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Abstract

Background: People with chronic diseases can benefit from wearable devicesin managing their health and encouraging healthy
lifestyle habits. Wearables such as activity trackers or blood glucose monitoring devices can lead to positive health impacts,
including improved physical activity adherence or better management of type 2 diabetes. Few literature reviews have focused on
the intersection of various chronic diseases, the wearable devices used, and the outcomes evaluated in intervention studies,
particularly in the context of primary health care.

Objective: This study aims to identify and describe (1) the chronic diseases represented in intervention studies, (2) the types
or combinations of wearables used, and (3) the health or health care outcomes assessed and measured.

Methods: We conducted a scoping review following the Joanna Briggs I nstitute guidelines, searching the MEDLINE and Web
of Science databasesfor studies published between 2012 and 2022. Pairs of reviewersindependently screened titles and abstracts,
applied the selection criteria, and performed full-text screening. We included interventions using wearables that automatically
collected and transmitted data to adult populations with at least one chronic disease. We excluded studies with participants with
only apredisposition to devel op a chronic disease, hospitalized patients, patients with acute diseases, patients with active cancer,
and cancer survivors. We included randomized controlled trials and cohort, pretest-posttest, observational, mixed methods, and
qualitative studies.

Results. After the removal of 1987 duplicates, we screened 4540 titles and abstracts. Of the remaining 304 articles after
exclusions, we excluded 215 (70.7%) full texts and included 89 (29.3%). Of these 89 texts, 10 (11%) were related to the same
interventions asthosein theincluded studies, resulting in 79 studies being included. We structured the results according to chronic
disease clusters: (1) diabetes, (2) heart failure, (3) other cardiovascular conditions, (4) hypertension, (5) multimorbidity and other
combinations of chronic conditions, (6) chronic obstructive pulmonary disease, (7) chronic pain, (8) musculoskeletal conditions,
and (9) asthma. Diabetes was the most frequent health condition (18/79, 23% of the studies), and wearable activity trackers were
the most used (42/79, 53% of the studies). Inthe 79 included studies, 74 clinical, 73 behavioral, 36 patient technol ogy experience,
28 hedlth care system, and 25 holistic or biopsychosocial outcomes were reported.

Conclusions:  This scoping review provides an overview of the wearable devices used in chronic disease self-management
intervention studies, revealing disparities in both the range of chronic diseases studied and the variety of wearable devices used.
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These findings offer researchers valuable insights to further explore health care outcomes, validate the impact of concomitant

device use, and expand their use to other chronic diseases.
Trial Registration:

(Interact J Med Res 2024;13:€55925) doi: 10.2196/55925
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Introduction

Background

Noncommunicable diseases, commonly referred to as chronic
diseases, aretheleading cause of death worldwide, responsible
for 41 million deaths annually and accounting for 74% of global
mortality [1]. Aging populations, combined with unhealthy
lifestyles such as poor diet and sedentary habits, contribute to
a dignificant rise in chronic disease risk factors, including
hypertension, hyperglycemia, and hyperlipidemia [1]. These
diseases are characterized by their long-term nature, slow
progression, and need for continuous care and self-management
[2]. Most patients with a chronic disease in primary care have
at least one additional chronic condition, making multimorbidity
(defined as 2 concomitant chronic diseases) acommon challenge
that requires integrated, patient-centered care approaches to
reduce the treatment burden [3].

Self-management is a key element of the care plan, and
capturing meaningful information to empower individualswith
chronic diseasesisessential. Technol ogical advancements have
paved the way for wearable el ectronic devices and sensors that
empower individuals to manage their health conditions more
independently [4,5]. These innovations support the adherence
to disease-related recommendations, such as medication
regimens and symptom monitoring, by facilitating rea-time
monitoring and data collection. Wearable devices operate as
data collection tools, transmitting information to software
applicationsfor analysisand delivering actionable health updates
or notifications [6]. Key features of these devices include (1)
automatic data collection (eg, blood glucose [BG], blood
pressure [BP], physical activity, and heart rate); (2) direct
transmission of data to the patient and, in some cases, their
primary health care providers; and (3) availability of dataacross
multiple platforms (eg, smartwatches, smartphones, and
monitors). These systems offer rea-time feedback either
automatically or viaclinician intervention, promoting sustained
patient engagement with recommended health behaviors [4-6].

This potential for patient empowerment using wearables is
observed in several reviews that report positive effects on
clinical outcomes, such as glycemic control, and behavioral
outcomes, such as symptom self-management [ 7-15]. Systematic
reviews have explored the efficacy of wearables in managing
diabetes, especially in relation to glycemic control [8-15]. BG
monitoring devices, a common wearable for diabetes
management, exemplify the utility of these technologies in
facilitating behavior change and adherence to treatment
protocols [8-15]. Numerous literature reviews have explored
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the use of wearabl e technologiesin chronic disease management
focusing on specific devices and health outcomes. Existing
literature reviews are focused on specific wearable technol ogies,
such as activity trackers[16-20] or BG monitors[8,9,11], or on
self-management within particular chronic disease populations,
including patients with diabetes [8-15,21], cardiovascular
diseases [22,23], and cancer [7] and cancer survivors [17], as
well as populations at risk of chronic diseases [19,24].

Several reviews have emphasized the impact of wearables on
specific health outcomes, such as increased physical activity
[16,17,19,20]. While these focused reviews offer valuable
insights, they often do not capture the broader implications of
wearable technology across multiple chronic conditions and
diverse health outcomes. Despite the growing body of research,
few comprehensive reviews have examined the intersection of
various chronic diseases, wearable devices, and the range of
health outcomes assessed in intervention studies. A systematic
review identified a gap in understanding how wearables
influence health outcomes in chronic diseases despite their
potential for enhancing self-management [25]. To address this
gap, Mattison et a [25] conducted a comprehensive review
across multiple chronic diseases and outcome measures,
highlighting the importance of such an analysis particularly in
the context of primary health care.

Building on this work, our review adopted broad objectives
aiming to provide an overview of the role of wearables in
chronic disease management considering the clinical redlities
of the variety of devices used and the high prevalence of
multimorbidity. A comprehensive analysis of wearable devices
across various chronic diseases and health outcomesis essential
for future research and patient-centered interventionsin primary
care settings that will reduce the treatment burden.

Objectives

The objectives of this scoping review were to identify and
describe (1) the chronic diseases represented in intervention
studies, (2) the types or combination of wearables used, and (3)
the health or health care outcomes assessed and measured. This
scoping review uniquely presents a comprehensive overview
of the populations of patients with chronic diseases involved,
the wearable devices used, and the specific outcomes targeted
in intervention studies.

Methods

Overview

We conducted a scoping review informed by the Joanna Briggs
Institute guidelines [26] and reported our results based on the
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PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
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Science Framework Registries[28]. Wefollowed the popul ation,
intervention, comparator, and outcome framework [29] in

checklist [27]. We registered the review protocol in the Open  establishing the study selection criteria (Textbox 1).

Textbox 1. Population, intervention, comparator, outcome, time frame, and study design framework elements [29].

Inclusion criteria

«  Population: adult populations (aged =18 years) with chronic diseases (diseases characterized by their long-term nature, slow progression, and
need for continuous care [2]).

« Intervention: interventions using wearable devices or smart health devices, such as connected weighing scales, that automatically collect and
transmit biological or behavioral datato patients

o  Comparator: usual care (without a wearable device)

. Outcomes: clinical, behavioral, patient experience with technology, holistic or biopsychosocial, and health care system outcomes

« Time frame and study design: between 2012 and 2022; randomized controlled trials, quasi-randomized controlled trias, prospective cohort
studies, pretest-posttest studies, observational studies, mixed methods studies, and qualitative studies; published in English or French

Exclusion criteria

«  Population: participants aged <18 years; patients with acute diseases; hospitalized patients; patients with active cancer and cancer survivors;
participants with only a predisposition to develop a chronic disease, such as obesity, prediabetes, and prehypertension (without a diagnosis of
dydlipidemia or another chronic disease)

« Intervention: hospital inpatient setting; no automatic data collection or transmission by the device, manual device, or survey instrument; data
transmission only to caregivers or researchers (not to patients); studies only involving glucose monitoring devices and only measuring glucose

«  Comparator: not applicable

and conference papers

levels as an outcome; automated insulin delivery system, also known as “closed loop” control system

«  Outcomes: Outcomes not related to chronic diseases; studies only addressing development or validation outcomes

. Time frame and study design: reviews, surveys, quantitative descriptive studies, metrology or diagnostic studies, protocols or ongoing studies,

Weincluded interventionsinvolving at least one wearable device
that automatically collected and transmitted data to adult
populationswith at |east one chronic diseasein aprimary health
care setting. The term “wearables’ refers to al devices that
collect patient data by directly capturing physiological signals,
including connected weighing scales, electronic medication
pillboxes, and ingestible sensors. Chronic diseases are defined
as hedlth conditions that are likely permanent and can be
managed in primary health care settings. We excluded studies
involving participantswho only had a predisposition to devel op
chronic diseases, hospitalized patients, individuals with acute
diseases, patients with active cancer, and cancer survivors.

Our review included randomized controlled trials (RCTS), cohort
studies, pretest-posttest studies, observational studies, mixed
methods studies, and qualitative studies published between 2012
and 2022. We excluded reviews, surveys, quantitative
descriptive studies, metrology or diagnostic studies, protocols
or ongoing studies, and conference papers. Moreover, we
modified our published protocol [28] to exclude studiesfocused
solely on the efficacy of connected glucometers that only
measure glucose levels as there is already a strong evidence
base on thistopic [8-15].

Search Strategy

We (MPG and MS) developed search strategies in the
MEDLINE (Ovid) and Web of Science (Science Citation Index
Expanded, Social Sciences Citation Index, Artsand Humanities
Citation Index, and Emerging Sources Citation Index) databases
with an experienced librarian (MCL) to identify sources

https://www.i-jmr.org/2024/1/€55925

published between January 1, 2012, and June 30, 2022. The
search strategies can be found in Multimedia Appendix 1.

Data Collection

Weimported all references on June 30, 2022, to the web-based
collaborative tool Covidence (Veritas Health Innovation) [30]
and removed duplicates manually and using the automated
function in Covidence before screening. We conducted a
calibration exercise with the reviewers (Victoria Bureau
Lagarde, EA, WS, SO, RouwaydaElouni, and SA) and 2 senior
researchers (MPG and MS) using a sample of 10 sources to
ensure consistency in the application of the inclusion and
exclusion criteria before the full screening process. At the first
title and abstract screening phase, 8 reviewers (VictoriaBureau
Lagarde, EA, WS, SO, MPG, MS, Rouwayda Elouni, and SA)
independently assessed the titles and abstracts of the sources
by applying the inclusion and exclusion criteria. All titles and
abstracts underwent dual screening. Discrepanciesin decisions
were resolved through team consensus. At the full-text review
stage, we searched and obtained all missing full texts of the
selected references and imported them into Covidence. We
conducted another calibration exercise with 10 full texts, 7
reviewers (SO, WS, MS, MPG, Victoria Bureau Lagarde, SA,
and EA) independently applied the same selection criteria, and
all exclusion motiveswererecorded in Covidence. All full texts
underwent dual screening, and any discrepancies were also
resolved through team consensus. From the included texts to
extract, we tagged those related to the same studies and
combined them for extraction. We also performed backward
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hand searching [31] for relevant articles in the bibliographies
of the included studies and added them to Covidence for
screening and extraction.

Data Extraction

Following the Joanna Briggs Institute recommendations [32],
we developed a grid to extract relevant data from the included
studies. We tested this grid in a meeting with reviewers (SO,
WS, and EA) and 2 senior researchers (MPG and MS). Thedata
extraction of each included study was performed once by 3
different reviewers (SO, WS, and EA) and validated by at |east
one senior researcher (MPG or MS). In Covidence, we extracted
general information (eg, title of the paper, year of publication,
lead author, country, and potential author conflicts of interest),
methods (eg, RCT, nonrandomized experimental study, cohort
study, pretest-posttest study, mixed methods study, qualitative
research, or economic evaluation), intervention data (duration
of the intervention and follow-up), setting data (where patients
were sourced from), participant data (eg, target population,
chronic disease or chronic diseases, inclusion and exclusion
criteria, sampling methods, recruitment methods, and methods
of dlocation to the intervention group), total number of
participantsincluded in the analysis sampling (at the end of the
study), participant baseline characteristics, process of the
intervention (eg, wearable devices, intervention administration,
type of blinding, comparator administration, and control group
description), al outcomes measured and how they were
measured, and intervention effects or results.

Quality Assessment

Weimported the assessment questions from the Mixed Methods
Appraisal Tool (MMAT) [33] into Covidence. According to
the MMAT, each study is assigned a score that ranges from 0O
to 5 stars, with 5 stars signifying the highest quality and
reflecting the rigor of the study’s methodology. The quality of
each included study was assessed once by 3 different reviewers
(SO, WS, and EA), with each study’s score validated by at least
one senior researcher (MPG or MS). Discrepancies were
resolved through consensus among the reviewers and a senior
researcher.

https://www.i-jmr.org/2024/1/€55925
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Data Synthesis

We structured our analysis according to chronic disease clusters;
types and combination of wearable devices used; categories of
health and health care system outcomes; and reported effects
in terms of positive (reported in the studies as statistically
significant), neutral, or negative. We synthesized data using
tables explained through a narrative approach. We classified
the outcomes reported in the intervention studies into 5
categories. The first category involves clinical outcomes,
including indicators measured, such as glucoselevels(glycated
hemoglobin [HbA,J]), BP, heart rate, weight, BMI, sleep time
and quality, and pain intensity. The second category includes
behaviora outcomes, such asphysical activity levels, activation,
motivation, self-efficacy, and disease-related knowledge. The
third category involves patient technology experience, such as
satisfaction, use, adherence, and engagement. The fourth
category includes holistic and biopsychosocia outcomes, such
as hedlth status, health-related quality of life (QoL), physical
well-being, anxiety, and depression. Thefifth category involves
the health care system, such as effectiveness, cost-effectiveness,
admission or readmission to hospital, and emergency department
visits.

Results

Overview

After theremoval of 1987 duplicates (n=1971, 99.19% through
Covidence and n=16, 0.81% manually), we screened 4540 titles
and abstracts. Of the remaining 304 references after exclusion,
we excluded 215 (70.7%) full texts and included 89 (29.3%).
Of these 89 texts, we tagged 10 (11%) [34-43] related to same
intervention studies and combined them for extraction, resulting
in 79 included studies. We aso hand searched and found 8
relevant articles[44-51] related to theincluded studies, totaling
97 references: 10 (10%) combined articles[34-43], 8 (8%) hand
searched articles [44-51], and 79 (81%) main articles of the
included studies [52-130]. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) 2020 flow
diagram [131] of the study inclusion process can be consulted
inFigure 1.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Characteristics of the Included Studies

Of the 79 studies included, some were published in 2 or even
3 scientific articles. Asaresult, the number of references (n=97)
is higher than the number of studies (n=79). The 97 references
[34-130] of the 79 included studies [52-130] can be found in
Multimedia Appendix 2. Most studies (45/79, 57%) were
conducted in North America (39/45, 87% in the United States
and 6/45, 13% in Canada), followed by 9% (7/79) conducted
only in the United Kingdom, 5% (4/79) only in the Republic of
Korea, 5% (4/79) only in China (one of them was conducted in
Hong Kong), 4% (3/79) only in the Netherlands (3/79, and 4%
(3/79) only in Spain. 5% (4/79) of the studies were conducted
in 2 or more countries, and 11% (9/79) were conducted in other
single countries.

We used the MMAT [33] to assess the methodological quality
of the included studies. No studies were excluded based on
MMAT scores accordingly with the aim of our scoping review
to identify and describe existing knowledge [26]. The MMAT
scores of the 79 studies[52-130] can be consulted in Multimedia
Appendix 3[34-130]. A total of 58% (46/79) of the studiesused
an RCT design. Most RCTs (20/46, 43%) obtained a score of
4 stars, 26% (12/46) obtained a score of 3 stars, 24% (11/46)
obtained a score of 2 stars, and 7% (3/46) obtained a score of
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1 star. Per the study context, an RCT could not have 5 stars due
to unfeasible patient blinding.

In Table 1, we structure our results according to 9 chronic
disease clusters: diabetes (18/79, 23% of the studies), heart
failure (13/79, 16% of the studies), other cardiovascular
conditions (10/79, 13% of the studies), hypertension (8/79, 10%
of the studies), multimorbidity and other combinations of
chronic conditions (8/79, 10% of the studies), chronic
obstructive pulmonary disease (COPD; 8/79, 10% of the
studies), chronic pain (6/79, 8% of the studies), muscul oskel etal
conditions (6/79, 8% of the studies), and asthma (2/79, 3% of
the studies).

We also structured our results according to the technologies
used. The most frequent were wearable activity trackers (WATS;
€g, a smartwatch or a device worn at the chest, waist built-in
accelerometers, or connected pedometers). We found WATs in
53% (42/79) of the studies, BP monitorsin 35% (28/79) of the
studies, weighing scales in 25% (20/79) of the studies, BG
monitorsin 20% (16/79) of the studies, and electrocardiogram
(ECG) monitors/devicesin 10% (8/79) of theincluded studies.
A total of 61% (48/79) of the intervention studies used asingle
wearable (or smart health) device, whereas 39% (31/79) of the
studies used =2 devices.
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In Table 2, we structure our results based on the types or
combinations of wearables used. Table 2 provides an overview
of the outcomes measured for each wearable or combination of
wearables along with the reported effects. There are 2 points
that require clarification. First, the study designs and sample

Table 1. Wearable devices per chronic disease category (N=79).

Gagnon et d

sizes are not presented, but this information is available in
Multimedia Appendix 3[52-130]. Second, confounding factors
such as multicomponent behavioral interventions are not
considered. Full details of the sources used for Table 2 can aso
be found in Multimedia Appendix 3.

WATS® BP’moni-  Wss®  BGYmoni-  ECG®moni- Electronic  gpo,fge.  Photoplethys- Inhaler  Other (an
(n=42), tors(n=28), (n=20), tors(n=16), tors(n=8),n Mmedication . mography  adapter,in- ingestible

0 0 0 0 tray orpill- , _ signal (n=2), door air sensor and
n%) n(%) n®%) n(%) (%) box (n=4), E%@,n 0 (%) quality awearsble
n (%) monitor, patch with
portable an ac-
spirometer, celerome-
andasmall ter;n=1),n
deviceat- (%)
tached to
inhalers
(n=2),n
(%)
Diabetes 12(67) 2(11) 2(11) 10(56) 0(0) 1(6) 0(0) 1(6) 0(0) 0(0)
(n=18)
Heart failure 3(23) 11(85) 12(92) 2(15) 2(15) 0(0) 0(0) 0(0) 0(0) 0(0)
(n=13)
Other cardio- 5(50) 5(50) 3(B0) 0(0) 6 (60) 0(0) 0(0) 0(0) 0(0) 0(0)
vascular condi-
tions (n=10)
Hypertension 2(25) 5(62) 0(0) 0(0) 0(0) 3(38) 0(0) 0(0) 0(0) 1(12)
(n=8)
Multimorbidi- 3(38)  4(50) 2(25) 4(50) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
ty and other
combinations
of chronic
conditions
(n=8)
CoPDY (n=8) 562 1(12) 1(12) 0(0) 0(0) 0(0) 4 (50) 0(0) 0(0) 0(0)
Chronicpain  6(100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
(n=6)
Musculoskele- 5(83)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(17) 0(0) 0(0)
tal conditions
(n=6)
Asthma(n=2) 1(50) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 2 (100) 0(0)
Total studies 42 (53) 28(35) 20(25) 16(20) 8(10) 4(5) 4(5) 2(3) 2(3) 1(1)

AWNAT: wearable activity tracker.

bBP: blood pressure.

“WS: weighing scale.

9BG: blood glucose.

®ECG: electrocardiogram.

fSpOz: oxygen saturation.

9COPD: chronic obstructive pulmonary disease.
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Table 2. Summary of wearables used, outcomes, and reported effects®,
Wearables Clinical outcomes (eg, Behavioral outcomes (eg, PA® Patient technology expe- Hoalistic or biopsy- Health care system
HbA1° or glucoselevels, levels, activation, motivation, rier;i outcom:t_(;g, use chosoci(al out- gfl;tcc:_mes (eg, USdE,
. _effi or adherence, satisfac-  comes (eg, ectiveness, an
BF, HRd, weight, BMI, self-efficacy, and knowledge) tion, and engagement)  HRQoLf andphys.  CoSt-effectiveness)
slgep))tlmeorquallty, and ical well-being)
pain
WATSs? only * 19 outcomes” (BP 13 outcomes (self-report- * 13 outcomes (pa= * 5 outcomes” * 2 outcomes”
[52-82] [56], seeptimeand ed walking and PA goals tient experience or (intervention [60,78] (un-
quality [56], disabil- [52], decreased depressive satisfaction with group pretest- planned hospi-
ity and pain [58]; symptoms [56], PA [66], WATSs posttest tal visits [60]
BP[62], weight perceived walking habits [54,55,64-66,68,7881], health status and heart fail-
[62], waist circum- [70], MVPA™ [70], daily satisfaction with [59,60], QoL° ure—r.el qted.
ference [62], BMI step count [72,75,76], wearable motlon [78], HRQoL hospitalization
[62], BP.[63]  frailty work productivity at 3 sensors with s@r.aps [79], QoL and [78]) _
[65], weight [65], months[74], fatigue [76], [55], acceptability mental health * 6 outcomes
BMI [65], disability heart failure knowledge and usability [60], score [81]) (unplanned
at 6 months [67], [78], motivation to engage and acceptanceof 1 outcome hospital visits
pain [70], cardiores- in behaviors [78], and formsof recommen- (KOOS and and admissions
piratory endurance minutes of daily PA [81]) dations [55,64,77]) HRQoL [69]) during a 6-
[71], BMI [71], 9outcomes (PA levels = 2 outcomes (some oK month follow-
functional status 53 t level technical or dexteri- 5 outcom up period [59],
[78], weight [79], [53], engagemen E‘V S tv-related difficul- (HRQoL hosoital admi
; . . [55], work productivity y-r ITricul- 53,72] ospital admis-
Insomnia severity [55], PA [58], adherence ties[64], acceptabil- [53.72], sions during
[82], and acceptance » T 18] S i health status )
A to exercise guidelines ity, and responsesto follow-up [60],
of dleep difficulties [61], session attendance of [waist-worn] wear- changes be- continuity of
(82]) ioral i i able vibration tween inter- care[60], incre-
. abehavioral lifestyleinter- vention and ’
* 3 outcpme;s'_ (Pain vention [65], mean MV PA prompts [73]) control mental cost-ef-
[55], disability at 12 time [69], mean daily oroups fectivenessra-
months [67], and steps and sedentary time [59,60], and tio [59,60], and
KOOY, pain and [69], and KOOS, activi- QoL [65]) fperson-cen-
symptoms [69]) ties, sport, and recreation teredness [60])
* 11 outcomes* (se function [69])
vere COPD' exacer- 8 outcomes (sdf-manage-
bations [53], glu- ment [52], functional activ-
cose leve ity capacity [53], self-effi-
[62,66,71,80], cacy [571, improvemept in
weight [66], BMI functioning and We_ll k_l ng
[66], waist circum- [64], work productivity at
ference[66], muscle 6 and 12 months [74],
strength [71,80], self-efficacy to maintain
and cholesterol lev- PA [79], PA [79], and
d [71]) genera self-efficacy [81])
1 outcome” (step count
[57])
OnlyBGPmoni- * 4 outcomes” (glu- 2 outcomes” (medication * 2 outcomes” [84] * loutcomé* * 2 outcomed’

toring devices

(but with more
outcomes mea-
sured than only

glycemic control)

[83-86]

WATs and BG
monitoring de-
vices[87,88]

cose level
[83,84,86] and
cholesterol control
(84)

*  2outcomes (weight
[83] and glucose
level [85])

* 5 outcomesX
(weight [84,86], BP
[83,84], and cardio-
vascular risk [84])

*  1outcome (glucose
level [88])

management [84] and
knowledge about diabetes
and BG testing [84])

2 outcomesX (skill and
technique acquisition [85],
depressive symptoms and
lifestyle changes [85])

1 outcome” (self-care ac-
tivity scores[88])

1 outcome' (self-regula-
tion behaviors [87])

(overall treatment
satisfaction [84],
willingness to rec-
ommend treatment
to others[84])

(HRQoL
[85])

(initiating web
messages to
providers,
mostly nurse
care managers
[84], health ser-
vicenavigation
self-manage-
ment [85])

* 1 outcomée
(health care use
(84])
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Wearables Clinical outcomes (69,  Behavioral outcomes (eg, PA®  Patient technology expe-  Holistic or biopsy-  Health care system

HbA 12 or glucoselevels, levels, activation, motivation, ria;gﬁ outcom:f(;g, use ChOSOCi(al out- gfl;tecg_mes (eg, USC?
d X salf-effic : and knowledge or erence, 1STac- comes (€eg, IVENESS, an
BF, HR", weight, BMI, o o) tion, and engagement) f cost-effectiveness)
HRQoL" and phys-

sleeptimeor quality, and ical well-bei
pain) ical well-being)

WATs, BGmoni- « 1 gytcome (weight * 1 outcome' (reductionof * 1 outcome (patient — -

toring devices, [90]) doseof oral hypoglycemic experienceand sdtis-

and connected agents or insulin [90]) faction [89])

Wss' [89,90] * 2 outcomes” (changesin

BP monitoring
devices only
[91-94]

WATs and BG
and BP monitor-
ing devices [95]

BG and BPmoni-
toring devices
and medication
tray or pillbox
devices[96]; BP
monitoring de-
vicesand medica
tion pillbox or
tray devices
[97-99]

BG and BP moni-
toring devices
[100,101], WSs
[102,103], and
ECGY devices
[104]

Connected WSs
only [105]

* 1 outcomeh *

(VO,max* [95])

* 2outcomes (weight
[95], waist circum-
ference [95])

* 4 outcomes’ (glu- *
cose level [96], BP
control [97,99], and
resting BP[99])

*  loutcome (ambula-
tory BP[99])

* 1 outcome” (BG *
and BP control
[101])

* 2 outcomes
(weight, BP, BG,
and symptoms re-
ported by patients
[102], BG,BR and °
weight [103])

* 1 outcome® (body
fat, BP, and BG
(1001)

*  2outcomes (weight —

change [105], waist
circumference, BPR,
and BG [105])

caloric intake over time
[90], mean daily step
count [90])

1 outcome” (self-efficacy
03)

1 outcome' (self-efficacy
[92])

1 outcomeX (hypertension
knowledge and partici-
pants' perspectives on an
mHeal th®-based care
model [91])

2 outcomes (PA [95] and
adherence rates for self-
monitoring [95])

2 outcomes (medication
adherence [97,99])

1 outcome” (changesin
medication adherence,
genera adherence to
treatment, adherence to
disease-specific activities,
and diabetesand hyperten-
sion knowledge [101])

1 outcome' (hedlth self-
management [104])

* 1 outcomé (patient
experienceand satis-
faction [95])

* 1 outcomé (patient
experienceand satis-
faction [96])

*  1outcome (patient
experienceand satis-
faction [102])

*  1outcome® (patient
experienceand satis-
faction [100])

*  1outcomé @dl-
cause 30-day
readmissions
[93])

* 1 outcome®
(ED' visits
[93])

* 1 outcome
(health care re-
source use
[104])
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Wearables

Clinical outcomes (eg,

Behavioral outcomes (eg, PA®

HbAlcb or glucoselevels, levels, activation, motivation,

BF®, HRY, weight, BMI,
sleeptime or quality, and
pain)

sel f-efficacy, and knowledge)

Patient technology expe-
rience outcomes (eg, use
or adherence, satisfac-
tion, and engagement)

Holistic or biopsy-
chosocial out-
comes (eg,

H RQoLf and phys-
ical well-being)

Health care system
outcomes (eg, use,
effectiveness, and

cost-effectiveness)

BP monitoring
devices and WSs
[106-113]

ECG devices on-
ly [114,115]

WATs and ECG
devices (achest
strap) [116];
WATS, ECG de-
vices, and sleep
trackers [117]

*  1outcomé (BNPY °
values[112])

*  2outcomes” (detec-

tion of AFX, flutter
recurrence [114],
and detection of AF
or other atrial ar-
rhythmias [115])

* 1 outcome” (the *
eGFR?[117])

*  1outcome® (body
weight and BMI

[117])

1 outcome” (self-efficacy
and self-care management
[112])

4 outcomes (self-efficacy
and self-care management
[107,108,113], daily mon-
itoring after the interven-
tion [108])

1 outcome® (the use of
guideline-recommended
medical therapy [110])

1 outcome” (two scales of
the PCY: Physical Func-
tioning and Role Physical,
and two scales of the
MCS?: Vitality and Social
Functioning [115])

2 outcomes” (self-care
management and confi-
dence [116], self-efficacy
and self-management
u7m

2 outcomes (medication
adherence [116], number
of steps[117])

*  5outcomes (usabil-
ity and adherenceto
devices
[106,108,111], end-
user experience
[207], contribution
to asense of safety
and security after
hospital discharge
[107])

* 1 outcome™ (use of
the devices [109])

*  1outcome [114]
(monitor usage
among patientswith
AF[114])

* 1 outcomeh

(QoL [112])

* 2 OUtCOI’T'I(ESi

(QoL
[107,113])
k

*  1outcome
(physical
well-being of
participants
[110])

* 1 outcomeh

(two scales of
the MCS:

Role-Emation-
al and Mental

Health [115])

* 1 outcomeX

(HRQoL in
patients with
AF [114])

* 1 outcome
[117] (QoL
[117])

*  1outcome”
[116] (QoL
[116])

* 2 outcomed’
(30-day all-
cause readmis-
sion after dis-
charge[109],
health service
use [112])

3 outcomes
(unscheduled
ED revisits,
readmission to
hospital, and
overall length
of hospitaliza-
tion [107],
health system
cost-effective-
ness, including
cost reduction
and hospital
bed capacity
[207], proximi-
ty and commu-
nication with
health care
team or physi-
cians[113])

° 1 outcomek

(hospital re-
source use
[113])

* 1 outcome”
(traditional
communication
and engage-
ment with
providers pre-
vailed, delay-
ing accessto
care [108])
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Wearables Clinical outcomes (69,  Behavioral outcomes (eg, PA®  Patient technology expe-  Holistic or biopsy-  Health care system
HbA 12 or glucoselevels, levels, activation, motivation, ria;gﬁ outcom:f(;g, use chosocial out- gf‘;tecgmes (eg, usg,
; or adherence, satisfac-  comes (eg, iveness, an
BFS, HRY, weight, Bvi, SAT-efficacy, andknowledge) —© 0 50 eement) HRQoIEfegand hvs  cost-effectiveness)
sleeptimeor quality, and ' . apnys-
pain) ical well-being)
ECG devices, BP — *  1outcome (lifestylebe-  *  2outcomes (patient * 1 outcome 1 outcome' (re-
monltorlng de- havior [120]) experienceand satis- (QoL [120]) hospitalization
vices, and WSs(a *  1outcome (self-care faction [118], adher- rates[118])
small sensor management and confi- ence to mHealth
worn on the pa- program [121])
tient'schest wall) dence [118]) . o
[118]: ECG de- ;X out(i:ome (zall gnt
vices, BPmonitor- periencean stis
ing devices, and faction [119])
WSswith
[119,120] or
without [121]
WATs and sleep
trackers
Aningestible -« 9 outcomé (BP - *  loutcome (experi- — 1 outcome' (par
sensor and a [122]) ences with a digital tients' experi-
wearable patch health feedback sys- ences with
that incorporates tem [122]) pharmacists
an accelerometer [122])
[122]
COPDmulticom- « 1 gytcomeX (symp- * 3 outcomes” (awareness  * loutcome (continu- * 1 outcome” 1 outcome”
ponent systems tom scores [125]) level [123], self-efficacy ous wearing of a (between- (median num-
(monitoring of [123], behavioral intention vest may be stress- group generic ber of visitsto
Spozab) [123]) ful [124]) health status practice nurses
[123-126]; SpO, *  1outcome (self-manage- differences (126)
device only ment skills [125]) [126]) 1 outcomé
[123]; inhaer ad- (median num-
herence monitor- ber of visitsto
ing devicetBG general practi-
monitoring de- tioners[126])
vice[124]; SpO, 2 outcomes¥
device+BP de- (hospitaliza-
vicetWS [125]; tions, ED vis-
SpO, de- its, or clinic
VicetWAT [126] visits
[125,126))
Asthmadevices «  2outcomes” (asth- *  1outcome (inhaleruse  * loutcome(technol- * 1 outcome
(aninhaler ma control [127], [ICS and SABASY] ogy acceptance (QoL [127])
adapter, an In- eccarbations[127)  [12g)) [127)
door air quality
monitor, a
portable spirome-
ter, and afraction
exhaled nitric ox-
ide device [127];
asmall electronic
medication moni-
tor attached toin-
halers[128])
Photoplethysmog- « 3 outcomes” (differ- * 1 outcome (between- *  1outcome [129] -
rephy signal de- enceinthe AS- group frequency of diffi- (patient experience
vices [129,130] DAS™ [130], total culty feeling high motiva- and satisfaction
pain[130], VO,max tion [130]) [129])

[130])

3 outcomes (glu-
cose level [129],
weight [129], and
BP[129])
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#Theresults presented in thistable can beinterpreted asfollows. Can wesignificantly improve clinical, behavioral, technol ogy experience, psychosocial,
and health care system effects or results by using a specific wearable or a combination of wearables? Taking the first row as an example, we identified
31 intervention studiesin which only wearable activity trackers were used. In these 31 interventions, weidentified 19 clinical, 13 behavioral, 5 holistic
or biopsychosocial, and 2 health system outcomes showing positive effects or results (reported as statistically significant in the studies).

by bA 1. glycated hemoglobin.

°BP: blood pressure.

9HR: heart rate.

PA: physical activity.

"HRQoL : health-related quality of life.

9WAT: wearable activity tracker.

Ppositive effect (identified as statistically significant).

INeutral effect (positive effect but not identified as statistically significant).

IKoOS: Knee injury and Osteoarthritis Outcome Score.
KNeutral effect.

lCOPD: chronic obstructive pulmonary disease.
MMV PA: moderate to vigorous PA.

"Negative effect.

%QoL: quality of life.

PBG: blood glucose.

9Not applicable.

"WS: weighing scale.

SmHealth: mobile health.

'ED: emergency department.

Y O,max: volume of oxygen maximum.
VECG: electrocardiogram.

WBNP: B-type natriuretic peptide.

XAF: atrial fibrillation.

YPCS: physical component summary.

“MCS: mental component summary.

%BeGFR: estimated glomerular filtration rate.
abSp02: peripheral capillary oxygen saturation.
& CS: inhaled corticosteroids.

aAgABA: short-acting beta-agonist.

#®ASDAS: Ankylosing Spondylitis Disease Activity Score.

The most frequently reported clinical outcomes were BP
control-related, in 23% (18/79) of studies [56,62,63,83,92,
93,95,97-101,103-105,112,122,129]. The cther clinical outcomes
most reported were weight or BMI changesin 13% (10/79) of
studies. The most frequently reported behavioral outcomeswere
PA or lifestyle changes, including the number of steps and
self-reported  waking, in 27% (21/79) of studies
[52,53,57,58,61,63-66,69,70,72,75, 76,78-81,90,95,117]. Other
behavioral outcomes, such as self-efficacy (9/79, 11%)
[53,57,75,81,92,93,107,117,123], and self-care management
(6/79, 8%) [88,107,112,113,116,118], also appeared in a
substantial number of studies. Adherence to treatment or
recommendations (12/79, 15%) [61,65,78,94,95,97,99,101,106,
111,116,121] and engagement (6/79, 8%) [55,78,89,
108,113,115] are also frequently reported. Other commonly
reported outcomesinclude satisfaction with technol ogy (12/79,
15%) [55,64,66,68,75,78,81,84,96,100,102,118], and technology
usability (6/79, 8%) [60,78,96,106,108,111]. QoL or
health-related QoL are assessed in 19% (15/79) of studies
[53,65,72,79,81,85,94,102,107,114-117,120,127], reflecting a
broad focus on clinical, behavioral, technological experience,
halistic, and biopsychosocia aspects.

https://www.i-jmr.org/2024/1/€55925

RenderX

In terms of positive results, BP control-related outcomes were
reported as statistically significant in 8% (6/79) of studies
[56,62,63, 93,97,98], and PA or lifestyle behavior changesin
10% (8/79) of studies [52,66,70,72,75,76,81,120]. Other
behavioral outcomes, such as self-efficacy and self-care
management enhancement, were reported as statistically
significant in 5% (4/79) [112,116,117,123] of studies. Positive
changes in weight or BMI were reported as statistically
significant in 4% (3/79,) of studies[62,65,79] but demonstrated
neutral or non-significant results in 9% (7/79) of studies
[83,86,88,103,105,117,129]. Other outcomes, such as QoL or
health-related QoL (8/79, 10%) [65,72,102,107,113,114,
117,120], technol ogy usability (5/79, 6%) [60,96,106,108,111],
and adherence to devices (4/79, 5%) [65,95,101,111], aso
demonstrated non-significant or neutral findingsin those studies.

Asshownin Table 3, we then counted the number of outcomes
measured for each chronic disease cluster according to our 5
outcome categories. The results showed that clinical and
behavioral outcomeswerethe most assessed and measured. Full
details of the sources used for Table 3 are available in
Multimedia Appendix 4 [52-130].
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Table 3. Effects of outcomes measured for each chronic disease cluster across 5 outcome categories (N=79)2.

Effect Diabetes Heart Other cardio- Hyperten- Multimorbidity coppP Chronic  Muscu- Asthma Total,
(n=18), n failure  vascularcondi- sion(n=8),n andother combi- (n=8), n pain loskeletdl  (n=2),n n
(n=13), tions(n=10), nations of (n=6), n conditions
n n chronic condi- (n=6), n
tions (n=8), n

Clinical (eg, HbA;Cor glucose levels, BPY, HR® weight, BMI, sleep time or quality, and pain)

Positive effect 16 0 3 5 2 0 4 5 2 37

(identified as sta-

tistically signifi-

cant)

Neutral (positive 8 2 0 2 3 0 2 1 0 18

effect but not

identified as sta-

tistically signifi-

cant)

Neutral 15 0 1 0 1 2 0 0 0 19

Negative 0 0 0 0 0 0 0 0 0 0
Behavioral (eg, physical activity levels, activation, motivation, self-efficacy, and knowledge)

Positive effect 4 4 7 1 1 4 1 4 1 27

(identified as sta-

tistically signifi-

cant)

Neutral (positive 5 7 2 2 1 2 3 4 0 32

effect but not

identified as sta-

tistically signifi-

cant)

Neutral 2 1 1 1 2 2 2 1 0 12

Negative 2 0 0 0 0 0 0 0 0 2
Patient technology experience (eg, use or adherence, satisfaction, and engagement)

Positive effect 2 0 0 0 0 0 0 0 1 3

(identified as sta-

tistically signifi-

cant)

Neutral (positive 8 8 3 1 2 0 5 0 0 27

effect but not

identified as sta-

tistically signifi-

cant)

Neutral 0 0 1 0 1 0 0 0 0 2

Negative 0 1 0 0 0 2 1 0 0 4
Holistic and biopsychosocial (eg, health-related quality of life or physical well-being)

Positive effect 0 2 1 0 3 1 0 1 1 9

(identified as sta-

tistically signifi-

cant)

Neutral (positive 0 2 1 0 0 0 1 1 0 5

effect but not

identified as sta-

tistically signifi-

cant)

Neutral 2 1 2 0 1 3 0 1 0 10

Negative 0 1 0 0 0 0 0 0 0 1

Health care system (eg, use, effectiveness, and cost-effectiveness)
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Effect Diabetes Heart  Other cardio- Hyperten-  Multimorbidity coppP Chronic Muscu- Asthma  Total,
(n=18), n failure  vascularcondi- sion(n=8),n andother combi- (n=8), n pain loskeletadl  (n=2),n n
(n=13), tions(n=10), nations of (n=6), n conditions
n n chronic condi- (n=6), n
tions (n=8), n
Positive effect 2 3 0 0 1 1 0 0 0 7
(identified as sta-
tistically signifi-
cant)
Neutral (positive 0 4 1 1 4 1 0 2 0 13
effect but not
identified as sta-
tistically signifi-
cant)
Neutral 1 1 1 0 1 2 1 0 0 7
Negative 0 1 0 0 0 0 0 0 0 1
Total

Positive effect 24 9 1 6 7 6 5 10 5 _f
(identified as sta-
tistically signifi-
cant)
Neutral (positive 22 23 7 6 12 3 11 8 0 —
effect but not
identified as sta-
tistically signifi-
cant)
Neutral 20 3 6 1 6 9 3 2 0 —
Negative 2 3 0 0 0 2 1 0 0 —

#Theresults presented in thistable can beinterpreted asfollows. Can wesignificantly improve clinical, behavioral, technol ogy experience, psychosocial,
and health care system effects or results by using one or more wearables? Taking the diabetes column as an example, 16 clinical, 4 behavioral, 2 patient
experience, and 2 health care system outcomes showed positive results (reported as statistically significant in the included studies). There are 2 points
that need to be clarified. First, the number of participants and the duration of the studies were not considered. Second, confounding factors such as

multicomponent behavioral interventions were not considered either.
BCOPD: chronic obstructive pulmonary disease.

®HbA ¢ glycated hemoglobin.

4B8P: blood pressure.

®HR: heart rate.

Not applicable.

The following sections present the outcomes assessed and
measured, as well as the effects reported for each wearable or
combination of wearables within each chronic disease cluster.

Diabetes

We identified 23% (18/79) of the studies in which participants
with diabetes were recruited [54,62,65,66,68,71,80,83-90,95,
96,129]. The complete table with details is available in
Multimedia Appendix 4.

Participants with diabetes used a WAT in 67% (12/18) of the
studies. We identified 22% (4/18) of the studies that included
only a connected glucometer but measuring more outcomes
than only glycemic or HbA . levels [83-86]. A total of 75%
(3/4) of these studies reported statistically significant positive
effects between groups on HbA,. or glycemic control at 6
[83,86] and 12 months [84]. In the remaining study, HbA ;.
levels decreased in al groups but did not differ between groups
[85]. WATs were used in 67% (12/18) of al diabetes studies

https://www.i-jmr.org/2024/1/€55925

RenderX

and in 86% (12/14) of diabetes studies that did not use a
connected glucometer. With only using WAT without BG
monitoring, no effects were found on glucose or HbA . levels

[62,66,71,80].

Acrossall 23% (18/79) of the diabetes studiesincluded, positive
effects reported as statistically significant were found for 16
clinical (glucose or HbA ;. levels[83,84,86], cholesterol control
[84], maximal oxygen consumption [95], frailty [65], weight
[62,65], BMI [62,65,71], cardiorespiratory endurance [71],
waist-to-hip ratio circumference [ 71], and BP[62]), 4 behavioral
(physical activity [66], self-care activity scores[88], medication
management [84], and knowledge about diabetes[84]), 2 patient
technology experience (overall treatment satisfaction [84] and
willingness to recommend to others [84]), and 2 health care
system (initiating web-based messages to providers [84] and
health service navigation self-management [85]) outcomes. No
holistic or biopsychosocial outcomes showed effects. In total,
2 wesk negative behaviora effects were found on a small
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single-group study of 9 participantsinwhich changesin caloric
intake and mean daily step count declined over the 12-week
intervention [90].

Heart Failure

We identified 16% (13/79) of the studies in which participants
with heart failure were recruited [61,78,102,106-113,116,118].
The complete table with details is available in Multimedia
Appendix 4.

Most heart failure studies used connected weighing scales
(12/13, 92%) and BP monitoring devices (11/13, 85%). WATS
were used in 23% (3/13) of the studies [61,78,116]. Clinical
outcomeswere measured in 15% (2/13) of the studies[102,112],
and both studies showed no effects. Positive effects reported as
statistically significant werefound for 4 behavioral (self-efficacy
or self-care management [112,116], heart failure knowledge
[78], and motivation to engage in behaviors[78]), 2 halistic or
biopsychosocia (QoL [78,112]), and 3 health system (30-day
all-cause readmission after discharge [109], health service use
[112], and heart failure—related hospitalization [ 78]) outcomes.
A total of 3 outcomes showed weak negative effects related to
technology experience (ie, use of the devices[109]), holistic or
biopsychosocia (ie, QoL related to wearing achest strap [116]),
and hedlth care system (ie, delaying accessibility to care as
traditional communication with providers prevailed [108])
outcomes.

Other Cardiovascular Conditions

We grouped 13% (10/79) of the studies in which participants
with cardiovascular diseases such as chronic heart disease,
coronary artery disease, atria fibrillation or atrial flutter,
poststroke control or cardiac rehabilitation, acute myocardial
infarction, and any combination of heart failure and hypertension
were recruited [75,76,92,93,114,115,117,119-121]. The
completetablewith detail sisavailable in Multimedia A ppendix
4.

ECG devices were used in 60% (6/10) of the studies, WATs
and BP monitors were used in 50% (5/10) of the studies, and
connected weighing scales were used in 30% (3/10) of the
studies. Positive effects reported as statistically significant were
found for 3 clinical (detection of atrial fibrillation or atrial flutter
recurrence [114], detection of other atrial arrhythmias [115],
and slower decline in the estimated glomerular filtration rate
[117]) outcomesin which ECG deviceswere involved. Positive
effects reported as statistically significant were found for 6
behavioral (daily step count or walking time [75,76], fatigue
[76], self-efficacy or self-management [93,117], physical
functioning [115], and lifestyle behavior [120]) outcomes.
Positive effects were found for 1 holistic or biopsychosocial
outcome (mental health domain scores [115]). All other
outcomes had weak positive or neutral effects.

Hypertension

We identified 10% (8/79) of the studies in which participants
with hypertension wererecruited [56,63,91,94,97-99,122]. The
completetablewith detailsisavailablein Multimedia A ppendix
4.

https://www.i-jmr.org/2024/1/€55925
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A total of 62% (5/8) of the hypertension studies used BP
monitors, 38% (3/8) used aconnected medication tray or pillbox,
and 25% (2/8) used WATSs. Positive effects reported as
statistically significant were found for 5 clinical (BP measures
or control [56,63,97,99] and sleep time or quality [5]) and 1
behavioral (decreased depressive symptoms [56]) outcomes.
No other patient technology experience, holistic and
biopsychosocial, or health care system outcomes showed
positive effects.

Multimorbidity and Other Combinations of Chronic
Conditions

We identified 10% (8/79) of the studies that recruited
participants with =2 chronic conditions
[60,79,81,100,101,103-105]. The complete table with detailsis
available in Multimedia Appendix 4.

A total of 50% (4/8) of the studies used BG and BP monitoring
devices [100,101,103,104], 38% (3/8) used only WATs
[60,79,81], 25% (2/8) used connected weighing scales[103,105],
and 12% (1/8) used ECG devices[104]. Positive effectsreported
asstatistically significant in the studieswerefound for 2 clinical
(weight [79] and BG and BP [101]), 2 behavioral (minutes of
daily physical activity [81] and hypertension knowledge[101]),
3 halistic or biopsychosocia (health status [60], health-related
QoL [79], and QoL and mental health score[81]), and 1 health
care system (unplanned hospital visits [60]) outcomes. The
wearabl e devices used had only weak positive or neutral effects
on patient technology experience outcomes.

Studieson COPD

We identified 10% (8/79) of the studies in which participants
with COPD wererecruited [53,57,72,73,123-126]. The compl ete
table with detailsis available in Multimedia Appendix 4.

We identified a first group of 50% (4/8) of the studies
comprising multicomponent systemsin which oxygen saturation
or inhaler adherence was monitored [123-126] and a second
group of 50% (4/8) of the studies that used only WATSs
[53,57,72,73].

In the first group of 50% (4/8) of the studies, 1 clinical effect
was measured and found out to be neutral (symptom scores
[125]). However, positive effects reported as statistically
significant were found for 3 behavioral (awareness level,
self-efficacy, and behavioral intention [123]), 1 holistic or
psychosocial (generic health status [126]), and 1 health care
system (reduction of median number of visitsto practice nurses
[126]) outcomes. Negative effects were found for 1 patient
technology experience outcome (stress related to continuously
wearing amonitoring vest [126]).

In the second group of 50% (4/8) of the studies, which used
only WATS, 1 clinical effect was measured and found out to be
neutral (severe COPD exacerbations [53]). Positive effects
reported as statistically significant were found for 1 behavioral
outcome (daily step count [72]), whereas step count decreased
over time in another study [57]. Another negative effect was
reported for 1 patient technology experience outcome (low
acceptability and responsesto the wai st-worn wearable vibration
prompts[73]).
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Chronic Pain

We identified 8% (6/79) of the studies in which participants
with chronic pain were recruited [52,55,58,64,67,77]. The
completetablewith detailsisavailablein Multimedia A ppendix
4,

Only WATswere used in theidentified studies on chronic pain.
Positive effects reported as statistically significant were found
for 4 clinical outcomes (symptom score [58], disability [58],
pain [58], and chronic back pain—related disability at 6 months
[67]). Another positive effect was found for 1 behavioral
outcome (self-reported walking and physical activity goas[52]).
All other outcomes had neutral or weak and nonsignificant
positive effects, and negative effects were found on 1 patient
technology experience outcome (technical or dexterity-related
difficulties[64]).

Musculoskeletal Conditions

We identified 8% (6/79) of the studies in which participants
with osteoporosis, rheumatoid arthritis, systemic lupus
erythematosus, or ankylosing spondylitis were recruited
[59,69,70,74,82,130]. The complete table with detals is
available in Multimedia Appendix 4.

We identified 83% (5/6) of the studies on osteoporosis,
rheumatoid arthritis, or systemic lupus erythematosus that all
used WATSs [59,69,70,74,82]. The remaining study recruited
participants with ankylosing spondylitis, and their intervention
used photoplethysmography signal technology [130]. Positive
effects reported as statistically significant in this study were
found for 3 clinical (Ankylosing Spondylitis Disease Activity
Score [130]; total pain, fatigue, spinal pain, and morning
stiffness intensity [130]; and maximal oxygen consumption
back extensor endurance test and range of motion of cervical
lateral flexion [130]) and 1 behavioral (frequency of difficulty
with high motivation [130]) outcomes. Concerning the other
83% (5/6) of the studies, positive effects reported as statistically
significant were found for 2 clinical (pain reduction [70] and
Insomnia Severity Index score and acceptance of deep
difficulties [82]) and 3 behavioral (perceived walking habits
[70], moderate to vigorous physical activity for participants
with rheumatoid arthritis [70], and work productivity at the
3-month follow-up [74]) outcomes. Regarding the latter work
productivity behavioral outcome, we noticed that the effects
were no longer significant at the 6- and 12-month follow-ups
[74].

Asthma

We identified 3% (2/79) of the studies in which participants
with asthmawere recruited [127,128]. The complete table with
detailsis available in Multimedia Appendix 4. Positive effects
reported as statistically significant were found for 2 clinical
(asthma control [127] and asthma exacerbations [127]), 1
behavioral (inhaler use [128]), 1 patient technology experience
(technology acceptance[127]), and 1 holistic or biopsychosocia
(QoL [127]) outcomes. Health care system outcomes were not
investigated.
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Discussion

Principal Findings

This scoping review aimed to achieve 3 main objectivesrelated
to health intervention studies involving wearable devices. The
primary strength of this review lies in our broad portrayal of
interventions across multiple chronic diseases, various wearable
devices, and distinct categories of health and health care
outcomes, along with their reported effects (positive, neutral,
or negative). We selected these broad objectives because, as
other reviews have highlighted [24,25], providing a
comprehensive overview of thistopic isrelevant for informing
and shaping future research directions.

First, we identified and described clusters of chronic diseases
that have been studied. We observed significant
disparities—diabetes and heart failure have been extensively
researched, whereas musculoskeletal conditions and asthma
have been studied much less frequently despite showing
promising results. Weintentionally excluded studiesthat solely
involved BG monitoring devices measuring BG levels as the
only outcome given the existing evidence[8-15]. Nevertheless,
diabetes emerged as the most represented chronic disease,
appearing in 23% (18/79) of the studies, whereasonly 3% (2/79)
of the studies included participants with asthma.

Second, we identified and described the technologies used.
WATswere commonly used either alone or in conjunction with
other devices tailored to specific chronic conditions, such as
BG monitors, BP devices, ECG devices, and connected weighing
scales. There was notable variation in technology use—while
WATs were widely used, other devices such as oxygen
saturation monitors, photoplethysmography sensors, inhaler
adapters, indoor air quality monitors, portable spirometers, small
devices attached to inhalers, ingestible sensors, and wearable
patches with accelerometers were less common.

Third, we identified and described the outcomes measured in
5 distinct categories. Clinical and behavioral outcomes were
the most frequently assessed, whereas patient technology
experience, health care system (such as use or efficiency), and
holistic or biopsychosocial (such as QoL) outcomes were
reported less frequently.

Limitations

Thisscoping review has several limitations. We did not integrate
the individual interventions into our analysis. Although we
report the measured outcomes, these results must beinterpreted
with caution as effect sizes were not considered. However,
informed readers can consult the appended files that contain all
the relevant information, including study design, sample size,
intervention and participant characteristics, outcomes measured,
and effects. We only conducted searches in the MEDLINE
(Ovid) and Web of Science (Science Citation Index Expanded,
Social Sciences Citation Index, Arts and Humanities Citation
Index, and Emerging Sources Citation Index) databases, which
may have led to missing sources. Confounding factors such as
multicomponent behavioral strategy interventionswere also not
considered. Nevertheless, these confounding factors were
similarly not addressed in a previous systematic review and
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meta-analysis on the effectiveness of WATs due to the
heterogeneity of study designs and interventions [18]. In total,
3reviewers extracted and assessed the quality of all the studies
only once, although thiswas mitigated by data validation from
an experienced researcher.

Comparison With Other Reviews

Our findings reveadled significant disparities in the chronic
diseases studied. Type 2 diabetes and heart failure were
extensively researched, whereas conditions such as
muscul oskeletal disorders, chronic pain, and asthma were less
represented. This both complements and contrasts with the
findings of another review, which noted type 2 diabetes,
Parkinson disease, and chronic lower back pain as among the
most studied conditions[25]. Many other reviews have focused
on diabetes[8-15,21] and cardiovascular diseases[22,23]. One
reason for this emphasis on cardiovascular disease and type 2
diabetes may betheinherent capabilities of wearablesto monitor
and manage these conditions [4], along with their availability
and affordability. For instance, regarding asthma, we found
promising effects on health outcomes but identified only a
limited number of studies[127,128].

In terms of the technologies used, we observed that the most
common devices used were WATs. Thisalignswith the number
of reviews focusing on the effects of WATs for different
diseases [16-20], often in combination with disease-specific
devices. This observation is aso consistent with those of other
reviews as wearable technologies have emerged as promising
tools for managing chronic diseases, offering continuous
monitoring of vital signs, physical activity, and disease-specific
markers[132,133]. Similarly to our findings, these devices have
shown potential across various conditions, including BP and
ECG monitors for cardiovascular diseases [22,23] and BG
monitoring devices for diabetes [8,9,11], by enabling early
detection of complications and promoting patient engagement
[25,132-134].

Regarding outcomes, we identified 5 distinct categories in our
review, with clinical and behavioral outcomes being the most
frequently reported. This aligns with the growing body of
research highlighting the role of wearables in monitoring
physiological parameters and behaviors[134]. Similarly to our
findings, other reviews have reported clinical outcomes such

Gagnon et d

as glycemic control [8-15] as well as behavioral outcomes,
including physical activity levels[16-20], medication adherence,
and self-management [5,18].

Future Directions

Despite the promising health outcomes reported, other reviews
have highlighted that the quaity of evidence varies considerably,
with many studies limited by small sample sizes or short
durations [25]. Researchers emphasize the need for more
long-term studies and systematic reviewsthat incorporate RCTs
with larger sample sizes to measure the effectiveness of
wearables acrossawider variety of chronic diseases[18,24,25].
There is aneed for rigorous, long-term studies to establish the
clinical effectiveness and cost-efficiency of wearablesin chronic
disease self-management [25,132].

Our findingsindicate that patient technol ogy experience, holistic
and biopsychosocial, and health care system outcomes have
been covered less and could benefit from more robust studies.
Asthe integration of wearable technology into health research
and clinica practice continues to expand, establishing
comprehensive guidelinesto ensure effective use acrossdiverse
chronic conditions and applications will be important, ranging
from chronic disease management to real-time health monitoring
for specific or underrepresented populations [134].

In line with our findings, which show that health care system
outcomes are reported less frequently than clinical and
behavioral outcomes and often have inconclusive effects, a
significant challenge will be integrating wearable data into
existing health care systems and clinical workflows[135].

Conclusions

This review provides a comprehensive overview of wearable
devices used in chronic disease self-management intervention
studies, revealing disparities in both the range of chronic
diseases studied and the variety of wearable devices used. We
described the clinica and behavioral benefits of wearable
devices, particularly for activity trackers, BG and BP monitors,
and ECG wearable devices. These findingslay afoundation for
future research, offering researchers valuableinsightsto further
explore health care system outcomes, validate the impact of
concomitant device use, and expand their use to other chronic
diseases.
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