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CLINICAL HIGHLIGHTS

Wrist-worn wearables can help you move more. Studies show that receiving feedback information from wearables is
effective at increasing daily physical activity across many groups, from adults in the general population to people living
with conditions such as obesity, diabetes, heart disease, or cancer.

More steps, more movement. The strongest and most consistent benefit is seen in step counts and overall activity
levels.

Other health benefits are still emerging. Evidence for improvements in heart-health markers, mood, pain, or quality of
life is mixed and not yet definitive.

Most programs work best when wrist-worn wearables are combined with lifestyle changes such as coaching, goal-set-
ting, or group support rather than used alone.

Keep in mind that not all studies are of high quality and results can vary depending on the population and device used.
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Abstract

We conducted an umbrella review to synthesize the evidence on the effectiveness of interventions incorporat-
ing wrist-worn wearables’ feedback on diverse health outcomes including health promotion (i.e., health behav-
jors and disease risk perception) morbidity, mortality, functioning, and other health-related metrics in humans.
We searched in MEDLINE, Web of Science, Embase, and Cochrane Library until March 18, 2025, for eligible sys-
tematic reviews. After screening 9,487 citations, we identified 39 systematic reviews, which included 98 original
studies (1 observational study, 95 randomized controlled trials, and 1 pre-post study). The reviews primarily
focused on adult populations, individuals with cardiometabolic conditions, and cancer survivors. The original
interventional studies mainly included Fitbit (40.2%), Polar (12.4%), and ActiGraph (10.3%) devices. Over 80% of
the clinical trials involved complex behavioral interventions with wearable-based feedback, and the control
groups varied. Most systematic reviews were rated as low confidence, with common flaws including inadequate
consideration for risk-of-bias and heterogeneity. Interventions incorporating wrist-worn activity trackers increased
physical activity in diverse populations. The effect of interventions incorporating wrist-wearables’ feedback on cardio-
metabolic risk markers, quality of life, depression/anxiety, and pain was limited and remained inconsistent. Our find-
ings rely on existing systematic reviews, which may vary in quality, review methodologies, and comprehensiveness.
There is also potential for missing more recent evidence not yet captured in these reviews. These limitations should
be considered when interpreting our results. Acknowledging these caveats, wrist-worn wearables seem to increase
physical activity and may have additional benefits that require further study.

behavioral interventions; health outcomes,; meta-analysis; umbrella review, wrist-worn wearables

incorporate integrated sensors designed to gather diverse

1. INTRODUCTION 935 physiological data related to an individual’s health status
2. METHODS 936 (1). These gadgets are engineered to be comfortably worn
3. RESULTS 938 on the body, allowing for continuous monitoring without
4. DISCUSSION 960 significantly interfering with daily activities (1). Popular con-

sumer brands offer wearables that track or estimate basic

fitness metrics including step count, energy expenditure,
1. INTRODUCTION sleep quantity, and hgart rate. More sp'ecial.ized devices
extend these capabilities, measuring vital signs such as
blood pressure, blood glucose, and blood oxygen satura-
tion (2). Wearables offer a user-friendly method for contin-
uous health data collection, storage, and sharing in real
time. By providing immediate feedback, wearables aim to
*A. Llane and S. Stojic contributed equally to this work. empower users to make informed adjustments to their

Wearable health technology, more commonly known as
“wearables,” refers to portable, noninvasive devices that
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CLINICAL HIGHLIGHTS

Wrist-worn wearables can help you move more. Studies show that
receiving feedback information from wearables is effective at
increasing daily physical activity across many groups, from adults in
the general population to people living with conditions such as obe-
sity, diabetes, heart disease, or cancer.

More steps, more movement. The strongest and most consistent
benefit is seen in step counts and overall activity levels.

Other health benefits are still emerging. Evidence for improvements
in heart-health markers, mood, pain, or quality of life is mixed and
not yet definitive.

Most programs work best when wrist-worn wearables are combined
with lifestyle changes such as coaching, goal-setting, or group sup-
port rather than used alone.

Keep in mind that not all studies are of high quality and results can
vary depending on the population and device used.

daily habits and behaviors (3, 4). This ability to provide
immediate feedback is exploited in point-of-care monitor-
ing for identifying or tracking changes related to fatigue,
inflammatory responses, metabolic states, atrial fibrillation,
sleep apnea, hypertension, and cardiovascular disease
risk (5—9). This capability may allow healthcare professio-
nals to access patient data proactively and more rapidly,
potentially leading to improved health outcomes and a
reduction in the frequency of in-person medical visits and
overall healthcare costs (10, 11). Thus, wearables offer a
promising approach to promote desirable behavior or life-
style modifications and improve individuals’ adherence to
a healthy lifestyle and improve their well-being (12).

Wearables have gained significant attention in recent
years among both consumers and researchers, due to
increased availability, utility, and accuracy in recent years
(9, 13). In 2020, around 30% of adults in the United States
reported regular use of wearables, and based on the mar-
ket predictions, there is an expected annual growth of
around 25% through 2026 (14, 15). In addition, a recent
scoping review found that the number of published studies
that included noninvasive, consumer-grade wearables
increased by 400% between 2016 and 2020 (16). Thus,
there are hundreds of studies investigating wearable devi-
ces in the context of health. Trying to harness this evi-
dence, there is also a large number of systematic reviews
and meta-analyses that either investigated wearables’ vali-
dation and accuracy, comparing these to the gold standard
measurements, or explored their effectiveness in healthy
behavior promotion or in the diagnosis and treatment of
specific health conditions (9, 17-23). Subsequently, the
number of umbrella reviews is increasing to keep pace
with the growing literature on wearables (24—30).

The evidence from prior published reviews and
umbrella reviews remains highly heterogeneous and diffi-
cult to interpret and generalize for several reasons. First,
they often focused on specific health conditions (23, 25)
or on specific aspects of a healthy lifestyle, such as

936

physical activity (PA) promotion (26, 27). Second, they did
not discriminate between studies that used wearables as
data collection tools for patient-generated data of study
outcomes that incorporated wearable-collected informa-
tion in prediction models, those that used wearables as
part of interventions alongside complex lifestyle/behav-
ioral interventions, and those that used single-component
interventions with wearables only to influence health out-
comes. Third, earlier reviews did not disaggregate or dis-
tinguish between types of wearables used in research.

In this umbrella review, we focus on wrist-worn weara-
ble devices. Our focus is intentional for several reasons.
First, these devices are generally less intrusive and
more comfortable for participants to wear consistently
over time, which enhances user compliance and poten-
tially reduces study dropout rates (31). Their familiar
design, often resembling conventional wristwatches,
minimizes disruption to daily life, making them well-
suited for long-term monitoring. Indeed, acceptability
measured through data availability (above 70%) and
wearing time (above 85%) is high (31). Second, wrist-
worn devices, particularly smartwatches and fitness
trackers, frequently include integrated features such as
real-time feedback, goal setting, and activity reminders
(32). These interactive elements can enhance user
engagement and potentially influence health-related
behaviors, making them valuable tools not only for pas-
sive data collection but also for delivering behavior
change interventions (17). Third, wrist-worn wearables
are by far the most used form factor in both research
and real-world applications. They account for more than
70% of wearables used in published studies, highlight-
ing their methodological relevance and the availability of
validation data (16). Additionally, they are among the
most widely adopted smart devices globally, with nearly
one in five adults in the United States using a smart-
watch or fitness tracker (33). This widespread adoption
increases the potential generalizability of research find-
ings and facilitates translation of research into practice.

Thus, this umbrella review aims to comprehensively
evaluate and summarize the evidence regarding the
impact of wrist-worn wearable devices’ feedback on var-
ious health outcomes in humans. These outcomes
include health promotion (e.g., health behaviors and dis-
ease risk perception), morbidity, mortality, functioning,
and other health-related metrics.

2. METHODS

2.1. Protocol and Registration

This umbrella review (a systematic review of systematic
reviews and meta-analyses) was conducted following a
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preregistered study protocol, which can be found in
Open Science Framework (34). The findings were
reported according to previously published guidelines
on umbrella reviews (35, 36).

2.2. Eligibility Criteria

The study selection criteria were developed using
the Population, Intervention/Exposure, Comparison, and
Outcomes (PI/ECOS) framework, which considers popula-
tion, intervention/exposure, comparison, outcome, and
study type. For the population, all studies conducted in
humans without any other restrictions were eligible. For
intervention or exposures, wrist-worn wearable devices’
feedback (i.e., smartwatches/fitness trackers, blood pres-
sure monitors, glucose monitors, sleep trackers, activity
and posture sensors, or any other wrist wearable sensor),
either alone or as part of a multicomponent intervention,
was considered. For comparison, either no intervention,
usual care, waiting list control, or a similar intervention with-
out a wearable component or feedback was accepted.
Any health-related outcomes were eligible, including
health promotion (encompassing health behaviors and dis-
ease risk perception), morbidity, mortality, functioning, etc.
Systematic reviews of both interventional studies that
explored the effectiveness of interventions involving wear-
ables on health outcomes and observational studies that
explored the associations of wearables with health out-
comes were considered as the study design of choice.
Systematic reviews were excluded if they had the fol-
lowing characteristics: 1) incorrect study design (which
lack systematic search and analysis of literature), expert
reviews, commentaries, or abstracts/conference pro-
ceedings; 2) inclusion of studies focusing solely on valida-
tion outcomes (e.g., sensor accuracy) or studies in which
wearable devices were used only for objective measure-
ments of study outcomes (e.g., step count, total physical
activity) rather than as part of an intervention strategy pro-
viding feedback to study participants; and 3) inclusion of
wearable devices worn on body parts other than the
wrist. Information on sensors placed in other body loca-
tions was informally collected, and a separate scientific
publication focusing on other wearables will follow.

2.3. Search Strategy

Literature search was performed in collaboration with an
experienced librarian in MEDLINE, Web of Science,
Embase, and Cochrane Library (37). The search (for
search strategy see APPENDIX A) was done from inception
until March 18 2025. Searches were limited to human
studies, and filters for systematic reviews and meta-anal-
yses were applied in all databases. Database search
results were exported into EndNote (EndNote x9;

Physiol Rev . VOL 106 - APRIL 2026

Clarivate, Philadelphia, PA). To identify additional rele-
vant articles, references cited in the included studies
were screened.

2.4. Study Selection Process

Titles and abstracts of identified articles were screened
by two reviewers independently. Subsequently, a full-
text screening of potentially eligible articles was con-
ducted by two reviewers in parallel. The discrepancies
in the inclusion or exclusion of references were resolved
through a discussion to reach a final decision, and if
needed, a senior reviewer was consulted.

2.5. Data Extraction

Data extraction was conducted independently by two
reviewers, with any discrepancies resolved through dis-
cussion and consensus. A preestablished data collec-
tion form was utilized to extract key information from the
eligible systematic reviews, including authors and year
of publication, date of last search, origin and types of
studies considered (design), research question, study
population, number of eligible studies, types of wear-
ables examined, outcomes investigated, presence of
meta-analysis, and results of both systematic reviews
(descriptive conclusions) and meta-analyses (effect/
association estimates). Additionally, we extracted basic
characteristics from systematic reviews focusing on
wearable devices placed on other body parts, which are
provided as an overview in Supplemental Tables 1-3.

2.6. Risk of Bias Assessment for Systematic
Reviews and for Primary Studies Included in
Systematic Reviews

Two reviewers applied a measurement tool to assess
systematic reviews (AMSTAR-2) (38) to evaluate the
methodological rigor of systematic reviews included in
the study. Any discrepancies between the reviewers
were resolved with the assistance of a third reviewer.
The AMSTAR-2 tool consists of a 16-item checklist, with
7 items typically deemed critical as they can affect the
validity of a review. These critical items include protocol
registration, adequacy of search strategy, justification
for excluding individual studies, risk-of-bias assessment,
appropriateness of meta-analytical methods, use of risk
of bias during interpretation, and assessment of publica-
tion bias. The other nine items are considered noncriti-
cal, although these ratings can be altered depending on
the context of the review. Reviews were rated as high
confidence (O critical weaknesses and <3 noncritical
weaknesses), moderate confidence (1 critical weakness

937
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and <3 noncritical weaknesses), low confidence (>1 crit-
ical weakness and <3 noncritical weaknesses), or crit-
ically low confidence (>1 critical weakness and >3
noncritical weaknesses). Additionally, we summarized
the information on the risk of bias tool(s) used in the
included systematic reviews.

2.7. Deviations from the Registered Protocol

For meta-analyses, we planned to extract effect/associa-
tion estimates, 95% confidence intervals (95% Cls), het-
erogeneity estimates, meta-regression results, and any
analyses indicating potential bias (e.g., small study
effects, excess significance). As the published meta-
analyses included both wrist-worn wearables and devi-
ces worn on other body parts, we could not directly use
their estimates. Instead, we gathered relevant original
study-level data from either the systematic review
directly (main text or online supplement) or, when neces-
sary, consulted the original publications. All health out-
comes reported across meta-analyses were on a
continuous scale. The original authors typically pooled
either the mean difference in study outcomes from
baseline to the end of the trial or performed end-of-
study comparisons between intervention and control
groups. We extracted information such as mean values
and their standard deviations (SDs) pre- and postinter-
vention or the mean difference and SD of the mean dif-
ference per clinical trial arm. This approach allowed us
to conduct separate meta-analyses using standardized
methods, focusing specifically on wrist-worn devices
and ensuring consistency across our analyses.

2.8. Evidence Synthesis Methods

Basic computations were performed to visually present
the characteristics of included systematic reviews (e.g.,
study populations, health conditions, health outcomes, or
wearable devices used across studies). For systematic
reviews using narrative synthesis, the most important find-
ings have been illustrated in the article, and simple
descriptive statistics have been provided (e.g., we com-
puted the number of studies that found significantly favor-
able differences (defined as P values < 0.05) and
expressed it as a percentage of the total number of stud-
ies available per outcome. We employed two methods to
mitigate double reporting of studies in the summary
effect/association estimates. First, we either reanalyzed
the results from the most recently published review or,
second, if the overlap was less than 10%, we considered
all available information. We used random effects and
unweighted least squares methods in all meta-analyses
(12). We generated the summary effect estimate [i.e.,
standardized mean difference (SMD)], the 95% confidence

938

interval, the P value for the summary effect estimates, het-
erogeneity metrics (P value from Cochran’s Q test and P
estimate), and performed tests for small study effects and
for excess significance (PSTT-TESS) (13). The SMD was
classified as follows: an SMD of around 0.2 was consid-
ered a small detectable difference; an SMD of ~0.5 was
considered a moderate effect size; and an SMD of 0.8 or
greater signified a large difference between groups. Data
used for meta-analysis can be found in Supplemental
Material S1. Statistical analysis was performed in R version
442,

3. RESULTS

The search identified 13,839 records. Following the
removal of duplicates (n =4,303), exclusions after title
and abstract screening (n = 9,536), and exclusions after
full-text evaluation (n=226), 109 systematic reviews
were retrieved on wearables worn in various locations.
Of these, 39 reviews that included studies on wrist-worn
wearables were included in the current umbrella review,
while the remaining 70 focused on other types of wear-
ables. Across the 39 included reviews, 98 unique stud-
ies were identified: 95 of the 98 studies were designed
as randomized clinical trials (RCTs; among which 36
were either pilot or feasibility studies), 2 as pre-post
studies, and one as a prospective study (FIGURE 1).
Supplemental Material S2 provides a list of studies
excluded based on full-text screening, along with the
reasons for their exclusion.

Characteristics of systematic review articles included
in the current umbrella review are provided in TABLE 1.
FIGURE 2 summarizes the main characteristics of the
included systematic reviews. The reviews were pub-
lished between 2018 and 2025, with most being pub-
lished after 2020 (n = 25; 64.1%). The majority applied
time restrictions for the search strategy (n =27; 69.2%)
and searched three or more electronic databases
(n=37; 94.7%). Based on the information on the corre-
sponding author, most of the reviews were led by
researchers from Europe, North America, and Asia
(n=33; 84.6%). Among the included systematic reviews,
30 (76.9%) provided a quantitative synthesis; however,
we were able to reanalyze the information from only 11
(28.2%). Information from the other 19 meta-analyses
was used for narrative synthesis. The most common
focus of the reviews was on adults without restricting
based on health condition (n =10; 25.6%) and on popu-
lations with cardiometabolic diseases (n = 8; 20.5%).

Supplemental Table S1 and FIGURE 3 summarize the
main characteristics of the original interventional studies
identified across 39 systematic reviews. In total, 98 origi-
nal studies were included, of which 97 were interventional
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(95 were RCTs) and 1 was observational. The characteris-
tics of these 97 interventional studies are described in
more detail in the following text. Most commonly studied
devices were Fitbit (n =39; 40.2%), Polar (n =12; 12.4%),
and ActiGraph (n =10; 10.3%). Most of the original studies
involved complex and heterogeneous behavioral/life-
style interventions with wearable-based feedback to
study participants (n = 81; 83.5%), whereas 17 involved
simple (single-component) interventions with weara-
ble-based feedback. The control group was also heteroge-
neous across original studies, with the majority applying
behavioral/lifestyle interventions without wearable-based
feedback to study participants (n = 51; 52.6%), followed by
usual care (n=38), waitlist (n =5), and delayed interven-
tion (n=4).

3.1. Study Overlaps

Within the 39 systematic reviews, a total of 146 studies
using wrist-wearable devices were identified, but there

were several overlaps, and eventually 98 were nonover-
lapping original studies (97 being interventional studies).
Although there were no identical research questions
across the included systematic reviews, the original
RCTs across studies overlapped either partially or com-
pletely. Thus, we prioritized the systematic reviews with
the most complete data and the largest number of stud-
ies that would allow us to perform a meta-analysis. The
remaining systematic reviews were included in a narra-
tive synthesis (more details are provided in later
sections).

3.2. Risk-of-Bias Results

Six systematic reviews (15.4%) were rated as having
high confidence, while 16 (40.1%) were rated as crit-
ically low confidence, and the remaining 17 (43.6%) as
low confidence (FIGURE 4). Common methodological
flaws included a lack of consideration of risk of bias in
the analysis and interpretation of findings (n=10;

 mmm—
Records identified from:
_E Databases (n =13839) Records removed before
® MEDLINE All (n =4632) screening:
5,% Embase (n =7622) > Duplicate records removed
t Cochrane Library (n = 97) (n =4303)
2 Web of Science (n = 1488)
—
Records screened Records excluded
(n = 9536) —> (n = 9201)
FIGURE 1. Flow chart of included studies. The study
selection process is shown. Of 13,839 records identified,
l 4,303 duplicates were removed. After screening titles and
abstracts, 9,201 were excluded, followed by 226 after full-
Reports excluded (n = 226): text review. In total, 39 systematic reviews including wrist-
Validation/accuracy/feasibility/ac k . ;
2 ceptance studies (n = 151) worn wearables were included in the umbrella review,
< Reports assessed for eligibility » | Objective measures of exposure/ with 11 contributing to the meta-analysis. In addition, we
g (n=339) No clear link with health identified 70 systematic reviews examining wearable devi-
”n outcomes (n = 24) ces worn on various body parts other than the wrist such

Irrelevant reviews (n = 43) . -

Missing full text (n = 8) as pedometers, or continuous glucose monitoring sen-
sors, which were not included in the current umbrella
review.

»| Other wearable locations

(n=70)

—
)
° 39 systematic reviews included
[ . . .
o in umbrella review; 11 systematic
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£ analysis
—
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Publication years

Oceania

Asia

Corresponding author country

N

I 12

10
6
3
[

6
5 .
South America [Jl 1
4 4
North America N ©
wope | 12
2018 2019 2020 2021 2022 2023 2024 2025 0 2 4 6 8 10 12
Literature search time frame Quantitative date synthesis Study Population
Adults, without specified conditions 10 (25.6%)
3 0 Children/adolescents 2 (5.1%)
Cancer 5(12.8%)
systel‘nat’ic reviews provided Cardiometabolic diseases 8(20.5%)
quantitative synthesis
Overweight/obese 4(10.3%)
Pregnant women 1(2.6%)
1 1 Midlife women 1(2.6%)
Elderly 2(5.1%)
meta-analyses were
re-analyzed Hospitalized patients 2(5.1%)
= from inception limited time frame Rheumatoid/musculoskeletal 4(10.3%)

FIGURE 2. Summary of characteristics included systematic reviews. An overview of the year of publication, country of corresponding author, charac-
teristics of the search strategies used, and the variety in study populations included across the 39 included systematic reviews is provided. The figure
was created using Adobe lllustrator, and the icons used were obtained from Flaticon.com (Premium license).

25.6%), as well as insufficient exploration of heteroge-
neity across meta-analyses (n =9; 23.4%). Moreover,
most systematic reviews (n =33; 84.6%) did not pro-
vide an exclusion list, which influenced their overall

confidence ratings since this was considered as a crit-
ical flaw; if this criterion is removed, then 22 (56.4%)
systematic reviews would be rated as having high
confidence. Additionally, 17.9% of the reviews (n =8)

0 =
9 8 o 9 /0 Wearable devices
were interventional =)
studies
Wearable device n (%)
0, R
83.5% s fitbit 39 (40.2%)
included complex
behavioural/lifestyle ActiGraph. 10 (10.3%)
intervention with
wrist-worn wearable- PSLAR. 12 (12.4%)
related feedback
52 60/ JAWBONE" 6 (6.2%)
. (+]
of controls included GARMIRN. 8 (8.2%)
behavioural/ lifestyle
intervention without .
7%
wrist-worn wearable- &= Diher 221y
based feedback

O
]Il Study outcomes

Study outcome

Healthy behaviour promotion
‘;%‘\3 Cardiorespiratory fitness
@m Body composition

@ Cardiometabolic factors

-

W Quality of life and functioning

Other (pain, cognitive function, sleep)

n (%)

71 (73.2%)
10 (10.3%)
34 (35.1%)
14 (14.4%)
13 (13.4%)

17 (17.5%)

FIGURE 3. Summary of original interventional studies identified across included systematic reviews. Ninety-seven original interventional studies iden-
tified across 39 systematic reviews included in the current umbrella review are summarized. Provided is an overview of study designs, interventions,
and controls used, as well as types of wearable devices and study outcomes considered. The figure was created using Adobe lllustrator, and the icons
used in the figure were obtained from Flaticon.com (Premium license).
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Q10

Q9

Q1

AlSwayied et al., 2022

Antoniou et al., 2022

Ashur et al., 2021

Auetal., 2024
Blount et al., 2021
Brickwood et al., 2019

Chan et al., 2021
Chaudhry et al., 2020

Cheatham et al., 2018

Davergne et al, 2019
Dehghan Ghahfarokhi

etal., 2022

Eboreime et al., 2025

Franssen et al., 2020

Gal etal., 2018

Gregory et al., 2024

Hannan et al., 2019

Lai et al., 2022

Lattif et al., 2024

Liu et al., 2020

Lynch et al., 2020

Ocagli et al., 2023
Oliveira et al., 2018

Pan et al., 2023

Patel et al., 2022

Peng et al., 2023

Ringeval et al., 2020

Sharp et al., 2022

Singh et al., 2022
Sypes et al., 2019

Szeto et al., 2023

Tang et al., 2020

Teo et al., 2023

etal, 2021

Thomas Craig
Treadwell et al., 2022

Wang et al., 2022

Wong et al., 2021

Wu et al., 2023

Yenetal., 2019

Yen et al., 2021

Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16

Q2

1 Critically low

N Low

2 High

Not applicable

® No

@ Probably yes

@® Ves
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did not register a study protocol. Most reviews assessed
the risk of bias in original studies using the risk of bias
(RoB) tool (n = 26; 66.7%), followed by the Physiotherapy
Evidence Database (PEDro) scale (n =4) and the Joanna
Briggs Institute (JBI) checklist (n=2). The remaining
reviews employed other tools (n= 7), as detailed in
Supplemental Table S2.

3.3. Healthy Behavior Promotion

Most identified systematic reviews reported on the effec-
tiveness of wearable devices in healthy behavior promo-
tion (n = 28; 71.8%) (39, 42-46, 48-52, 54-61, 64-71, 75).
Physical activity (PA) was the most common health behav-
ior targeted either solely or with sedentary behavior
across the included reviews. Additionally, reviews consid-
ered changes in eating behavior (47, 49, 66, 71, 74), sleep
quality (55), anxiety, and distress (54). When considering
the overlapping systematic reviews (43, 44, 46, 51, 52,
54, 57, 58, 60, 61, 64, 66, 67, 69, 70), we were able to
reanalyze the information from four systematic reviews
(40, 49, 66, 75). Notably, exercise capacity improved in
adults with cardiovascular diseases in interventions com-
prising feedback on physical activity engagement versus
control group (SMD in VOsmax = 0.3; 95% Cl: 0.2—0.59;
I = 0%; TABLE 2). Wrist wearable activity trackers
increased daily step count with the effect size of
SMD = 0.62 (95% Cl: 0.19-1.02; > = 0%) in overweight/
obese population and in older adults (SMD = 0.97 (95%
Cl: 0.2-174; I» = 87.19%). Total physical activity
(SMD = 0.64; 95% Cl: 0.18-1.1; P = 64%), moderate physi-
cal activity (SMD = 0.6; 95% Cl: 0.28—0.93; /> = 23.58%),
and moderate-to-vigorous activity (SMD = 0.67; 95% CI:
0.34-1.0; > = 82.45%) increased and sedentary time
decreased (SMD = —0.72; 95% Cl: —1.3 to —0.14; > =
75.5%) in wearable-activity tracker assisted intervention
in cancer survivors. There was no strong evidence of an
excess of significant results, nor publication bias. Among
older adults, moderate-to-vigorous activity increased
(SMD = 0.95; 95% Cl: 0.2-1.72; 1> = 93.25%) in a weara-
ble-activity tracker-assisted intervention as compared to

control, and there was an indication of potential publica-
tion bias. No changes in light PA or in step counts were
observed between the intervention and control group
(TABLE 2).

Findings from our meta-analyses, although based on
limited number of RCTs (ranging between 2 and 9 RCTs
depending on the study outcome), are in line with find-
ings across the other systematic reviews (TABLE 3), in
which most of the included original RCTs (65.5%)
reported a significant increase in physical activity after
complex behavioral/lifestyle interventions incorporating
wearable activity monitors and feedback to study partici-
pants. Twelve original RCTs focused on simple, single-
component interventions designed to promote PA.
These studies incorporated wearable device-based
feedback for participants. Notably, 91.7% of trials demon-
strated significant improvements in physical activity lev-
els among the intervention groups compared to their
respective control groups (TABLE 3). We provide a brief
overview of the findings from reviews that were not
included in our meta-analyses below.

Szeto et al. (68) summarized the evidence on the
effectiveness of wearable activity monitor use in inpa-
tient settings to estimate physical activity pre- and
postsurgery. Women undergoing gynecologic surgery
monitored their step counts and were encouraged to
achieve individualized daily step-count goals demon-
strated increased physical activity compared to the
control group. However, no significant differences in
pain levels, fatigue, or length of hospital stay were
observed between the two groups (78). The group of
patients undergoing knee and hip arthroplasty wear-
ing an activity tracker and receiving feedback were 1.7
times more likely to achieve a mean of 7,000 steps per
day than the subjects without feedback at 6 wk after sur-
gery versus the group that received no feedback (79).
Similarly, patients undergoing laparoscopic surgery who
received feedback of their step counts using an activity
tracker wristband increased the average step count dur-
ing the first 5 postoperative days (80). The group of
patients undergoing knee and hip arthroplasty wearing

FIGURE 4. Risk-of-bias (RoB) assessment using a measurement tool to assess systematic reviews (AMSTAR-2) is depicted for the following studies:
AlSwayied et al. (39), Antoniou et al. (40), Ashur et al. (41), Au et al. (42), Blount et al. (43), Brickwood et al. (44) Chan et al. (45), Chaudhry et al. (46),
Cheatham et al. (47), Davergne et al. (48), Dehghan Ghahfarokhi et al. (49), Eboreime et al. (50), Franssen et al. (51), Gal et al. (52), Gregory et al. (53),
Hannan et al. (54), Lai et al. (55), Latif et al. (56), Liu et al. (57), Lynch et al. (58), Ocagli et al. (59), Oliveira et al. (60), Pan et al. (61), Patel et al. (62), Peng
et al. (63), Sharp et al. (65), Singh et al. (66), Sypes et al. (67), Szeto et al. (68), Tang et al. (69), Teo et al. (70), Thomas Craig et al. (71), Treadwell et al.
(72), Wang et al. (73), Wong et al. (74), Wu et al. (75), and Yen and Chiu (76). This tool is a 16-item checklist designed to assess the quality of systematic
reviews, with 7 items considered critical due to their impact on the validity of a review. These critical items include protocol registration, adequacy of
search strategy, justification for excluding studies, risk-of-bias assessment, appropriateness of meta-analytical methods, use of risk of bias in interpreta-
tion, and assessment of publication bias. The remaining 9 items are classified as noncritical. Reviews are categorized into 4 confidence levels: high
confidence (O critical weaknesses and fewer than 3 noncritical weaknesses), moderate confidence (1 critical weakness and fewer than 3 noncritical
weaknesses), low confidence (more than 1 critical weakness and fewer than 3 noncritical weaknesses), and critically low confidence (more than 1 critical
weakness and or more noncritical weaknesses). NRSI, nonrandomized study of interventions; PICO, population/problem, intervention, comparison, and
outcome; RCT, randomized clinical trial. The figure was created using Adobe lllustrator.
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Study Outcome/Systematic
Review

Total physical activity
Singh et al. (66), 2022
Light physical activity
Singh et al. (66), 2022
Moderate physical activity
Singh et al. (66), 2022
Vigorous physical activity
Singh et al. (66), 2022

Moderate to vigorous physical
activity

Singh et al. (66), 2022

Wu et al. (75), 2023
Steps count

Singh et al. (66), 2022

Dehghan Ghahfarokh et al.
(49), 2022

Wu et al. (75), 2023
Sedentary time

Singh et al. (66), 2022
Exercise capacity (VOzmax)

Antoniou et al. (40), 2022
Body weight

Wong et al. (74), 2022

Yen and Chiu (76), 2019

Cheatham et al. (47), 2018

Teo et al. (70), 2023
Body mass index

Yen and Chiu (76), 2019

Sypes et al. (67), 2019

Table 2. Meta-analysis summary

Study Population

Cancer

Cancer

Cancer

Cancer

Cancer

Older adults

Cancer

Overweight/obese adults

Older adults

Cancer

Cardiovascular diseases

Overweight/obese adults

Adults

Adults

Breast cancer survivors

Adults

Overweight/obese

Number
of
Studies

Total Sample Size

(Number of
People in
Intervention and
Control Arms)

239 (121, 118)

132 (69; 63)

207 (104; 103)

148 (70; 78)

471(239; 232)

530 (269; 261)

158 (80; 78)

90 (44; 46)

255 (126; 129)

333 (151;182)

199 (98; 101)

460 (240; 220)

959 (492; 467)

222 (114;108)

51(29; 22)

755 (378; 377)

97 (56; 41)

SMD (95% CI)

0.64 (0.18; 1.1)

0.16 (—0.19; 0.52)

0.6 (0.28; 0.93)

0.67 (0.34; 1)

0.53 (0.07; 1)

0.95 (0.2; 1.72)

—1.25 (—4.44;1.93)

0.62 (0.2; 1.05)

0.97 (0.2; 1.74)

~0.72 (—1.3; —0.14)

0.3 (0.2; 0.59)

~0.16 (—0.61; 0.29)

—0.28 (-0.57; 0.01)

—1.04 (—2.44; 0.36)

0.02 (—0.55; 0.59)

—0.45 (—0.98; 0.08)

—0.28(-0.77;0.22)
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I2

64.05%

0%

23.58%

0%

82.49%

93.25%

98.47%

0%

87.19%

75.47%

0%

0%

65.93%

95.07%

0%

89.32%

0%

Evidence for
Excess
Significance

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Eviden
for

ce

Publication

Bias

NA

NA

NA

NA

Yes

NA

NA

NA

NA

NA

NA

NA

NA

Continued
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Table 2.—Continued

Total Sample Size

Study Outcome/Systematic . Number (Number' of 2 Evidence for EVi?:rnce
Review Study Population of. PeopI'e in SMD (95% ClI) I ) E)fcess Publication
Studies Intervention and Significance q
Control Arms) Bias

Wang et al. (73), 2022 Children and adolescents 2 369 (202;167) —0.01(-0.29; 0.27) 39.53% NA NA

Peng et al. (63), 2023 Type 2 diabetes 3 102 (58; 44) —0.72 (—1.69; 0.24) 0% NA NA
Waist circumference

Wang et al., 2022 (73) Children and adolescents 2 231(112; 119) —0.28(—-0.86;0.29) 39.53% NA NA

Cheatham et al. (47), 2018 Adults 2 94 (50; 44) —1.69 (—4.03; 0.65)  94.44% NA NA
Body fat percentage

Wang et al. (73), 2022 Children and adolescents 3 307 (169; 138) 0.1(—0.2; 0.39) 0% NA NA

Sypes et al. (67), 2019 Overweight/obese 2 97 (56; 41) —0.2 (-0.73; 0.32) 1.43% NA NA
Fasting glucose

Peng et al. (63), 2023 Type 2 diabetes 3 90 (46; 44) —1.63 (—3.22; —0.03) 89.93% NA NA
Hemoglobin A1C

Peng et al. (63), 2023 Type 2 diabetes 5 266 (138; 128) —0.63 (—1.4; 0.14) 87.63% No No
Total cholesterol

Peng et al. (63), 2023 Type 2 diabetes 2 50 (26; 24) —0.71(—2.43;1.01) 86.83% NA NA
HDL cholesterol

Peng et al. (63), 2023 Type 2 diabetes 2 48 (26; 24) 0.33(—0.31;0.97) 18.79% NA NA
LDL cholesterol

Peng et al. (63), 2023 Type 2 diabetes 2 50 (26; 24) —0.74 (—1.59; 0.1) 49.53% NA NA
Triglycerides

Peng et al. (63), 2023 Type 2 diabetes 2 50 (26; 24) —0.32(-0.95;0.31) 15.39% NA NA
Systolic blood pressure

Peng et al. (63), 2023 Type 2 diabetes 4 120 (60; 60) 0.31(-0.3; 0.94) 63.39% NA NA
Diastolic blood pressure

Peng et al. (63), 2023 Type 2 diabetes 2 40 (20; 20) —1.18 (—2.02; —0.34) 48.13% No NA

The standardized mean difference (SMD) is a unitless measure of effect size that allows comparisons across variables measured on different scales. It
represents the difference between groups in standard deviation units. According to conventional thresholds, an SMD of approximately 0.2 is considered
a small effect, around 0.5 a medium effect, 0.8 a large effect, and values greater than 1.2 indicate a very large effect. Cl, confidence interval; NA, not
applicable. Statistically significant results are in boldface (P < .05).

an activity tracker and receiving feedback were 1.7 times activity monitors as a feedback and monitoring tool in

more likely to achieve a mean of 7,000 steps per day home-based exercise programs for patients with intermit-

than those without feedback at 6 weeks after surgery tent claudication and identified four RCTs using wrist

(79). Chan et al. (45) summarized the efficacy of wearable wearables (81-84). Maximum walking distance, peak
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Table 3. Summary of overall findings based on meta-analysis and narrative synthesis of evidence

Health Outcomes

Physical activity (total, LPA,
MVP, MVPA, steps count,
and exercise capacity)

Eating attitude

Sleep

Body composition

CVD markers (blood lipids,
glucose, and blood
pressure)

Complex Interventions

Findings from our Meta-Analysis

A meta-analysis based on Singh
et al. (66) systematic review rean-
alysis showed medium positive
effect for improvement in total
PA, MVPA, MPA, and VPA and
decreased sedentary time in indi-
viduals with cancer.

A meta-analysis based on Dehghan
Ghahfarokhi et al. (49) systematic
review reanalysis showed
medium effect size in increased
step count in overweight/obese
individuals.

A meta-analysis based on Wu et al.
(75) systematic review showed
large effect size in increased
steps count in older adults.

A meta-analysis based on Antoniou
et al. (40) systematic review rean-
alysis in adults with cardiovascu-
lar diseases showed small effect
size in VOomax iNCrease in adults
with cardiovascular diseases.

Based on 5 meta-analyses based
on Wong et al. (74), Yen and Chiu
(76), Teo et al. (70), Peng et al.
(63), and Wang et al. (73), sys-
tematic review reanalysis in
adults with cardiovascular dis-
eases showed no significant dif-
ferences in body composition
parameters between intervention
and control groups.

A meta-analysis based on Peng
et al. (63) systematic review rean-
alysis showed large positive
effect of intervention on diastolic
blood pressure and glucose
decrease in comparison to con-
trol group. No differences were
seen in gbA1C and systolic blood
pressure and blood lipids.

Narrative Synthesis

65.6% (21/32) of original RCTs
identified across 15 systematic
reviews showed improvement
in intervention vs. controls;
others showed no differences.

100% (4/4) of original RCTs identi-
fied across 2 systematic
reviews showed improvement
in different aspects of eating
attitudes after complex inter-
ventions incorporating wear-
ables-based feedback.

50% (3/6) original RCTs identified
across a single systematic
review showed improvements
in some aspects of sleep (e.g.,
quantity or quality).

57% (4/7) of original RCTS identi-
fied across 3 systematic
reviews showed improvement
in intervention vs. controls;
others showed no differences.

Physiol Rev . VOL 106 - APRIL 2026

Simple, Single-Component
Intervention

Narrative Synthesis

91.7% (11/12) of original studies
identified across 11 systematic
reviews showed improvements
in intervention vs. control group.

None (0/1) of RCTs identified
across 1 systematic review
showed improvements in sleep
quality in comparison to control
group.

A single pilot RCT, which did not
contribute to the meta-analysis,
did not demonstrate significant
difference between continuous
blood pressure monitoring
using wrist-blood pressure cuff
vs. standard care.

Blood pressure and anthropomet-
rics were similar between the
intervention group (physical
activity regime with weekly
feedback to study participants)
and usual care at baseline and
remained stable during the
follow-up period.

Continued
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Table 3.—Continued

Health Outcomes

Complex Interventions

Findings from our Meta-Analysis

Quality of life

Anxiety, depression, and
stress

Pain

Length of hospital stay

Narrative Synthesis

50% (2/4) RCTs identified across

2 systematic reviews showed
improvement in QoL after com-
plex interventions incorporating
wearables-based feedback.

50% (1/2) of RCTs identified

across 2 systematic reviews
showed improvement in
depressive symptoms after
interventions incorporating
wearables-based feedback.

80% (4/5) RCTs identified across

4 systematic reviews showed
improvement in pain after com-
plex interventions incorporating
wearables-based feedback (all
in people with musculoskeletal

Simple, Single-Component
Intervention

Narrative Synthesis

0% (0/2) of RCTs identified across

2 systematic reviews showed
differences between interven-
tion vs. control group in pain
among women undergoing a
gynecologic surgery.

problems).

0% (0/2) of RCTs identified across
a single systematic review
showed differences between
intervention vs. control group in
length of hospital stay among
people undergoing major vis-
ceral surgery.

CVD, cardiovascular disease; LPA, low physical activity; MVPA, moderate-to-vigorous physical activity; MPA, moderate physical activity; MPV, moderate
to vigorous; PA, physical activity; QoL, quality of life; RCTs, randomized clinical trial; VPA, vigorous physical activity.

walking time, and claudication distance significantly
increased in the wearable activity monitor intervention
but not in control group (usual care and supervised exer-
cise therapy) (81-84). Lai et al. (55) reviewed the evidence
on the effectiveness of wearable-delivered sleep inter-
ventions in improving sleep outcomes among adults.
While their meta-analysis included 20 RCTs, only seven
focused specifically on wrist-worn devices that provided
personalized feedback to participants. Among the com-
plex interventions that combined wearable-based feed-
back with lifestyle or educational components targeting
sleep, 50% of the RCTs reported improvements in certain
aspects of sleep, such as quantity or quality (55).

3.4. Cardiometabolic Health Outcomes

Nineteen systematic reviews focused on the use of wear-
able devices in the context of improving cardiometabolic
health outcomes (e.g., cardiorespiratory fitness, body
composition, blood lipids, blood glucose, blood pressure).
Most of the systematic reviews (n = 10; 55.6%) considered
the body composition and weight control-related study
outcome (47, 65, 67, 69-71, 73, 74,76, 77). Other system-
atic reviews explored the effectiveness of complex life-
style/behavior interventions combined with personalized

958

feedback from wearable devices on cardiometabolic bio-
markers among populations with type 2 diabetes (63),
hypertension (72), cardiovascular diseases (40, 41, 45, 54,
62), and chronic diseases (51, 53). After considering the
overlapping studies (40, 41, 67, 69, 73, 77) and focusing
only on RCTs that used the wrist wearable device-
assisted interventions, we were able to meta-analyze
information from eight systematic reviews. Among indi-
viduals with type 2 diabetes, interventions incorporating
wrist-wearable feedback yield a large positive effect on
diastolic blood pressure (SMD = —1.18; 95% Cl: —2.02
to —0.34; P = 48.13%) and fasting glucose (SMD = —1.63;
95% Cl: —3.22 to —0.03; 12 = 89.93%) decrease in com-
parison to control group with no evidence of excess sig-
nificant results. No differences were seen in body weight,
glycated hemoglobin, systolic blood pressure, and blood
lipids, TABLE 2. Based on five meta-analyses including a
limited number of RCTs, the feedback from wrist-worn
wearables did not yield significant differences in body
composition parameters among individuals with cardio-
vascular disease in comparison to control intervention
(TABLE 2). On the original study level, four RCTs (57%)
identified across three systematic reviews showed
improvement in anthropometrics in intervention versus
controls; others showed no differences. Further below,
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we provide a brief overview of the findings from reviews
that were not included in our meta-analyses.

A systematic review by Ashur et al. (41) explored the
effectiveness of wrist-worn wearable activity monitors in
individuals undergoing cardiac rehabilitation, and only a
single RCT met our inclusion criteria. Blood pressure
and anthropometrics were similar between the interven-
tion group (physical activity regime with weekly feed-
back to study participants) and usual care at baseline
and remained stable during the follow-up period (85). A
systematic review by Treadwell et al. (72) studied the
effectiveness of continuous blood pressure monitoring
on several health outcomes in people with hypertension.
Only a single pilot RCT met our inclusion criteria. In both,
intervention group (incorporating blood pressure moni-
toring using the wrist-cuff blood pressure monitor) and
the control group (with no blood pressure monitoring),
modest linear reductions in systolic and diastolic blood
pressure were observed after 6 mo, and there was no
statistically significant difference between the two
groups (86). A systematic review by Sharp et al. (65)
summarized the evidence about the effectiveness of
interventions to manage gestational weight gain in preg-
nant women. Among the three eligible RCTs, none
showed differences in gestational weight gain between
intervention and control groups (87-89).

3.5. Other Health Outcomes

Among the included systematic reviews, 13 explored the
role of wearables on quality of life (QoL), physiological
distress, pain management, and functioning across vari-
ous populations and predominantly involving individuals
with cardiometabolic diseases (40, 43, 45, 49, 50, 54,
59, 60, 62, 66, 68, 72, 90). Since the number of original
studies identified across systematic reviews was limited,
here we summarize the evidence from original trials
identified across the above-mentioned systematic reviews.
Two RCTs comparing home-based telerehabilitation with
wearable-based feedback to regular outpatient training for
cardiac rehabilitation patients showed significant improve-
ments in exercise capacity and QoL (91, 92). However,
a separate 3-mo study found that while a home-based
intervention with wearable feedback improved exercise
capacity, it did not significantly impact QoL (85). For heart
failure patients, the HeartMan intervention, which incor-
porated sporadic blood pressure monitoring with patient
feedback, demonstrated improved self-care behavior
compared to standard care (93). Similarly, a 6-mo mobile
health intervention for hypertension self-monitoring led to
improvements in systolic blood pressure and medication
adherence self-efficacy (86). A pilot RCT comparing
smartwatch-based exercise interventions with and with-
out activity trackers showed no changes in QoL among

Physiol Rev . VOL 106 - APRIL 2026

cancer survivors (94). Another study found significant
improvements in cognitive function and physical activity
among breast cancer survivors who monitored their activ-
ity levels as compared to the usual care group (95). For
individuals with knee osteoarthritis, a multifaceted weara-
ble-based program did not yield changes in depressive
symptoms (96). In the surgical realm, activity trackers
showed promise in enhancing perioperative mobilization
after laparoscopic and gynecologic surgeries. These
interventions were associated with increased physical
activity and, in some cases, lower morbidity and but there
was no link with shorter hospital stay (78—80).

Further, Eboreime et al. (50), Oliveira et al. (60), Ocagli
et al. (59), and Davergne et al. (90) summarized the evi-
dence on wearable activity monitors on mobility in
patients with musculoskeletal, rheumatoid, and inflamma-
tory diseases. Eighty percent (n=4) of RCTs identified
across those systematic reviews showed improvement in
pain after complex interventions incorporating wearable-
based feedback, while no benefits of simple (single-com-
ponent interventions) were reported (TABLE 3). In particu-
lar, wearable-activity monitor-assisted intervention led to
improvement in pain and perceived walking habits in
patients with rheumatoid arthritis and systemic lupus ery-
thematosus, and improved physical activity in those with
knee osteoarthritis (96, 97). Further, the use of a novel
smartphone app in conjunction with a wearable activity
monitor provided additional improvement on mobility
parameters and pain with walking in the 6-min walk test in
patients with knee osteoarthritis who were treated with
hylan G-F 20 (injection into the knee joint meant to lubri-
cate and cushion the joint) (98). Wearables-based walking
intervention in addition to the usual physiotherapy care in
individuals with low back pain with medium or high risk of
chronicity improved pain symptoms in comparison to
usual physiotherapy care (99).

3.6. Other Wearable Devices

In addition to the main focus of our umbrella review, we
identified 70 potentially relevant systematic reviews
examining wearable devices worn on various body parts
other than the wrist such as pedometers or continuous
glucose monitoring sensors. About half of these system-
atic reviews focused on glucose monitoring and out-
comes (n=33; 47.1%). Other topics considered were
physical activity or cardiorespiratory fitness (n=14;
20.%), weight management (n=6; 8.5%), functioning
and quality of life (n=8; 11.4%), blood pressure regula-
tion (n=3; 4.3%), and other outcomes (n=26; 8.5%).
Since those sensors are worn on locations like the hip or
upper arm, they were not included in the current
umbrella review due to our specific focus on wrist-worn
devices. For a descriptive summary of these articles,

959

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!



¢) GLISIC ET AL.

please consult Supplemental Table S3. This summary
outlines the research questions addressed, the types of
wearable devices used, and the primary outcomes inves-
tigated in each study.

4. DISCUSSION

This umbrella review summarizes the effectiveness of
interventions incorporating feedback from wrist-worn
wearable devices. This study analyzed 39 systematic
reviews with evidence from 97 interventional studies.
Most of the systematic reviews addressed physical activ-
ity outcomes and found that complex lifestyle/behavioral
interventions incorporating feedback from wrist-weara-
ble activity trackers consistently outperformed controls
for physical activity outcomes with moderate to large
effect sizes. Fewer systematic reviews addressed cardi-
ometabolic risk markers, and the effect sizes were
smaller, and often nonsignificant. Only a few systematic
reviews addressed psychosocial outcomes, and the evi-
dence on the effect of wrist-wearables feedback on
quality of life, depression/anxiety, and pain was limited
and often inconstant. There is a high heterogeneity
across studied interventions, control groups, type of per-
sonalized feedback, and underlying populations, which
limits the generalizability of those findings.

4.1. Strengths and Limitations of Current Umbrella
Review

To our knowledge, this is the first umbrella review regard-
ing the effectiveness of wrist wearable devices-based
interventions to improve very diverse types of health out-
comes ranging from health promotion to disease risk,
recovery or prognosis. When interpreting our findings, it is
important to consider the inherent limitations of umbrella
reviews. These include reliance on the quality of the
included systematic reviews and the potential omission of
relevant new studies or reviews that had not yet been
published at the time of our search. Additionally, variations
in study populations, interventions, outcomes, and meth-
odologies across the included reviews can hinder the abil-
ity to draw clear and generalizable conclusions.

To enhance the reliability of our findings, we employed
a highly sensitive search strategy to identify as many rele-
vant studies as possible. Where feasible, we conducted
meta-analyses using standardized research methods and
cross-checked the original studies included in the sys-
tematic reviews. To focus on the role of wearable feed-
back as an active intervention component, we restricted
inclusion to studies in which wearables were used to
deliver feedback. In contrast, we excluded studies where
wearables were only used to measure exposure or
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outcomes in both intervention and control groups.
However, we acknowledge a key methodological chal-
lenge: it remains unclear whether the use of wearables
solely for measurement may influence the effectiveness
of a behavioral intervention. In theory, wearable feedback
could enhance a well-designed intervention, while having
little to no impact in a control condition with poor engage-
ment or support. Disentangling such potential augmenta-
tion effects is difficult, especially when both groups use
the same devices, and it is often not possible to deter-
mine whether wearable data were used equally by partic-
ipants in both arms.

In our narrative synthesis, we distinguished between
studies employing complex behavioral interventions
with personalized wearable feedback and those using
simpler, single-component interventions (e.g., physical
activity prescriptions) paired with wearable feedback.
Notably, no study evaluated the isolated effectiveness
of wearable devices alone. In most cases, wearables
were embedded within broader behavioral strategies
that also included educational, motivational, or lifestyle
components. For wearable feedback to be effective,
users must understand and act upon the information,
often requiring additional support or interaction. As
such, isolating the independent effect of wearables
remains methodologically challenging and most likely
not feasible with the current evidence base.

4.2. Behavioral, Physiological, and Clinical
Relevance

Wearables align closely with the Oinas-Kukkonen con-
cept of behavior change support systems (100). These
devices serve as digital companions in the journey
toward better well-being, providing tools that cater to vari-
ous stages of behavioral modification. For instance, wear-
ables excel in reinforcing positive behaviors by gamifying
exercise through detailed workout histories and perform-
ance metrics, making fitness routines more appealing
and sustainable. This multifaceted approach allows users
to actively engage in their health improvement, whether
they are initiating new healthy habits, modifying existing
ones, or maintaining positive behaviors already in place
(100). Wearable devices are increasingly equipped with
integrated behavior change strategies designed to
actively motivate users toward healthier habits. Common
features include goal setting, which allows users to estab-
lish personalized targets; prompts and cues that provide
timely reminders to stay on track; rewards that recognize
achievements and make the journey enjoyable; and
social support mechanisms that foster community (101).
This is evident in the existing literature. The interventions
that were involved in the eligible studies were rather com-
plex and heterogeneity stemmed from various factors
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intrinsic to the intervention, such as the number of com-
ponents, the diversity of behaviors addressed, the exper-
tise and skills demanded from both the deliverers and
recipients of the intervention, or the allowable level of
flexibility in the intervention or its components and weara-
ble feedback delivery elements (i.e., characteristics of the
feedback message, variations in feedback frequency, its
content or user-interface complexity).

The use of wearable devices not only supports
behavior change but also has significant physiological
implications. The continuous monitoring provided by
wearables enables real-time insights into fundamental
physiological systems such as cardiovascular regula-
tion, metabolic homeostasis, and circadian biology
(102, 103). For example, wearables that track heart rate
variability offer insights into autonomic nervous system
regulation, which can reveal how the body adapts to
stress and recovery (104). Similarly, devices that moni-
tor physical activity and sleep patterns contribute to a
better understanding of metabolic processes, including
energy expenditure and glucose regulation, as well as
diurnal patterns, which are critical for overall health and
well-being (105). Wearables further provide valuable
data on the dynamic interplay between physiological
systems, allowing researchers to identify patterns of
variability that may signal early signs of disease or
health deterioration (106). For instance, the integration
of activity tracking with heart rate data may reveal how
exercise impacts cardiovascular health, while sleep-
monitoring wearables could inform our understanding
of circadian misalignment and its effects on metabolic
function (107, 108).

The results of our meta-analysis on the effectiveness
of wearable activity monitor feedback to improve physi-
cal activity and decrease sedentary time appear robust
and are supported by findings from another umbrella
review (27). Based on a narrative synthesis of 11 RCTs
(78-80, 86, 95, 109-114) that did not contribute to our
meta-analysis, results remained consistent. It appears
that wearable activity monitor feedback either alone or
integrated within complex lifestyle/behavioral interven-
tions improves engagement in physical activity.

In contrast to the clear benefits in behavioral change,
the current evidence does not demonstrate clear, signifi-
cant benefits of interventions incorporating wearable
feedback on cardiometabolic disease markers, quality
of life, and other health-related outcomes. This discrep-
ancy could be due to multiple reasons. First, a significant
number of studies were categorized as either pilot or
feasibility studies (n=36; 37.1%). Such trials may be
underpowered to achieve statistical significance at the
commonly used 5% level. However, pilot studies also
tend to be affected more by selective reporting and by
generalizability biases (115, 116). Thus, the published
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literature may present, on average, exaggerated effect
sizes, if anything. Second, the control group consisted of
waiting list/usual care/usual activity patterns/active con-
trol (depending on the context), and the heterogeneity
in underlying control groups can at least partially be
responsible for the lack of intervention effectiveness
observed in some of the trials. Due to the limited number
of RCTs using wrist-worn wearables, we were not able
to perform a subgroup analysis or meaningfully use
meta-regression approaches to explore the sources of
high heterogeneity, which was observed in 35% of the
meta-analyses. Third, nearly all identified studies were
complex, multicomponent interventions, making it diffi-
cult to distinguish the specific influence of the wearable
device itself from that of additional exercise prescrip-
tions and/or educational/motivational strategies on car-
diometabolic disease markers and other outcomes
beyond the increase in physical activity. To address this
literature gap, researchers may consider applying a mul-
tifactorial study design that allows for the assessment of
individual intervention components’ effects, unlike tradi-
tional RCTs that evaluate interventions as a whole. The
multiphase optimization strategy (MOST) framework can
be utilized to develop and optimize multicomponent
interventions (117). Fourth, the duration of follow-up may
have been too limited to demonstrate benefits in hard
outcomes that may take many years to emerge.
However, the same argument (lack of long-term follow-
up) may be raised to question whether the demon-
strated benefits of physical activity would be sustainable
in the long term. Many people use wearables only spor-
adically (118). Long-term use of wearables has been
shown to be associated with using a wider variety of
functions, wearing the wearable every day, being
female, exercising more frequently, having higher edu-
cation, not engaging in step count competition, and not
having chronic conditions (119). Most of these factors
suggest that high-risk populations (e.g., men, sedentary,
lower socioeconomic status, with multiple comorbidities)
may engage less with wearables and thus may be less
likely to reap long-term benefits, even though they might
have benefited the most.

4.3. Extending to Other Wearable Sensors and
Evolving Technologies

Our focus was on wrist-worn wearable devices that pro-
vided feedback on simple metrics such as number of
steps, active time, sedentary time, heart rate, and blood
pressure. There is an increasing number of complex
wearable sensors (worn on other body parts) that mea-
sure physical parameters and biochemical markers
simultaneously. Without doubt, these sensors may play
a significant role in advancing precision medicine by
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enabling measurement of clinically relevant parameters.
However, their use beyond exploratory research pur-
poses, particularly in the context of personalized feed-
back to users, remains challenging, as they often
provide sophisticated data that may be difficult for users
to interpret (120). While wearable technology has greatly
enhanced our ability to collect a diverse array of physio-
logical data, our capacity to interpret this data through
algorithms remains significantly behind (1). Researchers
are actively developing advanced methods for continu-
ous time series data analysis and sensor fusion, which
aim to integrate multiple sensor types for a more com-
prehensive understanding of health. These efforts are
crucial for translating raw data into actionable health
insights, addressing the current limitations in algorithmic
interpretation. In Supplemental Table S3, we have pro-
vided a summary of an additional 70 potentially eligible
systematic reviews focusing on other wearable technolo-
gies (beyond wrist-worn sensors). The existing umbrella
reviews fail to differentiate between interventions that
integrate wearable feedback and those that use wear-
ables solely for intervention or outcome monitoring (25,
26, 121-123). Thus, it would be beneficial to incorporate
this literature into a comprehensive umbrella review once
the field becomes more mature.

4.4. Conclusions

Lifestyle and behavioral interventions that incorporate
feedback from wrist-worn wearable activity trackers are
effective in increasing physical activity across diverse
populations, including individuals of older age, with can-
cer, and with obesity. Consequently, programs aimed at
stimulating physical activity may benefit from integrating
these devices. However, the impact of such interven-
tions on health-related clinical outcomes and quality of
life remains unclear. Future studies with sufficient statis-
tical power and long-term follow-up are needed to
address current methodological limitations and to clarify
the extent to which wearable-guided interventions trans-
late into sustained health benefits. In addition, further
research should examine how tailored applications or
feedback mechanisms may optimize user motivation
and interpretation of the data. Finally, considerations
of data privacy and security are essential, as these
devices often connect to third-party applications and
cloud-based services, the risk of unauthorized access
or misuse of health-related information exists. While
this study focused on the health-promoting potential
of wearable devices, future research and policy dis-
cussions should also consider the development of
robust data protection standards and transparent gov-
ernance frameworks to ensure the safe use of weara-
ble-derived data.
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APPENDIX A: SEARCH STRATEGY USED IN
CURRENT UMBRELLA REVIEW

The date of the last run search was March 18th, 2025.
Information sources and content coverage dates
were as follows:

7) MEDLINE (R) ALL (Ovid), Coverage 1946 to Present;
2) Embase (Ovid), Coverage 1974 to Present;
3) Cochrane Library (Wiley), Coverage, 1996 to Present;
and
4) Web of Science, Coverage, 1900 to Present.

The search strategy and deduplication process were
as follows.

The literature search was performed by combining
controlled vocabulary terms (e.g., MeSH, EMTREE) and
free text terms for the following concepts: wearable
electronic devices, wireless technology, monitoring,
telemetry, accelerometry, fitness trackers, blood pres-
sure monitoring, and glucose monitoring. No language
or date limits were applied. Filters for systematic review
and meta-analysis were implemented in all databases.
Search strategies were translated accordingly for each
information source. Duplicates were removed with
Deduklick, a fully automated deduplication software,
and complemented with the duplicate function of
EndNote. A new total of 7,710 records were prepared
for screening (124).

A1. MEDLINE (R) ALL (Ovid)

Ovid MEDLINE(R) ALL <1946 to October 13rd, 2023>
n=3866

1) Wearable Electronic Devices/ 7974

2) Wireless Technology/ 4705

3) Monitoring, Physiologic/ 58822

4) (health monitor* or health watch or mobile health
technolog* or (wireless adj3 technology) or mobile
electrochemical or (patch* adj1 (skin or epidermal)) or
(smart adj1 (band or device? or patch* or watch)) or
smartband or smartpatch or smartwatch or wearable*
or (wireless adj1 sensor?) or (wrist adj2 (band or watch
or strap or worn or bracelets)) or wristband or wrist-
watch or arm band or armband or arm-band or (mon-
itor* adj2 (nutrition or intake or physiologic*))).tw.
45457
exp telemetry/ 15236
(telemetr* or (remote adj2 sensing)).tw. 21757
Accelerometry/ 7618
(acceleromet* or (step? adj1 count*) or step-based or
telesensing or workout tracking or gyroscopes or
magnetometers or (activit* adj1 (monitor* or tracker*
or device-derived or device-measured))).tw. 31908
9) Actigraphy/ 4772

NSO
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1)
12)

13)
14)

15)
16)

17)

18)
19)

20)
21
22)
23)

24)
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(actigraph? or polysomnogra* or (sleep* adj3 (track*
or self-monitor* or self monitor*))).tw. 31753

Fitness Trackers/ 1141

((fitness adj2 (monitor* or tracker?)) or (activity* adj2
tracker?) or pedomet*).tw. 4546

blood glucose self-monitoring/ 10006

((glucose or sugar) adj3 (self-monitor* or self monitor*
or sensing)).tw. 6156

Blood Pressure Monitors/or Blood Pressure Monitoring,
Ambulatory/ 13917

(blood pressure adj2 (watch-type or wrist-type or self-
monitor* or self monitor* or monitor*)).tw. 12852
(amazfit or athos or apple watch or biostrap or emfit
or fitbit or garmin or huawei or hexoskin or nike fuel-
band or myontec or omron heartguide or samsung or
suunto or xiaomi or withings).tw. 3494

or/1-17226288

Systematic Review/or Systematic Reviews as Topic/or
Meta-Analysis/or Meta-Analysis as Topic/ 352099
((systematic* adj3 review*) or meta-analy* or meta-
analy*).ab,ti. 457134

or/19-20 494125

and/18,213886

(exp animals/or animal experimentation/or models, ani-
mal/or exp plants/or exp fungi/) not humans/ 5592042
22 not 23 3866

Embase (Ovid)

Embase <1974 to October 13rd, 2023> n=6291

)
2)
3)
4)

5)

8)

9)
10)

11)
12)

13)
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exp wearable computer/ 9026

wireless communication/ 7714

physiologic monitoring/ 6863

(health monitor* or health watch or mobile health tech-
nolog* or (wireless adj3 technology) or mobile electro-
chemical or (patch* adj1 (skin or epidermal)) or (smart
adj1 (band or device? or patch* or watch)) or smartband
or smartpatch or smartwatch or wearable* or (wireless
adj1 sensor?) or (wrist adj2 (band or watch or strap or
worn or bracelets)) or wristband or wristwatch or arm
band or armband or arm-band or (monitor* adj2 (nutri-
tion or intake or physiologic*))).ti,ab. 52143
telemetry/or remote sensing/ 36255

(telemetr* or (remote adj2 sensing)).ti,ab. 26549
accelerometry/ 10126

(acceleromet* or (step? adj1 count*) or step-based or
telesensing or workout tracking or gyroscopes or
magnetometers or (activit* adj1 (monitor* or tracker*
or device-derived or device-measured))).ti,ab. 40365
actimetry/ 12260

(actigraph? or polysomnogra* or (sleep* adj3 (track*
or self-monitor* or self monitor*))).ti,ab. 55691

exp activity tracker/ 5076

((fitness adj2 (monitor* or tracker?)) or (activity* adj2
tracker?) or pedomet*).ti,ab. 6217

blood glucose monitoring/ 36721
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14)

15)
16)

17)

18)
19)
20)

21)

22)
23)

24)

A3.

((glucose or sugar) adj3 (self-monitor* or self monitor*
or sensing)).ti,ab. 8448

blood pressure monitor/ 3863

(blood pressure adj2 (watch-type or wrist-type or self-
monitor* or self monitor* or monitor*)).ti,ab. 20921
(amazfit or athos or apple watch or biostrap or emfit
or fitbit or garmin or huawei or hexoskin or nike fuel-
band or myontec or omron heartguide or samsung or
suunto or xiaomi or withings).ti,ab. 6286
or/1-17265856

Systematic Review/or Meta-Analysis/ 561784
((systematic* adj3 review*) or meta-analy* or meta-
analy*).ab,ti. 572086

or/19-20711284

and/18,216346

(exp animal/or exp animal experiment/or exp animal
model/or exp plant/or exp fungus/or (rat or rats or ani-
mal? or mouse or mice or “in vivo” or rabbit? or murine?
or pig or pigs or dog or dogs or bovine? or fish* or
fishes or vertebrate? or cat or cats or rodent? or mam-
mal? or chicken? or monkey? or sheep or canine? or
porcine? or cattle or bird? or hamster? or primate? or
salmon).ti,ab,kw.) not exp human/ 7036068

22 not 236291

Cochrane Library (Wiley)

Advanced Search Mode
Cochrane reviews 1996 to October 13rd, 2023>
n=97

#1)
#2)
#3)
#4)
#5)

#6)

#7)

#8)
#9)
#10)

#11)

#12)

MeSH descriptor: [Wearable Electronic Devices]
explode all trees 841

MeSH descriptor: [Wireless Technology] this term
only 62

(digital NEAR/3 monitor*):ti,ab,kw 399

((health or digital) NEAR/4 watch):ti,ab,kw 86
(wireless NEAR/6 (technology or sensor¥*)):ti,ab,kw
261

((smart NEAR/1 (band or device? or patch* or watch))
or smartband or smartwatch or wearable*):ti,ab,kw
2700

((wrist NEAR/2 (band or watch or strap or worn or
bracelets)) or wristband or wristwatch or arm band or
armband or arm-band or (monitor* NEAR/2 (nutrition
or intake or physiologic*))):ti,ab,kw 4921

MeSH descriptor: [Telemetry] explode all trees 378
(telemetr* or (remote NEAR/2 sensing)):ti,ab,kw 1384
MeSH descriptor: [Accelerometry] explode all trees
1326

(acceleromet* or (step? NEAR/1 count*) or step-based
or telesensing or workout tracking or gyroscopes or
magnetometers or (activit* NEAR/1 (monitor* or
tracker* or device-derived or device-measured))):ti,ab,
kw 8488

MeSH descriptor: [Actigraphy] explode all trees 630
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#13) (actigraph? or polysomnogra* or (sleep* NEAR/3
(track* or self-monitor* or self monitor*))).ti,ab,kw 11418

#14) MeSH descriptor: [Fitness Trackers] explode all trees
197

#15) ((fitness NEAR/2 (monitor* or tracker?)) or (activity*
NEAR/2 tracker?) or pedomet*):ti,ab,kw 3022

#16) MeSH descriptor: [Blood Glucose Self-Monitoring]
explode all trees 1273

#17) ((glucose or sugar) NEAR/3 (self-monitor* or self
monitor* or sensing)):ti,ab,kw 7958

#18) MeSH descriptor: [Blood Pressure Monitoring,
Ambulatory] explode all trees 1793

#19) (blood pressure NEAR/2 (watch-type or wrist-type or
self-monitor* or self monitor* or monitor*)):ti,ab,kw
1532

#20) (amazfit or athos or apple watch or biostrap or
emfit or fitbit or garmin or huawei or hexoskin or
nike fuelband or myontec or omron heartguide or
samsung or suunto or xiaomi or withings):ti,ab,kw
1558

#21) {OR #1-#20}46792

In Cochrane Reviews 97

A4. Web of Science

Advanced Search Mode
Web of Science 1900 to October 13rd, 2023> n=1108
1) TS=(wearable NEAR/2 device*) 26369

2) TI=(((smart or wrist) NEAR/1 (band or device* or watch
or strap or worn or bracelets)) or wristband or wrist-
watch) 3967

3) AB=(((smart or wrist) NEAR/1 (band or device* or
watch or strap or worn or bracelets)) or wristband or
wristwatch) 21277

4) TS=(telemetr*)31507

5) TI=((remote NEAR/2 sensing) or telemetr*) 55060

6) AB=((remote NEAR/2 sensing) or telemetr*) 139645

7) TS=(accelerometr*) 8820

8) Tl=((step? NEAR/1 count*) or ((fitness or activit*)
NEAR/1 (monitor* or tracker* or device-derived or
device-measured))) 4333

9) AB=((step? NEAR/1 count*) or ((fitness or activit*)
NEAR/1 (monitor* or tracker* or device-derived or
device-measured))) 22542

10) TS=(((blood pressure) NEAR/2 (self monitoring)) OR
((glucose) NEAR/2 (self monitoring))) 3414

1) Tl=(((blood pressure) NEAR/2 (self monitoring)) OR
((glucose) NEAR/2 (self monitoring))) 1254

12) AB=(((blood pressure) NEAR/2 (self monitoring)) OR
((glucose) NEAR/2 (self monitoring))) 2433

13) #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5
OR #4 OR #3 OR #2 OR #1248067

14) Tl=(((systematic* NEAR/2 review*) OR meta-analy*
OR metaanaly*)) 400530

15) #14 AND #13 1108

964

CORRESPONDENCE

J. P. A. loannidis (jioannid@stanford.edu).

SUPPLEMENTAL MATERIAL

Supplemental Tables S1-S3: https://doi.org/10.6084/m9.figshare.
31100629.

Supplemental Material S1: https://doi.org/10.6084/m9 figshare.
30931928.

Supplemental Material S2: https://doi.org/10.6084/m9.figshare.
30932180.

DISCLOSURES

M. P. Turakhia is an employee of iRhythm Technologies, Inc.
T. Muka serves as a cofounder and CEO at Epistudia, GmbH. No
conflicts of interest, financial or otherwise, are declared by the
other authors.

John loannidis is an editor of Physiological Reviews and was
not involved and did not have access to information regarding
the peer-review process or final disposition of this article. An
alternate editor oversaw the peer-review and decision-making
process for this article.

AUTHOR CONTRIBUTIONS

S.S. prepared figures; M.G., A.L.,, T.M., and J.P.A.l. drafted
manuscript; M.G., A.L., S.S,, E.L., ZM.R.-D., P.F.R,, LK., LW,
M.P.T., E.A., and T.M. edited and revised manuscript; M.G., A.L.,
SS.,EL, ZMR.-D, PFR, LK, LW, MP.T,,EA, T.M, and J.P.A.L
approved final version of manuscript.

REFERENCES

1. Nahavandi D, Alizadehsani R, Khosravi A, Acharya UR. Application
of artificial intelligence in wearable devices: opportunities and chal-
lenges. Comput Methods Programs Biomed 213: 106541, 2022.
doi:10.1016/j.cmpb.2021.106541.

2. Farivar S, Abouzahra M, Ghasemaghaei M. Wearable device
adoption among older adults: a mixed-methods study. Int J Inf
Manage 55: 102209, 2020. doi:10.1016/j.ijinfomgt.2020.10
22009.

3.  Finkelstein EA, Haaland BA, Bilger M, Sahasranaman A, Sloan RA,
Nang EE, Evenson KR. Effectiveness of activity trackers with and
without incentives to increase physical activity (TRIPPA): a rando-
mised controlled trial. Lancet Diabetes Endocrinol 4: 983-995,
2016. doi:10.1016/52213-8587(16)30284-4.

4. Jo A, Coronel BD, Coakes CE, Mainous AG. Is there a benefit to
patients using wearable devices such as Fitbit or health apps on
mobiles? A systematic review. Am J Med 132: 1394-1400.e1, 2019.
doi:10.1016/j.amjmed.2019.06.018.

5. Li X, Dunn J, Salins D, Zhou G, Zhou W, Schissler-Fiorenza Rose
SM, Perelman D, Colbert E, Runge R, Rego S, Sonecha R, Datta S,
McLaughlin T, Snyder MP. Digital health: tracking physiomes and
activity using wearable biosensors reveals useful health-related
information. PLoS Biol 15: €2001402, 2017. doi:10.1371/journal.pbio.
2001402.

Physiol Rev . VOL 106 - APRIL 2026

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!


mailto:jioannid@stanford.edu
https://doi.org/10.6084/m9.figshare.31100629
https://doi.org/10.6084/m9.figshare.31100629
https://doi.org/10.6084/m9.figshare.30931928
https://doi.org/10.6084/m9.figshare.30931928
https://doi.org/10.6084/m9.figshare.30932180
https://doi.org/10.6084/m9.figshare.30932180
https://doi.org/10.1016/j.cmpb.2021.106541
https://doi.org/10.1016/j.ijinfomgt.2020.102209
https://doi.org/10.1016/j.ijinfomgt.2020.102209
https://doi.org/10.1016/s2213-8587(16)30284-4
https://doi.org/10.1016/j.amjmed.2019.06.018
https://doi.org/10.1371/journal.pbio.2001402
https://doi.org/10.1371/journal.pbio.2001402

10.

.

12.

13.

14.

15.

16.

17.

18.

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!

¢) UMBRELLA REVIEW: WRIST-WORN WEARABLES AND HEALTH OUTCOMES

Lim WK, Davila S, Teo JX, Yang C, Pua CJ, Blocker C, Lim JQ, Ching
J,Yap JL, Tan SY, Sahlén A, Chin CW, Teh BT, Rozen SG, Cook SA,
Yeo KK, Tan P. Beyond fitness tracking: the use of consumer-grade
wearable data from normal volunteers in cardiovascular and lipido-
mics research. PLoS Biol 16: €2004285, 2018. doi:10.1371/journal.
pbio.2004285.

Tison GH, Sanchez JM, Ballinger B, Singh A, Olgin JE, Pletcher MJ,
Vittinghoff E, Lee ES, Fan SM, Gladstone RA, Mikell C, Sohoni N,
Hsieh J, Marcus GM. Passive detection of atrial fibrillation using a
commercially available smartwatch. JAMA Cardiol 3: 409-416,
2018. doi:10.1001/jamacardio.2018.0136.

Mishra T, Wang M, Metwally AA, Bogu GK, Brooks AW, Bahmani A,
Alavi A, Celli A, Higgs E, Dagan-Rosenfeld O, Fay B, Kirkpatrick S,
Kellogg R, Gibson M, Wang T, Hunting EM, Mamic P, Ganz AB,
Rolnik B, Li X, Snyder MP. Pre-symptomatic detection of COVID-19
from smartwatch data. Nat Biomed Eng 4: 1208-1220, 2020.
doi:10.1038/541551-020-00640-6.

Fuller D, Colwell E, Low J, Orychock K, Tobin MA, Simango B, Buote
R, Van Heerden D, Luan H, Cullen K, Slade L, Taylor NG. Reliability
and validity of commercially available wearable devices for meas-
uring steps, energy expenditure, and heart rate: systematic review.
JMIR Mhealth Uhealth 8: €18694, 2020. doi:10.2196/18694.

Leroux A, Rzasa-Lynn R, Crainiceanu C, Sharma T. Wearable devi-
ces: current status and opportunities in pain assessment and man-
agement. Digit Biomark 5: 89-102, 2021. doi:10.1159/000515576.

Burnham JP, Lu C, Yaeger LH, Bailey TC, Kollef MH. Using wearable
technology to predict health outcomes: a literature review. J Am
Med Inform Assoc 25:1221-1227, 2018. doi:10.1093/jamia/ocy082.

Del-Valle-Soto C, Lépez-Pimentel JC, Vazquez-Castillo J, Nolazco-
Flores JA, Veldzquez R, Varela-Aldas J, Visconti P. A comprehen-
sive review of behavior change techniques in wearables and loT:
implications for health and well-being. Sensors 24: 2429, 2024.
doi:10.3390/524082429.

Zhang Y, Weaver RG, Armstrong B, Burkart S, Zhang S, Beets MW.
Validity of Wrist-Worn photoplethysmography devices to measure
heart rate: a systematic review and meta-analysis. J Sports Sci 38:
2021-2034, 2020. doi:10.1080/02640414.2020.1767348.

Chandrasekaran R, Katthula V, Moustakas E. Patterns of use and
key predictors for the use of wearable health care devices by US
adults: insights from a national survey. J Med Internet Res 22:
22443, 2020. doi:10.2196/22443.

Grand View Research. Wearable Medical Devices Market (2025—
2030). https://www.grandviewresearch.com/industry-analysis/
wearable-medical-devices-market.

Huhn S, Axt M, Gunga HC, Maggioni MA, Munga S, Obor D, Sié A,
Boudo V, Bunker A, Sauerborn R, Barnighausen T, Barteit S. The
impact of wearable technologies in health research: scoping
review. JMIR Mhealth Uhealth 10: €34384, 2022. doi:10.2196/
34384.

Kobsar D, Charlton JM, Tse CT, Esculier JF, Graffos A, Krowchuk
NM, Thatcher D, Hunt MA. Validity and reliability of wearable inertial
sensors in healthy adult walking: a systematic review and meta-
analysis. J Neuroeng Rehabil 17: 62, 2020. doi:10.1186/512984-
020-00685-3.

Poitras I, Dupuis F, Bielmann M, Campeau-Lecours A, Mercier C,
Bouyer LJ, Roy JS. Validity and reliability of wearable sensors for
joint angle estimation: a systematic review. Sensors (Basel) 19:
1555, 2019. doi:10.3390/519071555.

Physiol Rev . VOL 106 - APRIL 2026

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Rast FM, Labruyere R. Systematic review on the application of
wearable inertial sensors to quantify everyday life motor activity in
people with mobility impairments. J Neuroeng Rehabil 17: 148,
2020. doi:10.1186/512984-020-00779-y.

Poitras |, Bielmann M, Mercier C, Bouyer LJ, Roy JS. Criterion valid-
ity of wearable sensors in lower limb joint angle estimation: a sys-
tematic review. Ann Phys Rehabil Med 61: e441-e442, 2018.
doi:10.1016/j.rehab.2018.05.1027.

Jourdan T, Debs N, Frindel C. The contribution of machine learning
in the validation of commercial wearable sensors for gait monitoring
in patients: a systematic review. Sensors (Basel) 21: 4808, 2021.
doi:10.3390/521144808.

Singh B, Chastin S, Miatke A, Curtis R, Dumuid D, Brinsley J,
Ferguson T, Szeto K, Simpson C, Eglitis E, Willems |, Maher C. Real-
world accuracy of wearable activity trackers for detecting medical
conditions: systematic review and meta-analysis. JMIR Mhealth
Uhealth 12: €56972, 2024. doi:10.2196/56972.

Haberlin C, O’Dwyer T, Mockler D, Moran J, O’'Donnell DM,
Broderick J. The use of eHealth to promote physical activity in can-
cer survivors: a systematic review. Support Care Cancer 26: 3323-
3336, 2018. doi:10.1007/s00520-018-4305-z.

Doherty C, Baldwin M, Keogh A, Caulfield B, Argent R. Keeping
pace with wearables: a living umbrella review of systematic reviews
evaluating the accuracy of consumer wearable technologies in
health measurement. Sports Med 54: 2907-2926, 2024. doi:10.
1007/s40279-024-02077-2.

Warrington DJ, Shortis EJ, Whittaker PJ. Are wearable devices
effective for preventing and detecting falls: an umbrella review (a
review of systematic reviews). BMC Public Health 21: 2091, 2021.
doi:10.1186/s12889-021-12169-7.

Longhini J, Marzaro C, Bargeri S, Palese A, Dell’lsola A, Turolla A,
Pillastrini P, Battista S, Castellini G, Cook C, Gianola S, Rossettini G.
Wearable devices to improve physical activity and reduce seden-
tary behaviour: an umbrella review. Sports Med Open 10: 9, 2024.
doi:10.1186/s40798-024-00678-9.

Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K,
Dumuid D, Kasai D, O’Connor E, Virgara R, Maher C. Effectiveness
of wearable activity trackers to increase physical activity and
improve health: a systematic review of systematic reviews and
meta-analyses. Lancet Digit Health 4: e615-e26, 2022. doi:10.
1016/S2589-7500(22)00111-X.

Duarte JP, Fernandes RJ, Silva G, Sousa F, Machado L, Pereira JR,
Vilas-Boas JP. Lower limbs wearable sports garments for muscle
recovery: an umbrella review. Healthcare (Basel) 10: 1552, 2022.
doi:10.3390/healthcare10081552.

Edwards D, Williams J, Carrier J, Davies J. Technologies used to
facilitate remote rehabilitation of adults with deconditioning, muscu-
loskeletal conditions, stroke, or traumatic brain injury: an umbrella
review. JBI Evid Synth 20: 1927-1968, 2022. doi:10.11124/jbies-21-
00241.

Félix J, Moreira J, Santos R, Kontio E, Pinheiro AR, Sousa AS.
Health-related telemonitoring parameters/signals of older adults:
an umbrella review. Sensors (Basel) 23: 796, 2023. doi:10.3390/
$23020796.

Germini F, Noronha N, Borg Debono V, Abraham Philip B, Pete D,
Navarro T, Keepanasseril A, Parpia S, de Wit K, lorio A. Accuracy
and acceptability of wrist-wearable activity-tracking devices: sys-
tematic review of the literature. J Med Internet Res 24: e30791,
2022. doi:10.2196/30791.

965


https://doi.org/10.1371/journal.pbio.2004285
https://doi.org/10.1371/journal.pbio.2004285
https://doi.org/10.1001/jamacardio.2018.0136
https://doi.org/10.1038/s41551-020-00640-6
https://doi.org/10.2196/18694
https://doi.org/10.1159/000515576
https://doi.org/10.1093/jamia/ocy082
https://doi.org/10.3390/s24082429
https://doi.org/10.1080/02640414.2020.1767348
https://doi.org/10.2196/22443
https://www.grandviewresearch.com/industry-analysis/wearable-medical-devices-market
https://www.grandviewresearch.com/industry-analysis/wearable-medical-devices-market
https://doi.org/10.2196/34384
https://doi.org/10.2196/34384
https://doi.org/10.1186/s12984-020-00685-3
https://doi.org/10.1186/s12984-020-00685-3
https://doi.org/10.3390/s19071555
https://doi.org/10.1186/s12984-020-00779-y
https://doi.org/10.1016/j.rehab.2018.05.1027
https://doi.org/10.3390/s21144808
https://doi.org/10.2196/56972
https://doi.org/10.1007/s00520-018-4305-z
https://doi.org/10.1007/s40279-024-02077-2
https://doi.org/10.1007/s40279-024-02077-2
https://doi.org/10.1186/s12889-021-12169-7
https://doi.org/10.1186/s40798-024-00678-9
https://doi.org/10.1016/S2589-7500(22)00111-X
https://doi.org/10.1016/S2589-7500(22)00111-X
https://doi.org/10.3390/healthcare10081552
https://doi.org/10.11124/jbies-21-00241
https://doi.org/10.11124/jbies-21-00241
https://doi.org/10.3390/s23020796
https://doi.org/10.3390/s23020796
https://doi.org/10.2196/30791

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

966

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!

¢) GLISIC ET AL.

Choi J, Seongcheol K. Is the smartwatch an IT product or a fashion
product? A study on factors affecting the intention to use smart-
watches. Comp Human Behav 63: 777-786, 2016. doi:10.1016/j.
chb.2016.06.007.

Vogels EA. About one-in-five Americans use a smart watch or fitness
tracker. Pew Research Center, 2020. https://www.pewresearch.org/
fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-
watch-or-fitness-tracker/.

Glisic M, Belbasis L, Francis Raguindin P, et al. An Umbrella Review of
Systematic Reviews of the Impact of Wearables on Health Outcomes. Open
Science Framework, 2023.

Lazaros B, Vanesa B, John PA. Conducting umbrella reviews. BMJ
Med 1: e000071, 2022. doi:10.1136/bmjmed-2021-000071.

Gates M, Gates A, Pieper D, Fernandes RM, Tricco AC, Moher D,
Brennan SE, Li T, Pollock M, Lunny C, Sepulveda D, McKenzie JE,
Scott SD, Robinson KA, Matthias K, Bougioukas KI, Fusar-Poli P,
Whiting P, Moss SJ, Hartling L. Reporting guideline for overviews of
reviews of healthcare interventions: development of the PRIOR
statement. BMJ 378: e070849, 2022. doi:10.1136/bmj-2022-
070849.

Goossen K, Hess S, Lunny C, Pieper D. Database combinations to
retrieve systematic reviews in overviews of reviews: a methodologi-
cal study. BMC Med Res Methodol 20: 138, 2020. doi:10.1186/
$12874-020-00983-3.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher
D, Tugwell P, Welch V, Kristjansson E, Henry DA. AMSTAR 2: a criti-
cal appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both. BMJ
358:j4008, 2017. doi:10.1136/bmj.j4008.

AlSwayied G, Guo H, Rookes T, Frost R, Hamilton FL. Assessing the
acceptability and effectiveness of mobile-based physical activity
interventions for midlife women during menopause: systematic
review of the literature. JMIR Mhealth Uhealth 10: e40271, 2022.
doi:10.2196/40271.

Antoniou V, Davos CH, Kapreli E, Batalik L, Panagiotakos DB,
Pepera G. Effectiveness of home-based cardiac rehabilitation, using
wearable sensors, as a multicomponent, cutting-edge intervention:
a systematic review and meta-analysis. J Clin Med 11: 3772, 2022.
doi:10.3390/jcm11133772.

Ashur C, Cascino TM, Lewis C, Townsend W, Sen A, Pekmezi D,
Richardson CR, Jackson EA. Do wearable activity trackers increase
physical activity among cardiac rehabilitation participants? A sys-
tematic review and meta-analysis. J Cardiopulm Rehabil Prev 41:
249-256, 2021. doi:10.1097/HCR.0000000000000592.

Au WW, Recchia F, Fong DY, Wong SH, Chan DK, Capio CM, Yu
CC, Wong SW, Sit CH, Ip P, Chen YJ, Thompson WR, Siu PM. Effect
of wearable activity trackers on physical activity in children and
adolescents: a systematic review and meta-analysis. Lancet Digit
Health 6: €625-e639, 2024. doi:10.1016/s2589-7500(24)00139-0.

Blount DS, McDonough DJ, Gao Z. Effect of wearable technology-
based physical activity interventions on breast cancer survivors’
physiological, cognitive, and emotional outcomes: a systematic
review. J Clin Med 10: 2015, 2021. doi:10.3390/jcm10092015.

Brickwood KJ, Watson G, O’Brien J, Williams AD. Consumer-based
wearable activity trackers increase physical activity participation:
systematic review and meta-analysis. JMIR Mhealth Uhealth 7:
e11819, 2019. doi:10.2196/11819.

Chan C, Sounderajah V, Normahani P, Acharya A, Markar SR, Darzi
A, Bicknell C, Riga C. Wearable activity monitors in home based

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

exercise therapy for patients with intermittent claudication: a sys-
tematic review. Eur J Vasc Endovasc Surg 61: 676-687, 2021.
doi:10.1016/j.ejvs.2020.11.044.

Chaudhry UA, Wahlich C, Fortescue R, Cook DG, Knightly R, Harris
T. The effects of step-count monitoring interventions on physical
activity: systematic review and meta-analysis of community-based
randomised controlled trials in adults. Int J Behav Nutr Phys Act 17:
129, 2020. doi:10.1186/512966-020-01020-8.

Cheatham SW, Stull KR, Fantigrassi M, Motel I. The efficacy of wear-
able activity tracking technology as part of a weight loss program: a
systematic review. J Sports Med Phys Fitness 58: 534-548, 2018.
doi:10.23736/S0022-4707.17.07437-0.

Davergne T, Pallot A, Gossec L, Fautrel B. Use of wearable activity
trackers to improve physical activity behaviour in rheumatic condi-
tions-a systematic review. Ann Rheum Dis 77: 1798-1799, 2018.
doi:10.1136/annrheumdis-2018-eular.5084.

Dehghan Ghahfarokhi A, Vosadi E, Barzegar H, Saatchian V. The
effect of wearable and smartphone applications on physical activity,
quality of life, and cardiovascular health outcomes in overweight/
obese adults: a systematic review and meta-analysis of randomized
controlled trials. Biol Res Nurs 24: 503-518, 2022. doi:10.1177/
10998004221099556.

Eboreime KO, Hughes JG, Lee R, Luo J. Can wearable device pro-
mote physical activity and reduce pain in people with chronic mus-
culoskeletal conditions? J Clin Med 14: 1003, 2025. doi:10.3390/
jcm14031003.

Franssen WM, Franssen GH, Spaas J, Solmi F, Eijnde BO. Can con-
sumer wearable activity tracker-based interventions improve physi-
cal activity and cardiometabolic health in patients with chronic
diseases? A systematic review and meta-analysis of randomised
controlled trials. Int J Behav Nutr Phys Act 17: 57, 2020. doi:10.
1186/512966-020-00955-2.

Gal R, May AM, van Overmeeren EJ, Simons M, Monninkhof EM.
The effect of physical activity interventions comprising wearables
and smartphone applications on physical activity: a systematic
review and meta-analysis. Sports Med Open 4: 42, 2018. doi:10.
1186/s40798-018-0157-9.

Gregory ME, Cao W, Rahurkar S, Haroun F, Stock JC, Ghazi SM,
Addison D. Effectiveness of mobile health for exercise promotion
on cardiorespiratory fitness after a cancer diagnosis: a systematic
review and meta-analysis. Cancer Med 13: €7079, 2024. doi:10.
1002/cam4.7079.

Hannan AL, Harders MP, Hing W, Climstein M, Coombes JS,
Furness J. Impact of wearable physical activity monitoring devices
with exercise prescription or advice in the maintenance phase of
cardiac rehabilitation: systematic review and meta-analysis. BMC
Sports Sci Med Rehabil 11: 14, 2019. doi:10.1186/513102-019-0126-8.

Lai MY, Mong MS, Cheng LJ, Lau Y. The effect of wearable-deliv-
ered sleep interventions on sleep outcomes among adults: a sys-
tematic review and meta-analysis of randomized controlled trials.
Nurs Health Sci 25: 44—-62, 2023. doi:10.1111/nhs.13011.

Latif A, Al Janabi HF, Joshi M, Fusari G, Shepherd L, Darzi A, Leff
DR. Use of commercially available wearable devices for physical
rehabilitation in healthcare: a systematic review. BMJ Open 14:
e084086, 2024. doi:10.1136/bmjopen-2024-084086.

Liu JY, Kor PP, Chan CP, Kwan RY, Cheung DS. The effectiveness
of a wearable activity tracker (WAT)-based intervention to improve
physical activity levels in sedentary older adults: a systematic

Physiol Rev . VOL 106 - APRIL 2026


https://doi.org/10.1016/j.chb.2016.06.007
https://doi.org/10.1016/j.chb.2016.06.007
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-watch-or-fitness-tracker/
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-watch-or-fitness-tracker/
https://www.pewresearch.org/fact-tank/2020/01/09/about-one-in-five-americans-use-a-smart-watch-or-fitness-tracker/
https://doi.org/10.1136/bmjmed-2021-000071
https://doi.org/10.1136/bmj-2022-070849
https://doi.org/10.1136/bmj-2022-070849
https://doi.org/10.1186/s12874-020-00983-3
https://doi.org/10.1186/s12874-020-00983-3
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.2196/40271
https://doi.org/10.3390/jcm11133772
https://doi.org/10.1097/HCR.0000000000000592
https://doi.org/10.1016/s2589-7500(24)00139-0
https://doi.org/10.3390/jcm10092015
https://doi.org/10.2196/11819
https://doi.org/10.1016/j.ejvs.2020.11.044
https://doi.org/10.1186/s12966-020-01020-8
https://doi.org/10.23736/S0022-4707.17.07437-0
https://doi.org/10.1136/annrheumdis-2018-eular.5084
https://doi.org/10.1177/10998004221099556
https://doi.org/10.1177/10998004221099556
https://doi.org/10.3390/jcm14031003
https://doi.org/10.3390/jcm14031003
https://doi.org/10.1186/s12966-020-00955-2
https://doi.org/10.1186/s12966-020-00955-2
https://doi.org/10.1186/s40798-018-0157-9
https://doi.org/10.1186/s40798-018-0157-9
https://doi.org/10.1002/cam4.7079
https://doi.org/10.1002/cam4.7079
https://doi.org/10.1186/s13102-019-0126-8
https://doi.org/10.1111/nhs.13011
https://doi.org/10.1136/bmjopen-2024-084086

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!

¢) UMBRELLA REVIEW: WRIST-WORN WEARABLES AND HEALTH OUTCOMES

review and meta-analysis. Arch Gerontol Geriatr 91: 104211, 2020.
doi:10.1016/j.archger.2020.104211.

Lynch C, Bird S, Lythgo N, Selva-Raj I. Changing the physical activity
behavior of adults with fitness trackers: a systematic review and
meta-analysis. Am J Health Promot 34: 418—430, 2020. doi:10.1177/
0890117119895204.

Ocagli H, Agarinis R, Azzolina D, Zabotti A, Treppo E, Francavilla A,
Bartolotta P, Todino F, Binutti M, Gregori D, Quartuccio L. Physical
activity assessment with wearable devices in rheumatic diseases: a
systematic review and meta-analysis. Rheumatology (Oxford) 62:
1031-1046, 2023. doi:10.1093/rheumatology/keac476.

Oliveira CB, Franco MR, Maher CG, Ferreira PH, Morelhdo PK,
Damato TM, Gobbi C, Pinto RZ. Physical activity-based interven-
tions using electronic feedback may be ineffective in reducing pain
and disability in patients with chronic musculoskeletal pain: a sys-
tematic review with meta-analysis. Arch Phys Med Rehabil 99:
1900-1912, 2018. d0i:10.1016/j.apmr.2017.10.013.

Pan M, Wu K, Zhao J, et al. Effects of wearable physical activity
tracking for breast cancer survivors: a systematic review and meta-
analysis. Int J Nurs Knowl 26: 26, 2023. doi:10.1111/2047-3095.
12418.

Patel HA, Hayden KA, Raffin Bouchal S, King-Shier K. Self-care prac-
tices of patients with heart failure using wearable electronic devi-
ces: a systematic review. J Cardiovasc Nurs 38: 319-329, 2022.
doi:10.1097/JCN.0000000000000957.

Peng P, Zhang N, Huang J, Jiao X, Shen Y. Effectiveness of weara-
ble activity monitors on metabolic outcomes in patients with type 2
diabetes: a systematic review and meta-analysis. Endocr Pract 29:
368-378, 2023. doi:10.1016/j.eprac.2023.02.004.

Ringeval M, Wagner G, Denford J, Paré G, Kitsiou S. Fitbit-based
interventions for healthy lifestyle outcomes: systematic review and
meta-analysis. J Med Internet Res 22: €23954, 2020. doi:10.2196/
23954,

Sharp KJ, Sherar LB, Kettle VE, Sanders JP, Daley AJ. Effectiveness
of interventions to increase device-measured physical activity in
pregnant women: systematic review and meta-analysis of rando-
mised controlled trials. Int J Behav Nutr Phys Act 19: 142, 2022.
doi:10.1186/512966-022-01379-w.

Singh B, Zopf EM, Howden EJ. Effect and feasibility of wearable
physical activity trackers and pedometers for increasing physical
activity and improving health outcomes in cancer survivors: A sys-
tematic review and meta-analysis. J Sport Health Sci 11: 184-193,
2022. doi:10.1016/j.jshs.2021.07.008.

Sypes EE, Newton G, Lewis ZH. Investigating the use of an elec-
tronic activity monitor system as a component of physical activity
and weight-loss interventions in nonclinical populations: a system-
atic review. J Phys Act Health 16: 294-302, 2019. doi:10.1123/jpah.
2017-0660.

Szeto K, Arnold J, Singh B, Gower B, Simpson CE, Maher C.
Interventions using wearable activity trackers to improve patient
physical activity and other outcomes in adults who are hospitalized:
a systematic review and meta-analysis. JAMA Netw Open 6:
2318478, 2023. doi:10.1001/jamanetworkopen.2023.18478.

Tang MS, Moore K, McGavigan A, Clark RA, Ganesan AN.
Effectiveness of wearable trackers on physical activity in healthy
adults: systematic review and meta-analysis of randomized con-
trolled trials. JMIR Mhealth Uhealth 8: €15576, 2020. doi:10.2196/
15576.

Physiol Rev . VOL 106 - APRIL 2026

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Teo NR, Siew LE, Ang WH, Lau Y. Wearable-technology-assisted
interventions for breast-cancer survivors: a meta-analysis and meta-
regression. Semin Oncol Nurs 39: 151403, 2023. doi:10.1016/j.
soncn.2023.151403.

Thomas Craig KJ, Morgan LC, Chen CH, Michie S, Fusco N,
Snowdon JL, Scheufele E, Gagliardi T, Sill S. Systematic review of
context-aware digital behavior change interventions to improve
health. Transl Behav Med 11: 1037-1048, 2021. doi:10.1093/tbm/
ibaa099.

Treadwell JR, Rouse B, Reston J, Fontanarosa J, Patel N, Mull NK.
Consumer devices for patient-generated health data using blood
pressure monitors for managing hypertension: systematic review.
JMIR Mhealth Uhealth 10: €33261, 2022. doi:10.2196/33261.

Wang W, Cheng J, Song W, Shen Y. The effectiveness of wearable
devices as physical activity interventions for preventing and treat-
ing obesity in children and adolescents: systematic review and
meta-analysis. JMIR Mhealth Uhealth 10: €32435, 2022. doi:10.
2196/32435.

Wong SH, Tan ZY, Cheng LJ, Lau ST. Wearable technology-deliv-
ered lifestyle intervention amongst adults with overweight and
obese: a systematic review and meta-regression. Int J Nurs Stud
127:104163, 2022. doi:10.1016/j.ijnurstu.2021.104163.

Wu S, Li G, DulL, Chen S, Zhang X, He Q. The effectiveness of wear-
able activity trackers for increasing physical activity and reducing
sedentary time in older adults: a systematic review and meta-analy-
sis. Digit Health 9: 20552076231176705, 2023. doi:10.1177/
20552076231176705.

Yen HY, Chiu HL. The effectiveness of wearable technologies as
physical activity interventions in weight control: a systematic review
and meta-analysis of randomized controlled trials. Obes Rev 20:
1485-1493, 2019. doi:10.1111/0br.12909.

Yien JM, Wang HH, Wang RH, Chou FH, Chen KH, Tsai FS. Effect of
mobile health technology on weight control in adolescents and pre-
teens: a systematic review and meta-analysis. Front Public Health
9:708321, 2021. doi:10.3389/fpubh.2021.708321.

No JH, Kim K, Kim YB, Suh DH, Yang EJ, Hwang H, Yoo S. Effects of
an activity tracker with feedback on physical activity in women after
midline laparotomy: a randomized controlled trial. J Obstet
Gynaecol Res 47: 2544-2550, 2021. doi:10.1111/jog.14807.

Van der Walt N, Salmon LJ, Gooden B, Lyons MC, O’Sullivan M,
Martina K, Pinczewski LA, Roe JP. Feedback from activity trackers
improves daily step count after knee and hip arthroplasty: a
randomized controlled trial. J Arthroplasty 33: 3422-3428, 2018.
doi:10.1016/j.arth.2018.06.024.

Wolk S, Linke S, Bogner A, Sturm D, Meikner T, Mussle B, Rahbari
NN, Distler M, Weitz J, Welsch T. Use of activity tracking in major
visceral surgery-the enhanced perioperative mobilization trial: a
randomized controlled trial. J Gastrointest Surg 23: 1218-1226,
2019. doi:10.1007/511605-018-3998-0.

Duscha BD, Piner LW, Patel MP, Crawford LE, Jones WS, Patel MR,
Kraus WE. Effects of a 12-week mhealth program on functional
capacity and physical activity in patients with peripheral artery dis-
ease. Am J Cardiol 122: 879-884, 2018. doi:10.1016/j.amjcard.2018.
05.018.

Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM.
Efficacy of quantified home-based exercise and supervised exercise
in patients with intermittent claudication: a randomized controlled
trial. Circulation 123: 491-498, 2011. doi:10.1161/circulationaha.110.
963066.

967


https://doi.org/10.1016/j.archger.2020.104211
https://doi.org/10.1177/0890117119895204
https://doi.org/10.1177/0890117119895204
https://doi.org/10.1093/rheumatology/keac476
https://doi.org/10.1016/j.apmr.2017.10.013
https://doi.org/10.1111/2047-3095.12418
https://doi.org/10.1111/2047-3095.12418
https://doi.org/10.1097/JCN.0000000000000957
https://doi.org/10.1016/j.eprac.2023.02.004
https://doi.org/10.2196/23954
https://doi.org/10.2196/23954
https://doi.org/10.1186/s12966-022-01379-w
https://doi.org/10.1016/j.jshs.2021.07.008
https://doi.org/10.1123/jpah.2017-0660
https://doi.org/10.1123/jpah.2017-0660
https://doi.org/10.1001/jamanetworkopen.2023.18478
https://doi.org/10.2196/15576
https://doi.org/10.2196/15576
https://doi.org/10.1016/j.soncn.2023.151403
https://doi.org/10.1016/j.soncn.2023.151403
https://doi.org/10.1093/tbm/ibaa099
https://doi.org/10.1093/tbm/ibaa099
https://doi.org/10.2196/33261
https://doi.org/10.2196/32435
https://doi.org/10.2196/32435
https://doi.org/10.1016/j.ijnurstu.2021.104163
https://doi.org/10.1177/20552076231176705
https://doi.org/10.1177/20552076231176705
https://doi.org/10.1111/obr.12909
https://doi.org/10.3389/fpubh.2021.708321
https://doi.org/10.1111/jog.14807
https://doi.org/10.1016/j.arth.2018.06.024
https://doi.org/10.1007/s11605-018-3998-0
https://doi.org/10.1016/j.amjcard.2018.05.018
https://doi.org/10.1016/j.amjcard.2018.05.018
https://doi.org/10.1161/circulationaha.110.963066
https://doi.org/10.1161/circulationaha.110.963066

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

968

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!

¢) GLISIC ET AL.

Gardner AW, Parker DE, Montgomery PS, Blevins SM. Step-moni-
tored home exercise improves ambulation, vascular function, and
inflammation in symptomatic patients with peripheral artery dis-
ease: a randomized controlled trial. J Am Heart Assoc 3: e001107,
2014. doi:10.1161/jaha.114.001107.

Normahani P, Kwasnicki R, Bicknell C, Allen L, Jenkins MP, Gibbs R,
Cheshire N, Darzi A, Riga C. Wearable sensor technology efficacy in
peripheral vascular disease (WSTEP): a randomized controlled trial.
Ann Surg 268: 11131118, 2018. doi:10.1097/sla.0000000000002300.

Avila A, Claes J, Goetschalckx K, Buys R, Azzawi M, Vanhees L,
Cornelissen V. Home-based rehabilitation with telemonitoring guid-
ance for patients with coronary artery disease (short-term results of
the TRiCH Study): randomized controlled trial. J Med Internet Res
20: €225, 2018. doi:10.2196/jmir.9943.

Zha P, Qureshi R, Porter S, Chao YY, Pacquiao D, Chase S, O’Brien-
Richardson P. Utilizing a mobile health intervention to manage
hypertension in an underserved community. West J Nurs Res 42:
201-209, 2020. doi:10.1177/0193945919847937.

Downs DS, Savage JS, Rivera DE, Pauley AM, Leonard KS, Hohman
EE, Guo P, McNitt KM, Stetter C, Kunselman A. Adaptive, behavioral
intervention impact on weight gain, physical activity, energy intake,
and motivational determinants: results of a feasibility trial in preg-
nant women with overweight/obesity. J Behav Med 44: 605-621,
2021. doi:10.1007/s10865-021-00227-9.

Huang RC, Silva D, Beilin L, Neppe C, Mackie KE, Roffey E, Gibson
LY, D’Vaz N, Christian H, Reid CM, Prescott SL. Feasibility of con-
ducting an early pregnancy diet and lifestyle e-health intervention:
the Pregnancy Lifestyle Activity Nutrition (PLAN) project. J Dev Orig
Health Dis 11: 58—70, 2020. doi:10.1017/S2040174419000400.

Trak-Fellermeier MA, Campos M, Meléndez M, Pomeroy J, Palacios
C, Rivera-Vinas J, Méndez K, Febo I, Willett W, Gillman MW, Franks
PW, Joshipura K. PEARLS randomized lifestyle trial in pregnant
Hispanic women with overweight/obesity: gestational weight gain
and offspring birthweight. Diabetes Metab Syndr Obes 12: 225—
238, 2019. doi:10.2147/DMS0O.S179009.

Davergne T, Pallot A, Dechartres A, Fautrel B, Gossec L. Use of
wearable activity trackers to improve physical activity behavior in
patients with rheumatic and musculoskeletal diseases: a systematic
review and meta-analysis. Arthritis Care Res (Hoboken) 71: 758—
767, 2019. doi:10.1002/acr.23752.

Batalik L, Dosbaba F, Hartman M, Batalikova K, Spinar J. Benefits
and effectiveness of using a wrist heart rate monitor as a telerehabi-
litation device in cardiac patients: a randomized controlled trial.
Medicine (Baltimore) 99: e19556, 2020. doi:10.1097/MD.
0000000000019556.

Kraal JJ, Van den Akker-Van Marle ME, Abu-Hanna A, Stut W, Peek
N, Kemps HM. Clinical and cost-effectiveness of home-based car-
diac rehabilitation compared to conventional, centre-based cardiac
rehabilitation: results of the FIT@Home study. Eur J Prev Cardiol
24:1260-1273, 2017. doi10.1177/2047487317710803.

Clays E, Puddu PE, Lustrek M, Pioggia G, Derboven J, Vrana M, De
Sutter J, Le Donne R, Baert A, Bohanec M, Ciancarelli MC, Dawodu
AA, De Pauw M, De Smedt D, Marino F, Pardaens S, Schiariti MS,
Valic J, Vanderheyden M, Vodopija A, Tartarisco G. Proof-of-con-
cept trial results of the HeartMan mobile personal health system for
self-management in congestive heart failure. Sci Rep 11: 5663,
2021. doi:10.1038/s41598-021-84920-4.

Pope ZC, Zeng N, Zhang R, Lee HY, Gao Z. Effectiveness of com-
bined smartwatch and social media intervention on breast cancer

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

survivor health outcomes: a 10-week pilot randomized trial. J Clin
Med 7: 140, 2018. doi:10.3390/jcm7060140.

Hartman SJ, Weiner LS, Nelson SH, Natarajan L, Patterson RE,
Palmer BW, Parker BA, Sears DD. Mediators of a physical activity
intervention on cognition in breast cancer survivors: evidence from
a randomized controlled trial. JMIR Cancer 5: €13150, 2019. doi:10.
2196/13150.

Li LC, Feehan LM, Xie H, Lu N, Shaw CD, Gromala D, Zhu S, Avina-
Zubieta JA, Hoens AM, Koehn C, Tam J, Therrien S, Townsend AF,
Noonan G, Backman CL. Effects of a 12-week multifaceted weara-
ble-based program for people with knee osteoarthritis: randomized
controlled trial. JMIR Mhealth Uhealth 8: €19116, 2020. doi:10.2196/
19116.

Li LC, Feehan LM, Xie H, Lu N, Shaw C, Gromala D, Avina-Zubieta
JA, Koehn C, Hoens AM, English K, Tam J, Therrien S, Townsend
AF, Noonan G, Backman CL. Efficacy of a physical activity counsel-
ing program with use of a wearable tracker in people with inflam-
matory arthritis: a randomized controlled trial. Arthritis Care Res
(Hoboken) 72: 1755-1765, 2020. doi:10.1002/acr.24199.

Skrepnik N, Spitzer A, Altman R, Hoekstra J, Stewart J, Toselli R.
Assessing the impact of a novel smartphone application compared
with standard follow-up on mobility of patients with knee osteoar-
thritis following treatment with Hylan G-F 20: a randomized con-
trolled trial. JMIR Mhealth Uhealth 5: e64, 2017. doi:10.2196/
mhealth.7179.

Alzahrani H, Mackey M, Stamatakis E, Shirley D. Wearables-based
walking program in addition to usual physiotherapy care for the
management of patients with low back pain at medium or high risk
of chronicity: a pilot randomized controlled trial. PLoS One 16:
e0256459, 2021. doi:10.1371/journal.pone.0256459.

Oinas-Kukkonen H. A foundation for the study of behavior change
support systems. Pers Ubiquit Comp 17: 1223-1235, 2013. doi:10.
1007/s00779-012-0591-5.

Lehrer C, Eseryel UY, Rieder A, Jung R. Behavior change through
wearables: the interplay between self-leadership and IT-based
leadership. Electron Markets 31: 747-764, 2021. doi:10.1007/
$12525-021-00474-3.

Shandhi MM, Wang WK, Dunn J. Taking the time for our bodies:
how wearables can be used to assess circadian physiology. Cell
Rep Methods 1: 100067, 2021. doi:10.1016/j.crmeth.2021.100067.

Keshet A, Reicher L, Bar N, Segal E. Wearable and digital devices to
monitor and treat metabolic diseases. Nat Metab 5: 563-571,
2023. doi:10.1038/542255-023-00778-y.

Chalmers T, Hickey BA, Newton P, Lin CT, Sibbritt D, McLachlan CS,
Clifton-Bligh R, Morley J, Lal S. Stress watch: the use of heart rate
and heart rate variability to detect stress: a pilot study using smart
watch wearables. Sensors (Basel) 22: 151, 2021. doi:10.3390/
$22010151.

Yoon H, Choi SH. Technologies for sleep monitoring at home:
wearables and nearables. Biomed Eng Lett 13: 313-327, 2023.
doi:10.1007/513534-023-00305-8.

Roos LG, Slavich GM. Wearable technologies for health research:
opportunities, limitations, and practical and conceptual considera-
tions. Brain Behav Immun 113: 444-452, 2023. doi:10.1016/j.bbi.
2023.08.008.

Depner CM, Stothard ER, Wright KP Jr. Metabolic consequences of
sleep and circadian disorders. Curr Diab Rep 14: 507, 2014. doi:10.
1007/s11892-014-0507-z.

Physiol Rev . VOL 106 - APRIL 2026


https://doi.org/10.1161/jaha.114.001107
https://doi.org/10.1097/sla.0000000000002300
https://doi.org/10.2196/jmir.9943
https://doi.org/10.1177/0193945919847937
https://doi.org/10.1007/s10865-021-00227-9
https://doi.org/10.1017/S2040174419000400
https://doi.org/10.2147/DMSO.S179009
https://doi.org/10.1002/acr.23752
https://doi.org/10.1097/MD.0000000000019556
https://doi.org/10.1097/MD.0000000000019556
https://doi.org/10.1177/2047487317710803
https://doi.org/10.1038/s41598-021-84920-4
https://doi.org/10.3390/jcm7060140
https://doi.org/10.2196/13150
https://doi.org/10.2196/13150
https://doi.org/10.2196/19116
https://doi.org/10.2196/19116
https://doi.org/10.1002/acr.24199
https://doi.org/10.2196/mhealth.7179
https://doi.org/10.2196/mhealth.7179
https://doi.org/10.1371/journal.pone.0256459
https://doi.org/10.1007/s00779-012-0591-5
https://doi.org/10.1007/s00779-012-0591-5
https://doi.org/10.1007/s12525-021-00474-3
https://doi.org/10.1007/s12525-021-00474-3
https://doi.org/10.1016/j.crmeth.2021.100067
https://doi.org/10.1038/s42255-023-00778-y
https://doi.org/10.3390/s22010151
https://doi.org/10.3390/s22010151
https://doi.org/10.1007/s13534-023-00305-8
https://doi.org/10.1016/j.bbi.2023.08.008
https://doi.org/10.1016/j.bbi.2023.08.008
https://doi.org/10.1007/s11892-014-0507-z
https://doi.org/10.1007/s11892-014-0507-z

108.

109.

110.

m.

12.

13.

14.

15.

vnloaded from journals.physiology.org/journal/physrev at INRAE Institut National de Recherche pour I'Agriculture, I'Alimentation et I'Environnement (147.100.179.233) on February 20, 2!

¢) UMBRELLA REVIEW: WRIST-WORN WEARABLES AND HEALTH OUTCOMES

Stamatakis E, Biswas RK, Koemel NA, Sabag A, Pulsford R, Atkin AJ,
Stathi A, Cheng S, Thegersen-Ntoumani C, Blodgett JM, Bauman A,
Celis-Morales C, Hamer M, Gill JM, Ahmadi MN. Dose response of
incidental physical activity against cardiovascular events and mortal-
ity. Circulation 151: 1063-1075, 2025. doi:10.1161/CIRCULATIONAHA.
124.072253.

Vogel J, Auinger A, Riedl R, Kindermann H, Helfert M, Ocenasek H.
Digitally enhanced recovery: Investigating the use of digital self-
tracking for monitoring leisure time physical activity of cardiovascu-
lar disease (CVD) patients undergoing cardiac rehabilitation. PLoS
One 12: e0186261, 2017. doi:10.1371/journal.pone.0186261.

Hartman SJ, Nelson SH, Myers E, Natarajan L, Sears DD, Palmer
BW, Weiner LS, Parker BA, Patterson RE. Randomized controlled
trial of increasing physical activity on objectively measured and
self-reported cognitive functioning among breast cancer survivors:
the memory & motion study. Cancer 124: 192-202, 2018. doi:10.
1002/cncr.30987.

Jauho AM, Pyky R, Ahola R, Kangas M, Virtanen P, Korpelainen R,
Jamsa T. Effect of wrist-worn activity monitor feedback on physical
activity behavior: a randomized controlled trial in Finnish young
men. Prev Med Rep 2: 628-634, 2015. doi:10.1016/j.pmedr.2015.
07.005.

Weiner LS, Takemoto M, Godbole S, Nelson SH, Natarajan L, Sears
DD, Hartman SJ. Breast cancer survivors reduce accelerometer-
measured sedentary time in an exercise intervention. J Cancer
Surviv 13: 468-476, 2019. doi:10.1007/s11764-019-00768-8.

Leskinen T, Suorsa K, Tuominen M, Pulakka A, Pentti J, Loyttyniemi
E, Heinonen |, Vahtera J, Stenholm S. The effect of consumer-
based activity tracker intervention on physical activity among
recent retirees-an RCT study. Med Sci Sports Exerc 53: 17561765,
2021. doi:10.1249/MSS.0000000000002627.

McNeil J, Brenner DR, Stone CR, O’Reilly R, Ruan Y, Vallance JK,
Courneya KS, Thorpe KE, Klein DJ, Friedenreich CM. Activity
tracker to prescribe various exercise intensities in breast cancer
survivors. Med Sci Sports Exerc 51: 930-940, 2019. doi:10.1249/
MSS.0000000000001890.

Beets MW, Weaver RG, loannidis JP, Geraci M, Brazendale K, Decker
L, Okely AD, Lubans D, van Sluijs E, Jago R, Turner-McGrievy G,
Thrasher J, Li X, Milat AJ. Identification and evaluation of risk of gen-
eralizability biases in pilot versus efficacy/effectiveness trials: a

Physiol Rev . VOL 106 - APRIL 2026

116.

17.

18.

119.

120.

121.

122.

123.

124.

systematic review and meta-analysis. Int J Behav Nutr Phys Act 17:
19, 2020. doi:10.1186/512966-020-0918-y.

loannidis JP, Caplan AL, Dal-Ré R. Outcome reporting bias in clini-
cal trials: why monitoring matters. BMJ 356: j408, 2017. doi:10.1136/
bmj.j408.

Collins LM, Murphy SA, Strecher V. The multiphase optimization
strategy (MOST) and the sequential multiple assignment random-
ized trial (SMART): new methods for more potent eHealth interven-
tions. Am J Prev Med 32: S112-S118, 2007. doi:10.1016/j.amepre.
2007.01.022.

Hendker A, Jetzke M, Eils E, Voelcker-Rehage C. The implication of
wearables and the factors affecting their usage among recreation-
ally active people. Int J Environ Res Public Health 17: 8532, 2020.
doi:10.3390/ijerph17228532.

LiL, Peng W, Kononova A, Bowen M, Cotten SR. Factors associated
with older adults’ long-term use of wearable activity trackers.
Telemed J E Health 26: 769775, 2020. doi:10.1089/tmj.2019.0052.

LuL, Zhang J, Xie Y, Gao F, Xu S, Wu X, Ye Z. Wearable health devi-
ces in health care: narrative systematic review. JMIR Mhealth
Uhealth 8: €18907, 2020. doi:10.2196/18907.

Schwarz PE, Timpel P, Harst L, Greaves CJ, Ali MK, Lambert J,
Weber MB, Aimedawar MM, Morawietz H. Blood sugar regulation
for cardiovascular health promotion and disease prevention: JACC
Health Promotion Series. J Am Coll Cardiol 72: 1829-1844, 2018.
doi:10.1016/j jacc.2018.07.081.

Timpel P, Oswald S, Schwarz PE, Harst L. Mapping the evidence on
the effectiveness of telemedicine interventions in diabetes, dyslipi-
demia, and hypertension: an umbrella review of systematic reviews
and meta-analyses. J Med Internet Res 22: 16791, 2020. doi:10.
2196/16791.

Chong SO, Pedron S, Abdelmalak N, Laxy M, Stephan AJ. An
umbrella review of effectiveness and efficacy trials for app-based
health interventions. NPJ Digit Med 6: 233, 2023. doi:10.1038/
s41746-023-00981-x.

Borissov N, Haas Q, Minder B, Kopp-Heim D, von Gernler M, Janka
H, Teodoro D, Amini P. Reducing systematic review burden using
Deduklick: a novel, automated, reliable, and explainable deduplica-
tion algorithm to foster medical research. Syst Rev 11: 172, 2022.
doi:10.1186/s13643-022-02045-9.

969


https://doi.org/10.1161/CIRCULATIONAHA.124.072253
https://doi.org/10.1161/CIRCULATIONAHA.124.072253
https://doi.org/10.1371/journal.pone.0186261
https://doi.org/10.1002/cncr.30987
https://doi.org/10.1002/cncr.30987
https://doi.org/10.1016/j.pmedr.2015.07.005
https://doi.org/10.1016/j.pmedr.2015.07.005
https://doi.org/10.1007/s11764-019-00768-8
https://doi.org/10.1249/MSS.0000000000002627
https://doi.org/10.1249/MSS.0000000000001890
https://doi.org/10.1249/MSS.0000000000001890
https://doi.org/10.1186/s12966-020-0918-y
https://doi.org/10.1136/bmj.j408
https://doi.org/10.1136/bmj.j408
https://doi.org/10.1016/j.amepre.2007.01.022
https://doi.org/10.1016/j.amepre.2007.01.022
https://doi.org/10.3390/ijerph17228532
https://doi.org/10.1089/tmj.2019.0052
https://doi.org/10.2196/18907
https://doi.org/10.1016/j.jacc.2018.07.081
https://doi.org/10.2196/16791
https://doi.org/10.2196/16791
https://doi.org/10.1038/s41746-023-00981-x
https://doi.org/10.1038/s41746-023-00981-x
https://doi.org/10.1186/s13643-022-02045-9

	bkmk_bookmark_1
	bkmk_bookmark_2
	bkmk_bookmark_3
	bkmk_bookmark_4
	bkmk_bookmark_5
	bkmk_bookmark_6
	bkmk_bookmark_7
	bkmk_bookmark_8
	bkmk_bookmark_9
	bkmk_bookmark_10
	bkmk_bookmark_11

	bkmk_bookmark_12
	bkmk_bookmark_13
	bkmk_bookmark_14
	bkmk_bookmark_15
	bkmk_bookmark_16
	bkmk_bookmark_17
	bkmk_bookmark_18

	bkmk_bookmark_19
	bkmk_bookmark_20
	bkmk_bookmark_21
	bkmk_bookmark_22
	bkmk_bookmark_23

	bkmk_bookmark_24
	bkmk_bookmark_25
	bkmk_bookmark_26
	bkmk_bookmark_27
	bkmk_bookmark_28

	CORRESPONDENCE
	bkmk_bookmark_GR
	bkmk_bookmark_DI
	bkmk_bookmark_CON
	bkmk_bookmark_29


