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Experimental Wearables: Research report on intervention and its implementation

1. Overview and Rationale

The Experimental Wearables group represents an additional arm within the DIGAHEALTH project,
embedded in the clinical activities of the Center for Obesity Management (COM, EASO
accredited) at the Biomedical Research Center of the Slovak Academy of Sciences (BMC SAS) in
Bratislava. Unlike the four main randomised arms of the trial, the primary aim of this component
was not comparative efficacy assessment but rather the exploration of integrated consumer-
grade wearable technologies as a means of enhancing motivation for lifestyle change and
supporting personalised health coaching within the established infrastructure of the COM.

Two objectives guided the design of this group. First, to evaluate the added health benefit and
cost-effectiveness of incorporating wearable self-monitoring devices into routine obesity
management. Second, to establish and systematically document the know-how required to
scale such an approach to other obesity management centres in the future. A further operational
goal was to introduce automatic, continuous data collection to facilitate more personalised and
evidence-informed coaching within the COM setting.

An important additional incentive was to extend the reach of the COM's services beyond patients
residing near Bratislava, offering a meaningful obesity management programme to individuals
from more distant areas who are unable to attend frequent in-person clinic visits. The integration
of wearable self-monitoring was therefore conceived as both a motivational instrument and a
logistical enabler of remote, personalised care.

2. Target Population and Eligibility Criteria

Prospective participants were adults with pre-obesity or obesity enrolled in outpatient
programmes with lifestyle interventions at the COM and the Centre for Physical Activity at BMC
SAS. The recruitment pool was limited to residents of Bratislava and its immediate surroundings,
reflecting both the need for at least one in-person visit and practical logistical considerations.

2.1 Inclusion Criteria

Eligible participants were adults living with obesity who were actively engaged in ambulatory
programmes at the COM and the Centre for Physical Activity at BMC SAS. Willingness to use
wearable devices at home and to engage with an online platform was a prerequisite for
participation.

2.2 Exclusion Criteria

Individuals were excluded if they presented with chronic diseases in advanced or insufficiently
controlled stages, as determined by the responsible physician. Additional exclusion criteria
included oncological disease within less than one year of completing treatment, type 1 diabetes
mellitus, insulin-dependent type 2 diabetes mellitus, current smoking, substance abuse, or a
documented history of non-compliance with medical recommendations.



3. Wearable Technology: Device Selection and Deployment
3.1 Device Selection

The smart wearables selected for this group was designed to capture a comprehensive,
multimodal picture of daily health behaviours and physiological status within a single unified
data platform. Following an evaluation of available consumer-grade devices, three primary
instruments from the Garmin ecosystem were chosen for their interoperability and the breadth
of health parameters they collectively cover.

The Garmin Vivosmart 5 smartwatch provided continuous monitoring of physical activity volume
and intensity, including step count, active calories, and heart rate. It additionally tracked
estimated VO2max, perceived stress level, sleep duration and architecture. The Garmin
bioimpedance scale (Index S2) enabled standardised home-based measurements of body
weight, BMI, and detailed body composition, including fat mass and muscle mass. The Garmin
blood pressure monitor allowed participants to record systolic and diastolic blood pressure
together with resting heart rate in a standardised manner from their home environment (Table 1).

Table 1. Basic characteristics and parameters collected via the unified platform used for
coaching individualisation and outcome evaluation

Post-

Baseline Intervention
Female/male 36/19
Wearable use (daily summaries) count out of max (98 days) 87.3+5.1
Wearable use (sleep reports) count out of max (98 days) 74.6+11.8
Age (years) 41.1+94
Fitness age (years) 42.8+7.5 39.71+9.8
Health scale (score 0-100) 67.6+x12.7 77.1+15.6
Body weight - reported (kg) 105.9+22.4 100.4+21.9
Body weight — measured (kg) 102.6+22.5 98.3+19.4
Waist circumference (cm) 106.4+14.2 100.1+10.8
Body mass index (kg.m-2) 33.4+3.8 32.0+3.5
Body fat (%) 36.5%£4.8 35.2+5.2
Muscle mass (kg) 33.3+9.0 34.2+8.9
Body water %, 46.3+3.5 47.2+3.8
Bone mass (g) 4667+1983 4748+1756
Systolic Blood pressure (mmHg) 125.1+6.9 125.2+7.9
Diastolic blood pressure (mmHg) 81.0+9.4 81.2+8.3
Pulse (bpm) 72.1+6.7 70.5%7.2
Resting heart rate (bpm) 55.4+6.2 56.1+6.8
Maximal heart rate (bpm) 123.1+5.7 120.3+6.8
Ambulatory activity (steps/24h) 8085.2+1993.7 7799.2+2581.6
Activity-related energy expenditure (kCal/24h) 534.4+246.7 483.6+235.5
VO2max (mlO2/min/kg) 29.8+3.6 31.3+4.3
Moderate intensity PA (3-6 METs) (minutes/24h) 21.2+21.1 23.4+23.3
Stress level (scale 0-100) 39.5£7.9 43.7+10.5
Nighttime - awake, (sec.) 982.5+650.3 806.7+710.6



Sleep duration, (sec.) 25759.5+2071.1 25575.5%£2737.0

Deep sleep duration, (sec.) 4803.8+1338.9  4783.3+1000.9
REM sleep duration, (sec.) 4631.2+1669.6 4195.5+1231.1
Sleep score, (scale 0-100) 75.8+5.8 72.3+9.8

Numbers shown in bold are significantly different from baseline (paired two-tailed T test; PA, Physical
activity; REM, rapid eye movement; BPM, beats per minute

3.2 Device Installation and Onboarding

All three wearable devices were installed and paired with participants' smartphones during a
dedicated in-person visit to the COM. Trained clinical staff at the COM, especially physicians,
were responsible for device setup, platform account creation, and ensuring that each participant
was confident in the proper use of all devices before leaving the clinic. Participants were
permitted to retain the devices for the full duration of the programme and, upon conclusion of
the project, were offered the option to purchase them at cost price or to return them to the COM
for reuse in future ambulatory programmes.

4. Data Collection Protocol
4.1 Home-Based Wearable Monitoring

Once devices were installed, participants were instructed to use them continuously throughout
the 14-week programme according to a standardised home-monitoring protocol. The
smartwatch was to be worn continuously, providing uninterrupted monitoring of physical
activity, heart rate, stress, and sleep. The blood pressure monitor was used once a day: in the
morning upon waking (before taking any antihypertensive medication). The bioimpedance scale
was used each morning, under consistent conditions where possible (fasted state, after voiding,
before dressing), to ensure measurement reliability and longitudinal comparability.

All device data were automatically synchronised to the Krokus platform, creating a continuous,
time-stamped record accessible to physicians. This automated data stream served as the
primary source of objective behavioural and physiological information for personalised coaching
interactions throughout the programme.

4.2 Clinical Assessments at the COM

In addition to home-based wearable monitoring, participants attended the COM outpatient clinic
for standardised in-person assessments at baseline, in between the intervention once a month,
and at the close of the 14-week programme. These visits included anthropometric and body
composition measurements (body weight, height, waist circumference, and InBody bioelectrical
impedance analysis), standardised blood pressure measurement under resting clinical
conditions, and completion of a validated questionnaire battery assessing quality of life,
metabolic disease risk, and self-reported health behaviours.

Blood sampling was performed at clinic visits, with analyses including fasting glucose, fasting
insulin, lipid profile (total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides), high-
sensitivity C-reactive protein (hsCRP), liver enzymes (AST, ALT), and a complete blood count with
differential. These biochemical parameters provided an objective assessment of metabolic



health status and enabled evaluation of clinically meaningful changes over the course of the
intervention. Physical presence at the clinic further allowed collection of blood-derived
biological material for isolation of extracellular vesicles (EVs), supporting downstream
sequencing and proteomic analyses aimed at examining the potential role of EVs in the
phenotype predisposing to behavioural change (Table 2)

Table 2. Behavioral changes were reflected improvements in perfroming Activities of daily living,
and lowered feeling of physical discomfort potentially limitting more intensive physical activity

or ecercise
Post-
Baseline intervention
female/male 36/19 36/19
Activities of daily living,
without problems (%) 85.1 91.2
mild problems (%) 12.2 6.6
serious problems (%) 2.5 0.0
Walking,
without problems (%) 75.3 82.8
mild problems (%) 24.3 10.9
medium problems (%) 2.4 1.3
serious problems (%) 0.0 0.0
dressing capacity,
without problems (%) 94.2 94.9
mild problems (%) 6.8 5.5
medium problems (%) 0.0 0.0
Anxiety / depression,
without problems (%) 66.5 63.9
mild problems (%) 23.3 31.3
medium problems (%) 9.2 4.1
serious problems (%) 0.0 0.0
Discomfort,
without discomfort (%) 32.7 53.4
mild (%) 61.5 45.3
medium (%) 6.6 1.1
serious (%) 0.0 0.0

5. Programme Structure and Coaching Strategy
5.1 Programme Duration and Format

The intervention lasted 14 weeks and was delivered primarily via online platform, with in-person
contact limited to the initial enrolment and baseline visit, in-between monthly in-person visits
and the closing assessment. This format was intentionally designed to maximise the scalability
and accessibility of the intervention for participants unable to attend the COM on aregular basis.
The online delivery also served as a proof-of-concept for a model that could, in the future, be
offered to patients in regions further from major urban centres.



5.2 Enrolment and Screening

Prospective participants were identified and approached during routine clinical visits to the
COM. At the screening visit, they were informed in detail about the programme goals, methods,
and any potential risks associated with participation. Relevant clinicalinformation was collected
to assess eligibility according to the pre-defined inclusion and exclusion criteria. Individuals
meeting the criteria and providing written informed consent were provided with the wearable
device package, directed to the programme's landing website, and assigned a date for the
baseline visit.

5.3 Introductory Visit and Goal Setting

The baseline visit at the COM served as the formal launch of the programme for each participant.
During this session, baseline clinical measurements were recorded, wearable devices were
installed and paired, and participants were introduced to the programme's digital tools and
coaching framework.

Goal setting at this stage focused on identifying one or more specific, achievable behavioural
changes related to physical activity, dietary habits, sleep, or stress management, tailored to the
individual participant's current state of readiness for change and their personal health priorities.

5.4 Theoretical Framework of the Coaching Strategy

The health coaching strategy underlying the programme was built on three established
theoretical frameworks, each contributing a distinct layer to the overall approach and
collectively forming the three pillars of the coaching model implemented at the COM.

Thefirst pillar is the Transtheoretical Model of Change (DiClemente and Prochaska, 1982), which
conceptualises behaviour change as a cyclical process progressing through five stages:
precontemplation, contemplation, preparation, action, and maintenance. This model informed
how health coaches assessed each participant's current readiness to change at the outset of the
programme and at subsequent interactions, and how they calibrated the intensity and type of
support accordingly. Rather than applying a uniform intervention to all participants, coaches
were trained to adapt their strategies dynamically as individuals progressed - or regressed -
through the stages of change.

The second pillar is Motivational Interviewing (Ml; Miller, 1983), which defines the health coach's
communication style as collaborative, non-directive, and non-judgmental. Within this
framework, the coach does not function as an expert authority prescribing action, but as a
facilitator who helps the participant articulate their own values, motivations, and capacity for
change. The four core principles of Ml - expressing empathy through reflective listening, exploring
the discrepancy between current behaviour and stated personal goals, rolling with resistance
rather than confronting it, and fostering self-efficacy and optimism - underpinned every coaching
interaction throughout the programme.

The third pillar is the GROW model (Whitmore, 2017), adapted for the Slovak cultural and
linguistic context into the RAST model (Realita — Alternativy — Start — TUzba; Reality — Alternatives
— Start - Desire). This structured conversation framework guided each online check-in session,
enabling participants to reflect on their current situation (Reality), explore possible courses of
action (Alternatives), identify a concrete first step for the coming period (Start), and reconnect



with their underlying personal motivation (Desire). The RAST structure provided a consistent yet
flexible scaffold for translating broad health goals into specific, actionable micro-goals.

5.5 Online Coaching Interactions and Nudging

Throughout the 14-week programme, participants maintained regular contact with their health
coach. Health coaches had access to participants' continuously updated Garmin health data
streams, enabling coaching conversations to be grounded in objective physiological and
behavioural information rather than relying solely on participant self-report.

Structured coaching sessions were planned at the outset of the programme (goal setting,
introduction to the Action Plan and Health Compass, familiarisation with wearable devices) and
at the programme's conclusion (review of goal attainment, assessment of programme
satisfaction). During the intervening weeks, coaches proactively initiated contactin cases of data
flow interruptions or device-related difficulties. Nudging strategies, which were brief, timely and
personalised prompts, designed to support habit formation and sustain engagement, were
employed in a manner consistent with the approach applied in the control group.

A central focus of the coaching programme was the development of participants' self-
knowledge: the ability to recognise and interpret their own body's responses to specific lifestyle
modifications. The continuous wearable data stream was intentionally leveraged as a
personalised biofeedback tool, helping participants to observe the immediate and cumulative
effects of changes in physical activity, diet, sleep, and stress management on parameters such
as resting heart rate, HRV, sleep efficiency, and step count. By the end of the programme,
participants were expected to have acquired key self-management competencies, including
independent goal setting, stimulus control, and the capacity to interpret and act upon relevant
health data generated by their wearable devices.

6. Programme Conclusion and Participant Feedback

Upon completion of the 14-week programme, all participants attended a closing assessment
visit at the COM, during which final clinical, anthropometric, and biochemical measurements
were obtained using the same standardised protocol as at baseline. The closing visit also
provided an opportunity for the health coach and participant to assess the degree of attainment
of the initially set behavioural goals and collect structured information about the participant's
satisfaction with the programme and their experience with the wearable devices.

Following the completion of data processing and analysis, each participant received
individualised written feedback summarising their personal results and the key changes
observed over the course of the intervention. This closing feedback was designed to consolidate
the participant's engagement with self-monitoring practices and to support the continuation of
health-promoting behaviours beyond the formal end of the programme.

The experience and procedural knowledge accumulated through the implementation of this
experimental wearables component - spanning device selection and evaluation, integration into
clinical workflows, coaching strategy design, and participant management, was systematically
documented with the aim of informing the potential future deployment of analogous
programmes at other obesity management centres in Slovakia and the broader Central European
region.



Summary and conclusions

The primary findings on programme feasibility and upscaling capacity for the effective
implementation of the online health-coaching programme at the Centre for obesity management
were presented. We have developed and implemented an online coaching program that thrives
thanks to a unified data management platform that communicates with multiple compatible
intelligent components (watch, scale, blood pressure monitor). Sustainability is also driven by
our efforts to explore molecular determinants of behavioural change, which will open new
research avenues in this transdisciplinary, rapidly developing field.
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