study was exposure to the
CHEC policy intervention. Events related to AIS and STEMI
were subject to rigid time-based quality indicators and regular
surveillance under the CHEC policy. In contrast, despite having
well-developed clinical guidelines, septic shock was not
included under the CHEC policy’s stringent time-based quality
indicators. Similarly, major trauma cases, which lack
well-developed clinical guidelines, were not subject to these
policy indicators and were used as counterfactuals in this study.
The dependent variables were divided into primary and
secondary outcomes. Primary outcomes included guideline
adherence to diagnostic and treatment process quality indicators.
For diagnostic adherence, AIS was assessed by the completion
of brain imaging (eg, computed tomography or magnetic
resonance imaging) within 60 minutes of hospital arrival, while
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STEMI was evaluated based on the completion of
electrocardiography within 10 minutes. For treatment adherence,
AIS required the administration of intravenous thrombolysis
within 3 hours of symptom onset, and STEMI was assessed
according to whether percutaneous coronary intervention was
performed within 90 minutes of hospital arrival. Secondary
outcomes included upward transfer rates, diagnostic fees,
medical orders and expenses, and mortality rates. Upward
transfer rates were defined as the proportion of patients
transferred from lower-level hospitals to higher-level facilities.
Diagnostic fees referred to the total costs incurred from
diagnostic procedures during ED care. Medical orders and
expenses represented the number and costs of medical
interventions performed during ED visits. Mortality rates were
measured as 30-day mortality, indicating the percentage of
patients who died within 30 days from the index date (the
emergency visit date), and 1-year mortality, representing deaths
occurring within 1 year.

Covariates included patient-related predisposing factors, such
as age, sex, and occupation. The enabling factor was the insured
salary, while the Charlson Comorbidity Index, calculated using
ICD-9-CM codes from primary diagnoses recorded in inpatient
and outpatient claims data up to a year before the index date,
served as a measure of health needs. Furthermore, external
environmental factors, including urbanization and regional
emergency resources, were considered. For hospital-level
variables, the input-throughput-output model of Asplin et al
[22] was used. Input was gauged using the rate of ED visits
with Emergency Severity Index 1, while throughput and output
efficiency were assessed via the ED’s occupancy rate. This
comprehensive framework ensured a robust evaluation of the
CHEC policy’s impact while accounting for potential
confounding variables and contextual factors.

Statistical Analysis
Patients’ characteristics, process quality, and outcomes were
presented using descriptive statistics. Continuous data were
described using mean (SD), and categorical data were presented
using numbers and percentages. To enhance the robustness of
the outcomes, we calculated the propensity score using a
multivariable logistic regression that included all baseline
covariates. The standardized mean difference was calculated to
confirm the balance of potential confounders at baseline between
groups before and after matching. A standardized mean
difference of <0.1 was considered to represent a negligible
difference [23].

We evaluated the impact of the CHEC intervention on each
outcome, including overall differences, the differences within
individual diseases, and between-disease differences in changes
from baseline (ie, group-by-disease interaction effects), using
a DID framework integrated with generalized estimating
equation (GEE) models. The DID approach allowed us to
compare changes in outcomes between the before and after
CHEC policy periods across diseases, enabling the estimation
of differential effects of the intervention while controlling for
time-invariant unobserved confounders. This method is
particularly suitable for evaluating policy interventions by

focusing on within-group changes relative to a reference group
over time. The GEE model is specified as follows:

Yij= β0 + β1 (CHEC policy)j + β2 disease   + β3 (CHEC policy
× disease)ij + εij,

where Yij represents the outcome variable (eg, diagnosis
indicator, treatment indicator, mortality, or medical use) for
individual i at time j. β0 is the intercept, capturing the baseline
level of the outcome for the reference disease (ie, major trauma)
in the pre-CHEC period. CHEC policyj is a binary variable
(0=before CHEC, 1=after CHEC), and its coefficient β1 captures
the overall impact of the CHEC policy across all diseases.
Diseasei is a categorical variable representing the 4 diseases (ie,
AIS, STEMI, septic shock, and major trauma), with β2

estimating disease-specific differences at baseline. The
interaction term (CHEC policy × disease)ij, with coefficient β3,
reflects the differential impact of the CHEC policy for each
disease compared to the reference group (ie, major trauma). A
positive β3 value indicates a greater change in the outcome for
the respective disease relative to major trauma. All statistical
analyses were performed using SAS (version 9.4; SAS Institute),
and statistical significance was defined as    value of <.05.

Ethical Considerations
This study used secondary data from the NIH LHID2005, which
are fully anonymized and deidentified to protect participant
privacy. The dataset contained no personal identifiers, such as
names, addresses, or social security numbers, so individual
informed consent was not required. The original consent
provided for primary data collection, and the institutional review
board approval covered secondary analyses without requiring
additional consent. All analyses were conducted in compliance
with relevant regulations to safeguard confidentiality, and data
access was restricted to authorized researchers under institutional
guidelines. The study received ethics approval from the Taiwan
National Yang-Ming University Institutional Review Board
(YM107035E).

Results

Participants’ Characteristics
During the study period, we analyzed emergency presentations
related to 4 CTSDs, originally encompassing 288,443 patients.
Exclusion criteria included the diagnosis of CTSDs before 2005
(n=99,768, 34.59%), patients with transient ischemic attack or
intracranial hemorrhage (n=878, 0.3%), non-STEMI cases
(n=1315, 0.45%), individuals with major traumas defined by
ICD-9-CM codes that did not necessitate a rescue operation or
intensive care unit admission (n=142,446, 49.38%), and cases
lacking hospital or living area information or where the
hospital’s volume of CTSDs was <5 visits per year (n=673,
0.23%). These criteria refined the total sample size to 43,363
(15.03%) patients. Considering the extended period before the
policy intervention, this research adopted a 1:1 PSM technique,
resulting in a final matched sample of 9923 patients. The
flowchart and baseline table (Figure 1) display the initial count
of emergency patients with CTSDs and the numbers after PSM,
broken down by each of the 4 diseases. Table 2 presents the
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PSM of participants with CTSDs before and after the PSM.
After the matching process, each variable baseline characteristic
demonstrated almost complete congruity. In addition, uniformity
was achieved within each disease subgroup after matching
(Table S1 in Multimedia Appendix 1). In 9923 patients, the
distribution for each disease before and after PSM was as
follows: AIS (n=2895, 29.17%), STEMI (n=723, 7.29%), septic
shock (n=5441, 54.83%), and major trauma (n=864, 8.71%).

Septic shock was the most prevalent condition, accounting for
54.83% (5441/9923) of all cases. The patient population was
male-dominated (5566/9923, 56.09%), with the majority
(6084/9923, 61.31%) aged ≥65 years. Nearly three-fourths of
the CTSD cases (7563/9923, 76.12%) were managed in hospitals
categorized as moderate or severe levels. Care provided by
specialty consultants accounted for 67.9% (6738/9923) of the
cases.

Figure 1. Flow diagram of the study.
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Table 2. Propensity score matched the comparison of patient characteristics before and after the categorization of hospital emergency capability (CHEC)
policy. The complete table is available in Supplementary Table 2: Association of CHEC policy with process and outcome quality in four critical
time-sensitive diseases (Multimedia Appendix 2).

After propensity score matchingBefore propensity score matchingPatient characteristics

ASMDAfter CHEC policy
(n=9923)

Before CHEC policy
(n=9923)

ASMDaAfter CHEC policy
(n=14,534)

Before CHEC policy
(n=28,829)

Sex, n (%)

0.0184268 (43.01)4357 (43.91)0.0046250 (43)12,345 (42.82)Female

0.0185655 (56.99)5566 (56.09)0.0048284 (57)16,484 (57.18)Male

Age (y), n (%)

0.0051306 (13.16)1289 (12.99)0.0211967 (13.53)4105 (14.24)≤45

0.0092590 (26.1)2550 (25.7)0.0283795 (26.11)7173 (24.88)45-64

0.0126027 (60.74)6084 (61.31)0.0118772 (60.36)17,551 (60.88)≥65

Charlson Comorbidity Index, n (%)

0.0084434 (44.68)4473 (45.08)0.0166546 (45.04)13,215 (45.84)≤1

0.0085489 (55.32)5450 (54.92)0.0167988 (54.96)15,614 (54.16)>1

Incomeb (NT $), n (%)

0.0364604 (46.4)4428 (44.62)0.2566203 (42.68)15,961 (55.36)≤22,800

0.0365319 (53.6)5495 (55.38)0.2568331 (57.32)12,868 (44.64)>22,800

Occupation, n (%)

0.0483326 (33.52)3550 (35.78)0.0204952 (34.07)10,095 (35.02)Dependents of the in-
sured

0.0221053 (10.61)986 (9.94)0.0281529 (10.52)2792 (9.68)Civil servants, teachers,
and military personnel

0.018796 (8.02)748 (7.54)0.0291240 (8.53)2231 (7.74)Nonmanual workers
and professionals

0.0603708 (37.37)3422 (34.49)0.0025154 (35.46)10,250 (35.55)Manual workers

0.0561040 (10.48)1217 (12.26)0.0191659 (11.41)3461 (12.01)Others

Hospital categorization, n (%)

0.0363502 (35.29)3331 (33.57)0.0275924 (40.76)11,371 (39.44)Severe level

0.0044052 (40.83)4030 (40.61)0.0015496 (37.81)10,921 (37.88)Moderate level

0.0452369 (23.87)2562 (25.82)0.0303114 (21.43)6537 (22.68)General level

0.03414.37 (10.50)14.01 (10.39)1.13616.63 (10.06)5.8 (8.98)ESIc triage level 1 and 2
rate, mean (SD)

0.0915.36 (10.26)6.25 (9.30)0.0864.49 (9.30)5.33 (10.11)Length of EDd stay, mean
(SD)

0.08111.32 (10.12)10.53 (9.34)0.09512.32 (10.06)11.37 (9.97)ED observation ≥1-d rate,
mean (SD)

Place of ED resources, n (%)

0.0167834 (78.95)7768 (78.28)0.00311,460 (78.85)22,770 (78.98)Sufficiency

0.0162089 (21.05)2155 (21.72)0.0033074 (21.15)6059 (21.02)Not sufficiency

Time-sensitive disease, n (%)

0.0002895 (29.17)2895 (29.17)0.0853814 (26.24)8660 (30.04)Acute ischemic stroke

0.000723 (7.29)723 (7.29)0.0281141 (7.85)2481 (8.61)ST-segment elevation

MIe

0.0005441 (54.83)5441 (54.83)0.1068275 (56.94)14,896 (51.67)Septic shock

0.000864 (8.71)864 (8.71)0.0241304 (8.97)2792 (9.68)Major trauma
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After propensity score matchingBefore propensity score matchingPatient characteristics

ASMDAfter CHEC policy
(n=9923)

Before CHEC policy
(n=9923)

ASMDaAfter CHEC policy
(n=14,534)

Before CHEC policy
(n=28,829)

Delivery of care, n (%)

0.0366570 (66.21)6738 (67.9)0.0269245 (63.61)18,692 (64.84)Specialty consultantf

0.0312585 (26.05)2449 (24.68)0.0484236 (29.15)7788 (27.01)Emergency physician

0.012768 (7.74)736 (7.42)0.0341053 (7.25)2349 (8.15)Others

aASMD: absolute standardized mean difference.
bINT $1=US $0.03057 as of February 16, 2025.
cESI: Emergency Severity Index.
dED: emergency department.
eMI: myocardial infarction.
fSpecialty consultant: (1) acute ischemic stroke is treated by neurologists, (2) acute MI is treated by cardiologists, (3) septic shock is managed by internal
medicine physicians or critical care intensivists, and (4) major trauma conditions are managed by surgeons or critical care intensivists.

Impact of CHEC Policy Overall and on the Processes
and Outcomes of the 4 Individual CTSDs Before and
After Implementation
In examining individual diseases, primary diagnostic indicators
for AIS, septic shock, and major trauma decreased after
intervention, while only those for STEMI increased (Table 3).

Diagnostic fees increased for AIS, STEMI, and major trauma
cases but decreased for septic shock cases. A similar trend was
observed in the primary treatment indicators, which increased
for AIS and STEMI cases and decreased for septic shock and
major trauma cases. In contrast, medical orders showed a
universal decline. Upward transfer rates increased for AIS and
major trauma cases but decreased for STEMI and septic shock
cases. Regarding outcome indicators, short-term and long-term
mortality rates displayed a universal decline, except for AIS

cases, which showed an increase. The medical expenses were
higher for AIS and STEMI cases but lower for septic shock and
major trauma cases.

In assessing the overall policy effects on 4 CTSD cohorts, the
primary diagnosis indicator significantly decreased by 0.21%
points (95% CI –0.29% to –0.13%; P<.001) and medical orders
per case dropped by an average of 7.29 items (95% CI –10.09
to –4.48; P<.001). In comparison, diagnostic fees demonstrated
an average increase of 376.37 points (95% CI 92.42-660.33;
P=.01). The 30-day mortality rate saw a notable reduction of
0.09% points (95% CI –0.17% to –0.02%; P=.01), 1-year
mortality significantly decreased by 0.09% points (95% CI
–0.15% to –0.04%; P=.001), and medical expense per case
significantly decreased by 5328.35 points (95% CI –10,387.10
to –269.60; P=.04).
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Table 3. Comparative analysis of the individual and overall impact of categorization of hospital emergency capability (CHEC) policy effects on 4
critical time-sensitive diseases (N=9923).

P valueMultivariable

model, β1
a

(95% CI)

After CHEC
policy

Before CHEC
policy

Change between before and after CHEC policyOutcome

Major

traumae
Septic

shockd
STEMIcAcute ischemic

strokeb

Process quality

<.001–0.21 (–0.29
to –0.13)

8434 (84.99)8682 (87.49)–3.01–2.280.55–3.52Major diagnosis indi-
cator, n (%)

.01376.37 (92.42
to 660.33)

7543.31
(10,833.26)

7166.94
(10,018.69)

762.85–44.82746.6460.66Diagnostic feesf

.24–0.03 (–0.07
to 0.02)

4272 (43.05)4334 (43.68)–3.12–1.252.070.62Major treatment indi-
cator, n (%)

<.001–7.29 (–10.09
to –4.48)

94.84 (101.07)102.13 (109.19)–16.13–9.67–4.21–0.93Medical orders per
case

.160.15 (–0.06 to
0.37)

172 (1.73)148 (1.49)2.43–0.1–1.240.59Upward transfer rate,
n (%)

Outcomes

.01–0.09 (–0.17
to –0.02)

1508 (15.2)1631 (16.44)–1.27–1.84–1.52–0.0430-d mortality, n (%)

.001–0.09 (–0.15
to –0.04)

3041 (30.65)3242 (32.67)–0.58–3.64–0.830.281-y mortality, n (%)

.04–5328.35
(–10,387.10 to
–269.60)

95,547.60
(176,487.79)

100,875.96
(192,912.94)

−13,056.54−11,059.0911,219.013616.16Total medical expense
per case

aOverall impact of the CHEC policy across all diseases.
bAcute ischemic stroke major diagnosis indicator: head image and major treatment indicator: intravenous tissue plasminogen activator thrombolysis.
cSTEMI: ST-elevation myocardial infarction major diagnosis indicator: electrocardiography and major treatment indicator: percutaneous coronary
intervention.
dSeptic shock major diagnosis indicator: culture and major treatment indicator: antipathogen medication.
eMajor trauma major diagnosis indicator: computed tomography, magnetic resonance imaging, or sonography study and major treatment indicator:
rescue operation.
fDiagnostic fees: since Taiwan’s National Health Insurance system operates on a global budget with reimbursement based on a point system, the actual
monetary value of each point fluctuates. Currently, 1 National Health Insurance point is reimbursed at <NT $0.90 (US $0.0275) per point based on the
latest exchange rate (1 NT $=US $0.03057 as of February 16, 2025).

Association of CHEC Policy With Processes and
Outcome Quality in the 4 CTSDs
As presented in Table 4, model 1 examined the changes in
indicators for individual diseases before and after the
implementation of the CHEC policy, and the results show
significant improvements in process quality measures. For AIS
cases, following the implementation of the CHEC policy, there
was a significant decrease in major diagnosis indicators by
0.23% points (95% CI –0.36% to –0.10%; P<.001). Conversely,
the major treatment indicator experienced a significant increase
of 0.57% points (95% CI 0.07%-1.07%; P=.03), and the upward
transfer rate also significantly increased by 0.52% points (95%
CI 0.02%-1.03%; P=.04). Moreover, there was a trend of
increasing diagnostic fees, with a rise of 460.66 points (95%

CI –3.44 to 924.76; P=.05). For STEMI cases, the diagnostic
fees significantly increased by 2746.59 points (95% CI
1141.67-4351.51; P<.001). When examining septic shock, the
major diagnosis indicator saw a significant decrease of 0.25%
points (95% CI –0.37% to –0.12%; P<.001) following the
introduction of the CHEC policy. Thirty-day mortality decreased
by 0.11% (95% CI –0.20% to –0.02%; P=.02), and one-year
mortality decreased by 0.15% (95% CI –0.22% to –0.07%;
P<.001). In addition, medical orders significantly dropped by
9.67 items (95% CI –13.99 to –5.35; P<.001), and average
medical expenses significantly decreased by 11,059.10 points
(95% CI –18,603.60 to –3514.55; P=.004). Finally, regarding
major trauma cases, after CHEC policy implementation, the
average medical orders significantly decreased by 16.13 items
(95% CI –25.32 to –6.94; P<.001).
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Table 4. Association of categorization of hospital emergency capability (CHEC) policy with process and outcome quality in 4 critical time-sensitive
diseases.

Model 2bModel 1aChange between before
and after CHEC policy

Critical time-sensitive disease

P valueβ3 (95% CI)P valueβ2 (95% CI)

Acute ischemic strokec (n=2895)

.66–0.06 (–0.32 to 0.20)<.001–0.23 (–0.36 to –0.10)–3.52Major diagnosis indicator, n (%)

.60–302.19 (–1419.15 to
814.77)

.05460.66 (–3.44 to 924.76)460.66Diagnostic feesd

.0070.77 (0.21 to 1.33).030.57 (0.07 to 1.07)0.62Major treatment indicator, n (%)

.00315.20 (5.28 to 25.11).62–0.93 (–4.64 to 2.78)−0.93Medical orders per case

.490.21 (–0.39 to 0.81).040.52 (0.02 to 1.03)0.59Upward transfer rate, n (%)

.570.11 (–0.27 to 0.49).95−0.01 (−0.25 to 0.23)–0.04Short-term mortality (30 d), n (%)

.690.06 (–0.22 to.033).770.02 (−0.12 to 0.16)0.28Long-term mortality (365 d), n (%)

.1116,672.69 (–3581.75 to
36,927.12)

.323616.15 (–3524.26 to
10,756.56)

3616.16Total medical expense per caseh

ST-segment elevation myocardial infarctione(n=723)

.280.26 (–0.21 to 0.72).680.09 (–0.32 to 0.49)0.55Major diagnosis indicator, n (%)

.041983.75 (84.28 to 3883.21)<.0012746.59 (1141.67 to
4351.51)

2746.6Diagnostic fees

.070.30 (–0.03 to 0.62).380.09 (–0.11 to 0.30)2.07Major treatment indicator, n (%)

.0711.92 (–0.90 to 24.73).36–4.21 (–13.14 to 4.72)−4.21Medical orders per case

.049–0.59 (–1.18 to –0.001).27–0.28 (–0.76 to 0.21)–1.24Upward transfer rate, n (%)

.92–0.02 (–0.37 to 0.41).45–0.10 (–0.36 to 0.16)–1.52Short-term mortality (30 d), n (%)

.97–0.01 (–0.33 to .032).72−0.04 (−0.26 to 0.18)–0.83Long-term mortality (365 d), n (%)

.0624,275.54 (–640.71 to
49,191.78)

.1711,219.00 (–4953.90 to
27,391.90)

11,219.01Total medical expense per case

Septic shockf (n=5441)

.56–0.08 (–0.33 to 0.18)<.001−0.25 (−0.37 to −0.12)–2.28Major diagnosis indicator, n (%)

.14–807.65 (–1888.03 to
272.74)

.81–44.80 (–412.26 to 322.66)–44.8Diagnostic fees

.280.14 (–0.12 to 0.41).14−0.06 (−0.14 to 0.02)–1.25Major treatment indicator, n (%)

.216.45 (–3.70 to 16.61)<.001–9.67 (–13.99 to –5.35)–9.67Medical orders per case

.12–0.59 (–1.32 to 0.15).41–0.27 (–0.93 to 0.38)–0.1Upward transfer rate, n (%)

.95–0.01 (–0.29 to 0.31).02–0.11 (–0.20 to –0.02)–1.84Short-term mortality (30 d), n (%)

.36–0.11 (–0.36 to 0.13)<.001–0.15 (–0.22 to –0.07)–3.64Long-term mortality (365 d), n (%)

.851997.45 (–18,403.00 to
22,397.86)

.004–11,059.10 (–18,603.60 to
–3514.55)

–11,059.09Total medical expense per case

Major traumag (n=864)

N/AN/Ah.14–0.17 (–0.39 to 0.05)–3.01Major diagnosis indicator, n (%)

N/AN/A.14762.85 (–253.13 to 1778.82)762.85Diagnostic fees

N/AN/A.11–0.21 (–0.46 to 0.05)–3.12Major treatment indicator, n (%)

N/AN/A<.001–16.13 (–25.32 to –6.94)–16.13Medical orders per case

N/AN/A.060.31 (–0.02 to 0.65)2.43Upward transfer rate, n (%)

N/AN/A.43–0.12 (–0.41 to 0.17)–1.27Short-term mortality (30 d), n (%)

N/AN/A.77–0.03 (–0.27 to 0.20)–0.58Long-term mortality (365 d), n (%)
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Model 2bModel 1aChange between before
and after CHEC policy

Critical time-sensitive disease

P valueβ3 (95% CI)P valueβ2 (95% CI)

N/AN/A.18–13,056.50 (–32,010.60 to
5897.53)

−13,056.54Total medical expense per case

aModel 1 compares the specific disease differences between before and after CHEC policy implementation.
bModel 2: model-adjusted estimates for an interaction between a binary measure of CHEC policy (ie, postimplementation vs preimplementation) and
critical time-sensitive diseases compared with major trauma (eg, acute ischemic stroke vs major trauma, ST-segment elevation myocardial infarction
vs major trauma, and septic shock vs major trauma).
cAcute ischemic stroke major diagnosis indicator: head image and major treatment indicator: intravenous tissue plasminogen activator thrombolysis.
dDiagnostic fees: since Taiwan’s National Health Insurance system operates on a global budget with reimbursement based on a point system, the actual
monetary value of each point fluctuates. Currently, 1 National Health Insurance point is reimbursed at <NT $0.90 (US $0.0275) per point based on the
latest exchange rate (NT $1=US $0.03057 as of February 16, 2025).
eSTEMI: ST-segment elevation myocardial infarction major diagnosis indicator: electrocardiography and major treatment indicator: percutaneous
coronary intervention.
fSeptic shock major diagnosis indicator: culture and major treatment indicator: antipathogen medication.
gMajor trauma major diagnosis indicator: computed tomography, magnetic resonance imaging, or sonography study and major treatment indicator:
rescue operation.
hN/A: data not applicable as major trauma cases were the reference group.

In model 2, results from the GEE model highlighted the CHEC
policy’s varied effects across different diseases. A positive
group-by-disease interaction β3 coefficient indicated that the
outcome changes for that disease was greater than the reference
group (Table 4). Compared to major trauma cases, AIS cases
exhibited a significant increase in the major treatment indicator
(interaction β coefficient=0.77; 95% CI 0.21-1.33; P=.007) and
medical orders (interaction β coefficient=15.20; 95% CI
5.28-25.11; P=.003) between before and after CHEC policy
implementation. Meanwhile, STEMI cases demonstrated a
significant increase in diagnostic fees (interaction β
coefficient=1983.75; 95% CI 84.28-3883.21; P=.04) and a
significant decrease in upward transfer rate (interaction β
coefficient=−0.59; 95% CI –1.18 to –0.001; P=.049) than the
major trauma cases. Moreover, there were trends toward
increasing major treatment indicators (interaction β
coefficient=0.30; 95% CI –0.03 to 0.62; P=.07), medical orders
(interaction β coefficient=11.92; 95% CI –0.90 to 24.73; P=.07),
and medical expense (interaction β coefficient=24,275.54; 95%
CI –640.71 to 4,991,991.78; P=.06), although these were not
statistically significant. Compared to major trauma cases, no
significant change was observed in either process or outcome
quality indicators for septic shock cases.

Discussion

Principal Findings
The CHEC policy was universally implemented across Taiwan’s
emergency medical service systems. Evaluating the impact of
such a policy on a nationwide population presents significant
challenges, primarily due to the absence of a control group. This
limitation restricts the analysis to pre- and postimplementation
comparisons, complicating the understanding of how the policy
may influence shifts in various diseases. Despite these
challenges, our study aimed to analyze the policy’s differential
effects on time-sensitive conditions thoroughly. By examining
disease-specific guidelines, we identified the groups most
affected by the policy and those serving as relatively unaffected

counterfactuals, offering valuable insights into the policy’s
impact. To address these challenges, we used a DID design
combined with PSM, using major trauma cases as a reference
group. This approach ensured that baseline covariates were
balanced between before and after policy periods, allowing us
to investigate the policy’s effects while controlling for
preexisting differences in participant and hospital characteristics.
Our analysis revealed 2 major findings. First, the CHEC policy
effectively improved system efficiency and patient outcomes,
resulting in significant reductions in medical orders (ie, –7.29
items per case), short- and long-term mortality rates (ie, –0.09%
each), and total medical expenses (ie, –5328.35 points per case),
despite a modest increase in diagnostic fees (ie, 376.37 points).
Second, we observed unintended “policy spotlight effects,”
where conditions with time-based surveillance indicators, such
as AIS and STEMI, showed disproportionately greater
improvements than conditions without such indicators.
Specifically, AIS cases experienced significant increases in
major treatments (β=0.77) and medical orders (β=15.20), while
STEMI cases demonstrated increased diagnostic fees
(β=1983.75) and decreased upward transfer rates (β=–0.59)
relative to major trauma cases. These findings highlight the
varied impacts of the policy based on the presence or absence
of time-based monitoring indicators. Thus, the effectiveness
and efficiency of the CHEC policy underscore its dual ability
to lower costs while improving patient outcomes. However,
why has the CHEC policy significantly reduced medical costs
and mortality rates, even though the major diagnosis indicator
has declined, and no substantial changes have been observed
in treatment indicators? The subsequent sections will delve
further into diseases’ individual and interactive effects to provide
analysis.

Distinction Between the Hawthorne and Policy
Spotlight Effects
To distinguish health care providers’ behaviors influenced by
the Hawthorne effect or policy spotlight effects, we selected
AIS and STEMI, which have well-established guidelines and
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time-based quality indicators under the CHEC policy. In
contrast, septic shock, a disease with well-established guidelines
but no specific time-based quality indicators, and major trauma,
lacking both well-established guidelines and time-based quality
indicators, were chosen as reference groups (Table S2 in
Multimedia Appendix 1).

After implementing the CHEC policy, we hypothesized that the
observed responses might indicate varying levels of awareness
among emergency care providers [24]. The Hawthorne effect
highlights that individuals’productivity in experimental settings
may increase due to the simple fact that they are being observed.
This phenomenon underscores the influence of human attention
and intervention on behavior [25]. The policy spotlight effects
may be intensified by factors such as time constraints,
ambiguous symptom patterns, and time-based quality
surveillance indicators, prompting emergency care providers to
unconsciously adopt selective behaviors concentrating on
specific diseases according to policy targets [25]. Consequently,
diseases not prioritized by the policy, such as septic shock and
major trauma in this study, may experience a significant decline
in process quality and a reduction in medical orders on an
individual disease basis (Table 3). When using major trauma
as the reference group, both AIS and STEMI group showed
increases in major treatments, medical orders, diagnostic fees,
and medical expenses. In contrast, no significant changes were
observed in the septic shock group (Table 4).

When examining the effects of the policy on individual diseases,
we observed distinct patterns. A decrease in diagnostic indicators
was noted for AIS cases, likely due to increased upward transfer
rates, as hospital physicians appeared more inclined to transfer
patients with AIS to higher-level hospitals to enhance access
to thrombolytic treatment [26]. This aligns with a significant
increase in primary treatment indicators. For STEMI cases,
there was an increase in diagnostic fees and a notable rise in
diagnostic and treatment indicators, coupled with decreased
transfer rates, suggesting a more intensive treatment approach
that correlates with reduced mortality rates. These findings
highlight the differential impacts of the policy, with AIS and
STEMI cases benefiting from improvements in process and
treatment quality due to the presence of time-based indicators
and targeted monitoring. In contrast, septic shock and major
trauma cases, which lack such indicators, showed either no
significant changes or potential deterioration in quality metrics.
These contrasting trends between diseases with and without
time-based monitoring suggest the influence of policy spotlight
effects. Under the CHEC policy, AIS and STEMI cases have
demonstrated marked improvements, while septic shock and
major trauma cases remain relatively unaffected, underscoring
the importance of targeted policy monitoring in driving quality
improvements.

While the Hawthorne effect typically manifests as generalized
behavioral improvements across most observed conditions due
to the awareness of being monitored, the implementation of the
CHEC policy was explicitly designed to optimize emergency
medical capacity through enhanced adherence to evidence-based
guidelines, with a particular emphasis on reducing unnecessary
medical orders and improving emergency care efficiency. The
observed outcomes demonstrated significant improvements,

including reductions in medical orders and per-case expenses,
concurrent with decreased short- and long-term mortality rates,
which are the overall impact of CHEC policy effects on the 4
CTSDs. These observed improvements may be attributed to the
Hawthorne effect, wherein the awareness of being observed
leads to enhanced performance among health care providers.

Both AIS and STEMI cases appeared to be influenced by the
policy spotlight effect, and they showed opposite results in
diagnostic indicators and upward transfer rates. These could
potentially be attributed to the inherent differences between AIS
and STEMI cases. For instance, only about 1% to 2% of all
patients with AIS underwent primary treatment with intravenous
thrombolytic agents, which is far lower than the STEMI major
treatment rate. Unexpectedly, in less policy spotlight affected
groups, such as septic shock and major trauma, despite
significant decreases in primary diagnostic indicators, medical
orders, and diagnostic fees, there were unexpected reductions
in 30-day and 1-year mortality rates and medical expenses per
event. These unintended consequences might resonate with the
“less is more” initiative [27], suggesting that curbing excessive
diagnoses and avoiding unnecessary procedures could improve
patient outcomes and decrease costs [28,29].

Policy Implications
Many emergency care policies implement time-based criteria
[30-32], such as Australia’s 4-hour rule [30] and the United
Kingdom’s 4-hour standard [32]. Australia’s experience showed
that an emergency care policy using time-based criteria could
improve emergency congestion without increasing the rate of
ED revisits. However, in New Zealand, a policy in effect from
2006 to 2012 dictated that emergency patients must be
hospitalized, transferred, or discharged within 6 hours of visiting
the ED. After emergency care policy intervention, the length
of ED stay decreased while the treatment outcomes of acute
myocardial infarction, severe septic shock, and acute
appendicitis did not improve significantly [31]. Similarly, after
the Canadian Emergency Observation Reduction Program
implementation, the length of ED stay decreased, while the
treatment quality indicators for acute myocardial infarction,
asthma, and upper limb fractures could only be treated in time
for the abovementioned time-sensitive diseases during the
noncongested emergency period [33].

Emergency care quality is closely related to the practices of
medical care providers [12]. Policy makers must reconsider the
conventional emphasis on time-based process indicators. This
approach may have unintended consequences for diseases that
are outside the “spotlight” of rigid time-sensitive evaluation.
Instead, a broader and more nuanced evaluation of emergency
care quality is needed to incorporate the complexity and
ambiguity of various time-sensitive diseases that emergency
care providers often manage [12]. We propose replacing
time-based indicators with a broader set of multidimensional
performance-based indicators, such as those exemplified in the
National Health Service Best Practice Tariff policy [34]. This
shift toward “best practice” can create a more flexible approach
that goes beyond merely relying on time-based or
diagnosis-based practices [34]. Such a transition is crucial, as
an excessive reliance on diagnostic tests may lead to ED

Interact J Med Res 2025 | vol. 14 | e54651 | p.291https://www.i-jmr.org/2025/1/e54651
(page number not for citation purposes)

Lin et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


crowding, a decline in emergency care quality, and increased
safety issues [28].

Strengths
This study used a robust DID method within a GEE framework
to evaluate the impact of the CHEC policy. The analysis
compared pre- and postintervention periods and distinguished
treatment and control groups using a categorical disease variable.
Interaction terms captured differential policy effects across
disease groups, while GEE accounted for correlated data from
repeated measures, ensuring robust variance estimation. The
estimated coefficients quantified both overall and
disease-specific policy impacts, providing a reliable and nuanced
evaluation of the CHEC policy. Our study also examined the
behaviors of emergency care providers under time constraints
and their interactions with strict time-based quality surveillance
indicators and adherence to “get with the guidelines” protocols,
revealing policy spotlight effects.

Limitations
This study has several limitations. First, the data were derived
from a secondary dataset of insurance claims rather than a

randomized controlled trial, which may limit causal inferences.
Second, the analysis lacked detailed information on time-related
quality indicators, such as door-to-evaluation and
door-to-treatment times, and critical emergency care metrics.
Third, the effectiveness of emergency medical care often
depends on collaboration between emergency and consulting
physicians; however, this study did not explicitly evaluate the
dynamics of their interaction. Future research should examine
the coordination and teamwork between these physician groups
to understand their impact on care quality better.

Conclusions
Our study reveals that CHEC policy implementation
demonstrates a dual capability to reduce costs and improve
patient outcomes. The policy spotlight effects result in a
disproportional improvement in disease guideline adherence
and process quality of CTSDs with time-based surveillance
indicators. In contrast, disease entities not fully encompassed
in the surveillance indicators may be jeopardized by decreasing
diagnosis and treatment process quality.
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Multimedia Appendix 1
Propensity score–matched patient characteristics for 4 time-sensitive diseases before and after categorization of hospital emergency
capability (CHEC) policy implementation, association of CHEC policy with process and outcome quality in 4 critical time-sensitive
diseases, and the distinction between the Hawthorne and policy spotlight effects.
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Multimedia Appendix 2
Association of CHEC policy with process and outcomes quality in four critical time-sensitive diseases.
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Abstract

Background: Ferroptosis, as a novel modality of cell death, holds significant potential in elucidating the pathogenesis and
advancing therapeutic strategies for breast cancer.

Objective: This study aims to comprehensively analyze current ferroptosis research and future trends, guiding breast cancer
research advancements and innovative treatment strategies.

Methods: This research used the R package Bibliometrix (Department of Economic and Statistical Sciences at the University
of Naples Federico II), VOSviewer (Centre for Science and Technology Studies at Leiden University), and CiteSpace (Drexel
University’s College of Information Science and Technology), to conduct a bibliometric analysis of 387 papers on breast cancer
and ferroptosis from the Web of Science Core Collection. The analysis covers authors, institutions, journals, countries or regions,
publication volumes, citations, and keywords.

Results: The number of publications related to this field has surged annually, with China and the United States collaborating
closely and leading in output. Sun Yat-sen University stands out among the institutions, while the journal Frontiers in Oncology
and the author Efferth T contribute significantly to the field. Highly cited papers within the domain primarily focus on the induction
of ferroptosis, protein regulation, and comparisons with other modes of cell death, providing a foundation for breast cancer
treatment. Keyword analysis highlights the maturity of glutathione peroxidase 4-related research, with breast cancer subtypes
emerging as motor themes and the tumor microenvironment, immunotherapy, and prognostic models identified as basic themes.
Furthermore, the application of nanoparticles serves as an additional complement to the basic themes.

Conclusions: The current research status in the field of ferroptosis and breast cancer primarily focuses on the exploration of
relevant theoretical mechanisms, whereas future trends and mechanisms emphasize the investigation of therapeutic strategies,
particularly the clinical application of immunotherapy related to the tumor microenvironment. Nanotherapy has demonstrated
significant clinical potential in this domain. Future research directions should deepen the exploration in this field and accelerate
the clinical translation of research findings to provide new insights and directions for the innovation and development of breast
cancer treatment strategies.

(Interact J Med Res 2025;14:e66286)   doi:10.2196/66286
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Introduction

Based on 2022 International Agency for Research on Cancer
data, the global burden of breast cancer is alarming, with 2.3
million new cases, and over 665,000 deaths annually. Breast
cancer constitutes 11.6% of new cancers and 6.9% of cancer
deaths, underscoring the need for urgent research and
intervention [1]. It has been projected that by 2040, due to global
population growth and aging, the cancer burden will further
increase, with breast cancer experiencing particularly notable
growth. The number of new cases and deaths are expected to
rise to over three million and one million, respectively [2]. As
the most prevalent cancer worldwide, surpassing lung cancer,
breast cancer poses a significant threat to human health. Despite
the considerable progress achieved through sustained research
in breast cancer diagnosis, treatment, and prevention, the
intricate etiology of this malignancy remains widely
undeciphered. Consequently, there is an urgent need to delve
deeper into the complex mechanisms that underlie its
development, with the aim of developing more precise and
efficacious strategies for its management [3]. There is
considerable variation in treatment response among individuals
with this disease, and the prognosis and treatment outcomes for
individuals diagnosed with advanced breast cancer are notably
unfavorable [4]. Exploring new mechanisms can enhance our
understanding of the biological behavior of breast cancer and
improve treatment sensitivity.

Ferroptosis has added a new theoretical basis to the study of
the molecular mechanisms underlying breast cancer. Since the
introduction of this concept, the popularity of research in this
field has rapidly increased, showing an exponential growth trend
[5]. Ferroptosis is a recently discovered cell death mechanism
mediated by iron-dependent phospholipid peroxidation and is
tightly regulated by various cellular metabolic networks,
including redox balance, iron handling, mitochondrial function,
and amino acid, lipid, and glucose metabolism. This intricate
regulation highlights its significance in breast cancer research
[6]. Studies on breast cancer have revealed that the regulatory
network of ferroptosis is sophisticated and complex, involving
the synergistic effects of multiple signaling pathways and
transcription factors. This regulatory network may modulate
the malignant biological behavior of breast cancer cells via
autophagy [7], metabolism [8], immune regulation [9], and other
procedures, opening novel strategic directions for breast cancer
treatment [5,6,10]. However, the literature concerning breast
cancer and ferroptosis currently appears highly fragmented, and
a systematic bibliometric analysis to consolidate this information
is lacking, making it difficult to accurately summarize the
research status and future direction of this field.

In response, this study aims to use bibliometric methods to
conduct a comprehensive and objective analysis of the current
status and future trends in breast cancer and ferroptosis research.
This will entail a rigorous examination of pertinent indicators,

including author distribution, research institutions, journals,
country or region contributions, scientific publication output,
highly cited papers, and keyword analysis. The ultimate
objective of this study is to provide an in-depth revelation of
the research hotspots and potential development trends in this
field, thereby offering guidance for future research endeavors
in exploring the mechanisms and therapeutic strategies related
to ferroptosis in breast cancer.

Methods

Data Sources and Search Strategy
This study used data from two core collections within the Web
of Science Core Collection (WOSCC): the Social Sciences
Citation Index and the Science Citation Index Expanded. An
advanced search was conducted using the search query
(TS=(“Breast Tumor*” OR “Breast Cancer” OR “Mammary
Cancer” OR “Breast Carcinoma” OR “Carcinomas, Breast”)
AND TS = (“Ferroptosis”)), yielding a total of 624 papers. The
search was further refined to include papers published between
January 1, 2016, and February 1, 2024. Paper types were limited
to original research papers, excluding reviews, conference
abstracts, news items, advertisements, and non-English literature
that did not meet the inclusion criteria. All data records in this
study consisted of complete records and cited references and
were exported in plain text format. To avoid errors and
ambiguities due to database updates, all searches and data
exports were completed on February 18, 2024. Additionally,
all data in this study were obtained from open-source public
databases; thus, no ethical issues were involved. The search and
screening processes were independently conducted by JYL and
YLD. In the case of any disagreements during the screening
process, the final decision was reached after a discussion with
the corresponding authors WP and XY.

Inclusion and Exclusion Criteria
The inclusion criteria were (1) published journal papers; (2)
papers with “breast cancer” and “ferroptosis” in the title,
indicating a primary focus on breast cancer and ferroptosis; (3)
papers not mentioning “ferroptosis” in the title but including
ferroptosis-related research on breast cancer in the abstract; and
(4) papers containing actual research on the relationship between
breast cancer and ferroptosis within the full text.

The exclusion criteria were (1) nonliterature records, such as
reviews, conference reports, briefings, news articles, editorial
materials, letters, and advertisements; (2) non-English literature,
(3) duplicate or data-deficient papers; and (4) withdrawn papers.

Data Standardization and Visualization Methods in
Bibliometrics
To ensure data accuracy and consistency, rigorous data
standardization processing was applied to the raw data in this
study. First, the study uniformly standardized the names of
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authors and institutions. Second, controversies over the
attribution of country or region names were carefully resolved
to ensure that the geographical attributes of the data were clear
and unambiguous. In addition, synonymous keywords with the
same meaning were merged, and keywords that were not directly
related to the specific research content were deleted.

The study used the following tools for visualization and
bibliometric analysis: the R package Bibliometrix (version 4.3.2;
Department of Economic and Statistical Sciences at the
University of Naples Federico II), VOSviewer (version 1.6.19;
Centre for Science and Technology Studies [CWTS] at Leiden
University), and CiteSpace (version 6.1.R6; Drexel University’s
College of Information Science and Technology). The specific
content included visual analyses of annual scientific publication
output and citation trends, authors, institutions, journals,
countries or regions, highly cited papers, and keywords. Notably,
in VOSviewer, we applied “full counting” for normalized data
processing. For cluster analysis of authors, institutions, and
countries or regions, a minimum threshold of three publications
and citations was set, and the clustering map of the top 100
keywords was further presented. Additionally, the Walktrap
method was used in thematic map analysis for more precise

topic delineation, while other analyses adhered to default
software thresholds. By using these visualization methods, this
study provided researchers in related fields with an intuitive
and clear understanding of the research landscape.

Ethical Considerations
No animal or human studies were carried out by the authors for
this paper.

Results

Key Information
This study included a total of 387 academic papers published
by 2494 authors in 192 academic journals as the data source
(the detailed data collection process is illustrated in Figure 1).
On average, each paper had 8.26 coauthors, with only two papers
authored by a single individual. The proportion of international
collaborations was 16.54%. A total of 840 keywords and 15,107
cited references were identified. It is noteworthy that the average
publication age of papers in this field was only 2.02 years, while
the average number of citations per paper was as high as 27.22.
These data demonstrate that this topic is rapidly emerging as a
new research focus (Multimedia Appendix 1).

Figure 1. Flowchart of literature data included in this study.
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Analysis of Scientific Output in Breast Cancer– and
Ferroptosis-Related Research

Annual Analysis of Scientific Publications
Due to the limited availability of relevant literature data
published in 2024 up to the retrieval cutoff date of February 1,
this study collected complete annual data spanning from 2016
to 2023 (n=364) from a total of 387 papers. A cubic function

was fitted to the data to analyze the trend in publication volume
(R²= 0.9972; Figure 2). Specifically, the bar chart indicates that
the first paper in this field was published in 2016 (n=1), with
2023 marking the peak year of annual publications (n=154).
The line graph represents the average annual citation frequency
of relevant literature from 2016 to 2023, revealing a peak of
599 citations in 2017, followed by an overall decreasing trend
in subsequent years.

Figure 2. Visualization of annual publication and citation trends of papers (2016-2023). Note that the literature data for 2024 is only counted up to
February 1, 2024, with 23 publications and 0 citations.

Analysis of Scientific Publications by Prolific Authors
Through an analysis of the scientific publication output of
prolific authors, the study found that 22 distinguished authors
had published more than two papers in this research field, with
no significant differences in the publication volume among the
author groups in the field of ferroptosis and breast cancer.
Notably, a minority of authors, represented by Efferth et al, had
a significantly higher publication output, reaching six papers.

Closely following them were authors from the Shen and Zhang
groups, who have also contributed significantly to the lactoferrin
research landscape, with a noteworthy publication count of five
papers each, occupying important positions in the field of breast
cancer and ferroptosis research (Figure 3A). It is noteworthy
that, excluding the incomplete data from 2024, as shown in
Figures 3B and 3C, an increasing number of new distinguished
authors have emerged in recent years, with their publications
mainly concentrated after 2020.
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Figure 3. Visualization charts of authors’ publication volume and publication trends. (A) Network visualization map of authors’ publication volume.
(B) Stacked visualization map of authors’ publication volume. (C) Heatmap of authors’ publication volume.

Analysis of Scientific Publications by Prolific Institutions
By analyzing the bibliometric data related to the research fields
of breast cancer and ferroptosis, this study identified a group
of institutions with significant scientific output in this area
(Figure 4A). Among them, Sun Yat-sen University (n=23
publications) and Zhejiang University (n=19 publications) lead
the list of institutions with publications related to breast cancer
and ferroptosis. Apart from these two universities, other

renowned domestic institutions, such as Shanghai Jiao Tong
University (n=15 publications), China Pharmaceutical University
(n=13 publications), and the Chinese Academy of Sciences
(n=12 publications) have also performed exceptionally well in
this field. It is also worth mentioning that non-Chinese
institutions, such as Duke University (n=6 publications) and
Stanford University (n=3 publications), also possess research
capabilities in this area.
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Figure 4. Visualization maps of institutions’ publication volume and identification of core journals. (A) Network visualization map of scientific
institutions’ publication volume. (B) Identification of journals that have made significant contributions to the field, based on Bradford’s Law.

Analysis of Scientific Publications by Prolific Countries
The study found that China (n=287) and the United States
(n=52) occupy a dominant position in terms of paper output.
Furthermore, countries such as Germany (n=11), India (n=11),
Japan (n=11), France (n=7), Brazil (n=7), and Cameroon (n=6)
have achieved certain research outcomes in the study of breast

cancer and ferroptosis (Figure 5A). Furthermore, as depicted
in Figure 5B, China experienced a pronounced acceleration in
the volume of scientific publications focused on this research
area around 2023, exhibiting a remarkable growth pattern.
Moreover, the establishment of a close collaborative partnership
between China and the United States emphasizes the inherently
global nature of research endeavors in this domain (Figure 5C).
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Figure 5. Global publication landscape and collaboration in breast cancer and ferroptosis research. (A) Network visualization map of country publication
volume. (B) Heatmap of country publication trends. (C) Map of country collaboration relationships.

Analysis of Citation Volume in Breast Cancer– and
Ferroptosis-Related Research

Analysis of Frequently Cited Papers
As shown in the data presented in Multimedia Appendix 2, this
study found that the highest citation count was from the paper
“Ferroptosis is induced following siramesine and lapatinib
treatment of breast cancer cells,” published in the journal Cell
Death & Disease, with 38 citations. From the perspective of
research focus and content, these citations primarily concentrate
on the following aspects: first, the mechanisms and impacts of
ferroptosis induction in breast cancer cells by distinctive drugs
or therapeutic methods, as exemplified by papers 1, 2, 3, 4, 6,
and 10; second, the exploration of the web-based mechanisms
between related protein modulation and ferroptosis variations

in breast cancer, as demonstrated in papers 2, 5, 7, 8, and 9; and
third, the contrasts and interrelationships between ferroptosis
and other modes of cell death in breast cancer cells, as discussed
in paper 9.

Analysis of Frequently Cited Authors
The contributions and recognition of different authors can be
reflected by the total citation count of their papers. According
to the author citation analysis in Multimedia Appendix 3, Chen
Y ranks at the top among all authors, with a total citation count
of 64. Following closely is Gibson SB, with a total citation
count of 51. Additionally, papers by Ding DJ, Li WT, Gai CC,
Henson EE, Li ZHR, and Ma S have all been cited 38 times or
more.
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Analysis of Frequently Cited Countries
There are notable differences in the citations of research
outcomes from different countries. According to the results
shown in Multimedia Appendix 4, China ranks at the top in
terms of total citations, with 4877, but the average number of
citations per paper is 17.40. Conversely, Germany boasts the
highest average citations per paper, reaching an impressive
489.20 citations. The United Kingdom, France, and Canada
follow closely with average citations of 187.00, 118.70, and
108.80 per paper, respectively. It is noteworthy that the United
States while ranking third after China and Germany in total
citations with 1658, records an average of 50.20 citations per
paper.

Overlay Analysis of High-Frequency Citing and Cited
Journals
In this study, CiteSpace software was used to construct a
dual-layer overlay map of journals, visually representing the
intricate relationships between citing journals (located on the
left) and cited journals (located on the right) within the research
domain of breast cancer and ferroptosis (Figure 6). The analysis
results revealed that the group of citing journals represented by
“Molecular, Biology, Immunology” and the core group of cited
journals centered around “Molecular, Biology, Genetics”
constitute the pivotal nodes in the knowledge flow path at the
journal level (z score=5.639492; f=7758). Closely following
this, there is a strong connection between the citing journal
group of “Physics, Materials, Chemistry” and the cited journal
group of “Molecular, Biology, Genetics” (z score= 2.1142766;
f=3189).

Figure 6. Dual-map overlay of journals illustrating the citation relationships between citing journals on the left and cited journals on the right. The
width of the connecting lines represents the strength of the citation relationships.

Cluster Analysis of High-Frequency Keywords and
Main Evolution Directions in Breast Cancer– and
Ferroptosis-Related Research

Cluster Analysis of Author Keywords and Analysis of
Main Evolution Trends
After eliminating the core terms “breast cancer” and
“ferroptosis,” along with their synonyms, this study conducted
a clustering analysis of the top 100 most frequent author
keywords. The results indicate that these keywords can be
categorized into four primary clusters (Multimedia Appendix
5). Specifically, Cluster 1 (in red) predominantly focuses on
research topics such as “triple-negative breast cancer” (n=56),
“prognosis model” (n=18), and “cancer microenvironment”
(n=17). Cluster 2 (in green) centers its research around concepts
such as “peroxidation” (n=13), “photothermal therapy” (n=12),
and the general term “cancer” (n=11). Cluster 3 (in blue)
revolves around high-frequency keywords, such as “reactive

oxygen species” (n=17), “gpx4” (n=14), and “stress” (n=13).
Finally, Cluster 4 (in orange) concentrates on areas related to
“cell death” (n=10), “anticancer” (n=6), and “drug delivery”
(n=5).

A deeper analysis was undertaken to examine the evolutionary
patterns of high-frequency keywords over recent years, as
presented in Multimedia Appendix 6A and Figure 7A. These
trends reveal a progressive intensification of research focused
on the concepts of cell death and glutathione peroxidase 4
(GPX4), indicating a growing interest and emphasis within the
scientific community. It is noteworthy that from 2022 onwards,
the frequency of keywords related to “cancer
microenvironment,” “triple-negative breast cancer,”
“immunotherapy,” “combination therapy,” and “peroxidation”
increased significantly. Additionally, as witnessed from the
time heatmap of the top 30 author keywords, keywords such as
“erastin” and “autophagy” have maintained stable popularity
in recent years (Multimedia Appendix 6; left panel).
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Figure 7. Trend charts of keywords. (A) Trend chart of author keywords. (B) Trend chart of Keywords Plus.

Through a deep analysis of the thematic map data derived from
the author keywords (Figure 8A), this study gained insights into
the potential evolutionary directions in the research field of
breast cancer and ferroptosis. The upper right quadrant of the
map features motor themes, which incorporate the pivotal
thematic terms including ferroptosis, breast cancer, and its
subtype, triple-negative breast cancer (TNBC), underscoring
their interconnectedness and centrality in the research landscape.

The niche themes in the upper left corner encompass thematic
keyword clusters such as anticancer and gene signatures. The
emerging or declining themes in the lower left corner include
topics such as chemodynamic therapy and photothermal therapy
(PTT). Finally, in the lower right corner, the basic themes
include thematic keywords such as cancer microenvironment,
immunotherapy, and prognosis model.
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Figure 8. Thematic maps of keywords. (A) Thematic map of author keywords. (B) Thematic map of Keywords Plus.

Cluster Analysis of Keywords Plus and Analysis of the
Main Evolution Trends in Research
The statistical data revealed that some papers had missing
keywords, with an omission rate of 19.64%. By increasing the
likelihood of yielding more precise outcomes, keywords derived
using the Keywords Plus feature can enhance the rigor and
reliability of research findings. Therefore, the following section
presents a detailed analysis of Keywords Plus.

During the clustering analysis of Keywords Plus, this study
excluded the core terms “breast cancer” and “ferroptosis,” along
with their synonyms, focusing instead on the analysis of the top
100 most frequent terms. The analysis revealed that these terms
could be grouped into five clusters (Multimedia Appendix 7).
Among these clusters, the keyword “cell death” stands out as
a focal point, with a high frequency of 99 occurrences.
Additionally, “expression” (n=53), “mechanism” (n=49),
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“transporter” (n=19), and “stress” (n=9) were identified as core
terms within their respective clusters.

This paper further analyses the evolution trends of keywords
in the past and future. As shown in Multimedia Appendix 6
(right panel) and Figure 7B, the results indicate that researchers
in the field of breast cancer and ferroptosis have consistently
maintained a certain level of interest in the study of cell death
in recent years. Additionally, newly emerged keywords such as
“mechanism,” “expression,” and “nanoparticle” have been
frequently observed in recent years.

Through the visualization presented in the thematic map (Figure
8B), the results indicate that the motor themes in the upper right
quadrant consist of keywords such as “migration,”
“epithelial-mesenchymal transition (EMT),” and “negative
breast cancer.” The niche themes in the upper left quadrant
encompass two core themes: “radiotherapy” and “progression.”
Within the radiotherapy category, keywords such as “alpha”
emerge, while in the progression category, keywords such as
“discovery” and “hallmarks” appear. The emerging or declining
themes in the lower left quadrant reveal keywords such as
“transporter,” “flavonoids,” and “modes.” The basic themes in
the lower right quadrant exhibit two main themes: “expression”
and “cell death.” Within the expression category, keywords
such as “apoptosis” and “ferroptosis” are present, while in the
cell death category, keywords such as “mechanism” and
“nanoparticle” emerge.

Discussion

Principal Findings
Breast cancer, as a malignancy with a high mortality rate, still
faces significant limitations in early diagnosis and late-stage
treatment. In recent years, ferroptosis, a unique form of cell
death triggered by cellular metabolic imbalance, has attracted
widespread attention [11], underscoring the importance and
potential of research in this area. This study systematically
reviewed 387 papers related to breast cancer and ferroptosis,
retrieved from the WOSCC database, published between 2016
and February 1, 2024. The analysis revealed that the number of
publications in this field peaked in 2023, showing a significant
growth trend. However, the annual citation frequency of related
publications exhibited fluctuations, with the highest citation
rate observed in 2017, followed by a gradual decline. Further
analysis highlighted the prominent contribution of scholars such
as Efferth T, with Chen Y having the highest citation frequency.
In terms of institutions, Sun Yat-sen University led in the
number of publications. Research output from China and the
United States dominated this field, with increasing collaborative
efforts between the two countries. While China had the highest
total citation count, Germany recorded the highest average
citation frequency per paper. The journal Frontiers in Oncology
published the highest number of papers. Citation network
analysis indicated that journals in “Molecular, Biology,
Genetics” were central to the citation network. High-impact
papers focused on the induction mechanisms of ferroptosis in
breast cancer and the regulatory role of related proteins.
Keyword analysis identified GPX4 as a central research trend.
Additionally, breast cancer subtypes emerged as key drivers of

ferroptosis research. Fundamental research themes pointed to
the tumor immune microenvironment, prognostic models, and
nanotherapy as future research priorities.

In-Depth Analysis of Publication Volume and Citation
Counts in Breast Cancer and Ferroptosis Research
A comprehensive analysis of breast cancer and ferroptosis
research reveals that publication volume and citation counts
serve as crucial indicators for assessing the impact and
development of this field. These metrics not only reflect the
significance of research outcomes but also highlight emerging
trends. An examination of frequently cited papers shows that
key studies focus on the induction mechanisms of ferroptosis
in breast cancer cells, protein regulation, and comparisons with
other forms of cell death, aiming to discover novel therapeutic
strategies. Specifically, the first study in this field published in
2016 demonstrated the effectiveness of siramesine and lapatinib
in inducing ferroptosis in breast cancer cells [12], leading to
high citation rates. Since then, exploration of the relationship
between breast cancer and ferroptosis has deepened, with
research becoming increasingly refined. TNBC, notable research
by Yu et al [13] revealed that exosome-encapsulated erastin
elevates ferritin levels, suggesting a new therapeutic approach.
Hasegawa et al [14] further elucidated the intricate interplay
between the cystine/glutamate antiporter, CD44v, and the
MUC1-C oncoprotein in TNBC, enhancing our understanding
of this subtype. Additionally, studies on the glutathione
(GSH)-degrading enzyme CHAC1 have uncovered a novel
mechanism of ferroptosis in TNBC via the GCN2-eIF2α axis
[15].

The analysis of influential authors highlights those with high
publication volumes and citation impacts. A distinguished team
led by Efferth T has investigated the cytotoxicity of natural
products, such as alkaloids and saponins, against
multidrug-resistant cancers, focusing on their ability to induce
various forms of cell death, including ferroptosis [16-21]. Their
work provides important insights into overcoming drug
resistance and developing novel anticancer therapies.
High-impact authors, such as Chen Y and Gibson SB, have
explored the therapeutic potential of ferroptosis in breast cancer,
particularly through nanotechnology and drug design,
contributing new perspectives to the field [22,23].

Institutional analysis reveals that Sun Yat-sen University and
Zhejiang University lead in publication output in this area,
reflecting their strong research foundations. Journals such as
Frontiers in Oncology, ACS Nano, and Cell Death & Disease
play pivotal roles in disseminating key findings and shaping
the breast cancer and ferroptosis research landscape. By
understanding the complex relationships between citing and
cited journals, we uncover the distribution characteristics of
core journals and knowledge flow paths within this
interdisciplinary field, highlighting the contributions of journals
from molecular biology, immunology, genetics, physics,
materials science, and chemistry.

At the national level, China and the United States dominate in
publications related to breast cancer and ferroptosis. China has
made significant contributions to exploring the application of
ferroptosis in cancer treatment, particularly through drugs, gene

Interact J Med Res 2025 | vol. 14 | e66286 | p.306https://www.i-jmr.org/2025/1/e66286
(page number not for citation purposes)

Luo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


regulation, and nanotechnology. The United States, on the other
hand, focuses on the mechanisms and regulation of ferroptosis
in cancer, including its impact on lipid composition, iron
metabolism, and key genes influencing ferroptosis sensitivity
[23-27]. Despite limited resources, research teams from
resource-poor countries like India and Brazil have leveraged
nanotechnology to propose novel therapeutic strategies [28,29].
While China ranks first in total citations, Germany and the
United States have higher citation rates per paper, indicating
greater research impact and quality, possibly due to higher
research investment and international collaboration.

The publication trend shows robust development in this field,
with 28 publications by February 1, 2024, suggesting that 2024
may surpass 2023 in research output. The slight decline in
citation rates reflects the surge in publications and underscores
the growing interest in exploring the interplay between breast
cancer and ferroptosis.

This growing research body highlights ferroptosis in breast
cancer as an emerging frontier in biomedical science. Leading
scholars in the field continue to make significant contributions,
and institutions and countries demonstrate high levels of
cooperation and investment. These positive factors predict that
the field of breast cancer and ferroptosis research will achieve
major breakthroughs in the near future, opening up new avenues
for the diagnosis and treatment of breast cancer with profound
implications.

A Systematic Summary of Ferroptosis Mechanisms
Ferroptosis, characterized by its unique mechanism involving
iron-dependent regulation through multiple pathways, plays a
pivotal role in the onset and progression of various diseases.
The core mechanism of ferroptosis lies in the imbalance between
phospholipid peroxidation triggered by the oxidation of
polyunsaturated fatty acids and the antioxidant system mediated
by GPX4. When GPX4 activity decreases or GSH levels, as a
cofactor, decline, phospholipid peroxidation products
accumulate, leading to ferroptosis [5]. Methods to induce
ferroptosis include the use of ferroptosis inducers (such as
erastin and RSL3), inhibition of the system Xc-/GSH-GPX4
axis, and increased iron accumulation. Conversely, strategies
to inhibit ferroptosis involve upregulating GPX4 expression,
using ferroptosis inhibitors (such as ferrostatin-1), and enhancing
the antioxidant system [7].

The signaling pathways and defense mechanisms of ferroptosis
are complex and diverse. The initiation of iron toxicity involves
multiple sources of reactive oxygen species (ROS), including
iron-mediated Fenton reactions, mitochondrial ROS, and
membrane-associated ROS driven by the NADPH oxidase
(NOX) protein family. Cells defend against ferroptosis by
upregulating antioxidant gene expression, repairing membrane
damage, and clearing damaged organelles [30]. There is also a
crosstalk between the mitochondrial dynamic regulatory network
and ferroptosis, with mitochondrial dysfunction and damage
potentially promoting ferroptosis [31]. By regulating lipid
metabolism pathways, ferroptosis can affect cellular sensitivity
to ferroptosis, thereby modulating its occurrence and
development [32]. Furthermore, mechanisms such as epigenetic

modifications and posttranslational modifications also play
crucial roles in the regulation of ferroptosis [33].

Given that iron accumulation, oxidative stress, and lipid
peroxidation are common features of various diseases,
ferroptosis, as a unique cell death mechanism, may be a key
link in the pathological processes of diverse diseases [34]. In
neurodegenerative diseases, such as Parkinson disease and
ischemic stroke, ferroptosis also plays a significant role [35].
In the field of cancer, ferroptosis is considered a potential
antitumor strategy. For example, ferroptosis interacts with the
tumor immune microenvironment, influencing tumor growth
and metastasis [36]. Inhibiting ubiquitin-specific protease 8 can
destabilize GPX4, thereby enhancing cancer cell sensitivity to
ferroptosis, inhibiting tumor growth, and enhancing the efficacy
of immunotherapy [37]. Additionally, ferroptosis is closely
related to the death of plaque cells (such as vascular endothelial
cells, macrophages, and vascular smooth muscle cells) and the
development of atherosclerotic plaques in cardiovascular
diseases [38]. Therefore, the application of ferroptosis in the
treatment of various diseases, including cancer immunotherapy
and neurodegenerative diseases, is gaining increasing attention.

Research on the regulatory mechanisms of ferroptosis in breast
cancer indicates that its regulation involves multiple aspects,
such as lipid metabolism and the immune microenvironment
[39-42], and that ferroptosis plays a crucial role in the sensitivity
and drug resistance of breast cancer to therapy [43-45]. With a
deeper understanding of ferroptosis mechanisms, the methods
for its detection are continuously evolving, including
fluorescence probes, positron emission tomography imaging,
and others, providing multiscale perspectives for ferroptosis
research [46].

Future research should further elucidate the specific mechanisms
of ferroptosis in the onset and progression of diseases, as well
as its specific roles in the regulatory pathways, sensitivity, and
resistance of breast cancer, providing new targets and strategies
for breast cancer treatment.

Keyword Analysis: Key Hotspot GPX4 and Ferroptosis
Regulation in Breast Cancer
An analysis of evolutionary trends has revealed the increasingly
prominent importance of GPX4 in relevant academic research
fields. Previous studies have illustrated that GPX4, as a core
regulatory factor of ferroptosis, plays a crucial role in organisms
by catalyzing the reduction of phospholipid peroxides to inhibit
iron ion degeneration, thereby affecting the ferroptosis process
[47,48]. It has been reported that RUNX1 intron transcript 1
(RUNX1-it1) is significantly overexpressed in breast cancer
tissues, and it can block the impact of ferroptosis by increasing
GPX4 expression, thereby promoting the occurrence of breast
cancer [49].

On the other hand, Tubastatin A, as an efficient and selective
Histone Deacetylase 6 inhibitor, has been confirmed by relevant
studies as a novel ferroptosis inducer. It promotes ferroptosis
by inhibiting the activity of GPX4, thereby enhancing the effect
of cancer radiotherapy [50]. Chloramine T has also been found
to inhibit the cell growth of breast cancer and induce ferroptosis
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by targeting the GPX4 axis, indicating that it may become a
potential new strategy for breast cancer treatment [51].

In addition, recent research has provided new insights into the
regulatory mechanism of GPX4. As a crucial selenoprotein, the
function of GPX4 in resisting ferroptosis depends greatly on
the presence of its unique selenocysteine residue, which provides
an important basis for understanding the mechanism of GPX4
[52]. The process of selenocysteine uptake mediated by
low-density lipoprotein receptor-related protein 8 has been
elucidated as a core mechanism in promoting GPX4 protein
synthesis and effectively inhibiting ferroptosis [53,54].

Another study found that phospholipid-modifying enzymes
MBOAT1 and MBOAT2, as ferroptosis inhibitors, regulate
ferroptosis by remodeling the cellular phospholipid profile
through the sex hormone signaling pathway [55]. These findings
indicate that research on GPX4 and its related regulatory
mechanisms is gradually deepening from phenotypic description
to molecular mechanism analysis, offering unprecedented
opportunities for the treatment of breast cancer.

Motor Themes Analysis in Author Keywords:
Differential Sensitivity of Ferroptosis in Various Breast
Cancer Subtypes Driving the Field’s Development
Breast cancer is a highly heterogeneous disease, with different
breast cancer cell types, characterized by the expression of
estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2), and the proliferation
marker Ki67, all exhibiting marked differences in sensitivity to
ferroptosis. In the analysis of motor themes, findings related to
ferroptosis sensitivity across breast cancer subtypes, including
TNBC, have become well-established, closely interconnected
with other emerging themes, and serve as a major driving force
in the development of this field.

In ER-positive breast cancer, studies have shown that a
combination of ferroptosis inducers, such as erastin and
etoposide, can significantly enhance cellular sensitivity to
ferroptosis by regulating IREB2/FPN1 expression and thus
affecting iron metabolism, ultimately inducing ferroptosis [56].
Furthermore, ACSL4, a key regulator of ferroptosis, is
upregulated in ER-positive breast cancer, promoting the
accumulation of lipid peroxidation products and thereby
enhancing cellular sensitivity to ferroptosis [57].

In contrast, sensitivity to ferroptosis in HER2-positive breast
cancer may be regulated by multiple factors. For instance,
inhibiting crVDAC3 can induce ferroptosis in breast cancer
cells by reducing HSPB1 expression, thereby mediating
resistance to deruxtecan in HER2-low breast cancer [58].
Additionally, m6A methylation modification of FGFR4 can
inhibit ferroptosis, enhancing the resistance of HER2-positive
breast cancer cells to anti-HER2 therapy [10]. Additionally,
research has found that the inhibition of FGFR4 affects the
expression of β-catenin/TCF4-SLC7A11 and FPN1, which has
a significant impact on ferroptosis in HER2-positive breast
cancer cells, thereby enhancing treatment sensitivity [10]. These
studies suggest that the regulatory mechanisms of ferroptosis
in HER2-positive breast cancer are more complex, involving
the interaction of multiple signaling pathways.

In PR-positive breast cancer, although direct research on
ferroptosis sensitivity is scarce, some indirect evidence suggests
that PR may regulate the sensitivity of breast cancer cells to
ferroptosis. Specifically, studies have reported that PR may
indirectly regulate the sensitivity of TNBC to ferroptosis through
metabolic pathways mediated by PR membrane component 1;
however, these hypotheses await further experimental validation
to establish their accuracy [59].

Relatively speaking, breast cancers that are negative for ER,
PR, and HER2, especially TNBC, exhibit higher sensitivity to
ferroptosis inducers. This characteristic may be closely related
to the abnormal disruptions in iron and lipid metabolism in
TNBC, which make TNBC cells more susceptible to ferroptosis
inducers [60,61]. For example, the high expression level of
ACSL4 in TNBC promotes the generation of lipid peroxides,
a core step in the execution of ferroptosis [62]. Studies have
also found that ferroptosis is enhanced through the combined
action of GSH depletion and dihydroorotate dehydrogenase
inhibitors [61]. Furthermore, the functions of key regulatory
factors, such as the Xc-/GSH/GPX4 axis, ACSL4/LPCAT3
pathway, and nuclear factor erythroid 2-related factor 2 (NRF2)
in ferroptosis, as well as their potential dysregulation
mechanisms related to cancer cell survival and drug resistance,
have been thoroughly explored [60]. Additionally, some natural
compounds, such as artemisinin derivatives and traditional
Chinese medicine extracts, have been found to inhibit the growth
of TNBC cells by inducing ferroptosis [63].

Ki67, a commonly used proliferation marker, is often associated
with higher proliferative activity and malignancy in breast
cancer. Interestingly, breast cancer cells with high Ki67
expression also exhibit higher sensitivity to ferroptosis inducers
[64]. However, research on the direct relationship between Ki67
expression and ferroptosis sensitivity is still limited. Future
studies should further explore the role of Ki67 in the regulation
of ferroptosis and whether it can serve as a biomarker for
predicting the therapeutic effect of ferroptosis induction.

The motor themes analysis has provided a solid foundation for
research in the area of breast cancer and ferroptosis. Continued
investigation into the interactions between differential
ferroptosis sensitivity across breast cancer subtypes holds the
potential to uncover new therapeutic targets and biomarkers,
ultimately driving the development of precision medicine and
improving treatment outcomes and prognoses for patients with
different breast cancer subtypes.

Analysis of Basic Themes in Breast Cancer and
Ferroptosis Research: Immune Microenvironment and
Prognostic Models Reveals Future Directions
The basic themes of immune microenvironment and prognostic
models in breast cancer and ferroptosis research are closely
interrelated and have led to several significant findings. For
instance, in an insightful review by Shen et al [65], the authors
explicitly point out the central role of iron in innate and adaptive
immune responses, further emphasizing the potential positive
influence of targeted regulation of iron metabolism on antitumor
immunity and cancer treatment. Recent studies have
demonstrated that T-cell–mediated immune responses [65] and
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short-term acidosis-induced M1 macrophage polarization can
effectively promote ferroptosis [66], thereby playing an active
role in antitumor immunotherapy.

Research undertaken by Xu et al [67] has elegantly demonstrated
that the development of ferroptosis-related gene (FRG)
signatures holds significant promise as robust prognostic
indicators for the immune microenvironment and therapeutic
responsiveness. This approach shows great potential to inform
and guide the design of future individualized treatment
strategies, thereby enhancing precision medicine in breast cancer
management.

A new lncRNA signal closely related to ferroptosis has been
discovered, with its immune-related pathways significantly
enriched in high-risk patients with breast cancer, demonstrating
great potential for predicting the prognosis of patients with
breast cancer [68]. Knocking down the hub gene SLC39A7,
combined with TME scoring, can significantly affect the
apoptosis and ferroptosis of cancer cells, with higher prognostic
efficacy.

Meanwhile, epithelial cells and B cells exhibit higher ferroptosis
scores, which are respectively related to the immune checkpoint
blockade response and immune checkpoint
blockade-independent gene expression, suggesting a connection
between ferroptosis and the immune microenvironment [69].
It is noteworthy that research has accurately predicted the
survival of patients with breast cancer through a novel
prognostic model composed of nine FRGs [70].

Chen et al [71] used the Cancer Genome Atlas to identify 11
ferroptosis genes related to breast cancer prognosis, established
a precise prognostic model, and analyzed therapeutic targets,
thereby enhancing prognosis management. In TNBC, the
subtype of breast cancer with the worst prognosis, research by
Wu et al [72] evaluated the role of FRGs and found that they
may affect prognostic models by regulating the tumor
microenvironment, thus providing a solid theoretical basis for
a clinically accurate prediction of TNBC prognosis.
Furthermore, studies have evaluated the FRG AKR1C1,
revealing its potential related to the immune-microenvironment,
which may further affect the progress and prognosis of patients
with breast cancer, making it a novel biomarker for the immune
microenvironment and prognosis determination of breast cancer
[73].

In conclusion, although significant progress has been made in
the areas of immune microenvironment and prognostic models
within the context of breast cancer and ferroptosis research,
these fields remain underexplored and offer considerable
potential for future investigation. These themes provide valuable
directions for further research and offer essential guidance for
researchers aiming to deepen their work in this area.

Innovative Applications and Strategies of
Nanoparticles: Further Supplementing Future
Research Directions in Breast Cancer and Ferroptosis
Through an in-depth analysis of the Keywords Plus basic
themes, we further explore the future development directions
of nanoparticles in the context of breast cancer and ferroptosis

research. The application of nanoparticles in breast cancer
treatment relies heavily on their unique physical and chemical
properties to achieve the targeted delivery and controlled release
of drugs, thereby enhancing therapeutic efficacy and reducing
side effects [74]. Nanoparticles can exert their effects through
various mechanisms that promote cell death, including
ferroptosis [75]. Recent research has reported the use of a novel
Fenton-independent pathway using photothermal nanozymes
to overcome the limitations of the Fenton reaction. By using
iron-containing hollow mesoporous Prussian blue (HMPB)
nanocubes as an iron source to prepare HMPB@Lip, which
combines PTT with nanozyme action, the induced ferroptosis
through a non-Fenton reaction effectively ablates tumors,
demonstrating the therapeutic potential of HMPB@Lip as a
multifunctional nanozyme for ferroptosis. Furthermore, the
development of Her2-DSG NPs nanostructures, which combine
chemo-PTT with tumor microenvironment remodeling and
immune activation, holds great promise for HER2-positive
breast cancer [76].

Another study constructed nFeAPG nano-complex synergizing
Fe³  with apigenin to enhance immune response through PTT,
effectively controlling TNBC [71]. Additionally, the
ICG@SANPs-cRGD nanomaterial-mediated combination of
PTT/photodynamic therapy and immunotherapy has
demonstrated its potential as a multifunctional platform for
breast cancer treatment [77].

Furthermore, a search conducted on the Clinical Trials website
revealed that there is only one clinical trial project related to
breast cancer and ferroptosis, and that it is associated with
nanocarriers (Multimedia Appendix 8). As of the search date,
November 12, 2024, this project is still in the recruiting phase.
Its focus is on the application of carbon nanoparticle-loaded
iron (CNSI-Fe (II)) in the treatment of patients with advanced
solid tumors, particularly those who have experienced treatment
failure (including disease progression or intolerance) or lack of
available standard therapeutic options (trial identifier:
NCT06048367). The primary end point of this study is to assess
the safety and tolerability of CNSI-Fe (II) throughout the study
duration. The secondary end point, meanwhile, focuses on
evaluating the pharmacokinetic profile of CNSI-Fe (II) in
patients with advanced solid tumors.

Nanotechnology, as a fundamental topic in the research fields
of breast cancer and ferroptosis, is still in its relatively early
stages of development. Nonetheless, these research
achievements have not only significantly expanded the
application scope of nanotechnology in breast cancer treatment
but have also highlighted its close connection with breast cancer
therapy and identified numerous promising therapeutic research
directions that await further exploration. More importantly, they
have pointed out new avenues for future research endeavors
and provided invaluable guidance for investigative pursuits.

Limitations
This study represents the first comprehensive bibliometric
analysis of 387 academic papers related to breast cancer and
ferroptosis sourced from the WOSCC database. By applying
multiple analytical approaches, it thoroughly investigates the
research hotspots and future trends in this field, offering a
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comprehensive and systematic overview of the latest
developments in this area. These strengths significantly enhance
the academic value and practical relevance of the study,
providing essential guidance for future advancements in the
field of breast cancer and ferroptosis.

However, several limitations of our methodology must be
acknowledged. First, although the WOSCC database is vast, it
was not specifically designed for bibliometric analysis and relies
on a single data source, which may not capture all relevant
literature present in other databases (such as PubMed, Scopus,
and Google Scholar), potentially introducing bias. Future
research should integrate multiple databases to mitigate this
issue. Second, our focus on English-language publications limits
the comprehensiveness of the study by excluding high-quality
non-English research. To address this, future studies should
adopt multilingual search strategies. Third, the exclusion of
nonpaper publications (eg, reviews and conference papers)
constrains the scope of research outputs considered. To obtain
a more holistic view, future work should adopt more inclusive
selection criteria. Finally, given the rapid updates in databases,
there is a risk of overlooking recent advances in the field’s
literature. Periodic updates to bibliometric analyses are
recommended to ensure timely and accurate capture of the latest

trends and developments in breast cancer and ferroptosis
research.

Conclusions
Ferroptosis holds significant value and potential in breast cancer
research. Through bibliometric analysis, this study suggests that
enhancing collaboration and communication among authors,
institutions, and countries, while leveraging the interdisciplinary
nature of journal citations, can facilitate advances in fundamental
research on ferroptosis in breast cancer. Specifically, this paper
reviews the progress in understanding the mechanisms of
ferroptosis, providing guidance for breast cancer research. It
emphasizes the sensitivity of different breast cancer subtypes
to ferroptosis as a driving force in the current research landscape
and highlights the pivotal role of GPX4 in the regulatory
mechanisms of ferroptosis in breast cancer as a key focus.
Additionally, the study identifies the importance of the tumor
microenvironment, immunotherapy, and prognostic models for
future development. Although the application of nanoparticles
in breast cancer treatment is in its preliminary stages, it has
already shown promising prospects and serves as a rich
supplement to the future directions. By elucidating the current
status and future trends of ferroptosis in breast cancer research,
this study provides direction for future research endeavors and
promotes innovation in breast cancer treatment strategies.
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Multimedia Appendix 4
Top 10 countries ranked by total citations and average article citations in the field of ferroptosis and breast cancer research.
[XLSX File (Microsoft Excel File), 10 KB - ijmr_v14i1e66286_app4.xlsx ]

Multimedia Appendix 5
Author keywords clustering visualisation in the field of breast cancer and ferroptosis research.
[PNG File , 915 KB - ijmr_v14i1e66286_app5.png ]

Multimedia Appendix 6
Heatmap of keyword analysis.
[PNG File , 742 KB - ijmr_v14i1e66286_app6.png ]

Multimedia Appendix 7
Visualisation of keywords plus clustering in breast cancer and ferroptosis research fields.
[PNG File , 880 KB - ijmr_v14i1e66286_app7.png ]

Multimedia Appendix 8
Summary of clinical trials in the field of ferroptosis and breast cancer research (n=1).
[XLSX File (Microsoft Excel File), 13 KB - ijmr_v14i1e66286_app8.xlsx ]
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ER: estrogen receptor
FRG: ferroptosis-related gene
GPX4: glutathione peroxidase 4
GSH: glutathione
HER2: human epidermal growth factor receptor 2
HMPB: hollow mesoporous Prussian blue
PPT: photothermal therapy
PR: progesterone receptor
ROS: reactive oxygen species
TNBC: triple-negative breast cancer
WOSCC: Web of Science Core Collection
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Abstract

Background: Gestational diabetes mellitus (GDM) is characterized by hyperglycemia in pregnancy and typically resolves after
birth. Women with GDM have an increased risk of developing type 2 diabetes mellitus (T2DM) later in life compared to those
with normoglycemic pregnancy. While diabetes prevention interventions (DPIs) have been developed to delay or prevent the
onset of T2DM, few studies have provided process evaluation (PE) data to assess the mechanisms of impact, quality of
implementation, or contextual factors that may influence the effectiveness of the intervention.

Objective: This study aims to identify and evaluate PE data and how these link to outcomes of randomized controlled trials
(RCTs) of T2DM prevention interventions for women with GDM.

Methods: A systematic review was conducted to identify studies published from 2005 to 2020 aiming to capture the most recent
DPIs. Five electronic bibliographic databases (Cochrane Library, Cochrane Collaboration Registry of Controlled Trials, Embase,
PubMed, and MEDLINE) were searched to identify relevant studies. Inclusion criteria were published (peer-reviewed) RCTs of
DPIs in women with a current diagnosis or history of GDM. Exclusion criteria were studies not published in English; studies
where the target population was women who had a family history of T2D or women who were menopausal or postmenopausal;
and gray literature, including abstracts in conference proceedings. The Medical Research Council’s PE framework of complex
interventions was used to identify key PE components. The Mixed Method Appraisal Tool was used to assess the quality of
included studies.

Results: A total of 24 studies were included; however, only 5 studies explicitly reported a PE theoretical framework. The studies
involved 3 methods of intervention delivery, including in person (n=7), digital (n=7), and hybrid (n=9). Two of the studies
conducted pilot RCTs assessing the feasibility and acceptability of their interventions, including recruitment, participation,
retention, program implementation, adherence, and satisfaction, and 1 study assessed the efficacy of a questionnaire to promote
food and vegetable intake. While most studies linked PE data with study outcomes, it was unclear which of the reported PE
components were specifically linked to the positive outcomes.
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Conclusions: While the Medical Research Council’s framework is a valuable source for conducting systematic reviews on PEs,
it has been criticized for lacking practical advice on how to conduct them. The lack of information on PE frameworks in our
review also made it difficult to categorize individual PE components against the framework. We need clearer guidance and robust
frameworks for conducting PEs for the development and reporting of DPIs for women with GDM.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020208212;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=208212

International Registered Report Identifier (IRRID): RR2-https://doi.org/10.1177/16094069211034010

(Interact J Med Res 2025;14:e51718)   doi:10.2196/51718

KEYWORDS

gestational diabetes mellitus; randomized controlled trial; process evaluation; implementation; complex interventions

Introduction

Gestational diabetes mellitus (GDM) is characterized by
hyperglycemia first recognized in pregnancy and currently
impacts between 8% and 23% of pregnancies globally [1]. GDM
typically resolves after birth but can have significant
implications for both short- and long-term health of women and
babies [2]. Women with prior GDM have a nearly 10-fold
increased risk of developing type 2 diabetes mellitus (T2DM)
than those with normoglycemic pregnancy [3]. Risk factors for
T2DM after GDM include high BMI, increasing age,
multiparity, poor glucose tolerance, and prepregnancy
complications [4-6]. Lifestyle interventions that target both diet
and exercise are associated with small but significant effects in
reducing the risk of T2DM in women with GDM [7-10].

Process evaluation (PE) theoretical frameworks provide a
systematic approach to planning the design of health behavior
change interventions [11,12]. However, many of the randomized
controlled trials (RCTs) reported not using these PE frameworks
to plan the design of lifestyle interventions [11,13-17]. Several
key PE theoretical frameworks have been developed and widely
used [13-17], and researchers have made progress in updating

the methodologies and definitions of key PE components to
construct more comprehensive frameworks to measure the
success and effectiveness of interventions [13]. Knowledge of
these processes can better inform future policy and practice [18]
and provide opportunities to improve study design and
methodologies of future diabetes prevention interventions (DPIs)
[19].

The UK Medical Research Council (MRC) theoretical
framework on PEs for complex interventions was chosen for
this systematic review [15], as it is well regarded and recognizes
the need for more formal guidance on how to conduct PEs. The
framework considers processes along 3 interlinked dimensions:
implementation, mechanisms of impact, and contextual factors.
Table 1 presents a glossary of key PE components and
methodologies [15].

The overarching aim of this review was to identify and evaluate
any PE conducted and how these link to outcomes of RCTs of
DPIs after GDM. Specific objectives were to identify the extent
to which PE components were reported and described in RCTs
of DPIs for women with previous or current GDM and to assess
whether these components could contribute to explaining the
intervention outcomes of the DPIs.
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Table 1. Glossary of key process evaluation components and methodologies.

Qualitative methodsQuantitative methodsDefinitionsKey process evaluation components

Implementation

The content included in the interven-
tion and the method in which the
content is delivered to the partici-
pants.

Content delivered •• Observational studyStructured observation

How the intervention content was
delivered to the participants and the
extent to which quantitative and
qualitative methods were used.

Method of content delivery •• Observational studyStructured observation

The extent to which the intervention
was delivered as intended. Fidelity
represents the quality and integrity of
the intervention.

Fidelity •• Audiotapes of sessionsBehavioral coding systems
•• Observational studyQuestionnaires

• Protocol checklist
• Structured observation

The quantity or number of intended
units delivered during the intervention
including the component delivered
and the extent of the participant’s en-
gagement.

Dosage delivered •• Audiotapes of sessionsChecklist records of dose de-
livered

• Structured observation

The quantity or number of intended
units received during the intervention
including the component received by
the participants.

Dosage received •• Audiotapes of sessionsBehavioral coding systems
•• Focus groupsQuestionnaires
•• InterviewsStructured observation

• •Digital monitoring (eg, digi-
tal feedback)

Observational monitoring

The extent to which alterations were
made to an intervention to achieve
better contextual fit.

Adaptations •• Observational studyStructured observation

Observational monitoringThe proportion of the intended target
audience that comes into contact with
and participated in the intervention.

Reach • Attendance lists
• Standardized protocols

Mechanisms of impact

The responses of participants who
interacted with and received the inter-
vention, their satisfaction, and the
degree to which they found the inter-
vention acceptable.

Participant responses toward the
intervention

•• InterviewsQuestionnaires
• Focus groups

The extent to which intermediary
processes inform subsequent changes
in outcomes.

Mediators •• Observational studyStructured observations

The extent to which identifying unex-
pected pathways and mechanisms
during the intervention meets the re-
search needs and leads to intervention
outcomes.

Unexpected pathways or conse-
quences

•• Observational studyStructured observations

Contextual factors

Any external factors that may act as
a barrier toward the intervention im-
plementation or its effect on the out-
comes.

Barriers •• InterviewsStatistical analysis
•• Focus groupsQuestionnaires
• Observational study

Any external factors that may act as
a facilitator to the intervention imple-
mentation or its effect on the out-
comes.

Facilitators •• InterviewsStatistical analysis
•• Focus groupsQuestionnaires
• Observational study
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Methods

Study Design
This review used the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines and was
registered on PROSPERO (CRD42020208212). Owing to
limited guidance on conducting systematic reviews in this area,
we used the UK MRC theoretical framework from which we
derived a glossary of components to use as a checklist to extract
and categorize qualitative and quantitative data (Table 1) [15].
This framework considers 3 linked dimensions in which to
consider processes: implementation, mechanisms of impact,
and contextual factors. Implementation involves an assessment
of fidelity, dose delivered and received (ie, how often or
effectively it was delivered), adaptations made, reach, content
delivered, and method of content delivery [20,21]. Mechanisms
of impact involve an assessment of participants’ satisfaction
with the intervention, “unexpected consequences,” and
“mediators” [18]. Contextual factors refer to the external barriers
and facilitators, such as cultural or organizational factors, that
may alter the implementation of an intervention [22].

Search Strategy
The timeframe for the search was limited to between December
1, 2005, and December 16, 2020. This timeframe was selected
because of the rapid increase in DPIs in addition to the
fast-moving space of digital technology. The review aimed to
capture the most recent DPIs. Five electronic bibliographic
databases were used: Cochrane Library; Cochrane Collaboration
Registry of Controlled Trials; Embase; PubMed; and
MEDLINE. The main key search terms were GDM, RCT, and
PE (see Multimedia Appendix 1 for a detailed list of search
terms and strings and Multimedia Appendix 2 for key
definitions). Reference lists of the included studies were also
searched for additional eligible studies. Boolean search was
used to combine the keywords with operators such as AND,
NOT, and OR to further produce more relevant results, for
example: ((GDM OR gestational diabetes OR
pregnancy-induced diabetes OR diabetes in pregnancy) AND
((RCT OR controlled clinical trial OR pragmatic control trial
OR clinical trial) AND (process evaluation OR program
evaluation OR process assessment OR process acceptance OR
outcome measures)); ((GDMs OR gestational diabetes OR
pregnancy-induced diabetes)) AND ((RCT OR controlled
clinical trial OR pragmatic clinical trial OR clinical trial) OR
(process evaluation OR program assessment OR process
acceptance OR outcome measures).

Eligibility Criteria
Inclusion criteria were published (peer-reviewed) RCTs of DPIs
in women with a current diagnosis or history of GDM. Exclusion
criteria were studies not published in English; studies where
the target population was women who had a family history of
T2D or women who were menopausal or postmenopausal; and
gray literature, including abstracts in conference proceedings.
For further details about the eligibility criteria, please see the
study protocol [23].

Study Selection
After initial deduplication of the extracted data using Endnote
(Clarivate), studies were uploaded to the platform Rayyan for
screening. The 2 reviewers (IIMS and MB) independently
screened the titles and abstracts of the studies. Disagreements
were resolved via consensus or decided by a third reviewer
(IPN) when consensus could not be reached. The full texts of
potentially relevant studies were retrieved for further screening
and independently appraised by 2 reviewers (IIMS and MB)
for final inclusion.

Data Extraction, Study Characteristics, and Analysis
Standardized data extraction forms were developed and piloted.
Extracted data included a summary of study characteristics,
evaluation of processes (if any), methods, and findings. Data
were extracted by a single reviewer (IIMS) and verified by a
second reviewer (NH); discrepancies were again resolved via
consensus.

We conducted a narrative synthesis of the studies as we
anticipated that the heterogeneity of the methods used to assess
processes would preclude meta-analysis, as has been found
previously [10].

Assessment of Quality
The Mixed Method Appraisal Tool was used to assess the
quality of included studies by 2 independent reviewers (IIMS)
and (NH). The discrepancies were again resolved via consensus.

Results

Study Selection
The PRISMA flow diagram for this review is shown in Figure
1. Of the 13,735 records initially identified, the full text of 378
full-text studies were screened for eligibility and 21 studies met
the eligibility criteria. An additional 3 studies were added
following citation searching. Therefore, 24 studies were included
in this review. Most of these studies fulfilled at least 3
methodological quality criteria outlined by the Mixed Method
Appraisal Tool for each study design (Multimedia Appendix 3
[3,24-46]).

Interact J Med Res 2025 | vol. 14 | e51718 | p.319https://www.i-jmr.org/2025/1/e51718
(page number not for citation purposes)

Sa'id et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of search. GDM: gestational diabetes mellitus.

Study Characteristics
The stated primary aims of all 24 DPI studies reviewed were
to improve dietary and physical activity outcomes, increase
self-efficacy levels and risk perception of T2DM, and decrease
maternal postpartum weight and BMI. The 24 studies evaluated
in-person (n=8), digital (n=7), and hybrid (n=9) interventions.
Two of the studies were pilot studies of the feasibility and
acceptability of DPIs. All studies were published between 2007
and 2020. Most studies (n=22, 92%) were conducted in
high-income countries. Only 2 studies were conducted in low-
to middle-income countries: Egypt (n=1) and Malaysia (n=1).
The sample size ranged from 31 to 1180 participants. The
intervention duration varied from 12 weeks to 6 years. See
Multimedia Appendix 4 [3,24-46] for a description of study
characteristics of the studies included in this review.

Number and Type of PE Components Reported
The most frequent PE components evaluated were content
delivered and method of content delivery (n=24), dose delivered
(n=20), reach (n=20), dose received (n=17), barriers (n=15),
facilitators (n=8), and participants’ responses toward the
intervention (n=8). Relatively few studies reported process data
relating to adaptations (n=7), mediators (n=7), fidelity (n=5),
or unexpected pathways or consequences (n=2). All PE
components outlined by the MRC framework and reported in
the reviewed DPIs are summarized in Multimedia Appendices
5 and 6 [3,24-46].

PE Frameworks and Measures Reported
Five studies explicitly referred to a PE framework or PE
quantitative or qualitative measures. Only 1 of these referred
to process measures in the context of the MRC framework of
complex interventions [24]. The others reported measures to
ensure adherence to the study protocol [25], to measure “reach”
(using the penetration, implementation, participation, and
effectiveness metric) [26,27], or to assess participants’
satisfaction to the program using a survey [47].

Implementation

Content Delivered and Method of Content Delivery
Eight studies evaluated in-person or group DPIs [3,28-34], 7
evaluated digital DPIs [35-40,48], and 9 delivered hybrid DPIs
[24-27,41-44]. Most of the interventions were multicomponent
that focused on diet and self-directed physical activity
[24-27,33,35,40-46,49] or were facilitator led [29,30,43]. One
intervention also included advice on breastfeeding [28].

Behavior Techniques and Theoretical Frameworks Used
to Deliver Content
Behavior change techniques included motivational interviewing
(MI) with individual goal setting [26,29]; enhancing healthy
lifestyle change and self-management [24]; guided self-help
[33]; nutritional and physical activity recommendations [30];
self-help guidance based on responses to a dietary food intake
questionnaire [3]; and guideline-based nutritional strategies
[44]. Five interventions were underpinned by established
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theoretical frameworks—social cognitive theory and the
transtheoretical model of behavior change [25]; the Health
Action Process Approach supported by social cognitive and
self-regulation theory [27] based on a Health Belief Model [50];
and messages on weight loss, diet, and physical activity based
on a harm reduction model to promote healthy lifestyle changes
[43].

The link between a process and outcome was reported in 2
studies. In the first, the use of behavior change strategies was
reported to improve women’s knowledge, beliefs, and
self-reported practices as well as decrease postpartum weight
gain in 1 study [33]. In the second study, there were no observed
changes in weight, waist circumference, or blood glucose level
and this was correlated with no changes in health perception or
self-efficacy [3].

Fidelity
Five DPIs (digital: n=3 and hybrid: n=2) reported on the fidelity
(quality) of intervention implementation [25,27,36,39,45].
Assessment of fidelity involved recording telephone calls or
sessions [36,45], a qualitative [45] or quantitative [36,39]
assessment of adherence, and sometimes also involved input
from the participants [45]. Two of the studies attributed a high
level of fidelity to effective weight loss and weight goals
[27,36].

Dose Delivered
Nineteen studies reported on the quantity, frequency, and
duration of the interventions [24-26,28-30,32,34,36,39-43,48].
Most studies delivered around 1 to 4 sessions lasting 2 hours.
The shortest dose duration was 12 weeks and included
12-weekly sessions of 2.5 hours including group physical
activity, health education, and an individualized lifestyle
counseling session [29].

Further details in relation to dose delivery were generally
limited. For instance, the frequency [24,40] or quantity of
sessions or emails [43,45] were not reported. Similarly, 3 digital
DPIs of web-based interventions involving health websites [40],
internet telemedicine [37], or pedometer messaging [38] did
not report the quantity of health content and messages sent by
health care professionals. Borgen et al [35] reported the delivery
of their mobile health app but did not mention how long it would
take to peruse the app’s content. Finally, another web-based
intervention [44] did not report on how frequently participants
should use the pedometer or step count goal target.

Dose Received
Sixteen of the studies reported data on the dose received by the
participants [3,24-26,28-30,32,36-38,43,45]. The dose response
included the average number of sessions attended by women
[25-27,29,36,40,43-45]; those returning documents or
questionnaires [51-53]; combined food intake and physical
activity logbooks [38,54,55]; and log-ins to websites or systems
[37,40,45].

Information on the dose received was used to highlight the
willingness of participants to take part in the study and the
subsequent success of the intervention. For example, in 1 hybrid
study [44], it was reported that most women in the study

attended all 4 lifestyle counseling sessions in their intervention,
concluding that it was successful in reducing weight and
increasing physical activity levels. Details on the dose received
were also used to explain any lack of intervention effects. In
another hybrid study [43], authors attributed their unsuccessful
intervention outcomes to the limited number of women logging
onto their website intervention and observed that engagement
did not improve with fortnightly automated email reminders.
One digital study observed that they did not collect data on user
engagement for its mobile health app to protect women’s privacy
and questioned that this may have explained the nonsignificant
effect of the intervention [35].

Adaptations
Adaptations were described in 7 DPIs, including 2 in-person
[38,55], 2 digital [35,45], and 3 hybrid DPIs [24,25,32]. These
adaptations were seen as important components for the success
of the intervention and included providing a choice of
intervention methods [28] and tailoring interventions to the
characteristics of the target population [45] to specific ethnic
or cultural backgrounds [24,34,35]. In 3 hybrid DPIs, MI
techniques were used to tailor sessions for participants [24,25]
and illustrations and simple messages were added to address
low health literacy [41].

Reach
Twenty studies reported on the reach of its intervention in
relation to the target population [24-26,28-32,34,36-41,43,45].
Loss to follow-up was a recognized challenge, perhaps reflecting
the case mix of the target population. Two of the studies referred
to pregnancy complications as a reason for dropout [31,33] with
another attributing loss to follow-up to work or personal
commitments, initiation of a weight loss diet, subsequent
pregnancy, not being contactable, and finding intervention
resources unhelpful [40]. One digital DPI reported a low
participation rate of 17%, making inference to the broader target
population difficult [39]; another reported that few women who
received information about their intervention proceeded to enroll
for participation [38]. Other studies that used PE methods to
measure reach reported low rates [24,27,43] and 2 additional
studies had 33% to 39% attrition rates [29,34].

Mechanisms of Impact

Participant Responses Toward the Intervention
Eight studies reported on participant feedback and responses
toward the interventions including 4 digital [35,38-40], 3 hybrid
[25,26,44], and 1 in-person DPI [29]. Overall, women expressed
satisfaction with the interventions [25,29,38,39,44], reporting
increased confidence in setting health goals [39,40] and more
engagement with health management [35].

Some studies did not receive a positive response. Only a third
of women reported being motivated by the website content in
1 digital intervention [40] and even fewer (22% and 31%) had
a positive reaction to the text messaging component. Women
also criticized the lack of information on optimal carbohydrates
to consume when transitioning between pregnancy to postpartum
diets and reported the need for more low-fat recipes [25,40].
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Mediators
Mediators were described in the interventions in 2 in-person
DPI studies [29,34], 4 digital DPIs [35,37,39,40], and 1 hybrid
DPI [43], although not explicitly. O’Dea et al [29] found that
women valued individual face-to-face sessions with health care
professionals when setting health goals which improved their
stress levels, diet self-efficacy, and quality of life. Social
relationships also developed between the women due to regular
attendance at the same lifestyle counseling groups [34]. Digital
DPIs were also reported to increase women’s engagement in
their own health [35], enhance self-efficacy and confidence
[37,40], and provide reassurance in developing and attaining
health goals [39]. Further, 1 hybrid study [43] qualitatively
linked the inclusion of partners in their intervention as a key
mediator for women making them more likely to participate in
and engage with the intervention.

Unexpected Pathways or Consequences
Only 2 studies [39,41] reported unexpected consequences in
relation to their interventions. Carolan-Olah and Sayakhot [41]
observed there was an unusually high percentage of women in
the intervention group who had attended their postpartum oral
glucose tolerance test (OGTT) appointment. Although not
directly linked to the study, the intervention highlighted the
importance of postpartum testing, which may have increased
women’s motivation to attend future follow-up appointments.
Another digital study [39] experienced unexpected challenges
with data retrieval from women and general practitioners,
resulting in missing baseline blood tests and self-reported data
at follow-up. However, this missing data did not appear to
negatively influence the findings as women in the intervention
group were found to significantly reduce their fat intake.

Contextual Factors

Barriers
Fifteen studies referred to barriers that women faced when
participating in interventions [3,24-26,29,31,33-35,37-40,43,44].
Such barriers included lack of time due to family and work
commitments, subsequent pregnancy, and changes to daily life
due to the demands of motherhood [24,29,31,33,40,44]
technology issues, and lack of internet access [24,38,43].
Similarly, unavailability due to childcare responsibilities and
forgetting to attend study visits prevented mothers from
engaging in in-person lifestyle counseling sessions in the
nondigital interventions [3,24,29]. Another in-person DPI
acknowledged how culture plays a role in hindering women
from participating in and completing an intervention when they
are placed under pressure to commit to family and social norms
[34].

Facilitators
The 8 DPI studies including 4 in-person DPIs [28,29,31,34], 2
hybrid DPIs [43,44], and 2 digital DPIs [37,40] described
facilitators as contextual factors which may have influenced the
outcomes of their interventions. The most common facilitator
identified in 1 hybrid and 1 in-person DPI was receiving support
from a partner during the intervention [29,43] and having higher
levels of income and personal education background [43].
Having access to healthy food, food vouchers, a babysitter, and

an exercise buddy were also reported as facilitators to assist and
support the uptake and maintenance of postpartum healthy
behaviors [31,40]. The competency and skills of health care
professionals delivering the interventions were acknowledged
as facilitators to ensure the uptake of the intervention [28].
Having an accessible, central location for assessments and
employers who allowed time for visits also facilitated
participation [34,44].

Discussion

Overview
We identified and reviewed 24 RCTS of DPIs that evaluated at
least 1 PE component for women with previous or current GDM.
Only 10 studies explicitly reported individual processes, and
only 5 explicitly referred to a PE framework or PE quantitative
or qualitative measures to assess processes. Overall, few studies
reported and evaluated processes in relation to study outcomes,
and although most DPIs linked PE components and DPI
outcomes in some capacity, it was challenging to attribute any
1 process component to the effectiveness and success of the
intervention.

Summary of Key Findings
The most complete of the PE components reported across all
24 studies was the combined component of content delivered
and method of content delivery. Clear narratives were provided
on how the interventions were delivered and their content. Most
of the interventions also referred to broad behavior change
techniques such as goal setting and MI, which are known to be
effective in promoting lifestyle behavior change [56,57].
However, few studies linked these theories with mechanisms
of action by providing a detailed psychological or behavior
change theoretical framework on which their intervention was
underpinned. Such frameworks are important to make sense of
“how,” “why,” and “under what circumstances” intervention
components work together to achieve the desired outcomes.
Moving forward, we recommend that all RCTs of DPIs publish
an overview of the theories they have used to design and
evaluate the intervention for greater transparency.

Although most DPIs reported information on the dose delivered,
PE measures on the dose received were less complete. Generally,
increased frequency and longer sessions resulted in more
engagement with the intervention and better outcomes
[26-28,30,31,36]. More frequent sessions may also be preferred
by the participants: for a study on the use of MI and hemoglobin
A1c outcomes, women said that they would like more sessions
to improve their engagement with the intervention [58]. The
timing of the intervention is also a consideration. Most of the
DPIs that we reviewed delivered interventions during either the
antenatal or postpartum periods. However, systematic review
evidence suggests that optimal pregnancy outcomes can be
achieved by delivering the intervention during both periods
since engagement with a healthy lifestyle poses tends to be
poorer during the postpartum stage [5,51]. Moreover, there was
little information in the studies reviewed on how the dose
received impacted the success of the intervention. The
challenges in assessing adherence to the dose received are well
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recognized as people may have received a dose but choose not
to take it [59]. This is also supported in the literature where a
nurse-led psychological intervention for a T2D cluster RCT
study identified a lower dose received than intended, but that
this was not associated with the dose delivered [60]. Further
research to explore how timing, frequency, and duration of the
intervention affect outcomes among women with current or
previous GDM is indicated.

Although all 24 studies included in this review sought to
describe the reach of the intervention, few gave a detailed
evaluation of this measure. Poor reach was attributed to generic
reasons, most commonly low participation rates, loss to
follow-up, and small sample sizes [26,27,29,36,39]. The increase
in OGTT appointment attendance found in 1 study [41] is
contrary to prior research linking loss to follow-up and
withdrawal numbers to participants’ reluctance to attend OGTT
appointments [49,54], which highlights the influence that
different contexts have on outcomes in this population.
Moreover, the studies that made adaptations to tailor their DPIs
to personal or cultural needs [24,25,28,34,35,41,45] are likely
to have increased reach by making the interventions more
relevant. A clear definition of the target population and
consideration of how the DPI can be adapted to make it as
inclusive as possible seems important for its success.

Most of the studies reported on barriers to intervention
engagement. Similar to previous systematic reviews [10,61],
the barriers primarily related to lack of time, childcare
commitments, and challenges to maintaining healthy lifestyles
[24,29]. Focus groups with women suggest that these inherent
barriers can be mitigated by combining direct contact with health
care professionals with web-based interventions [48]. Moreover,
it is worth noting that, despite the many barriers to participation
identified, women were still in favor of the DPIs, and many
resulted in positive outcomes. This aligns with previous research
in T2D [62] and supports a need and willingness among women
with previous or current GDM to engage with DPIs.

A particular concern identified by this review was the lack of
reporting or evaluation of fidelity. Only 5 studies reported on
this process component. Ensuring fidelity is a key aspect of any
DPI because it safeguards against nonadherence to the study
protocols and inadequate implementation delivery [47,63].
Ideally, fidelity should be measured prior to conducting
full-scale implementation to distinguish between outcomes that
are related to ineffectiveness from those related to protocol

deviation [64,65]. In our review, methods to assess fidelity
included audiotaping and patient registers of attendance [27,36].
Such methods have been tried and tested in the T2D setting
[47,63] and are likely to be more robust than relying on the
expertise of health care professionals as a fidelity measure [66].
To minimize research waste, fidelity assessments should be
commenced at the design stage of a trial and incorporate
standardized measures where possible.

Finally, we welcome the use of both quantitative and qualitative
methods to evaluate the PE components in our studies because
this enables a more in-depth understanding of the relationship
between individual components and outcomes [52,67]. We
reemphasize the importance of mixed methods when conducting
thorough PE.

Strengths and Limitations
To the best of our knowledge, this is the first and only systematic
review of PEs of T2DM prevention interventions for women
with GDM. We used robust methodology, an established
framework of PE for complex interventions [15], and restricted
the review to RCTs, which are known to be the best design for
evaluating complex health care interventions [15]. The glossary
list of standardized DPI content and PE terms developed during
the review process can be used to guide future RCTs in this
area. However, while the MRC framework [18] is a valuable
source for conducting systematic reviews on PEs, it has been
criticized for lacking practical advice on how to conduct them
[68]. The lack of information on PE frameworks in our review
also made it difficult to categorize individual PE components
against the framework. Moreover, there is a lack of consensus
on how PE components should be defined and interpreted by
researchers, which is only partially addressed in the MRC
guidelines [15], which facilitate understanding of PE constructs
but provide little clarity on what should be measured and how.

Conclusions
This systematic review has highlighted that there are important
gaps in the reporting of PE metrics for RCTs of T2DM in
women with GDM. We recommend rigorous, systematic, and
in-depth PE guidance to facilitate reporting of these studies.
Future research should focus on reaching consensus on the
reporting of PE measures using established frameworks and
evaluating PE in real-world health care settings to optimize the
interpretation of study outcomes.
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Abstract

Background: Incorporating artificial intelligence (AI) into medical education has gained significant attention for its potential
to enhance teaching and learning outcomes. However, it lacks a comprehensive study depicting the academic performance and
status of AI in the medical education domain.

Objective: This study aims to analyze the social patterns, productive contributors, knowledge structure, and clusters since the
21st century.

Methods: Documents were retrieved from the Web of Science Core Collection database from 2000 to 2024. VOSviewer, Incites,
and Citespace were used to analyze the bibliometric metrics, which were categorized by country, institution, authors, journals,
and keywords. The variables analyzed encompassed counts, citations, H-index, impact factor, and collaboration metrics.

Results: Altogether, 7534 publications were initially retrieved and 2775 were included for analysis. The annual count and
citation of papers exhibited exponential trends since 2018. The United States emerged as the lead contributor due to its high
productivity and recognition levels. Stanford University, Johns Hopkins University, National University of Singapore, Mayo
Clinic, University of Arizona, and University of Toronto were representative institutions in their respective fields. Cureus, JMIR
Medical Education, Medical Teacher, and BMC Medical Education ranked as the top four most productive journals. The resulting
heat map highlighted several high-frequency keywords, including performance, education, AI, and model. The citation burst time
of terms revealed that AI technologies shifted from imaging processing (2000), augmented reality (2013), and virtual reality
(2016) to decision-making (2020) and model (2021). Keywords such as mortality and robotic surgery persisted into 2023,
suggesting the ongoing recognition and interest in these areas.

Conclusions: This study provides valuable insights and guidance for researchers who are interested in educational technology,
as well as recommendations for pioneering institutions and journal submissions. Along with the rapid growth of AI, medical
education is expected to gain much more benefits.

(Interact J Med Res 2025;14:e63775)   doi:10.2196/63775

KEYWORDS

artificial intelligence; medical education; bibliometric; citation trends; academic pattern; VOSviewer; Citespace; AI

Introduction

Artificial intelligence (AI) seeks to develop innovative machines
that are capable of responding in ways similar to human
intelligence. Its scope encompasses robotics, language

recognition, image recognition, natural language processing,
and expert systems. In recent years, the integration of AI into
medical education (AIME) has significantly transformed
traditional teaching and learning methodologies [1,2]. It can
enhance clinical reasoning training, facilitate adaptive learning,
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construct innovative medical teaching platforms, and facilitate
critical care simulation teaching. For instance, the AI-powered
simulation mannequins called SimMan 3G PLUS allows medical
students to practice their clinical skills and teamwork in a fully
controlled and immersive environment. Augmented reality and
virtual reality technologies enable students to gain valuable
hands-on experience by recreating real-life situations, without
compromising patient safety [3]. In other cases, AI helps tailor
educational content based on individual students’ needs and
abilities, and it not only fosters academic success but also
cultivates critical thinking [1,4]. AI applications have become
an important tool and situation for both educators and students.

As AI continues to evolve and advance, its role in promoting
medical education is expected to grow. Despite many
publications that have explored AI’s application in medical
research, they are limited to specific clinical questions in
cardiology, dentistry, oncology, etc [5,6]. No bibliometric
analysis has ever been conducted to assess medical education,
which is essential for medical talent reserve. Therefore, a
comprehensive analysis of current scientific literature is
imperative for the continued advancement of AIME.

Bibliometrics uses mathematical and statistical methodologies
to evaluate scholarly productivity and publication patterns within
a specific discipline. We used bibliometrics to analyze the
contemporary academic landscape, research priorities, and
emerging trends in AIME in the 21st century. We revealed the
knowledge clusters, scientific social patterns, and evolutionary
nuances from an objective standpoint. This work not only
simplifies navigation for researchers across disciplines but also
gives valuable guidance to newcomers in the field, directing
them toward promising avenues for future research.

Methods

Study Design
The research adhered to the step-by-step guidelines of
bibliometric analysis and followed the reporting guideline of
bibliometric reviews in biomedical literature [7].

Data Collection
The Web of Science Core Collection database was selected as
the primary tool to identify relevant publications for this study.
This database is well-known for its exceptional bibliometric
research capabilities across over 190 subject areas and offers
manual-checked literature retrieval. A 2-step process was used
to construct an effective retrieval strategy. First, we extracted
search terms from relevant systematic reviews and
meta-analyses. Second, these search terms were meticulously
reviewed and refined by authors (TW and RL) to ensure
adequate coverage of all relevant research topics. The final
search strategy was formulated based on this collaborative
assessment: TS=(“artificial intelligence” or AI or “convolutional
neural network” or “recurrent neural network” or “long
short-term neural memory” or “machine learning” or “genetic
algorithm” or “evolutionary algorithm” or “artificial neural
network” or “support vector machine” or “fuzzy logic” or
“random forest” or “deep learning” or “natural language
processing” or “speech recognition” or “computer vision” or

“smart robot” or “video recognition” or “image recognition”)
and TS=(medical education or medicine education). Data
collection took place on October 1, 2024, with publication years
restricted from 2000 to 2024. No language restrictions were
applied during the search process. Full records of retrieved
papers were exported in plain text format.

Selection of Eligible Studies
Since search engines may yield results that do not fully align
with the intended criteria, it is necessary to perform a manual
screening process to identify the final included literature. To
address this, two authors (TW and RL) independently screened
the titles and abstracts of available studies based on the
following exclusion criteria: (1) publications unrelated to AI.
For example, some topics are associated with artificial
insemination. (2) Publications unrelated to medical education,
such as engineering curriculum and patient education. Notably,
a majority of these studies have applied AI technologies to
clinical questions and research, and only a small number
pertained to medical education. Any discrepancies between the
studies selected by the authors were resolved through a
consensus meeting to reach a binding decision.

Data Cleaning and Preprocessing
The records from the Web of Science Core Collection database
undergo rigorous selection criteria adhere to meticulous curation
standards, and it partly enhances our research quality [8]. To
further ensure accuracy and consistency, we performed a
thorough data cleaning process. This involved the elimination
of duplicate papers, which were identified through digital
objective identifiers and study titles. The biblioshiny package
in RStudio was used to standardize the names of authors and
institutions. Any variations in author names were consolidated.
As an author usually affiliates with institutions at different times,
only the institution of the author at the time of publication is
retained. Synonyms, aliases, and singular or plural forms, such
as “AR,” “augmented reality,” and “augmented realities” were
cleaned using a thesaurus file. The data cleaning was conducted
manually by two authors (TW and RL).

Data Analysis and Visualization
To present the knowledge structure and emerging research
trends, VOSviewer (version 1.6.18; Leiden University), Incites
(Clarivate), InteractiVenn (Universidade de São Paulo), and
Citespace (Drexel University) were used. Incites is a research
evaluation tool developed by Clarivate Analytics, and the scores
of citation impact, H-index, journal impact factor, international
collaborations, study influence, and immediacy index were
directly obtained in Incites. The citation impact is calculated
by dividing the citation impact by the number of years since
publication. The H-index indicates that H papers published by
an author have been cited at least H times, thereby serving as a
gauge of both scholarly productivity and influence. The journal
impact factor was used based on the 2023 Journal Citation
Reports. International collaborations were assessed to reveal
the extent of interdisciplinary cooperation among coauthors
hailing from various nations, highlighting the global reach and
collaborative nature of the research topic. The study’s influence
measures the mean influence of a study within the first 5 years

Interact J Med Res 2025 | vol. 14 | e63775 | p.330https://www.i-jmr.org/2025/1/e63775
(page number not for citation purposes)

Li & WuINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


of post publication, providing a view of its long-term impact.
Concurrently, the immediacy index represents the average
frequency with which a study is cited in the year of its
publication, offering insight into the immediate reception in the
academic community. The VOSviewer software was used to
cluster countries, institutions, journals, and keywords. The
Citespace software was used to identify keyword clusters and
citation burst time. The specific parameter settings for analysis
in VOSviewer and Citespace are provided in Tables 1 and 2.

The latent semantic indexing and log-likelihood ratio algorithms
were used for literature clustering. The InteractiVenn tool was
used to identify the specific and overlapping journals in 4
categories: count, citation, top 10% papers, and cooperative
work. To compare the frequencies of keywords in the AI and
medical education fields, the keywords were classified based
on their basic definition, and lists of professional terms or
vocabulary or terminology.

Table 1. Information for clustering using the VOSviewer.

Minimum document or

occurrencea
Normalization methodAlgorithmTypeItem

12Full countingMajorizationCoauthorshipCountry

15Full countingMajorizationCoauthorshipOrganization

12—bMajorizationCitationJournal

33Full countingMajorizationCo-occurrenceKeyword

aWe set no limit on the minimum citation.
bNot applicable.

Table 2. Information for keyword cluster using the Citespace.

ValueSetting

From January 2000 to October 2024, one year per sliceTime slicing

Title, abstract, author keywords, and keywords plusText processing

KeywordsNode type

Strength: cosinel Scope: within slicesLinks

k=7Selection criteria

Ethical Considerations
The institutional review board of Tongji Hospital deemed ethical
approval unnecessary for this study.

Results

Baseline Characteristics
This study initially retrieved a total of 7534 publications from
the search. Figure 1 provides a detailed flowchart illustrating
the publication retrieval and selection process. After title and
abstract screening, 2775 publications remained for further
bibliometric analysis. The academic publications underwent a
relatively flat growth in publication numbers from 2000 to 2017
(Figure 2A). However, the number of annual papers exhibited
exponential growth since 2018, indicating the flourished

development in this field. The citation counts also demonstrated
a consistent rise, surpassing 10,000 citations in 2024 (Figure
2B). These documents encompassed original studies (n=1769,
63.75%), proceeding papers (n=467, 16.83%), reviews (n=237,
8.54%), and meeting abstracts (n=67, 2.41%). Proceeding papers
typically contain the latest research findings and methods, as
well as techniques within a scientific field, and their high
percentage indicates that AIME is receiving much attention and
developing rapidly. The research areas are primarily focused
on Education Scientific Disciplines (n=415), Medicine General
Internal (n=334), Health Care Sciences Services (n=323),
Engineering Biomedical (n=264), and Surgery (n=255). It
suggested that AIME is an interdisciplinary topic that needs
support from specialized educators, clinical doctors, hospital
administrators, and engineers.
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Figure 1. Flowchart and basic information of retrieval strategy, screen process, and analysis methods.

Figure 2. Baseline bibliometric characteristics of all eligible documents. (A,B) Line chart showing the annual number of documents and citations.

Productive and Influential Countries
In terms of national performance, 117 countries participated in
the global discourse. The majority of research publications
originated from Europe, North America, and Asia. The United
States emerged as the primary contributor due to its high
productivity (n=851 publications) and recognition levels
(n=11,598 citations), exhibiting both the highest international
and domestic collaborations. Although Chinese researchers

published more papers than scholars from the United Kingdom
(274 vs 227), their citations were relatively lower (3302 vs
3823). It may possibly be due to the limited innovation,
restricted dissemination, and language barriers. The national
cluster map revealed a diverse regional distribution pattern
facilitated by these collaborative relationships (Figure 3). There
was a strong collaboration among numerous countries,
particularly close ties between the United States, China, the
United Kingdom, and India.
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Figure 3. Relationship and cluster of countries. Cooperative relationships networks among countries.

Institutional Performance
Altogether, 2119 institutions have participated in AIME studies.
The top 10 institutions publishing the most papers are presented
in Table 3. Among these, 4 institutions have published over 50
papers. Specifically, Harvard University emerged as the most
prolific institution (n=70), and established the most international
collaboration (n=35), while the University of London had the
highest citation impact (n=27). The collaborative connections

showed six clusters of countries publishing more than 40 papers
(Figure 4). Stanford University, Johns Hopkins University,
National University of Singapore, Mayo Clinic, University of
Arizona, and University of Toronto were representative
institutions in their respective cluster. Interestingly, regarding
the impact relative to the world, the Alibaba Group had the
highest score (value=61.43), followed by SUNY Downstate
Health Sciences University (value=32.17), and Bukovinian State
Medical University (value=25.14).

Table 3. Top 10 productive institutions of artificial intelligence in the medical education field.

Impact relative to
world

H-IndexInternational
collaboration

Citation ImpactCitationDocumentInstitution

1.25173515.50108570Harvard University

1.16161714.3586160University of California System

1.88172723.29121152University of London

1.59172119.67100351Johns Hopkins University

1.40162217.3883448Stanford University

1.01132512.5158847Harvard Medical School

0.7410129.1140144Mayo Clinic

0.81122410.0743343National University of Singapore

1.29141416.0062439University of Toronto

0.649197.9030839University of Michigan
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Figure 4. Visualization of institutional cooperation. Cooperative relationships networks.

Participants of the Source Journals
Cureus (n=78), JMIR Medical Education (n=72), Medical
Teacher (n=54), and BMC Medical Education (n=54) ranked
as the top 4 most productive journals among the 1217 involved
journals (Figure 5A and Table 4). JMIR Medical Education
published the most high-impact papers (n=48), and the second
one, Cureus, only published 26. It is reasonable as JMIR Medical
Education lies in the Q1 quartile, and likely receives more
high-quality submissions, whereas Cureus is in the Q3 quartile.
Cureus, JMIR Medical Education, Medical Teacher, and

International Journal of Computer Assisted Radiology and
Surgery were overlapped using a Venn diagram (Figure 5B). It
was worth highlighting that Cureus and JMIR Medical
Education had just begun to publish AIME-associated papers
in 2020 (Figure 5C). Their open access characteristic helped
them receive much attention in recent years. The publishers
were diverse among the top 10 publication sources. More than
half of these journals (7/10) published top 10% papers over 10.
Notably, a significant proportion of the journals (n=1460,
52.61%) offered open access publishing, with gold access
accounting for 33.26% (n=923) of this share.
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Figure 5. Participated journals concerning artificial intelligence in the medical education field. (A) Relationship of representative journals. (B) Three
significant journals were identified through a Venn diagram analysis of top publication volume, citation, top 10%, and cowork. (C) Annual academic
output for the top five journals.

Table 4. Top five journals ranked by the counts of publications.

International Journal of
Computer-Assisted Radi-
ology And Surgery

BMC Medical
Education

Medical TeacherJMIR Medical EducationCureus

4654547278Document, n

7334941139751910Citation, n

822244826Top 10% paper

Springer HeidelbergBMCTaylor & Francis
Ltd

JMIR Publications IncSpringer NaturePublisher

4.84.49.12.12.5Cited half-life

3.13.44.73.21.1Journal impact factor

0.740.861.53—a0.26Study influence

0.40.40.98.70.2Immediacy index

36.96%24.07%96.3%97.22%100%Open access

67/20415/17510/8518/85173/329JCI rank

Q2Q1Q1Q1Q3JCI quartile

aNot applicable.

Keywords of Research Hot Spots
The study identified 7773 keywords from the titles and abstracts
of the research materials, reflecting the central themes, areas of
interest, and potential future developments within the discipline.
The heat map highlighted high-frequency keywords, including
performance (n=139), education (n=123), artificial intelligence
(n=118), and model (n=103; Figure 6A). We next classified

keywords according to the AI and medical education associated
categories. The model (n=103), system (n=82), virtual reality
(n=51), recognition (n=29), and algorithm (n=27) were popular
topics, while most education focus was put on surgery (n=100),
skill (n=90), simulation (n=75), classification (n=68), and
diagnosis (n=47). The subsequent analysis produced eight
distinct keyword clusters using log-likelihood ratio and latent
semantic indexing algorithms (Figure 6B). Both algorithms
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identified #0 surgical training, #3 medical education, #6 medical
student, and #7 imaging processing as hub keywords. It
suggested the critical role of AI applications in surgical
operations and clinical image information. Citespace burst
detection could reflect the research trends and innovative
directions (Figure 6C). Notably, the citation burst time of terms
revealed that AI technologies shifted from imaging processing
(2000), augmented reality (2013), and virtual reality (2016) to
decision-making (2020) and model (2021). Keywords such as

mortality and robotic surgery persisted into 2023, suggesting
the ongoing recognition and interest in these areas. Digital health
involves the use of health apps, wearable equipment, and
communication tools, which have been incorporated with AI.
These devices not only provide personalized educational
experiences and support mental health but also play a significant
role in clinical teaching, disease prevention, and health
promotion.

Figure 6. Keywords showing the hotspots and clusters. (A) Top keywords in the AIME field. (B) Eight clusters were obtained and unfolded using the
latent semantic indexing (red), log-likelihood ratio (black) algorithms, or shared by both (green). (C) Keyword burstness panel showing the strength
and duration. AIME: artificial intelligence into medical education.

Discussion

Principal Findings
AIME publication exhibits exponential growth these years, from
approximately 50 counts in 2017 to 600 in 2023. This surge is
further bolstered by the development of generative AI tools,
and related national-level policies support. Here, we discuss the
applications of AIME according to the keywords.

Machine Learning
Machine learning (ML), a subset of AI, is a technology that
autonomously discerns inner patterns and relationships without

explicit human instructions. For instance, after analyzing a large
collection of cat and dog images, ML can identify distinguishing
features, and subsequently differentiate between a cat and a dog
in new photographs. The growing prominence of ML in medical
education is evidenced by the surge in related topics, the
approval of ML-based products, and the proliferation of
entrepreneurial initiatives. ML-centric technologies have already
been applied in clinical decision support systems, teaching tools,
simulation, and training. An ML-based clinical decision support
system could effectively integrate general information about
HIV patients, including demographics, medical history, CD4+
lymphocyte count, viral load, genotypic data, and treatment
history, to recommend an optimal combination antiretroviral
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therapy [9]. More personalized advice on the appropriate dosage
or duration of treatment will be provided with the help of other
advanced ML algorithms [10]. In this context, it is vital to
educate the next generation of medical professionals with
adequate ML knowledge, enabling them to incorporate the
outputs of ML tools into clinical decision-making, becoming
part of this emerging data science revolution [11]. In the future,
inexperienced medical students will use evidence-based learning
models, like IBM’s Watson Oncology system, as ordinary tools
to interpret clinical data, make informed decisions, and
recommend cancer treatments, in highly accordance with
multidisciplinary teams [12].

Medical students require educational feedback to understand
their performance and identify areas for improvement [13].
Traditional educational evaluation after surgical training falls
short of providing timely, adequate, and objective assessment.
A human rater is usually required to observe the video review
to give a written or oral evaluation. The feedback is subjective
and time-consuming, as well as limited to visual observation.
With the help of automated ML-based AI assessments, the
surgeon’s performance can be objectively captured in a less
resource-intensive way than human grading [14]. The motion,
force, and vibration of robotic instruments are recorded
according to the recognized structural metrics, like the Global
Evaluative Assessment of Robotic Skill or the Objective
Structured Assessment of Technical Skill [15].

Deep Learning
Deep learning (DL), a subset of ML, is often used to tackle
complex tasks such as visual recognition, speech recognition,
and natural language processing. This is achieved through the
use of advanced architectures like convolutional neural
networks, deep belief networks, and stacked auto-encoder
networks. DL has been applied across medical undergraduate
education, postgraduation education, and continuing education.
A notable example is its use during medical retina rotations,
where residents may not be fully trained due to limited time or
access to complete their learning objectives. To address this, a
DL-based model was developed to analyze a vast collection of
retina images sourced from three public datasets, subsequently
creating a comprehensive dataset for residents. These images
were then distributed to each resident to aid in diagnosis,
differential diagnosis, and therapeutic planning. The allocation
system is tailored to each resident’s case history, academic level,
and performance, ensuring that those struggling with specific
cases receive additional exposure to similar retinal conditions
[16]. This approach enables AI models to identify the residents
who will derive the most benefit from particular clinical cases,
thereby significantly enhancing individualized ophthalmology
education.

Additionally, DL technologies have been used to predict the
difficulty of medical licensing examination questions, promoting
more accurate assessments of examination difficulty. However,
although DL models can effectively differentiate between cats
and dogs, they do so by analyzing potentially hundreds or
thousands of variables. The complexity and opacity of these
variables often render them incomprehensible to humans.
Consequently, there is an urgent need for improved

interpretability methods in future DL applications to enhance
understanding and transparency.

Natural Language Processing
Natural language processing plays a crucial role in smart health
because of its ability to analyze and comprehend human
language. The ChatGPT, developed by OpenAI Corporation,
serves as a monumental tool for the natural language processing
application. As for AIME, GPT-4 has been used for teaching
cases, student analysis, creative writing, personalized learning
guidance, and psychological support. ChatGPT is demonstrated
to be effective in generating surgical procedure summaries, and
its performance cannot be distinguished from a board-certified
surgeon by less experienced residents [17]. In other cases,
ChatGPT is used to teach the skills of breaking bad news [18],
reasoning-based multiple-choice questions [19], and qualified
examinations, including the Situational Judgement Test for
final-year medical students in the United Kingdom [20]. These
capabilities have revolutionized medical education and
contributed to the overall improvement of health care delivery.

Segmentation
Image segmentation is a crucial AI technology in the radiology
and pathology fields to accurately identify and delineate regions
of interest, such as tumor lesions, ischemic tissues, and
subcellular structures [21]. Traditional manual segmentation is
not only time-consuming for physicians to learn and practice
but also results in measurement variability that heavily depends
on the observer’s experience. In contrast, computer-assisted
segmentation methods reduce the subjectivity and variability
inherent in manual approaches, decrease processing time, and
require minimal training. The use of image segmentation
algorithms has led to significant improvements in the sensitivity
and efficiency of detecting pulmonary nodules. Furthermore,
these algorithms have been shown to enhance learning interest,
bolster self-directed learning capabilities, sharpen
problem-solving skills, and foster innovative thinking among
medical trainees [22].

Effective surgical education for young surgeons presents
significant challenges in practice. A segmentation-based system
can identify key anatomical structures such as arteries, lymph
nodes, and nerves during rectal cancer surgeries. Studies have
shown the positive educational impact of AI-assisted videos in
surgical training [23]. Some other AI technologies can facilitate
surgical navigation and detect adverse events [24]. Taken
together, real-time object segmentation is expected to play a
major role in surgical education.

Comparison to Prior Work
AI has been increasingly used to enhance diagnostic accuracy,
improve patient care, and facilitate the development of new
treatments across various medical fields. In cardiology, for
example, AI-powered algorithms are used to analyze
electrocardiograms and detect arrhythmias, while in dentistry,
AI-assisted diagnostic tools have been developed to identify
oral pathologies [25,26]. Similarly, in oncology, AI-driven
platforms are used to predict tumor growth and response to
treatment [27]. Rather than concentrating on specific clinical
questions, this study adopts a broader perspective to investigate
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the role of AI in medical education as a whole. High-quality
medical education is the key to improving the level of medical
care. Through our bibliometric analysis, research trends and hot
topics in this field were identified, offering insights into how
AI is transforming medical education globally.

Future Direction
AIME has witnessed a remarkable evolution from the initial
enthusiasm phase to the current acceptance situation [2].
Although the potential of AI technologies is expected to
revolutionize medical education, related ethical considerations
and challenges should be carefully examined. One major concern
is whether AI might diminish the competence of medical
students by increasing their reliance on external tools.
Additionally, there is apprehension about the possibility of AI
completely replacing medical educators. Issues such as bias,
hallucinations, and uncertainties have further contributed to
hesitancy in the acceptance and practical application of AI in
the medical field [28]. It was necessary for a balanced approach
to ensure sustainable implementation and find practical ways
to incorporate AI into curricula. As deeper investigation is
conducted, AI will be an integral part of medical education,
highlighting a journey of personal and professional growth
alongside technological adoption.

Since the release of ChatGPT, AI-generated content (AIGC)
has emerged as an innovative educational tool with significant
potential. AIGC technologies have the capability to reshape
pedagogical practices through various applications, such as
virtual patient construction, automated question bank generation,
and 3D anatomical simulations [19,29]. These technologies may
also help address the uneven distribution of educational
resources and facilitate the updating of outdated knowledge.
Exploring the application of AIGC in medical education
represents both a transformation and expansion of existing
teaching models, as well as a forward-looking exploration of
future cultivation patterns.

AIME introduces new demands for educational accreditation
systems and training models. While traditional medical
education accreditation emphasizes faculty strength, physical

facilities, and curriculum design, AI enriches these standards
by incorporating digital classes, digital resources, and dynamic
monitoring. In the context of postgraduate education, AIME
necessitates a re-evaluation of training duration, content, and
assessment methods. It is crucial for policy makers and
practitioners to explore how AI can be reasonably integrated
into residents’ learning, ensuring a balance that prevents
over-reliance on technology and maintains the importance of
clinical practical experience.

Limitations
This study has several limitations. First, the bibliometric analysis
was conducted exclusively using the Web of Science Core
Collection database. This singular focus may introduce bias
into the results, as it does not account for data from other
significant sources. Future research should incorporate additional
databases, such as Scopus and Google Scholar, to provide a
more comprehensive analysis. Second, while citation frequency
is often used as a measure of academic influence, it does not
necessarily equate to positive evaluations. Citations can also be
made for criticism or rebuttal. Therefore, supplementing
bibliometric analysis with content analysis would offer a more
accurate reflection of the literature’s true impact. Finally,
bibliometric analysis inherently concentrates on published
research, which may not capture the most current research trends
and developments.

Conclusions
This study delves into the current landscape of AI applications
in medical education, encompassing the geographical
distribution of research efforts, recognition of pivotal
researchers, identification of key research trends, and exploration
of emerging domains. There is a burgeoning interest in AIME
and an expanding comprehension of its potential impact. The
United States has emerged as a leader in this field, with many
institutions standing out as prolific organizations. As the demand
for more personalized and effective medical education grows,
there is a pressing need for large-scale, rigorously designed
studies to provide empirical evidence of AI’s effectiveness and
safety.
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Abstract

Background: Participation and completion rates in questionnaire-based surveys are often low.

Objective: This study aims to assess participation and completion rates for a survey using paper and mixed mode questionnaires
with patients recruited by research assistants in primary care waiting rooms.

Methods: This cluster-randomized study, conducted in 2023 in France, involved 974 patients from 39 practices randomized
into 4 groups: “paper with incentive” (n=251), “paper without incentive” (n=368), “mixed mode with tablet” (n=187), and “mixed
mode with QR code” (n=168). Analyses compared the combined paper group with the 2 mixed mode groups and the “paper with
incentive” and “paper without incentive” groups. Logistic regressions were used to analyze participation and completion rates.

Results: Of the 974 patients recruited, 822 (women: 536/821, 65.3%; median age 52, IQR 37-68 years) agreed to participate
(participation rate=84.4%), with no significant differences between groups. Overall, 806 patients (98.1%) answered all 48 questions.
Completion rates were highest in the combined paper group (99.8%) compared to mixed mode groups (96.8% for paper or tablet,
93.3% for paper or QR code; P<.001). There was no significant difference in completion rates between the “paper with incentive”
and “paper without incentive” groups (100% vs 99.7%).

Conclusions: Recruiting patients in waiting rooms with research assistants resulted in high participation and completion rates
across all groups. Mixed mode options did not enhance participation or completion rates but may offer logistical advantages.
Future research should explore incentives and mixed-mode strategies in diverse settings.

(Interact J Med Res 2025;14:e67981)   doi:10.2196/67981

KEYWORDS

completion rate; missing data; mixed mode; web-based; participation rate; primary care; questionnaire; QR code; tablet; survey;
primary care patients; randomized study

Introduction

Questionnaire-based surveys are valuable tools in a variety of
research areas, including health care. For example, they allow
data to be collected on patients’ experiences, opinions, and
behaviors, which helps health care professionals to better
understand their needs and improve the quality of care. Apart
from the fact that they are generally inexpensive and take little
time, 1 major advantage of questionnaire-based surveys lies in

the flexibility they can offer in terms of the mode of
administration (ie, face-to-face interviews, telephone interviews,
and paper or web-based questionnaires completed at home or
elsewhere).

However, to maintain a good level of representativeness and
avoid selection bias, it is crucial to obtain high participation
and completion rates. For surveys with postal, email, or
telephone recruitment, several studies showed that participation
rates (especially for web-based questionnaires) [1-4] and
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completion rates (especially for paper questionnaires) [1,2]
tended to be relatively low, whether the participants were
individuals, patients, or physicians. Other studies showed that
physicians’ participation and completion rates were generally
lower than those of the general population, probably mainly
because of their workload in the practice and the increasing
frequency with which they were asked to respond to surveys
[5,6]. Although participation and completion rates are generally
particularly low among physicians, these rates may also be
suboptimal in studies with patients [7]. This means that the
results of a large number of surveys conducted with patients
may not be representative of the target population as a whole
and may therefore lead to misleading conclusions.

Among the factors likely to influence participation and
completion rates, the method chosen to collect data and the use
of incentives are key elements [8-12]. Mixed modes, that is, the
use of several methods in the same study, seem particularly
useful for improving participation rates [9,13]. To our
knowledge, QR codes have only been the subject of a few
studies, focusing on specific populations and with limited sample
sizes [11,14-16]. The usefulness of mixed modes including QR
codes to improve participation and completion rates in a
questionnaire has not yet been explored in general practice.

The aim of this study was to compare the participation and
completion rates for a 48-question survey across 4 groups: a
paper questionnaire group with incentive, a paper questionnaire
group without incentive, and 2 mixed mode groups (ie, paper
or web-based with tablet, and paper or web-based via QR code).
Specifically, we analyzed differences between the combined
paper group and the 2 mixed mode groups, as well as between
the “paper with incentive” and “paper without incentive” groups.
Patients were recruited into primary care waiting rooms by
research assistants who were available to answer their questions
if necessary. We hypothesized that both mixed mode options
and incentives would improve participation and completion
rates.

Methods

Design, Setting, and Study Population
This cluster-randomized study carried out in 2023 in the
Rhône-Alpes region (France) was part of an environmental
health project aimed at profiling different patterns of meat
consumers in primary care, with a view to designing brief
interventions to reduce meat consumption.

We used a professional register of primary care physicians from
which we randomly extracted 200 physicians using
computer-generated random numbers. Five research assistants
contacted each randomly selected primary care physician by
email until the required number of participating physicians (ie,
n=40, Sample Size Determination section) was reached. If the
primary care physician refused to participate or did not respond
after 3 consecutive reminders, we contacted the next practice
on the list.

The research assistants in this study were postgraduate residents
in primary care medicine, conducting this work as part of their
MD thesis. They had prior clinical experience, which enabled

them to effectively interact with patients. To ensure consistency
in patient recruitment and minimize variability, all research
assistants underwent standardized training before the study
began. This training included guidance on presenting the study,
explaining the information sheet, and following ethical
protocols. Although the study covered a large geographic area,
requiring assistants to work autonomously during the recruitment
phase, their approach was standardized and aligned with the
study’s protocols. Due to logistical constraints, the assistants
were not randomly assigned to specific clinics.

We used simple randomization to allocate our sample of medical
practices into 4 groups using computer-generated random
numbers. Fifteen practices were randomized into the “paper
without incentive” group, 10 into the “paper with incentive”
group, 7 into the “paper or web-based with tablet” group (ie,
patients were given the option of using either paper or a tablet
provided by the researchers), and 7 into the “paper or web-based
via QR code” group (ie, patients were given the option of using
either paper or a QR code if they had their smartphones with
them). We used computer-generated random numbers to
determine the day of the week on which the study would be
carried out in each practice.

Ethical Considerations
The study was approved by the Research Ethics Committee of
the University College of General Practice, Claude Bernard
Lyon 1 University (2023-01-03-01). The committee granted
approval for the study protocol, including patient recruitment
and data collection procedures. No additional ethical approvals
were required beyond this institutional review. Participants were
nonurgent, French-speaking, consecutive adult patients who
were able to understand the study and provide written informed
consent. They were informed about the study’s objectives, data
confidentiality, and their right to withdraw at any time without
consequences. No personally identifiable information was
collected, and all data were anonymized before analysis to
ensure participant privacy and confidentiality. In line with the
environmental health theme of the study, an origami paper
containing a seed was provided as an unconditional incentive
to all patients in the "paper with incentive" group, regardless
of their willingness to complete the questionnaire. No financial
compensation was offered to participants. No identifiable
features of research participants are present in any images or
supplementary materials included in the manuscript.

Data Collection
Participants were informed by a poster and recruited in the
waiting room by a research assistant (20-25 patients per practice)
between January 9, 2023, and June 16, 2023. The research
assistant verified that the inclusion criteria were met and was
available to answer any questions from the participants. The
questionnaire (Multimedia Appendix 1) consisted of 48
questions: 4 sociodemographic questions (age, sex, postcode,
and occupation), the French version of the feeling of the Sense
of Coherence Scale (=17 questions), the French version of the
Meat Attachment Questionnaire (=17 questions), and a
questionnaire on intentionality adapted from previous studies
(=10 questions) [17-19]. The questionnaire generally took about
10 minutes to complete. The paper and web-based questionnaires
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were designed to be as similar as possible. In the 2 mixed modes
(ie, with a tablet or QR code), we included an alert indicating
that one or more questions were not answered. However, to be
consistent with the paper version, participants did not have to
answer all the questions before submitting the web-based
questionnaire.

Statistical Analyses and Sample Size Determination
The sample size calculation was conducted to ensure sufficient
power to detect differences in completion rates between groups.
For simplification, the calculation was based on comparing
proportions between 2 groups. Completion rates reported in the
literature vary widely, ranging from 35% to 99%, depending
on factors such as the study population, the theme of the study,
and the format of the questionnaire [1,2,4]. We hypothesized
that the completion rate in our study would be at least 80%,
given the presence of a research assistant in the waiting room
to assist participants if needed.

We calculated that 428 patients would be required in total to
detect a 10-percentage-point difference between groups, with
a power of 80% and a significance level of 5%, prior to
accounting for clustering [20]. To adjust for clustering within
practices, we assumed a conservative intraclass correlation
coefficient of 0.02, based on findings from prior research in
primary care settings [21], and an average cluster size of 20
patients per practice. This resulted in a design effect of 1.38,
inflating the total adjusted sample size to 591 patients. With an
average cluster size of 20 patients, this corresponded to 30
clusters in total. As 3 groups were compared, the sample size
was increased to 40 clusters to ensure sufficient power.

We computed the proportion of patients who agreed to take part
in the study (participation rate), the median number of questions
answered with IQR, and the proportion of patients who answered
all the questions (completion rate).

To assess whether the participation rate differed between groups,
we used logistic regressions adjusted for intracluster correlation
within practices. Comparisons were made between the combined
paper group, the “paper or tablet” group, and the “paper or QR
code” group as well as between the “paper with incentive” and
“paper without incentive” groups. Multivariable analyses were
not conducted for participation rates, as sociodemographic data
were not collected for patients who refused to participate, in
accordance with the ethics committee’s recommendations. This
limitation prevented us from assessing variations in participation
rates by sociodemographic factors.

For the completion rate, exact logistic regressions adjusted for
intracluster correlation were used to address sparse data issues,
where cells formed by the outcome and categorical predictor
variables had few or no observations [22]. Comparisons were
made for (1) the three groups based on initial randomization
(ie, combined paper, “paper or tablet,” and “paper or QR code”);
(2) groups based on the questionnaire format chosen (ie, paper,
“web-based with tablet,” and “web-based with QR code”); (3)
the “paper with incentive” and “paper without incentive” groups;
and (4) sex and age group (<40, 40-60, and ≥60). Multivariable
analyses were also carried out, adjusting for sex, age group, and
occupation.

All analyses were carried out with STATA (version 15.1;
StataCorp LLC).

Results

The flowchart for the study is shown in Figure 1. From the list
of 200 primary care physicians, 189 were contacted, of whom
39 (20.6%) agreed to participate. The study included 15 primary
care physicians in the “paper without incentive” group, 10 in
the “paper with incentive” group, 7 in the “paper or web-based
with tablet” group, and 7 in the “paper or web-based via QR
code” group.
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Figure 1. Flowchart of the study.

The study sample consisted of 974 consecutive nonurgent
patients who were recruited from these 39 medical practices,
representing an average of 25 patients per practice (min=16,
max=37). There were 251 patients in the “paper with incentive”
group, 368 in the “paper without incentive” group, 187 in the
“mixed mode with tablet” group, and 168 in the “mixed mode
with QR code” group (Figure 1). Of these patients, 822 agreed
to participate in the study, resulting in a participation rate of
84.4% (woman: 536/821, 65.3%; median age of 52, IQR 37-68;
min-max=20-93; aged less than 40 years=239/819, 29.2%; 40-60
years=267/819, 32.6%; and more than 60 years=313/819,
38.2%). The distribution of women and men and by age group
was similar in all 4 groups (P value=0.91 for sex and 0.08 for
age group). The majority of participants were retirees (264/822;

32.1%), employees (227/822, 27.6%), and executives or
intellectual professionals (166/822, 20.2%). Smaller groups
included those not currently active in the workforce (68/822,
8.3%), intermediate professions (41/822, 5%), workers (28/822,
3.4%), artisans or business owners (25/822, 3%), and farmers
(3/822; 0.4%).

The main results of the study are presented in Tables 1 and 2.
Table 1 shows the differences between the combined paper
group, the “mixed mode with tablet” group, and the “mixed
mode with QR code” group. The data are organized first by the
initial randomization group and then by the chosen questionnaire
format. Table 2 focuses on comparing the “paper with incentive”
group to the “paper without incentive” group.
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Table 1. Participation and completion rates and median number of questions answered according to initial randomization group, chosen questionnaire

format, sex, and age groupa.

P valueeAdjusted OR
(95% CI)

P valuedCrude OR
(95% CI)

Median num-
ber of ques-
tions an-
swered (IQR;
min-max)

Number of patients
having fully com-
pleted the question-
naire, n/N (%)

P valuecCrude

ORb

(95% CI)

Participa-
tion rate,
n/N (%)

<.001<.001.23Initial randomization group (n=822)

ReferenceReference48 (48-48; 47-
48)

516/517 (99.8)Reference517/619
(83.5)

Paper (n=517)

0.06 (0-0.53)0.05 (0-0.48)48 (48-48; 10-
48)

151/156 (96.8)0.99
(0.55-
1.80)

156/187
(83.4)

Paper or tablet
(n=156)

0.03 (0-0.19)0.02 (0-0.17)48 (48-48; 21-
48)

139/149 (93.3)1.55
(0.91-
2.63)

149/168
(88.7)

Paper or QR-code
(n=149)

<.001<.001Chosen questionnaire format (n=822)

ReferenceReference48 (48-48; 47-
48)

633/634 (99.8)N/AN/AN/AfPaper (n=634)

0.03 (0-0.27)0.03 (0-0.30)48 (48-48; 10-
48)

100/105 (95.2)N/AN/AN/AWeb-based with
tablet (n=105)

0.01 (0-0.07)0.01 (0-0.06)48 (48-48; 21-
48)

73/83 (88)N/AN/AN/AWeb-based with
QR code (n=83)

.17.20Sex (n=821)

ReferenceReference48 (48-48; 10-
48)

529/536 (98.7)N/AN/AN/AFemale (n=536)

0.46 (0.14-
1.47)

0.53 (0.17-
1.62)

48 (48-48; 21-
48)

277/285 (97.2)N/AN/AN/AMale (n=285)

.16.06Age group (years, n=819)

ReferenceReference48 (48-48; 10-
48)

233/239 (97.5)N/AN/AN/ALess than 40
(n=239)

3.99 (0.79-
39.17)

5.06 (1.03-
48.62)

48 (48-48; 38-
48)

265/267 (99.3)N/AN/AN/A40-60 (n=267)

1.92 (0.55-
7.64)

2.35 (0.69-
9.08)

48 (48-48; 21-
48

308/313 (98.4)N/AN/AN/AMore than 60
(n=313)

aThe questionnaire consisted of 48 questions: 4 sociodemographic questions, the Sense of Coherence Scale (=17 questions), the Meat Attachment
Questionnaire (=17 questions), and an intentionality questionnaire developed by our research team (=10 questions).
bOR: odds ratio.
cUnivariable logistic regression (adjusted for intracluster correlation within practices).
dUnivariable exact logistic regression (adjusted for intracluster correlation within practices).
eMultivariable exact logistic regression (adjusted for sex, age group, occupation, and intracluster correlation within practices).
fParticipation rates are marked as “N/A” for the chosen questionnaire format, sex, and age group because participants who refused to participate did
not indicate their preferred format, sex, or age. Therefore, participation rates, crude odds ratio, and P values by these characteristics could not be
calculated.
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Table 2. Comparison of participation and completion rates and median number of questions answered in the “paper with incentives” and “paper without

incentives” groupsa.

P valuedCrude OR
(95% CI)

Median number of
questions answered
(IQR; min-max)

Number of patients
having fully complet-
ed the questionnaire,
n/N (%)

P valuecCrude ORb (95%
CI)

Participation rate,
n/N (%)

≥.99N/AN/AN/A.18N/AN/AePaper group (n=517)

Reference48 (48-48; 47-48)299/300 (99.7)Reference300/368 (81.5)Without incentives
(n=300)

1.74 (0-67.75)48 (48-48; 48-48)217/217 (100)1.45 (0.84–2.49)217/251 (86.5)With incentives (n=217)

aThe questionnaire consisted of 48 questions: 4 sociodemographic questions, the Sense of Coherence Scale (=17 questions), the Meat Attachment
Questionnaire (=17 questions), and an intentionality questionnaire developed by our research team (=10 questions).
bOR: odds ratio.
cUnivariable logistic regression (adjusted for intracluster correlation within practices).
dUnivariable exact logistic regression (adjusted for intracluster correlation within practices).
eN/A: not applicable.

The participation rate ranged from 81.5% in the “paper without
incentive” group to 88.7% in the “mixed mode with QR code”
group, but the differences between the groups were not
statistically significant. The incentive did not lead to a
substantial increase in the participation rate. In this study, 51
patients (32.7%) in the “paper or web-based with tablet” group
and 66 patients (44.3%) in the “paper or web-based via QR
code” group preferred to complete the questionnaire using the
paper version.

Overall, 806 patients (ie, 98.1% of patients) answered all 48
questions on the questionnaire. For the remaining 16 patients,
the number of missing data ranged from 1 to 38. These patients
were divided as follows: 1 patient belonged to the “paper
without incentive” group, 5 to the “tablet” group, and 10 to the
“QR code” group. The differences between groups based on
the initial randomization and the questionnaire format chosen
were small but statistically significant in both univariable and
multivariable analyses. By contrast, the differences were not
statistically significant for incentive, sex, and age group, but
the number of patients with missing data was low.

Discussion

Main Findings
This study involved French primary care patients, recruited by
research assistants and invited to complete a 48-question survey
in the waiting room. We found that the participation rate was
over 80% for all groups and that, when given the choice, a
number of patients (n=117) preferred to complete the paper
rather than the web-based questionnaire. We also found that the
completion rate was 99.8% for the paper questionnaire and only
slightly less for the web-based questionnaire. Finally, we found
that the incentive had no influence on the participation rate or
the number of questions answered.

Comparison With Existing Literature
Compared with other studies [12,23,24], we achieved excellent
participation and completion rates in all groups (for participation
rates, much higher than the 60% recommended in some
publications [25]), despite a relatively lengthy self-administered

questionnaire comprising 48 questions on a sensitive topic. The
results of our study tend to reinforce the already known
information that, among primary care patients, the response rate
may not be affected by the length of the questionnaire, provided
that the total duration is less than 15-20 minutes [26,27], which
was the case in our study.

We found that the use of mixed options (paper or web-based),
although intended to adapt more precisely to the preferences of
each participant, did not appear to add value in terms of
participation and completion rates. However, the web-based
format (or mixed options) may be preferred for other reasons
such as improved feasibility. Compared to paper questionnaires,
the web-based format generally allows data to be obtained more
cheaply (less printing, mailing, or typing costs), more quickly
(real-time data tracking and less typing), and more accurately
(the structured format minimizes incorrect entries and automatic
data transfer minimizes data entry errors) [28]. Alongside the
usual methods for collecting web-based data, QR codes have
recently come into use in questionnaire surveys. They are simple
and effective tools that are known to increase user engagement
[29]. In a UK population-based maternity study, the inclusion
of QR codes in the survey tended to lead to an increase in
response rate, but this effect was limited and was probably also
related to other factors (prior notification, short questionnaire,
personalized study material, and additional reminder) [8]. In
this English study, the initial response rate (30%) was
considerably lower than ours.

The results of our study suggest that face-to-face recruitment
with a research assistant achieves high participation and
completion rates, providing support to participants. Previous
studies have already highlighted that this strategy was associated
with significantly higher participation rates [7,13,30].
Administering a face-to-face survey in the waiting room has
the potential advantage of capturing patients’experiences when
they are most accessible, with fewer competing demands than
in other situations.

We found that, in the presence of a research assistant, neither
the mixed mode, as discussed earlier, nor the unconditional
nonmonetary incentive seemed to have any effect. Nonmonetary
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incentives are recognized as important factors in improving the
recruitment of participants to health-related surveys, with the
impact being greater when the incentive is unconditional [31].
In our study, the high participation rate probably prevented us
from observing a significant effect in the different methods
tested. The presence of a research assistant seems to be the most
powerful incentive, probably due to a desirability bias. This
could be verified by carrying out the study using the incentives
in the absence of a research assistant.

Significance and Recommendations for Future Research
This study makes a valuable contribution to the methodology
of survey-based research in health care by underscoring the
impact of recruitment strategies on both participation and
completion rates. The notably high rates we observed across all
groups suggest that face-to-face recruitment by a research
assistant may be a critical factor for ensuring representativeness,
especially in primary care settings where patient engagement
can be challenging. Researchers conducting survey studies in
similar environments may benefit from prioritizing in-person
recruitment with trained personnel, as our findings indicate that
this approach effectively mitigates common barriers to
participation, such as lack of time. Additionally, while mixed
mode survey options (including QR codes) did not significantly
increase participation in this study, these tools still offer
logistical advantages, such as ease of data collection, reduced
error rates, and potential cost savings. For research teams
looking to optimize both response rates and operational
efficiency, mixed mode strategies may still be worthwhile.
Future studies may benefit from investigating the impact of
assistant-supported recruitment in different contexts or exploring
alternative incentives, such as monetary incentives, that could
further enhance response rates, particularly in larger or more
geographically diverse samples.

Limitations
First, the results of our study cannot be generalized in all
questionnaire-based surveys. Several studies showed that

surveys carried out by recruiting participants by email, post, or
telephone often led to mediocre participation rates for the
web-based format [1-4] and mediocre completion rates for the
paper format [1,2]. In this type of study, mixed mode options
and incentives could be useful for positively influencing
participation and completion rates. Second, selection bias is
always possible in this type of survey, but in our opinion, it was
reduced to a minimum by selecting physicians at random,
including patients consecutively, and obtaining a high
participation rate. In the context of our study, where patients
were present in the waiting room, the selection biases usually
described for electronic surveys in general practice do not apply
[32]. Third, the study was carried out in only 1 region of France
and only with primary care patients. The results obtained could
have been different for other regions or countries, or for other
study populations (physicians or patients visiting specialists).
Finally, the use of simple randomization resulted in an unequal
allocation of clusters across the study groups. While this does
not affect the validity of randomization, it may have slightly
reduced the power to detect differences between groups.

Conclusions
In conclusion, by recruiting patients in the waiting room with
the help of a research assistant providing support to participants,
we obtained a participation rate of over 80% in all groups.
Neither the choice of response mode (ie, single or mixed, with
or without a QR code) nor the use of incentives markedly
influenced participation or completion rates. Future research
would be useful to compare these rates with and without the
presence of a research assistant in the waiting room to answer
questions from participants. In terms of feasibility, the use of
mixed options, including innovative methods such as QR codes,
to offer participants the opportunity to choose, might be a
relevant strategy, despite the results of our study showing no
superiority in terms of participation and completion rates.
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Abstract

Background: Medication adherence, or how patients take their medication as prescribed, is suboptimal worldwide. Improving
medication-taking habit might be an effective way to improve medication adherence. However, habit is difficult to quantify, and
conventional habit metrics are self-reported, with recognized limitations. Recently, several objective habit metrics have been
proposed, based on objective medication-taking data.

Objective: We aim to explore the correlation between objective habit metrics and objective medication adherence on a large
dataset.

Methods: The Medication Event Monitoring System Adherence Knowledge Center, a database of anonymized electronic
medication intake data from ambulant participants enrolled in past clinical studies, was used as the data source. Electronic
medication intake data from participants following a once-daily regimen and monitored for 14 days or more were used. Further,
two objective habit metrics were computed from each participant’s medication intake history: (1) SD of the hour of intake,
representing daily variability in the timing of medication intakes, and (2) weekly cross-correlation, representing weekly consistency
in the timing of medication intakes. The implementation component of medication adherence was quantified using (1) the
proportion of doses taken and (2) the proportion of correct days.

Results: A total of 15,818 participants met the criteria. These participants took part in 108 clinical studies mainly focused on
treatments for hypertension (n=4737, 30%) and osteoporosis (n=3353, 21%). The SD of the hour of intake was significantly
negatively correlated with the 2 objective adherence metrics: proportion of correct days (Spearman correlation coefficient,
ρS=–0.62, P<.001) and proportion of doses taken (ρS=–0.09, P<.001). The weekly cross-correlation was significantly positively
correlated with the 2 objective adherence metrics: proportion of correct days (ρS=0.55, P<.001) and proportion of doses taken
(ρS=0.32, P<.001). A lower daily or weekly variability in the timing of medication intakes is thus associated with better medication
adherence. However, no variability is not the norm, as only 3.6% of participants have 95% of their intakes in a 1-hour window.
Among the numerous factors influencing medication adherence, habit strength is an important one as it explains over 30% of the
variance in medication adherence.

Conclusions: Objective habit metrics are correlated to objective medication adherence. Such objective habit metrics can be
used to monitor patients and identify those who may benefit from habit-building support.

(Interact J Med Res 2025;14:e63987)   doi:10.2196/63987

KEYWORDS

medication adherence; compliance; habit; history; correlation; association; intake; electronic database; retrospective; medication;
drug; adherence
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Introduction

Medication adherence is “the process by which patients take
their medication as prescribed” [1]. It comprises 3 components:
initiation of the treatment, correct implementation of the
prescribed regimen, and persistence to the treatment [1]. Poor
medication adherence is a global public health issue [2,3] and
has important negative consequences on the personal level [3-6],
but also at the societal level [3-5]. Interventions aiming at
improving medication adherence are abundant in the literature,
but few have been shown to be effective across a population
[5,6]. Most medication adherence interventions have focused
on structural factors outside of the individual (simplification of
the regimen, refill reminders, etc) or on behavior change
interventions that target reflective or deliberative factors, such
as patient education [7]. As at least half of our daily behaviors
are nonreflective, but rather habitual [8], interventions that target
these habitual processes may be more successful than education
or persuasion-based interventions.

Habits are defined as automatic behaviors responding to
recurring environmental cues [9]. As stronger medication-taking
habit has been shown to be associated with better medication
adherence [4,10-13], in particular its implementation component,
some successful interventions have focused on improving habit
[5,14]. However, medication-taking habit, and habit in general,
is difficult to quantify [8]. Conventional habit metrics are
self-reported [12], with an important example being the
Self-Reported Habit Index [15], a 12-item questionnaire.
Another example is the Self-Reported Behavioral Automaticity
Index [16], a 4-item subset of the Self-Reported Habit Index.
These and other self-reported indices endure common limitations
associated with self-reported metrics, such as social desirability
bias and poor patient recall [13].

Medication-taking habit can also be assessed using objective
medication-taking data [17]. Such data is collected using smart
medication packages, which can take several forms: an
electronic cap fitted on a medication bottle [17], an inhaler with
a chip embedded [13], a blister that detects when a pill is
expressed out of a cavity, etc. The common feature of smart
medication packages is that they passively timestamp each time
a patient accesses their medication, thus providing objective
data on when a patient takes their medication. This detailed
information can be used to derive habit metrics quantifying the
consistency of medication intake behavior over time
[11,17]—the validity of which rests on the fact that habits are
context-stable responses to conditioned cues. Such habit metrics
are objective and do not endure the limitations associated with
self-reported habit.

Day-to-day consistency of the timing of medication intake is
frequently used as an objective habit metric. It has been
operationalized as the variance of the hour of intake [17], its
SD [13,18], or the proportion of medication intakes occurring
in a fixed-size window, for instance, 2 [4,19,20], 3 [21,22], or
4 hours [23].

These day-to-day consistency measures will penalize someone
for having different routines on different days of the week (for
instance, systematically taking their medication at 6 PM on

weekdays and 10 PM on weekends). However, this feature might
not be desirable if the cue for medication-taking (eg, breakfast)
is the same throughout the week, reflecting a good
medication-taking habit. To overcome this limitation, Phillips
et al [11] recently introduced another metric, called the weekly
cross-correlation, based on the weekly consistency of intake
timing. In this metric, the medication intake timing of each day
of a given week is compared to the corresponding day of the
next week.

Recently also, Hoo et al [13] introduced a “pragmatic habit
index” empirically defined as the product of 2 variables:
stability, measured as the SD of the hour of intake and
frequency, measured as the proportion of prescribed doses taken.
Introducing behavioral frequency in a habit index has been
criticized [16], as it incorporates the dependent variable of
interest (behavior frequency) in the predictors.

In a recent study on 79 patients with type 2 diabetes, objective
habit metrics were found to correlate with objective medication
adherence [11]. The goal of this paper is to reinvestigate this
correlation on a 200-fold larger dataset covering multiple
pathologies, introduced in the next section.

The main hypothesis is that a more consistent medication-taking
habit is correlated to better medication adherence.

Methods

Data
This study was a retrospective cohort study. AARDEX Group’s
database, the Medication Event Monitoring System (MEMS;
AARDEX Group) Adherence Knowledge Center was used as
the data source. This database contains anonymized electronic
medication adherence data from ambulant participants enrolled
in clinical studies that ran between 1989 and 2016. These
participants’medication adherence was electronically monitored
using the MEMS. The following selection criteria were used:
(1) once-daily medication with (2) a follow-up longer than 14
days. This second criterion was required because 14 days is the
minimum duration needed to compute the weekly
cross-correlation. These selection criteria matched data from
15,818 participants totaling 3,053,779 medication intakes.

Ethical Considerations

Human Participants’ Ethics Review Approval or
Exemptions
Approval from an institutional review board was not required
for the present analysis, as it consists of secondary research for
which the identity of the participants is unknown, per Title 45
of the Code of Federal Regulations Part 46, Subpart A, Section
46.104, Paragraph (d)(4)(ii) [24]. The original data collection
for all studies included in this analysis was approved by
institutional review boards.

Informed Consent
Data were obtained from participants enrolled in clinical studies.
As such, the participants provided informed consent for the
procedures of the original studies. These procedures required
participants to store their medication in electronic medication
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packages. Participants were informed that these electronic
medication packages recorded their medication intakes. The
original study procedures also included using the generated data
to monitor the participants’ dosing history and analyze their
medication intake behavior. As a consequence, informed consent
was not sought for this secondary analysis, because it
corresponds to the use of the data that was originally presented
to participants.

Privacy and Confidentiality
The data in AARDEX Group’s database, the Adherence
Knowledge Center, is anonymized.

Compensation Details:
Participants were compensated for their participation in the
original clinical studies. Compensation modalities varied
between studies and countries, and the authors do not possess
information about the compensation process, which was
managed by the sponsors of the original studies.

Objective Habit Metrics
For each participant, 2 objective habit metrics were computed.
The first objective habit metric is the SD of the day-to-day hour
of intake. The hours and minutes are extracted for each
medication intake timestamp, irrespective of the date of intake,
and the SD of the resulting list of hours and minutes is
computed. The lower the SD, the more consistent a person is
in the timing of their medication intakes. In the extreme case,
when SD equals 0 h, all intakes occur at exactly the same time
of the day.

The second objective habit metric is the “weekly
cross-correlation” introduced by Phillips et al [11]. This metric
compares each day of a given week with the corresponding day
of the next week and quantifies whether intakes occurred around
the same time on these 2 days. To do so, medication intakes are
represented in a 2D matrix, denoted A, of dimensions 24 × Ndays,
with Ndays being the number of follow-up days. The matrix is
initially filled with zeros. Each medication intake occurring on
day l at hour k is translated as a value of 1 for element A[k,l].
Then, each element A[k,l] of the matrix is multiplied by its
matching element from the previous week, A[k,l – 7]. If intakes
occur at the same time from week to week, the product will be
close to 1. Otherwise, it will be close to zero. Finally, the weekly
cross-correlation is equal to the sum of all element-wise products
divided by the Euclidean norm of A. More details and code
explaining how to compute these metrics are presented in
Multimedia Appendix 1. As the pragmatic habit index
incorporates adherence, it was not included in the present
analysis.

Implementation Adherence Metrics
Medication adherence, more precisely its implementation
component [1], was quantified as the proportion of correct days,
that is, the proportion of days with exactly 1 intake. A second
implementation metric was used: the proportion of doses taken.
The proportion of doses taken was computed as the ratio
between the total number of doses taken and the prescribed
number of doses. In this work, since participants were on a
once-daily regimen, the prescribed number of doses was equal

to the number of follow-up days. If a participant discontinued
treatment too early, the analysis was limited to the period during
which the participant was on treatment.

The hypotheses were that (1) SD of the day-to-day hour of intake
would be negatively correlated to objective adherence (the more
variable the hour of intake, the worse the adherence); (2) the
weekly cross-correlation would be positively correlated to
objective adherence (the more consistent the pattern of intakes,
the better the adherence); and (3) the weekly cross-correlation
would be more strongly correlated to objective adherence than
the SD of the hour of intake.

All dosing history data were compiled while patients were
engaged with the monitored medication in the trial. Therefore,
noninitiation and nonpersistence are not part of the adherence
evaluation in this research.

Statistical Analyses
Continuous variables were reported using medians and first and
third quartiles. Categorical variables were reported using counts
and proportions. Pairwise correlations between continuous
variables were assessed using the Spearman rank correlation
coefficient. Correlation coefficients were converted using Fisher
Z-transformation to obtain CIs [25,26]. Correlation coefficients
were compared by performing a z-test on the difference between
their Fisher Z-transformations [26,27]. The proportion of
variance in adherence explained by habit was quantified using
the Pearson correlation coefficient, squared [26]. Analyses were
performed using Python 3 (Python Software Foundation) [28].

Results

The 15,818 participants whose data was extracted from the
MEMS Adherence Knowledge Center took part in 108 clinical
studies. These studies enrolled a median of 59 (IQR 22-169)
participants. Table 1 presents the characteristics of the
population.

Figure 1 presents the distributions and pairwise plots for the 4
variables of interest: proportion of correct days and proportion
of doses taken as 2 objective measures of adherence, and SD
of the hour of intake and weekly cross-correlation as 2 objective
habit metrics. According to the 2 top-left diagonal panels, the
proportion of correct days ranges between 0 and 1 by definition,
while the proportion of doses taken ranges between 0 and 1.5
indicating that some participants took more doses than
prescribed. The scatter plots also show that the proportion of
doses taken is correlated to the proportion of correct days. In
addition, the first is always superior to the second, which is a
consequence of their definition.

According to the 2 bottom-right diagonal panels of Figure 1,
the SD of the hour of intake ranges between 0 and 12 hours,
while the weekly cross-correlation ranges between 0 and 1.
These two findings are direct consequences of the definitions
of these variables. According to the scatter plots, these 2
variables are negatively correlated, indicating that a larger
consistency in day-to-day timing (low SD hour of intake) is
associated with a larger consistency in week-to-week timing
(high weekly cross-correlation).
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Table 2 presents the associated correlation coefficients. All 4
Spearman correlation coefficients were significantly different
from zero (T scores for the significance of the coefficients, from
left to right and top to bottom: –61.48, –10.70, 104.11, and
48.59 with a df of 15,816, all P<.001).

According to Figure 1 and Table 2, the correlation between the
SD of the hour of intake and objective adherence (measured
using the proportion of correct days or proportion of doses
taken) has a negative sign, indicating that, as hypothesized, the
more day-to-day consistency in timing the higher the adherence.
Figure 1 and Table 2 also show that the weekly cross-correlation
is positively correlated to objective adherence, meaning that
the more consistent a person’s medication intake pattern is from
week to week, the higher their medication adherence, which is
also in line with the hypotheses.

The comparison of the Spearman correlation coefficients
presented in Table 2 shows that the SD of the hour of intake is
more strongly correlated to the proportion of correct days than

the weekly cross-correlation is (95% CI for the difference
between absolute values of Spearman coefficients: 0.05 to 0.09,
z score for this difference=21.46, P<.001), conversely to what
was hypothesized. On the other hand, the weekly
cross-correlation is more strongly correlated to the proportion
of doses taken than the SD hour of intake is (CI for the
difference between absolute values of Spearman coefficients:
0.25 to 0.21, z score for this difference=9.45, P<.001), as
hypothesized.

Habit accounts for about 30% of the variance in medication
adherence, measured using the proportion of correct days:
29.18% for SD of the hour of intake (95% CI 29.17% to 29.19%)
and 31.25% for the weekly cross-correlation (95% CI 31.24%
to 31.26%). When medication adherence is measured using the
proportion of doses taken, the proportion of variance explained
by habit is smaller: 4.91% for the SD of the hour of intake (95%
CI 4.91% to 4.92%) and 15.74% for the weekly cross-correlation
(95% CI 15.73% to 15.75%).

Table 1. Population characteristics.

ValuesPathology

4737 (30)Hypertension, n (%)

3353 (21)Osteoporosis, n (%)

2005 (13)Viral hepatitis, n (%)

1246 (8)Hypercholesterolemia, n (%)

968 (6)Angina, n (%)

754 (5)AIDS, n (%)

561 (4)Depression, n (%)

549 (3)Diabetes, n (%)

397 (3)Reversible airway obstruction, n (%)

334 (2)Heart failure, n (%)

301 (2)Attention-deficit/hyperactivity disorder, n (%)

192 (1)Colorectal polyp, n (%)

421 (3)Others, n (%)

168 (60-365)Follow-up duration (days), median (IQR)

93.3 (83.7-97.7)Proportion of correct days (%), median (IQR)

100 (93.7-101.8)Proportion of doses taken (%), median (IQR)

1.7 (1-2.7)SD hour of intake (h), median (IQR)

0.54 (0.38-0.69)Weekly cross-correlation, median (IQR)
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Figure 1. Pairwise relationships between the four variables of interest: 2 objective adherence metrics: proportion of correct days (number 1) and
proportion of doses taken (number 2) and 2 objective habit metrics (numbers 3 and 4). Off-diagonal panels contain scatter plots for each pair of variables;
on-diagonal panels show a histogram of the distribution of single variables.

Table 2. Spearman correlation coefficients with 95% CI between 2 objective habit metrics (rows) and 2 objective adherence metrics (columns).

Objective adherenceObjective habit

Proportion of doses takenProportion of correct days

–0.09 (–0.1 to –0.07)–0.62 (–0.63 to –0.61)SD hour of intake

0.32 (0.3 to 0.33)0.55 (0.54 to 0.56)Weekly cross-correlation

Discussion

Principal Findings
This work showed that medication-taking habit is positively
correlated to medication adherence in a very large,
cross-pathology population of participants enrolled in clinical
studies. Medication-taking habit was quantified using 2

measures of the consistency in the timing of medication intakes:
day-to-day and week-to-week. The implementation component
of medication adherence was quantified using 2 measures: the
proportion of correct days and the proportion of doses taken.
The conclusion was the same irrespective of the habit or
adherence measure: the stronger the habit, the better the
medication adherence.
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The results showed no clear superiority of any of the 2 objective
habit metrics per the strength of their correlation with adherence.
The correlation of objective habit metrics with self-reported
habit metrics, which are the most frequently used habit metrics,
might be used to differentiate the 2 objective habit metrics.
Previous studies exploring this correlation are discussed in the
next section.

Comparison to Prior Work
The link between objective habit metrics and medication
adherence has been investigated in very few other studies. The
first one [11], performed by the authors on a much smaller
dataset, reported very similar results: (1) a negative correlation
between a measure of day-to-day variability and the proportion
of correct days and (2) a positive correlation between the weekly
cross-correlation and the proportion of correct days. The second
one [13], previously discussed, used a habit metric incorporating
adherence and reported an expected correlation between these
2 quantities.

Over 700 determinants of adherence have been reported [29].
Among all these determinants, objective habit strength seems
to be an important one, as it explained over 30% of the variance
in medication adherence in this work. This observation
empirically justifies studying objective medication-taking habit.

A question related to the present work is whether people use
time-based cues for taking their medications [10]. To answer
this question, the proportion of participants having 95% of their
intakes in a 1-hour window was computed. Only 3.6% of
participants met this criterion. In a previous study [10], 21.7%
of participants reported taking their medication at a specific
time of the day. These numbers mean that a minority of patients
rely on cues triggered by the clock and take medication at the
same time every day. This finding might explain why reminders
for medication adherence sent at a specific time of the day can
be ineffective [30].

Few studies have studied how well objective habit metrics for
medication adherence correlate with conventional self-reported
habit metrics. SD or other metrics of day-to-day consistency
were found to correlate with self-reported habit in 2 studies
[17,18], but not in a third one [11]. Weekly cross-correlation
was found to correlate with self-reported habits in 1 study [11].

Strengths and Limitations
First, the 2 objective habit metrics used in this study are
measures of consistency in timing, day-to-day, or week-to-week.
However, not all habits translate into consistency in timing, and
consistency in timing can originate from other factors than habit
[9]. In such cases, the objective habit metrics will not reliably
quantify the presence or absence of habit. On the other hand,
the objective consistency metrics have the advantage that they
do not endure biases associated with self-reported habit metrics,
such as recall bias.

Second, the dataset used in this paper was very large, so the
findings are likely to be generalizable to the whole population
of participants enrolled in clinical trials. On the other hand, no
conclusion about a specific disease, population, or time can be
drawn, because there would be a large confounding influence

of the underlying study design and specific medication
characteristics. The main result is that, in general, adherence is
related to objective habit.

Third, in this study, habit and medication adherence were
computed over a participant’s whole follow-up, until treatment
discontinuation. However, for a single participant, habit strength
may have changed throughout the duration of this study, for
instance, because of the introduction of a new device for
medication adherence monitoring. The evidence on the effects
that electronic adherence monitoring causes on adherence itself
is unclear [22,31]. The effects of electronic adherence
monitoring on medication-taking habit have never been studied,
to the best of the authors’ knowledge.

Another reason that may have caused individual changes in
habit strength is that some of the studies analyzed were testing
habit-building interventions. In such settings, the objective habit
metrics used in this paper can be computed over shorter periods
to capture the dynamics of habit formation and maintenance.
For instance, in the case of a specific habit-building intervention,
Pironet et al [32] observed that habit strength increased after a
6-month intervention and remained stable 6 months after the
intervention was stopped.

Future Directions
If a patient’s implementation adherence is measured
electronically, their habit can be computed continuously from
the recorded data and serve as a support for an intervention,
in-person or through a mobile app. The intervention could focus
on providing support to build a better medication-taking habit.
An example of such a mobile intervention is presented in the
study by Stawarz et al [33].

This work investigated the relationship between habit and the
implementation component of medication adherence. Other,
evenly important questions are whether objective habit indices
predict the quality of implementation over the longer term, and
if objective habit indices predict early treatment discontinuation.

Conclusion
In this study, the correlation between objective habit metrics,
computed from electronic medication intake data, and objective
medication adherence was assessed in a large database of
participants enrolled in past clinical trials. The 2 objective habit
metrics tested in this work were correlated to the 2 objective
adherence metrics. These 4 pairwise correlations all imply that
a lower variability in the pattern of medication intakes, be it
day-to-day or week-to-week, is correlated with higher
medication adherence. However, no variability is not the norm.

Objective habit metrics allow us to better identify patients who
might benefit from habit-building support. If a patient uses
electronic monitoring, the habit metrics can even be automated
and computed in real time, directly reflecting habit changes and
allowing for timely intervention. In addition, some effective
interventions for medication adherence are based on developing
or improving habits [5]. In such settings, electronic monitoring
can be used to assess the effect of the habit-building intervention
in real time [32].
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Abstract

Background: Caregiver-employees (CEs) for older adults experience a high burden to fulfill their dual roles. Caregiver-friendly
workplace policy (CFWP) has been used in many countries to balance employment and caregiving duties, but it is a relatively
new concept in Hong Kong.

Objective: This study explored the views and experiences of CEs, employers, and health care professionals regarding CFWP
(specifically for older adult caregivers) in Hong Kong.

Methods: This study explored the CFWP-related views and experiences in Hong Kong using 15 in-depth interviews with
purposively sampled CEs for older adults, employers, and health care professionals.

Results: Two context-related themes (“lacking leadership” and “unfavorable culture”) were identified with thematic analysis.
They explain the absence of CFWP in Hong Kong due to the lack of governmental and organizational leadership, and the additional
burden experienced by CEs because of the working culture that underpins work-life separation, overprizing business interest,
and unsympathetic corporate attitude. Implicit voice theory was applicable in explaining CEs’ nondisclosure about their status
at work due to potential risks. In addition, the two facilitation-related themes (“role struggle” and “inadequate support”) identified
in this study exhibit how the dual role had positive and negative spillover effects on each other and the inadequacy of social
welfare and health care support systems.

Conclusions: We strongly recommend exploring and adopting potential CFWP in Hong Kong, considering the complexity of
factors identified in this study.

(Interact J Med Res 2025;14:e58528)   doi:10.2196/58528
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Introduction

Background
In 2020, one billion people globally were aged 60 years or older,
which is expected to double by 2050 [1]. This unprecedented
increase in the aging population poses numerous economic,
political, social, and health care challenges [2]. One of the
pressing issues has been providing daily care to older adults.
However, the size of the professional and trained workforce has
not increased proportionately to meet this demand [3], driving
innovations in other fields, such as robotics, to relieve some of
the unmet demands of older people care [4]. Even in countries
where welfare systems are well established, family caregivers
provide most of the care and support for older adults [5].

Consequently, caregivers experience high burdens, strain, and
poor mental health outcomes such as burnout, anxiety, and
depression, as noted by several studies [6,7]. Many caregivers
may simultaneously engage in paid employment, referred to as
caregiver-employees (CEs), who may experience additional
burdens due to high professional and caregiving demands [8].
CEs experience significant impairments [7]; they are three times
more vulnerable to adverse health issues than non-CEs [9]. The
progressive decline in care recipients’ functional capacity
requires higher physical effort and caregiving time, resulting
in poor health and depression among CEs [10].

Health care professionals (HPs) have traditionally provided
psycho-educational support to promote caregivers’competency
and well-being [11]. In addition, employers (ERs) are
increasingly adopting caregiver-friendly workplace policies
(CFWPs) to mitigate some of the caregivers’ burden [7]. For
instance, about 80% of ERs in the United States provide some
CFWP [12]. CFWP typically includes flexible working
arrangements, support services, and paid or unpaid leave [13]
to help CEs manage their multiple roles and improve their
work-life balance [7].

The growing international commitment to sustainable
organizational behavior in which employee well-being is a
significant determinant of their productivity, and therefore,
organizational performance has accelerated the development
and widespread adoption of CFWP [14-16]. For instance, studies
have shown that in addition to employee well-being, CFWP
may be critical for promoting the productivity of CEs [17] as
they have been associated with improved overall health of CEs
by reducing occupational and overall stress, minimizing work
interruptions, and improving performance [18]. There are also
direct economic benefits accruing from adopting CFWP. For
example, educating CEs about their caregiving activities

generates a net benefit ranging from US $48,010 to US $675,657
for CEs and ERs [19].

However, the three core stakeholders of CFWP may have
different perspectives on the objectives, gaps, and limitations
of the existing policies against the context of, for example,
personal needs (for CEs), imparting caregiving competence (for
HPs), or improving organizational performance (for ERs). Thus,
exploring CFWP-related experiences and perceptions of CEs’
and other stakeholders, especially HPs and ERs, is imperative.
While several studies have reported the types and impact of
CFWP [13,17], there is a paucity of studies reporting
stakeholders’ perspectives on CFWPs. Although we could not
identify any study exploring the perspectives of CEs, one study
explored the perspectives of managers working in the Canadian
health care sector [20]. In addition, we could not identify any
academic literature, public policy, or articulated organizational
policy specifically devised for CEs caring for older adults.

Therefore, this study explored the CFWP-related views and
experiences of CEs from Hong Kong caring for older adults,
along with the views and experiences of local HPs and ERs
with prior experience with formulating or implementing CFWP.

Conceptual Framework
Since CFWP is a relatively new idea in Hong Kong, we adopted
the Promoting Action on Research Implementation in Health
Services (PARIHS) framework for this explorative qualitative
study. PARIHS was developed by the Royal College of Nursing
in the United Kingdom as a conceptual framework of interacting
elements to implement evidence-based practices [21]. The
framework’s key constructs, namely evidence, context, and
facilitation, were used to guide the interview with participants
regarding any future policy implementation.

To further add to the framework and explicate the facilitating
factors, spillover theory [22] and implicit voice theory (IVT)
[23] were used. The two theories orientate the questions from
the point of view of the CEs, whereby spillover theory explores
whether the interface between the microsystems of work and
family is positive or negative [24], and IVT takes the gaze
toward any perceived risks of inappropriateness of speaking up
or disclosure of status in an organizational hierarchy [25]. These
theories are fundamental in exploring the facilitation of CFWP,
in other words, the expectation of and potential actions of
stakeholders vis-a-vis the relatively new policy idea. Spillover
theory aids the exploration of the interactions of the dual
roles—work and caring—while IVT sheds light on whether
CEs could or would disclose their CE status and advance their
interests. Subsequently, the guiding theoretical framework
adapted for this study effectively superimposes IVT and
spillover theories on top of the PARIHS framework (Figure 1).
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Figure 1. Schematic diagram outlining the conceptual framework of the study. CFWP: caregiver-friendly workplace policy; IVT: implicit voice theories.

Methods

Study Setting
The economic and sociocultural factors in Hong Kong put carers
in a particularly precarious position. Economically, laissez-faire
has long been the foundation of Hong Kong’s stability and
prosperity [26,27]. However, free-market neoliberalism has
failed Hong Kong in terms of increasing social inequality
[28,29], leaving the economically and socially vulnerable even
more susceptible to discrimination and unfair treatment. In our
case, the CEs care for sick older people without their dual role
being recognized in the workplace. Socioculturally, the
experience of CEs is complicated by filial piety, the social value
of reverence, which significantly constrains the attitudes and
behaviors of the caregivers since Hong Kong households
emphasize moral obligation in a strictly hierarchical sense based
on the recognition of aid and care given to older adults [30].

The salient economic and sociocultural context of Hong Kong
is further complicated by Hong Kong’s aging population, which
is expected to rise sharply from 17% in 2016 to 37% by 2066
[31]. Similarly, the older people dependency ratio is expected
to increase from 5:1 in 2015 to 1.8:1 by 2064 [32]. The older
people dependency ratio is attributed to the high prevalence of
chronic disease in the older population; about 65% of the older
adults in Hong Kong have a chronic condition, while one-third
have at least two chronic conditions [33]. Furthermore, Hong
Kong has the fourth highest cost of living among cities globally
[34]. As a result, about 59.6% of the Hong Kong population is
significantly engaged in the workforce [35]. These population
trends indicate a high need for CFWP in Hong Kong and
underscores the urgent need to scale up CFWP in Hong Kong.
This need also emerged in our recent study in which 7% of CEs
in Hong Kong caring for people with Alzheimer disease had
signs of probable clinical depression and 10% possible mild
depression [36]. Furthermore, the responses of this study’s
participants indicated that CFWPs can directly improve their
mental well-being and organizational performance [36].

Study Design
This study was envisioned as theory-led research, considering
both conventional theories in the field of CEs study and
additional selected theories fitting into the context. Spillover
theory and IVT were selected to guide and inform this study’s
design, perspectives, and interpretative lens.

Qualitative case studies are particularly appropriate when
contextual conditions believed to be relevant to the phenomenon
are under investigation and when boundaries between the
phenomenon and context are unclear [37]. Given the absence
of CFWP in Hong Kong, the contextual conditions the CEs are
subjected to are relevant to CFWP because the potential
construction of CFWP is firmly based on the context at hand.
Therefore, a qualitative case study methodology involving the
three core stakeholders of CFWP, that is, CEs, HPs, and ERs,
was used in this study. Individual in-depth semistructured
face-to-face interviews were conducted to explore CEs’
experiences and needs while incorporating other stakeholders’
perceptions, which is well served by a naturalistic, qualitative
inquiry and triangulation of perspectives [38]. The data from
the interviews were subsequently coded for thematic data
analysis.

Hence, the study design adopted for this research allows the
issues surrounding CFWP in Hong Kong to be explored via the
lenses of multiple stakeholders who may harbor diverse and
potentially contrasting perspectives. This method is valuable
for health science research in developing interventions (ie,
CFWPs) because of its flexibility and rigor in studying complex
phenomena using several data sources [37].

Participants
The study participants included three groups: CEs caring for
older adults, ERs such as company management personnel, and
HPs providing ancillary services for CEs. The following
inclusion criteria were used for recruiting CEs: residents of
Hong Kong, employed full-time, concurrently taking up a
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caregiver role for either their parents or spouses aged older than
60 years, able to provide consent, and that participation would
not adversely affect their health or well-being. The eligibility
criteria for ER were business owners or executives of a company
with at least 10 employees and at least 5 years of management
experience; for HP, licensed individuals who provided health
care services and had at least 5 years of experience related to
caregiver service were eligible.

As the time frame for data collection was limited, a purposive
sample was used to select participants who already had some
CFWPs-related background knowledge or experience. Potential
participants were initially identified by referrals from a scholar
in a local research institute specializing in caregiver welfare,
followed by a review of participants’prior participation in policy
forums and public campaign platforms. This process ensured
that the participants were familiarized with the concepts of CE
status and the relevant rights and burdens in Hong Kong.
Additional participants were identified through the snowballing
technique.

Study Instrument
The semistructured in-depth interviews were conducted using
a discussion guide consisting of 17 questions (Multimedia
Appendix 1) related to three aspects: (1) respondents’ personal
experience with CEs, (2) their attitudes and preferences for
policies, and (3) their perceptions of a caregiver-friendly
workplace. The discussion guide was developed based on (1)
a thorough literature review, (2) the master’s thesis of the first
author [39], and (3) the recommendation of two expert panels
of researchers specializing in the field of caregivers (ELW from
the Chinese University of Hong Kong and XB from the Hong
Kong Polytechnic University).

The interview guide was adapted for each participant type. Thus,
three sets of interview guides directed the in-depth individual
interviews for the three groups of participants. The interview
guide for the CEs consisted of a checklist inquiring about the
basic demographics of the CEs and their care recipients,
followed by open-ended questions about their personal
experience on the caregiving journey, encounters on their dual
roles, and their interactions with regulatory frames and other
actors within the workplace context. The interview guide for
ERs started with a checklist to establish basic information about
the company, followed by questions about their perspective on
the current situation and potential for CFWP. For HPs, the guide
outlined their observations and perspectives on CE’s experience
and CFWP.

Interview Process
The initial interviews were conducted face-to-face in informants’
offices but later switched to videoconferencing due to the
COVID-19 pandemic. All interviews were audio recorded.
Interviews ranged from 20 to 70 minutes. The interviews were
conducted in Cantonese (Hong Kong dialect) and then translated
and transcribed into English verbatim.

The participant’s written consent and demographic information
comprising their age, sex, working position, and marital status
were obtained before the interview. During the interview,
conversation starters were used to open up the participants so

they would feel more at ease and provide the most candid
response. Prompts were used to elicit more specific and detailed
responses to fully explore their experience and perception
[40,41].

Thematic Framework Analysis
Thematic framework analysis based on the conceptual guiding
framework was adopted. Data coding and analysis were
independently conducted by two researchers (MML and XB)
to ensure the consistency and reliability of the translation from
Chinese to English.

The five stages of the analytical process comprised
familiarization, identification of a thematic framework, indexing,
charting, and mapping and interpretation [42]. The MAXQDA
2018 analysis tool (VERBI GmbH) was used to index all
transcribed data. A total of 209 indexes were charted into 4
parent themes and 65 subthemes. The last stage, mapping and
interpretation, was used to gauge the prominence of key themes
and subthemes across the full list of participants. While the
guiding framework informed the specification of questions and
the main categories or themes of interest, the themes specified
and explicated by this inquiry reflect participants’ views. In
other words, any strategy or recommendations emerging from
this research echo the participants’ attitudes, beliefs, and values
[43]. Data credibility was established by obtaining validation
from some participants on the accuracy of how their experiences
were registered in the form of interview transcripts. Some
participants were also invited to review the interpretations to
ensure their beliefs were accurately represented, thereby
minimizing bias.

Ethical Considerations
Research ethics approval was granted by the Imperial College
Research Ethics Committee and The Hong Kong Polytechnic
University Department of Applied Social Science Research
Committee on June 6, 2018 (reference 18IC4581) and May 1,
2018 (reference HSEARS20180413002), respectively. Written
consent was obtained from interview informants after the
purpose of the study, and the plan for data confidentiality,
analysis, storage, and dissemination was explained to them. All
data were anonymized and kept in password-protected folders
accessible only to the project supervisor and the research
student. Participants were not provided monetary or material
compensation for participating in this study.

Results

Participant Demographics
A total of 15 participants were interviewed between May and
June 2018. The CEs (n=9; CE1-9) comprised 4 female and 5
male participants aged 20-70 years from four industries (banking
or finance, technology, service, and education), with caregiving
experience ranging from 0.5 to 13 years (Table 1). Three of the
CEs had previously quit jobs because of caregiving roles. The
major conditions leading to the caregiving roles were depression,
dementia, physical disabilities, and tumors.

The HPs (n=3; HP10-12) comprised a geriatrician (HP10) who
has been engaged in geriatric medicine for over 35 years in
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private and public practice and two social workers (HP11 and
HP12) with over 5 years of experience in different contexts,
such as crisis intervention, end-of-life care management, and
daily support services (Table 2).

The company personnel (n=3; ER13-15) were drawn from big,
medium, and small enterprises engaging in retail, law, and
technology, respectively (Table 3). Only ER15 works in a
company with a Family-Friendly Employers Scheme by the
Hong Kong Government [44].

Table 1. Characteristics of CEsa included in this study.

Ever quit a job because
of the caregiving role

Experience as a
caregiver (years)

Condition of the care recipi-
ents

Industry (seniority)Age group
(years)

SexInformant code

No5Brain tumorBank (junior)21-30FbCE1

No6DepressionRetired; bank (senior)51-60FCE2

Yes2Lung cancerAccounting (middle)21-30FCE3

No10DepressionTechnology41-50FCE4

No2Joint disorderPrimary school teacher31-40FCE5

No0.5Physical disabilitiesSecurity guard51-60McCE6

Yes13DementiaRetired; bank (senior)Older than 60MCE7

No10DementiaServicing industry (middle)41-50MCE8

Yes8StrokeSecondary school teacher41-50MCE9

aCE: caregiver-employees.
bF: female.
cM: male.

Table 2. Characteristics of HPsa included in this study.

Years of practiceProfessionInformant code

>35GeriatricianHP10

>5Social worker and gerontologist; specializes in end-of-life careHP11

>5Social worker; specializes in caregiver servicesHP12

aHP: health care professional.

Table 3. Characteristics of ERsa included in this study.

Awardee of family-friendly
employers

PositionIndustryCompany sizeInformant code

NoOwnerLegal200ER13

NoSenior ManagerTechnology10ER14

YesDirector, Human ResourcesRetails2000ER15

aER: employer.

Current Overview
Interviews with all three CFWP stakeholder groups indicated
the lack of formal workplace policy directly addressing CE
issues. CEs further highlighted that any accommodation to their
needs was made by management on a case-by-case, informal,
and discretionary basis. Only two participants reported some
form of formal workplace support for CEs. These
family-friendly policies included a home office program and
monthly 2-hour early leave for CE1 and CE4. These policies
applied to all employees where CE1 and CE4 worked. Both
CEs perceived these policies positively, exemplified by the
remarks:

It makes a difference. It has reduced stress drastically.
It is much easier to manage time, physical health
(tiredness), and mental and emotional needs. [CE4]

Thematic Analysis

Overview
The thematic analysis yielded 65 codes (Multimedia Appendix
2) categorized into four main themes: (1) lacking leadership,
(2) cultural factors, (3) role struggles, and (4) inadequate
support.
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Lacking Leadership
A lack of guidance in laws or social policies for realizing CFWP
in Hong Kong was evident during the interviews. All ER
participants perceive that companies lack the resources,
knowledge, and experience to support CEs. They consider
government leadership essential, such as subsidies, guiding
policy, and technical support. All three ER informants expressed
willingness to adopt CFWP if the government takes the lead
first. For example, one ER stated:

Government taking the lead is important. As long as
there are some initiatives in the Employment
Ordinance, corporates will initiate to follow...Citing
paternal leave is a good example...How can he be
part of the family throughout the journey? If
considered, you could be surprised what the
corporates would offer. [ER15]

Within the organizational leadership, many operational factors
and competing priorities influence ERs’ decisions in adopting
CFWP in Hong Kong, such as cost, fairness, potential uptake,
and inadequate resources. ER13 reflected that caregiving roles
and mental illnesses are stigmatized in Hong Kong, limiting
potential service utilization. Smaller companies are hesitant to
adopt CFWP officially for the potential cost implications and
further responsibilities it might entail. ER14 remarked that
formalization may unleash other obligations. ER14 and ER15
admitted they have other priorities, such as childcare, over
CFWP. For example, ER15 highlighted, “Corporates might
perceive not all older adults need help, but all children need
care.” HP10 confirmed that children-friendly work arrangements
are common but not CFWP in Hong Kong.

Cultural Factors
CFWP aims to promote holistic integration of work and life by
enabling CEs to balance their roles as employees and caregivers.
However, some observations made by participants seem to
suggest that the fundamental tenets of CFWP may be at odds
with cultural and workplace values in the Hong Kong setting.
The concept of work-life separation, rather than work-life
balance, is highly prevalent in Hong Kong. A total of 6 (67%)
out of 9 CEs indicated that it is an established norm in Hong
Kong to separate personal or private concerns from work, if not
altogether, rendering them secondary to work concerns. In other
words, personal issues should not be imposed on workplaces.
Failure to detach from personal stress at work could entail a
reproach from management. For instance, CE7 recalled that his
manager remarked, “Don’t bring this burden to work. Once you
clock in, you better not have this burden in your mind.”

Four CE participants stated that the prevalent corporate attitude
in Hong Kong prioritizes business interests over employees’
well-being. The participants highlighted a culture of assumption
of total work commitment from employees that leaves little
room for considering CEs’ concerns. They further intimated
that this culture makes it difficult for CEs to raise the issue of
caring for loved ones with their managers. HP10 shared this
sentiment rather strongly while stating, “Employers expect
slavery, working 10 hours, better not to go home, not taking
leave, not getting sick, without seniors at home, no marriage,
no relationship, and no children.”

This attitude of management caused acute stress for employees
and potential conflict with management when urgent health
issues of the family care recipients need to be dealt with while
the CE is at work. At these times, CEs find themselves in a
dilemma of multiple roles and uncertainties. For example, one
CE stated:

It was so stressful every time my mother called when
I was at work...I was so nervous. Because of the
long-term mental stress, I have hypertension. [CE7]

All CEs lamented a general lack of compassion from their ERs
and colleagues. CEs must take formal leave because “caregiving
roles occur outside work hours.” As a result of the
unsympathetic attitude, 6 CEs chose not to disclose their CE
status and remained silent, while others became more stressed
or decided to quit. CE5 described her organization’s
management as so apathetic that she chose not to disclose her
chronic condition as well. She regarded her role in the
organization as “replaceable.” Therefore, letting management
know her caregiving role was not an option. She felt that she
had no power or involvement in the decision-making process
concerning her disease or her caregiving role because of the
hierarchy of her organization. CE5 and HP11 attributed this
passivity from the ERs to the assumption that the government
should take full responsibility for supporting CEs.

CEs also spoke of colleagues’ indifference to their
circumstances. Fear of gossip limits CEs from disclosing their
circumstances. Disclosing could be perceived as an excuse to
do less work, as exemplified by a statement:

Trust is important, so information about me will not
be spread around...I don’t want people to see it as an
excuse [weakness]. I don’t want people to see me
using my mother’s condition as an excuse to do less
work. [CE3]

CE6, a security guard, believes that disclosure could dangerously
affect his position in the organization. Conversely, CE4, a senior
manager, expressed no hesitation or concerns regarding
disclosure of his CE status. This indicates that seniority in the
corporate hierarchy influences how empowered CEs may feel
about disclosing their status.

The notion of the primacy of work over personal concerns is
also reflected in CEs’ behavior. Most CEs took it upon
themselves to overcome additional burdens at work and were
either not keen or could not seek help and share burdens with
others. They expressed high expectations of themselves as
employees and caregivers, compounding the stress. One HP
noted:

They (CEs) will just impose the problems on
themselves. They choose not to take absences but
work until midnight to care for the older adults.
[HP10]

This work ethic exacerbates the stress experienced by the CEs.

Role Struggle
All CEs expressed experiencing struggles navigating the
different roles as employees, caregivers, parents, partners, and
friends. They felt the urge to reprioritize values in life as they
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often take on a reverse role, from a child to a guardian for their
frail parents. CEs reported that the caregiving role influenced
their behaviors and decisions, like spending patterns or quitting
a job. For instance, one CE stated:

I didn’t want to abuse the system or the job and
wanted to prioritize my students’learning experience,
and that’s why I decided to quit. [CE9, teacher]

CEs sacrificed their time to undertake the caregiver role at the
expense of self-care, potentially causing a loss of personal
identity and difficulties connecting with themselves and others.
As CE1 stressed, “The biggest change is the loss of friends and
my personal time. All my time was devoted to family needs.”
In the case of CE7, he was abandoned by his wife after his
full-time caregiving role forced him to quit his job. Thus,
reprioritization of values could wreak havoc on family integrity.
In addition, reprioritization may result in unmet psychological
and emotional needs, introducing an identity struggle that further
overwhelms the CEs. In this regard, CE7 remarked, “I need to
look at myself as another person to live up to my caregiving
role.”

It is difficult to strike a balance between caregiver and employee
roles. The intensity and stress of these roles are inseparable and
nonexclusive, which may lead to a downward spiral if no support
is available. New CEs may be more prone to this balancing
problem because they lack institutional support and resources
to prepare for these dual roles. For instance, one CE stated:

It was very difficult to adjust at the beginning...Letting
go of work stress and switching to caregiver mode
was very difficult. [CE1]

Conversely, work could also be a protective factor for CEs to
take on caregiving roles. Engagement at work can alleviate the
caregivers’ stress if balance can be attained. This was best
exemplified by the statement:

If the caregiving role is 24/7, you will lose the
meaning and make caregiving an obligation. It will
become a burden. Especially in Hong Kong, where
living space is so small. If you only take on the
caregiving role, it can feel like being trapped in a
cage. [CE8]

The unavoidable familial tension—reported as “unresolved
childhood emotions”—further rarifies the role struggle. HP12
spoke about how the inner child of the caregivers can be a
vulnerability: “Since the care recipients are the parents who
have shaped a large part of the caregivers’ lives, a single gesture
or action could trigger emotional stress from trauma as far [back]
as those from childhood.” CE5 exemplified inner child struggle
as well. She reflected that she found it unfair that she had to
care for her father, who had done little to support the family
during her childhood. Even though she has become financially
independent, CE5 would readily associate the overwhelming
stress of the caregiving role with the powerlessness and lack of
confidence in her child-self because of the wounds caused by
her father. These emotions could intensify the present role
struggle.

Inadequate Support
CEs exhibited a feeling of hopelessness mainly because of the
uncertainties they faced. This hopelessness is exacerbated by
the minimal assistance and support received, as explained by
one HP:

Hopelessness...because chronic illnesses have no
foreseeable end. The uncertainty of knowing how long
the suffering will last causes hopelessness. The
caregivers’ task lists don’t end either. It never ends.
It is endless. [HP11]

There is limited information to prepare and enable caregivers
to live up to their roles. Besides limited information from
doctors, there is a lack of reader-friendly, timely, and
high-quality information. HP 10 remarked, “There is a serious
need for information support...Hearsay is commonly found but
useless.” All CEs were frustrated in finding the quality
information they needed to live up to their roles, including those
related to social welfare support and handling the needs of care
recipients. Most CEs had little idea about available social
welfare support resources because of limited public awareness
and promotion programs. In this context, one CE stated:

The hospital didn’t actively promote them to us. And
we didn’t expect there is this kind of thing. It was
difficult to find appropriate information. Doctors at
public hospitals would not have the time to
explain—only standard treatment procedures. But
they didn’t talk about the side effects or things about
daily care to know. I was quite lost. [CE3]

Most CEs perceived the information provided by social welfare
support as inadequate. One of the social worker informants
confirmed that due to potential conflicts of interest in
recommending a specific service provider to caregivers, it is
normal for caregivers to receive a long list of providers without
recommendations, which can be confusing. The inadequate
quality of information and the lack of promotional programs
cause an information gap that makes CEs’ caregiving journey
challenging.

Accessing social welfare support is limited because of the high
qualification threshold. Most cases are in the middle of the scale
and ineligible for financial or physical support like respite care
or home care services. In addition, the resources designated for
caregivers are generally meager. One CE responded:

The social worker has only 1% of her work duties
devoted to handling cases...she made decisions on
my behalf without telling me about the rationale and
the context. [CE9]

Such negative experiences further discourage CEs from seeking
social welfare support. ERs noted the need to match the services
of providers with users, particular conditions they are facing,
and the stage in the caring process. HP13 reported that CEs’
characteristics influence service quality and satisfaction.
Matching is crucial in the first stage to ensure good quality,
according to ER9.

Health care providers agreed that social welfare support is
inadequate because of fragmentation and lack of crisis
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intervention. Crisis intervention services are available only to
hospitalized cases. The chances of accessing them after
discharge are minimal. The care system is fragmented and
superficial because social workers have other challenging roles
besides carer services. Social workers might chase the number
of cases under their purview instead of going deeper individually
by enhancing the caregivers’ well-being or counseling them.

Besides limited resources and services, operations and priority
matrix do not favor caregivers’ referrals for social support, as
exemplified by the following statement by HP10: “Relying
exclusively on their doctors is not enough when these doctors
are extremely busy.” CE3 further reflected that health care
providers’ attitudes often lacked empathy and professionalism,
resulting in disappointment and frustration. The lack of empathy
or indifferent attitude of health care practitioners intensifies
CEs’powerlessness. In this regard, CE3 stated, “Since time and
resources are scarce in the public hospital, they wouldn’t prepare
you mentally for the situation. They would just tell me the
symptoms and options and seek our consent for surgery
immediately. There was no time allowed for our consideration.
Everything was mechanical.”

There are also substantial barriers to accessing professional
mental health services for caregivers. For example, waiting time
is considerably long, and according to HP12, “only serious
cases, such as suicidal attempts, might be considered for the
clinical mental health services.”

Discussion

Principal Findings
This study explored the CFWP-related views and experiences
of multiple stakeholders (CEs, ERs, and HPs) in Hong Kong,
guided by a theoretical framework that oriented the interest
toward exploring CE experiences in depth (IVT and spillover
theory) and exploring the potentials of CWFP as new ideas
within the broader context (PARIHS framework). Principal
findings were broadly organized under two context-related
(“lacking leadership” and “unfavorable culture”) and two
facilitation-related (“role struggle” and “inadequate support”)
themes.

Regarding CFWP, Hong Kong lags behind other aging Asian
societies, such as Japan and Taiwan, which have already adopted
93 [45] and 21 [46] leave days for CEs, respectively. Lack of
clear leadership and confusion in public policy roles and
guidance was highlighted as one of the primary reasons why
explicit CFWPs are absent in Hong Kong, despite the urgent
need for CEs and the apparent willingness of ERs to adopt
CFWP. The government taking the lead in establishing guiding
frameworks for CFWP, both in law and administration, appears
to be the critical missing link. Given that Hong Kong’s health
care system bears colonial inheritance [47], the United
Kingdom’s Care Act could prove instructional. The UK Care
Act was implemented in 2014 to protect the rights of caregivers.
The law provides provisions for the local authorities to identify
CEs’ needs by assessing private companies [48]. These
provisions allow the UK government to strategically partner
with private companies and provide support and services for

ERs to achieve caregiver-friendly working environments [49].
Similar legal protection and policies adapted to the local context
will be instrumental in widespread CFWP adoption among Hong
Kong companies.

Regarding organizational leadership, welfare ideology and
operational concerns are the two factors hindering the
formulation and uptake of CFWP. Hong Kong’s long-standing
universal welfare ideology, described as distorted toward the
government presumably providing for welfare in aging and
antipoverty programs [50], fuels companies’ denial of their
corporate responsibility in addressing the needs of the CEs. This
study also shows that operational factors, such as cost, potential
uptake, and inadequate resources, prevent CFWP from gaining
prominence in the organizational leadership agenda. However,
the absence of CFWP is far more costly in the long run due to
increased absenteeism, reduced work productivity, increased
turnover, and work disruptions [51]. Sustainable long-term
organizational growth would require well-considered
organizational leadership that addresses this substantive issue.

In addition, local cultural factors were also identified as
hindrances to CFWP adoption, such as issues concerning
work-life separation, total work commitment, and lack of
compassion from management. The Confucian work ethic of
hard work, perseverance, and patience is also deeply embedded
among Hong Kongers [52]. The sentiments and behavior
reflected in our study affirm the prevalence of these values and
further indicate that these may not always be compatible with
the underlying principles of CFWP. The associated taboos and
risks of speaking up, as perceived and experienced by CEs,
further demonstrate the assertions of IVT that explain the risks
and inappropriateness of speaking up.

Older adults may have diverse and unexpected health care needs
that are not always associated with chronological age [53]. Thus,
adopting a caregiver-friendly workplace culture conducive to
compassion and acceptance of CE’s circumstances is necessary.
Such cultures include supportive management, a trusting
environment, and establishing top-to-bottom leadership [54].
An empathic and caregiver-friendly culture would potentially
encourage CEs to identify themselves (rather than implicit voice
spaces), and incorporating flexibility and acceptance into
business management and work culture enhances employee
commitment [55].

Regarding role struggles, our findings indicate that there may
be positive and negative spillovers between work and family,
upholding the constructs of spillover theory. For some CEs,
work can serve as a break from caregiving roles, and hence, be
a protective factor, while the high burden of dual roles can force
some CEs to quit work, sacrifice self-care, or even get
abandoned by family members. For instance, a study focusing
on the well-being of Hong Kong male caregivers reported that
work has protective effects by improving caregivers’ resilience
and overall well-being [56]. Therefore, role-balancing is key
because it rewards CEs with a sense of satisfaction and
fulfillment and also avoids any ramifications by giving up paid
employment for caregiving roles [57]. CFWP, which promotes
and engages CEs to balance work and life, is critical for
positively managing this spillover effect. These findings are
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consistent with existing literature that CFWP reduces
absenteeism and sick leave rates and increases employees’
productivity, loyalty, engagement, and morale [58-60].

The inadequacy of support was amply reflected by CEs and
HPs alike. Even though family caregiving has become more
demanding, complicated, and longer-lasting than in the past,
caregivers are often underprepared [61]. This study further
highlights that CPWP is most needed by CEs who have just
commenced the caregiving role and experience acute crisis
because of little preparation and knowledge about their new
role. This, in turn, emphasizes how support for new caregivers
is critical for the short and long-term well-being of both CEs
and their care recipients. Caregiver preparation and education
are vital in reducing psychological stress and coping with the
situation better [62-64]. Companies can bridge the information
gap and facilitate matching according to their unique
demographics and the needs of caregivers. CFWP is, therefore,
imperative to help new CEs navigate their caregiving journey.

Previously, caregiving tasks in Hong Kong could be shared
among siblings when family sizes were larger. However, nuclear
families have become the norm in Hong Kong, with an average
household size of 2.8 members [65]. Future generations are
expected to have even fewer siblings sharing caregiving
responsibilities, which is bound to compound and intensify the
burden and sense of powerlessness. Therefore, effective CFWP

is needed to ensure support for income earners to avoid the
myriad adverse effects on individuals, society, and businesses.

Limitations
The major limitation of this study is that we predominantly
recruited CEs engaged in full-time work, which may not fully
reflect the views of CEs who are part-time or unemployed. In
addition, CE participants in this study were well primed to
reflect on these issues as they were already actively engaged in
policy consultations for CFWP, limiting the generalizability of
our findings.

Conclusions
This study is the first inquiry into the experiences of CEs and
factors that may influence the adoption of CFWP in Hong Kong.
The qualitative methodology and the purposively identified
participants have provided a glimpse into the lives and
tribulations of this otherwise invisible but growing population
group. Our findings strongly indicate that Hong Kong’s current
workplace policy frameworks fall short of meeting the
immediate needs of CEs and the long-term interests of
companies and society. We urge actors to explore and adopt
potential CWFP for Hong Kong, considering the complexity of
factors explored in this study, including unique cultural
dynamics and structural factors related to the aging population
and ever-increasing health care burden. Future research should
identify CEs who need the most support and pinning down the
most optimal forms of regional law and organizational policy.
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Abstract

Background: Adults who switch completely from smoking cigarettes to using electronic nicotine delivery systems (ENDS)
substantially reduce their exposure to toxicants and carcinogens that are associated with smoking-related diseases.

Objective: This 6-week actual use study—a prospective uncontrolled real-world study designed to evaluate quasi-naturalistic
product use—aimed to assess switching behavior among US adults who smoked cigarettes and were provided with JUUL2 ENDS
products.

Methods: US adults who smoked cigarettes every day but were predominantly not ready to quit (N=1160; mean age 39.42, SD
11.03 years; 641/1160, 55.26% female participants; 667/1160, 57.5% non-Hispanic White; mean cigarettes per day 14.11, SD
8.96; only 1% [11/1160] planning to stop smoking within 30 days; and 481/1160, 41.47% dual users) were recruited to use JUUL2
ENDS products (18 mg/mL nicotine) in 1 of 5 flavors in real-world environments for 6 weeks. Participants who expressed
sufficient interest in using JUUL2 products were enrolled at 24 different consumer research sites across the United States into
one of the two following study arms: (1) traditional flavors (Virginia Tobacco and Polar Menthol, 10 sites); or (2) complex flavors
(Autumn Tobacco, Summer Menthol, and Ruby Menthol, 14 sites). No instructions regarding JUUL2 product use or cigarette
smoking were provided. After a 1-week trial period, participants were provided with their preferred flavor for 6 weeks of ad
libitum use (10 pods per week). In total, 6 weekly web-based surveys were used to assess switching (smoking abstinence) and
smoking reduction; dependence and respiratory symptoms were assessed at baseline and week 6.

Results: Across the 5 flavor groups at week 6, the rates of complete past-7-day switching away from cigarettes ranged from
38.2% (79/207) to 47.3% (95/201), and 24.3% (55/226) to 33.9% (74/218) of participants reported complete past-30-day switching.
Participants who used the 3 menthol-flavored (vs 2 tobacco-flavored) JUUL2 products had significantly higher rates of past-30-day
switching at week 6 (odds ratio 1.36, 95% CI 1.04-1.78). Compared to their baseline values when they were smoking, the
past-30-day switchers at week 6 had significantly reduced their dependence (mean differences in dependence, cigarettes – JUUL2:
0.57-0.99; P<.001) and self-reported frequency of respiratory symptoms (P<.05). Among participants who continued to smoke
at week 6, 50.9% (59/116) to 62.9% (73/116) reduced their daily cigarette consumption by at least 50% from baseline.

Conclusions: Adoption of JUUL2 ENDS products can likely help substantial proportions of US adults who smoke to switch
completely away from cigarettes or meaningfully reduce their cigarette consumption, thereby reducing their dependence on
tobacco products and improving their respiratory symptoms.

(Interact J Med Res 2025;14:e60620)   doi:10.2196/60620
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Introduction

Background
Evidence demonstrates that adults who switch completely from
smoking cigarettes to using electronic nicotine delivery systems
(ENDS) substantially reduce their exposure to toxicants and
carcinogens that are associated with smoking-related diseases
[1-4]. Accordingly, the primary public health benefit of ENDS
is derived from facilitating switching behavior among adults
who smoke.

For ENDS products that are currently marketed in the United
States, observational studies and randomized trials have assessed
switching behavior among adults who smoke [5-9]. However,
for premarket ENDS products (ie, those not currently marketed
in the United States), evaluating naturalistic product use
behaviors and transitions over time in real-world settings
requires providing the premarket product to adults who smoke
cigarettes. Actual use studies—prospective uncontrolled
real-world studies designed to evaluate quasi-naturalistic product
use—are the primary method for assessing the use of premarket
tobacco products under ecologically valid conditions. Actual
use studies were initially developed for pharmaceuticals to
determine whether prescription drugs could be switched to
over-the-counter sale by assessing use and safety of the drug in
real-world settings designed to mimic over-the-counter use
[10,11].

In recent years actual use studies have evaluated use of tobacco
products, including oral nicotine pouches [12,13] and heated
tobacco (heat-not-burn) products [14,15], among adults who
smoke to prospectively assess changes in cigarette smoking
following quasi-naturalistic use of the new tobacco products in
real-world settings. In contrast to randomized cessation trials,
actual use studies do not require participants to have active plans
to quit smoking to qualify, do not set explicit goals for product
use or smoking, and do not provide instructions, encouragement,
or behavioral support to quit. Thus, actual use studies are
particularly well-suited to evaluate the ability of ENDS to
facilitate switching behavior (smoking abstinence) following
periods of unguided self-determined use.

The JUUL2 system is a next-generation pod-based ENDS
product that is designed to facilitate high levels of complete
switching away from cigarettes among adults who smoke
cigarettes. Pharmacokinetic studies show that JUUL2 18 mg/mL
(1.5% nicotine by weight) products can deliver similar levels
of nicotine as ENDS products with higher nicotine
concentrations due to increased aerosol production [16], and
behavioral pharmacology data demonstrate that Polar
Menthol–flavored 18 mg/mL JUUL2 pods are rated as
significantly more satisfying than menthol-flavored pod-based
ENDS with 5% nicotine concentrations [17]. The JUUL2 system
is currently marketed in the United Kingdom; however, there
is a lack of real-world data on the switching potential of these
JUUL2 products among US adults who smoke.

Objectives
The primary aim of this actual use study was to evaluate
complete switching away from cigarettes (ie, past-7-day and
past-30-day smoking abstinence) among US adults who smoked
cigarettes every day and were provided with JUUL2 products
in their preferred flavor for 6 weeks. Secondary aims of the
study were to assess: (1) changes in dependence and respiratory
symptoms among participants who switched completely away
from smoking at week 6; (2) changes in cigarette consumption
among participants who continued smoking at week 6; (3)
patterns of JUUL2 product use and subjective responses to
JUUL2 products; and (4) factors associated with switching
behavior, including JUUL2 study product flavor (menthol vs
tobacco), cigarette flavor of usual brand (menthol vs
nonmenthol), and baseline ENDS use (dual use along with
cigarette smoking).

Methods

Design
The study was designed as an actual use study—a prospective
real-world study intended to simulate quasi-naturalistic product
use—in which US adults who smoked cigarettes were provided
with JUUL2 study products in participant-selected flavors for
6 weeks of ad libitum use in their natural environment. All
potential participants first completed an initial prescreening
survey (in person or via telephone) and then the formal
recruitment screening on the web. The study had 2 distinct arms,
implemented at separate research sites with different geographic
catchment areas that tested 1 of the 2 following flavor series:
(1) traditional flavors (Virginia Tobacco and Polar Menthol),
which correspond to ENDS flavors that have been authorized
for marketing by US Food and Drug Administration (FDA; 10
sites); or (2) complex flavors (Autumn Tobacco, Summer
Menthol, and Ruby Menthol), which represent adult-oriented
flavor mixtures that have not yet received market authorization
from FDA (14 sites). The 2 arms were conducted at distinct
sites and did not share participant pools to evaluate traditional
and complex flavors independently. The decision to separate
the traditional and complex flavors was an a priori design based
on differences in the composition of traditional and complex
flavors (see Study Products section), with implied different
regulatory positions (ie, FDA has authorized tobacco- and
menthol-flavored ENDS, but has not yet authorized nontobacco
or nonmenthol flavors or blends), and to avoid the complexity
of each participant and site testing all 5 flavors. Study design
and procedures for the 2 arms were identical, and the geographic
and demographic position of the research sites were roughly
parallel, but sites recruited participants from their local
catchment area, thus there was no overlap in potential
participants across study sites. Importantly, participants were
not assigned to sites or arm by the study (randomly or otherwise)
but were recruited from each site’s distinct geographic
catchment area. The study sponsor did not play any role in the
recruitment of participants and individuals were primarily
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recruited from existing databases maintained by the study sites
or in person (not sponsor databases).

Eligible participants first completed a 1-week trial period to
determine which flavor they would exclusively use for the
6-week actual use period. During the 6-week actual use period,
participants completed weekly web-based survey assessments
(Multimedia Appendix 1).

At prescreening, participants were informed that the research
study involved using new electronic cigarette products for 7
weeks and that participation in the study did not require stopping
smoking cigarettes—the study was not framed or described as
a study of behavior change or smoking cessation. During the
trial week and 6-week actual use period, no goals or instructions
were provided regarding cigarette smoking; participants could
smoke ad libitum throughout the study, or reduce or forego
smoking, at their discretion. Similarly, no instructions (beyond
the user guide included in the product package) were provided
regarding use of the JUUL2 study products with respect to
amount or persistence of use. The only directions were those
that come with marketed products, describing how to use the
product and how to charge the device.

Participants
The study sample included healthy non–treatment-seeking
English-speaking US adults (aged 22 to 65 years) who smoked
cigarettes every day and lived close to one of the 24
shopping-mall–based study sites distributed across 15 states
(Multimedia Appendix 2). Eligibility criteria were as follows:
(1) smoked ≥100 combustible tobacco cigarettes in their lifetime
and smoked cigarettes for ≥12 months before screening; (2)
smoked cigarettes every day and smoked an average of ≥5
cigarettes per day; (3) interested in trying and using JUUL
ENDS products; (4) access to a computer or laptop, smartphone,
or tablet with internet access; (5) provided consent for
participation and acknowledged willingness and ability to
comply with all study requirements. Interest in stopping smoking
was not an eligibility criterion.

Exclusion criteria included the following: (1) use of any nicotine
replacement therapy (eg, patch and gum) or prescription
smoking cessation medications (eg, varenicline and bupropion)
within 30 days before screening; (2) diagnosis of a clinically
significant medical (eg, asthma, chronic obstructive pulmonary
disease, heart disease, high blood pressure, and cancer) or
psychiatric disease; (3) was pregnant, nursing, or intended to
become pregnant at any time through the end of study; (4)
participated in a research study about tobacco products or ENDS
within the past 30 days; (5) was a current or former employee
or related to a current or former employee of the tobacco or
ENDS industry or any vendor associated with conduct of the
study; and (6) operated or lived with family member who
operated any home childcare or health care services. There were
no eligibility criteria regarding prior use of ENDS; participants
could be ENDS naive, former ENDS users, or current dual users.
Recruitment aimed to enroll a diverse sample with respect to
sociodemographic and tobacco product use characteristics,
according to the following soft quotas: (1) ≤60% of male or
female participants; (2) at least 35% of participants who
identified as non-Hispanic White; (3) ≥50% participants aged

<45 years; (4) ≥40% of participants who smoked mentholated
cigarettes; and (5) ≥50% of participants who had ever used
ENDS. Individuals were primarily recruited from existing
databases maintained by the study sites and the study sponsor
did not play any role in recruitment of participants.

Ethical Considerations
Participants provided written informed consent. All surveys
were completed remotely on the web. Participants were
compensated US $20 for completing the baseline assessment,
US $15 for completing the product trial assessment, and US
$25 for completing each weekly assessment. Additional
compensation was provided for completing all study assessments
and returning study products, with maximum total compensation
of US $450. The Advarra Institutional Review Board approved
the study protocol (Pro00068019).

Procedure
Following enrollment, participants completed the baseline
survey on the web and visited their study site, where they were
provided with a JUUL2 device, charging dock, and 2 pods of
each of the flavors in their respective study arm (2 traditional
flavors or 3 complex flavors) for a 1-week product trial period.
Participants were instructed to use each flavor for at least one
day, enough to form an opinion of the product; no other
instructions were provided. After the trial period, participants
completed a brief web-based survey in which they rated their
interest in each of the trialed JUUL2 pod flavors. These
responses were used to determine if participants qualified for
the 6-week actual use period and which flavor they would use
(see Interest in Using and Purchasing JUUL2 Products
subsection of Measures).

At the start of week 1, participants received an additional JUUL2
device. Every 2 weeks (at the start of week 1, week 3, and week
5) participants were provided with 20 pods for use during the
upcoming 2 weeks (10 pods per week, 60 pods total).
Participants were invited by email to complete assessments at
the end of each of the study weeks and received compensation
upon completion of each weekly assessment. Participants had
3 days from the initial invitation to complete the weekly surveys
and they received multiple reminder emails prompting them to
complete the assessment (surveys not completed within this
window were considered missing).

Participants were instructed in the informed consent form and
by study staff to inform study staff of any adverse events (AEs)
and intercurrent illnesses experienced during the study. In
addition, a specific inquiry regarding AEs (ie, if participants
had experienced any changes to their health [yes or no]) was
made at the product trial (week 0), week 3, and week 6 surveys;
at the week 1, 2, 4, and 5, surveys participants were prompted
to report any changes to their health to the study staff. Reported
health events were assessed and classified via clinical interviews
by trained medical personnel.

Study Products
The JUUL2 system is closed-system pod-based ENDS that is
inhalation-actuated and does not have any user-modifiable
settings, controls, or buttons. Preclinical studies demonstrate
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that the aerosol produced by the JUUL2 system contains
substantially lower levels of harmful and potentially harmful
constituents than cigarette smoke [18]. The 5 JUUL2 pod flavors
evaluated in this study are all currently marketed in the United
Kingdom. Virginia Tobacco and Polar Menthol have traditional
tobacco and menthol flavors, respectively. The 3 complex
flavors (Autumn Tobacco, Summer Menthol, and Ruby
Menthol) consist of a tobacco or menthol base, respectively,
with top notes of fruit: apple for Autumn Tobacco, tropical fruit
for Summer Menthol, and berry for Ruby Menthol.

Measures

Participants Sociodemographic and Tobacco Use
Characteristics
Sociodemographic and tobacco or nicotine product use
characteristics were assessed in the recruitment screener and
baseline assessment with items and measures adapted from
national surveys, with some modified for relevance.

Interest in Using and Purchasing JUUL2 Products
At the end of the trial week, participants were asked 2 questions
about each of the JUUL2 products they used as follows: (1)
“How interested are you in using the JUUL2 study product for
the next 6 weeks?” (5-point response scale, from 1 [“not at all
interested”] to 5 [“extremely interested”]) and (2) “If the JUUL2
study products you tried this week were available for purchase,
would you buy one or more of the products?” (4-point response
scale, from 1 [“definitely would not buy”] to 4 [“definitely
would buy”]). Only participants who responded 3 or higher to
both items for at least one flavor continued to the 6-week actual
use period. This was intended to mirror real-world self-selection
for product use, as individuals who were not interested in using
or purchasing a specific flavor of a consumer product would be
unlikely to purchase and adopt it. Participants were provided
with the single flavor they expressed the greatest interest in
using for the 6-week period; those who expressed exactly
equivalent interest in multiple flavors were assigned to the flavor
group in their respective study arm that was most in need of
enrollees, which helped balance the sample size of flavor groups.

Cigarette Smoking
At each weekly survey, participants were asked if they had
smoked cigarettes (even one puff) in the past 7 days (yes or no).
At the week 6, survey participants were asked if they smoked
in the past 30 days: “no” responses were operationalized as
switching. Participants who reported smoking in the past 7 days
at any survey between weeks 3 and 6 (ie, within 30 days of
week 6) were coded as past-30-day smokers, even if they did
not complete the week 6 survey or reported past-30-day
abstinence at week 6.

Participants who reported smoking in the past 7 days also
reported frequency and intensity of cigarette smoking during
that period—daily cigarette consumption was calculated as
cigarettes smoked per day in the past 7 days, including
nonsmoking days (ie, product of the past-7-day frequency and
daily intensity).

Dependence on Cigarettes and JUUL2 Products
Dependence on cigarettes was assessed at baseline and
dependence on JUUL2 products was assessed at week 6 among
participants who had not smoked in the past 30 days with the
Tobacco Dependence Index (range 1-5, with higher scores
indicating greater levels of dependence), a measure
psychometrically validated in the Population Assessment of
Tobacco and Health study for cross-product comparisons
[19,20].

Respiratory Symptoms
Frequency of respiratory symptoms was assessed at baseline,
when all participants smoked cigarettes every day, and at week
6 among the past-30-day switchers using the Respiratory
Symptoms Experience Scale (range 1-5, with higher scores
indicating greater frequency of respiratory symptoms), which
was developed and validated for adults who smoke cigarettes
but may not have clinical respiratory disease [21].

Patterns of JUUL2 Product Use
At each weekly survey, participants who reported using JUUL2
products in the past 7 days reported the number of days they
used JUUL2 products and completed 2 items that assessed
intensity of use as follows: (1) number of use episodes per day
and (2) number of puffs per day.

Subjective Responses to JUUL2 Products
Subjective responses to JUUL2 products were assessed at week
6 with the modified Product Evaluation Scale [22].

Statistical Analysis
The study was prospectively powered for its primary aim, to
evaluate rates of the past-30-day switching using the
Clopper-Pearson exact method [23] with an estimated expected
switch rate of 20% (based on switch rates observed in a prior
observational study of US adults who purchased JUUL
products), achieving a CI of 5%. Power analyses were not
conducted for the secondary analyses.

The rate of past-7-day switching was calculated at each weekly
survey within each of the 5 flavor groups; the rate of past-30-day
switching was also evaluated at the week 6 Survey. A logistic
regression model tested the association of JUUL2 flavor group
and past-30-day switching at week 6, with Virginia Tobacco as
the reference group; separate models contrasted the 2 combined
tobacco flavors (Virginia and Autumn Tobacco) to the 3
combined menthol flavors (polar, summer and Ruby Menthol),
and the 3 individual menthol flavors, respectively, to Virginia
Tobacco. A repeated-measure logistic regression model included
the past-7-day switching averaged across all 6 weeks as the
dependent variable and JUUL2 flavor group, menthol cigarette
preference (mentholated vs nonmentholated), and time (week)
since baseline (coded as continuous, range 1-6) as simultaneous
regressors—all 2-way interaction terms and the 3-way JUUL2
flavor × cigarette flavor × time interaction term were also
included.

A separate repeated-measure logistic regression model was used
to assess the association of baseline ENDS use (past 30 days
vs not past 30 days) and the past-7-day switching. In addition,
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mixed effects models evaluated linear changes over time in
metrics of daily JUUL2 product use across the 6-week period.

Paired t tests were used to assess within-person changes in levels
of dependence from baseline to week 6 (from cigarettes to
JUUL2 products) among participants who reported no
past-30-day smoking at week 6; dual users were not included
in this analysis as they continued to smoke cigarettes and their
dependence on JUUL2 could not be isolated. Changes in
respiratory symptoms from baseline to week 6 were similarly
assessed among complete 30-day switchers to assess whether
switching affected their respiratory symptoms. Among
participants who reported past-7-day smoking at week 6,
changes in daily cigarette consumption (cigarettes per day on
smoking days) from baseline were also tested with paired t tests.
The proportion of participants reporting reductions of ≥50%
was also calculated.

The primary analyses of switching used all observed
(nonmissing) data without imputing smoking status to missed
observations. This approach is typical for observational studies
[24], in contrast to smoking cessation treatment trials, where
there is concern that participants might avoid reporting smoking
to avoid admitting to “failure” in an agreed behavioral goal [25].
To assess the potential for missingness to introduce bias,
analyses were performed to compare participant baseline
characteristics between participants who completed all 6 weekly
surveys and those who missed any follow-ups. As a sensitivity
analysis, the primary switching analyses were repeated while
imputing smoking to all missing observations (intent-to-treat).

In addition, among participants who smoked mentholated
cigarettes, differences in sociodemographic and tobacco use
characteristics were compared between those who selected
tobacco-flavored and menthol-flavored JUUL2 products.

Data were analyzed using SAS version 9.4 (SAS Institute Inc)
with alpha level set to 0.05; no adjustments were made for
multiple testing.

Results

Participant Accrual and Disposition
The enrollment flow in the traditional and complex flavor arms
is provided in Multimedia Appendices 3 and 4, respectively. In
the traditional flavors arm, 1874 adults were invited to complete
the prescreener; 72.68% (1362/1874) completed it and were
sent the eligibility screener; and 54.99% (749/1362)
subsequently completed the recruitment screener and met all
eligibility criteria. Of the eligible participants, 667 (89.1%)
provided informed consent and were sent the baseline
assessment (Multimedia Appendix 3). Approximately 99%
(661/667) of those who started the baseline assessment
completed it and were invited to participate in the trial week,
78.8% (521/661) subsequently completed the trial week
assessment and were eligible to continue into the 6-week actual
use period; 87% (575/661) completed the trial week survey;
and 8.2% (54/661) were ineligible to continue into the 6-week
actual use period based on expressing insufficient interest in
using the study products.

In the complex flavors arm 2625 adults were invited to complete
the prescreener; 71.7% (1882/2625) completed it and were sent
the eligibility screener and 56.7% (1067/1882) subsequently
completed the recruitment screener and met all eligibility
criteria. Of the eligible participants, 942 (88.3%) provided
informed consent and were sent the baseline assessment
(Multimedia Appendix 4). Approximately 98% (927/942) of
those who started the baseline assessment completed it and were
invited to participate in the trial week, 79.9% (741/927)
subsequently completed the trial week assessment and were
eligible to continue into the 6-week actual use period; 13.6%
(126/927) did not complete the trial week survey; and 6.5%
(60/927) were ineligible to continue into the 6-week actual use
period because they did not express sufficient interest in using
the study products.

At screening, 61 (1.9%) individuals were excluded due to lack
of interest in trying JUUL products. At the end of the trial week,
the mean ratings of interest in purchasing JUUL2 products
ranged from 3.37 to 3.44 on the 4-point response scale; ratings
of interest in individual JUUL2 flavors ranged from 3.65
(Virginia Tobacco) to 4.12 (Polar Menthol) on the 5-point
response scale (Multimedia Appendix 5). In the traditional
flavors arm, 42.2% (242/574) of the participants expressed
equivalent interest in both flavors (Virginia Tobacco and Polar
Menthol), and in the complex flavors arm, 29.3% (232/792)
expressed equivalent interest in all 3 flavors—27.3% (216/792)
rated 2 of the 3 flavors equally and 43.4% (344/792) expressed
a unique preference for a single flavor. There was no significant
difference in the proportion of participants in the traditional
(54/661, 8.2%) and complex (60/927, 6.5%) flavors arms that
did not continue in the study due to lack of interest in using

JUUL2 products at the end of the trial week (χ2
1=1.67, P=.20).

In the traditional flavors arm, 20.3% (106/521) of the
participants met the threshold for inclusion for only one flavor.
In the complex flavors arm, 30.6% (227/741) qualified for 1 or
2 flavors (ie, did not meet threshold for at least one flavor) and
8.8% (65/741) qualified for only one flavor.

The analytic sample consisted of 1160 total participants, roughly
evenly divided into the 5 flavor groups: 242 participants in the
Virginia Tobacco group, 239 in the Polar Menthol group, 219
in the Autumn Tobacco group, 236 in the Summer Menthol
group and 224 in the Ruby Menthol group (Multimedia
Appendices 3 and 4).

Sample Characteristics
Characteristics of the sample are reported for all participants
(Table 1) and separately within each of the 5 individual flavor
groups (Multimedia Appendix 6). Baseline characteristics were
generally similar between JUUL2 flavor groups, although larger
proportions of participants who selected menthol-flavored
JUUL2 products smoked mentholated cigarettes (Multimedia
Appendix 6). The participants (mean age 39.42, SD 11.03 years)
were majority female (641/1160, 55.26%) and primarily
self-identified as non-Hispanic White (667/1160, 57.5%);
19.22% (223/1160) self-identified as non-Hispanic Black; and
16.47% (191/1160) self-identified as of Hispanic ethnicity
(Table 1). Over half (632/1160, 54.48%) of them reported annual
household income less than US $50,000 and 39.57% (459/1160)
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did not complete education beyond high school. On average,
the participants reported smoking for 16.20 (SD 9.87) years;
currently smoked 14.11 (SD 8.96) cigarettes per day and
reported high levels of dependence on cigarettes (Tobacco
Dependence Index-Cigarettes, mean 3.65, SD 0.81); 73.3%
(850/1159) smoked mentholated cigarettes; and only 0.95%
(11/1160) planned to quit smoking in the next 30 days at
baseline (832/1160, 71.72% planned to never quit smoking).

Nearly three-quarters (825/1160, 71.12%) of the participants
had ever used ENDS and, of those, 58.3% (481/825) had used
ENDS in the 30 days preceding baseline (ie, were dual users).
Dual users, on average, used ENDS 15.25 (SD 9.82) days out
of the past 30 days. Among current ENDS users, the use of
menthol-flavored products (183/481, 38%) was more common
than use of tobacco-flavored ENDS (50/481, 10.4%). JUUL
was selected as the primary ENDS brand by 34.5% (166/481)
of those currently using ENDS.
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Table 1. Sociodemographic and tobacco use characteristics of the overall sample (N=1160).

ValuesSample characteristics

JUUL2 flavor selection, n (%)

242 (20.86)Virginia Tobacco

239 (20.6)Polar Menthol

219 (18.88)Autumn Tobacco

224 (19.31)Ruby Menthol

236 (20.34)Summer Menthol

Sociodemographic characteristics

39.42 (11.03)Age (y), mean (SD)

Sex, n (%)

517 (44.57)Male

641 (55.26)Female

1 (0.09)Other

1 (0.09)Prefer not to answer

Race or ethnicity, n (%)

191 (16.47)Hispanic

223 (19.22)Non-Hispanic Black

66 (5.69)Non-Hispanic other racea

667 (57.5)Non-Hispanic White

13 (1.12)Unknown

Marital status, n (%)

369 (31.81)Married

222 (19.14)Living with partner

167 (14.4)Divorced, separated, or widowed

379 (32.67)Never married

23 (1.98)Prefer not to say

Annual household income, n (%)

632 (54.48)<US $50,000

408 (35.17)US $50,000-US $99,999

120 (10.34)≥US $100,000

Highest level of education, n (%)

459 (39.57)High school graduate or less

422 (36.38)Some college or trade school

279 (24.05)College graduate or more education

Employment status, n (%)

754 (65)Full-time

145 (12.5)Part-time

261 (22.5)Other

Census region, n (%)

54 (4.66)Northeast

356 (30.69)Midwest

606 (52.24)South

144 (12.41)West

Interact J Med Res 2025 | vol. 14 | e60620 | p.377https://www.i-jmr.org/2025/1/e60620
(page number not for citation purposes)

Goldenson et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


ValuesSample characteristics

Cigarette smoking characteristics

850 (73.34)Smoke mentholated cigarettes, n (%)

14.11 (8.96)Number of cigarettes smoked per smoking day, mean (SD)

16.20 (9.87)Duration of smoking (y), mean (SD)

19.33 (6.27)Age started smoking (y), mean (SD)

3.65 (0.81)Cigarette dependenceb, mean (SD)

11 (0.94)Plan to quit smoking in next 30 days, n (%)

328 (28.28)Ever plan to quit smoking, n (%)

ENDSc use characteristics

825 (71.12)Ever used ENDS, n (%)

31.31 (11.4)Age first used ENDS (y), mean (SD)

529 (64.12)Ever used ENDS fairly regularly, n (%)

481 (58.3)Used ENDS in past 30 days, n (%)

15.25 (9.82)Number of days used ENDS in past 30 days, mean (SD)

9 (5-18)Number of times used ENDS per use day, median (IQR)

3.03 (0.97)ENDS dependenceb, mean (SD)

Primary ENDS flavord, n (%)

50 (10.4)Tobacco

183 (38.1)Menthol

55 (11.4)Mint

152 (31.6)Fruit

33 (6.9)Dessert or candy

2 (0.4)Spice or clove

6 (1.3)Some other flavor

Primary ENDS device typed, n (%)

168 (34.9)Pod based

229 (47.6)Disposable

56 (11.6)Tank

8 (1.7)Mod

Primary ENDS brandd, n (%)

166 (34.5)JUUL

63 (13.1)Vuse

51 (10.6)Blu

29 (6)NJOY

67 (13.9)Puff bar

105 (21.8)Other

aNon-Hispanic other race includes Asian, Pacific Islander or Native Hawaiian, American Indian or Alaska Native, and “another race not listed.”
bTobacco Dependence Index in Population Assessment of Tobacco and Health adult survey (range 1-5; higher scores indicate greater dependence).
cENDS: electronic nicotine delivery systems. Denominator is 481 past-30-day ENDS users with the exception of ever ENDS use.
dParticipants selected the single flavor, nicotine concentration, or ENDS device they used most often.
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Analysis of Baseline Characteristics by Response to
Weekly Surveys
In each flavor group, over 85% of participants who were
enrolled and started the 6-week actual use period completed the
week 6 survey (Virginia Tobacco, 207/242, 85.5%; Polar
Menthol, 212/239, 88.7%; Autumn Tobacco, 190/219, 86.8%;
Summer Menthol, 211/236, 89.4%; Ruby Menthol, 201/224,
89.7%) and over 70% completed all 6 weekly surveys (Virginia
Tobacco, 178/242, 73.6%; Polar Menthol, 173/239, 72.4%;
Autumn Tobacco, 158/219, 72.1%; Summer Menthol, 171/236,
72.5%; Ruby Menthol, 157/224, 70.1%). In the overall sample,
there were a few statistically significant differences between
the participants who completed all 6 weekly surveys and those
who missed some surveys, and the magnitude of differences
were small (Multimedia Appendix 7). Participants who
completed all 6 surveys (vs 1-5 surveys) were significantly
older, by 1.5 years (39.84 vs 38.34 years; P=.04), more likely
to be female (481/837, 57.5% vs 160/323, 49.5%; P=.01), less
likely to smoke menthol cigarettes (599/836, 71.7% vs 251/323,
77.7%; P=.04) and less likely to have ever used ENDS (575/837,
68.7% vs 250/323, 77.4%; P=.003). Among participants who
had used ENDS, those who completed all 6 surveys initiated
ENDS use about 2 years later (age 31.87 vs 30.01 years; P=.03).

There were no significant differences by race or ethnicity,
education, income, employment, plans to quit smoking, use of
JUUL ENDS, or ENDS dependence among those using ENDS.
Importantly, there were no differences in the heaviness of
smoking or in cigarette dependence, which have been shown
to be important predictors of switching. There were no
significant differences in rates of survey completion among the
JUUL2 flavor groups.

Switching Across 6-Week Actual Use Period
As displayed in Figure 1, in each of the 5 JUUL2 flavor groups,
rates of past-7-day switching away from cigarettes increased
across the 6-week actual use period: from 27.8% (62/223) at
week 1 to 38.2% (79/207) at week 6 for Virginia Tobacco,
35.8% (73/204) at week 1 to 38.4% (73/190) at week 6 for
Autumn Tobacco, 32.7% (73/223) at week 1 to 45.3% (96/212)
at week 6 for Polar Menthol, 35.6% (77/216) at week 1 to 46.9%
(99/211) at week 6 for Summer Menthol, and 37.3% (76/204)
at week 1 to 47.3% (95/201) at week 6 for Ruby Menthol. In
the combined sample that included all 5 flavors, there was a
statistically significant linear increase in the rate of past-7-day
switching over the 6-week actual use period (odds ratio [OR]
1.09, 95% CI 1.07-1.12; Multimedia Appendix 8).

Figure 1. Rates of past 7-day switching away from cigarettes across 6-week actual use period by JUUL2 flavor. Virginia Tobacco: week 1: n=223,
week 2: n=234, week 3: n=223, week 4: n=220, week 5: n=215, week 6: n=207; Autumn Tobacco: week 1: n=204, week 2: n=206, week 3: n=200,
week 4: n=203, week 5: n=191, week 6: n=190; Polar Menthol: week 1: n=223, week 2: n=222, week 3: n=213, week 4: n=218, week 5: n=210, week
6: n=212; Summer Menthol: week 1: n=216, week 2: n=217, week 3: n=210, week 4: n=214, week 5: n=210, week 6: n=211; Ruby Menthol: week 1:
n=204, week 2: n=211, week 3: n=205, week 4: n=206, week 5: n=196, week 6: n=201.
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At week 6, rates of past-30-day switching were 24.3% (55/226)
for Virginia Tobacco, 28.6% (58/203) for Autumn Tobacco,
31.4% (70/223) for Polar Menthol, 33% (69/209) for Ruby
Menthol, and 33.9% (74/218) for Summer Menthol (Table 2).

Sensitivity analyses in which smoking (ie, not being switched)
was imputed to missing observations showed very similar

results, although the absolute imputed switch rates were slightly
lower (Multimedia Appendix 9). At week 6, the rates of
past-7-day switching using the intent-to-treat approach ranged
from 32.6% (79/242; Virginia Tobacco group) to 42.4% (95/224;
Ruby Menthol group) and the rates of past-30-day switching
ranged from 22.7% (55/242, Virginia Tobacco group) to 31.4%
(74/236, Summer Menthol group).

Table 2. Rates of past-30-day switching at week 6 by JUUL2 product flavor.

Proportion reporting past-30-day switching, % (SE; 95% CI)JUUL2 product flavor

24.3 (2.9; 18.7-29.9)Virginia Tobacco (N=226)

28.6 (3.2; 22.4-34.8)Autumn Tobacco (N=203)

31.4 (3.1; 25.3-37.5)Polar Menthol (N=223)

33.9a (3.2; 27.7-40.2)Summer Menthol (N=218)

33a (3.3; 26.6-39.4)Ruby Menthol (N=209)

aSwitch rate is significantly higher than Virginia Tobacco group (P<.05).

Association of JUUL2 Flavor Group and Menthol
Cigarette Smoking With Switching
In the model assessing past-30-day switching at week 6,
participants who used menthol-flavored (vs tobacco-flavored)
JUUL2 products had statistically significant higher switch rates
(OR 1.36, 95% CI 1.04-1.78; Multimedia Appendix 8)—there
was no significant main effect of cigarette flavor (P=.06) and
the interaction of JUUL2 flavor group and cigarette flavor was
not significant (P=.10). Compared to the Virginia Tobacco
group, rates of past-30-day switching were significantly higher
in the Ruby Menthol group (OR 1.53, 95% CI 1.01-2.33) and
Summer Menthol group (OR 1.60, 95% CI 1.06-2.42),
respectively. These associations remained significant in the
models that imputed smoking for missing data: Ruby Menthol
versus Virginia Tobacco (OR 1.51, 95% CI 1.00-2.29) and
Summer Menthol versus Virginia Tobacco (OR 1.55, 95% CI
1.03-2.33). The rate of past-30-day switching was numerically
higher among the participants in the Polar Menthol group
compared to the Virginia Tobacco group, but it did not show a
statistically significant difference (OR 1.42, 95% CI 0.94-2.15).

The association of JUUL2 product flavor group and the rate of
past-7-day switching was not significant as a main effect (OR

1.23, 95% CI 0.92-1.64; Multimedia Appendix 8). However,
this association was significantly moderated by preferred
cigarette flavor: among participants who smoked
nonmentholated cigarettes, those who used menthol-flavored
(vs tobacco-flavored) JUUL2 products had significantly higher
switch rates (340/824, 41.3% vs 237/880, 26.9%; OR 1.71, 95%
CI 1.04-2.83; Figure 2), whereas there was no significant
difference in switch rates by JUUL2 product flavor among
participants who smoked menthol cigarettes (1228/2975, 41.3%
vs 668/1630, 41%; OR 0.88, 95% CI 0.65-1.18).

There was also a significant main effect of menthol cigarette
smoking, with smokers of mentholated (vs nonmentholated)
cigarettes demonstrating higher switch rates (OR 1.52, 95% CI
1.14-2.04; Multimedia Appendix 8), largely because of lower
switch rates among participants who smoked nonmentholated
cigarettes and used tobacco-flavored JUUL2 products (Figure
2). Among participants who smoked mentholated cigarettes,
there were no statistically significant differences in
sociodemographic or tobacco product use characteristics
between those who selected tobacco-flavored and those who
selected menthol-flavored JUUL2 products (Multimedia
Appendix 10).
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Figure 2. Past 7-day switching by JUUL2 product flavor and cigarette flavor across 6-week actual use period. Smoked menthol cigarettes, menthol-flavored
JUUL2: week 1: n=499, week 2: n=508, week 3: n=492, week 4: n=504, week 5: n=482, week 6: n=490; smoked nonmentholated cigarettes,
menthol-flavored JUUL2: week 1: n=144, week 2: n=142, week 3: n=136, week 4: n=134, week 5: n=134, week 6: n=134; smoked menthol cigarettes,
tobacco-flavored JUUL2: week 1: n=273, week 2: n=287, week 3: n=274, week 4: n=273, week 5: n=265, week 6: N=258; smoked nonmentholated
cigarettes, tobacco-flavored JUUL2: week 1: n=153, week 2: n=152, week 3: n=148, week 4: n=149, week 5: n=140, week 6: n=138.

Differences in Switching by ENDS Use at Baseline
There were significant differences in the rates of past-7-day
switching according to ENDS use in the 30 days preceding
baseline: participants who were smoking but did not use ENDS

in the past 30 days had significantly higher switch rates than
the dual users (1630/3740, 43.6% vs 843/2575, 32.7%) across
the 6-week actual use period (Figure 3 and Multimedia
Appendix 11).
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Figure 3. Past 7-days switching among baseline dual users and exclusive smokers across 6-week actual use period. Dual users: week 1: n=430, week
2: n=448, week 3: n=435, week 4: n=433, week 5: n=413, week 6: n=416; exclusive smokers: week 1: n=640, week 2: n=642, week 3: n=616, week 4:
n=628, week 5: n=609, week 6: n=605.

Changes in Dependence and Respiratory Symptoms
Among Participants Who Completely Switched (Did
Not Smoke) in the Past 30 Days at Week 6
Among participants who reported past-30-day switching at week
6, levels of dependence on JUUL2 products were significantly

lower than their own levels of dependence on combustible
cigarettes at baseline, for all 5 flavors (P<.001; Figure 4).

Participants who did not smoke in the past 30 days at week 6
also experienced significant decreases in frequency of
self-reported respiratory symptoms relative to baseline when
they were smoking cigarettes, across all 5 flavors (P≤.01; Figure
5).
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Figure 4. Change from baseline cigarette dependence to JUUL2 dependence at week 6 among the past-30-day switchers (mean, SE). *Statistically
significant difference between levels of dependence on cigarettes at baseline and levels of dependence on JUUL2 products at week 6 (P<.001).

Figure 5. Change in frequency of respiratory symptoms from baseline to week 6 among the past-30-day switchers (mean, SE). *Statistically significant
difference between frequency of respiratory symptoms at baseline and at follow-up (P≤.01).
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Smoking Reduction Among Participants Who
Continued Smoking at Week 6
Among participants who continued to smoke at week 6, average
daily cigarette consumption in all 5 JUUL2 flavor groups was
significantly reduced relative to participants’ own cigarette

consumption at baseline (P<.001; Figure 6); across all flavor
groups, the proportion of participants that reported reducing
their daily cigarette consumption by at least 50% at week 6
relative to baseline ranged from 50.9% (59/116) to 62.9%
(73/116; Multimedia Appendix 12).

Figure 6. Change in daily cigarette consumption from baseline to week 6 among participants who did not switch (mean, SE). *Statistically significant
difference in number of cigarettes per day smoked at baseline and week 6 among participants who continued smoking (P<.001).

Patterns of JUUL2 Product Use and Subjective Effects
Across the 6-week actual use period, the prevalence of
past-7-day JUUL2 product use was over 97% in each of 5 flavor
groups (Multimedia Appendix 13). In each of the 5 flavor
groups, the median frequency of JUUL2 product use at each
weekly survey was 7 days of use in the past 7 days (ie, daily
use; Figure 7A); participants generally reported using JUUL2
products between 15 and 20 times per day (Figure 7B) and 25
to 30 puffs per day (Figure 7C). Across the 6-week period, there
were no statistically significant linear increases in JUUL2 use
occasions per day in the Virginia Tobacco and Polar Menthol
JUUL2 groups (P>.15; Multimedia Appendix 14); there were
statistically significant linear increases over time in use
occasions per day among participants who used Autumn
Tobacco, Summer Menthol, and Ruby Menthol JUUL2 products
but the magnitude of the increases was small (unstandardized
β coefficients=.45−.54; Multimedia Appendix 14). Across the

6-week period, there were no statistically significant increases
in JUUL2 puffs per day in the Virginia Tobacco and Autumn
Tobacco JUUL2 groups (P>.09); there were statistically
significant linear increases over time in puffs per day among
participants who used Polar Menthol, Summer Menthol, and
Ruby Menthol JUUL2 products but the magnitude of the
increases was small (unstandardized β coefficients=.43−.60;
Multimedia Appendix 14).

Subjective responses to the 5 JUUL2 products were similar
across 5 flavors groups at the week 6 survey: ratings of
satisfaction approximated “A lot,” ratings of psychological
reward approximated “Moderately,” ratings of aversion
approximated “Very little,” and ratings of relief approximated
“A lot” (Multimedia Appendix 15). When combined across all
5 flavors, ratings of subjective satisfaction (ie, modified Product
Evaluation Scale Satisfaction subscale) at week 2 were
significantly associated with higher likelihood of complete
past-30-day switching at week 6 (OR 1.25, 95% CI 1.11-1.40).
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Figure 7. Patterns of JUUL2 product use across 6-week actual use period. (A) Number of days used JUUL2 in past 7 days; (B) number of times used
JUUL2 per day; and (C) number of JUUL2 puffs per day.

Adverse Events
The incidence of study-emergent AEs was low for each of the
5 JUUL2 products during the 6-week actual use period—in each
group less than 2.5% of participants reported an AE (Virginia
Tobacco, 1/262, 0.4%; for, Autumn Tobacco, 2/237, 0.8%, Polar
Menthol, 2/262, 0.8%, Ruby Menthol 2/234, 0.9%, for Summer
Menthol, 6/249, 2.4%; Multimedia Appendices 16 and 17). No
serious AEs were reported in the study and all evaluable AEs
were reported as mild or moderate in intensity and resolved
during the study.

Discussion

Principal Findings
This actual use study enrolled a sample of >1000 US adults who
smoked cigarettes daily, following them for 6 weeks as they
used JUUL2 ENDS with their preferred flavor in their natural
environment. The sample was sociodemographically diverse
and predominantly included US adults who smoked mentholated
cigarettes, were not ready to quit smoking (ie, were not planning
to quit within 30 days), and had experience using ENDS. On
average, participants were highly dependent on cigarettes when
entering the study. The results demonstrate that the use of
JUUL2 ENDS products was associated with high rates of
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completely switching away from cigarettes among US adults
who smoke cigarettes, including both those who smoke
mentholated cigarettes and nonmentholated cigarettes and users
and nonusers of ENDS. Moreover, participants who reported
past-30-day switching at the end of the study experienced
meaningful reductions in dependence on tobacco products and
improvements in respiratory symptoms during this 6-week
period.

Despite a profile that did not favor smoking cessation (eg, high
levels of cigarette dependence, almost no participants intending
to quit smoking in 30 days, and many never planning to quit),
rates of 7-day point prevalence abstinence exceeded 40% after
6 weeks, and at week 6 over 24% of participants in each of the
5 flavor groups (Virginia Tobacco, 55/226, 24.3%; Autumn
Tobacco, 58/203, 28.6%, Polar Menthol, 70/223, 31.4%, Ruby
Menthol, 69/209, 33%, Summer Menthol, 74/218, 33.9%)
reported they had not smoked in the previous 30 days—a
criterion often used to evaluate smoking cessation in clinical
trials [25]. The proportion reporting switching away from
smoking increased over the 6-week period, a pattern that was
observed to continue over longer periods in previous
observational and randomized studies of JUUL product users
[8,26]. Furthermore, the high rates of switching are consistent
with participants’ reports of high levels of subjective satisfaction
in this study and in experimental studies evaluating JUUL2
products [17], which is an established predictor of switching
behavior [26] that was confirmed in this study.

It was notable that high switching rates were observed even
though participants reported relatively light use of JUUL2,
reportedly averaging around 25 to 30 puffs per day. One factor
for this observation may be that the participants appear to have
spread their use over time, engaging in “grazing” [27]—they
reported averaging 15 to 20 use occasions per day, implying
just 1 or 2 puffs per occasion. The volume of aerosol produced
by the JUUL2 device may also have made puffs more impactful,
mitigating a need for more puffs. In any case, more research on
patterns of use associated with switching, including using
objective measures of puff topography, would be useful.

Participants who used menthol-flavored (vs tobacco-flavored)
JUUL2 products had significantly higher rates of past-30-day
switching at the end of the 6-week actual use period. In addition,
the association of JUUL2 flavor group and past-7-day switching
significantly varied by menthol cigarette smoking (ie, the JUUL2
flavor and menthol cigarette interaction term was statistically
significant): participants who smoked nonmentholated cigarettes
and used menthol-flavored (vs tobacco-flavored) JUUL2
products demonstrated significantly higher switch rates, but this
was not true for those who smoked mentholated cigarettes. The
finding that participants who smoked nonmentholated cigarettes
and used menthol-flavored ENDS had higher switch rates than
those using tobacco-flavored ENDS is consistent with
observational studies of US adults who smoke and use ENDS,
including JUUL products [28,29], and an actual use study that
evaluated the use of heated tobacco products [15]. This suggests
that the availability of menthol-flavored ENDS may particularly
benefit adults who smoke nonmentholated cigarettes.

Participants who smoked cigarettes but did not use ENDS when
they entered the study had significantly higher rates of
past-7-day switching compared to those who were dual users
(ie, used ENDS and smoked cigarettes concurrently) across the
6-week actual use period. Ongoing dual use may be a behavioral
marker for difficulty in stopping smoking with ENDS, as the
dual users were, on average, relatively frequent ENDS users at
baseline but had not yet completely switched. Nonetheless, both
baseline dual users and baseline non-ENDS users displayed
high rates of past-7-day switching at the end of the study.

Among participants who reported switching for the past 30 days
at week 6, levels of dependence on JUUL2 products were
statistically significant and meaningfully lower than participants’
own levels of dependence on cigarettes when they entered the
study; the decrease exceeded the minimally important difference
for the measure identified in a prior observational study [30].
This finding concords with a large body of evidence indicating
that ENDS, including JUUL products, produce lower levels of
dependence than cigarettes [1,30-32]. In addition, consumption
of JUUL2 products minimally increased across the 6-week
actual use period (increases of less than one use occasion and
puff per week). In accordance with data from controlled
laboratory studies [17], these results demonstrate that JUUL2
products have lower abuse liability than cigarettes.

Participants who completely switched to JUUL2 products for
at least 30 days at the completion of the study also reported
significantly lower frequency of respiratory symptoms relative
to when they entered the study and were smoking cigarettes.
This improvement in respiratory symptoms was statistically
significant but modest in magnitude—below the minimally
important difference of 0.57 proposed in a prior psychometric
validation study (operationalized as the difference in frequency
of respiratory symptoms between participants with vs without
respiratory symptom-relevant diagnoses, including chronic
obstructive pulmonary disease) [21]. However, these
improvements in respiratory symptoms occurred after relatively
short periods of smoking abstinence and 6 weeks of JUUL2
product use, thus it seems likely that respiratory symptoms will
continue to improve over longer periods of switching. For
example, a study of adults who switched to JUUL products for
an average of 3 years found that they had meaningfully lower
respiratory symptoms than a matched comparison group that
had continued smoking [33]. In this study, the fact that
participants reported low baseline respiratory symptom scores
when entering the study (mean <2; approximating ratings of
“rarely [1-5 days]”), suggested that changes were limited by
floor effects.

Substantial proportions of participants who persisted in smoking
(ie, were dual users) after 6 weeks of being provided with
JUUL2 products significantly reduced their daily cigarette
consumption by at least 50% compared to when they entered
the study. These levels of reductions in cigarette consumption
have been shown to meaningfully reduce exposure to toxicants
in cigarette smoke that are associated with smoking-related
diseases [34-36] and have been suggested to reduce risk of
smoking-related disease [37]. Finally, the JUUL2 products were
well tolerated, producing only infrequent and minor AEs.
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Strengths and Limitations
Strengths of the study include the large sociodemographically
diverse sample of US adults who smoked every day and reported
high levels of cigarette dependence, including large numbers
of participants who were not planning to ever quit smoking and
smoked mentholated cigarettes. Allowing participants to select
their preferred flavor for use during the 6-week actual use period
replicated real-world consumer product use and allowed
attribution of switching behavior to a single JUUL2 product.
However, participants were not allowed to change their selected
flavor during the 6-week actual use period, as they would be
able to in the real world. In addition, this self-selection of flavors
and lack of randomization should be considered when
interpreting differences in switch rates between the flavor
groups.

Rates of retention were high throughout the 6-week actual use
period. In addition, comparisons of sociodemographic and
tobacco product characteristics among participants who
completed all 6 surveys (vs those who missed some surveys)
showed that participants who missed some surveys were not
meaningfully different from those who completed all the
surveys, and were not heavier or more dependent smokers who
would have been expected to have lower rates of switching,
suggesting low likelihood of bias due to nonresponse and
missing observations. Analyses imputing smoking to all missing
observations were performed, and yielded results that paralleled
those based on observed data, indicating a lack of material bias
in survey response.

Only individuals who reported sufficient levels of interest in
using JUUL2 products were eligible to enroll in the study, which
may have led to higher switch rates, but also enhanced
ecological validity by mirroring real-world use of consumer
products, where people buy and adopt products they are
interested in, and are not arbitrarily prescribed or assigned
products in which they have little interest. Assignment to
individual flavors was based on expressed interest, which again
is consistent with real-world use. In any case, most participants
in both study arms expressed sufficient interest in all the flavors
offered to them. Despite this interest in multiple flavors, most
of the participants did show substantial interest in one or more
flavors offered to them. This is important, as it suggests that
making a range of flavors available is likely to increase the
proportion of adults who smoke adopt ENDS, thus increasing
reach of ENDS and potential switching away from smoking.

Participants were provided with JUUL2 study products at no
charge, which is not consistent with the real world, and could
have resulted in heavier product use and greater retention or
influenced switching. The actual use portion of the study was
only 6 weeks in duration and there was no follow-up assessment
after completion. Future studies could evaluate trajectories of
switching among adults who smoke and adopt JUUL2 products
over longer periods. A large study of real-world US adult JUUL
purchasers showed that switch rates continued to increase over
time, reaching 58% after 2 years of initial purchase [6].

A limitation was the analyses’ reliance on self-report; cigarette
smoking and JUUL2 product use were not biochemically
verified, and respiratory symptoms were evaluated with a
self-report measure. Although this is standard practice for actual
use studies [12-14] and observational population-based studies
more broadly [24], biomarker data could be useful in future
studies. In addition, since the primary aim was descriptive (ie,
assessing the proportion of smokers who switched), and did not
involve any inferential tests, no adjustment was made for
multiplicity. Causal inferences regarding switching are limited
by the lack of a control group that did not receive JUUL2
products, hence it is not possible to determine how many
participants would have switched or stopped smoking if they
were not provided with JUUL2 products. However, almost all
participants in the sample did not plan to quit smoking in the
next 30 days at baseline, and many were not planning to ever
quit, suggesting that quit rates would have been very low.

Conclusions
The data from this 6-week actual use study demonstrate that
adoption of JUUL2 products is associated with substantial rates
of completely switching away from cigarettes among US adults
who smoke, and meaningful reductions in cigarette consumption
among adults who do not completely switch after 6 weeks.
Participants who completely switched from smoking cigarettes
to use of JUUL2 products at the end of 6 weeks experienced
significant reductions in dependence and improvements in
respiratory symptoms. Switch rates were higher among
participants who used menthol-flavored (vs tobacco-flavored)
JUUL2 products, particularly among adults who smoke
nonmentholated cigarettes. Although this study primarily
focused on behavioral end points, when considered with data
from clinical biomarker studies, these changes in tobacco
product use behaviors (ie, complete switching and substantial
smoking reduction) are likely to decrease exposure to harmful
cigarette-related toxicants, and to ultimately reduce risk of
tobacco-related diseases.
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Abstract

Background: China has the largest elderly population globally; the growth rate of the aged tendency of the population was
higher than that of Western countries. Given the distinctions in historical, ethnic, and economic status as well as socio-cultural
background, Chinese adults had different sleep patterns compared with adults in other countries. Considering the heavy disease
burden caused by activities of daily living (ADL) disability, we conducted a cross-sectional analysis using data from the China
Health and Retirement Longitudinal Study (CHARLS) to test the hypothesis that individuals with short and longer sleep duration
are more likely to have ADL disability.

Objective: ADL disability is a common condition affecting the quality of life among older people. This study aimed to explore
the associations between sleep duration and ADL disability among middle-aged and older adults in China.

Methods: This cross-sectional study used data from 17,607 participants from the 2018 CHARLS (from 2018 to 2020), an
ongoing representative survey of adults aged 45 years or older and their spouses. Self-reported sleep duration per night was
obtained from face-to-face interviews. The ADL was measured using a 6-item summary assessed with an ADL scale that included
eating, dressing, getting into or out of bed, bathing, using the toilet, and continence. Multiple generalized linear regression
models—adjusted for age, sex, education, marital status, tobacco and alcohol use, depression, place of residence, sensory
impairment, self-reported health status, life satisfaction, daytime napping, chronic disease condition, and sample weights—were
used.

Results: Data were analyzed from 17,607 participants, of whom 8375 (47.6%) were men. The mean (SD) age was 62.7 (10.0)
years. Individuals with 4 hours or less (odds ratio [OR] 1.91, 95% CI 1.60‐2.27; P<.001), 5 hours (OR 1.33, 95% CI 1.09‐1.62;
P=.006), 9 hours (OR 1.48, 95% CI 1.13‐1.93; P<.001), and 10 hours or more (OR 1.88, 95% CI 1.47‐2.14; P<.001) of sleep
per night had a higher risk of ADL disability than those in the reference group (7 hours per night) after adjusting for several
covariates. Restricted cubic splines analysis suggested a U-shaped association between sleep duration and ADL disability. When
sleep duration fell below 7 hours, an increased sleep duration was associated with a significantly low risk of ADL disability,
which was negatively correlated with sleep duration until it fell below 7 hours (OR 0.83, 95% CI 0.79‐0.87; P<.001). When
sleep duration exceeded 7 hours, the risk of ADL disability would increase facing prolonged sleep duration (OR 1.19, 95% CI
1.12‐1.27; P<.001). ADL disability should be monitored in individuals with insufficient (≤4 or 5 hours per night) or excessive
(9 or ≥10 hours per night) sleep duration.

Conclusions:: In this study, a U-shaped association between sleep duration and ADL disability was found. Future longitudinal
studies are needed to establish temporality and examine the mechanisms of the associations between sleep duration and ADL
disability.

(Interact J Med Res 2025;14:e65075)   doi:10.2196/65075
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Introduction

The World Health Organization (WHO) survey of 2022 reported
that 46.1% of adults aged 60 years and older are living with a
disability globally [1]. Furthermore, according to the WHO
projections, there will be 66 million older adults in China who
live with a functional handicap by 2050 [1]. Activities of daily
living (ADL) disability are one of the most common health
problems in older adults, affecting about 1 in 6 older adults
worldwide [2]. The prevalence of ADL disability increased with
aging and had become a significant factor that increases the risk
of mortality in older adults [3,4]. ADL disability seriously
affected the quality of life and placed a high burden on care
providers and the care system. Current research has focused on
the prevention of, rehabilitation from, or management of ADL
disability, with growing interest in the role of sleep patterns,
such as sleep duration [5-7].

Sleep duration has become a significant public health issue [8],
associated with the increasing risk of cardiovascular diseases,
stroke, and mortality [9-11]. The WHO launched the ”World
Mental Health Report—Transforming Health for All” on June
17, 2022 [12]. This report emphasizes that sleep loss is an
extremely important risk factor for mental health issues. At
present, the relationship between sleep duration and ADL
disability has received much attention [13]. A longitudinal
observational study suggested that short sleep duration during
inpatient rehabilitation might be against greater functional ability
at discharge among individuals with acute stroke [14]. The data
from the National Health and Nutrition Examination Survey in
the United States found that only short sleep duration was
significantly associated with ADL disability [15]. The New
Integrated Suburban Seniority Investigation Project study also
reported that sleeping <6 hours/day was associated with a higher
risk of incident disability among older Japanese people [16].
Although the above study did not find a relationship between
long sleep and physical activity, the data from the English
Longitudinal Study of Ageing cohort showed that both reduced
and increased sleep duration were associated with limited agility
and mobility disability [17]. A cross-sectional study in Taiwan
also reported long sleep duration had a positive association with
grip strength performance among older adults [18]. There is
still no unified conclusion in the research on the relationship
between sleep duration and ADL disability. So far, research on
the relationship between sleep duration and ADL disability is
well worth conducting.

China has the largest population of older adults globally; the
growth rate of the aged tendency of the population was higher
than that of Western countries [19,20]. Given the distinctions
in historical, ethnic, and economic status as well as
socio-cultural backgrounds, Chinese adults had different sleep
patterns compared to those from other countries [21,22].
Considering the heavy disease burden caused by ADL disability,
we conducted a cross-sectional analysis using data from the

China Health and Retirement Longitudinal Study (CHARLS)
to test the hypothesis that individuals with short and longer
sleep duration are more likely to have ADL disability.

Methods

Ethical Considerations
The CHARLS protocol was approved by the Peking University
Biomedical Ethics Review Board (IRB00001052-11015)
[23,24]. This cross-sectional study adhered to the reporting
guidelines stipulated by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline [25]. According to the Common Rule (45 CFR part
46), this study was exempt from institutional review board
approval and the requirement for informed patient consent
because we did not use clinical data or involve human
participants.

Study Participants
This cross-sectional study used data from the 2018 survey of
the CHARLS conducted from 2018 to 2020, a survey of
residents aged 45 years or older in 28 provinces across China
[26,27]. The national baseline survey of the CHARLS included
17,708 respondents in 150 counties or districts and 450 villages
or urban communities throughout the country. Detailed methods
of the CHARLS have been described previously [23]. We
applied the latest CHARLS wave in 2018 to 19,816 individuals
to investigate the relationship between sleep duration and ADL
disability. In the current study, we formulated the inclusion
criteria for the study subjects: age ≥45 years, respondents with
complete information on sleep duration, the ADL scale, and
other covariates. We excluded the following outliers: missing
date of sample weights, birth date, sleep duration, and ADL
scale.

Sleep Duration
Similar to the English Longitudinal Study of Aging [28] in
England, the CHARLS evaluated subjects’ sleep duration by
utilizing the questions: “During the past month, how many hours
of actual sleep did you get at night (average hours for one
night)? (This might be shorter than the number of hours you
spend in bed).” The response was an average sleep duration of
typical usual weekdays or workdays within a month. Consistent
with the previous CHARLS sleep study [29-32], we separated
respondents into 7 sleep duration groups (≤4, 5, 6, 7, 8, 9, and
≥10 hours out of each evening) in the research. The CHARLS
used this question to assess participants’ daytime napping: “In
the past month, how long have you taken on average for a nap
after lunch?” On the basis of 4 nap time groups considering the
results [33,34], the participants were classified as nonnappers
(0 min), short nappers (<30 minutes), moderate nappers (30‐90
minutes), and extended nappers (>90 minutes).
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ADL Disability
The CHARLS employed a 6-item summary derived from an
ADL scale to quantify ADL utilizing a comprehensive series
of inquiries that asked: “Are you experiencing any difficulties
with performing any everyday activity due to physical, mental,
emotional, or memory impairments, excluding any that you
anticipate will persist for less than three months?” The daily
tasks encompassed dressing, bathing or showering, eating,
getting into or out of bed, using the toilet, and controlling
urination and defecation. The response scale contained 4 options:
(1) No, I don’t have any difficulty; (2) I have difficulty but can
still do it; (3) Yes, I have difficulty and need help; and (4) I
cannot do it. The ADL scale was extensively used in previous
studies among Chinese older adults and has shown good
reliability and validity [35,36]. Individuals classified as
independent possessed the capability to perform all 6 activities
without any difficulty, whereas those who indicated a need for
assistance in any of the aforementioned tasks were considered
to have an ADL disability [37,38].

Covariates
The CHARLS collected information on sociodemographic
characteristics and health-related factors using a structured
questionnaire. Covariates that might confound the associations
included age, sex, education (elementary school and below,
secondary school, and college and above), marital status
(married and others), residence (rural or urban), smoking and
drinking status (never vs current), visual impairment, hearing
impairment, self-reported general health status (ie, very good,
good, fair, poor, and very poor), self-reported life satisfaction
(ie, completely satisfied, very satisfied, somewhat satisfied, not
very satisfied, or not at all satisfied), daytime napping,
depression, chronic disease condition (ie, none, mild, and
severe), and sample weights. Respondents were deemed to have
visual or hearing impairment if they reported fair or poor vision
(for either long-distance or near vision) or hearing difficulties.
The respondents’ chronic disease status was documented based
on the count of self-reported noncommunicable diseases,
encompassing hypertension, diabetes, dyslipidemia, heart
conditions, stroke, renal diseases, asthma, pulmonary disorders,
arthritis, liver ailments, and gastric issues. As for sampling

weights, the CHARLS constructed cross-sectional sample
weights directly from the sampling probabilities for households
and individuals, taking into account death and divorce. In the
2018 survey, the CHARLS provides two sets of cross-sectional
household weights, one with corrections for nonresponse and
one without. Our study adopted the sets of cross-sectional
individual weights with corrections.

Statistical Analysis
In the current study, comparisons of respondents’ general
characteristics based on ADL disability status were conducted
using analysis of variance (ANOVA) for numerical variables

and ordinal χ2 tests for categorical variables. Numerical
variables were presented as the mean (SD). Categorical variables
were reported as numbers and percentages. Given the
dichotomous nature of the ADL disability measure utilized in
this study, we adopted multivariable generalized linear models
with binomial family and log links to examine the associations
between sleep duration and ADL disability; meanwhile, the
odds ratios (ORs) and 95% CIs were reported. Restricted cubic
splines with four knots at the 5th, 35th, 65th, and 95th centiles
were used to examine the association between sleep duration
per night and ADL disability. The generalized linear analytic
models incorporated a range of covariates, including age, sex,
education, marital status, tobacco and alcohol consumption,
depression, place of residence, sensory impairment, self-reported
health status, life satisfaction, daytime napping, chronic disease
status, and sample weights. Multiple imputation with 5
replications and a chained equation approach was adopted to
deal with missing data. We also conducted analyses stratified
by sex to investigate sex-specific associations. A two-sided
P<.05 was considered to be statistically significant. All data
analyses were performed with Stata version 14.0 (StataCorp).

Results

Sample Characteristics
A schematic flow diagram of the study sample is shown in
Figure 1. After filtering, our final study sample included 17,607
people with and without ADL disability.
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Figure 1. Flowchart of the study sample from the 2018 China Health and Retirement Longitudinal Study (CHARLS).

Table 1 shows the characteristics of the study population in the
2018 wave of the CHARLS. Among the 17,607 participants,
8375 (47.6%) were men and 9232 (52.4%) were women, with
a mean (SD) age of 62.7 (10.0) years. A total of 3350
participants (19.0%) reported ADL disability. Compared with
people with normal ADL function, individuals with ADL
disability were more likely to have extremely shorter (≤4 hours)
sleep duration and longer (≥10 hours) sleep duration (all

P<.001). Participants with ADL disability also tended to have
long napping during the day (≥90 minutes). In addition, there
were significant differences between ADL disability groups
concerning sex, education, tobacco and alcohol use, married
status, residence, depressive status, chronic disease conditions,
sensory impairments, life satisfaction, and self-reported general
health status (all P<.001).
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Table . Characteristics of participants by depression status in the 2018 China Health and Retirement Longitudinal Studya.

P valueNo ADL disability
(n=14,257)

ADLb disability (n=3350)Total sample (N=17,607)Characteristics

<.0016.3 (1.9)5.7 (2.5)6.2 (2.0)Sleep duration per night,
hours, mean (SD)

<.001Sleep duration per night,
hours, n (%)

2114 (14.8)1091 (32.6)3205 (18.2)    ≤4

2111 (14.8)493 (14.7)2604 (14.8)    5

3295 (23.1)552 (16.5)3847 (21.9)    6

2577 (18.1)359 (10.7)2936 (16.7)    7

2864 (20.1)450 (13.4)3314 (18.8)    8

646 (4.5)158 (4.7)804 (4.6)    9

650 (4.6)247 (7.4)897 (5.1)    ≥10

<.00161.5 (9.5)68.0 (10.2)62.7 (10.0)Age, mean (SD), y

<.001Sex, n (%)

7122 (50.0)1253 (37.4)8375 (47.6）    Men

7135 (50.1)2097 (62.6)9232 (52.4）    Women

<.001Education, n (%)

2926 (20.5)1250 (37.3)4176 (23.7)    Illiterate

9408 (66.0)1913 (57.1)11,321 (64.3)    Middle school and below

1923 (13.5)187 (5.6)2110 (12.0)    High school and above

<.001Tobacco use, n (%)

8011 (56.8)2063 (62.4)10,074 (57.8)    Never

6106 (43.3)1243 (37.6)7349 (42.2)    Current

<.001Alcohol use, n (%)

8963 (62.9)2479 (74.0)11,442 (65.0)    Never

5294 (37.1)871 (26.0)6165 (35.0)    Current

<.00111,474 (80.5)2369 (70.7)13,843 (78.6)Married, n (%)

<.001Residence, n (%)

11,185 (78.7)2812 (84.0)13,997 (79.7)Rural

3033 (21.3)534 (16.0)3567 (20.3)Urban

4323 (30.3)1859 (55.5)6182 (35.1)Depression, n (%)

<.001Daytime napping, minutes,
n (%)

5426 (38.1)1301 (38.8)6727 (38.2)    None

1183 (8.3)279 (8.3)1462 (8.3)    ≤30

5635 (39.5)1204 (35.9)6839 (38.8)    31‐90

2013 (14.1)566 (16.9)2579 (14.7)    ≥90

<.001Chronic disease conditions,
n (%)

8448 (59.3)1368 (40.8)9816 (55.8)    None

5141 (36.1)1595 (47.6)6736 (38.3)    Mild

668 (4.7)387 (11.6)1055 (6.0)    Severe

<.00111,506 (80.9)3029 (91.5)14,535 (82.9)Visual impairment, n (%)
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P valueNo ADL disability
(n=14,257)

ADLb disability (n=3350)Total sample (N=17,607)Characteristics

<.0019011 (63.3)2695 (80.7)11,706 (66.6)Hearing impairment, n (%)

<.00112,098 (84.9)2267 (67.7)14,365 (81.6)Life satisfaction (satisfied),
n (%)

<.0013628 (25.5)218 (6.5)3846 (21.8)Self-reported general health
status (good), n (%)

aMissing data for the following characteristics: tobacco use (184, 1.0%), residence (43, 0.2%), visual impairment (77, 0.4%), hearing impairment (35,
0.2%), life satisfaction (1354, 7.7%), and self-reported general health status (1241, 7.0%).
bADL: activities of daily living.

Association Between Sleep Duration and ADL
Disability
The association between sleep duration and ADL disability is
shown in Table 2. In the model adjusting for age and sex (Model
1), individuals who slept ≤4 hours, 5 hours, 6 hours, 9 hours,
and ≥10 hours had a higher risk of ADL disability than the
reference group (7 hours per night). After adjusting for age, sex,

and other potential confounders (Model 2), the association
between 6 hours per night and ADL disability disappeared,
while the associations between short (≤4 and 5 hours) and long
(9 and ≥10 hours) sleep duration and ADL disability remained
the same, with ORs of 1.91 (95% CI 1.60‐2.27; P<.001), 1.33
(95% CI 1.09‐1.62; P=.006), 1.48 (95% CI 1.13‐1.93;
P<.001), and 1.88 (95% CI 1.47‐2.41; P<.001), respectively.

Table . Associations between sleep duration and activities of daily living (ADL) disability among participants from the 2018 China Health and Retirement
Longitudinal Study.

P valueORa (95% CI)

Sleep duration per night, hours

Model 1b

<.0012.85 (2.48‐3.26)    ≤4

<.0011.51 (1.30‐1.76)    5

.0311.17 (1.01‐1.36)    6

-c[Reference]    7

.3421.08 (0.92‐1.25)    8

.0021.41 (1.14‐1.75)    9

<.0012.03 (1.68‐2.46)    ≥10

Model 2d

<.0011.91 (1.60‐2.27)    ≤4

.0061.33 (1.09‐1.62)    5

.2461.11 (0.93‐1.34)    6

-c[Reference]    7

.5491.06 (0.88‐1.27)    8

<.0011.48 (1.13‐1.93)    9

<.0011.88 (1.47‐2.41)    ≥10

aOR: odds ratio.
bModel 1 was adjusted for age and sex.
cNot applicable.
dModel 2 was adjusted for age, sex, education, marital status, tobacco use, alcohol use, afternoon napping, residence, depression, chronic disease
conditions, visual impairment, hearing impairment, life satisfaction, self-reported health status, and sample weights.

Sensitivity Analyses
Figure 2 provides the results of stratified analysis by sex. Our
findings found that for both men and women, short (≤4 hours)
and long (9 and ≥10 hours) sleep duration were associated with

higher ADL disability compared to the reference group.
However, after adjusting for covariates, men with less than 4
hours (OR 2.08, 95% CI 1.55‐2.80), 9 hours (OR 1.95, 95%
CI13.4‐2.84), and above 10 hours per night (OR 2.23, 95%
CI 1.52‐3.26) had a higher risk than women did.
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Figure 2. Sex-specific effect of sleep duration on the activity of daily living disability.

Nonlinear Relationship Between Sleep Duration and
ADL Disability
In Figure 3, restricted cubic splines were used to flexibly model
and visualize the relations between predicted sleep duration and
ADL disability. Multivariable-adjusted restricted cubic splines
analyses suggested U-shaped associations between sleep

duration and ADL disability. The risk of ADL disability was
negatively correlated with sleep duration until it bottomed out
at 7 hours (OR 0.83, 95% CI 0.79‐0.87; P<.001). However,
when the sleep duration was higher than 7 hours, the risk of
ADL disability increased significantly (OR 1.19, 95% CI
1.12‐1.27; P<.001).
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Figure 3. Nonlinear relationship of sleep duration and activity of daily living disability. OR: odds ratio; ADL: activities of daily living.

Discussion

Principal Findings and Comparison With Previous
Works
In this nationally representative study, using the CHARLS
database, a statistically significant U-shaped association was
found between sleep duration and ADL disability. Individuals
with short and long sleep duration were associated with a higher
risk of ADL disability. To the best of our knowledge, the current
study stands as one of the most extensive examinations of the
correlation between sleep duration and ADL disability in the
Chinese population.

Compared to other countries, the prevalence rates of ADL
disability among older adults were higher in China [39], with
one study observing a rate as high as 41% [40]. In contrast, in
America, the percentage of older adults aged 65‐74 years
living with functional disability was 25.4% in 2015 [41]. The
measurement of ADL disability serves as a crucial tool for
monitoring the efficacy of therapeutic interventions across a
range of diseases [42]. Given the well-established link between
ADL disability and functional ability, it is important to conduct
a study on the relationship between sleep duration and ADL
disability.

Previous studies have estimated the correlation between sleep
duration and ADL disability. The National Health & Aging
Trends Study in the United States has demonstrated that

insomnia symptoms were correlated with increased likelihood
of functional limitations in later life [43]. The Centers for
Disease Control and Prevention reported that adults who slept
less than 7 hours per night were more prone to difficulties with
daily activities than those who slept 7‐9 hours per night [44].
Data from the New Integrated Suburban Seniority Investigation
Project in Japan also suggested a heightened risk of incident
disability in older adults associated with sleeping less than 6
hours per night [16]. However, this study found no significant
link with long sleep duration, potentially due to its limited
sample size (n=256) and subject detection bias. Conversely,
data from 486,619 stroke survivors from the National Health
Interview Survey revealed that long sleepers (≥9 hours) were
more likely to experience problems with instrumental activities
of daily living compared to average sleepers [13]. Our results
are in accordance with the studies highlighting the increased
risk of ADL disability associated with both short and long sleep.
Meanwhile, our findings also align with a previous CHARLS
study [45], which indicates that sleep durations of short (4 hours
or less) and long (9 hours or more) predicted incident ADL
disability.

Our results of multivariable-adjusted restricted cubic splines
analyses also observed a U-shaped association between sleep
duration and ADL disability. Our results lent support to the
conclusion that adults aged 18‐60 years were recommended
to sleep at least 7 hours each night to foster optimal health and
well-being, as suggested in previous studies [8,46]. Furthermore,
“Healthy China 2030” echoes this advice, advocating for a sleep

Interact J Med Res 2025 | vol. 14 | e65075 | p.399https://www.i-jmr.org/2025/1/e65075
(page number not for citation purposes)

Fan et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


duration of 7‐8 hours per day for Chinese adults. Insufficient
or excessive sleep duration per night was associated with an
increased risk for coronary heart disease, cognitive decline, and
functional limitations [30,45,47]. The evidence from China
Kadoorie Biobank indicated that 23% of Chinese adults reported
getting below 6 hours of sleep duration and 16% reported
exceeding 10 hours [48]. The observed nonlinear association
underscores the ongoing necessity for public education regarding
sleep health and opportunities for healthcare providers to engage
patients in discussions about the significance of sleep and to
promote sleep health initiatives. Future research to prevent
functional limitations may consider intervention strategies
focused on sleep hygiene and inform the development of health
policies.

The mechanisms by which sleep duration influences ADL
disability remain unclear. Several plausible explanations have
been proposed to explain the correlation between sleep duration
and ADL disability. One possible explanation is tied to the
pathology of age-related macular degeneration pathology. An
exploratory study involving 277 patients with age-related
macular degeneration found significant alterations in the
expression levels of immediate early response 3 (IER-3), tissue
inhibitor of metalloproteinase-3 (TIMP-3), beta
3-glucosyltransferase (B3GALTL), hepatic lipase (LIPC), and
HtrA serine peptidase 1 (HTRA1) among individuals with sleep
deprivation or patients with age-related macular degeneration
who experienced an increase in sleep duration [49]. Meanwhile,
physical activity markedly contributed to exacerbating the
severity of age-related macular degeneration. Furthermore,
IER-3 and TIMP-3 also had a role in regulating mechanisms in
circadian rhythms [49]. The second explanation links the
relationship between sleep duration and ADL disability to
psychological distress [50]. Similarly, sleep duration also
affected the relationship between ADL disability and
psychological distress as a mediating pathway, which might
also affect ADL disability by causing psychological distress
[6]. However, the underlying mechanism governing the
association between sleep duration and ADL disability remained
uncertain.

In addition, our stratified analysis revealed an elevated risk of
ADL disability among men with short and long sleep durations.
Sex differences in sleep duration cannot be ignored, as men
generally tend to sleep less than women throughout their lifespan
[51]. Our findings align with those from the Swedish panel
study of living conditions among the oldest old, which showed
stronger associations between ADL and instrumental activities

of daily living as well as other health indicators among men
compared to women between 1992 and 2002 [52]. A
longitudinal observation study of 3609 adults aged 65‐89 years
from the Korean National Health and Nutrition Examination
Survey also found that men had 2‐3 times higher odds of
developing ADL disability than women [53]. One plausible
explanation for this sex difference could be the more severe
impact of conditions such as stroke, cancer, and pulmonary
disease on older men compared to women, potentially due to
men’s greater propensity for alcohol and tobacco consumption,
thereby increasing the greater risk of ADL disability.

Strengths and Limitations
Our study boasts significant strengths, notably its utilization of
a nationally representative sample of Chinese adults aged 45
years and older, rather than relying on clinical samples or
occupational cohorts. Furthermore, to our knowledge, it stands
as one of the pioneering population-based studies to incorporate
both sleep duration and ADL disability. However, several
limitations of the current study merit consideration. First, due
to its cross-sectional design, we are unable to establish causal
relationships between sleep duration and ADL disability based
on the observed associations, necessitating a cautious
interpretation of the findings. Second, sleep duration was solely
assessed through self-reporting, which may introduce potential
biases. Third, the CHARLS questionnaire lacks comprehensive
sleep-related information, such as objective assessments of the
sleep quality, sleep disturbance, and difficulties initiating sleep,
which could potentially act as a confounding factor, influencing
our estimates. Finally, the binary classification of ADL
disability, rather than a continuous scale, might underestimate
the associations between sleep duration and ADL disability.
Additionally, despite controlling for a range of covariates in the
analysis, we cannot discount the influence of unknown factors
in this study.

Conclusions
A nationally representative sample in China revealed a
statistically significant U-shaped relationship between sleep
duration and ADL disability. The U-shaped pattern underscores
the importance of monitoring ADL disability in middle-aged
and older individuals who exhibit either insufficient or excessive
sleep duration. It is imperative for future longitudinal studies
to elucidate the causal or bidirectional links between sleep
duration and ADL disability, while also delving into the
potential mechanisms underlying this intricate interplay.
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Abstract

Background: Sepsis is a globally recognized health issue that continues to contribute significantly to mortality and morbidity
in intensive care units (ICUs). The association between mean arterial pressure (MAP) and prognosis among patients with patients
is yet to be demonstrated.

Objective: The aim of this study was to explore the association between MAP and 28-day mortality in ICU patients with sepsis
using data from a large, multicenter database.

Methods: This is a retrospective cohort study. We extracted data of 35,010 patients with sepsis from the MIMIC-IV (Medical
Information Mart for Intensive Care) database between 2008 and 2019, according to the Sepsis 3.0 diagnostic criteria. The MAP
was calculated as the average of the highest and lowest readings within the first 24 hours of ICU admission, and patients were
divided into 4 groups based on the mean MAP, using the quadruple classification approach. Other worst-case indications from
the first 24 hours of ICU admission, such as vital signs, severity of illness scores, laboratory indicators, and therapies, were also
gathered as baseline data. The independent effects of MAP on 28-day mortality were explored using binary logistic regression
and a two-piecewise linear model, with MAP as the exposure and 28-day mortality as the outcome variables, respectively. To
address the nonlinearity relationship, curve fitting and a threshold effect analysis were performed.

Results: A total of 34,981 patients with sepsis were included in the final analysis, the mean age was 66.67 (SD 16.01) years,
and the 28-day mortality rate was 16.27% (5691/34,981). The generalized additive model and smoothed curve fitting found a
U-shaped relationship between MAP and 28-day mortality in these patients. The recursive algorithm determined the low and
high inflection points as 70 mm and 82 mm Hg, respectively. Our data demonstrated that MAP was negatively associated with
28-day mortality in the range of 34.05 mm Hg-69.34 mm Hg (odds ratio [OR] 0.93, 95% CI 0.92-0.94; P<.001); however, once
the MAP exceeded 82 mm Hg, a positive association existed between MAP and 28-day mortality of patients with sepsis (OR
1.01; 95% CI 1.01-1.02, P=.002).

Conclusions: There is a U-shaped association between MAP and the probability of 28-day mortality in patients with sepsis.
Both the lower and higher MAP were related with a higher risk of mortality in patients with sepsis. These patients have a decreased
risk of mortality when their MAP remains between 70 and 82 mm Hg.

(Interact J Med Res 2025;14:e63291)   doi:10.2196/63291

KEYWORDS

mean arterial pressure; 28-day mortality; sepsis; MIMIC-Ⅳ; retrospective study; Medical Information Mart for Intensive Care
IV

Introduction

Sepsis is a life-threatening organ dysfunction caused by a
dysregulated host response to infection [1-3]. While mortality
from sepsis has decreased over time after age standardization,

it remains high [2-6]. According to the Global Burden of Disease
Study, 48.9 million cases of sepsis were reported worldwide in
2017, accounting for 11 million deaths [7]. Additionally, sepsis
is the most expensive disease to treat in the United States,
costing $23.7 billion annually and accounting for 6.2 percent
of all hospital admissions [8]. In low-income nations with a
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high sepsis burden, this cost could be significantly greater [9,10].
Sepsis has thus emerged as a serious public health concern with
substantial global implications and economic cost.

Despite significant attempts to provide novel organ support
strategies and identify the underlying etiology of sepsis, the
mortality rate remains high [5,9]. Research indicates that early
treatment of sepsis can improve prognosis [1,11]. Therefore,
early detection of possible risk factors is crucial for patients
with a poor prognosis [12]. Mean arterial pressure (MAP) is
one of the most commonly used parameters for the evaluation
of sepsis severity [13]. MAP is the driving pressure of tissue
perfusion and plays a key role in maintaining the perfusion of
tissue and organs. While autoregulation of regional perfusion
may protect vital organs such as the brain or kidney from
systemic hypotension, tissue perfusion becomes linearly
dependent on arterial pressure below a certain MAP
(approximately 60 mm Hg) [13]. However, the optimal range
of MAP during sepsis resuscitation remains undetermined. The
2016 and 2021 SSC Surviving Sepsis Campaign guidelines
recommend that MAP be maintained at ≥65 mm Hg in septic
shock [14,15] for improving tissue perfusion and prognosis
[14,15]. However, a study by Vincent et al [16] found that MAP
did not have a linear relationship with ICU mortality, and several
other studies have shown that increased MAP does not
necessarily improve clinical outcomes in patients with sepsis
or septic shock [13,17-22]. On the contrary, excessively high
blood pressure may increase the incidence of adverse events
[17].

Given that the appropriate blood pressure range is yet to be
determined in patients with sepsis, and considering limitations
in sample sizes, differences in study design, variability in
covariate adjustments, and the heterogeneity of patient
populations included in previous studies, it is necessary to study
and identify the appropriate blood pressure range for patients
with sepsis based on large databases. Therefore, our study aims
to investigate the relationship between MAP and the 28-day
risk of mortality in patients with sepsis using Medical
Information Mart for Intensive Care (MIMIC-IV), a large sample
of US sepsis databases, to identify the inflection point value
associated with a lower 28-day risk of death in sepsis. This large
sample size will provide more stable and reliable results,
allowing us to gain a better understanding of the relationship
between MAP and the 28-day risk of mortality in sepsis.

Methods

Study Design and Setting
This retrospective cohort study analyzed data from the
MIMIC-IV database, including patients admitted to Beth Israel
Deaconess Medical Center between 2008 and 2019.Our study
complied with the RECORD (Research Reports Using
Observational Routine Collection of Health Data) statement
[23].

Participants
The study population comprised adult patients with sepsis
identified through ICD-9 (99,591‐99,592) and ICD-10 (R652,
R6520, R6521) diagnostic codes. Inclusion criteria were patients

aged ≥18 years and with a confirmed sepsis diagnosis. Patients
lacking MAP data were excluded. Of the initial 377,207 records,
34,981 patients met the eligibility criteria and were included in
the final analysis.

Data Collection and Variables
Data extraction was performed by certified researchers following
standardized MIMIC-IV database procedures. The primary
exposure variable, MAP, was calculated as the average of
highest and lowest readings within 24 hours of ICU admission.
While MAP values naturally fluctuate during the course of
sepsis, we chose this approach to provide clinically actionable
targets, acknowledging that a more complex time-varying
analysis might capture additional nuances in the relationship
between MAP and outcomes. MAP was analyzed both as a
continuous variable and categorized into quartiles (Q1:
34.05‐69.34 mm Hg; Q2: 69.34‐74.94 mm Hg; Q3:
74.94‐81.87 mm Hg; and Q4: 81.87‐159.47 mm Hg). The
primary outcome was 28-day all-cause mortality, recorded as
a binary variable (1=death, 0=survival).

Covariates were selected based on clinical relevance and
previous literature [3,24-26]: demographic characteristics
(gender, age, and race)，vital signs (heart rate, respiratory rate,
and temperature)，laboratory measurements (eg, lactate)，
disease severity indices such as Charlson Comorbidity Index,
sequential organ failure assessment (SOFA) score, and acute
physiology and chronic health evaluation (APACHE III score)，
therapeutic interventions (ie, mechanical ventilation, renal
replacement therapy, corticosteroids, vasoactive drugs,
immunoglobulin, and antibiotics).

Statistical Analysis
The analytical approach comprised three sequential steps. First,
we constructed univariate and multivariate binary logistic
regression models with progressive covariate adjustment: model
1 (unadjusted), model 2 (adjusted for demographics), and model
3 (fully adjusted for all covariates). Continuous variables were
presented as mean (SD) or median (range), and categorical
variables as frequencies (percentages). Second, we employed
generalized additive models (GAM) with smooth curve fitting
to evaluate potential nonlinear relationships between MAP and
mortality. For identified nonlinear associations, we determined
inflection points using recursive algorithms and constructed
piecewise linear regression models. Third, we conducted
sensitivity analyses using alternative outcome measures (30-day
mortality), different MAP calculation methods (median values),
and varying covariate selection approaches. All analyses were
performed using R software (version 4.3.2; R Foundation for
Statistical Computing) and Empower Stats software (X&Y
Solutions, Inc. Boston, MA) [27], with statistical significance
set at P<.05 (two-sided).

Missing Data Handling
Patients with missing values for any of the following key
variables were excluded from the analysis: MAP measurements,
age, SOFA score, lactate levels, and mortality outcomes. To
assess potential selection bias, we compared the characteristics
of included and excluded patients.
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Ethical Considerations
The study protocol received approval from the institutional
review boards of Beth Israel Deaconess Medical Center
(2001-P-001699/14) and Massachusetts Institute of Technology
(0403000206). The data used in this study were obtained from
the MIMIC-IV database, which is a freely accessible,
deidentified public database [28]. Given the deidentified nature
of the database, the requirement for informed consent was
waived. Participants were not financially compensated, as the
study used data from publicly accessible databases rather than
data provided directly by participants.

Results

Study Population Screening
This study initially comprised 377,207 patients, of which
342,197 patients without sepsis and 29 patients lacking MAP
data were excluded, with 34,981 cases remaining for final data
analysis. The patient selection process is shown in the flowchart
(Figure 1). Missing data were minimal (<5%, range 0‐4.1%)
across all variables. Given the low proportion of missing data,
a complete case analysis was employed. The validity of this
approach was confirmed by comparison of baseline
characteristics between included and excluded patients, revealing
no significant differences in key features.

Figure 1. The flowchart of study. MAP: mean arterial pressure.

Baseline Characteristics
Among the 34,981 included patients, 20,171 (57.66%) were
men. The patients age was 66.67 (SD 16.01) years and the
overall incidence of death within 28 days was 16.27%
(5691/34,981). The patients’ baseline characteristics are
summarized in Table 1. Patients were divided into 4 groups
based on MAP at admission. The distribution of intravenous
immunoglobulin use did not differ significantly among the MAP
subgroups (P=.09). Compared with the other three groups
(Q2-Q4), patients in the Q1 group were older, had higher age,
Charlson Comorbidity Index, SOFA scores, APACHE III scores,

and lactate levels. They also had a higher frequency of renal
replacement therapy, and use of norepinephrine, dopamine,
dobutamine, cortisone, and antibiotics such as carbapenem,
cephalosporin, and vancomycin. These characteristics, which
are associated with poor prognosis, explain why patients in the
Q1 group had the highest 28-day mortality rate. In contrast, as
MAP increased from Q1 to Q4, age of the patient, severity of
the disease, and the proportion of patients using relevant
medications progressively decreased between groups. It may
be a potential mechanism for the observed differences in 28-day
mortality risk across MAP levels.
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Table . Baseline characteristics of patients with sepsis in the MIMIC-IV database, 2008‐2019.

P valueQ4a (n=8747)Q3a (n=8745)Q2a (n=8744)Q1a (n=8745)Variables

–c(81.87‐159.47)(74.95‐81.87)(69.34‐74.94)(34.05‐69.34)MAPb range (mm
Hg)

<.00164.67 (16.39)66.92 (15.33)69.76 (15.09)71.72 (15.36)Age (years), mean
(SD)

<.0015126 (58.60)5180 (59.23)5178 (59.22)4687 (53.60)Males, n (%)

<.0015268 (60.23)5860 (67.01)6166 (70.52)6350 (72.61)White population,
n (%)

<.0015.62 (3)5.87 (2.92)6.11 (2.87)6.86 (2.83)Charlson comorbid-
ity index, mean
(SD)

<.0015.52 (3.22)6.37 (3.56)6.88 (3.79)7.47 (4.02)SOFAe, mean (SD)

<.00164.24 (24.95)67.21 (26.55)72.11 (27.49)81.43 (27.98)APACHE IIId,
mean (SD)

<.0012.84 (2.56)3.00 (2.75)3.14 (2.78)3.55 (3.46)Lactate (mmol/L),
mean (SD)

<.001107.46 (24.23)104.63 (24.15)103.01 (24.08)100.76 (25.11)Heart rate (bpm),
mean (SD)

<.00127.08 (9.71)26.49 (9.62)26.57 (9.67)26.67 (9.60)Respiratory rate
(bpm), mean (SD)

<.00136.92 (1.25)36.77 (1.25)36.73 (1.30)36.68 (1.28)Temperature (°C),
mean (SD)

<.001Dexamethasone, n (%)

7497 (85.71)7841 (89.66)7917 (90.54)7907 (90.42)    No

1250 (14.29)904 (10.34)827 (9.46)838 (9.58)    Yes

<.001Methylprednisolone, n (%)

6909 (78.99)7315 (83.65)7322 (83.74)7297 (83.44)    No

1838 (21.01)1430 (16.35)1422 (16.26)1448 (16.56)    Yes

.002Cortisone, n (%)

8596 (98.27)8577 (98.08)8557 (97.86)8526 (97.50)    No

151 (1.73)168 (1.92)187 (2.14)219 (2.50)    Yes

<.001Norepinephrine, n (%)

7240 (82.77)6274 (71.74)5520 (63.13)4868 (55.67)    No

1507 (17.23)2471 (28.26)3224 (36.87)3877 (44.33)    Yes

<.001Dopamine, n (%)

8364 (95.62)8223 (94.03)8155 (93.26)7783 (89)    No

383 (4.38)522 (5.97)589 (6.74)962 (11)    Yes

<.001Dobutamine, n (%)

8504 (97.22)8377 (95.79)8363 (95.64)8241 (94.24)    No

243 (2.78)368 (4.21)381 (4.36)504 (5.76)    Yes

.09IVIGf, n (%)

8495 (97.12)8524 (97.47)8538 (97.64)8539 (97.64)    No

252 (2.88)221 (2.53)206 (2.36)206 (2.36)    Yes

<.001MVg, n (%)

5222 (59.70)4502 (51.48)4517 (51.66)5335 (61.01)    No
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P valueQ4a (n=8747)Q3a (n=8745)Q2a (n=8744)Q1a (n=8745)Variables

3525 (40.30)4243 (48.52)4227 (48.34)3410 (38.99)    Yes

<.001RRTh, n (%)

8225 (94.03）8281 (94.69）8232 (94.14）7879 (90.10）    No

522 (5.97）464 (5.31）512 (5.86）866 (9.90）    Yes

<.001Carbapenem, n (%)

7138 (81.61)7053 (80.65)6883 (78.72)6458 (73.85)    No

1609 (18.39)1692 (19.35)1861 (21.28)2287 (26.15)    Yes

<.001Cephalosporin, n (%)

8046 (91.99)8007 (91.56)8008 (91.58)7892 (90.25)    No

701 (8.01)738 (8.44)736 (8.42)853 (9.75)    Yes

<.001Penicillin, n (%)

4200 (48.02)4462 (51.02)4381 (50.10)3864 (44.19)    No

4547 (51.98)4283 (48.98)4363 (49.90)4881 (55.81)    Yes

<.001Vancomycin, n (%)

1909 (21.82)1861 (21.28)1662 (19.01)1127 (12.89)    No

6838 (78.18)6884 (78.72)7082 (80.99)7618 (87.11)    Yes

<.00128-day mortality, n (%)

7587 (86.74)7564 (86.50)7452 (85.22)6687 (76.47)    No

1160 (13.26)1181 (13.50)1292 (14.78)2058 (23.53)    Yes

aPatients were divided into 4 groups (Q1, Q2, Q3, and Q4) based on the mean MAP, using the quadruple classification approach.
bMAP: mean arterial pressure.
cNot applicable
dAPACHE III: Acute Physiology and Chronic Health Evaluation III.
eSOFA: Sequential Organ Failure Assessment.
fIVIG: intravenous immunoglobulin.
gMV: mechanical ventilation.
hRRT: renal replacement therapy.

Relationship Between Mean Arterial Pressure and
28-Day Mortality

Univariate and Multivariate Analysis
We conducted univariate and multivariate analyses to investigate
the relationship between MAP and 28-day mortality in patients
with sepsis. Table 2 displays the results of the association
between MAP and mortality in sepsis using various covariate
adjustment strategies. In the nonadjusted model 1, each 1 mm
Hg increase in MAP reduced the risk of 28-day mortality by
3% (odds ratio [OR] 0.97, 95% CI 0.971-0.974; P<.001). After
adjusting for demographic factors such as gender, age, and
White race, model 2 showed that the trend of OR was not altered
(OR 0.97, 95% CI 0.97-0.98; P<.001). However, after adjusting
for all covariables presented in Table 1, model 3 demonstrated
that each 1 mm Hg increase in MAP resulted in a 1% decrease
in the risk of 28 day-mortality (OR 0.99, 95% CI 0.99-1.00;
P<.001). In model 3, the association between MAP and the
probability of death in 28 days reduced to 1%, which was lower
than the 3% decline seen in Models 1 and 2. This distinction
was further explored and analyzed; we screened for covariates

and discovered that SOFA score, age, and the Charlson
comorbidity index had the greatest influence on the outcomes.
The methodological rationale for this analysis was to include
or exclude the effect of covariates on the regression coefficients
of the main independent variables when constructing regression
models. For example, in the unadjusted model, we included the
main independent variable, MAP and found that the regression
coefficient with the outcome was −0.0304. However, in the
fully adjusted model, we added a number of covariates such as
age, Charlson Comorbidity Index, SOFA score, and heart rate,
the regression coefficient of MAP decreased to −0.0072 when
these covariates were included (Multimedia Appendix 1). This
implies that these factors “explain” or “mediate” the relationship
between MAP and outcome to some extent. Specifically, age,
Charlson index, and SOFA scores, which might reflect the
patients’ baseline status and illness severity, contributed to the
influence of MAP on outcome. This methodological aspect,
namely the change in regression coefficients of the independent
variables observed between the basic and full models, allows
us to gain a deeper understanding of the complex link between
independent factors and outcomes. It can help us uncover
potential interactions or mediating effects that give a foundation
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for understanding study findings. In addition, we performed a
sensitivity analysis to verify the robustness of our findings by
converting the MAP from a continuous variable into categorical

variables (quartiles) and performing a trend test. The Q1 MAP
was used as a reference; therefore, the same association was
observed (P<.001) (Table 2).

Table . Relationship between mean arterial pressure and 28-day mortality.

P valueModel 3c (OR, 95% CI)Model 2b (OR, 95% CI)Model 1a (OR, 95% CI)Exposure

<.0010.99 (0.99-1.00)0.97 (0.97-0.98)0.97 (0.97-0.97)MAPd (mm Hg)

MAPe quartiles (mm Hg)

111<65

<.0010.65 (0.59- 0.73)0.61 (0.56 -0.67)0.60 (0.55,-0.66)65‐70

<.0010.51 (0.46- 0.56)0.42 (0.39- 0.46)0.41 (0.38-0.45)70‐80

<.0010.58 (0.51- 0.66)0.40 (0.36- 0.45)0.38 (0.34-0.43)80‐85

<.0010.74 (0.65- 0.83)0.42 (0.38-0.47)0.38 (0.35- 0.42)≥85

–f<.001<.001<.001P value for trend

aModel 1 unadjusted.
bModel 2 adjusted for gender, age at admission, White race.
cModel 3 adjusted for gender, age at admission, White race.
dMAP as a continuous variable.
eMAP as a categorical variable.
fNot applicable.

Nonlinear Association Between MAP and 28-Day
Mortality
We used smoothed curve fitting and GAM to evaluate the
nonlinear relationship between MAP and 28-day mortality.
After adjusting for all covariables listed in Table 1, our results
demonstrated a U-shaped association between MAP and 28-day
mortality with both low and high MAP associated with an
increased risk of 28-day mortality (Figure 2). Furthermore, we
employed a two-piecewise linear regression model and a
recursive algorithm to determine the inflection points of MAP.
The inflection points refer to points on the curve, where the
curve transitions from falling to rising or rising to falling.

Identifying these inflection points can help us better understand
the complex relationship between MAP and 28-day mortality,
as a single linear model may not fully capture this nonlinear
relationship. We calculated the low and high inflection points
at 70 and 82 mm Hg, respectively. When MAP was between
34.05 mm Hg and 70 mm Hg, the risk of 28-day mortality
decreased by 7% for every 1 mm Hg increase (OR 0.93, 95%
CI 0.92-0.94; P<.001). When the MAP was 70-82 mm Hg, there
was no significant correlation (OR 1.01, 95% CI 0.99-1.02;
P=.28). However, when MAP increased from 82 mm Hg to
159.47 mm Hg, the probability of 28-day mortality increased
by 1% for every 1 mm Hg rise (OR 1.01, 95% CI 1.01-1.02,
P=.002) (Table 3).
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Figure 2. The nonlinear relationship between MAP and 28-day mortality risk. The solid line represents the smoothed curve fit while the dotted line
represents 95% CI. MAP: mean arterial pressure.

Table . Threshold effect analysis for the relationship between mean arterial pressure and 28-day mortality.

28-day mortalityOutcomes

P valueOR (95%CI)

<.0010.99 (0.99-1.00)Fitting model using logistic regression model

Fitting model using two-piecewise linear model

Inflection point (mm Hg)

<.0010.93 (0.92-0.94)<70

.281.01 (0.99-1.02)70‐82

.0021.01 (1.01-1.02)>82

<.001Log-likelihood ratio test

Subgroup Analysis
The interaction analysis revealed significant effect modification
by hypertension status (P for interaction=.03) and heart failure
status (P for interaction=.03) on the association between MAP
and 28-day mortality (Table 4). In hypertensive patients, each

1 mm Hg increase in MAP was associated with a slightly
stronger protective effect against mortality (OR 0.993, 95% CI
0.992‐0.994) compared to nonhypertensive patients (OR 0.984,
95% CI 0.982‐0.986). Conversely, in patients with heart
failure, the protective effect was marginally attenuated (OR
0.989, 95% CI 0.988‐0.990) compared to those without heart
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failure (OR 0.995, 95% CI 0.992‐0.997). The use of
vasopressors did not significantly modify the association
between MAP and mortality (P for interaction=.14), with similar
protective effects observed in both vasopressor users (OR 0.988,
95% CI 0.984‐0.992) and nonusers (OR 0.991, 95% CI

0.990‐0.992). These findings suggest that the optimal blood
pressure management strategy may need to be tailored according
to patients’ comorbidity profile, particularly in those with
hypertension or heart failure.

Table . Interaction analysis between mean blood pressure and treatment on 28-day mortality.

P value for interaction28-day mortality, odds ratio (95% CI)Model

.03Hypertensiona

0.984 (0.982-0.986)No

0.993 (0.992-0.994)Yes

.14Vasopressorb

0.991 (0.990-0.992)No

0.988 (0.984-0.992)Yes

.03Heart failurec

0.995 (0.992-0.997)No

0.989 (0.988-0.990)Yes

aModel Hypertension adjusted for: gender; age at admission; ethnicity; Charlson Comorbidity Index; dexamethasone; dopamine; dobutamine; IVIG,
intravenous immunoglobulins; methylprednisolone; MV, mechanical ventilation; cortisone; SOFA, Sequential Organ Failure Assessment; glucocorticoids;
cephalosporin; penicillin; heart rate; respiratory rate; vancomycin; body temperature and the interaction terms for following variables: dopamine,
ethnicity, mechanical ventilation, SOFA.
bModel Vasopressor adjusted for: gender; age at admission; ethnicity; Charlson Comorbidity Index; dexamethasone; IVIG, intravenous immunoglobulins;
methylprednisolone; MV, mechanical ventilation; cortisone; SOFA, Sequential Organ Failure Assessment; glucocorticoids; cephalosporin; penicillin;
heart rate; respiratory rate; vancomycin; body temperature and the interaction terms for following variables: age at admission.
cModel Heart failure adjusted for: gender; age at admission; ethnicity; Charlson Comorbidity Index; dexamethasone; IVIG, intravenous immunoglobulins;
methylprednisolone; MV, mechanical ventilation; cortisone; SOFA, Sequential Organ Failure Assessment; glucocorticoids; cephalosporin; penicillin;
respiratory rate; vancomycin; body temperature and the interaction terms for following variables: age at admission, dexamethasone, IVIG, SOFA,
glucocorticoids, cephalosporin, vancomycin, body temperature.

Sensitivity Analysis
Our sensitivity trials yielded results that confirmed the
robustness of our findings (Multimedia Appendix 2). The
regression coefficient for MAP was –0.0068 (95% CI –0.0123
to –0.0013) when the endpoint was 30-day mortality. When the
median was used, the regression coefficient for MAP was
–0.0065 (95% CI –0.0118 to –0.0012). Following the exclusion
of individuals receiving medication for hypertension, the MAP
regression coefficient was –0.0070 (95% CI –0.0128 to
–0.0012). Other covariate selection methods produced results
that were comparable. These results support our main finding,
which confirms that the chance of patient mortality is inversely
correlated with the MAP in all conditions.

Discussion

Main Findings
We investigated the relationship between MAP and the 28-day
risk of mortality in patients with sepsis using data from a large,
multicenter retrospective cohort study in the United States. We
found a nonlinear association between MAP and 28-day
mortality using a GAM and a two-piecewise linear regression.
The findings revealed a U-shaped connection, indicating that
both high and low MAP was associated with an increased risk
of 28-day mortality in patients with sepsis. We discovered that
each 1 mm Hg increase in MAP below 70 mm Hg resulted in

a 7% decrease in the 28-day risk of mortality. When MAP
exceeded 82 mm Hg, the 28-day mortality risk increased by 1%
for each 1 mm Hg rise. This implies that maintaining MAP
between 70-82 mm Hg may help improve the outcome in
individuals with sepsis. While previous studies, including the
work by Zhong et al [29] have explored the relationship between
MAP and sepsis outcomes using MIMIC-III data, our study
extends these findings in several important ways. First, we used
the updated MIMIC-IV database with a larger sample size
(34,981 vs. 14,031), providing more statistical power. Second,
we employed more sophisticated statistical methods, including
GAM models and two-piecewise linear regression, which
allowed us to identify specific inflection points. Most
importantly, our study identified a precise optimal MAP range
(70-82 mm Hg) for clinical practice, whereas previous studies
were unable to determine such specific thresholds. These
differences explain why our findings provide more detailed and
clinically applicable guidance for MAP management in patients
with sepsis. There is no substantial relationship between MAP
and 28-day mortality in this range, and organ damage from
hypoperfusion or hyper-perfusion can be avoided. This finding
provides clinicians with a reference range that can help guide
blood pressure management in patients with sepsis. Further,
more clinical studies are needed to validate these findings.
However, this study provides a valuable reference for optimizing
blood pressure management in patients with sepsis.

Interact J Med Res 2025 | vol. 14 | e63291 | p.411https://www.i-jmr.org/2025/1/e63291
(page number not for citation purposes)

Chen et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Most previous studies have explored the effect of low MAP on
the outcome in patients with sepsis; our study further discovered
a U-shaped relationship with specific inflection points. Our
findings regarding the lower MAP threshold (70 mm Hg) are
consistent with several previous studies. In a single-center
retrospective cohort study of 1395 patients with severe sepsis
or septic shock, []the 28-day mortality rate with an average
MAP<65 mm Hg was 39.7%, which was significantly higher
than other groups [30]. Similarly, in another retrospective cohort
study based on the MIMIC III database by Cao et al. [31], which
included 14,607 patients with sepsis, it was found that a lower
MAP was significantly associated with higher 30-day mortality
rates, with the lowest inflection point at 68.6 mm Hg.

However, our study differs from previous research in several
important aspects. First, we used more sophisticated statistical
methods including GAM models and two-piecewise linear
regression, enabling us to identify both lower and upper
thresholds. Although previous studies comparing the effects of
higher and lower MAP on sepsis outcomes have yielded negative
results, our findings uniquely identified 82 mm Hg as a critical
upper threshold, above which there is an increased risk of death
[17,18]. This increased risk could be due to secondary damage
caused by excessive workload on organs and
ischemia-reperfusion injury [31,32].

We speculate that the disparities between our findings and
previous studies can be attributed to several factors: (1) the
populations studied were not identical; (2) we provided more
comprehensive covariate adjustment, whereas previous studies
did not adjust for potential confounders; and (3) our analytical
approach using the GAM model allowed us to detect nonlinear
associations that might have been overlooked in previous
studies. Further research is needed to determine whether these
findings can be applied across populations.

Strengths and Limitations
This study has several key advantages. First, we used data from
the updated MIMIC-IV cohort, which provides a larger sample
size and, consequently greater statistical power. Second, we
adjusted for a broader set of covariate indicators and focused

on treatment strategies that were more closely related to patient
outcomes. To better determine the true relationship between
MAP and mortality, we used a GAM and two-piecewise linear
models, which are advanced algorithms. Furthermore, we
calculated the U-curve and identified two inflection points that
provided a safe MAP range associated with lower mortality
risk. Third, as this study used a large number of sensitivity
analyses, the results are more robust. More informative,
supporting evidence for MAP monitoring and clinical
decision-making based on this metric is provided through this
study.

Several limitations of this study should be noted. First, our
findings are based solely on the MIMIC-IV database, which
predominantly includes patients from a single geographic region
and may not be representative of other populations. Given
potential racial and ethnic differences in cardiovascular
responses and outcomes, external validation of our findings in
different 17 populations, particularly among Asian populations
including Chinese patients, would be valuable. Such validation
studies could help establish whether the optimal MAP range
identified in our study is universally applicable or needs to be
adjusted for different populations. Second, while we adjusted
for measurable confounders, we could not account for
unmeasurable confounding. Additionally, due to substantial
missing data in lactate measurements, we were unable to conduct
subgroup analyses based on lactate levels. This limitation
prevents a deeper understanding of how the optimal MAP targets
might differ among patients with varying degrees of tissue
hypoperfusion, as indicated by lactate levels. Third, as this was
an observational study, and therefore, inherently constrained,
we could only observe relationships rather than evaluate
causality.

Conclusion
There is a U-shaped association between MAP and the mortality
risk in patients with sepsis. Both increases or decreases in MAP
are linked to increased mortality risk. Our findings suggest that
patients with sepsis have a lower risk of death when their MAP
is maintained between 70-82 mm Hg.
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Abstract

Background: In the United States, transgender, nonbinary, and gender diverse (TGD) young adults experience a higher risk of
depression compared to their cisgender peers. Understanding factors associated with increased risk of depression within the TGD
young adult population is important to guide clinical care as well as inform the development of interventions to reduce mental
health disparities.

Objective: This exploratory study investigated the prevalence and correlates of positive screening for depressive symptoms
among TGD young adults to inform the design, development, and implementation of national interventions aimed at improving
mental health in this at-risk population.

Methods: In August 2022, a cross-sectional, nationwide online survey was conducted among TGD young adults aged 18‐25
(N=104) in the United States. Measures included sociodemographic variables, family characteristics, mental health care utilization,
and the two-item Patient Health Questionnaire-2 (PHQ-2) screener for depression. Poisson regression models with robust variance
estimation were fitted to estimate adjusted prevalence ratios (aPR) and 95% CI for correlates of PHQ-2 depression (score ≥3).

Results: The study sample had a mean age of 22 (SD 2) years; 48/104 (46%) individuals identified as Black, Indigenous, or
other People of Color, and 69/104 (66%) were nonbinary. Overall, 44 (42%) individuals screened positive for depression using
PHQ-2. In a multivariable model adjusted for age, race and ethnicity, US census region, and health insurance status, factors
associated with increased depression prevalence using PHQ-2 included low versus high family support (aPR 1.54, 95% CI
1.05‐2.27) and identifying with a nonChristian religion versus being unaffiliated (aPR 1.66, 95% CI 1.04‐2.63). Factors
associated with reduced depression prevalence included living in a rural versus suburban area (aPR 0.48, 95% CI 0.26‐0.92)
and receiving mental health therapy versus not (aPR 0.71, 95% CI 0.53‐0.97).

Conclusions: The high prevalence of depressive symptoms among TGD young adults in this study sample highlights the need
for comprehensive mental health evaluation and support in this population. Depression risk is increased among certain subgroups,
such as those with low family support. These findings are valuable in informing the development of interventions that aim to
improve mental health outcomes among TGD young people.
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Introduction

In the United States, major depression is a leading cause of
morbidity and mortality, affecting an estimated 21 million adults
aged ≥18 years (8.3% of all US adults) [1,2]. It is most prevalent
among young adults aged 18‐25 (18.6%) [3]. The peak
incidence of depression occurs between ages 12‐25 years, and
1 in 5 adolescents (20.1%) aged 12‐17 in the US has had at
least one major depressive episode, highlighting the importance
of early detection and intervention efforts [3,4]. The US
Preventive Services Task Force recommends routine preventive
screening for depression among the general adult population
aged ≥18 years in primary care settings, using tools such as the
Patient Health Questionnaire (PHQ) to identify individuals who
should be further evaluated for depression and facilitate
appropriate referrals to mental health services [5-7].

Transgender, nonbinary, and gender diverse (TGD) young adults
in the United States have a two- to four-fold higher risk of major
depression [8] and are more likely to screen positive for
clinically elevated depressive symptoms relative to their
cisgender counterparts [9]. For example, in a national random
sample of 65,231 college students drawn from 71 US college
campuses, the prevalence of past 2-week depression using
PHQ-9 was 57.8% for TGD young adults compared to 28.4%
for cisgender young adults [9]. Other studies report similarly
high prevalence rates of past 2-week elevated depressive
symptoms, which vary depending on the screening instrument
used and specific age range sampled: 56.7% (PHQ-9 depression
in a clinical TGD sample aged 13‐20 y) [10], 57.9% (two-item
Patient Health Questionnaire, PHQ-2 depression in a
representative school-based sample of TGD 9th and 11th graders
in Minnesota) [11], and 75% (PHQ-2 depression in
nonprobability online sample of 5753 TGD young people aged
13‐24 y) [12]. Additional research is needed to understand
factors associated with screening positive for depression among
TGD young people, particularly using brief instruments
appropriate for universal screening in clinical settings.
Identifying TGD young people at increased risk for depression
may facilitate more effective clinical care and inform the
development of interventions to address mental health
disparities.

Sociodemographic differences in depression prevalence based
on gender identity and race or ethnicity have been inconsistent
across studies among TGD young people [13], although
nonbinary individuals reported consistently high rates of
depression [9]. Other sociodemographic factors, such as
geographic region and urbanity, are also important to consider,
particularly in the context of legislation restricting elements of
care for TGD populations. Several studies document the adverse
negative health impacts of antitransgender legislation, even
among TGD people who do not live in states with active or
pending legislation [14]. While family support is protective for

TGD mental health [15,16], other family-related factors, such
as religiosity, necessitate further exploration [11], particularly
since TGD young people have reported mixed quantitative
findings on religiosity and mental health [17], and attitudes
toward TGD people may differ by religious affiliation [18,19].
Additionally, both current utilization of mental health services
and a history of seeking resources or information about mental
health services may be relevant for future intervention
implementation for TGD young adults. Consistent with a
transformative paradigm in mental health that emphasizes early
prevention and intervention of emerging mental health
disparities in individuals aged 12‐25 years [20], patterns of
adolescent help-seeking may persist into young adulthood. Some
TGD young people may have sought mental health information,
while others may not have, highlighting the need to better
understand whether help-seeking behaviors differ between those
with and without depression. This knowledge can inform
targeted intervention strategies to reach those who may need
help.

This exploratory study sought to investigate the prevalence and
correlates of depression using PHQ-2 in a nationwide US sample
of TGD young adults to understand factors associated with
increased risk of depression among TGD young people and to
inform the development of interventions aimed at reducing
mental health disparities in this population.

Methods

Setting
In August 2022, a cross-sectional survey was conducted with
a nationwide US sample of young adults recruited and enrolled
through Prolific, a survey platform that hosts a diverse panel of
adults aged ≥18 years. The survey was conducted as part of
TransHealthGUIDE, a National Institutes of Health
(NIH)-funded project (U01MH136558) aimed at designing and
implementing strategies to address mental health disparities
among TGD young adults. Early in-depth key informant
interviews with TGD young adults, caregivers, and health care
providers identified the need to better understand the context
of depression among TGD young adults. Specifically, the
interviews highlighted the need for further information on the
characteristics of TGD young adults with and without
depression, the role of family, mental health service utilization,
peer support, and recalled help-seeking behaviors in
adolescence. This exploratory self-reported survey was
developed as an extension of the key informant interviews and
was designed to expand upon and quantify each of these factors
for intervention development.

Participants
Eligibility criteria included: age 18‐25 years, TGD identity
(self-identifying as TGD or having a gender identity different
from sex assigned at birth), and US residency. The sample was
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stratified to enroll approximately 50 Black, Indigenous, and
People of Color (BIPOC) people and 50 White young people.
A total of 104 individuals were surveyed; additional details on
survey methodology can be found elsewhere [21].

Assessments

PHQ-2 Depression Status
The psychometrically validated PHQ-2 assessed the frequency
of depressed mood and anhedonia over the past two weeks [22].
The two items were (1) “little interest or pleasure in doing
things” and (2) “feeling down, depressed, or hopeless.” The
response options were 0=not at all, 1=several days, 2=more than
half the days, 3=nearly every day. The two items were highly
correlated (r=0.81; P<.001) and summed. Scores ranged from
0‐6, and a score ≥3 was considered a positive screen for
depression, based on a previously validated threshold for
screening for major depression (sensitivity: 83%, specificity:
92%) [22].

Sociodemographic Variables, Family Context, Mental
Health Services, Peer Support, and Mental Health
Help-Seeking in Adolescence
Sociodemographic variables included age in years (continuous
and categorized: 18‐20, 21‐23, 23‐25), race or ethnicity
(ie, BIPOC monoracial, BIPOC multiracial, White), gender
identity (ie, transgender men, transgender women, nonbinary),
US Census region (ie, Northeast, Midwest, South, West),
geographic context (ie, urban, suburban, rural), health insurance
status (ie, private, public, both, none), and self-identified religion
(eg, Agnostic, Atheist, Baptist, Buddhist, Catholic, Christian,
Evangelical Protestant, Hindu, Jehovah’s Witness, Jewish,
Latter-day Saint or Mormon, Mainline Protestant, Muslim,
Orthodox Christian, Pagan, Sikh, Spiritual but not religious,
Unitarian/Universalist, Unaffiliated, Other, not applicable; coded
as Christian, not Christian, unaffiliated, more than one religion,
or not applicable).

Family-related variables included family support, assessed using
the question: “How much trouble did your parents or caregivers
have accepting your gender identity?” Responses were coded
as high family support (none/a little), low family support (a
moderate amount/a lot), or not applicable (not applicable/they
don’t know I’m trans); and family religion was self-reported
by the young adult (using the same categories as for
self-identified religion and coded as Christian, not Christian,
unaffiliated, more than one religion, or not applicable).

Participants were queried on mental health services and peer
support, including receiving care from a mental health therapist
(yes, no) and whether they had ever participated in a peer
support group (yes, no). Recalled frequency of mental health
help-seeking in adolescence was assessed using 0-to-4-point
Likert scales: (1) “When you were a teenager, how often were
you looking for information about finding mental health support
or a therapist?” (0=never to 4=very often; categorized as

never/occasionally versus sometimes/often/very often), (2)
“How useful would it have been to have reliable information
on finding mental health support or a therapist?” (0=not at all
to 4=extremely; categorized as not at all/slightly vs
moderately/very/extremely), and (3) “How interested were you
in getting therapy related to your gender? (0=not at all to
4=extremely; categorized as not at all/slightly,
moderately/very/extremely, or not applicable).

Study Size
This exploratory survey was designed to be complementary to
key informant interviews conducted with TGD young adults,
caregivers, and health care providers as part of the NIH-funded
TransHealthGUIDE project. After an initial round of key
informant interviews, the research team identified the need for
feedback from a larger group of diverse TGD young adults,
than those were accessible for the interviews, and designed this
survey to capture additional feedback.

Data Analysis
Descriptive statistics (ie, frequencies, percentages, means,
standard deviations) summarized variables for the overall sample
and by PHQ-2 depression status. Bivariate tests (2-tailed t tests

for continuous variables; χ2 tests for binary or categorical
variables) were used to compare participants with and without
depression detected using PHQ-2. Poisson regression models
with robust variance were fit to estimate prevalence ratios (PR)
and 95% CI for correlates of depression [23]. Bivariate models
were fit for each variable, followed by a single multivariable
model with all variables to estimate adjusted prevalence ratios
(aPR). Variables for modeling were selected a priori through
a review of existing TGD research, conceptual salience, and
findings from key informant interviews. Analyses were
conducted using R software (version 4.4.3; R Foundation for
Statistical Computing) [24] with statistical significance at P<.05
[24].

Ethical Considerations
After review, the study protocol was deemed exempt by the
Boston Children’s Hospital Institutional Review Board
(IRB-P00043127). This study was performed in accordance
with the ethical standards outlined in the 1964 Declaration of
Helsinki and its subsequent amendments. Participants completed
an informed consent process. This was an anonymized survey,
and participants indicated consent by opting into the survey.
Participants were compensated $3 for completing the survey in
accordance with the standards of the Prolific survey platform.

Results

Study Sample
Sample characteristics are displayed in Table 1 for the total
sample and stratified by PHQ-2 depression scores. Overall, 44
of 104 (42%) of the sample had clinically elevated depressive
symptoms.
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Table . Characteristics of a US nationwide sample of Transgender, Nonbinary, and Gender Diverse young adults aged 18‐25 years, stratified by

Patient Health Questionnaire-2 (PHQ-2)a depressionb .

P valueBivariate

test: t test (df) or χ2 test

(df)c

No depressionb (n=60),
n (%)

Depressionb (n=44), n
(%)

Participants (N=104)Variables

.23–1.21 (90.2)d21.6 (1.9)22.1 (1.9)21.8 (1.9)Age (years), mean
(SD)

.352.09 (2)eAge group(years), n
(%)

18 (30)10 (22.7)28 (26.9)18‐20

23 (38.3)14 (31.8)37 (35.6)21‐22

19 (31.7)20 (45.5)39 (37.5)23‐25

.411.76 (2)eRace/ethnicity, n (%)

35 (58.3)20 (45.5)55 (52.9)White

13 (21.7)10 (22.7)23 (22.1)BIPOCf monoracial

12 (20)13 (29.5)25 (24)BIPOC multiracial

0 (0)1 (2.3)1 (1)Missing

.461.60 (2)eGender identity, n (%)

40 (66.7)29 (65.9)69 (66.3)Nonbinary

12 (20)12 (27.3)24 (23.1)Transgender man

8 (13.3)3 (6.8)11 (10.6)Transgender woman

.057.69 (3)eUS Census region, n
(%)

20 (33.3)7 (15.9)27 (26.0)Northeast

14 (23.3)6 (13.6)20 (19.2)Midwest

15 (25)19 (43.2)34 (32.7)South

11 (18.3)12 (27.3)23 (22.1)West

.144.99 (3)eGeography, n (%)

14 (23.3)13 (29.5)27 (26.0)Urban

35 (58.3)29 (65.9)64 (61.5)Suburban

9 (15.0)1 (2.3)10 (9.6)Rural

2 (3.3)1 (2.3)3 (2.9)Unknown

.086.86 (3)eHealth insurance, n (%)

31 (51.7)17 (38.6)48 (46.1)Private

20 (33.3)20 (45.5)40 (38.5)Public

4 (6.7)0 (0)4 (3.8)Private and public

4 (6.7)7 (15.9)11 (10.6)No insurance

1 (1.7)0 (0)1 (1)Missing

.811.75 (4)eOwn religion, n (%)g

5 (8.3)2 (4.5)7 (6.7)Christian

6 (10)7 (15.9)13 (12.5)Not Christian

39 (65)29 (65.9)68 (65.4)Unaffiliated

3 (5)1 (2.3)4 (3.8)More than one

7 (11.7)5 (11.4)12 (11.5)Not applicable
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P valueBivariate

test: t test (df) or χ2 test

(df)c

No depressionb (n=60),
n (%)

Depressionb (n=44), n
(%)

Participants (N=104)Variables

.124.18 (2)eFamily support, n (%)

18 (30)6 (13.6)24 (23.1)High family support

15 (25)16 (36.4)31 (9.8)Low family support

27 (45)22 (50)49 (47.1)Not applicable/ They
don’t know I’m trans

.117.35 (4)eFamily religion, n (%)h

25 (41.7)30 (68.2)55 (52.9)Christian

2 (3.3)1 (2.3)3 (2.9)Not Christian

13 (21.7)6 (13.6)19 (18.3)Unaffiliated

12 (20)4 (9.1)16 (15.4)More than one religion

8 (13.3)3 (6.8)11 (10.6)Not applicable

.261.25 (1)eMental health therapist,
n (%)

29 (48.3)27 (61.4)56 (53.8)No

31 (51.7)17 (38.6)48 (46.2)Yes

.460.55 (1)ePeer support group, n
(%)

46 (76.7)30 (68.2)76 (73.1)No

14 (23.3)14 (31.8)28 (26.9)Yes

.311.03 (1)eHow often sought
mental health/ therapy
information in adults
aged <18 years, n (%)

29 (48.3)16 (36.4)45 (43.3)Never or occasionally

31 (51.7)28 (53.6)59 (56.7)Sometimes, often, or
very often

.490.49 (1)eHow useful would it
have been to have reli-
able information on
mental health/ therapy
in adults aged <18
years, n (%)

11 (18.3)5 (11.4)16 (15.4)Not at all or slightly

49 (81.7)39 (88.6)88 (84.6)Moderately, very, or
extremely

.401.78 (2)eHow interested you
were in getting therapy
related to gender (age
<18 years), n (%)

30 (50)13 (29.5)43 (41.3)Not at all or slightly

25 (41.7)28 (63.6)53 (51)Moderately, very, or
extremely
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P valueBivariate

test: t test (df) or χ2 test

(df)c

No depressionb (n=60),
n (%)

Depressionb (n=44), n
(%)

Participants (N=104)Variables

5 (8.3)3 (6.8)8 (7.7)Not applicable

aPHQ-2: Two-item Patient Health Questionnaire (score ≥3 is the validated cut-off and indicates clinically elevated depressive symptoms).
bDepression was assessed using the PHQ-2.
cFisher’s exact tests were used to obtain P values for cell sizes ≤5.
dt test (df).
eχ2test (df).
fBIPOC: Black, Indigenous, and Other People of Color.
gOwn Religion: Christian (57.1% Catholic, 14.3% Baptist, 14.3% Orthodox, 14.3% Christian); Not Christian (38.5% Pagan, 30.8% Jewish, 23.1%
Buddhist, 7.7% Misotheist); Unaffiliated (41.9% Agnostic, 29.1% Atheist, 19.8% Spiritual, 9.3% Unaffiliated). Percentages may not sum to 100% due
to rounding.
hFamily Religion (self-reported by TGD young adults): Christian (49.2% Catholic, 20.6% Orthodox, 11.1% Mainline Protestant, 4.8% Evangelist, 3.2%
Latter-day Saints, 3.2% Christian, 3.2% Baptist, 1.6% Muslim, 1.6% Jehovah’s Witness, 1.6% Unitarian); Not Christian (66.7% Buddhist, 33.3%
Jewish), Unaffiliated (39.3% Atheist, 28.6% Agnostic, 17.9% Spiritual, 14.3% Unaffiliated). Percentages may not sum to 100% due to rounding.

Participants’mean age was 21.8 (SD 1.9) years; a total of 25/104
(24%) were BIPOC multiracial individuals, while 23/104 (22%)
were BIPOC monoracial individuals, and 69/104 (66%)
participants identified as nonbinary. The majority (n=64, 61%)
of participants resided in a suburban area, and 11/104 (11%)
did not have health insurance. Regarding their religious
affiliation, 68 (65%) participants described themselves as
unaffiliated, while 55 (53%) described their family’s religion
as Christian. Half (49/104, 47%) of the participants were not
out to their family, 31 (30%) reported low family support, while
24 (23%) participants reported high family support.

Among the participants, 56 (46%) had received mental health
therapy and 28 of 104 (27%) had participated in a peer support
group. When asked to recall their mental health needs during
adolescence: 59 (57%) participants reported seeking information
about mental health support or therapy, 88 (85%) indicated that

reliable information on mental health support or therapy would
have been useful, and 53 (51%) participants expressed having
had an interest in therapy related to their gender.

Correlates of PHQ-2 Depression Score
In bivariate models (Table 2), increased PHQ-2 depression
prevalence was associated with (1) being BIPOC multiracial
versus White (PR1.39; 95% CI 1.05‐1.84), (2) having low
family support versus high (PR 1.53; 95% CI 1.09‐2.15), (3)
seeking information about mental health therapy in adolescence
(PR 1.31; 95% CI 1.02‐1.67), and (4) being interested in
mental health therapy related to gender during adolescence (PR
1.41; 95% CI 1.09‐2.05). Conversely, residing in a rural versus
suburban area was associated with decreased PHQ-2 depression
prevalence (PR 0.54; 95% CI 0.32‐0.92). No other variables
reached statistical significance in bivariate models.
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Table . Bivariate and multivariable Poisson regression models with robust variance estimation: Correlates of Patient Health Questionnaire-2 (PHQ-2)a

depression scores in a nationwide sample of transgender, nonbinary, and gender diverse young adults aged 18‐25 across the United States.

P valueMultivariable model

(N=103)b, aPRd (95% CI)

P valueBivariate models (N=103)b,

PRc (95% CI)

Variables

Age groups (years)

RefRef18‐20

.350.83 (0.55-1.24).940.99 (0.72-1.35)21‐22

.871.03 (0.69-1.56).241.20 (0.89-1.61)23‐25

Race/Ethnicity

RefRefWhite

.840.96 (0.63-1.45).541.10 (0.81-1.50)BIPOCe monoracial

.811.04 (0.75-1.44).031.39 (1.05-1.84)BIPOC multiracial

Gender identity

RefRefNonbinary

.590.91 (0.64-1.29).701.06 (0.80-1.40)Transgender man

.160.69 (0.41-1.16).140.71 (0.45-1.12)Transgender woman

US Census region

RefRefNortheast

.511.16 (0.75-1.80).361.19 (0.82-1.73)Midwest

.941.02 (0.69-1.50).111.31 (0.94-1.80)South

.541.14 (0.75-1.71).131.31 (0.92-1.87)West

Geography

RefRefSuburban

.930.98 (0.72-1.36).790.96 (0.73-1.27)Urban

.030.48 (0.26-0.92).020.54 (0.32-0.92)Rural

.671.16 (0.58-2.35).571.21 (0.64-2.28)Unknown

Health insurance

RefRefPrivate

.631.08 (0.80-1.46).071.28 (0.99-1.65)Public

.820.91 (0.40-2.05).670.86 (0.42-1.76)Private and public

.971.01 (0.63-1.62).111.36 (0.93-1.99)No Insurance

Own religion

RefRefUnaffiliated

.031.66 (1.04-2.63).191.26 (0.90-1.76)Not Christian

.390.76 (0.41-1.41).360.78 (0.45-1.34)Christian

.390.78 (0.38-1.60).930.97 (0.51-1.84)More than one religion

.321.25 (0.80-1.93).731.07 (0.74-1.55)Not applicable

Family support

RefRefHigh family support

.031.54 (1.05-2.27).011.53 (1.09-2.15)Low family support

.801.06 (0.69-1.60).341.17 (0.85-1.62)Not applicable/ they don’t
know I’m trans

Family religion

RefRefUnaffiliated
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P valueMultivariable model

(N=103)b, aPRd (95% CI)

P valueBivariate models (N=103)b,

PRc (95% CI)

Variables

.341.61 (0.22-1.68).500.75 (0.32-1.74)Not Christian

.801.05 (0.70-1.58).591.09 (0.80-1.49)Christian

.600.86 (0.49-1.51).570.88 (0.58-1.35)More than one religion

.200.65 (0.33-1.25).070.61 (0.36-1.04)Not applicable

Mental health therapist

RefRefNo

.030.71 (0.53-0.97).510.92 (0.73-1.17)Yes

Peer support group

RefRefNo

.860.97 (0.68-1.37).161.20 (0.93-1.55)Yes

How often sought information on mental health/ therapy by individuals aged<18 years

RefRefNever or occasionally

.461.15 (0.79-1.66).031.31 (1.02-1.67)Sometimes, often, or very
often

How useful would It would have been to have reliable information on mental health/ therapy in individuals aged <18 years

RefRefNot at all or slightly

.501.18 (0.73-1.92).131.33 (0.92-1.91)Moderately, very, or ex-
tremely

How interested you were in getting therapy related to gender in adults aged<18 years

RefRefNot at all or slightly

.061.47 (0.98-2.21).011.41 (1.09-1.82)Moderately, very, or ex-
tremely

.281.33 (0.80-2.23).291.29 (0.81-2.05)Not applicable

aPHQ-2 score ≥3 indicating clinically elevated depressive symptoms (validated cut-off).
bModels include N=103 participants; 1 participant was excluded due to missing data on health insurance.
cPR: prevalence ratio.
daPR: adjusted prevalence ratio.
eBIPOC: Black, Indigenous, and Other People of Color.

In a multivariable model (Table 2), after adjusting for all other
variables, identifying one’s own religion as not Christian versus
unaffiliated (aPR 1.66; 95% CI 1.04‐2.63) and low family
support (aPR 1.54; 95% CI 1.05‐2.27) were associated with
increased prevalence of positive depression screening. Residing
in a rural versus suburban area (aPR 0.48; 95% CI 0.26‐0.92)
and ever receiving mental health therapy (aPR 0.71; 95% CI
0.53‐0.97) were associated with decreased PHQ-2 depression
prevalence in this model. Age, race or ethnicity, gender identity,
US Census region, health insurance, family religion, peer
support, history of interest in mental health therapy for gender
during adolescence, frequency of information-seeking about
mental health resources in adolescence, and desire for reliable
mental health information during adolescence, were not
significantly correlated with depression based on PHQ-2 scores.

Discussion

Principal Results
In this nationwide online study, depression identified using
PHQ-2 scores was highly prevalent, with more than 4 in 10
TDG young adults showing clinically elevated symptoms. Low
levels of family support and nonChristian religious affiliation
were associated with an increased likelihood of positive PHQ-2
depression screening. This exploratory study highlights the high
rates of depressive symptoms among TGD young adults as well
as the need for tailored interventions to improve mental health
among those at the highest risk.

Comparison With Prior Work
This study found that TGD young people with low family
support had a higher prevalence of PHQ-2 depression compared
to those with highly supportive families. This finding
corroborates prior research on the protective role of family
support on TGD young peoples’mental health and has informed
intervention development for the broader TransHealthGUIDE

Interact J Med Res 2025 | vol. 14 | e66630 | p.423https://www.i-jmr.org/2025/1/e66630
(page number not for citation purposes)

Reisner et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


study [15,16]. For example, a key intervention component that
has been developed for the overall study includes app-based
education for TGD young adults and their caregivers on ways
to improve family communication, connection, and support.

No differences in PHQ-2 depression prevalence were found for
family religion, despite religious affiliation influencing attitudes
toward TGD issues in the United States [18,19]. The TGD young
people identifying their own religion as nonChristian (eg,
Jewish, Muslim, Buddhist) had a higher prevalence of PHQ-2
depression than those identifying as unaffiliated; however, no
significant differences were found between Christian and
unaffiliated TGD young adults. The association between
religious affiliation and depression has been inconsistent in
prior research on young people [25], including a recent
systematic review of religion, spirituality, and mental health
among TGD youth [17]. Future mental health research may
benefit from measuring not only religious affiliation but also
the degree of religiosity, which was not assessed in this study.

This study found that a history of mental health help-seeking,
specifically in young adults receiving mental health therapy
was significantly associated with reduced PHQ-2 depression
prevalence. This highlights the need for interventions that
connect TGD young adults to necessary mental health services.
The American Academy of Pediatrics recommends that
adolescents aged 12 years and older be screened annually for
depression using a formal self-report screening tool to identify
and treat those with depression early in the course of illness,
potentially reducing long-term depression-related morbidities
[26]. This finding underscores the importance of improving
mental health care access for TGD young adults to address
depression, including telehealth and other online or digitally
delivered services and interventions [27].

Regarding sociodemographic differences, we found no evidence
of gender identity differences in PHQ-2 depression prevalence,
inconsistent with prior research demonstrating the highest
depression burden among nonbinary young adults [9]. However,
previous studies have reported mixed findings regarding gender
identity differences in depression [13], suggesting the need for
ongoing research. While BIPOC multiracial TGD young people
exhibited elevated PHQ-2 depression in bivariate analyses,
consistent with national US population data, this finding did
not remain significant in the adjusted model [3]. Geographic
context emerged as a significant factor in this study, in alignment
with psychiatric epidemiologic research showing lower
depression rates in rural settings in high-income countries [28].
The TGD young adults residing in rural areas had lower PHQ-2
depression prevalence compared to those living in suburban

areas. Prior studies have found greater mental distress symptoms
among rural versus nonrural TGD adults but did not distinguish
between the urban and suburban subgroups [29]. More recent
research identified the lowest levels of depressive symptoms in
rural versus urban-dwelling TGD adults [30]. Additional
research is needed to better understand PHQ-2 depression
prevalence and set of symptoms among TGD young adults in
rural, urban, and suburban settings.

Limitations
These findings should be interpreted alongside this study’s
limitations. First, analyses were exploratory, and the small
sample size limits statistical power to detect significant
associations; the findings will require replication. Further, given
the cross-sectional design, the study findings are associational
only, and longitudinal research is recommended. Second, related
to study measures, the global measure of family support may
have overlooked important details about family dynamics, such
as communication, acceptance, and explicit expressions of care
and support [31]. Relatedly, mental health care utilization
variables were self-reported rather than objectively measured.
Future research that includes self-reported data alongside
electronic health record data would strengthen the evidence
base. Third, this study did not assess nonpsychiatric aspects of
participants’ medical histories, and unmeasured confounding
due to gender-affirming medical treatments cannot be ruled out
[10,12]. Lastly, there are few validated measures for assessing
mental health help-seeking behaviors [32]. Further research to
understand online help-seeking behaviors for TGD young people
using validated measures is warranted to inform future
interventions [33].

Conclusions
The high prevalence of PHQ-2 depression in this online sample
of TGD young adults underscores the importance of universal
screening for depression in this population. It also highlights
the need for appropriate systems to ensure prompt diagnosis,
treatment, and follow-up for TGD young adults with PHQ-2
depression. Further, tailored interventions may be necessary for
subgroups at increased risk for depression, such as TGD young
adults with low family support, to decrease mental health
disparities. The continued expansion of online interventions
may facilitate the engagement of TGD young adults who would
benefit from mental health prevention and treatment efforts
[27]. This study’s findings have important implications for
clinical care and the design, development, and implementation
of interventions aimed at improving mental health outcomes
and reducing health disparities among TGD young adults.
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Abstract

Background: Good communication between health authorities and citizens is crucial for adherence to preventive measures
during a pandemic. Crisis communication often appeals to worries about negative consequences for oneself or others. While
worry can motivate protective behavior, it can also be overwhelming and lead to irrational choices or become a mental health
problem. Also, the levels and consequences of worry can differ between different groups of citizens. Little is known about the
evolution of worries during the pandemic and adherence to measures in distinct groups.

Objective: This study aimed to evaluate worries in the Swiss population as well as associations between worry levels and
citizens’ adherence to government restrictions during different phases of the COVID-19 pandemic.

Methods: We carried out an observational study with 4 cross-sectional online surveys of adults in the Canton of Vaud, Switzerland.
Questionnaires were distributed through social media and websites during 4 periods: survey 1: April 17 to May 14, 2020; survey
2: May 15 to June 22, 2020; survey 3: October 30 to December 12, 2020; and survey 4: June 18 to December 30, 2021. On visual
analog scales from 0 to 100, participants reported worry, self-adherence to pandemic restrictions, and their perceived adherence
to others. We used multivariable linear regression, adjusting for age, gender, health literacy, and education to assess associations
between self-reported worry, adherence, and study periods.

Results: We collected 7106 responses. After excluding 2377 questionnaires (incomplete, age <18 years, residence outside
Vaud), 4729 (66.55%) were analyzed (mean age 47, SD 15.6 years, 63.96% women). Mean worry across the 4 periods was
42/100, significantly higher in women (44.25/100, vs 37.98/100; P<.001) and young people (43.77/100 in those aged 18-39 years,
vs 41.69/100; P=.005; in those aged 40-64 years and 39.16/100; P=.002; in those aged >64 years). Worries were higher during
survey 1 and survey 3 (52.41/100 and 56.32/100 vs 38.93/100, P<.001; and 35.71/100, P<.001) than during survey 2 and survey
4, respectively. This corresponds to pandemic peaks during which federal restrictions were better followed with self-reported
adherence of 84.80/100 and 89.59/100 in survey 1 and survey 3 versus 78.69/100 (P<.001) and 78.64/100 (P<.001) in survey 2
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and survey 4. A 2.9-point increase in worry score, adjusted for the pandemic period, gender, age, education, and health literacy,
was associated with a 10-point increase in personal adherence score (95% CI 2.5-3.2; P<.001).

Conclusions: Worries were higher in women, young people, and during the peak of the COVID-19 pandemic. Higher worry
levels were associated with increased self-reported adherence to federal restrictions. Authorities should consider population worry
levels and population subgroups in the planning and design of pandemic communication.

(Interact J Med Res 2025;14:e55636)   doi:10.2196/55636

KEYWORDS

COVID-19 pandemic; citizens; worry; anxiety; communication; prevention; adherence; restrictions; Switzerland; cross sectional;
online survey; survey; Swiss; adults; questionnaire; social media; linear regression; age; gender; health literacy; education; women;
young people

Introduction

Effective communication between health authorities and the
population is crucial to achieving public health goals during a
pandemic. Providing clear, consistent, and reliable information
that motivated behavior changes without triggering resistance
was a major challenge during the COVID-19 pandemic. Sanitary
restrictions were often rapidly issued and modified to contain
the spread of the disease [1-3]. Citizens were expected to make
drastic behavioral changes.

Public health authorities stressed the seriousness and risks of
the pandemic to justify restrictions and encourage citizens’
adherence to them. In support of such an approach, the Health
Belief Model argues that preventive health behaviors are
influenced by perceived susceptibility to illness, the severity of
the disease, benefits of and barriers to health-promoting actions,
cues to action, as well as self-efficacy [4]. Also, during the
COVID-19 pandemic, protective behaviors were associated
with these factors, especially when the “perceived benefit” of
a measure was clear [5].

Appealing to emotions such as fear can hence be a persuasive
way of motivating respect for protective measures [6,7]. Indeed,
fear leads to behavioral change if people feel capable of dealing
with the threat, while they become defensive when feeling
helpless and incapable of acting [8-10]. Overdriven or
ill-conceived fear-based communication may even provoke
counterproductive behavior.

Levels of anxiety, worry, and stress were high during the
pandemic. According to a systematic review and meta-analysis,
anxiety prevalence was around 30% worldwide after the first
COVID-19 wave [11]. Others have confirmed these findings
[12,13]. Among professionally active persons, 42% of
participants reported being worried about the COVID-19
pandemic in August and September 2020 [14]. Young adults
in the city of Zurich, Switzerland, reported elevated stress levels
in April 2020, in the aftermath of the first wave [15], as was

found more generally in Swiss adults too [16]. In terms of risk
factors, anxiety was higher in women, younger people, and
vulnerable persons [17-19].

In our previously published cross-sectional population survey,
performed during the first wave of the pandemic, we found high
self-reported adherence to official restrictions, which increased
with age and level of worry [20]. As in the aforementioned
studies, worry was high, particularly among people in isolation
and with lower health literacy. Nearly half of the respondents
felt that government responses were adequate or, associated
with higher levels of worry, even insufficient. Neither the
aforementioned nor our cross-sectional study could determine
the evolution of these associations throughout the pandemic.

Thus, we conducted surveys during different phases of the
pandemic to describe the evolution of worries in the Swiss
population as well as associations between worries and
adherence to governmental restrictions. Our overall aim was to
contribute new insights to this understudied area to help improve
crisis communication during future pandemics.

Methods

Study Design and Setting
We conducted repeated cross-sectional online surveys in Vaud,
a French-speaking canton of 823,000 inhabitants (2021) in
Switzerland. We launched 4 surveys between April 2020 and
December 2021: survey 1 between April 17 and May 14, 2020
(4 weeks); survey 2 between May 15 and June 22, 2020 (5.5
weeks); survey 3 between October 30 and December 1, 2020
(4.5 weeks); and survey 4 between June 18 and December 30,
2021 (28 weeks, Table 1). Some of the survey items were
adapted or replaced to capture changes in federal measures. We
followed the CHERRIES (Checklist for Reporting Results of
Internet e-Surveys) guidelines [21]. Self-reported worry was an
outcome of the study of worry levels and an exposure variable
for the study of associations between worry and self-reported
adherence during these 4 COVID-19 pandemic periods.
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Table 1. Surveyed periods and sentinel pandemic-related events.

Sentinel eventsNumber of weeksPeriodSurvey

4April 17, 2020, to May 14,
2020

Survey 1: End of the first
pandemic wave

• March 16, 2020: Semiconfinement, only essential shops open,
gatherings of a maximum of 5 people

• April 27, 2020: Partial reopening of shops
• May 11, 2020: Reopening of schools

5.5May 15, 2020, to June 22, 2020Survey 2: After the first
pandemic wave

• June 19, 2020: End of an extraordinary situation

4.5October 30, 2020, to December
1, 2020

Survey 3: During the sec-
ond pandemic wave

• Mandatory wearing of masks in indoor public spaces; gatherings
limited to 15 people

28June 18, 2021, to December 30,
2021

Survey 4: Following pan-
demic waves

• Vaccination available to all, use of COVID-19 vaccination
certificate

Table 1 presents the COVID-19 waves and their duration in the
French-speaking part of Switzerland. The first and second forms
were distributed at the end of the first wave, corresponding to
the gradual emergence from confinement. The third form was
distributed over a longer period, which included the second
wave and the resumption of restrictive measures. The fourth
form was distributed once vaccination was available for the
entire population.

Participant Recruitment
Using a weblink, we distributed the surveys on the social media
platforms of multiple community organizations to collect a
convenience sample of the population. These organizations were
a regional consumer organization, regional disease leagues for
cancer and diabetes, the association of senior citizens as well
as the cantonal websites for the COVID-19 testing and
vaccination decisions. These cantonal sites were used by large
portions of the population. The organizations advertised the
study through links on their websites and some social media
accounts. The links were accompanied by a short explanation
of the study and its purpose. No incentives to participate were
given. The online interface for the survey was created in
REDCap (Research Electronic Data Capture, Vanderbilt
University).

Surveys
The development and testing of the survey are described in our
previous publication with results from survey 1 [20]. Each
survey was submitted to 5 nonmedical persons to test the
understandability of questions. There was no review step for
this short questionnaire. The first, second, and fourth surveys
had 20 items, and the third survey had 25 items. A total of 12
items remained unchanged throughout all surveys. We included
demographic data, such as age, sex, number of persons per
household, canton of residence, level of education, literacy, and
whether the respondent had been tested for the COVID-19
pandemic. For the literacy question, we used a validated item
from Chew et al [22]. Employment status was included in
surveys 2-4. Respondents rated (1) worry about the pandemic
situation, (2) self-reported adherence to government restrictions,
and (3) perceived adherence of others to government restrictions,
on visual analog scales from 0 to 100 (0=not at all; 100=in all
situations). Items were not randomized. Participants could go
back to earlier questions at any time. Adaptive questioning was

used for several items. The first 2 surveys took up 6 screens,
and the 2 latter, 7. REDCap automatically generated a
completeness variable if participants went all the way to the
end of the survey. Anyone who opened the survey generated a
response. We did not determine unique site visitors, establish
view or participation rates, or IP address checks, as surveys
were entirely anonymous and the risk of repeating them was
low. The time used to fill them in was not registered. No cookies
were used, and there were no other techniques to analyze the
log file of our database. Statistical corrections were not used.
The 4 surveys can be found in Multimedia Appendices 1-4.

Statistical Analyses
The item “Level of education” was dichotomized into
“university or college education” or other. Health literacy was
dichotomized according to ease of answering a medical form
on one’s own: low literacy (“never,” “rarely,” or “sometimes”
at ease) and “high literacy” (“often” or “always”). This was
based on a validated item [22] and our previous article [20].

We limited our analysis to complete questionnaires for 2
reasons. First, the survey was distributed using an online link
on government websites and a large number of persons clicked
the link but only completed 1 or 2 questions. Second, no single
question had many missing responses and we preferred to
maintain consistency across surveys. We calculated means with
SD and frequencies with IQR as appropriate. Independence
between surveys was tested with the t test for continuous
variables (eg, age), and with the chi-square test for gender,
education, and health literacy. We performed linear regressions
to analyze associations between the 4 periods and level of worry
(model A), self-reported adherence (model B), and perceived
adherence of others to restrictions (model C). First, we
performed univariate linear regression, followed by
multivariable linear regression controlling for age (grouped as
18-39 years, 40-64 years, and 65 years or older), sex
(dichotomized male-female), level of education (dichotomized
university education or other), and health literacy (dichotomized
high or low health literacy). We subsequently used the margins
command in Stata (StataCorp) to report absolute differences in
the predicted levels of worry or adherence with each model.
The level of significance was set to P<.05. Statistical analyses
were performed in Microsoft Excel and Stata (version 16.1).
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Ethical Considerations
According to the Cantonal Commission on Ethics in Research
Involving Human Beings of the Canton of Vaud, Switzerland
the study was exempted from ethical review because it did not
qualify as human subjects research and all data collection was
anonymous (2024-010901).

Results

Participant Characteristics
Citizens completed 7106 surveys between April 17, 2020, and
December 20, 2021. After the exclusion of minors, persons
living outside the Canton, and incomplete questionnaires, 4729
(66%) surveys remained. The number of questionnaires per
period ranged between 563 and 2675 (Figure 1).

Figure 1. Study participants.

The participants were more often women (3025/4729, 63.96%)
and between 40 and 64 years old (2442/4729, 51.64%).
Furthermore, 2526/4729 (53.42%) of participants had attended
university or college, and 4510/4729 (95.37%) reported high
health literacy. The participants were younger in survey 3 (mean

age 43.2, SD 14.6 years; P<.001) than in the other surveys
(survey 1: mean age 47.9, SD 14.6 years; survey 2: mean age
47.3, SD 15.6 years; and survey 4: mean age 48.7, SD 15.3
years; Table 2).
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Table 2. Demographics, education, health literacy, and employment of participants (n=4729).

Survey 4dSurvey 3cSurvey 2bSurvey 1aAll surveysVariables

Age (years), n (%)

803 (30)325 (42.4)202 (35.9)244 (33.7)1574 (33.3)18-39

1440 (53.8)369 (48.2)268 (47.6)365 (50.3)2442 (51.6)40-64

432 (16.1)72 (9.4)93 (16.5)116 (16)713 (15.1)≥65

48.7 (15.3)43.2 (14.6)47.3 (15.6)47.9 (14.6)47.5 (15.3)Years, mean (SD)

Gender, n (%)

1088 (40.7)264 (34.5)178 (31.6)168 (23.2)1698 (35.9)Male

1582 (59.1)502 (65.5)384 (68.2)557 (76.8)3025 (64)Female

5 (0.2)0 (0)1 (0.2)0 (0)6 (0.1)Othere

Education, n (%)

195 (7.3)28 (3.7)21 (3.7)12 (1.7)256 (5.4)Obligatory school or less

868 (32.4)209 (27.3)131 (23.3)171 (23.6)1379 (29.2)Apprenticeship

301 (11.3)85 (11.1)47 (8.3)69 (9.5)502 (10.6)High-school graduation

1268 (47.4)434 (56.7)358 (63.6)466 (64.3)2526 (53.4)University or college

42 (1.6)10 (1.3)6 (1.1)7 (1)66 (1.4)I do not know

Health literacy, n (%)

344 (12.9)74 (9.7)33 (5.9)52 (7.2)219 (4.6)Low health literacy

2326 (87.1)692 (90.3)529 (94.1)673 (92.8)4510 (95.4)High health literacy

Employmentf, n (%)

1135 (42.4)347 (45.3)225 (40.0)—g1707 (42.6)Full-time work

436 (16.3)136 (17.8)102 (18.1)—674 (16.8)Part-time work

83 (3.1)24 (3.1)18 (3.2)—125 (3.1)Housewife and husband

220 (8.2)46 (6.0)37 (6.6)—303 (7.6)Self-employed

138 (5.2)72 (9.4)31 (5.5)—241 (6)Student

Employment status, n (%)

91 (3.4)19 (2.5)23 (4.1)—133 (3.3)Unemployed and currently look-
ing for a job

35 (1.3)14 (1.8)8 (1.4)—57 (1.4)Unemployed and not currently
seeking employment

92 (3.4)26 (3.4)11 (2)—129 (3.2)Incapacity

433 (16.2)81 (10.6)105 (18.7)—619 (15.5)Retired

11 (0.4)1 (0.1)3 (0.5)—15 (0.4)Unknown

aSurvey 1: April 17 to May 14, 2020.
bSurvey 2: May 15 to June 22, 2020.
cSurvey 3: October 30 to December 1, 2020.
dSurvey 4: June 18, 2021, to December 30, 2021.
eThese were excluded from the regression analyses.
fEmployment data were not collected during the first survey.
gNot available.
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Main Results

Self-Reported Worry
Overall, the mean level of self-reported worry was 42.0% (SD
28.9). Upon univariate regression, self-reported worry levels
differed significantly across surveys, with significantly higher
levels in survey 1 (52%, 95% CI 50-54) and survey 3 (56%,
95% CI 54-58; Figure 2). Upon multivariable regression, the

female gender was associated with a 4-point increase in level
of worry (95% CI 2-5 points). Worry levels were 2 (95% CI
1-4) and 4 (95% CI 1-6) points lower among respondents aged
40 to 64 and over 64, respectively, when compared with the 18-
to 39-year group. Higher health literacy was associated with a
3-point lower worry level (95% CI –6 to –1). Education was
not associated with significant changes in self-reported level of
worry (Table S5 in Multimedia Appendix 5).

Figure 2. Boxplots on a 0-100 scale of (A) worry, (B) self-reported adherence, and (C) perceived adherence of others to restrictions during four
COVID-19 pandemic periods (April 17, 2020, to December 30, 2021), Switzerland. S: survey; survey 1: April 17 to May 14, 2020; survey 2: May 15
to June 22, 2020; survey 3: October 30 to December 1, 2020; survey 4: June 18, 2021, to December 30, 2021.

Self-Reported Adherence to Restrictions
Overall, respondents evaluated their own adherence to
government restrictions at 81.4% (SD 21.1). Self-reported
adherence was significantly (P<.001) higher in survey 1 (mean
84.8%, SD 14.2) and survey 3 (mean 89.6%, SD 15.5; Figure
2). A 2.9-point increase in the worry score was associated with
a 10-point increase in self-reported adherence (95% CI 2.5-3.2;
P<.001) after adjusting for the pandemic period, gender, age,
education, and health literacy. These effects were more
pronounced in women and older participants (Table S5 in
Multimedia Appendix 5). Moreover, both older age categories
(40-64 years and more than 64 years) were associated with a
7-point higher self-reported adherence than in the 18-39 years
group (95% CI 6-8 for 40- to 64-year-olds and 6-9 for
>64-year-olds). Higher health literacy was associated with a
4-point increase in self-reported adherence (95% CI 2-6) while
the educational level was not (Table S5 in Multimedia Appendix
5).

Perceived Adherence of Others to Restrictions
Overall, respondents evaluated the adherence of others to
government restrictions at 50.4% (SD 24.5%). Evaluated
adherence did not differ between survey 1 and survey 3 nor
between survey 2 and survey 4 but was significantly higher
(P<.001) in survey 1 (mean 60.1%, SD 20.0%) and survey 3
(59.6%, SD 24.6%) than in survey 2 (45.1%, SD 22.5%) and
survey 4 (46.2%, SD 24.5%; Figure 2). Adjusting for participant
characteristics, age groups 40-64 years and >64 years were
associated with, respectively, a 5- or 7-point higher perceived
adherence of others (95% CI 3-6 and 5-9, respectively). A
10-point increase in worry level was associated with a 1-point
decrease in perceived adherence of others to restrictions (95%

CI –0.9 to –0.4). Higher education level was associated with a
1.5-point higher perceived adherence of others (95% CI, 0-3),
whereas gender and health literacy were not (Table S5 in
Multimedia Appendix 5).

Changes to the Daily Lives of Respondents
During the first period (survey 1), most respondents had
experienced changes in their daily life (Table S6 in Multimedia
Appendix 6). Later (surveys 2-4), 35% to 49% had either lost
their job or had to close their business and 21% to 34% had lost
part of their income. Respondents also reported feeling isolated,
lonelier, and less productive during surveys 2 to 4. In decreasing
order of importance, concerns during survey 3 were for
“vulnerable people,” “living conditions,” the “economy,” “self
and family,” “working conditions,” and the “possibility of
another wave.” During survey 4, these concerns were similar
but generally rated lower. Interestingly, “deterioration of
working conditions” moved up from fifth to third rank, which
had been “self and family” in survey 3 (Multimedia Appendix
Table S7 in Multimedia Appendix 7 and Table S8 in Multimedia
Appendix 8).

Discussion

Principal Findings
We conducted online surveys during different phases of the
COVID-19 pandemic to describe the evolution of worry levels
and to assess how these were associated with adherence to
government restrictions. In Switzerland, the self-reported worry
was highest during the first and second pandemic waves,
corresponding to survey 1 and survey 3, at times of many
COVID-19–related hospitalizations and deaths, and when a
vaccine was not yet available. Women and younger people
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reported higher levels of worry than men and older people.
Education did not influence worry levels, while lower health
literacy was associated with higher worry. Higher worry levels
were associated with higher self-reported and perceived
adherence of others to federal restrictions.

We found elevated worry levels during the more dramatic phases
of the pandemic. In a systematic review covering 204 countries
in 2020, higher anxiety was associated with higher COVID-19
incidence [23], a finding that was confirmed by Salanti et al
[13]. In March 2020, Fitzpatrick et al [24] found that in a
national sample in the United States, worry was higher in the
regions with high COVID-19 incidence. In Ontario, Canada,
COVID-19–related worry in young persons also increased
during the early phases of the pandemic and then again in the
autumn of 2020, when the incidence was higher [25]. So, anxiety
and worry varied during the pandemic and increased repeatedly
with the rising incidence of COVID-19. This is in line with
findings on decreased mental health on a larger scale during the
pandemic [11,26].

In periods of increased worry, we found higher self-reported
adherence to government restrictions. Similarly, a study in Saudi
Arabia described an association between higher anxiety levels
and preventive practices among health care workers [27].
Another study identified fear as a predictor of behavioral change
[28]. The association between worry and adherence in our study
could indicate that worry was not overwhelming and that citizens
felt in control of risks by respecting restrictions. We cannot
exclude that this might have been different with higher anxiety
levels.

Considering population subgroups, young adults were often the
most anxious despite being less at risk of hospitalization or
death [17,18,23,29]. Young people were worried about social
isolation and develop depressive symptoms during school
closings [30]. In Switzerland, students were concerned about
whether they would be able to finish the 2020 university year
[31], and lockdowns as well as their socioeconomic
consequences were stressful for students [15]. Apart from
concerns about the future, young people were not only worried
about their own health but also about that of relatives. For
example, in a study in Zurich, Switzerland, students were more
concerned about the health of their parents and grandparents
than their own [32]. Also, our finding of higher worry levels in
women echoes several publications [17-19,33]. General factors
potentially contributing to worry were the increasing risk of
unemployment or loss of income, as well as loneliness and
feeling less productive. One-third of respondents had lost part
of their income by surveys 2 and 3 (31%, and 34%,
respectively), with a slightly better situation in survey 4 (21%).
The reported feelings of isolation, loneliness, and being less
productive could further contribute to worry in some
respondents. For example, studying for exams through online
classes only, without any campus life, can be a source of worry
compared with when stress from studying and exams is

compensated by in-person interactions with teachers and
colleagues. Four years after the pandemic, Sayed et al. [34]
insist on the importance of addressing mental health of children
and young adults during global crises and of recognizing
long-term impacts. They further emphasize the need for research
and public health prioritization of these important topics.

Overall, our findings are in line with publications that highlight
the importance of addressing the many individual and collective
aspects that influenced mental health during the COVID-19
pandemic, such as isolation, loneliness, and fear [35]. Many
individuals demonstrated remarkable resilience, allowing society
to avoid a general increase in loneliness [36]. However,
population estimates may mask individual heterogeneity;
loneliness is indeed a major public health concern and must be
considered as a negative determinant of health [35]. Even though
the pandemic is over, we must not forget its long-term effects
on mental health and public health authorities should consider
the differing impact of governmental decisions on the general
population versus on individuals with pre-existing mental health
conditions [37]. Our results of the worries of citizens and
adherence to pandemic measures can be useful in preparing for
future pandemics, for example, in considering criteria for and
potential impact of restrictions on different subgroups of the
population.

Strengths and Limitations
The strengths of our study were repeated surveys with similar
questions and our relatively large sample size, allowing us to
examine subgroups of the population.

Concerning limitations, data were collected through the online
distribution of surveys in a simple, cost-effective, and feasible
way during the rapidly evolving pandemic. Participation was
more attractive to women and younger people with higher
literacy and education. Also, participation was variable during
data collection periods. The participant sample was more
representative in the last and longest period (survey 4). This
selection and variation need to be considered in the interpretation
of our data which are prone to desirability, information, and
selection bias. Different distribution channels and methods are
probably needed for disadvantaged populations, as we showed
in a recent study using our survey in a population of refugees
and migrants [38]. Finally, another inherent limitation of our
anonymous data collection is that we could not follow a cohort
of persons throughout the pandemic.

Conclusion
Worry reached moderate levels and varied with COVID-19
incidence during the pandemic. Higher worry levels were
associated with increased self-reported and perceived adherence
of others to government restrictions. Younger people and women
reported higher worry levels. Authorities should take population
worry levels into account in planning and designing pandemic
communication. Adapting communication to population
subgroups should be considered for future health crises.

 

Interact J Med Res 2025 | vol. 14 | e55636 | p.434https://www.i-jmr.org/2025/1/e55636
(page number not for citation purposes)

Kraege et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Acknowledgments
We would like to thank our community partners for distributing our electronic survey, specifically Yannis Papa Daniel from the
Fédération Romande des Consommateurs and Dr Alix Miauton for the Coronacheck and Coronavax websites. We would also
like to thank everyone who answered the surveys.

There was no specific financial support for the completion of this study.

Data Availability
The datasets generated during and/or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
CDL and VK wrote most of the manuscript. CM did most of the statistical analyses and wrote part of the article. SB contributed
to analyzing and interpreting data and did part of the statistical analyses. M-AD contributed to designing the study and the
questionnaires, collected data, and edited the manuscript. AG contributed to the logistics of the research team, interpreted the
data, and edited the manuscript. KS contributed to designing the study and the questionnaires, collected data, and did statistical
analyses. CVP was the instigator of the study and contributed to the study and questionnaire design, data collection, and manuscript
writing. All authors revised the manuscript for intellectual content and approved it before submission. The authors indicate that
they did not use generative artificial intelligence when writing their manuscript.

Conflicts of Interest
M-AD has contributed to the development of Option Grid patient decision aids and receives consulting income from EBSCO
Health and royalties. KS receives salary support from the Leenaards Foundation. EBSCO Information Services sells subscription
access to Option Grid patient decision aids.

Multimedia Appendix 1
Survey 1.
[PDF File (Adobe PDF File), 362 KB - ijmr_v14i1e55636_app1.pdf ]

Multimedia Appendix 2
Survey 2.
[PDF File (Adobe PDF File), 343 KB - ijmr_v14i1e55636_app2.pdf ]

Multimedia Appendix 3
Survey 3.
[PDF File (Adobe PDF File), 384 KB - ijmr_v14i1e55636_app3.pdf ]

Multimedia Appendix 4
Survey 4.
[PDF File (Adobe PDF File), 370 KB - ijmr_v14i1e55636_app4.pdf ]

Multimedia Appendix 5
Linear regression results for three models; all on visual analogue scales from 0 to 100 (0=not at all; 100=in all situations).
[PDF File (Adobe PDF File), 77 KB - ijmr_v14i1e55636_app5.pdf ]

Multimedia Appendix 6
Perceived changes of daily life during the first pandemic wave.
[PDF File (Adobe PDF File), 45 KB - ijmr_v14i1e55636_app6.pdf ]

Multimedia Appendix 7
Impact of restrictions on daily life, S2, S3, S4.
[PDF File (Adobe PDF File), 40 KB - ijmr_v14i1e55636_app7.pdf ]

Multimedia Appendix 8
Concerns of respondents, S3, S4.
[PDF File (Adobe PDF File), 40 KB - ijmr_v14i1e55636_app8.pdf ]

Interact J Med Res 2025 | vol. 14 | e55636 | p.435https://www.i-jmr.org/2025/1/e55636
(page number not for citation purposes)

Kraege et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app1.pdf&filename=ce27c6dc3cfc72da4cc4aa16bd625347.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app1.pdf&filename=ce27c6dc3cfc72da4cc4aa16bd625347.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app2.pdf&filename=68ce499fd41b121ee3732d59f3c07d6c.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app2.pdf&filename=68ce499fd41b121ee3732d59f3c07d6c.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app3.pdf&filename=d3418b296918e9327ef0eeedbf98daba.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app3.pdf&filename=d3418b296918e9327ef0eeedbf98daba.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app4.pdf&filename=2711f0c6fc25d894408e04d95bce098f.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app4.pdf&filename=2711f0c6fc25d894408e04d95bce098f.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app5.pdf&filename=66d4435979b5a27e9a24e79f869a0bb0.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app5.pdf&filename=66d4435979b5a27e9a24e79f869a0bb0.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app6.pdf&filename=439373dd6ea0b64f51c7b80b352966b2.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app6.pdf&filename=439373dd6ea0b64f51c7b80b352966b2.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app7.pdf&filename=e8823ae00929faf1f735d31639940251.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app7.pdf&filename=e8823ae00929faf1f735d31639940251.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app8.pdf&filename=87a4d18090725805cd36593ece8b830f.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e55636_app8.pdf&filename=87a4d18090725805cd36593ece8b830f.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


References
1. WHO. Listings of WHO's response to COVID-19. URL: https://www.who.int/news/item/29-06-2020-covidtimeline [accessed

2023-12-11]
2. Recommendations to Member States to improve hand hygiene practices to help prevent the transmission of the COVID-19

virus: interim guidance, 1 April 2020. Geneva, Switzerland: World Health Organization; 2020. URL: https://iris.who.int/
handle/10665/331661

3. World Health Organization. Considerations for quarantine of contacts of COVID-19 cases: interim guidance, 25 June 2021.
Geneva, Switzerland: World Health Organization; 2021. URL: https://iris.who.int/handle/10665/342004

4. Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and the Health Belief Model. Health Educ Q
1988;15(2):175-183. [doi: 10.1177/109019818801500203] [Medline: 3378902]

5. Zewdie A, Mose A, Sahle T, Bedewi J, Gashu M, Kebede N, et al. The health belief model's ability to predict COVID-19
preventive behavior: a systematic review. SAGE Open Med 2022;10::20503121221113668 [FREE Full text] [doi:
10.1177/20503121221113668] [Medline: 35898953]

6. Bavel JJV, Baicker K, Boggio PS, Capraro V, Cichocka A, Cikara M, et al. Using social and behavioural science to support
COVID-19 pandemic response. Nat Hum Behav 2020;4(5):460-471. [doi: 10.1038/s41562-020-0884-z] [Medline: 32355299]

7. Tannenbaum MB, Hepler J, Zimmerman RS, Saul L, Jacobs S, Wilson K, et al. Appealing to fear: a meta-analysis of fear
appeal effectiveness and theories. Psychol Bull 2015;141(6):1178-1204 [FREE Full text] [doi: 10.1037/a0039729] [Medline:
26501228]

8. Bigsby E, Albarracín D. Self- and response efficacy information in fear appeals: a meta-analysis. J Commun
2022;72(2):241-263. [doi: 10.1093/joc/jqab048]

9. Lunn PD, Belton CA, Lavin C, McGowan FP, Timmons S, Robertson DA. Using behavioral science to help fight the
coronavirus. JBPA 2020;3(1) [FREE Full text] [doi: 10.30636/jbpa.31.147]

10. Witte K, Allen M. A meta-analysis of fear appeals: implications for effective public health campaigns. Health Educ Behav
2000;27(5):591-615. [doi: 10.1177/109019810002700506] [Medline: 11009129]

11. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S, Mohammadi M, et al. Prevalence of stress, anxiety,
depression among the general population during the COVID-19 pandemic: a systematic review and meta-analysis. Global
Health 2020;16(1):57 [FREE Full text] [doi: 10.1186/s12992-020-00589-w] [Medline: 32631403]

12. Santabárbara J, Lasheras I, Lipnicki DM, Bueno-Notivol J, Pérez-Moreno M, López-Antón R, et al. Prevalence of anxiety
in the COVID-19 pandemic: an updated meta-analysis of community-based studies. Prog Neuropsychopharmacol Biol
Psychiatry 2021;109:110207 [FREE Full text] [doi: 10.1016/j.pnpbp.2020.110207] [Medline: 33338558]

13. Salanti G, Peter N, Tonia T, Holloway A, White IR, Darwish L, MHCOVID Crowd Investigators, MHCOVID Crowd
Investigators†. The impact of the COVID-19 pandemic and associated control measures on the mental health of the general
population : a systematic review and dose-response meta-analysis. Ann Intern Med 2022;175(11):1560-1571 [FREE Full
text] [doi: 10.7326/M22-1507] [Medline: 36252247]

14. Yong X, Zhang L. COVID-19 worry and mental health among the economically active population in Guangdong, China.
Front Public Health 2022;10:882177 [FREE Full text] [doi: 10.3389/fpubh.2022.882177] [Medline: 35586016]

15. Shanahan L, Steinhoff A, Bechtiger L, Murray AL, Nivette A, Hepp U, et al. Emotional distress in young adults during the
COVID-19 pandemic: evidence of risk and resilience from a longitudinal cohort study. Psychol Med 2022;52(5):824-833
[FREE Full text] [doi: 10.1017/S003329172000241X] [Medline: 32571438]

16. De Quervain DJF, Aerni A, Amini E, Bentz D, Coynel D, Gerhards C, et al. The Swiss Corona Stress Study Internet. Open
Science Framework 2020 [FREE Full text] [doi: 10.31219/osf.io/jqw6a]

17. Moghanibashi-Mansourieh A. Assessing the anxiety level of Iranian general population during COVID-19 outbreak. Asian
J Psychiatr 2020;51:102076 [FREE Full text] [doi: 10.1016/j.ajp.2020.102076] [Medline: 32334409]

18. Mazza C, Ricci E, Biondi S, Colasanti M, Ferracuti S, Napoli C, et al. A nationwide survey of psychological distress among
Italian people during the COVID-19 pandemic: immediate psychological responses and associated factors. Int J Environ
Res Public Health 2020;17(9):3165 [FREE Full text] [doi: 10.3390/ijerph17093165] [Medline: 32370116]

19. Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-19 pandemic on mental health in the general
population: a systematic review. J Affect Disord 2020;277:55-64 [FREE Full text] [doi: 10.1016/j.jad.2020.08.001] [Medline:
32799105]

20. Selby K, Durand MA, Gouveia A, Bosisio F, Barazzetti G, Hostettler M, et al. Citizen responses to government restrictions
in Switzerland during the COVID-19 pandemic: cross-sectional survey. JMIR Form Res 2020;4(12):e20871 [FREE Full
text] [doi: 10.2196/20871] [Medline: 33156809]

21. Eysenbach G. Improving the quality of web surveys: the checklist for reporting results of internet E-surveys (CHERRIES).
J Med Internet Res 2004;6(3):e34 [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

22. Chew LD, Griffin JM, Partin MR, Noorbaloochi S, Grill JP, Snyder A, et al. Validation of screening questions for limited
health literacy in a large VA outpatient population. J Gen Intern Med 2008;23(5):561-566 [FREE Full text] [doi:
10.1007/s11606-008-0520-5] [Medline: 18335281]

Interact J Med Res 2025 | vol. 14 | e55636 | p.436https://www.i-jmr.org/2025/1/e55636
(page number not for citation purposes)

Kraege et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.who.int/news/item/29-06-2020-covidtimeline
https://iris.who.int/handle/10665/331661
https://iris.who.int/handle/10665/331661
https://iris.who.int/handle/10665/342004
http://dx.doi.org/10.1177/109019818801500203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3378902&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20503121221113668?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20503121221113668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35898953&dopt=Abstract
http://dx.doi.org/10.1038/s41562-020-0884-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32355299&dopt=Abstract
https://europepmc.org/abstract/MED/26501228
http://dx.doi.org/10.1037/a0039729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26501228&dopt=Abstract
http://dx.doi.org/10.1093/joc/jqab048
http://www.journal-bpa.org/index.php/jbpa/article/view/147
http://dx.doi.org/10.30636/jbpa.31.147
http://dx.doi.org/10.1177/109019810002700506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11009129&dopt=Abstract
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-020-00589-w
http://dx.doi.org/10.1186/s12992-020-00589-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32631403&dopt=Abstract
https://europepmc.org/abstract/MED/33338558
http://dx.doi.org/10.1016/j.pnpbp.2020.110207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33338558&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M22-1507?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.acpjournals.org/doi/abs/10.7326/M22-1507?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M22-1507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36252247&dopt=Abstract
https://europepmc.org/abstract/MED/35586016
http://dx.doi.org/10.3389/fpubh.2022.882177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35586016&dopt=Abstract
https://europepmc.org/abstract/MED/32571438
http://dx.doi.org/10.1017/S003329172000241X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32571438&dopt=Abstract
https://osf.io/jqw6a
http://dx.doi.org/10.31219/osf.io/jqw6a
https://europepmc.org/abstract/MED/32334409
http://dx.doi.org/10.1016/j.ajp.2020.102076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32334409&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17093165
http://dx.doi.org/10.3390/ijerph17093165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32370116&dopt=Abstract
https://europepmc.org/abstract/MED/32799105
http://dx.doi.org/10.1016/j.jad.2020.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32799105&dopt=Abstract
https://formative.jmir.org/2020/12/e20871/
https://formative.jmir.org/2020/12/e20871/
http://dx.doi.org/10.2196/20871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33156809&dopt=Abstract
https://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
https://europepmc.org/abstract/MED/18335281
http://dx.doi.org/10.1007/s11606-008-0520-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18335281&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. COVID-19 Mental Disorders Collaborators. Global prevalence and burden of depressive and anxiety disorders in 204
countries and territories in 2020 due to the COVID-19 pandemic. Lancet 2021;398(10312):1700-1712 [FREE Full text]
[doi: 10.1016/S0140-6736(21)02143-7] [Medline: 34634250]

24. Fitzpatrick KM, Drawve G, Harris C. Facing new fears during the COVID-19 pandemic: the state of America's mental
health. J Anxiety Disord 2020;75:102291 [FREE Full text] [doi: 10.1016/j.janxdis.2020.102291] [Medline: 32827869]

25. Hawke LD, Szatmari P, Cleverley K, Courtney D, Cheung A, Voineskos AN, et al. Youth in a pandemic: a longitudinal
examination of youth mental health and substance use concerns during COVID-19. BMJ Open 2021;11(10):e049209 [FREE
Full text] [doi: 10.1136/bmjopen-2021-049209] [Medline: 34716160]

26. Mental Health and COVID-19: early evidence of the pandemic’s impact: Scientific brief, 2 March 2022. Geneva, Switzerland:
World Health Organization; 2022. URL: https://www.who.int/publications/i/item/
WHO-2019-nCoV-Sci_Brief-Mental_health-2022.1 [accessed 2024-12-27]

27. Alshagrawi S, Alhowti S. Knowledge, anxiety, and practice during the COVID-19 crisis among HCWs in Saudi Arabia. J
Educ Health Promot 2022;11:384 [FREE Full text] [doi: 10.4103/jehp.jehp_308_22] [Medline: 36618461]

28. Harper CA, Satchell LP, Fido D, Latzman RD. Functional fear predicts public health compliance in the COVID-19 pandemic.
Int J Ment Health Addict 2021;19(5):1875-1888 [FREE Full text] [doi: 10.1007/s11469-020-00281-5] [Medline: 32346359]

29. Hyland P, Shevlin M, McBride O, Murphy J, Karatzias T, Bentall RP, et al. Anxiety and depression in the republic of
Ireland during the COVID-19 pandemic. Acta Psychiatr Scand 2020;142(3):249-256. [doi: 10.1111/acps.13219] [Medline:
32716520]

30. Hawes MT, Szenczy AK, Klein DN, Hajcak G, Nelson BD. Increases in depression and anxiety symptoms in adolescents
and young adults during the COVID-19 pandemic. Psychol Med 2022;52(14):3222-3230 [FREE Full text] [doi:
10.1017/S0033291720005358] [Medline: 33436120]

31. Amendola S, von Wyl A, Volken T, Zysset A, Huber M, Dratva J. A longitudinal study on generalized anxiety among
university students during the first wave of the COVID-19 pandemic in Switzerland. Front Psychol 2021;12:643171 [FREE
Full text] [doi: 10.3389/fpsyg.2021.643171] [Medline: 33776867]

32. Dratva J, Zysset A, Schlatter N, von Wyl A, Huber M, Volken T. Swiss university students' risk perception and general
anxiety during the COVID-19 pandemic. Int J Environ Res Public Health 2020;17(20):7433 [FREE Full text] [doi:
10.3390/ijerph17207433] [Medline: 33066008]

33. Robinson E, Sutin AR, Daly M, Jones A. A systematic review and meta-analysis of longitudinal cohort studies comparing
mental health before versus during the COVID-19 pandemic in 2020. J Affect Disord 2022;296:567-576 [FREE Full text]
[doi: 10.1016/j.jad.2021.09.098] [Medline: 34600966]

34. Sayed AA, El-Gendy AA, Aljohani AK, Haddad RA, Taher OH, Senan AM. The effects of COVID-19 on the mental health
of children and adolescents: a review. Cureus. 2024. URL: https://www.cureus.com/articles/
207363-the-effects-of-covid-19-on-the-mental-health-of-children-and-adolescents-a-review [accessed 2024-06-13]

35. Lederman Z. Loneliness at the age of COVID-19. J Med Ethics 2023;49(9):649-654. [doi: 10.1136/jme-2022-108540]
[Medline: 36600628]

36. Luchetti M, Lee JH, Aschwanden D, Sesker A, Strickhouser JE, Terracciano A, et al. The trajectory of loneliness in response
to COVID-19. Am Psychol 2020;75(7):897-908 [FREE Full text] [doi: 10.1037/amp0000690] [Medline: 32567879]

37. Maher A. Tracing the bounds of distress: mental health and the Lancet commission on lessons for the future from the
COVID-19 pandemic. J Glob Health 2024;14:03022 [FREE Full text] [doi: 10.7189/jogh.14.03022] [Medline: 38751302]

38. Morisod K, Durand MA, Selby K, Le Pogam MA, Grazioli VS, Sanchis Zozaya J, et al. Asylum seekers' responses to
government COVID-19 recommendations: a cross-sectional survey in a Swiss Canton. J Immigr Minor Health
2023;25(3):570-579 [FREE Full text] [doi: 10.1007/s10903-022-01436-3] [Medline: 36508030]

Abbreviations
CHERRIES: Checklist for Reporting Results of Internet e-Surveys
REDCap: Research Electronic Data Capture

Edited by T de Azevedo Cardoso; submitted 22.12.23; peer-reviewed by S Haile, JV Sánchez-Ortí; comments to author 23.05.24;
revised version received 13.06.24; accepted 25.09.24; published 07.01.25.

Please cite as:
Kraege V, Dumans-Louis C, Maglieri C, Bochatay S, Durand MA, Garnier A, Selby K, von Plessen C
Citizen Worry and Adherence in Response to Government Restrictions in Switzerland During the COVID-19 Pandemic: Repeated
Cross-Sectional Online Surveys
Interact J Med Res 2025;14:e55636
URL: https://www.i-jmr.org/2025/1/e55636 
doi:10.2196/55636
PMID:

Interact J Med Res 2025 | vol. 14 | e55636 | p.437https://www.i-jmr.org/2025/1/e55636
(page number not for citation purposes)

Kraege et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(21)02143-7
http://dx.doi.org/10.1016/S0140-6736(21)02143-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34634250&dopt=Abstract
https://europepmc.org/abstract/MED/32827869
http://dx.doi.org/10.1016/j.janxdis.2020.102291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32827869&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34716160
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34716160
http://dx.doi.org/10.1136/bmjopen-2021-049209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34716160&dopt=Abstract
https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci_Brief-Mental_health-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci_Brief-Mental_health-2022.1
https://europepmc.org/abstract/MED/36618461
http://dx.doi.org/10.4103/jehp.jehp_308_22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36618461&dopt=Abstract
https://europepmc.org/abstract/MED/32346359
http://dx.doi.org/10.1007/s11469-020-00281-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32346359&dopt=Abstract
http://dx.doi.org/10.1111/acps.13219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32716520&dopt=Abstract
https://europepmc.org/abstract/MED/33436120
http://dx.doi.org/10.1017/S0033291720005358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33436120&dopt=Abstract
https://europepmc.org/abstract/MED/33776867
https://europepmc.org/abstract/MED/33776867
http://dx.doi.org/10.3389/fpsyg.2021.643171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33776867&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17207433
http://dx.doi.org/10.3390/ijerph17207433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33066008&dopt=Abstract
https://europepmc.org/abstract/MED/34600966
http://dx.doi.org/10.1016/j.jad.2021.09.098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34600966&dopt=Abstract
https://www.cureus.com/articles/207363-the-effects-of-covid-19-on-the-mental-health-of-children-and-adolescents-a-review
https://www.cureus.com/articles/207363-the-effects-of-covid-19-on-the-mental-health-of-children-and-adolescents-a-review
http://dx.doi.org/10.1136/jme-2022-108540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36600628&dopt=Abstract
https://europepmc.org/abstract/MED/32567879
http://dx.doi.org/10.1037/amp0000690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32567879&dopt=Abstract
https://europepmc.org/abstract/MED/38751302
http://dx.doi.org/10.7189/jogh.14.03022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38751302&dopt=Abstract
https://europepmc.org/abstract/MED/36508030
http://dx.doi.org/10.1007/s10903-022-01436-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36508030&dopt=Abstract
https://www.i-jmr.org/2025/1/e55636
http://dx.doi.org/10.2196/55636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Vanessa Kraege, Céline Dumans-Louis, Céline Maglieri, Séverine Bochatay, Marie-Anne Durand, Antoine Garnier, Kevin
Selby, Christian von Plessen. Originally published in the Interactive Journal of Medical Research (https://www.i-jmr.org/),
07.01.2025. 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 2025 | vol. 14 | e55636 | p.438https://www.i-jmr.org/2025/1/e55636
(page number not for citation purposes)

Kraege et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Original Paper

French Versions of 4 English Questionnaires on Problematic
Smartphone Use: Cross-Cultural Linguistic Translation and
Adaptation Study

Islam El Boudi1, MEng; Mathilde Riant1, PhD; Alexandre Bellier1,2, MD, PhD; Nicolas Vuillerme1,3, PhD
1Faculty of Medicine, AGEIS, Grenoble Alpes University, Grenoble, France
2Inserm CIC 1406, Grenoble Alpes University Hospital (CHUGA), Grenoble Alpes University, 38000 Grenoble, France
3Institut Universitaire de France, 75005 Paris, France

Corresponding Author:
Islam El Boudi, MEng
Faculty of Medicine
AGEIS, Grenoble Alpes University
Jean Roget Bldg, 3rd Fl.
Grenoble, 38000
France
Phone: 33 695685616
Email: islam.el-boudi@univ-grenoble-alpes.fr

Abstract

Background: Excessive use of smartphones is recognized as a major problem in our modern society and can have dramatic
consequences on the health of adolescents and young adults. Measuring problematic smartphone use in research and clinical
practice is generally operationalized with self-reported questionnaires. In order to comprehensively assess the issue of problematic
smartphone usage within the French population, it is imperative to employ validated French-language questionnaires. However,
at this point, existing questionnaires are primarily available in English. Furthermore, to the best of our knowledge, these English
questionnaires have yet to undergo validation processes for French-speaking cohorts.

Objective: The aim of this study was to perform a cross-cultural translation of the Smartphone Addiction Scale, Nomophobia
Questionnaire, Problematic Use of Mobile Phones scale, and Smartphone Addiction Proneness Scale to French.

Methods: The translation process was performed using the forward/backward method. The first translation phase involved
asking 4 independent French translators to translate the original English version of the questionnaires into French. In the second
phase, the French version was backtranslated to English by a native English speaker. In the third phase, 2 concept experts were
asked to comment and suggest modifications to the statements if necessary. Finally, the last version of the translated questionnaires
was presented to 18 participants to assess the clarity, intelligibility, and acceptability of the translations.

Results: During the forward translation step, the translation differences were minor. During the backward translation, the English
native speaker correctly backtranslated 18 of the 33 items of the Smartphone Addiction Scale, 17 of the 20 items of the Problematic
Use of Mobile Phones scale, and 13 of the 15 items of the Smartphone Addiction Proneness Scale. Backtranslation for the
Nomophobia Questionnaire was less satisfactory, with only 10 out of 20 items that were correctly backtranslated. The linguistic
verification step revealed a minimal modification for the 4 questionnaires. The participants also suggested few improvements
that we have considered for the final version. We produced the final version directly after this step.

Conclusions: We successfully adapted and effectively translated 4 questionnaires that assess problematic smartphone use to
French. This step is a prerequisite for the validation of the French questionnaires. These adapted measures can serve as valuable
research instruments for investigating and addressing issues related to problematic smartphone use in French-speaking countries
and for making international comparisons.

(Interact J Med Res 2025;14:e53958)   doi:10.2196/53958
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Introduction

Today, the excessive use of smartphones and screens, in general,
is recognized as a major problem in our society. Recent world
events that have led to individuals being confined to their homes
for several months have intensified the amount of scientific and
political concerns surrounding this issue. Excessive smartphone
use can have dramatic consequences for the health and cognitive
development of adolescents and young adults [1]. Indeed,
difficulty in regulating smartphone use can lead to serious
pathological disorders such as addiction to video games [2].

Although health care professionals, researchers, and politicians
recognize that excessive smartphone use is problematic, its
legitimacy as a pathological disorder is not yet recognized by
the American Psychiatric Association [2]. For this reason, the
notion of problematic smartphone use is favored by a large
number of researchers. Problematic smartphone use does,
however, refer to symptoms of dependence such as loss of
control, overuse, increased tolerance (ie, spending more time
on the smartphone to be satiated), or withdrawal symptoms once
individuals are no longer in possession of their smartphones
[3].

In order to identify individuals at risk of problematic use, the
measurement of smartphone use practices is generally
operationalized in research by using self-reported questionnaires.
Three very recently published systematic reviews [3-5] identified
4 measurement scales most commonly used to measure
problematic smartphone use, 3 of which are used with young
adult students, that is, the Smartphone Addiction Scale [6], the
Nomophobia Questionnaire [7], and the Problematic Use of
Mobile Phones scale [8], and 1 for adolescents, that is, the
Smartphone Addiction Proneness Scale [9]. What these 4 scales
have in common is that they assess problematic smartphone use
across several dimensions, often inspired by the fourth and fifth
versions of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV and DSM-V) [2,10].

The Smartphone Addiction Scale was designed by Kwon et al
[6] based on the diagnostic criteria for internet gaming addiction
in DSM-IV [10]. It measures problematic smartphone use along
6 dimensions: disruption of daily life due to smartphone use,
positive anticipation of use, withdrawal symptoms, overuse,
tolerance, and importance of the virtual world for social
relationships. This scale has the advantage of being validated
in several languages, including English [6], Arabic [11],
Brazilian [12], Malaysian [13], and Persian [14]. It also has
good cross-cultural consistency, with Cronbach α ranging from
0.93 to 0.97. Although the Smartphone Addiction Scale has
been translated and validated in French in a shorter 10-statement
version [15], the original 33-items scale has not been translated
and validated in French.

The Nomophobia Questionnaire was designed by Yildirim and
Correia [7] and measures individuals’ fear of being separated
from their smartphones. It measures 4 dimensions of smartphone
separation fear: not being able to communicate, losing
connection with the outside world, not being able to access
information, and giving up comfort. According to the research
work of Jahrami et al [16], this questionnaire has been translated

into 7 languages (eg, Chinese [17], Italian [18]) and consistently
has very good internal consistency (0.88≤α≤0.96).

The Problematic Use of Mobile Phones scale, designed by Merlo
et al [8], draws heavily on the criteria for online gaming
addiction in DSM versions IV [10] and V [2]. This scale
considers 10 dimensions of problematic smartphone use in
young adults: tolerance, withdrawal symptoms, smartphone use
longer than expected, time spent on the smartphone, irrepressible
desire to use the smartphone, abandonment or reduction of other
activities, smartphone use despite physical and psychological
consequences, smartphone use in risky situations, smartphone
use despite social consequences, and inability to fulfill
obligations due to use. Although being less validated, this scale
has been translated into English [8], German [19], and Arabic
[20], and its consistency appears very satisfactory
(0.90≤α≤0.94).

To date, 2 other scales measuring problematic smartphone use
by young adults have been validated in French. The first scale,
that is, the Implicit Association Test (smartphone) [21] is
strongly inspired by the internet addiction test developed by
Young [22] and not according to a set of diagnostic criteria for
problematic smartphone use. However, the factor structures and
internal consistency of the scale (α=0.93) were good. The other
scale, that is, the Problematic Mobile Phone Use Questionnaire
by Lopez-Fernandez et al [23] is divided into 3 categories and
has good internal consistency: dangerous use (α=0.81),
prohibited use (α=0.74), and dependent use (α=0.90). The
strength of this scale lies in its cross-cultural validity (eg,
French, German, Hungarian, English, Finnish, Italian, Polish,
Spanish), but surprisingly, it is one of the few scales that is not
based on any version of DSM. However, recent research has
shown that taking inspiration from gaming disorder criteria to
measure problematic smartphone use is a way to better
understand this phenomenon [24].

The Smartphone Addiction Proneness Scale by Kim et al [9] is
inspired by the assessment criteria of Young’s [22] Internet
Addiction Test scale. To our knowledge, it is one of the few
scales designed to measure problematic smartphone use in
adolescents. The Smartphone Addiction Proneness Scale
assesses 4 main dimensions: craving symptoms, tolerance,
predominance of virtual life, and disruption of coping in daily
life. To date, it has been translated into Korean (ie, translated
from English) [9], Malaysian [25], German [26], and Chinese
[27]. The interrater internal consistency of this Korean scale is
consistently acceptable (α=0.88).

Given the importance of completing proposals for measuring
problematic smartphone use based primarily on the findings of
DSM and to better understand this societal issue, the aim of this
study is to linguistically translate the Smartphone Addiction
Scale, the Nomophobia Questionnaire, the Problematic Use of
Mobile Phones scale, and the Smartphone Addiction Proneness
Scale to French so that they are conceptually equivalent to their
original versions. The cross-cultural adaptation process will be
performed using the forward/backward method, a commonly
used method [28-32] and recommended by the World Health
Organization [33]. The translation will be considered valid when
the tests performed by the participants are considered conclusive.
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This step is a prerequisite for the quantitative validation of the
questionnaires.

Methods

Background
To assess the conceptual equivalence of the questionnaires, that
is, whether the items in the original language have a similar
meaning to the French version, we opted for the
forward/backward translation method. This is the most
commonly used technique for cross-cultural research, and we
followed the recommendations of Epstein et al [34]. We have
decided to validate these instruments for use exclusively in
France.

Ethics Approval
This study was approved by the Grenoble Alpes University
Hospital Center and has received ethics approval from the
South-East I Ethics Committee for the Protection of Individuals
(approval 2022-A01943-40).

Questionnaires
The 4 questionnaires targeted for the cross-cultural procedure
were as follows. The Smartphone Addiction Scale [6] contains
33 items, and the response scale ranges from 1 (strongly
disagree) to 6 (strongly agree). Each participant’s total score
can range from 33 to 188 points, and a higher score indicates
more problematic smartphone use. The Nomophobia
Questionnaire [7] contains 20 items, and the response scale
ranges from 1 (strongly disagree) to 7 (strongly agree); each
participant’s total score can therefore vary from 20 to 140 points,
and a higher score indicates more problematic smartphone use.
The Problematic Use of Mobile Phones scale contains 20 items
[8]. The response scale ranges from 1 (not at all in agreement)
to 5 (totally in agreement), and each participant’s total score
can vary from 20 to 100 points, and a higher score indicates
more problematic smartphone use. Finally, the Smartphone
Addiction Proneness Scale by Kim et al [9] contains 15 items.
The response scale ranges from 1 (not at all in agreement) to 4
(totally in agreement), and each participant’s total score can
vary from 15 to 60 points, and a higher score indicates more
problematic smartphone use.

Forward Translation
The first translation phase involved recruiting independent
translators who were both 2 native French speakers bilingual
in English and 2 native English speakers bilingual in French
and asking them to translate the original English version into
French. It was recommended that at least one of the translators
knows the concept of the questionnaires to be measured and
that at least one of them does not know the objective of the
questionnaire. In this study, 4 qualified translators were
involved: 2 translators were familiar with the concept of
problematic smartphone use, while the other 2 were not. Two
of the experts had backgrounds in health and psychology
research: one was a novice and the other had prior experience
in translation. At the end of the 4 translations, a single version
was obtained after a reconciliation meeting of the 4 translators.
Each questionnaire was checked for errors in spelling, grammar,

punctuation, and translation of terminology and style against
the original English version.

Backward Translation
In the second phase, the French versions were retranslated into
English by a native English speaker who had no clinical or
medical expertise. The instructions that were given to the native
English speaker were to translate each questionnaire literally.
By comparing the translated English versions with the original
questionnaires, the French translations were modified to be
consistent with the originals. This step ensured the accuracy of
the translations and highlighted any phrasing that could cause
confusion.

Linguistic Verification
In the third phase, 2 professionals familiar with the concept of
problematic smartphone use were asked to comment and suggest
modifications to the statements if necessary. We followed a
universalist approach for equivalence, assessing conceptual,
item, semantic, operational, measurement, and functional
equivalence [35].

Final Verification
The final verification phase involved performing a preliminary
pilot test with participants involved in the problem being
measured to assess the clarity, intelligibility, and acceptability
of the translations. Between December 2022 and June 2023, 18
French native speaker participants—10 students older than 18
years (ie, 6 girls and 4 boys) and 8 adolescents aged 12-17 years
(ie, 6 girls and 2 boys)—completed the questionnaires for the
final version during face-to-face interviews. Each interview
lasted a maximum of 30 minutes. For minor participants, consent
to take part in the study was obtained from the parents, while
adult participants gave their own consent. Participants could be
in good health or experiencing any medical condition and they
could come from rural or urban areas in France. During the
interviews, a researcher asked the participants questions such
as “Did you understand the instructions, the items, and the
response scales?”; “How did you interpret this item?”; or “What
would you suggest as a reformulation?” The principal
investigator checked the proofs of the final version and corrected
any errors.

Data Analysis
To analyze the qualitative data from the translation process, we
employed a thematic approach focused on assessing the
conceptual equivalence of the translated items. Responses from
the participants during the individual interviews were transcribed
and systematically analyzed to identify elements that could pose
comprehension issues. Particular attention was given to semantic
discrepancies between the original and translated versions as
well as suggestions for reformulation provided by the
participants. The data were then coded according to the types
of mistranslations identified (eg, item comprehension,
appropriateness of terms used) and grouped into recurring
themes. This approach enabled us to evaluate the clarity and
acceptability of the translations as well as to adjust the
problematic items.
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Results

Characteristics of the Translators and the Participants

The age, gender, and specific cultural characteristics of the
translators and the student and adolescent participants are
detailed in Table 1.

Table 1. Age, gender, and cultural characteristics of the translators and the participants.

Cultural characteristicsGenderMean age (years)Translators/participants
(n)

Translation type

2 females, 2 males25.5 (range 20-31)4 translatorsForward translation • 2 native English, 2 native French
• 2 were familiar with the concept of problematic

smartphone use (eHealth and psychology)
• 2 were not familiar with the concept (economics

and education)
• 2 were from the south of France and 2 were

from the north

1 female281 translatorBackward translation • Native English
• No clinical or medical expertise

1 female, 1 male27.5 (range 24-31)2 expertsLinguistic verification • 2 native French

Final verification

6 females, 2 males14.5 (range 12-17)8 adolescents • Good health or experiencing any medical condi-
tion

• 5 from rural areas and 3 from urban areas in
France

6 females, 4 males19.8 (range 18-24)10 students • Good health or experiencing any medical condi-
tion

• 6 students in health sciences, 3 students in psy-
chology, 1 student in philosophy

Forward Translation
The 4 translators translated the titles, dimensions, instructions,
response modalities, and statements of each questionnaire. These
4 translations were synthesized into a consensual version A.
Concerning questionnaire dimensions, a few terms were more
difficult to translate from English to French. For example, the
dimension “withdrawal” of the Smartphone Addiction Scale,
the Problematic Use of Mobile Phones scale, and the
Smartphone Addiction Proneness Scale was translated as
“sevrage.” For the Nomophobia Questionnaire, 1 dimension
was more challenging to translate into French: “giving up
convenience.” The term “convenience” can have several
meanings in French, but its translation as “confort” (comfort)
appears to be the most appropriate, especially when defining
this dimension as the loss of the comfort provided by
smartphone use. The concept of “craving” for the Nomophobia
Questionnaire is particularly complex to define in French as it
does not have a direct equivalent. In clinical terms, craving
corresponds to a strong impulsive desire to use one’s object of
addiction, which in our context is the respondent’s smartphone
use. Therefore, in French, we have defined this dimension as
“désir” (desire). For the other dimensions, the terms used in
French were mostly similar.

For the items in the Smartphone Addiction Scale, rather than
using the infinitive form of verbs as proposed in the original
version, we translated them by systematically beginning the
verb with the first-person singular conjugation. For example,
for the original item “missing planned work due to smartphone

use,” we translated it as “J’oublie du travail planifié à cause de
l’utilisation du smartphone.” This will help participants better
understand the statements. Three statements were more difficult
to translate into French: “feeling pleasant or excited while using
a smartphone” and “feeling impatient and fretful when I am not
holding my smartphone.” The term “pleasant” was suggested
in French as “calme” (calm), and since the term “impatient”
does not have a direct equivalent in French, we propose the
homograph “impatient.” The verb “to annoy” present in 2 items
of the Nomophobia Questionnaire required more debate
regarding its translation. This term can imply constraint,
boredom, or irritation depending on the context; therefore, we
chose to translate it as “contrariété” (contrariety) to preserve
the statement and its dimension without distorting it. The
statement “using a smartphone is more enjoyable than spending
time with family or friends” from the Smartphone Addiction
Proneness Scale also sparked discussions among translators
because not everyone agreed on how to translate “enjoyable.”
This term can signify a pleasant or amusing moment depending
on the context. Here, we opted for the most common translation,
“agréable” (pleasant). For the other items, the differences in
translation were minor and did not alter the literal meaning of
the statements.

Backward Translation
Following this first translation, a native English translator
backtranslated the questionnaires from the consensus version
A into an English version B. This version B was compared to
the original questionnaire in English. For the Smartphone
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Addiction Scale, 18 items were perfectly backtranslated, while
14 were slightly modified, but this did not alter their meaning
and understanding. One item was retranslated, changing its
meaning: “missing planned work due to smartphone use” was
backtranslated as “I use my smartphone longer than planned.”
We reworked this item in French to maintain its original
meaning as “Je manque du travail planifié à cause de l’utilisation
du smartphone.” For the Problematic Use of Mobile Phones
scale, 17 statements were perfectly backtranslated, and the others
underwent slight modifications without impacting their meaning
and understanding. Backtranslation was even better for the
Smartphone Addiction Proneness Scale, with 13 out of 15 items
perfectly backtranslated and 2 having slight modifications
without consequence. The backtranslation for the Nomophobia
Questionnaire was satisfactory, with 10 out of 20 items varying
slightly in wordings but without altering their meaning. The
others were perfectly backtranslated. Thus, we obtained a
translated version C for the 4 questionnaires.

Linguistic Verification
The 2 researchers responsible for linguistic verification
submitted 4 suggestions for conceptual modifications for the
Smartphone Addiction Scale, 3 for the Nomophobia
Questionnaire, and 1 for the Problematic Use of Mobile Phones
scale, some of which were incorporated into the final C version.
No additional modifications were suggested for the Smartphone
Addiction Proneness Scale.

Final Verification
In this final step, feedback from adolescents and students was
minimal; therefore, we produced a final version D based on
their input. Overall, they understood all the instructions, items,
and response modalities well. Participants encountered no
comprehension problems except for 3 items. For the
Nomophobia Questionnaire, 2 students reported a
comprehension difficulty with item 18. In English, it refers to
checking “online connections and networks,” and we translated
it as “online notifications and networks.” However, “online
networks” made less sense than “social networks” for these
students. We therefore modified the item. In addition, item 6
of the Problematic Use of Mobile Phones scale was difficult
for one student to understand, as the translators had translated
it by mixing the present and past tenses. We therefore modified
the item from “J’ai pensé par le passé qu’il n’était pas normal
de passer autant de temps sur le smartphone comme je le fais”
to “Il m’est arrivé de penser qu’il n’était pas normal de passer
autant de temps que moi à utiliser un smartphone.” In this way,
students gained a better understanding of the item. Finally, item
22 of the Smartphone Addiction Scale had to be clarified, as 2
participants did not understand what “losing a friend” meant.
In fact, the meaning of loss is important in French, as it could
mean literally losing a friend through death or signify a
friendship breakup. We have therefore clarified at the end of
the item that this refers to friendship breakup in this context.
The final translated versions are listed in Tables 2-5.
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Table 2. Problematic Use of Mobile Phones scale translation.

Response methodsItem descriptionItem number

5b4321a

ETc: When I decrease the amount of time spent using my cell phone I feel less satisfied.

FTd: Quand je réduis le temps passé sur mon smartphone, je me sens moins satisfait·e.

1

ET: I need more time using my cell phone to feel satisfied than I used to need.

FT: J’ai besoin de plus de temps d’utilisation de mon smartphone afin de me sentir aussi satisfait·e qu’auparavant.

2

ET: When I stop using my cell phone, I get moody and irritable.

FT: Quand j’arrête d’utiliser mon smartphone, je deviens de mauvaise humeur et irritable.

3

ET: It would be very difficult emotionally to give up my cell phone.

FT: Ce serait difficile émotionnellement de renoncer à mon smartphone.

4

ET: The amount of time I spend using my cell phone keeps me from doing other important work.

FT: Le temps passé sur mon smartphone m’empêche de faire d’autres tâches importantes.

5

ET: I have thought in the past that it is not normal to spend as much time using a cell phone as I do.

FT: Il m’est arrivé·e de penser qu’il n’était pas normal de passer autant de temps que moi à utiliser un smartphone.

6

ET: I think I might be spending too much time using my cell phone.

FT: Je pense que je passe trop de temps sur mon smartphone.

7

ET: People tell me I spend too much time using my cell phone.

FT: Les gens me disent que je passe trop de temps sur mon smartphone.

8

ET: When I am not using my cell phone, I am thinking about using it or planning the next time I can use it.

FT: Quand je n’utilise pas mon smartphone, je pense à l’utiliser ou à prévoir ma prochaine utilisation.

9

ET: I feel anxious if I have not received a call or message in some time.

FT: Je me sens anxieux·se si je n’ai pas reçu d’appel ou de message depuis un certain moment.

10

ET: I have ignored the people I’m with in order to use my cell phone.

FT: J’ai ignoré les personnes avec qui j’étais pour utiliser mon smartphone.

11

ET: I have used my cell phone when I knew I should be doing work/schoolwork.

FT: J’ai utilisé mon téléphone alors que je savais que je devais travailler/faire des devoirs.

12

ET: I have used my cell phone when I knew I should be sleeping.

FT: J’ai déjà utilisé mon smartphone alors que je savais que je devais dormir.

13

ET: When I stop using my cell phone because it is interfering with my life, I usually return to it.

FT: Quand j’arrête d’utiliser mon smartphone parce qu’il interfère avec ma vie, je finis généralement par
l’utiliser à nouveau.

14

ET: I have gotten into trouble at work or school because of my cell phone use.

FT: J’ai eu des problèmes au travail ou à l’école à cause de l’utilisation de mon smartphone.

15

ET: At times, I find myself using my cell phone instead of spending time with people who are important to me
and want to spend time with me.

FT: Parfois, je me retrouve à utiliser mon smartphone au lieu de passer du temps avec des personnes qui sont
importantes pour moi et qui souhaitent passer du temps avec moi.

16

ET: I have used my cell phone when I knew it was dangerous to do so.

FT: J’ai utilisé mon téléphone alors que je savais qu’il était dangereux de le faire.

17

ET: I have almost caused an accident because of my cell phone use.

FT: J’ai presque causé un accident à cause de l’utilisation de mon smartphone.

18

ET: My cell phone use has caused me problems in a relationship.

FT: L’utilisation de mon smartphone a causé des problèmes dans une relation.

19

ET: I have continued to use my cell phone even when someone asked me to stop.

FT: J’ai continué d’utiliser mon smartphone, même quand quelqu’un m’a demandé d’arrêter.

20

aEnglish translation: strongly disagree; French translation: fortement en désaccord.
bEnglish translation: strongly agree; French translation: fortement en accord.
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cET: English translation.
dFT: French translation.
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Table 3. Smartphone Addiction Scale translation.

Response methodsItem descriptionItem number

6f5e4d3c2b1a

ETg: Missing planned work due to smartphone use.

FTh: Je manque du travail planifié à cause de l’utilisation du smartphone.

1

ET: Having a hard time concentrating in class while doing assignments or while working due to smartphone
use.

FT: J’ai des difficultés à me concentrer en classe, pendant mes devoirs ou pendant le travail à cause de
l’utilisation du smartphone.

2

ET: Experiencing lightheadedness or blurred vision due to excessive smartphone use.

FT: Je ressens des vertiges ou une vision floue à cause de l’utilisation excessive du smartphone.

3

ET: Feeling pain in the wrist or at the back of the neck while using a smartphone.

FT: Je ressens de la douleur dans les poignets ou derrière le cou pendant que j’utilise un smartphone.

4

ET: Feeling tired and lacking adequate sleep due to excessive smartphone use.

FT: Je me sens fatigué et en manque de sommeil suffisant à cause de l’utilisation excessive du smartphone.

5

ET: Feeling calm or cozy while using a smartphone.

FT: Je me sens calme et réconforté·e quand j’utilise un smartphone.

6

ET: Feeling pleasant or excited while using a smartphone.

FT: Je me sens calme ou excité·e en utilisant le smartphone.

7

ET: Feeling confident while using a smartphone.

FT: Je me sens confiant·e en utilisant le smartphone.

8

ET: Being able to get rid of stress with a smartphone.

FT: Je suis capable de me débarrasser du stress avec un smartphone.

9

ET: There is nothing more fun to do than using my smartphone.

FT: Il n’y a rien de plus amusant que d’utiliser mon smartphone.

10

ET: My life would be empty without my smartphone.

FT: Ma vie serait vide sans mon smartphone.

11

ET: Feeling most liberal while using a smartphone.

FT: Je me sens libre quand j’utilise un smartphone.

12

ET: Using a smartphone is the most fun thing to do.

FT: Utiliser un smartphone est la chose la plus amusante à faire.

13

ET: Won’t be able to stand not having a smartphone.

FT: Je ne supporterais pas de ne pas avoir de smartphone.

14

ET: Feeling impatient and fretful when I am not holding my smartphone.

FT: Je me sens impatient·e et irrité·e quand je ne tiens pas mon smartphone.

15

ET: Having my smartphone in my mind even when I am not using it.

FT: Je pense à mon smartphone même lorsque je ne l’utilise pas.

16

ET: I will never give up using my smartphone even when my daily life is already greatly affected by it.

FT: Je ne renoncerais jamais à utiliser mon smartphone, même si ma vie quotidienne en est déjà fortement
affectée.

17

ET: Getting irritated when bothered while using my smartphone.

FT: Je me sens irrité·e quand on me dérange pendant que j’utilise mon smartphone.

18

ET: Bringing my smartphone to the toilet even when I am in a hurry to get there.

FT: J’apporte mon smartphone aux toilettes même lorsque je suis pressé·e d’y aller.

19

ET: Feeling great meeting more people via smartphone use.

FT: Je me sens bien en rencontrant plus de personnes par le biais de l’utilisation de mon smartphone.

20
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Response methodsItem descriptionItem number

6f5e4d3c2b1a

ET: Feeling that my relationships with my smartphone buddies are more intimate than my relationships
with my real-life friends.

FT: J’ai l’impression que mes relations virtuelles sont plus intimes que mes relations avec mes amis de la
vie réelle.

21

ET: Not being able to use my smartphone would be as painful as losing a friend.

FT: Ne pas pouvoir utiliser mon smartphone serait aussi douloureux que de perdre un ami (rupture amicale).

22

ET: Feeling that my smartphone buddies understand me better than my real-life friends.

FT: J’ai l’impression que mes amis virtuels me comprennent mieux que mes amis de la vie réelle.

23

ET: Constantly checking my smartphone so as not to miss conversations between other people on Twitter
or Facebook.

FT: Je vérifie constamment mon smartphone afin de ne manquer aucune conversation entre d’autres personnes
sur Twitter ou Facebook.

24

ET: Checking social networking service sites like Twitter or Facebook right after waking up.

FT: Je vérifie les réseaux sociaux comme Twitter ou Facebook juste après le réveil.

25

ET: Preferring talking with my smartphone buddies to hanging out with my real-life friends or with the
other members of my family.

FT: Je préfère discuter avec mes amis virtuels plutôt que passer du temps avec mes amis de la vie réelle ou
avec les membres de ma famille.

26

ET: Preferring searching from my smartphone to asking other people.

FT: Je préfère faire mes recherches à partir de mon smartphone plutôt que de demander à d’autres personnes.

27

ET: My fully charged battery does not last for one whole day.

FT: Ma batterie pleinement chargée ne dure pas une journée entière.

28

ET: Using my smartphone longer than I had intended.

FT: J’utilise mon smartphone plus longtemps que prévu.

29

ET: Feeling the urge to use my smartphone again right after I stopped using it.

FT: Je ressens le besoin d’utiliser à nouveau mon smartphone juste après avoir arrêté de l’utiliser.

30

ET: Having tried time and again to shorten my smartphone use time but failing all the time.

FT: J’ai essayé à plusieurs reprises de réduire le temps d’utilisation de mon smartphone mais j’échoue à
chaque fois.

31

ET: Always thinking that I should shorten my smartphone use time.

FT: Je pense toujours que je devrais réduire mon utilisation du smartphone.

32

ET: The people around me tell me that I use my smartphone too much.

FT: Les gens autour de moi me disent que j’utilise trop mon smartphone.

33

aEnglish translation: strongly disagree; French translation: fortement en désaccord.
bEnglish translation: disagree; French translation: en désaccord.
cEnglish translation: weakly disagree; French translation: un peu en désaccord.
dEnglish translation: weakly agree; French translation: un peu en accord.
eEnglish translation: agree; French translation: en accord.
fEnglish translation: strongly agree; French translation: fortement en accord.
gET: English translation.
hFT: French translation.
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Table 4. Nomophobia Questionnaire translation.

Response methodsItem descriptionItem number

7b654321a

ETc: I would feel uncomfortable without constant access to information through my smartphone.

FTd: Je me sentirais mal à l’aise sans l’accès constant à l’information au travers de mon smartphone.

1

ET: I would be annoyed if I could not look information up on my smartphone when I wanted to do so.

FT: Je me sentirais contrarié·e si je ne pouvais pas chercher de l’information sur mon smartphone quand
je le souhaite.

2

ET: Being unable to get the news (eg, happenings, weather, etc) on my smartphone would make me
nervous.

FT: Être incapable d’avoir accès aux nouvelles (eg, actualités, météo, etc.) sur mon smartphone me
rendrait nerveux·se.

3

ET: I would be annoyed if I could not use my smartphone and/or its capabilities when I wanted to do
so.

FT: Je serais contrarié·e si je ne pouvais pas utiliser mon smartphone et/ou ses fonctionnalités quand
je le souhaite.

4

ET: Running out of battery in my smartphone would scare me.

FT: Ne plus avoir de batterie sur mon smartphone me ferait peur.

5

ET: If I were to run out of credits or hit my monthly data limit, I would panic.

FT: Si je me retrouvais sans crédits ou si j’atteignais ma limite de données mensuelle, je paniquerais.

6

ET: If I did not have a data signal or could not connect to Wi-Fi, then I would constantly check to see
if I had a signal or could find a Wi-Fi network.

FT: Si je n’avais pas de signal réseau ou ne pouvais pas me connecter au Wi-Fi, je vérifierais constam-
ment si j’ai du réseau ou si je peux trouver un réseau Wi-Fi.

7

ET: If I could not use my smartphone, I would be afraid of getting stranded somewhere.

FT: Si je ne pouvais pas utiliser mon smartphone, j’aurais peur de rester bloqué·e quelque part.

8

ET: If I could not check my smartphone for a while, I would feel a desire to check it.

FT: Si je ne pouvais pas consulter mon smartphone pendant un certain temps, j’aurais envie de le
consulter.

9

ET: If I did not have my smartphone with me, FT: Si je n’avais pas mon smartphone avec moi,

ET: I would feel anxious because I could not instantly communicate with my family and/or friends.

FT: Je me sentirais anxieux·se parce que je ne pourrais pas communiquer instantanément avec ma
famille et/ou mes amis.

10

ET: I would be worried because my family and/or friends could not reach me.

FT: Je serais inquiet·e parce que ma famille et/ou mes amis ne pourraient pas me joindre.

11

ET: I would feel nervous because I would not be able to receive text messages and calls.

FT: Je me sentirais nerveux·se de ne pas pouvoir recevoir des messages ou des appels.

12

ET: I would be anxious because I could not keep in touch with my family and/or friends.

FT: Je me sentirais anxieux·se parce que je ne pourrais pas rester en contact avec ma famille et/ou mes
amis.

13

ET: I would be nervous because I could not know if someone had tried to get a hold of me.

FT: Je serais nerveux·se parce que je ne pourrais pas savoir si quelqu’un a essayé de me contacter.

14

ET: I would feel anxious because my constant connection to my family and friends would be broken.

FT: Je me sentirais anxieux·se parce que ma connexion constante avec ma famille et mes amis serait
rompue.

15

ET: I would be nervous because I would be disconnected from my online identity.

FT: Je serais nerveux·se parce que je serais déconnecté·e de mon identité en ligne.

16

ET: I would be uncomfortable because I could not stay up-to-date with social media and online networks.

FT: Je serais mal à l’aise parce que je ne pourrais pas être à jour avec les réseaux sociaux ou les réseaux
en ligne.

17
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Response methodsItem descriptionItem number

7b654321a

ET: I would feel awkward because I could not check my notifications for updates from my connections
and online networks.

FT: Je me sentirais mal à l’aise parce que je ne pourrais pas vérifier mes notifications et réseaux sociaux.

18

ET: I would feel anxious because I could not check my email messages.

FT: Je me sentirais anxieux·se parce que je ne pourrais pas vérifier mes emails.

19

ET: I would feel weird because I would not know what to do.

FT: Je me sentirais mal à l’aise car je ne saurais pas quoi faire.

20

aEnglish translation: strongly disagree; French translation: fortement en désaccord.
bEnglish translation: strongly agree; French translation: fortement en accord.
cET: English translation.
dFT: French translation.
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Table 5. Smartphone Addiction Proneness Scale translation.

Response methodsItem descriptionItem number

4d3c2b1a

ETe: My school grades dropped due to excessive smartphone use.

FTf: Mes notes scolaires ont baissé à cause d’une utilisation excessive du smartphone.

1

ET: I have a hard time doing what I have planned (study, do homework, or go to afterschool classes) due to
using smartphone.

FT: J’ai du mal à faire ce que j’avais prévu (étudier, faire mes devoirs, ou aller aux activités scolaires) à cause
de l’utilisation du smartphone.

2

ET: People frequently comment on my excessive smartphone use.

FT: Les gens commentent fréquemment mon utilisation excessive du smartphone.

3

ET: Family or friends complain that I use my smartphone too much.

FT: Ma famille ou mes amis se plaignent que j’utilise trop mon smartphone.

4

ET: My smartphone does not distract me from my studies (reversed item).

FT: Mon smartphone ne me distrait pas de mes études. (énoncé inversé)

5

ET: Using a smartphone is more enjoyable than spending time with family or friends.

FT: Utiliser un smartphone est plus agréable que de passer du temps avec ma famille ou mes amis.

6

ET: When I cannot use a smartphone, I feel like I have lost the entire world.

FT: Quand je ne peux pas utiliser un smartphone, j’ai l’impression d’avoir perdu le monde entier.

7

ET: It would be painful if I am not allowed to use a smartphone.

FT: Ce serait douloureux si je n’étais pas autorisé·e à utiliser un smartphone.

8

ET: I get restless and nervous when I am without a smartphone.

FT: Je deviens agité·e et nerveux·se quand je suis sans smartphone.

9

ET: I am not anxious even when I am without a smartphone (reversed item).

FT: Je ne suis pas anxieux·se, même quand je suis sans smartphone. (énoncé inversé)

10

ET: I panic when I cannot use my smartphone.

FT: Je panique quand je ne peux pas utiliser mon smartphone.

11

ET: I try cutting my smartphone usage time, but I fail.

FT: J’essaie de réduire le temps d’utilisation de mon smartphone, mais j’échoue.

12

ET: I can control my smartphone usage time (reversed item).

FT: Je peux contrôler le temps d’utilisation de mon smartphone. (énoncé inversé)

13

ET: Even when I think I should stop, I continue to use my smartphone too much.

FT: Même lorsque je pense que je devrais arrêter, je continue de trop utiliser mon smartphone.

14

ET: Spending a lot of time on my smartphone has become a habit.

FT: Passer beaucoup de temps sur mon smartphone est devenu une habitude.

15

aEnglish translation: strongly disagree; French translation: fortement en désaccord.
bEnglish translation: disagree; French translation: en désaccord.
cEnglish translation: agree; French translation: en accord.
dEnglish translation: strongly agree; French translation: fortement en accord.
eET: English translation.
fFT: French translation.

Discussion

Principal Findings
The Problematic Use of Mobile Phones scale, the Smartphone
Addiction Scale, the Smartphone Addiction Proneness Scale,
and the Nomophobia Questionnaire for young adult students
and adolescents have been developed and validated in English

to measure problematic smartphone use, but they are not
available in French. In this study, we provide their translations
and linguistic validation in French.

Translating questionnaires into other languages can be complex,
as terms in one language can be interpreted in different ways
in another, leading to errors in meaning. For this reason, we
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have followed the rigorous and standardized steps of linguistic
validation defined by the forward/backward method [34].

The results of the translations showed that after 4 stages of
translation, the content of the French questionnaires was
identical to that of the English ones. The translators, adolescents,
and young adults from different educational/professional and
geographical backgrounds did not reveal any differences in
understanding, suggesting that the cultural adaptation of the
questionnaires was respected. These translations suggest that
cross-cultural adaptation can be used for comparative purposes
in other languages such as English, Portuguese, Arabic, or
German.

However, 3 limitations need to be addressed in this study. First,
the number of adolescents and young adult participants was less
than 20. Although it would be more robust to interview more
participants, the minimum number of participants for linguistic
validation is not clearly defined [35]. Moreover, the adolescents
and young adults provided only few comments on the clarity
and understanding of the questionnaires. Second, although 4
volunteer translators were consulted, a more diversified panel
of experts would have enabled us to avoid any cultural bias in
the translation of the questionnaires. We were able to bring
together 4 translators of different genders (ie, 2 men and 2
women) and from different disciplines (ie, eHealth, psychology,
education, and economics) who did not have professional
knowledge of the concept of problematic smartphone use.
Despite these considerations, France is a country with a rich
cultural diversity, which may include some regional and
linguistic differences. We could have included native experts
from different regions with marked linguistic peculiarities (eg,
Brittany, Corsica). It is important to note that the 4 translators
selected came from different regions of France, which ensures
that we have reduced at least some of the cultural biases in

translation. The last limitation was that this study focuses solely
on linguistic validation without demonstrating quantitative
validation. According to Terwee and colleagues [36], the
translation process is the first necessary step for validation, but
it is essential to verify content validity, internal consistency,
criterion validity, construct validity, and reproducibility. This
is particularly important here because problematic smartphone
use, as measured by the questionnaires, is often assessed across
multiple dimensions such as tolerance, withdrawal symptoms,
overuse, or physical and psychological consequences [3]. These
validation steps, especially regarding psychometric properties,
are essential and must be completed before any use of these
questionnaires in French. They can then be reliably used to
better understand problematic smartphone use among French
speakers and for conducting cross-cultural comparisons. These
questionnaires will be relevant for gaining a better understanding
of how problematic smartphone use is characterized among
French adults and adolescents and can be utilized for screening
and potentially monitoring patients with conditions associated
with problematic smartphone use [5,37].

Conclusion
We succeeded in adapting and effectively translating 4
questionnaires assessing problematic smartphone use in a
French-speaking context. This step remains a prerequisite to
validating the questionnaires, which can serve as valuable
research instruments for investigating and addressing issues
related to problematic smartphone use in French-speaking
countries and for making international comparisons. Given that
problematic smartphone use is an emerging concern with
significant health impacts [1], it is imperative that researchers
and health care professionals use reliable measurement
instruments.
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