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Abstract

With an increasing prevalence of sedentary lifestyles driving a prominent
public health crisis, digital health tools such as wearable technologies are
revolutionizing clinicians’ ability to track physical activity and exercise.
Despite their ubiquity in the consumer market, these technologies have not
yet been fully incorporated into clinical practice. Though these tools promise
efficacy and accessibility, a careful review of the current literature is important
to understand the challenges and future promise of clinical implementation.
Important considerations of implementation include health maintenance
and disease prevention, ease of use by patients and providers, incorporation
into the electronic health record, cost considerations, safety, privacy, and
ethical considerations. This narrative review describes the recent literature
on the implementation of wearable technologies in the prescription of phys-
ical activity and exercise. Application of these technologies is promising for

health. The American College of Sports
Medicine (ACSM) currently recommends
at least 150 min of moderate-intensity aero-
bic physical activity per week for adults
aged 18 to 65 years (4). The Exercise is
Medicine® initiative of ACSM has been
developed to increase the assessment
and prescription of physical activity as
part of routine clinical care. It is evident
that physical activity and exercise have
beneficial effects on health maintenance
and disease prevention.

Digital health tools including wear-
able activity tracking devices can be use-
ful tools for clinicians to monitor and

this field’s future.

Introduction

Sedentary lifestyle is an increasingly prominent public
health crisis — one-third of the global population aged 15 years
and older engages in an insufficient level of physical activity (1).
The mean daily duration of sedentary behavior in the American
adult population is 7.7 hours daily (1). Sedentary behavior is asso-
ciated with heart disease risk, obesity, chronic inflammation, met-
abolic syndrome, and increased all-cause mortality (1). In 2018,
the U.S. Department of Health and Human Services (USDHHS)
reported that approximately $117 billion (about $360 per
person in the United States) in annual health care costs and
10% of premature deaths are attributed to sedentary lifestyles
(2). Lack of physical activity is considered the fourth leading
risk factor for global mortality, associated with 30% of ische-
mic heart disease worldwide (3). Reducing sedentary behavior
by encouraging physical activity is critical to promoting public
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promote physical activity and exercise.

These devices provide real-time feed-

back, which can be used to motivate pa-
tients to increase their activity (3,5-7), improve functional sta-
tus (8=10), and boost health outcomes (11-13). Current stud-
ies involving implementation of wearable technologies have
shown overall improvement of patient-reported outcomes, in-
cluding step count, gait speed, and flights of stairs (9,11,14).
Given the growing interest to understand the clinical applica-
tions of wearable technologies, the aim of this paper is to pro-
vide a comprehensive summary of the current literature on
digital health, including wearable devices for physical activity
and exercise monitoring in the outpatient setting.

The predominant themes in this review include 1) the role of
wearable devices in health maintenance and disease prevention,
2) incorporation into the electronic health record (EHR), 3) patient
and provider usability experience, 4) cost considerations and
coding and billing, 5) limitations of wearable technologies,
and 6) future considerations regarding privacy and the role
of artificial intelligence (AI).

Methods

Data Collection and Analysis

We conducted a narrative review of the current literature
(published after March 2023) regarding mobile apps and
wearable technologies and their applications to patient physical
activity and exercise. Due to the rapidly evolving literature, find-
ings were limited to the past year to provide a focused review of
the most current literature regarding wearable technologies. The
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literature review was conducted in the National Library of Med-
icine’s PubMed Central® online database (13). The inclusion
criteria were as follows: 1) original articles; 2) published after
March 1, 2023, to provide a focused review of the most current
literature in a rapidly evolving field; 3) exploring either mobile
apps or wearable technology in the prescription of physical ac-
tivity in patients; and 4) adult population. As diagrammed in
Figure 1, an initial search of papers involving “wearable
trackers” OR “wearable technologies” yielded 26,918 results.
Adding “physical activity” AND “exercise” AND “patients”
AND “clinical” and narrowing search results to those published
after March 1, 2024, yielded 49 results. Eighteen papers were
excluded for the following reasons: 1) conducted in a closed hos-
pital setting (e.g., ICU, inpatient rehabilitation facility) or 2)
measured a parameter other than physical activity (e.g., oxygen
saturation, blood flow, lung volume). The final number of pa-
pers reviewed was 31.

The following Boolean logic advanced search parameters
were used in PubMed Central in March 2024: “((((((wearable
trackers) OR (wearable technologies)) AND (physical activ-
ity)) AND (exercise)) AND ((“2023/03/01”[Date - Entry]:
“3000”[Date - Entry]))) AND (patients)) AND (clinical).”

Results

Electronic Health Record Integration

While wearable technologies are used by consumers recrea-
tionally to track physical activity and exercise, there is an emerg-
ing case for using them in clinical prescription as well. Current
studies demonstrate the feasibility of smart device apps and
websites for prescribing exercise videos in combination with

PubMed
literature
search

1

"Wearable trackers"
OR

-
-

Excluded:
26,463

wearable devices to monitor health parameters; however, they
acknowledge the exploratory stage of these studies (14). For ex-
ample, smartphone apps used for the prescription of exercises
have been predominantly tested in small, homogeneous popula-
tions with a specific diagnosis such as heart failure or endome-
trial and colorectal cancers. Though only a few studies have
assessed optimal integration of wearable technologies into clini-
cal practice, their use is growing, and more data are emerging
to facilitate the meaningful clinical integration of these metrics
into the EHR.

Despite the ubiquity of physical activity consumer wear-
ables, incorporation into clinical care has been adopted more
slowly. An analysis of stakeholder opinion on clinical imple-
mentation highlighted data standardization as a major barrier,
acknowledging the vast selection of commercially available de-
vices and sensor locations, as well as the lack of standards for
data integration into the EHR and clinical workflow (15).
Standardization of complex data sets (e.g., Fitabase, Clarivate
Analytics, dbt Labs) requires preselected outcome measures
and the assistance of a researcher or data manager who can
help monitor the variables, address data outliers, and monitor
for and address abnormal data points; though relevant for re-
search use, this is not practical in the patient care setting (16).
Challenges of integrating data from wearable technologies into
the EHR mirror the need for standard data formats.

The Health Level 7 (HL7) Fast Healthcare Interoperability
Resources (FHIR) is a next-generation interoperability stan-
dard created by standard development organization HL7 to
enable health data — both clinical and administrative — to
be quickly and efficiently exchanged (17). Development of this
standard aims to facilitate adoption across disparate developer
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Figure 1: CONSORT flow diagram demonstrating selection and exclusion of papers for narrative review. Initial PubMed literature search of
“wearable trackers” OR “wearable technologies” yielded 26,918 results. When narrowed to include “physical activity” AND “exercise” AND “pa-
tients” AND “clinical,” 26,463 studies were excluded. Of these 455 studies, 49 were published after March 1, 2024. The 18 papers were excluded
for the following reasons: 1) conducted in a setting other than outpatient (e.g., closed hospital setting, ICU, inpatient rehabilitation facility); 2)
wearable technology measured a parameter other than physical activity (e.g., oxygen saturation, blood flow, lung volume).
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communities, reduce the learning curve, enable faster and sim-
pler application creation, and enable continuity with existing
provider workflow (17). Emerging studies have explored feasi-
ble ways to transform health data from wearable technologies
— starting with Fitbit® data — to standardized JavaScript Ob-
ject Notation (JSON) files following the Open mHealth
(OmH) Institute of Electrical and Electronics Engineers (IEEE)
and the HL7 FHIR standard (18). The process of data col-
lection and integration is outlined in Figure 2. Patient phys-
ical activity is first collected using wearable technologies
such as wristbands, smartwatches, and mobile sensors.
Data are collected through sensors in apps that communi-
cate with application programming interfaces (APIs), a set
of functions that allows for standardized collection of data.
These data are then shared through data aggregators (e.g.,
Apple’s HealthKit®, Fitbit®) that pool data from multiple
apps. Compiled data are integrated into the EHR, which
are then made available to providers for clinical decision-
making (19). One goal of these technologies is to forge a
partnership between patient and provider to increase physical
activity and incentivize patients to take a more proactive role
in their overall health.

Patient Usability (e.g., Comfort, Wearability)

Wearable devices can be implemented across a wide range
of diseases and patient populations. A common consideration
for the use of these technologies is patient usability — whether
patients are motivated to use wearable devices consistently
and effectively integrate them into their daily lives over time.
Development of personalization strategies is an area ripe for
innovation to increase patient engagement and avoid wear-
ables “fatigue” (15). For example, in a remote glucose moni-
toring program at Kaiser Permanente, allowing patients to
opt in or out of add-on features was identified as an important
aspect of end-user design, as it led to significant improvements
in patient engagement and ultimately improved medical man-
agement (15). In a study testing the feasibility of a smartphone
app for prescribed exercise tutoring in patients with stable cor-
onary heart disease, exercise demonstration videos were sug-
gested to improve patients’ motivation to exercise at home
(14). Other notable features designed to enhance patient us-
ability and increase interaction included 1) progressive per-
sonalized physical activity goals, 2) semiautomated clinician
feedback on physical activity progress, 3) encouraging feed-
back messages tailored to goal attainment, and 4) strategies
targeting social cognitive theory constructs to teach patients

skills for setting goals and overcoming barriers (20). In one
study, participants were encouraged to discuss progress at
medical appointments, and the care team was provided auto-
matically generated talking points tailored to the patient’s
progress, as well as monthly summary emails of each patient’s
progress. Combined, these messages enhanced patients’ self-
efficacy via social persuasion (20).

Other considerations for patient factors in wearable tech-
nologies include age, gender, and education (21). Secondary
analysis of data from the National Cancer Institute’s 2015
Health Information National Trends Survey (HINTS) sug-
gested that attainment of higher education reflects skills and
confidence with the use of devices in addition to internaliza-
tion of social norms related to the perceived value of being
healthy (22). While there was no significant difference in the
frequency of use of wearable technologies between males
and females, men appeared to prefer user functions directly re-
lated to exercise (e.g., sensors, GPS, and journaling), and
women preferred apps with a focus on general health (e.g., nu-
trition and self-care) (21). In a study of patients in Mongolia
and China, it was found that older adults tended to use mobile
health apps less frequently and were overall disadvantaged re-
garding mHealth access and use, as were subgroups with
lower levels of education (23). Individualization, education,
and distribution of wearable technologies will be essential to
eventual integration as a clinical tool.

Provider Usability

By providing a more accurate measure of physical activity
level and improving patient behavior change around physical
activity, digital health devices can provide clinicians with a
more comprehensive understanding of patients’ health, en-
abling an individualized approach to patient care (24). A ran-
domized controlled trial conducted at a regional orthopedic
medical center in China evaluated the effectiveness of using
wearable monitoring devices for rehabilitation exercise after
total knee arthroplasty (25). Notable in this study was the ease
of provider usability — the wearable devices both monitored
exercise data and uploaded it to physician’s workstations for
review. The authors cited the automation and remote nature
of this process as ways to overcome geographic barriers in
growing and aging populations (25). Additionally, device-
based measures of physical activity enabled more thorough
analyses and insights into specific patterns of physical activity.
Most importantly, direct delivery of physical activity monitor-
ing confers enhanced efficiency to provider workflow.
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Figure 2: Flowchart of data collection and integration from wearable devices to the electronic health record and clinical application. The inter-
operability of these data between third-party products and the electronic health record is required for automated presentation of the data to pro-
viders. Ultimately, the goal is to have this process be completely automated once the patient has downloaded the appropriate applications and pro-

vided sharing permissions.
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A potential barrier to the adoption of activity trackers as a
clinical tool to increase physical activity or exercise may be the
minimal exposure to these resources in medical education. A re-
view of e-health technology in cardiac exercise interventions
noted the lack of exercise education in most pediatric residencies
and pediatric cardiology fellowship programs (26). Widespread
adoption of digital health into the clinical ecosystem requires a
foundation of understanding from a trainee level. Simulta-
neously, there is a need to incorporate education of physical ac-
tivity promotion, monitoring, prescription, and intervention
into the standard training of health care providers (26).

Provider usability also depends on the ability to leverage data
from activity trackers to make clinical decisions. The transmis-
sion of data between wearable devices and the EHR has become
more automated due to interoperability standards (i.e., FHIR
HL7) (17). Once these data are collected and integrated into
the EHR, they can be used to support clinical decision-making.
For example, a patient may have a sudden decrease in daily step
count that triggers a phone notification asking 1) if anything has
happened that has impacted their ability to exercise and 2) if they
would like to schedule a clinic visit. Alternatively, instead of hav-
ing patients describe their activity since the last visit, the provider
could review a summary of the activity data that already exist in
their health record. Improving interoperability and clinical deci-
sion support mechanisms between wearable devices and the
EHR will in turn improve provider usability.

Cost Considerations

Currently, the cost of consumer wearables ranges from less
than $100 to around $400, with the average wearable costing
$100 to $200 USD (27). Most insurance companies do not
cover wearables for patients, which leaves the cost burden to
the patient and results in cost-driven self-selection of wearable
technology users. However, to justify insurance coverage,
there needs to be evidence substantiating the benefits of incor-
porating wearable technologies into clinical care and billing
and reimbursement pathways (27). To date, there is insuffi-
cient published data on the return on investment (i.e., reduc-
tion in cost of care) of integrating these devices for routine
physical activity monitoring in clinical practice. However,
emerging remote clinical studies involving wearable technolo-
gies at Kaiser (15) suggest that the potential for fewer clinical
visits and thus fewer copayments along with reduced time
invested in appointments and travel to clinics would be strong
motivators for initial adoption by patients. Home-based exer-
cises (i.e., supervised or unsupervised) are preferred by patients
who were recently discharged home after through-knee ampu-
tations due to convenience (28-30). Systematic reviews and
meta-analyses have further confirmed that supervised rehabili-
tation exercises do not provide additional benefits when com-
pared to home-based rehabilitation exercises (31-33). It is evi-
dent that reducing costs and improving care efficiency are im-
portant objectives in rehabilitation programs; home-based
rehabilitation can lower costs for both patients and providers,
which aligns with the needs of value-based care (31,32).

Reimbursement Strategies (e.g., Billing/Coding/RPM CPT
Codes)

Medicare CPT codes exist for remote patient monitoring
(RPM) and remote therapeutic monitoring (RTM). RPM focuses
on collecting and monitoring physiological data such as vital

www.acsm-csmr.org

signs using FDA-approved devices, whereas RTM acquires
nonphysiological, patient-reported data on indicators and
outcomes such as musculoskeletal status or medication adher-
ence and therapy response. To date, physical activity mea-
sures such as step count, sedentary time, and active minutes
are not considered physiological measures billable under
RPM (34,35). However, PA measures could be tracked in ad-
dition to currently covered physiological measures such as
heart rate, blood pressure, glucose monitoring, and others.

In addition to careful consideration of reimbursement strat-
egies and impact on population health, having provider cham-
pions of digital health incorporation of PA measures will be
critical in successful integration into the clinical ecosystem.
The Ochsner Health System and Kaiser Permanente have each
designed digital health programs for the management of hyper-
tension and diabetes, respectively (36). Each system identified a
champion provider at a single clinical site to beta test, provide
feedback, and help optimize initial clinical use. This provider
helped pilot demonstrations of the program’s effectiveness;
from here, the program was then made available to other pro-
viders at this site on an opt-in basis. Once buy-in from multiple
providers was established at this first site, the program was
then scaled to other sites within the health system. Despite no
direct financial compensation for integrating these measures,
an internal assessment of provider attitudes revealed that adop-
tion was motivated by improved efficiency of care rather than
by perceived financial reward or incentive (15).

Limitations of Digital Health

While many wearable technology studies have reported
minimal adverse events associated with the intervention, there
is a lack of uniform protocols for safety-related event monitoring
(37). Inclusion criteria vary, and patients with multimorbidity
are often excluded from these studies. Reliance on patient re-
ports makes close communication between patient and pro-
vider even more crucial to ensuring participant safety. Addi-
tionally, involvement of a rehabilitation expert (physiatrist,
physical therapist, sports medicine, or exercise physiologist)
is helpful in assessing medical comorbidities to personalize
an exercise program to a patient’s fitness level. One remote
cardiac rehabilitation program conducted cardiopulmonary
exercise testing prior to starting patients in the program. Pa-
tients were instructed not to exceed a rating of 13 (“somewhat
hard”) on the Borg Rate of Perceived Exertion (RPE) scale, an
intensity that correlates with the anaerobic threshold level of
an exercise load (38). Patients were permitted to exercise only
if they had no problems within a 12-item checklist including
the following: fever; feeling tired; nausea or feeling sick; ringing
in the ears; feeling ill with sleep deprivation; loss of appetite; di-
arrhea, constipation, or stomach pain; have a cold; heart palpi-
tations and shortness of breath with low levels of exercise; and
chest pain with low levels of exercise (39). This study highlights
the importance of safety monitoring in the use of wearable
technologies, especially when physical activity prescription of-
ten relies on participants to self-report adverse symptoms.

A systematic review of wearable devices in cardiovascular
disease populations cited reasons why activity tracking using
accelerometers or GPS could be prone to error: wrist-worn
wearable devices utilizing accelerometer data may misclassify
sedentary time as step count if the patient is moving their arms
while seated or on an arm-powered bike, and accuracy of GPS
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activity tracking is impacted by the strength and consistency of
the GPS signal (e.g., activity tracking may be underestimated
in urban or highly forested areas subject to weaker signal
strength) (40-42). On the other hand, patients living in rural
or remote areas may be limited by wireless service accessibility
and limited data capacity, though they may benefit from a re-
mote digital health program (15).

In addition to technological limitations of wearable tech-
nologies, there are considerations from a legislative perspec-
tive. The U.S. Food and Drug Administration defines Software
as a Medical Device (SaMD) as “software intended to be used
for one or more medical purposes that perform these purposes
without being part of a hardware medical device” (13). When
data from wearable technologies is pooled into aggregators
for integration into the EHR, they are extending beyond the
hardware limitations of traditional medical devices and can
be considered SaMD. International regulators recognize the
need to unite under a common framework and principles for
SaMD — the International Medical Device Regulators Forum
(IMDRF) is a voluntary group developed internationally to es-
tablish agreed upon regulations. These include key definitions
(43), framework for risk categorization (43), quality manage-
ment, and clinical evaluation of SaMD (44). The goal of these
guidelines is to provide clarity and predictability for manufac-
turers, patients, and providers alike. Risk analysis, equitable
distribution, and regulatory standards remain important con-
siderations for implementation of wearable technologies.

Privacy and Ethical Considerations

An emerging potential “Achilles heel” of wearable devices
is the security of recorded activity, location, and health infor-
mation of patients. Incorporation of epidermal sensors in
wearable devices has enabled passive collection of a wide
range of biometric data. Real-time, continuous transmission
of data to cloud storage can be achieved with swift, wireless
communication technologies such as Near Field Communica-
tion (NFC), Bluetooth, and Wi-Fi. Such instantaneous, per-
sonalized data sharing is uniquely advantageous for individu-
alized health interventions but raises concern over the privacy
and data security of its users. It is important for both technol-
ogy developers and providers to incorporate regulatory con-
siderations when designing and implementing these changes.

Another component of ethical implementation involves eq-
uitable distribution of devices. Based on current published
studies, wearable device users are more likely to be younger,
Caucasian, wealthier, and of higher educational status com-
pared to people without devices (45). However, racial and eth-
nic minorities, along with patients of lower socioeconomic sta-
tus, more frequently do not meet the recommend levels of reg-
ular physical activity. Combined with the prevalent “bring
your own device” participant recruitment strategy of many
wearable device studies, these trends in technology ownership
perpetuate disparities in participant demographics of scientific
studies investigating use of wearable devices in health out-
comes (46). The long-term clinical effects of these structural in-
equities are not fully understood, highlighting further need for
studies across more diverse socioeconomic populations (47).

Application of Artificial Intelligence in Wearable Devices
Artificial intelligence (AI) and machine learning (ML) have
the potential to transform health care technologies by leveraging
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existing data generated through routine patient care. In the
realm of wearable technology, ML is a powerful tool that can
transform motion signals from devices into variables such as
posture, activity type, and intensity and duration of physical ac-
tivity (48,49). While previous methods of measurements and
categorization of movement relied heavily on conventional sta-
tistical approaches, integration of ML methodologies ushers in
a new era of more complex movement behaviors and postures
from wearables — several studies have demonstrated these en-
hanced predictive capabilities of ML in determining activity
types, intensity levels, and energy expenditure compared to
other statistical methods (49,50).

Currently, the U.S. FDA has four areas of focus regarding
the use of Al across medical products: 1) foster collaboration
to safeguard public health; 2) advance the development of reg-
ulatory approaches that support innovation; 3) promote the
development of harmonized standards, guidelines, best prac-
tices, and tools; and 4) support research related to the evalua-
tion and monitoring of Al performance. Deployment of Al in
the realm of digital health requires responsible and ethical use
of medical products that use AI (51).

Conclusion

Wearable technologies are changing the way both patients
and providers approach prescription of physical activity and
exercise. There are clear advantages including individualized
health management, increased motivation, and strengthened
patient participation in their own health care (19,25). However,
nuances of implementation also must be considered, including
patient and provider usability and adoption, data security, pri-
vacy, and ethical implementation of wearable technologies.
From a systemic viewpoint, incorporation into the EHR requires
system buy-in and champion providers. Overall, wearable
technologies have great potential in the prescription of physi-
cal activity. A balanced approach that integrates wearables
into comprehensive wellness strategies may become central
to promoting patient health and well-being.

We would like to acknowledge Leah Cantor for her assis-
tance with manuscript preparation.
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