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ARTICLE INFO ABSTRACT
Keywords: Objective: The use of smartwatches has attracted considerable interest in developing smart digital health in-
Smartwatch terventions and improving health and well-being during the past few years. This work presents a systematic

Digital health
Literature review
Interventions

review of the literature on smartwatch interventions in healthcare. The main characteristics and individual
health-related outcomes of smartwatch interventions within research studies are illustrated, in order to acquire
evidence of their benefit and value in patient care.

Methods: A literature search in the bibliographic databases of PubMed and Scopus was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, in order to identify
research studies incorporating smartwatch interventions. The studies were grouped according to the in-
tervention’s target disease, main smartwatch features, study design, target age and number of participants,
follow-up duration, and outcome measures.

Resuits: The literature search identified 13 interventions incorporating smartwatches within research studies with
people of middle and older age. The interventions targeted different conditions: cardiovascular diseases, dia-
betes, depression, stress and anxiety, metastatic gastrointestinal cancer and breast cancer, knee arthroplasty,
chronic stroke, and allergic rhinitis. The majority of the studies (76%) were randomized controlled trials. The
most used smartwatch was the Apple Watch utilized in 4 interventions (31%). Positive outcomes for smartwatch
interventions concerned foot ulcer recurrence, severity of symptoms of depression, utilization of healthcare re-
sources, lifestyle changes, functional assessment and shoulder range of motion, medication adherence, un-
planned hospital readmissions, atrial fibrillation diagnosis, adherence to self-monitoring, and goal attainment for
emotion regulation. Challenges in using smartwatches included frequency of charging, availability of Internet
and synchronization with a mobile app, the burden of using a smartphone in addition to a patient’s regular
phone, and data quality.

Conclusion: The results of this review indicate the potential of smartwatches to bring positive health-related
outcomes for patients. Considering the low number of studies identified in this review along with their mod-
erate quality, we implore the research community to carry out additional studies in intervention settings to show
the utility of smartwatches in clinical contexts.

1. Introduction wrists [3]. The smartwatch is a general-purpose networked computer
that primarily functions as a mobile phone extension, supporting the

The interest in using wearable devices to manage health has shown monitoring of physical activity and other health-related parameters such
rapid growth [1,2]. Smartwatches represent an increasingly available as heart rate, blood oxygen saturation, energy expenditure, sleep qual-
category of wearable devices that can empower individuals to take ity, etc., through the use of an array of sensors, and the delivery of
charge of their well-being and improve their health right from their prompt notifications to the user [4]. Modern smartwatches most often
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include touch screens [5], and enable the collection of patient-reported
outcomes [6]. Furthermore, they offer cutting-edge capabilities for
enhanced user interactions, e.g., through the use of apps [7], thereby
providing more advanced features than other consumer wearable de-
vices [8].

The adoption of smartwatches for healthcare purposes emerges as a
promising approach to support patient self-management or remote
medical management, mainly because of their capability to monitor
several health parameters and detect health deterioration in free-living
environments around the clock. The acceptability, usability, and po-
tential of smartwatches in improving health and well-being have been
explored in a number of previous studies [9-13].

Despite the increasing demand for smartwatches by consumers [14],
reviews of their effectiveness on health outcomes in research studies,
have been remarkably limited. To the authors’ knowledge, the most
relevant comprehensive systematic reviews of the literature in this field
are dated back to 2016 [3,15]. Other previous reviews have focused
more broadly on wearable devices [16,17] and their use in specific
diseases such as cardiovascular disease [18], diabetes [19], depression
[20], or ordinary trackers for physical activity promotion [21,22].

Considering the widespread adoption and virtue of smartwatches in
healthcare, an up-to-date systematic review of the literature is required.
To this end, the primary objective of this review is to synthesize the
available evidence on smartwatch interventions utilized within research
studies and evaluate their effectiveness on individual health-related
outcomes. The main features of smartwatch interventions and their
outcomes are presented, in order to acquire evidence of the benefit of
smartwatches in clinical applications, and further improve the under-
standing of the research community on opportunities and challenges
related to their use and adoption.

2. Methodology

The authors searched the widely-used bibliographic databases of
Scopus and PubMed to identify clinical research studies published till
April 2023, utilizing smartwatch interventions. The inclusion criteria for
study selection were the following: (a) the study should target one or
more diseases, (b) the use of a smartwatch should be described as part of
the intervention, (c) quantitative health outcomes of a clinical trial
should be presented, and (d) the paper describing the study, must have
been written in English. Ongoing studies, case reports, simulation
studies, surveys or reviews, qualitative studies, studies describing pro-
tocols, studies with non-human samples, and studies targeting exclu-
sively feasibility, usability, or acceptance of the intervention were
excluded. We also excluded studies that reported the use of a fitness
device rather than a smartwatch. The above distinction was based on
information retrieved from the website of the manufacturer of the
wearable device. There was no limit placed on the target population or
the disease outcome of interest.

Searches of the electronic databases were conducted in April 2023,
and the following terms were used for the literature search within the
title, abstract, and keywords of the manuscripts: (“smartwatch” OR
“smart watch”) AND (“health” OR “healthcare” OR “intervention”). The
Mendeley© bibliography management software [23] was used to
manage all references. Duplicates were removed, and a spreadsheet was
created with extracted information from each article regarding the au-
thors, title, abstract, and digital object identifier, and was shared among
the authors who conducted the review (AT, HK, DK, AK, TA, SS).

The article screening procedure involved two rounds. During the first
screening round, pairs of two authors independently screened the pa-
pers, in order to eliminate possible errors or bias in the selection process.
All abstracts of the found articles were assessed for their eligibility ac-
cording to the inclusion and exclusion criteria. During the second
screening round, the final papers for inclusion in the review were
selected by pairs of two reviewers after reading the full manuscripts of
the articles found to be eligible in the first round. Discrepancies between
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reviewers were resolved by consensus. Inter-rater reliability statistics
were not used. The following data elements were extracted from the
final papers and summarized in tables: Study target disease, smartwatch
model, intervention target, devices used in addition to smartwatch,
main features of intervention, study design, number of participants, age
of participants, study follow-up duration, outcome measures, and
whether authors reported statistically significant (p < 0.05) or clinically
meaningful outcomes.

In order to evaluate the methodological quality of the studies, we
used the Effective Public Health Practice Project (EPHPP) tool, which is
based on the six quality criteria for participant selection bias, study
design, handling of confounders, participant and researcher blinding,
data collection methods, and withdrawals or dropouts. We utilized
EPHPP because it has a track record of reliability and is frequently used
in review studies [24]. According to the tool’s instructions, a grade of
weak, moderate, or strong is assigned to each quality criterion. When no
weak ratings have been discovered, a global rating of strong is applied, a
global rating of moderate is applied when one weak rating has been
discovered, and a global rating of weak is applied when two or more
poor ratings have been discovered. The systematic review was con-
ducted following the PRISMA guidelines [25].

3. Results
3.1. Literature search outcomes

In total, 1099 records were obtained from Scopus and 353 records
from PubMed (Fig. 1). The retrieved records were imported into the
Mendeley© bibliography management software, and 327 duplicates
were removed. The abstracts of the remaining 1125 articles were
screened according to our inclusion and exclusion criteria, from which
we identified 19 eligible articles. The reviewers read the full text of those
19 manuscripts and agreed to include 13 eligible manuscripts [26-38].
The included studies were published from 2018 to 2023. Reasons for the
exclusion of the manuscripts can be found in Fig. 1. Furthermore, we
identified 8 ongoing clinical trials after searching the database of clinic
altrials.gov and setting the filters for interventional studies and active
studies (either not yet recruiting, recruiting, or active and enrolling by
invitation) according to our inclusion and exclusion criteria. Further
details about the ongoing trials which were excluded from this review,
can be found in Appendix A, Table Al.

3.2. Quality assessment

According to the EPHPP criteria, the methodological quality was
found to be strong for 2 studies (15 %) [30,32], moderate for 7 studies
(54 %) [26,32,34-38], and weak for 4 studies.

(31 %) [27-30] (Table 1). The studies with weak ratings were
associated mostly with insufficient description of the validity and reli-
ability of data collection methods, many withdrawals or dropouts of
participants, no blinding of researchers or participants, and insufficient
dealing with confounding. In terms of study design, 10 studies (76 %)
were randomized controlled trials, and 3 studies (23 %) employed a non-
randomized design.

3.3. Intervention target and technological devices

The 13 studies utilized smartwatch interventions in everyday life to
support health and well-being, with the following targets (Table 2 and
Fig. 2): (a) 4 interventions (31 %) targeted cardiovascular diseases
including atrial fibrillation and acute myocardial infarction
[29,33,34,371, (b) 2 interventions (15 %) targeted diabetes [26,36], (c)
2 interventions (15 %) targeted cancer [32,35], and (d) 2 interventions
(15 %) targeted mental health disorders [27,38]. Other interventions
targeted knee arthroplasty [28], chronic stroke [30], and allergic
rhinitis [31]. The main reason for using smartwatches in the included
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Full-text articles excluded, with
reasons - feasibility study (n =
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Fig. 1. PRISMA flow diagram for study inclusion.

Table 1

Quality assessment (W: Weak, M: Moderate, S: Strong) of included studies based on the EPHPP criteria.

Study EPHPP Criteria

Global Rating

Selection Bias Study Design Confounders

Blinding Data Collection Withrawals — Dropouts

Abbott et al [25]
Aguilar-Latorre et al [26]
Alexander et al [27]
Broers et al [28]
Chae et al [29]

Li et al [30]

Low et al [31]
Marvel et al [32]
Perez et al [33]
Pope et al [34]
Timurtas et al [35]
Trinquart et al [36]
Wallace et al [37]
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studies was their capability for automated health-related data collection
[27-31,33-37], and notification triggering [26,32,38].

In terms of technological devices used in the included studies, the
Apple Watch was used in 4 studies [28,33,34,37] (31 %), Fitbit [29,32]
and LG [30,38] smartwatches were used each in 2 studies (15 %),
whereas other studies employed other devices such as Polar M400 [35]
and Ticwatch E [36]. Participants in all studies were provided with a
smartwatch by the research team, except only one study, in which
participants were required to possess their own smartwatch [34]. In the
vast majority of the interventions, i.e., 9 out of 13 (69 %), a smartphone
was used in conjunction with a smartwatch.

3.4. Main intervention features

The main feature of the smartwatch interventions was the delivery of
notifications or reminders and alerts to the user, found in 9 out of 13
interventions (69 %). In 6 interventions, the notifications were delivered

via smartwatch, and in 3 interventions, the notifications were sent
through a companion smartphone app. More specifically, Abbot et al
[26], utilized smartwatch audiovisual alerts when aberrant pressures on
the foot were detected. Broers et al [29], used smartphone messages for
health behavior change based on data derived from several health
monitoring devices including a smartwatch. Li et al [31] used medica-
tion SMS reminders when the smartwatch detected no medication
compliance. Low et al [32] delivered smartwatch messages for physical
activity promotion. Marvel et al [33] used medication reminders
delivered to both the smartwatch and the smartphone. Perez et al [34]
utilized smartwatch irregular pulse notifications. Timurtas et al [36]
used smartwatch notifications to push exercise reminders. Trinquart et
al [37] used personalization schemes to deliver smartphone notifica-
tions to boost adherence with taking vital sign measurements. Finally,
Wallace et al [38] used a smartwatch app to provide instructions and
reminders to do deep breathing exercises for stress management. Other
features of the smartwatch interventions included measurement and
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Table 2

Characteristics of smartwatch interventions in included studies.
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Smartwatch Model

Intervention Target

Additional Devices

Main Features

Study Target Disease
Abbott et al Diabetes
[26]
Aguilar- Depression
Latorre et al
[27]

Alexander et Total knee arthroplasty

al [28]

Broers et al Cardiovascular diseases
[29]

Chae et al Chronic stroke
[30]

Lietal [31] Allergic rhinitis

Low et al [32] Metastatic gastrointestinal

cancer

Marvel et al Acute myocardial

[33] infarction

Perez et al Atrial fibrillation
[34]

Pope et al Breast cancer
[35]

Timurtas et al Type 2 Diabetes
[36]

Trinquartetal  Cardiovascular diseases

[37]

Wallace et al Mild traumatic brain injury

SurroSense Rx

N/A

Apple Watch

Fitbit smartwatch

LG W270

Smartwatch with

camera and Al,

InHandPlus, Inc.
Fitbit Versa

Apple Watch

Apple Watch

Polar M400

Ticwatch E

Apple Watch

LG

Reduction of diabetic foot
ulcer recurrence

Health promotion and
lifestyle modification

Rehabilitation and
monitoring

Health promotion and
lifestyle modification

Rehabilitation and
monitoring

Improvement of
medication adherence and
symptom control

Detection and disruption of
prolonged sedentary
behavior

Reduction of hospital
readmissions

Identification of atrial
fibrillation during typical
use of wearables

Health Education

Improvement of glycaemic
control

Adherence to vital sign
measurements

Management of stress and

Insole system

Smartphone
Smartphone, sleep tracker,
home monitoring device, blood

pressure monitor, weight scale
Smartphone

Smartphone

Smartphone, blood pressure

monitor

Smartphone (iPhone)

Any Internet-connected device
to access Facebook
Smartphone

Smartphone

Smartphone

Audiovisual alerts and offloading
instructions upon detection of
aberrant pressures

Measurement of daily minutes
walked and sleep patterns, weekly
education sessions

Exercise program at home

Behavior change program based on
data-driven messages

Exercise program at home

Detection of medication intake,
symptom tracker, reminders

Daily ratings of symptom severity,
prompts for physical activity
promotion

Medication reminders, vital sign and
activity tracking, education, and
outpatient care coordination
Irregular pulse notification

Daily physical activity tracking,
physical activity tips

Exercise program at home,
notifications to push exercise
reminders

Personalization of notifications,
messaging on different days and
times

Instructions and reminders for deep

[38] and posttraumatic stress Urbane Android Wear  anxiety breathing
disorder
TARGET DISEASE SMARTWATCH DEVICE
Oth
23;r Cardiovascular
’ diseases Apple
Other Watch
31%
39% 31%
Mental
disorders
15%
Diabetes
Cancer 15% LG
15% 15%

Fig. 2. Target disease and smartwatch devices of included studies.

monitoring of physical activity [27-30,32,33,35,36], delivery of
educational content [27,33,35], and symptom tracking [31,32].

3.5. Participants and follow-up duration

The majority of the studies, i.e. 8 studies (61 %), were conducted in
the US, whereas other studies were conducted in the UK, Netherlands,
China, Republic of Korea, and Turkey. The average number of partici-
pants in the included studies was 32,465 (range 23—419297)
(Table 3). The largest study in terms of sample size was the one by Perez
et al [34], which employed 419,297 participants to examine the detec-
tion of atrial fibrillation through the Apple Watch. However, there were
7 studies that were small in size and included less than 100 participants
[26,30-32,35,36,38]. The studies were conducted with people of middle

and older age. The age of participants ranged between 30 and 78 years.
There were 5 studies [26,28-30,33] with a mean age of participants over
60 years. The follow-up duration of the studies was on average 4.9
months with a range between 4 weeks and 18 months. The largest study
in terms of follow-up (18 months), was the study by Abbott et al [26] for
the prevention of diabetic foot ulcer recurrence. Most of the studies had
a duration of 3 months or less [29-33,35,36,38].

3.6. Participant dropout

Participant dropout from research studies involving digital health
interventions is a fundamental methodological challenge [39]. In the
included studies, the dropout rate in the smartwatch intervention group
ranged from 5 % [31] to 65 % [26], and it was 27 % on average.
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Table 3
Properties and outcomes of included studies.
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Study Study Design Number of Age Follow-up Outcome Measures Statistically Significant
Participants Duration Outcomes
Abbott et al Randomized 58 Mean 67.1 (SD 9.6) years for 18 months Foot ulcer recurrence Yes
[26] controlled control group, mean 59.1
trial (SD 8.5) years for
intervention group
Aguilar- Pragmatic 188 Mean 53.32(SD 13.07) years 6 months Severity of depressive symptoms Yes
Latorre et randomized clinical
al [27] trial
Alexander et Randomized 401 Mean 64 years for the 1 year Knee injury, osteoarthritis outcome Yes for the utilization of
al [28] controlled control group, mean 63 score for joint replacement, quality of  healthcare resources
trial years for the intervention life, utilization of healthcare resources
group
Broers et al Randomized 150 Mean 61.97 (SD 11.61) years 3 months Lifestyle change Yes
[29] controlled trial
Chae et al Controlled 23 Mean 64.5 (SD 9.6) years for 18 weeks Functional assessment test, depression  Yes for functional
[30] clinical control group, mean 58.3 symptoms, shoulder range of motion assessment and shoulder
trial (SD 9.3) years for range of motion
intervention group
Lietal [31] Randomized 55 Mean 41 years 1 month Adherence rate for oral Yes
controlled trial antihistamines, total
rhinoconjunctivitis symptom score
Low et al Randomized 26 Mean 56.2 (SD 10.5) years 57.2 days on Fitbit-measured sedentary behavior No
[32] controlled trial average bouts and steps, quality of life and
symptoms, 30-day readmissions,
adherence
Marvel et al Nonrandomized 1064 Mean 64.3 (SD 13.9) years 1 month post- Unplanned all-cause readmissions Yes
[33] control trial discharge
Perez et al Prospective, single- 419,297 Mean 41 (SD 13) years 117 days Atrial fibrillation 84 % of notifications
[34] group, (median were concordant with
pragmatic study monitoring atrial
time) fibrillation
Pope et al Randomized 30 Mean 52.6 (SD 9.3) years 10 weeks Physical activity, physiological, and No
[35] controlled psychosocial, variables, quality of life
trial
Timurtasetal = Randomized 75 Mean 51.6 years 12 weeks HbAlc, six minute walk test, exercise No
[36] controlled trial behavior, muscle function, physical
capacity
Trinquart et Factorial blinded 655 Mean 53 (SD 9) years 6 months Adherence to blood pressure and heart ~ Yes, personalized
al [37] randomized trial rate transmission notifications were
associated with
increased adherence
Wallace et al Pragmatic 30 Mean 37.67 (SD 6.90) years 4 weeks Goal attainment scaling for emotion Yes
[38] randomized regulation

clinical trial

Table 4 presents in detail the dropout rate in each study, along with
the documented reasons for dropout when available (dropout reasons
were not reported in 3 studies). The most common dropout reasons
were: a) problems or uncomfortability in engaging with technology
[26,28,30,33,35], b) poor health [26,30,32,34], and c) time commit-
ment [27,28,36]. Problems with smartwatch usage were reported as one
of the reasons for dropout in 2 studies (15 %) [26,35].

3.7. Outcomes

The majority of the studies, i.e., in 10 out of 13 interventions (76 %),
reported statically significant or clinically meaningful outcomes in favor
of the intervention group [26-31,33,34,37,38]. The positive outcomes
concerned foot ulcer recurrence, severity of symptoms of depression,
utilization of healthcare resources, lifestyle changes, functional assess-
ment and shoulder range of motion, medication adherence, unplanned
hospital readmissions, atrial fibrillation diagnosis, adherence to self-
monitoring, and goal attainment for emotion regulation. The 2 studies
[31,33] which were found to be of high methodological quality ac-
cording to EPHPP criteria, reported significantly positive outcomes of
the intervention. In 3 studies (23 %) [32,35,36], non-significant out-
comes for the intervention group were clearly reported, concerning
sedentary behavior, physical activity, and glycaemic control. Interest-
ingly, 2 of the 3 studies with negative outcomes, targeted physical

activity outcomes for patients with cancer [32,35]. All 3 studies with
negative outcomes were small in sample size (less than 75 participants),
and they had short duration (less than 3 months).

3.8. Challenges with using smartwatches

Several studies have reported challenges with the use of smartwatch
interventions, which might have affected patient engagement and study
outcomes. More specifically, Abbott et al [26] reported that charging the
smartwatch every two days and connecting with the smartphone app
could be potential barriers. Necessity for daily charging, availability of a
WiFi connection, and privacy protection for personal data collected by
the smartwatch (e.g., videos) were reported as problems in the study by
Li et al [31]. Data quality was reported as an issue in creating a robust
machine-learning model for the recognition of rehabilitation exercises in
the study by Chae et al [30]. The necessity to use a smartphone in
addition to the participant’s already existing personal phone to ensure
synchronization with the smartwatch was reported as a challenge for
user engagement in the study by Low et al [32]. In the study by Perez et
al [34], the authors raised the issue of using the Apple Watch as a
diagnostic tool. More specifically, the authors highlighted that notifi-
cations based on an irregular pulse from the Apple Watch photo-
plethysmography signal should not be used for a definitive diagnosis of
atrial fibrillation, and the absence of notification did not exclude
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Table 4
Dropout rate and reasons for dropout in included studies.

Study Dropout Rate Reasons for Dropout

(Intervention Group)

Abbott et al 65 % (21/32) Too many other hospital appointment
[26] commitments because of comorbidity,
problems engaging with the smartwatch
technology, shoes were not a good fit,

reluctance to wear a specific type of

shoes for 18 months

Time incompatibility or a lack of interest

in answering the questionnaires during

the follow-up.

Alexander et al 37 % (97/257) Screen failure, uncomfortable with

[28] technology, time commitment,

postponed surgery, no follow-up
information available

12 % (9/76) N/A

Aguilar-Latorre
etal [27]

32 % (20/62)

Broers et al
[29]

Chae et al [30] 45 % (10/22) Unfamiliar with technology and

experiencing difficulties in its usage, less

interest in the conventional home

rehabilitation program in the control

group, disease deterioration

Poor compliance and lack of outcome

indexes recording

Lietal [31] 5 % (2/40)

Low et al [32] 15 % (2/13) Poor health
Marvel et al 7 % (16/216) Death, overwhelmed to participate in a
[33] study, not interested in carrying an
additional smartphone, not familiar with
smartphones

Perez et al [34] 57 % (1232/2161) Failure to initialize the first study visit,
poor health

Size of smartwatch, Facebook privacy
concerns

Holidays, family reasons

Pope et al [35] 25 % (4/16)

Timurtas et al 20 % (6/30)

[36]

Trinquart et al 33 % (95/281) N/A
[37]

Wallace et al 6 % (2/32) N/A
[38]

possible arrhythmias.
4. Discussion
4.1. Main findings

This systematic review found that smartwatch interventions
employed in the everyday life of patients of middle and older age to
support their health and well-being may bring positive health-related
outcomes, in terms of reduction of adverse events, lifestyle change,
and adherence to treatment. Considering the statistically significant
positive outcomes reported in 10 out of 13 included studies, the mod-
erate methodological quality of most studies, and the considerable
heterogeneity between included studies, the evidence of the effective-
ness of smartwatch interventions can be considered modest overall.
Therefore clinicians may consider to leverage smartwatch interventions
in various clinical applications, given also the growing trend in smart-
watch use.

In contrast with a previous review of smartwatches in healthcare by
Reeder et al [3], this review has illustrated the most recent application
and outcomes of smartwatch interventions in research studies targeting
specific diseases, and not studies in a laboratory setting conducted with
healthy subjects. Furthermore, this review has identified that smart-
watch interventions can be effective on health outcomes other than
physical activity, e.g. in terms of reduction of adverse events or better
medication adherence, a factor which was not sufficiently considered in
previous reviews on wearable devices [21,40-43].
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4.2. Clinical implications

The clinical implication of this review is that patients facing various
diseases could be benefited from using smartwatches in several cases. In
cardiovascular diseases, smartwatch notifications and reminders can be
used for improving lifestyle, reducing adverse events, identifying ar-
rhythmias (atrial fibrillation), and improving adherence to care plans. In
mental disorders, patients could be benefited in terms of managing their
stress and anxiety and modifying their lifestyle behaviors, through in-
structions and educational content. Furthermore, exercise-based reha-
bilitation by automatically collecting physical activity data through
smartwatches for knee arthroplasty and chronic stroke, was found to be
effective in the utilization of healthcare resources and functional re-
covery. The smartwatches could also be used to support the reduction of
foot ulcer recurrence in diabetic patients and the improvement of
medication adherence in allergic rhinitis. On the contrary, studies tar-
geting physical activity outcomes in patients with cancer did not present
any positive outcomes. Considering the small sample of the included
studies, as well as their risk for bias, future research should verify those
findings.

4.3. Weaknesses of included studies

Some of the studies presented methodological quality weaknesses, e.
g., in terms of blinding and number of withdrawals or dropouts, while
other studies employed a small sample size or had a short follow-up
duration. Interestingly, all studies that presented negative outcomes
for the smartwatch intervention were small in sample size and short in
duration. In this respect, we urge the research community to further
conduct rigorous and longer-term clinical trials in order to provide more
robust evidence of the impact of smartwatch interventions on health-
related outcomes. The use of smartwatches in future clinical studies
with children or adolescents would also be needed to examine clinical
outcomes and unmet needs in young age groups. Furthermore, the
evaluation of the implementation strategy has not been the focus of the
included smartwatch research studies. A deeper exploration of imple-
mentation aspects such as engagement with smartwatches, collection of
reliable smartwatch data, barriers and facilitators in smartwatch daily
usage, would improve our understanding of the practicality and use-
fulness of smartwatch interventions [44].

4.4. Technical and usability challenges

The Apple Watch was the most used smartwatch in the studies. The
delivery of various kinds of notifications to the user, e.g., for health
behavior change, medication adherence, or alerting upon detection of
abnormal sensor readings (for example irregular pulse), was the most
common feature of the smartwatch interventions. Furthermore, it was
found that in the majority of the cases, a smartphone app was used as a
companion for the smartwatch in order to facilitate patient monitoring
and guidance. Technical issues such as synchronization with the app,
frequent smartwatch charging, availability of the Internet, and the
burden of using an additional smartphone device to a patient’s personal
phone, were reported as barriers to user engagement.

No synchronization with a mobile app has been reported in the
literature as a concerning technical issue which usually comes as a
consequence of smartwatch low battery or smartwatch operating system
updates [45]. To solve this issue, the users are advised not to use the
battery saving mode on their devices, and the research team to recon-
figure data sharing permissions as soon as data synchronization prob-
lems are identified. The issue with frequent smartwatch charging [46],
could potentially be addressed through the development of a battery
management plan with the goal to keep the device operational for the
desired monitoring period [47]. The plan for example could consider to
minimize energy consumption through evaluation of the energy
demanding operations of the device, local data storage using lightweight
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databases, data offloading when the device is charging, or the employ-
ment of a black user interface background [48]. Furthermore, Internet
connectivity issues could be tackled through infrastructure changes
especially in rural areas with poor quality of Internet connection [49].
Finally, the use of smartphones in conjunction with smartwatches
should be carefully weighed [46], considering the benefits (e.g., larger
screen), but also the potential drawbacks when including an additional
device, in terms of usability, technical robustness, and cost of the com-
plete digital intervention.

4.5. Limitations

The results of this study should be understood in light of its con-
straints. Although we examined the literature using two reputable da-
tabases (Scopus and PubMed), we accept that some studies may have
been missed because they didn’t match our defined search word criteria,
or because no additional databases (e.g., Web of Science) were used.
Another limitation is that our search was not updated to include studies
published after April 2023. Publication bias in this review is possible,
mainly because studies that report positive or significant results are
more likely to be published and outcomes that are statistically signifi-
cant have higher odds of being fully reported [50]. This review focused
on the examination of the effectiveness of smartwatches on health-
related outcomes for patients; however, a more comprehensive over-
view of smartwatch research by including also other types of studies, e.
g., with a focus on implementation, usability, feasibility, or technical
aspects, would be necessary to explore in depth additional relevant
contributions. Grey literature was not looked into, apart from exploring
ongoing trials in clinicaltrials.gov. Furthermore, due to the heteroge-
neity in the designs and outcomes of the included studies, we were
unable to conduct a meta-analysis. The final sample of research studies
that met our established inclusion criteria was small (n = 13), which
might lessen the likelihood that the review findings will be
generalizable.

5. Conclusion

Smartwatches have become increasingly integrated into people’s
daily lives, but can they play a pivotal role in current healthcare de-
livery? Based on the analysis conducted in this review, which indicated a
small but growing body of smartwatch research studies with a potential
positive effect on health outcomes, the answer could be yes to this
question. However, more methodologically stronger and longer-term

Appendix A: Ongoing clinical trials
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studies in intervention settings must be carried out to further demon-
strate the practicality and benefits of employing smartwatches in ther-
apeutic contexts.

Summary Points.

e Automated collection of health-related data and triggering of noti-
fications were the main reasons for using smartwatches in inter-
ventional studies

Smartwatch interventions have shown positive health outcomes for
patients in most studies

Challenges include: Charging frequency, Internet connection, data
quality

e The evaluation of the implementation strategy in smartwatch
research studies is needed

The methodological quality of smartwatch studies should be
improved
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Table Al
Ongoing clinical trials using smartwatches as found in clinicaltrials.gov (June 2024).

NCT Number Study Title Study Status Primary Outcome Measures Interventions Conditions

NCT05573633  Diagnosis of Postoperative Atrial RECRUITING Variation of postoperative Scanwatch Atrial Fibrillation|
Fibrillation by a Smartwatch atrial fibrillation Cardiac Surgery

NCT06075082  The Effect of the LEFT Smartwatch App ~ RECRUITING Nocturnal Gastroesophageal ~ Smartwatch app Gastroesophageal Reflux|
as Sleep Positional Therapy for Reflux Disease Symptom Heartburn
Nocturnal Gastroesophageal Reflux Severity and Impact
Symptoms Questionnaire (N-GSSIQ)

NCT05565781  Smartwatch and External Holter RECRUITING Increased probability of ECG smartwatch| Paroxysmal Atrial
Monitoring to Detect Atrial Fibrillation detecting atrial fibrillation Insertable Cardiac Fibrillation|Cryptogenic
in Patients With Cryptogenic Stroke Monitor (ICM)| Stroke

External ECG
Monitoring
NCT05686330  Detection and Quantification of Atrial ENROLLING_BY_INVITATION  Incidence of atrial Apple Watch Atrial Fibrillation

Fibrillation in High-risk Patients Using
a Smartwatch Wearable (Apple Watch)

fibrillation

(continued on next page)
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Table A1 (continued)
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NCT Number Study Title Study Status Primary Outcome Measures Interventions Conditions
NCT06005233  Smartwatches for Detection of Atrial NOT_YET_RECRUITING Sensitivity and specificity of ~ Smartwatch Ischemic Stroke,
Fibrillation (AFib) in Secondary atrial fibrillation detection Cryptogenic|Transient
Prevention of Cryptogenic Stroke Ischemic Attack|Atrial
Fibrillation
NCT04359238  activeDCM — Interventional Clinical RECRUITING Maximum oxygen uptake Individualized exercise = Cardiomyopathy,
Trial of Individualized Activity and (VO2max) Dilated|Heart Failure
Exercise Programs to Improve Outcome
in Dilated Cardiomyopathy Guided by
Longitudinal Biosensing With Apple
Watch
NCT05370469  Real-Time Monitoring of Symptoms in ACTIVE_NOT_RECRUITING Change in systolic blood Sensus Smartwatch Lung Cancer
Lung Cancer Patients Receiving Oral pressure Application|RX Cap|
Targeted Therapies Fitbit Sense|Surveys
NCT05509907  Development of The Pediatric Physical =~ RECRUITING Physical Activity Pedi@ctivity Analysis Physical Activity|
Activity Tracking Platform and Tracking Mobile Adolescent|Childhood
(Pedi@Ctivity) and Smartwatch-based Applications and Web Rheumatic Disease
Big Data Analysis Platform
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