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Abstract

Background: Veteransface an increased risk of common mental disorders when compared to civilian groups. However, veteran
disengagement from treatment is a concern among health care providers, resulting in a need to explore novel ways of managing
veteran mental health. Wearable devices, such as fitness trackers and smartwatches, have been explored for their potential to
assess, monitor, and predict mental health outcomes in the general population. Such devices provide continuous data on metrics
including physical activity, heart rate, sleep quality, and stress levels, offering a comprehensive view of the lifestyle and
physiological factors influencing mental health.

Objective: This study aims to explore the feasibility of using wearable technology as a data collection and potential health
monitoring tool among UK veterans. It also aims to explore the associations between mental health, physical activity, and
functioning factors among UK veterans.

Methods: Thisisan observational feasibility study measuring mental health via validated questionnaires completed at baseline
(TO), day 28 (T1), day 56 (T2), and day 84 (T3), and physiological metrics measured continuously viawrist-worn fitness trackers
(Garmin vivosmart-5 watches) over 3 months (84 days). UK veterans will be recruited through convenience sampling methods.
Statistical analysis will be exploratory, and machine learning models will be trained to detect changes in mental health and
well-being outcomes.

Results: Data collection was conducted between February 2025 and October 2025, and data analysis is scheduled to begin in
January 2026.

Conclusions; This study will provide information on the feasibility of using wearable technology devices within aUK veteran
population and may inform potential future interventions seeking to integrate wearable-derived data al ongside the management
of common mental disordersin veterans experiencing mental health difficulties. Findings would a so enhance understanding of
the relationship between mental health and physiological factors (eg, physical activity and deep) in UK veterans.
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Introduction

Veterans face an increased risk of common mental disorders
(CMDs), with depression rates estimated to be approximately
double that of the general population (40%) [1]. In the United
Kingdom, a veteran is defined as an individua who has
completed aminimum of 1 day’s paid employment inthe Armed
Forces[2]. There are estimated to be 2.03 million Armed Forces
veterans in Great Britain [3,4], with additional numbers in
Northern Ireland estimated between 40,000 and 60,000 [5].

While most veterans have positive in-service experiences, for
some, their time in the military may lead to adverse mental
health outcomes. Unique military occupational demands mean
veterans may encounter stressors not experienced by civilian
populations, such as combat exposure [6], which has been
associated with anincreased risk of experiencing adverse mental
health outcomes, including posttraumatic stress disorder (PTSD)
and depression [7].

Theimpact of depression, for instance, extends beyond mental
health, increasing the risk of physical health problems such as
type 2 diabetes and cardiovascul ar disease [ 8], aswell asmental
health comorbidities including PTSD, anger, anxiety, and
alcohol misuse [9]. Further, the economic cost of depressionin
the United Kingdom is substantial, estimated as 5% of the
country’s GDP[10]. In asample of 693 veteransidentified from
clinical databases and accessing secondary mental health
services in the United Kingdom, the rate of depression was
identified as 22.9% [11]. Additionally, in a sample of UK
veterans experiencing mental health difficulties who were
deployed during the Irag and Afghanistan conflicts, CMDswere
identified asthe most prevalent mental health problem (27.8%),
followed by probable PTSD (9.4%) and alcohol misuse (8.4%)
[12]. However, veteran disengagement from avail abl e treatment
isaconcern among mental health service providers, with many
veterans either not seeking or discontinuing treatment early
[13]. The need to explore novel ways of managing mental health
difficultiesin this population is clear.

Wearable devices, such as fitness trackers and smartwatches,
have been explored for their potential to assess, monitor, and
predict depressionin patients[14,15]. Such devices can provide
continuous data on an individual’s physical activity, heart rate,
sleep quality, and stress levels, offering a comprehensive view
of thelifestyle and physiological factors potentially influencing
mental health. Wrist-worn devices are nondistracting and easy
to administer to participants. They have been proposed as an
effective way of collecting data in real time and have been
successfully used to explore the association between depressive
symptoms and wearable-derived features such as heart rate
variability (HRV) [16], deep, and physical activity in civilian
samples [17]. Research investigating the relationship between
mental health and features measurabl e viawearabl e technol ogy
devices isincreasing, and health care providers are becoming
increasingly focused on the potential use of wearabletechnology
asatool for health monitoring in the general population [18].

https://www.researchprotocol s.org/2026/1/€73060

Military hesalth research specifically has demonstrated the
feasibility and acceptability of technology-driven methods in
the management of veteran health, which offer a promising
avenuefor future interventions. For example, the successful use
of amobile app designed to manage harmful drinking behaviors
demonstrates the potential of such interventions[19]. Real-time
symptom monitoring and novel diagnostic and treatment
approaches, such as behaviora activation through physical
activity, could be key in the management of veteran mental
health; however, there is limited research currently available
within veteran groups exploring this [18]. As such, this study
will use wearable technology (Garmin watches, vivosmart-5
model) to observe the relationship between mental health,
physical activity, and functioning factors such as sleep among
a UK veteran sample. Findings from this study may inform
potential future interventions seeking to integrate wearable
device data alongside the management of CMDs in veterans
experiencing mental health difficulties.

This study aims to explore the associations between CMDs,
including symptoms of anxiety and depression measured
monthly using the 12-item General Health Questionnaire
(GHQ-12), and indicators of physical activity recorded by
wrist-worn fitnesstrackersamong UK veterans. Garmin-derived
metricsinclude steps, active minutes per day, HRV, stresslevels,
and overal activity patterns. In addition, the study seeks to
examine the relationship between mental health and broader
functioning factors, such as somatic symptoms, loneliness, and
deep, in relation to physical activation metrics (steps, active
minutes per day, HRV, stress, and activity) obtained from fitness
trackers. The primary outcome of interest is the change in
GHQ-12 score from baseline (TO) to day 84 (T3) associated
with the change in physical activity over the 3-month study
period. The study also aims to assess the feasibility of using
fitness trackers to enhance the prediction and management of
CMDs among UK veteran populations, to inform the
development of a potentially larger-scale initiative. Feasibility
will be assessed through recruitment rate, retention rate, and
data completeness of both watch-derived data and monthly
guestionnaire responses. By integrating objective physiological
data with self-reported mental health measures, this work
ultimately aimsto support improved monitoring and intervention
strategies for CMDs within the veteran population.

Methods
Ethical Consider ations

Ethics Approval

The study protocol and all related research material (informed
consent forms, participant information sheet, recruitment
materials, and assessments) were reviewed and approved by the
King's College London Research Ethics Committee (reference
number MRA-24/25-45701) viaaminimal risk self-registration
process, in linewith King's College Research Ethics Committee
minimal risk guiding principles.
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Privacy and Confidentiality

The study will collect limited personally identifiable information
(name, contact details, service number verification, address,
and study entry date) solely for participant communication and
study administration. Identifiable datawill be held securely by
King's College London and Combat Stress, stored separately
from the research dataset, with access restricted to authorized
members of the research team as approved by the principal
investigator. Personally identifiable information will be held
for aperiod of up to 1 year after the study has been completed.
All data processing will comply with the General Data
Protection Regulation (GDPR; specifically, the GDPR 2018
Act of Parliament) and institutional data—governance policies.

Dryden et a

Wearable-derived data will be transferred from the Garmin
Connect app to SyncRation, the approved secure research
platform used at King's College London, viaencrypted protocols
(Transport Layer Security/Secure Sockets L ayer) and stored on
access-controlled serverswith encryption at rest. Systems used
by the research team maintain audit logs of data access and
changes, and operate within protected, segmented network
environments to reduce security risk. Identifiable information
is stored separately from research datasets, with linkage
performed through pseudonymized study identifiers. Garmin
does not have access to any identifiable research data
Nonidentifiable information will be held for a period of up to
7 years after the study has been completed (Figure 1).

Figure 1. Dataflow of wearable-derived data. PI: principal investigator; SSL: Secure Sockets Layer; TLS: Transport Layer Security.

| Participant

‘ Physiological and activity data collected

| Garmin wearable device (Vivosmart-5 watch)

‘ Bluetooth transfer

| Garmin Connect mobile app

‘ Encrypted transfer (TLS/SSL)

| SyncRation secure research platform (research viable product)

‘ Pseudonymized study ID’s applied; access controlled; audit logs; data encrypted at rest

| King’s College London

retention <7 years post study

Access controlled research datasets; audit logs for data access; encrypted storage;

| Authorised members of the research team (Pl-approved personnel)

Informed Consent Procedures

If the participant agrees to take part, informed consent will be
obtained at the end of the online screening questionnaire before
the collection of any data. Participants will be informed that
they can withdraw from the study at any time. All data, including
those from withdrawn participants, except for those who request
that their data be deleted/not used, will beincluded in the final
analysis.

Compensation

Participants will be gifted a£10 (US $13.40) Amazon voucher
upon completion of the study. They will also be gifted the

https://www.researchprotocol s.org/2026/1/€73060
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Garmin vivosmart-5 watch used to collect study data free of
charge; the watch isvalued at £129.99 (US $174.19).
Eligibility Criteria

Participantswill be veterans of the UK Armed Forceswho meet
caseness for CMDs, including symptoms of anxiety and
depression, defined by a cutoff score of 212 on the GHQ-12.
A brief online survey will screen for study inclusion criteria
and obtain informed consent from participants (Textbox 1).
Eligible participants will receive a phone call from a member
of the research team to confirm their delivery address for the
Garmin watch, their status asaveteran viatheir service number,
and their service history (when they served and when they left
service).
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Textbox 1. Participant eligibility criteria.

Dryden et a

Inclusion criteria

paid employment in the UK Armed Forces [20]

the 12-item General Health Questionnaire [21]
o Fluent (speaking and reading) in English
« UseaniOSor Android device released within the previous 5 years
o  Accessto aUSB-C compatible charging port

Exclusion criteria
«  Living outside of the United Kingdom
«  Currently serving

«  Unwilling and/or unable to provide informed consent

« UK military veterans aged =18 years. In the United Kingdom, individuals are defined as veterans if they have completed a minimum of 1 day of

.  Sef-reported experiences of common mental disorders, including symptoms of anxiety or depression, caseness identified by a score of 212 on

Study Design

An observational feasibility study inwhich 50 UK veteranswho
self-report experiencing CMDs, including symptoms of anxiety
and depression, will be recruited through convenience sampling
methods. Thetarget population for thisstudy isnot clinical, and
there are no comparators. Participantswill wear a Garmin watch,
delivered to their home address, for 84 days, and complete
baseline measures plus 3 monthly questionnaires about their
mental health and well-being, administered on Qualtrics survey
software (Qualtrics Labs, Inc). Participantswill wear the devices

https://www.researchprotocol s.org/2026/1/€73060
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intheir everyday environment and will be sent automated email
reminders to complete the monthly surveys.

Participant self-reported mental health and well-being data will
be collected via monthly online questionnaires (a summary of
the measures used is detailed in Table 1), and behavioral and
physiological indices will be measured and collected using
Garmin watches (vivosmart-5 model; Figure 2). Data will be
collected via the watches on the following outcomes
continuously (24/7): activity level (number of steps, active
minutes, and self-reported activity), HRV, overall body battery,
deep (sleep quality, sleep score, and hours of sleep), and stress.
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Table 1. Mental health and well-being measures.
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Mental health and well-being measures

Description of measure

Cutoff

Alcohol Use Disorders | dentification Test
for Consumption [22]

12-item General Health Questionnaire [21]

Generalized Anxiety Disorder-7 [23]

Patient Health Questionnaire-2 [24]

Patient Health Questionnaire-15 [25]

Posttraumatic Stress Disorder Checklist-5
[26]

Pittsburgh Sleep Quality Index [27]

UCLAP Loneliness Scale-3[28]

Warwick-Edinburgh Mental Well-being
Scale-7 [29]

Dimensions of Anger Reactions-5 [30]

Insomnia Severity Index [31]

International Physical Activity Question-
naire Short Form [32]

Perceived Stress Scale-10 [33]

3-item measure of heavy drinking and/or active alcohol
dependence. Assesses frequency and quantity of alcohol
consumption, and frequency of high-intensity drinking
episodes (=6 units for women, =8 for men).

Measure of common mental disorders, focusing on non-
psychotic symptoms such as depression and anxiety.

Screensfor and assesses the severity of generalized anxiety
disorder.

Brief screening tool for depression assessing frequency of
low mood and anhedonia over the past 2 weeks.

Measuresthe severity of somatic (physical) symptomssuch
as pain and fatigue.

Assesses presence and severity of PTSD?symptomsaigned
with DSM-5 criteria; used for screening and monitoring
over time.

Assesses sleep quality and disturbances over a 1-month
period.

Brief 3-item measure of perceived loneliness.

Measures positive mental well-being, including aspects
such as personal growth, autonomy, and relationships;
shortened 7-item version.

Brief standardized measure of trait anger; sensitive
screening tool for anger-related difficulties.

Brief screening tool measuring the severity of insomnia
symptoms.

Assesses physical activity across vigorous, moderate,
walking, and sitting domains over the past 7 days.

Measures perceived stress based on feelings of unpre-
dictability, uncontrollability, and overload over the past
month.

Scores range from 0 to 12. =5 indicates a
positive screen. Categories: low risk (0-4),
increasing risk (5-7), higher risk (8-10), and
possible dependence (11-12).

Scores range from 0 to 36 (Likert scale).
Casenessis defined as 212.

Scores range from 0 to 21. Categories:
minimal (0-4), mild (5-9), moderate (10-
14), and severe (15-21).

Scores range from O to 6. 23 indicates
probable depression.

Scores range from O to 30. Categories:
minimal (0-4), low (5-9), medium (10-14),
and high (15-30).

Scores range from 0 to 80. =31 indicates
provisional PTSD diagnosis.

Scores range from 0 to 21. =5 indicates
significant sleep disturbance.

Scores range from 3 to 9. Categories: not
lonely (3-5) and lonely (6-9).

Scores range from 7 to 35. Categorized us-
ing £1 SD aslow, normal, or high well-be-
ing.

Scores range from 5 to 25. =12 indicates
problematic anger.

Scoresrange from 0to 28. Categories: none
(0-7), subthreshold (8-14), moderate (15-
21), and severe (22-28).

Produces MET®-min/week. Categories: low,
moderate, high physical activity.

Scores range from 0 to 40. Categories: low
(0-13), moderate (14-26), and high (27-40).

3PTSD: posttraumatic stress disorder.

bUCLA: University of California, Los Angeles.

°MET: metabolic equivalent of task.
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Figure 2. Sample devices (Black).
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A pilot study, with 5 participants, will be conducted prior to
commencing the study. The pilot study will be conducted for
the purpose of testing the study design and study schedule. The
pilot study sample is made up of experts working in the field
of military mental health who have experience working with
the veteran population. Feedback from the pilot study will be
used solely to inform the main study design and study schedule;
any aterations identified from the pilot study will be made
before the main study commences. Data collected from the pilot
study will not be used in the analysis of results from the main
cohort.

Study Schedule

A recruitment advert will includealink to theregistration survey
where participants can register their interest in taking part in
the study. This survey will collect participants consent to be
contacted about the study, contact details, and a copy of the
participant information sheet will be included, and informed
consent to participatein the study will be collected. Prospective
participants will confirm they meet the inclusion and exclusion
criteria on this survey. Those who do not meet the inclusion
criteria for the study will be informed via email. Eligible
participants will be invited to attend an online verification call
conducted with amember of the research team. During thiscall,
participants will be given the opportunity to ask any questions
they may have about the study, go through the participant
information sheet, and confirm their home delivery address for
the Garmin watch. The following questions will be asked to
confirm participants’ status as aveteran and service history: (1)

https://www.researchprotocol s.org/2026/1/€73060
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“Please could you tell me how long you served for?” (2) “And
please confirm that you are no longer serving?’ (3) “Please
could you provideyour service number?’ and (4) “ Please could
you tell mealittle bit about your timein service? Your roleand
responsibilities, for example. Just briefly.” Eligible participants
who wish to participate in the study will be emailed a copy of
the participant information sheet for their own records.

Garminwatcheswill be posted to participants home addresses;
participantswill be emailed by the research team that the watch
ison itsway to ensure successful delivery. A video call with a
member of the research team will be conducted to support the
setup of the deviceif participants require assistance. Following
delivery of the watch, an account will be set up for participants
on the SyncRation platform by amember of the research team.
Automated emailswill be sent from SyncRation to participants
personal emailsthroughout the study. A SyncRation automated
email (Table 2, SyncRation email 1) will include a link to a
document containing participant instructions for setting up the
watch and the Garmin Connect app, plus alink to synchronize
participants’ Garmin Connect app with the SyncRation portal.
This will include consent for the research team to access the
participants’ Garmin data via SyncRation. Participants will be
requested to begin wearing their watch after they have
successfully set up their watch with the Garmin Connect app
and consented to the study team accessing their data via the
SyncRation platform, to ensure comfort and fit of the device.
The research team will be contactable viaemail to address any
technical difficulties throughout the study period.
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Table 2. Study flowchart—participant journey.

Study phase and activity Weeks
0 1 2 3 45 6 7 8 9 101 12

Recruitment?
Recruitment (Facebook, Linkedin, veteran groups, or newsl etters)

Registration survey: online eligibility screen; contact details: name, email, and phone
number; consent to be contacted; participant information sheet; and informed consent.

Onboarding
Study explanation (verification call) X
Address confirmed for Garmin delivery (verification call) X
Veteran status confirmed (verification call) X
Service history details (verification call) x
Participant information sheet copy (emailed) X
Garmin sent to participant’s home address X
Watch on its way (emailed) X

Watch and Garmin Connect app setup instructions; Garmin Connect app—SyncRation  x
synchronization link; consent for research team to access data via SyncRation (Syn-
cRation email 1)

Baseline measures questionnaire (SyncRation email 2) X
Optional video call to support setup X
Day 1—study commencement (emailed) X
Basdline data

Sociodemographics X
International Physical Activity Questionnaire X
Short Form

BMI x
Dimensions of Anger Reactions-5 X
Insomnia Severity Scale X
Perceived Stress Scale-10 x

Monthly Mental Health Questionnaire (to be completed every 28 days)

Alcohol Use Disorders Identification Test for Consumption X X x X
General Health Questionnaire-12 X X x x
Generalized Anxiety Disorder Scale-7 x x x x
Patient Health Questionnaire-2 X X x x
Patient Health Questionnaire-15 x X X X
Posttraumatic Stress Disorder checklist for DSM-5° x x x x
Pittsburgh Sleep Quality Index x X x x
UCLAC Loneliness Scale-3 x x X X
Short Warwick-Edinburgh Mental Well-Being Scale-7 x x x x

Fitnesstracker

Sleep: sleep score, sleep hours, and sleep quality d — — — — — — — - - -

HRV®morning and evening . — == = = = = = = = — —
Activity: steps, active minutes, and self-reported activity —  — — — — — — — — — — — —

Stress = = = = = = — = — — — —
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Study phase and activity

Weeks
01 2 3 4 5 6 7 8 9 101 12

Body battery

Questionnairereminder emails
MH' Questionnaire link (SyncRation email 3)
MH Questionnaire link (SyncRation email 4)

MH Questionnaire link + final measures survey (SyncRation email 5)

Final measures

Weight X x
Perceived Stress Scale-10 X x
Insomnia Severity Scale X X
Dimensions of Anger Reactions-5 X x
International Physical Activity Questionnaire X X
Short Form
Incentive to complete the final questionnaire
Thank you, plusinstructions to unlink Garmin Connect from SyncRation (emailed) X

£109 Amazon voucher (emailed)

8Recruitment will occur prestudy.

bpsMm-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

CUCLA: University of Cdifornia, Los Angeles.
dcontinuous data collection from week 1 to week 12.
CHRV: heart rate variability.

"MH: mental health.

9£10=US $13.40.

A link to the baseline measurement questionnaire will be sent
to the participants (Table 2, SyncRation email 2). This will
include basic demographic information, weight, height, aswell
as psychometric measures of menta and physical health
outcomes. Once the baseline questionnaire is complete, the
following day will signify the start date of the study for the
participant (Day 1). Participants will complete all monthly
guestionnaires about their mental and physical health via the
online survey platform (Qualtrics). This survey link will be
automatically emailed to participants on day 28 (T1), day 56
(T2), and day 84 (T3) of the study via SyncRation. All
physiological study data will be collected automatically from
thewatch, viathe Garmin Connect smartphone app. Participants
will be emailed 2 reminders to complete each survey: 2 days
and 1 week after the survey isfirst emailed. If the questionnaires
remain uncompleted, participantswill be called by theresearch
team a further 2 times, 8 days and 10 days after the date the
survey link was emailed. Those who still do not complete the
survey will be emailed a final time to say they have been
withdrawn from the study. Participants who do not complete
the questionnaireswill not receivethe £10 (US $13.40) Amazon
gift voucher, but they may opt to keep the Garmin watch.
Parti cipants who compl ete the questionnaireswill be gifted their
watch after study completion and will receivea£10 (US $13.40)
Amazon voucher as a gesture of goodwill for taking part.
Participantswill be sent athank-you email for their participation,
which will include instructions for unlinking their Garmin

https://www.researchprotocol s.org/2026/1/€73060

Connect app from the SyncRation platform. Participants who
do not unlink from SyncRation will be manually unlinked by a
member of the research team through the SyncRation platform
to ensure cessation of data collection beyond the study end date.

Watches will be delivered to participants’ home addresses and
posted in batches. Due to the geographical distribution of
participants across the United Kingdom, deviceswill bereceived
and set up at different time points, resulting in variation in
individual study commencement dates (day 1). Study
commencement is defined as the point at which the watch is
successfully set up and linked to the SyncRation platform and
baseline measures are completed. Following successful setup
of the device and completion of the baseline questionnaire,
participants will be emailed by the research team to mark the
study commencement (day 1), and al participantswill complete
the same study schedule. The study schedule is illustrated in
Table 2, which includes al data collection points and
guestionnaire measures. A selection of health and well-being
guestionnaires has been selected to enable assessment of
participants mental health and well-being. See Multimedia
Appendix 1 for full questionnaire markup.

Wear able Tracker

Garmin devices (Figure 2) are consumer-grade wearableswidely
used in heath research. Existing validation studies have
demonstrated acceptable accuracy for step counting, heart rate,
HRV-derived indices, and sleep duration in free-living and

JMIR Res Protoc 2026 | vol. 15 | €73060 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

laboratory conditions. While these metrics do not replace clinical
gold standards, they are considered reasonable proxies for
exploratory digital phenotyping studies and have been used in
hundreds of published research projects [34]. The device is
therefore suitable for feasibility work focusing on patterns of
association rather than clinical diagnosis. For this study, the
Garmin vivosmart-5 will be used. This device is Conformité
Européenne marked and approved for sale and usein the United

Table 3. Garmin vivosmart-5 sensor modalities.

Dryden et a

Kingdom. The device has a battery charge of 7 days and can
store datafor up to 2 months.

Sensor Modalities

Sensors included a Garmin Elevate wrist heart rate monitor,
Pulse Ox blood oxygen saturation monitor, accelerometer,
ambient light sensor (for display brightness adjustment),
device-generated values (sleep, stress, maxima oxygen
consumption, and zero-crossing), and human-recorded events
(activities and body composition; Table 3).

Datatype Variables/description Sensor
Energy (body battery) Composite energy score derived from physiologica signals Garmin device (a gorithm-generated)
Heart rate Resting heart rate; heart rate (beats per minute); beat-to-beat inter-  Garmin Elevate wrist heart rate monitor
val; heart rate variability
Respiration Respiratory rate summaries Pulse oximeter
Sleep Sleep score, sleep duration (hours), and sleep quality Garmin device (a gorithm-generated)
Spo,2 Blood oxygen saturation level Pulse oximeter
Stress Physiological stress score derived from heart rate variability Garmin device (a gorithm-generated)
Physical activity Step count, active minutes, and self-reported activity Accelerometer; actigraphy; self-reported (human-

recorded events)

85p0,: saturation peripheral oxygen.

Each smartwatch package includesthe following items: Garmin
vivosmart-5, USB-C charging cable, and user manual.
Participants will be provided with the complete set, consisting
of the device and all accompanying contentslisted. Participants
will be sent instructions on the proper handling and operation
of the device. If requested, participants can arrange avideo call
with a member of the research team to support setup. The
manufacturer of the watch, Garmin, will not have accessto any
study data. At the end of the study, participants can opt to retain
the device or send it back to the research team via a prepaid
postage box.

Data Collection

During the study enrollment, participants will be required to
download a smartphone app to facilitate data collection (eg,
syncing data from the watch). Participants will download the
mobile app Garmin Connect viathe Apple Store or Google App
Store on their personal mobile device. Participants will be
required to consent to King's College London accessing and
processing their data via the SyncRation portal. SyncRation is
aresearch-viable product devel oped by King's College London
to facilitate participant engagement and data synchronization
[35]. Participantswill be encouraged to synchronize dataweekly
and at the end of the study via the Garmin Connect app.
Participants are able to withdraw at any time via SyncRation,
without any need to contact the research team. The app does
not collect any personal identifiers such as name, location, or
date of birth. The research team will provide the participants
with a user manual and guide them through the setup process
to explain common features of the app. Oncethedataare synced,
participants will be able to view their data on the Garmin
Connect app interface. The research team will be contactable
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throughout the study to address any technical issuesand provide
guidance to participants on the use of the vivosmart-5, Garmin
Connect app, and SyncRation platform. The research team will
not review datain real time but will perform automated quality
control checks to ensure data integrity.

Recruitment

UK veterans will be recruited through convenience sampling
methods. Social media posts on Linkedin, Facebook, and
I nstagram will advertisethe study viaopen adverts. In addition,
veteran groups and peer support networkswill be contacted via
email and invited to participate in the study (eg, email
distribution lists originating from veteran organi zations), veteran
charitieswill be contacted, and requeststo advertisein relevant
charity newdetters will be made. Once participants have
successfully completed the eligibility survey and informed
consent form, the research assistant will arrange acall with the
participant to explain the study in depth, ensure sufficient
English language skills, confirm veteran status via service
number, and go through the participant information sheet.
Participants will be given time to ask questions or raise any
concerns. The research assistant will make it clear that
participation isentirely voluntary, that participants are not under
an obligation to participate, and can withdraw from the study
at any time.

Sample Size

This study is an observational feasibility study. As such, no
power calculation has been performed. Research specifically
within the UK veteran populations is limited; a sample of 30
was used in a feasibility study using wearable technology to
predict PTSD symptoms and cannabis use among UK veterans
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[36]. Feasibility trials using wearable devices in community
and veteran populations commonly recruit between 15 and 110
participants[37-39], and arecent US veteran wearablefeasibility
study successfully used asampleof 74 [40]. The selected sample
size for this study is 50 veterans. A sample of 50 enables the
study to estimate key feasibility outcomes, such as recruitment
rate, retention, survey completion, and wearable data
availability, with acceptable precision for planning a larger
study. Although the machine learning (ML) component is
exploratory, each participant contributes up to 84 days of
continuous data, providing a significant amount of data [40].
In feasibility settings, ML analysis focuses on identifying
whether wearable features show consistent signal s and whether
models can be trained without substantial overfitting, rather
than producing validated prediction models.

Adver se Events

Participation in this study is not expected to result in adverse
events. Nevertheless, researchers will monitor changes in
participants mental health over the course of the study to ensure
safety. Incoming GHQ-12 scores from participants monthly
surveys will be monitored on a weekly basis by the research
team. Weekly monitoring will be conducted to account for
participants' different start dates and, therefore, different
monthly questionnaire completion dates between participants,
to ensure that safeguarding response procedures are initiated
within aweek of data collection. Any participants reporting an
increasein GHQ-12 score of =15 points between 2 consecutive
surveys will be contacted immediately by a member of the
research team. During this contact, participantswill be provided
with the signposting booklet of veterans' mental health services.
If concerns about the participant’s well-being arise during this
correspondence, the case will be escalated for further
assessment. Thiswill involve a call with a designated member
of the research team. Further action required following
confirmation of risk will result in areferral to the clinical lead
(DM) to perform aclinical interview and risk assessment, and
to determine whether and what additional support is required
and whether the participant should be withdrawn from the study.
All contact, assessments, and actions undertaken in response to
potential adverse events will be documented, and any data
collected before withdrawal will be used for analysis.

Statistical Analysis

Overview

Analyses will be conducted after data collection. As thisis a
feasibility study, the primary analytic aims are to describe data
availability, engagement, and retention, and to explore
preliminary associ ations between wearabl e-derived features and
mental health outcomes. All analyses will be exploratory and
will inform the design of afuture larger study.

Descriptive and Feasibility Analyses

Baseline characteristics will be summarized using standard
descriptive statistics. Questionnaire outcomeswill be described
at TO, T1, T2, and T3. Feasibility outcomes (recruitment rate,
retention, questionnaire completion, proportion of valid wear
days and weeks, and completeness of each wearable stream)
will be reported using counts, percentages, medians, and IQRs
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as appropriate. Participants will be grouped into quartiles of
data compl eteness to assess engagement patterns as undertaken
in prior work [40,41].

Wear able Feature Construction

Wearable data (steps, active minutes, sleep metrics, heart rate,
HRV, stress, and body battery) will be summarized at the day
and week level. Features will include mean values, variability
measures, and simple temporal trends. Final feature inclusion
for ML analysis will depend on data completeness. All
sensor-derived features will be treated as exploratory
physiological indices and not as validated clinical biomarkers.

Missing Data

For wearable data, avalid day will be defined as having at least
6 hours of data for each individual stream. Weekly summaries
will require at least 4 valid days. Missing days and weeks will

not beimputed in the primary analysis. Patterns of missingness
will be summarized and reported.

Exploratory Modelling

The primary exploratory outcome is the change in GHQ-12
score from TO to T3. Secondary outcomes include change in
other questionnaire scores. Initial associations between wearable
features and mental health outcomes will be examined using
simple regression models to estimate effect sizes.

ML Analysis

Candidate models will include a range of classifiers such as
decision trees, random forests, support vector machines, and
Bayesian classifiers. To reduceinformation leakage arising from
repeated measures, models will be evaluated using
participant-level grouped k-fold cross-validation, such that all
observations from a given participant are assigned to either the
training or test set within each fold, but not both.
Hyperparameter tuning will be conducted within the training
dataonly. Performance metricswill include areaunder the curve,
sensitivity, and specificity for binary outcomes. ML analysis
will be judged informative if (1) models can be fitted without
substantial overfitting, (2) performance exceeds simplebaseline
models, and (3) asmall number of wearabl e features consi stently
appear influential across models. Feature importance will be
used to identify suitable data streams for a future larger study.

Results

Enrollment for the pilot phase was completed in December
2024, with al pilot study participants completing the study
(n=5). Data collection for the main study commenced in
February 2025 and concluded in October 2025. As of March
2026, 52 participants have been recruited, of whom 48 have
completed the study procedure, and 4 have withdrawn from the
study. Recruitment occurred between February 2025 and August
2025. Dataanalysisis scheduled to begin in January 2026, with
results expected to be submitted for publication in May 2026.
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Discussion

Overview

Thisstudy protocol outlinesthe design for the V-MIND (Veteran
Monitoring Initiative for Noninvasive Physiology and
Depression) observational digital feasibility study. A
longitudinal 3-month (84-day) study designed to observe
changes in participant mental health and physiological metrics
(eg, physical activity, sleep, and stress) collected continuously
via Garmin vivosmart-5 wearable devices. The participant
sample includes 48 UK veterans who met caseness for CMDs,
including symptoms of anxiety and depression measured by the
GHQ-12.

Findings from this study could provide essential information
on the feasibility of using wearables to collect continuous
physiological data aongside self-reported mental health
measures in a UK veteran population. The study will evaluate
whether participants can be recruited at a rate sufficient to
support a future larger participant group. We hypothesize that
this study can be implemented without major protocol
deviations, and successful implementation will be considered
as a measure of operational feasibility of the V-MIND study.
It is expected that key outcomes will demonstrate sufficient
variability rates to inform a sample size calculation for a
potentially larger-scal e future study, and that wearable-derived
metrics associated with mental health outcomes will be
observed.

The value of thiswork could be realized in the devel opment of
novel interventions used to manage veteran mental health.
Digital interventions have been used to encourage self-disclosure
of mental health issues to a professional among civilians [42],
and there is potential scope to combine similar initiatives with
wearable technology for veterans. The feasibility and
acceptability of technol ogy-driven methodsfor usewith mental
health treatment—seeking veteran groups have been demonstrated
in previouswork [19], which identified digital interventions as
apromising avenue for veteran health initiatives. Other studies
have aso demonstrated this. For example, a randomized
controlled trial found that using Garmin wearables (fenix 5,
fenix 6, and vivoactive 4 series) and mobile health (mHealth)
apps alongside cognitive behavioral therapy (CBT) improved
mental health disorder symptoms among active-duty US service
members [43]. In the case of CBT, adherence is largely
associated with therapeutic success [44]. In this study, 50% of
the control group (n=5) dropped out of CBT early; those who
used the mHealth app and wearable device completed therapy
and showed reductions in mental health symptoms, including
depression, anxiety, stress, and anger. Results suggest wearables
may improve treatment compliance among military personnel,
and other studies have identified similar increased adherence
to therapy among veteran groups when they used an mHealth
adjunct [45]. Due to high rates of dropout during therapy, 42%
on average for veterans receiving clinical care, increasing to
68% for veterans undergoing treatment for PTSD [13,46], the
use of wearable technology as a study tool, as a potential
treatment adjuvant, or for symptom monitoring purposes may
be particularly relevant to this population. Commercially
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available, discreet, and inherently unobtrusive wearable devices
offer avenues for veterans to engage with their mental health
outside of formal clinical routes. Devices such as Fithit have,
for example, been identified as an acceptable adjunct in
behavioral activation therapy for depression among civilian
samples [47]. The full potential of wearables in mental health
care settings is yet to be established, and research is ongoing
among veteran and other general population groups [48].

Garmin Vivofit-4 devices have been identified as feasible for
use asaself-monitoring tool in astudy exploring problem anger
intrauma-exposed civilians[49]. Reductionsin anger symptoms
were observed in this group, alongside PTSD symptom
improvements following use of a smartphone app which
prompted participants to reflect on their anger in conjunction
with the wearable device, which alerted participants when it
measured high levels of physiological stress. Although limited
by thelack of acontrol group and amajority female participants
sample, thiswork madeimportant contributionsto the evidence
base exploring the potential for wearables to be leveraged in
novel digital health interventions.

Physical activity and functioning factors such assleep and stress
have been collected using wearable devices alongside mobile
sensing data to explore mental health and well-being outcomes
among other occupational groups. One such study combined
Fitbit data, including measures such as heart rate, with short
self-reported surveys delivered to participants smartphones, to
predict indicators of stressresiliencein US medical interns[50].
Evidencing the use of technology-driven health monitoring for
groups under unique occupational stress. Other studies have
also used wearabl e devices and maobile sensing data to predict
clinically significant changes in mental health, including
depression [51], anxiety [52], and bipolar disorder [53] among
genera population samples. WHOOP devices, for example,
have been used to observe the relationship between mental
health and wearable metrics such as HRV and found that
participants with better sleep, higher HRV, lower resting heart
rate, and higher physical activity levels reported lower
depression, anxiety, and stress scores. Interpersonal analysis
showed that physiological indices collected viaWHOOP devices
were associated with self-reported mental health outcomes[54].
However, this work has yet to be replicated in veteran
populations.

Strengthsand Limitations

Study strengths include the use of a smartphone app, which
enables remote data coll ection from veteran participants across
the United Kingdom. Participantswill be sent the watch as part
of the study; they are required to have a smartphone and access
to a USB-C charging port, which potentially restricts the pool
of participants. Wrist-worn devices may be particularly
beneficial for use with veteran population because they are
discrete, meaning they have the potential to overcome some of
the concerns veterans may have about seeking help for mental
health difficulties such as stigma, which are consistently
identified as a major barrier to help-seeking among veterans
[5]. Although wearables can provide research-quality data,
accuracy isaconcern. When compared with polysomnography,
for example, the gold standard for assessing sleep, wearables
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fall short. A systematic review comparing the performance of
wearables (Fitbit Charge 4, Garmin vivosmart-4, and WHOOP)
in measuring participant sleep found that WHOOP performed
better as a measure of total sleep time compared to the other
models, athough Garmin vivosmart-4 and Fithit Charge 4
showed moderate accuracy in measuring sleep stages and total
sleep time [55]. Polysomnography isimpractical for everyday
use; it isexpensive, requires specialist equipment and expertise
and isnot feasiblefor population level interventions. In contrast,
wearables such as the vivosmart-5 are commercialy available
and better suited to day-to-day use. Therefore, a limitation is
that Garmin metrics are derived from proprietary algorithms
and have variable validation against clinical gold-standard
measures. As such, findings will be interpreted as exploratory
signals, and not as diagnostic physiological outputs. The
decision to recruit participants solely through social media
platforms and veteran community groups may introduce sample
biasand limit generalizability to the broader population, asthis
potentially excludes those with limited digital access or low
comfort with technology. This may need to be considered when
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interpreting the study findings and planning a larger, more
representative future trial.

Conclusion

This study aimsto contribute to the devel oping evidence-based
exploring mHealth approaches and the use of wearable
technology in veteran mental health research. Findings will
provide valuable data on the feasibility of using wearables to
collect continuous physiological data alongside self-reported
mental health measuresin a UK veteran population. The study
will examine associations between CMDs, including symptoms
of anxiety and depression, and physical activity indicesin UK
veterans. While such associations have been explored within
civilian populations, they remain largely under investigated
among specific occupational groups. Although modest in size
(n=50), this study will alow for the observation of key
associations within the analysis, and findings may inform a
larger future trial. Thiswork could support the devel opment of
interventions that integrate wearable-derived data to enhance
the prediction and management of CMDs in UK veteran
populations.
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