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Abstract

Background/Aims: Information regarding the use of wearable devices in clinical research,

including disease areas, intervention techniques, trends in device types, and sample size

targets, remains elusive. Therefore, we conducted a comprehensive review of clinical

research trends related to wristband wearable devices in research planning and examined their

applications in clinical investigations.

Methods: As this study identified trends in the adoption of wearable devices during the

planning phase of clinical research, including specific disease areas and targeted number of

intervention cases, we searched ClinicalTrials.gov—a prominent platform for registering and

disseminating clinical research. Since wrist-worn devices represent a large share of the

market, we focused on wrist-worn devices and selected the most representative models

among them. The main analysis focused on major wearable devices to facilitate data analysis

and interpretation, but other wearables were also surveyed for reference. We searched

ClinicalTrials.gov with the keywords “ActiGraph,” “Apple Watch,” “Empatica,” “Fitbit,”

“Garmin,” and “wearable devices” to obtain studies published up to August 21, 2022. This

initial search yielded 3,214 studies. After excluding duplicate National Clinical Trial studies

(the overlap was permissible among different device types except for wearable devices), our

analysis focused on 2,930 studies, including simple, time-series, and type-specific

assessments of various variables.
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Results: Overall, an increasing number of clinical studies have incorporated wearable

devices since 2012. While ActiGraph and Fitbit initially dominated this landscape, the use of

other devices has steadily increased, constituting approximately 10% of the total after 2015.

Observational studies outnumbered intervention studies, with behavioral and device-based

interventions being particularly prevalent. Regarding disease types, cancer and cardiovascular

diseases accounted for approximately 20% of the total. Notably, 114 studies adopted multiple

devices simultaneously within the context of their clinical investigations.

Conclusions: Our findings revealed that the utilization of wearable devices for data

collection and behavioral interventions in various disease areas has been increasing over time

since 2012. The increase in the number of studies over the past three years has been

particularly significant, suggesting that this trend will continue to accelerate in the future.

Devices and their evaluation methods that have undergone thorough validation, confirmed

their accuracy, and adhered to established legal regulations will likely assume a pivotal role

in evaluations, allowing for remote clinical trials. Moreover, behavioral intervention therapy

utilizing apps is becoming more extensive, and we expect to see more examples that will lead

to their approval as programmed medical devices in the future.

Keywords: ActiGraph, Apple Watch, Empatica, Fitbit, Garmin, wearable device, disease

area, intervention, clinical trial, observational study
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1. Introduction

Wearable devices are information and communication technology terminals designed to be
worn on various parts of the body, such as the wrist, head, or as eyeglasses. These devices
encompass a wide range of types of devices, including watches, wristbands, rings, and even
shoe-shaped devices for monitoring infants.! Some of these wearables are specifically
designed for tracking vital signs such as body temperature, sleep patterns, heart rate, and
movements.> Moreover, textile-based solutions are available to continuously monitor health
parameters, such as heart rate and electrocardiograph;*> these solutions include clothing® and
sticker tattoos’ that prioritize ease of use. In the healthcare sector, the utilization of wearable
devices has grown considerably. These devices play a crucial role in delivering effective
services for disease prevention, healthcare, and wellness promotion. They achieve this by
collecting biological data from the individuals wearing them through integrated sensors. This
information is then transmitted and analyzed, with the results being sent to the cloud for
further assessment and feedback.®

Wearable devices are beginning to be applied in the healthcare sector. Notably, the range of
biological data that these devices can measure has expanded.”!? Further, the accuracy of these
measurements has notably improved for several key evaluation parameters.!! Wristbands and
watches are common types of wearable devices,'? with ActiGraph (ActiGraph LLC, USA),

Fitbit (Fitbit, Inc., USA), Garmin (Garmin Ltd., USA), Apple Watch (Apple Inc., USA), and



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86
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Empatica (Empatica Inc., USA) being the most preferred types, as represented by their
market share.

ActiGraph devices have specifications that are specialized for research, such as collecting
data on the acceleration (G) of raw data, number of activities, energy consumption, metabolic
rate, number of steps, physical activity intensity, activity interval analysis, sitting period,
position, sleep analysis parameters, ambient lighting, and heart rate R-R intervals.'® Studies
utilizing ActiGraph devices have been conducted in the area of cardiovascular disease and
focused on the evaluation of physical activity in randomized controlled trials of drug
interventions.'* In addition, studies have assessed sleep patterns alongside drug
interventions.!>1®

Fitbit devices have been utilized for a relatively long period as a commercial-use device.
Fitbit can collect data on the respiratory rate, heart rate variability, skin temperature, blood
oxygen wellness, resting heart rate, sleep score, menstrual cycle, health records, and stress
management scores.!” Studies utilizing Fitbit devices have been conducted on physical
activity; additionally, a meta-analysis and narrative review on intervention clinical studies
have been conducted.'®!”

Garmin also makes commercial-use devices that include assessing body energy levels, stress

levels, menstrual cycle tracking, moisture intake tracking, breath rate, sleep monitoring, heart

rate monitoring, breathwork (tracking stress conditions and breathing), and blood oxygen
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levels.?® One clinical trial utilized Garmin devices and evaluated physical activity as part of
an exercise intervention study in the area of obesity research.?!

Apple Watch is a medical commercial-use device that can measure electrocardiograms
(ECG). In the United States, the Food and Drug Administration (FDA) approved the de novo
application in September 2018, and determined that it fell under “Class II (General Controls
and Special Controls)” regarding over-the-counter use of electrocardiograph software.?? De
novo application is an application for a new medical device with a mild to moderate risk,
whose safety and effectiveness are assured by general controls, as well as general and special
controls, and for which no equivalent device exists.

Other measurements by Apple Watch include heart rate, physical activity, blood oxygen
saturation, sleep patterns, cycle tracking (menstrual cycle), noise level measurement, and fall
detection.?

The Apple Watch was employed in a trial that utilized a digital health intervention for
cardiovascular disease. This intervention involved tracking vital signs and activity.>
Empatica devices are also equipped with sensors for data collection, in combination with
clinically validated biomarkers, as they are CE marking and FDA-approved research
instruments. They can measure the pulse rate, skin electrical activity, accelerometer, skin
temperature, photoplethysmography, heart rate intervals, sleep, number of steps, and activity

levels.? The company received FDA approval for seizure monitoring (for adults in August
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2018; pediatrics in January 2019)?° and a CE marking (March 2021) for wearable-based early
symptom detection of respiratory infections, including the coronavirus disease of 2019
(COVID-19).%” A study employing Empatica investigated autonomic reactivity to assess the
potential of animal-mediated therapy in reducing social stressors.?

Although the utilization of wearable devices in clinical research is increasing, long-term
details on the status of wearable devices and their utilization in disease areas, intervention
methods, trends on the type of device, and sample size target remain unknown. Therefore,
this study aimed to elucidate the utilization of wearable devices during the planning phase of
clinical research. We explored the trends in clinical research by analyzing data retrieved from
ClinicalTrials.gov, focusing on wrist-worn devices, including ActiGraph, Fitbit, Garmin,
Apple Watch, and Empatica.

2. Methods

2.1. Clinical research selection criteria

To determine the utilization of wearable devices in clinical research, including type of device,
type of intervention, disease area, and number of studies, we examined wrist-worn watches
such as ActiGraph, Apple Watch, Empatica, Fitbit, and Garmin. We selected widely available
and commonly utilized devices, such as Apple Watch, Fitbit, and Garmin. In addition, we
included ActiGraph and Empatica, which are rarely utilized for general purposes but are

commonly used in research. Other wearable devices were also examined, including
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125  wristband- and non-wristband-type wearable devices. We used the following search terms:
126 “ActiGraph,” “Apple Watch,” “Empatica,” “Fitbit,” “Garmin,” and “wearable devices.” As
127 this study identified trends in the adoption of wearable devices during the planning phase of
128  clinical research, including specific disease areas and targeted number of intervention cases,
129  we searched ClinicalTrials.gov—a prominent platform for registering and disseminating

130  clinical research. Since wrist-worn devices represent a large share of the market (about

131 90%),” we focused on wrist-worn devices and selected the most representative models

132 among them. The main analysis focused on major wearable devices to facilitate data analysis
133  and interpretation, but other wearables were also surveyed for reference. We incorporated the
134  results into our database without undertaking eligibility screenings. Search terms were

135  adapted to the full text as well as titles and keywords. All studies that mentioned the search
136  terms even briefly were included. We observed a minimal occurrence of missing data, with
137  only two instances found in the enrollment variable. No corrective actions were taken to

138  address these missing data points.

139  We retrieved 3,214 studies that focused on wearable devices as of August 21, 2022, as

140  follows: ActiGraph, 1,218 studies; Apple Watch, 96; Empatica, 59; Fitbit, 833; Garmin, 113;
141 and other wearable devices, 895 studies. Duplicate National Clinical Trial studies were

142 excluded, and 2,930 studies were included in our analysis. As 114 studies used multiple

143 devices in the same clinical trial (S-Figure 1), we allowed for overlap among devices other
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than wearable devices and included 3,048 studies in the analysis based on the type of device

(ActiGraph: 1218 studies, Apple Watch: 96 studies, Empatica: 59 studies, Fitbit: 833 studies,

Garmin: 113 studies, and other wearable devices: 729 studies).

2.2. Analysis

We used a database downloaded from ClinicalTrials.gov and aggregated the study type,

interventional type, device type, and conditions. The study type was categorized as either

interventional or observational. Interventional studies were defined as arms or groups related

to the investigational product.

For example, to categorize the variables, such as “Behavioral: Functional Training,” only the

“Behavioral” component was considered; and we further classified them into categories such

as behavioral, device, drug, dietary supplement, diagnostic test, and procedure. Studies with

device-based interventions included those using electrical and magnetic stimulators, device

training, spectacle-type phototherapy devices, and other devices.

Device type was categorized based on the search terms found on ClinicalTrials.gov, including

ActiGraph, Apple Watch, Empatica, Fitbit, Garmin, and other wearable devices.

Conditions refer to the diseases, disorders, syndromes, or illnesses under investigation. This

variable was used to classify clinical research into categories, such as cancer, cardiovascular

disease, obesity, physical activity, sleep, and other diseases. As 61 categories were retrieved,

those with fewer than 40 trials were grouped under the “other” category.
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The variable StartDate was defined as the estimated start date of participant recruitment for

the clinical trial or actual date when the first participant was enrolled. This value was used to

calculate time-series data, specifically the percentage change or cumulative change by

category.

Enrollment refers to the estimated total number of participants intended to be enrolled (the

target number) or actual total number of participants who were enrolled in the clinical study.

This variable was used to calculate the number of participants enrolled.

A mosaic map was created as an analysis based on the type of device for the top six areas of

conditions and intervention to compare the condition—intervention type percentages.

Additionally, we conducted an analysis to compare the mean values of enrollment (planned

number of cases) based on the type of device. Moreover, the relationship between the annual

enrollment and trial number over time was confirmed by utilizing a 2D scatterplot. These

analyses were performed by utilizing the JMP Pro 16.10 (SAS Institute, Cary, NC), Microsoft

Excel for Mac version 16 (Microsoft).

3. Results

3.1. General description

3.1.1. Simple aggregations

The results of simple aggregations with regards to the study types, interventions, devices, and

conditions are presented in S-Figures 2—5. Regarding the study type, we retrieved 2,411

10
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interventional and 519 observational studies (S-Figure 2). The top six intervention types were

behavioral (1,218 registered trials), device (740 registered trials), drug (132 registered trials),

dietary supplement (61 registered trials), diagnostic test (61 registered trials), and procedure

(38 registered trials; S-Figure 3).

ActiGraph was utilized in 1,218 instances, Fitbit in 833, Garmin in 113, Apple Watch in 96,

Empatica in 59, and other wearable devices in 729 instances (S-Figure 4). A total of 114

studies employed multiple devices within the same research study. The breakdown is

presented in S-Figure 1.

Conditions included 294 registered trials of cancer, 267 registered trials of cardiovascular

diseases, 257 registered trials of physical activity, 240 registered trials of obesity, 167

registered trials of sleep (i.e., its use in sleep areas), and 158 registered trials of diabetes. The

devices were also utilized with patients with various other disease areas, including 138

registered trials of psychiatric disorders, 111 registered trials of respiratory disorders, 94

registered trials of pain, and 79 registered trials of cerebrovascular diseases (S-Figure 5).

3.1.2. Comparison by device type

The mean results of the comparison by device type are presented in Figure 1 and S-Table 1.

For ActiGraph (n = 1,216), there were an average of 167 participants; Apple Watch (n = 96)

exhibited an average of 21,880 participants; Empatica (n = 59) exhibited an average of

1,837.4 participants; Fitbit (n = 833) exhibited an average of 808 participants; Garmin (n =

11
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113) had an average of 1,039 participants, and other wearable devices (n = 729) exhibited an

average of 2,219 participants.
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Figure 1. Mean of enrollment comparison based on the type of device

3.2. Results of change over time

3.2.1. Annual time-series aggregation

The results of the annual time-series aggregations of study types, interventions, devices, and

conditions are presented in S-Figures 2—5. The number of studies exhibited an increasing

trend over time since 2012 (S-Figure 2). The annual trend of the intervention demonstrated

that the proportion of devices was approximately 50% in 2012 and 2013; however, since

2014, it has been between approximately 20% and 30%. Approximately 30% were behavioral

studies in 2012 and 2013; however, since 2014, this percentage has increased to between 40%

and 50% (S-Figure 3).

In the study type’s annual time-series between 2012 and 2015, ActiGraph and Fitbit

dominated; however, since 2015, Apple Watch, Garmin, and Empatica have been utilized in

12
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clinical studies. Their percentages have gradually increased, although they continue to

comprise less than 10% of the total percentage (S-Figure 4).

The results of the annual time-series aggregations of condition types, in 2012, accounted for

approximately 40% for obesity and 20% for diabetes; however, since 2013, the disease area

became subdivided. Since 2014, the proportion of the top six items has been approximately

40%—-50% (S-Figure 5).

3.2.2. Relationship between annual enrollment and trial number over time

Figure 2 presents a 2D scatterplot. For the enrollment average, Apple Watch had 60,210

participants in 2017, 35,914 participants in 2019, and 42,819 participants in 2021. These

numbers were greater than those of other device types at the same points in time.

13
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Figure 2. 2D scatterplot of relationship between annual enrollment and trial number over

time

3.3. Results by condition type

The contingency table was analyzed for each type of condition. The mosaic diagrams of

conditions are presented in Figure 3 and S-Table 2. We also compared the percentages by

device types (up to the top six items).

14
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Regarding physical activities, the percentage was high for ActiGraph and Fitbit. Regarding

sleeping patterns, ActiGraph and Empatica had the highest percentages. Regarding the

conditions of cancer, Garmin and Fitbit had high percentages. Regarding cardiovascular diseases, Apple

Watch and Empatica had the highest percentages. Regarding obesity, the percentage was highest for

ActiGraph and Fitbit. The percentage was also highest for Empatica and Apple Watch regarding diabetes.

3.4. Results by intervention type

The contingency table was analyzed for each type of intervention. The mosaic diagrams of

interventions are presented in Figure 4 and S-Table 3. We also compared the percentages by

device types (up to the top six items).

15
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Figure 4. Mosaic diagram of intervention
Regarding behavioral interventions percentages, Fitbit, ActiGraph, and Garmin exhibited the
highest percentages. In the case of device-based interventions, Apple Watch and Empatica
had the highest percentages. ActiGraph dominated in drug-related interventions, while dietary
supplements exhibited the highest percentage with ActiGraph. Procedures had the highest
percentages with Empatica and ActiGraph. Diagnostic tests exhibited the highest percentages
with Apple Watch and Empatica (Figure 4 and S-Table 3).

4. Discussion

16
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4.1. General summary

The ClinicalTrials.gov database was analyzed to determine the status of the clinical research
conducted in the healthcare field for wearable devices, including type of device utilized, type
of intervention, disease area, and number of studies. Clinical studies of wearable devices
included more intervention than observational studies, and ActiGraph and Fitbit were utilized
more frequently than other devices. These findings are consistent with the results of a
systematic review of medical studies that utilized wearable activity trackers.>

Regarding disease areas, the utilization of wearable devices was particularly high for cancer
and cardiovascular disease. A survey of existing literature in these areas revealed several

31534 a5 well

umbrella reviews, systematic reviews, and literature reviews focused on cancer,
as several systematic reviews in the cardiovascular disease area using digital health
interventions, including wearable devices. Therefore, these previous results demonstrate
active research pursuits within these domains.>>-%

An umbrella review of systematic reviews on interventions to reduce sedentary behavior in
patients with cancer and cancer survivors considered 26 studies. The interventions primarily
included strategies such as electronic, wearable health technology-based, and behavior
change techniques.>*

Although behavioral interventions constituted a significant percentage of interventions as

31-38

exemplified in case studies related to cancer and cardiovascular disease, several digital

17
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health studies have incorporated behavioral research.*® This observation, when considered
alongside the current results, underscores the prominent role of behavioral research in clinical
investigation involving wearable devices.

Further, several studies have used multiple devices in the same study.**** For instance, a
study focused on characterizing COVID-19 and influenza infections utilized individually
generated health data collected from commercially available wearables. It used the
Achievement Studies platform (Evidation Health, Inc, San Mateo, CA, USA), which
facilitates web-based participant recruitment and data collection through various
wearables.*>** These developments suggest that the utilization of web-based wearable
devices, particularly with such versatile platforms, is likely to become popular in the future.
4.2. Results of change over time

Regarding temporal trends, the number of studies has exhibited a consistent upward
trajectory since 2012. This aligns with similar findings from a survey of the broader scientific
literature in the field of wearable health monitoring, which covers the period from January
2010 to February 2019, and exhibits an increasing trend.**

We also utilized a 2D scatterplot to examine the relationship between annual enrollment and
trial numbers over time. Over several years, Apple Watch was utilized significantly more, by
percentage, than any other type of device. From the distribution of enrollment (S-Figure 12),

we inferred that the higher mean of enrollment for Apple Watch was the result of four large-

18
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scale studies with over 100,000 participants that were conducted utilizing the Apple Watch
devices: (1) an app-based study to determine if it could detect influenza-like illnesses and
other diseases (Fitbit and Garmin devices were also utilized in this study);* (2) a study to
determine if an ECG and symptom data obtained from Apple Watch were of sufficient quality
to guide individual care;* (3) an Apple Heart study to examine the positive predictive value
of atrial fibrillation;*” and (4) a study to examine the factors that could cause a decline in the
capacity to exercise and heart function.*®

A large-scale trial with over 100,000 participants used Empatica to monitor seizure events,
such as systemic tonic-clonic seizures, in patients with epilepsy.*’ A large-scale study used
Fitbit Heart to verify the atrial fibrillation software.>

Large-scale clinical studies utilizing commercially available wearable devices have analyzed
data collected both inside and outside medical institutions, and have obtained medical
findings.*’>%">% In some cases, such large-scale trials have been conducted with participants
who own such wearable devices, as in the Apple Heart study described above.*>:47-50:52,33,56
Further, large-scale trials have been conducted as verification trials for the approval of the
wearable devices and their accompanying applications as medical devices. 7%

Regarding sponsors of the 100,000 large trials, we discovered that two out of the four trials

involving the Apple Watch were sponsored directly by Apple.*’*® Additionally, one Fitbit

trial>® and one Empatica trial* were sponsored by Fitbit Inc. and Empatica Inc., respectively.

19
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This suggests a notable trend in which manufacturers of wearable devices are actively

engaging in large-scale trials, likely driven by their interest in advancing the capabilities and

functionalities of these devices.

4.3. Results by condition type

A comparison of utilization percentages by disease area and device model revealed that the

use of wearable devices exhibited unique patterns depending on both factors. For instance, in

the context of physical activity, ActiGraph and Fitbit displayed notably high percentages of

use. To delve deeper into this distinctiveness, we conducted a detailed analysis. We examined

the mosaic diagram representing the top six disease areas studied utilizing wearable devices,

identifying interventions with high utilization percentages based on the type of device and for

each disease area. We then investigated each case included in this study. The results are

presented in Table 1.

This analysis demonstrated that the specific features of wearable devices, such as their

measurable parameters, domains of expertise (e.g., Apple Watch: cardiovascular disease area

with ECG function; ActiGraph: sleep area with illuminance meter), and the type of

intervention methods (e.g., behavioral intervention, device intervention) were influential in

shaping their usage patterns within each disease area.

Except for cardiovascular disease and diabetes, behavioral interventions were used in a high

percentage of cases, while device interventions were used in a high percentage of

20
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cardiovascular disease and diabetes cases. In the area of cardiovascular disease, studies have
been conducted in individual cases to compare the accuracy of a device’s heart rate and ECG
detection capabilities with the accuracy of a more accurate ECG.>’%? Additionally, a large
study was conducted using the Apple Watch,*” which resulted in FDA approval of the ECG
function.?? As for diabetes, clinical research is underway, including the development of an
application for insulin administration and diet management for Type 1 diabetes.®"!
Meanwhile, an automated insulin administration mobile the application tidepool Loop, based
on algorithms first designed and developed by users of the Apple Watch, was FDA-approved
in January 2023.7%73 It was inferred that the high number of device interventions in the areas
of cardiovascular disease and diabetes was due to this type of research.

4.4. Results by intervention type

A comparison of the percentages by device type for each intervention revealed the unique
characteristics of each device model. Therefore, we identified individual clinical research
utilization cases and intervention types associated with the highest percentages. The results
are presented in Table 2.

Behavioral interventions were implemented in the areas of cancer, obesity, physical activity,
and sleep. Numerous systematic reviews have been conducted, including those using Fitbit,
Garmin, and Actigraph, which have extensive physical activity measurement capabilities,

32347475 and the results were consistent with the present findings. In addition, ActiGraph had

21
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a high percentage of drug and dietary supplement interventions. We speculated that this was
related to the fact that the ActiGraph has been used in many evaluations, including
randomized controlled clinical trials, 7®° because it has a more reliable accelerometer and
sleep monitor than commercial devices for research study purposes. The measurable items of
wearable devices based on the type of model and usage by disease area may be associated
with the characteristics of the intervention methods.

4.5. Future utilization of wearable devices in clinical research

Clinical trials are moving away from those that rely on visits to medical institutions and
toward online clinical trials that do not require visits to medical institutions or that combine
online and in-person clinical trials.”*®

The purpose of remote clinical trials is to improve access to clinical trials, such as by
reducing the impact of COVID-19 and the burden of patient visits. A shift is observed from
medical institution-centered clinical trials premised on patient visits to medical institutions to
patient-centered clinical trials conducted without patients visiting medical institutions in
accordance with patient needs, such as when it is difficult to visit owing to a disease. In a
conventional clinical trial, each process, from participant recruitment to the completion of
this study, is conducted by visiting the site of the implementing medical institution. Remote

clinical trials are implemented by collecting data with a wearable device and electronic

patient-reported outcomes, receiving delivery of study drugs, and so forth.”
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We anticipate that the utilization of wearable devices as tools for remote clinical trials will

increase after devices and applications are verified, evaluation methods for utilizing wearable

devices are established, laws and regulations are developed, and devices, applications, as well

as clouds that satisfy these requirements are implemented.

4.5. Limitations

This study had several limitations. First, the database used to search for applicable studies

was limited to ClinicalTrials.gov. Second, only major wristwatch and wristband types of

wearable devices (ActiGraph, Apple Watch, Empatica, Fitbit, and Garmin) were examined.

Third, this study identified trends, such as disease areas and target number of intervention

cases, during the planning stage of clinical studies involving wearable devices. No screening

of study eligibility was conducted; consequently, the database comprises not only completed

clinical studies but also incomplete, discontinued, or suspended studies. Additionally, the

database includes completed clinical studies for which the study results have not been

published. Consequently, while this study identified trends in the use of wearable devices in

clinical studies, it could not evaluate the results of the analysis with a high degree of

accuracy.

5. Conclusions

Our findings revealed that the utilization of wearable devices for data collection and

behavioral interventions in various disease areas has been increasing over time since 2012.
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The increase in the number of studies over the past three years has been particularly

significant, suggesting that this trend will continue to accelerate in the future. However, after

devices and their evaluation methods are sufficiently validated to establish accuracy and

regulations are implemented, wearable devices are expected to be used remotely to measure

and evaluate primary and secondary assessments. We anticipate that their utilization in

remote clinical trials will increase. Moreover, behavioral intervention therapy utilizing apps is

becoming more extensive, and we expect to see more examples that will lead to their

approval as programmed medical devices in the future.
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Figure captions

Figure 1. Mean of enrollment comparison by type

Figure 2. 2D scatterplot of relationship between annual enrollment and trial number over

time

Figure 3. Mosaic diagram of conditions

Figure 4. Mosaic diagram of intervention
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Tables

Table 1. Frequently used intervention types in selected studies

Frequentl
Type'().f Frequent.ly useg ! Description
condition | used devices | . .
Iinterventions
Cancer Garmin Behavioral Dietary, exercise, and physical activity interventions
68.75% to control obesity after breast cancer, increase or
Fitbit: maintain the levels and intensity of physical function
69.23% by activating patients through exercise, reduce
S-Figure 6, symptoms and side effects, and improve quality of
S-Table 1 life 100-104
Cardio Apple Watch: | Device Comparing the accuracy of the device’s heart rate and
vascular | 80% ECG detection functions with those of a more
disease Empatica: accurate ECG; development of smartphone
100% applications.’’6
S-Figure 7,
S-Table 2
Obesity ActiGraph Behavioral Lifestyle, diet, and exercise interventions, such as
92.08% psychological counseling and coaching, for weight
Fitbit 91.43% loss. 1057109
S-Figure 8,
S-Table 3
Physical | ActiGraph Behavioral Exercise, physical activity, and lifestyle interventions,
activity 93.08% including incentives (e.g., points earned based on the
Fitbit 90.59% number of steps taken per day), donations as gifts or
S-Figure 9, charitable contributions, and games (e.g., “Pokémon
S-Table 4 Go”) to motivate engagement, 0113
Sleep ActiGraph: Behavioral Cognitive-behavioral therapy to promote sleep, sleep
60% counseling, and exercise interventions, such as tai
Empatica: chi. 16122
100%
S-Figure 10,
S-Table 5
Diabetes | Apple Watch | Device Development of applications for insulin
60% administration and dietary management of type 1
Empatica diabetes; assessment of psychological and
50% physiological stress during the use of insulin
S-Figure 11, administration systems.53
S-Table 6
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Table 2. Frequently used intervention types in clinical research

I i : o
ntervention Device Description
type
Fitbit, Used for cancer, obesity, physical activity, and sleep. Numerous
Behavioral Garmin systematic reviews have been conducted on interventions promoting
ActiGraph | physical activity,****7*7 including those utilizing Fitbit, Garmin,
and ActiGraph, and the results align with the present findings.
Apple Device accuracy confirmation and application intervention studies
Device Watch for cardiovascular diseases and diabetes.
Empatica
Drug ActiGraph Used to evaluate sleep, physical activity, and other variables for
dietary various drug administration interventions.’®?
supplement
Diacnostic Apple Used to quantify cognitive ability and daily activities and evaluate
tos tg Watch diagnoses of atrial fibrillation and cardiovascular disease events
Garmin using ECG 4123124
ActiGraph | Used to acquire data on physical activity, sleep, and stress levels,
Procedure Empatica evaluate exercise therapies (e.g., training and rehabilitation), and

compare multiple treatment methods.!?>1%
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