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ABSTRACT

Introduction Obesity prevalence has increased globally,
imposing a significant burden on individuals and societies.
Innovative solutions are, therefore, essential to mitigate its
impact.

Methods and analysis This protocol outlines the
framework of seven independent European pilot studies
conducted in Bulgaria, Germany, Luxembourg and Spain,
under the EU-Horizon HealthyW8 project. These studies
aim to evaluate as primary outcomes feasibility, usage
patterns (adherence) and user satisfaction of the Healthy
Lifestyle Recommender System (HLRS), a personalised
digital tool designed to promote healthy lifestyles through
tailored physical activity and meal recommendations,
considering emotional aspects. The seven pilot trials will
collectively include 240 (around 30 participants/trial) older
adults (=65 years) with overweight (body mass index (BMI)
25.0-29.9kg/m?) over a 3-month period. As a recruitment
mitigation strategy, we will extend the age range to include
individuals aged >55 years and those with normal weight
(BMI 18.5-24.9kg/m?). Other parameters collected include
anthropometric measurements, questionnaires to survey
lifestyle (alcohol and tobacco consumption, sleep quality),
dietary patterns (food frequency questionnaire and 24-hour
recall) and emotional well-being, as well as data collected
from wearable devices (smartwatch, accelerometer) to
track 24-hour activity patterns. Additionally, two pilot
studies will collect blood, urine, saliva (only one partner)
and stool samples to explore biomarkers of inflammation,
oxidative stress, gut microbiome and circulating miRNAs.
Expected outcomes It is hypothesised that participants
will use the HLRS consistently enough to assess its
feasibility and impact. The findings will contribute to

.6 Christoph Stahl,’
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," on behalf of the HealthyW8

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Innovative eHealth strategy: the study aims to im-
prove health behaviours by using mobile apps with
nudges and gamification features to increase user
engagement.

= Broader health impact assessment: the usability and
adherence of the Healthy Lifestyle Recommender
Solution system in older adults across four European
countries will be assessed, while examining multiple
obesity-related risk factors, including diet, physical
activity and inflammation.

= Comprehensive health monitoring: it combines novel
biomarkers (eg, salivary proteomics, gut microbiota,
microRNAs) with conventional methods (eg, clinical
analysis, diet and physical activity) to evaluate the
effects of the intervention.

= Methodological variation: while the execution of
the pilot studies varies and is adapted to specific
contexts and countries, the methodological assump-
tions, target population characteristics and core
questionnaires are harmonised across all trials.

= Study limitations and mitigations: although the study
lacks a control group, rigorous design and transpar-
ent reporting minimise bias and enhance the validity
of the findings.

planning and executing long-term trials focused on health
outcomes and enhance understanding of the multimodal
nature of obesity risk and its comorbidities. This protocol
facilitates comparisons across studies in diverse cultural
and contextual settings, offering insights into how personal
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and environmental factors influence the implementation and effectiveness
of the HLRS.

Ethics and dissemination Ethical approval has been obtained in each
country independently. Dissemination efforts will prioritise high-impact
journal publications.

Trial registration number NCT07011368.

INTRODUCTION

The demographic transition has led to a significant
increase in the older adult population, which is expected
to rise by 21% globally by 2050." This poses a major
public health challenge due to the growing burden of
non-communicable diseases (NCDs), comorbidities and
increasing healthcare costs.” > A major concern among
older adults is obesity, that is, excessive fat deposits that
impair health (body mass index (BMI) >30 l<g/1112).4 In
Europe, approximately one in five adults over 60 years
suffers from obesity.” High prevalence rates have been
reported in Southern Europe, including Spain (40.1% in
women and $2.5% in men aged >65 years)® and Portugal
(39.2% among adults aged 65—84 years) 7

Obesity is associated with cardiovascular disorders
(eg, stroke, coronary disease and hypertension), type 2
diabetes mellitus,”"” reduced physical activity (PA) and
function, lower quality of life and increased disability and
nursing home admissions.'" Several factors contribute to
obesity risk, including poor eating habits, reduced caloric
needs and physical inactivity.'" However, body composi-
tion, especially visceral body fat, is also critical.'* Persons
with adequate body weight but with abdominal obesity
(288 cm for women and >102cm for men), or a high
waist-to-hip ratio (>0.85 for women and >0.90 for men)
may be at increased risk for frailty, including disability,
falls, fractures, hospitalisation and death."”” Additionally,
sarcopenic obesity, characterised by high BMI combined
with a decline in skeletal muscle mass and strength, is a
risk factor for cardiovascular and metabolic diseases,M_16
with a global prevalence of 11% in 2021."*

Regarding nutrition, older adults face challenges,
including reduced food intake and appetite, malab-
sorption, impaired sensory perception (taste, smell and
vision), and difficulties with swallowing and digestion.'”
Barriers to improving diet quality include established
food behaviours,18 emotional imbalances,19 limited finan-
cial resources,20 food insecurity, cultural factors,21 22 social
isolation and low food literacy.” Effective nutritional
interventions include nutrition education and counsel-
ling by qualified dietitians, promotion of healthy dietary
patterns and encouragement of nutrient-dense foods
such as pulses, vegetables, fruits, nuts, whole grains and
low-glycaemic index foods.**

PA levels among older adults are often below recom-
mendations.®® The WHO recommends >150min/week
of moderate-intensity aerobic activity, along with muscle-
strengthening exercises on two or more days to enhance
cardiorespiratory and muscular fitness.”® Regular PA
improves mental health, sleep quality, muscle mass and
energy expenditure, thereby reducing the risk of obesity

and NCDs.”” When developing PA interventions for older
adults, key considerations include promoting social inter-
actions (sharing the experience with others), emphasising
the benefits of PA, minimising time and financial burden
and choosing familiar and accessible locations.*® Walking
is a particularly suitable activity, as it is affordable, acces-
sible and easily integrated by promoting device-assisted
walking or pedometer-based interventions.*’

eHealth interventions represent a promising strategy
to overcome barriers and facilitate implementation
proposals aimed at improving diet and PA. These inter-
ventions offer scalable, cost-effective and personalised
solutions.™ *! Digital technologies, such as web applica-
tions, wearable devices and mobile health (mHealth)
applications, can promote healthier lifestyles through
personalised recommendations, goal setting, nudging/
gamification and monitoring.” When combined with
lifestyle interventions, digital technologies have shown
positive effects in older adults, including increased PA,
prevention of muscle mass loss, reduced fat intake,
enhanced fruit and vegetable consumption and improve-
ments in body weight, fasting plasma glucose and lipid
profile.”> However, the success and cost-effectiveness of
digital public health interventions depend on under-
standing users’ health priorities and acceptance of
these technologies.* Barriers to adoption include socio-
demographic factors (low education) and economic
factors (low income) as well as health-related factors,
such as impaired vision, hearing loss, motor and cogni-
tive deficits,” and broader life circumstances.”® Though
numerous digital obesity prevention apps are available,
many have important limitations, including (a) time-
consuming food logging/monitoring requirements;
(b) unsuitability for older adults unfamiliar with mobile
apps; (c) limited focus on either diet or PA (moderate-to-
vigorous intensity); (d) lack of consideration of cultural,
socioeconomic, environment contexts; (e) insufficient
long-term engagement features such as nudging; (f) and
inadequate integration of psychological and emotional
aspects.”” *

This background has inspired the creation of several
pan-European projects funded by the EU Horizon Calls
(https://cordis.europa.eu/project/id/101080645),
including the HealthyW8 project.” HealthyW8 aims
to implement a recently developed Healthy Lifestyle
Recommender Solution (HLRS), a digital intervention
integrating mobile applications to address diet, PA, psycho-
logical and behavioural aspects, sleep and emotional
well-being. The HLRS was developed through scoping
and systematic reviews'’ *' and participatory design work-
shops conducted across nine EU countries, ensuring
personalised interventions. A key strength of HealthyWs8
is its approach to overcoming current eHealth limita-
tions by engaging individuals with low motivation for
healthy lifestyles through nudges and gamification strat-
egies. The intervention is based on the Health Action
Process Approach, which distinguishes motivational and
volitional phases of behaviour change** and supports
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tailored feedback, goal setting and self-monitoring. The
HLRS aims to enhance both initiation and maintenance
of healthy behaviours.

The project also incorporates novel biomarkers to
assess intervention effects and obesity risk, including sali-
vary proteomics,” ** gut microbiota’” and microRNAs,*
alongside conventional endpoints such as blood plasma*
and dietary assessment through questionnaires.”’* The
HealthyW8 pilot studies aim to establish a comprehen-
sive framework for addressing obesity and related comor-
bidities. This article describes the combined protocols
designed to evaluate, as primary objectives, the feasibility,
usage patterns (adherence) and user satisfaction with the
HLRS among older adults across four European coun-
tries. Secondary objectives include assessing the feasibility
of collecting data on obesity-related risk factors, including
diet, PA, anthropometry, smoking status, sleep patterns,
microbiota composition, oxidative stress and inflamma-
tory status.

METHODS AND ANALYSIS

Study design

The pilot studies will be prospective, single-arm trials,
with a 3-month intervention period in 2025/2026.
However, future adaptation may incorporate a waitlist
control group or historical comparison to enhance causal
inference.

Each study will include either 30 or 60 older adults,
depending on the country, and a total of 240 participants
(table 1). These studies will be conducted in Bulgaria
(Sofia and Varna), Germany (Bremen), Luxembourg
(Strassen) and Spain (Barcelona, Zaragoza and Palma de
Mallorca); all trials are registered under NCT07011368.
The study designs will be similar across countries, with
slight modifications to account for local contexts. The
sponsors (responsible institutions) of the studies will be
the local coordinators in each country, and the studies
are funded by the European Union’s Horizon Europe

Recruitment strategies for countries participating in the HealthyW8 older adults’ trials, as well as for coordinating

Table 1
entities
Number of
Number of participants
participants required

targeted for for study

Medical
principal

Country and entity enrolment conclusion Recruitment strategies Coordinating entity investigator *

Bulgaria, RCNE 30 20 Using the network of the RCNE No
Regional Cluster North-East
(RCNE), word of mouth

Bulgaria, Virtech 30 20 Cascade enrolment—via Virtech No
proxy institutions: schools and
networks

Germany, BIPS 30 15 Word of mouth, flyer, press Bremer Institute for No
release, Instagram Prevention Research

(BIPS)

Luxembourg, LIH 30 20 Word of mouth, newspaper Clinical and Yes
advertisement, flyers, physician Epidemiological
involvement and social media Investigation Center

(CIEC)

Spain, CITA 60T 25 Word of mouth, newspaper Agro-Food Technological No
advertisement, flyers and Center of Aragon (CITA)
physician involvement

Spain, CREDA 30 20 Using the network of the Center for Research in No
Regional Senior Classrooms as  Agro-Food Economy and
university extension programmes Development (CREDA)
tailored to individuals aged 65
and abovet

Spain, IDISBA 30 20 Word of mouth, newspaper Balearic Islands Ethics Yes

advertisement, flyers,
physicians and other healthcare
professionals.

Committee (CEIm-IB)

*Medical principal investigator refers to the presence of a physician responsible for the safety of the study participants.
TA larger number of persons will be included in the control group.
FRecruitment was conducted through the established network of Aulas Senior, university extension programmes where older adults regularly
participate in educational and cultural activities on UPC (Universidad Politécnica de Cataluiia) campuses.

IDISBA, Health Research Institute of the Balearic Islands; LIH, Luxembourg Institute of Health.
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Research and Innovation Programme (grant agreement
no. 101080645). All participating partners have received
ethical approval and follow the data protection regula-
tions applicable in their country.

Recruitment

Recruitment at some sites started in early 2025. However,
the initiation of recruitment differed across pilot studies
due to variations in the timing of ethical approvals. If
the recruitment window is insufficient to meet the target
enrolment or if the dropout rate is high, the period
may be extended until the targeted number of partici-
pants is reached. The different recruitment methods are
described in table 1. Interested candidates can register
by phone, email or regular mail. Study staff will contact
the registered candidates to provide a brief overview of
the project, schedule an appointment for an information
session and send a copy of the ‘participants’ informa-
tion sheet’. This will allow candidates to review the study
details and experimental procedures before signing the
informed consent. The Luxembourg Institute of Health’s
(LIH) informed consent was added in online supple-
mental material (Ethical Information Notice). Partici-
pants will receive a copy of their signed informed consent
and the study protocol.

Participants, inclusion and exclusion criteria

Participants must meet the following inclusion criteria:
older adults (=65 years), being male or female, residing
in the locations where trials will be conducted, having
overweight (BMI 25.0-29.9kg/m?%), willingness to
participate in the study, and owning a smartphone and
basic abilities to use mobile applications. In contrast,
exclusion criteria will include chronic diseases such as
cancer and Parkinson’s disease as well as other condi-
tions requiring specific treatments or significantly
altering normal physiology (eg, metabolism). Also, indi-
viduals with cognitive diseases, such as Alzheimer’s, or
those unable to live independently, will be excluded, as
they may struggle to handle the HLRS tools and appli-
cations. Individuals on a specific diet (eg, a vegan or
low-carbohydrate diet) will not be eligible for the study
due to potential incompatibility with the study’s dietary
recommendations. Populations with compromised
ability to provide voluntary informed consent, including
prisoners and individuals with severe mental disabilities,
will likewise be excluded. Besides, to ensure the feasi-
bility of the intervention tasks, participants with signif-
icant mobility impairments or conditions that preclude
participation in moderate PA (eg, severe arthritis, recent
fractures) will be excluded.

However, individuals being treated for type 2 diabetes,
high blood pressure or elevated blood lipids (triglycerides,
cholesterol) will be included. This is to ensure realistic
recruitment feasibility, as a significant proportion of older
adults experience these complications and are treated for
them.

Withdrawal/discontinuation of participants

Participants may withdraw from the study at any time

without providing a reason or facing negative conse-

quences. Additional reasons for withdrawing may include:

a. Ineligibility: participants who no longer meet the in-
clusion criteria or develop health conditions (eg, acute
illness).

b. Adverse events: events compromising participants’
health, as determined by the (medical) principal in-
vestigator (PI); we will continue to monitor for any ad-
verse events and participants will be able to report such
events at all times during the study.

c. Non-compliance: consistent failure to adhere to study
protocols or procedures.

d. Lost to follow-up: inability to contact participants or
repeated failure to attend scheduled visits.

e. Medical PI or (if not required in trial) PI decision:
withdrawal based on safety concerns, protocol viola-
tions or other considerations decided by the (medical)
PI. In addition, a medical professional or institutional
medical services will be consulted to address any ad-
verse effect or medical emergency. These decisions will
be taken after evaluating baseline or mid-point data.

Data from participants who withdraw or discontinue
the study will be included in the analysis, as their reasons
for discontinuation may provide valuable insights into
whether the cause was related to the HLRS or other
factors.

If the dropout or discontinuation rate exceeds 10%,
additional participants will be recruited to ensure that at
least 15-25 participants complete the study, depending
on the country.

Patient and public involvement

The HLRS functionalities were developed through partic-
ipatory design workshops to ensure interventions aligned
with older adults’ needs and socioeconomic context.
The workshops were conducted at each institution, with
a pilot study involving the general population, including
older adults, and experts in the field of public health.*

Intervention with the HLRS
The intervention period will last at least 6 weeks and up
to 3 months. However, not all participants will begin the
intervention simultaneously, which will extend the total
study duration to up to 9months to allow participants
to complete the intervention phase (table 2). The inter-
vention has been collaboratively developed within the
HealthyW8 consortium, alongside international health-
care professionals, to address the specific needs of older
adults. The intervention includes the use of the HLRS,
a comprehensive eHealth solution developed by the
HealthyW8 consortium. The HLRS currently includes the
following components: the Nutrida-app, GameBus and a
Calendar function, a screenshot of the HLRS applications
is provided in online supplemental figure 1.
» The nutrida application: it provides weekly meal
plans tailored to the user’s preferences, allowing
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Table 2 Devices and apps used for the intervention studies, tools involved and endpoints assessed

Length of Maximum

intervention length of Nutrida-App  Calendar Accelerometer Smartwatch Biological
Country (months) run-in time and GameBus function app device device samples
Bulgaria, RCNE S 6 Yes Yes Yes Garmin No*
Bulgaria, Virtech B 5 Yes Yes Yes Garmin No
Germany, BIPS 3 6 Yes No No Samsung No
Luxembourg, LIH 3 6 Yes Yes Yes Garmin Yes
Spain, CITA 3 6 Yes No No Garmin No
Spain, CREDA 3 3 Yes Yes Yes Garmin No
Spain, IDISBA 3 S Yes Yes Yes Garmin Yes

All studies administered questionnaires to assess user satisfaction and lifestyle behaviours.
*Certain institutions lack facilities for biological sample collection, and budget limitations restrict access to accelerometers for physical activity

assessment.

BIPS, Bremer Institute for Prevention Research; CITA, Agro-Food Technological Center of Aragon; CREDA, Center for Research in Agro-Food
Economy and Development; IDISBA, Health Research Institute of the Balearic Islands; LIH, Luxembourg Institute of Health; RCNE, Regional

Cluster North-East.

participants to choose dietary options based on factors
such as dietary preferences, allergies and cooking
skills. Participants will have access to typical recipes
from the country, using local ingredients, translated
into their own language (s). This meal recommender
system is based on the previous Active Assisted Living
(AAL) project, LIFANA®® and has been further devel-
oped into the Nutrida app, owned by NIUM (Esch-
sur-Alzette, Luxembourg). The development involved
a collaboration between the Luxembourg Institute of
Science and Technology (LIST) and the European
Federation of the Association of Dieticians, which
integrated country-specific recipes into the app.

» GameBus is a gamified web platform designed to
promote healthy lifestyle behaviours, such as PA
(eg, walking and step counting), diet (eg, increasing
consumption of fruits and vegetables and increasing
water intake) and social participation (eg, engaging
in cultural activities). Gamification refers to the use
of motivational techniques that employ game-like
elements (eg, earning points, unlocking levels or
competing on leaderboards) to motivate users to
engage in target behaviours through enjoyable expe-
riences.” For example, users can earn points for
walking 5000 steps in a day or for logging their fruit
intake. The platform is highly configurable, allowing
organisers from each pilot study to create tailored
‘campaigns’, a structured set of tasks, challenges and
game-like elements based on the target population’s
needs and interests (such as nutrition, PA, sleeping
and mental health). In this project, each participating
country has developed its own campaign setup based
on insights and data collected from cocreation work-
shops with older adults (described in the Patient
and public involvement section). The app was devel-
oped by the Technical University of Eindhoven, a
HealthyW8 consortium partner.”* *® GameBus serves

as a prototype health data management platform that
facilitates engagement through mHealth platforms. It
offers a closed-source Java/Spring-based REST API,
an open-source web app frontend (built with Ionic)
and a restricted smartwatch frontend.

» A calendar web application: developed by EU
HealthyW8 partner VirTech (Sofia, Bulgaria) that
allows a study leader to schedule local events and
inform participants about events (social and sport
events) they may be participating in. Data will be
stored on servers provided by VirTech in Bulgaria.

Regarding the wearable device, participants will
use either the Samsung Galaxy Active 2 smartwatches
(galaxy-watch-active2); or the Garmin Vivosmart 5
(Garmin vivosmart 5|Fitness Activity Tracker) to assess
their 24-hour movement behaviour, total step count,
calories burned and heart rate and variability as well as
derived stress levels. Both devices comply with General
Data Protection Regulation (GDPR) requirements”® and
ensure data protection. The final device selection will
depend on specific study requirements, as both options
collect similar data.

At the baseline visit, participants will receive a smart-
watch (Garmin or Samsung), a user account for the
various apps and a study-specific password, which will
allow them to access GameBus, the Nutrida app and the
Calendar (the same user account will be used for all).
Participants will install (download) the Nutrida app on
their smartphones from the Google Play Store or Apple
App Store (available only in countries participating in
the HealthyW8 project). Then, they will have to create
a shortcut to the GameBus website on their phones to
access it. The Calendar can be accessed through GameBus
(participants will see a link that opens the Calendar
website). If necessary, participants will receive assistance
from a staff member to install all the apps.

Vahid F, et al. BMJ Open 2026;16:108771. doi:10.1136/bmjopen-2025-108771

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* 9[ea1ua) BI3101|glg 9Yy21adly
8|18@ 8leuoizeN o1|61suo) e 920z ‘9T |11dy uo /wod fwg uadolwg//:dily woiy papeojumoq '9Z0z YdJew SZ uo T//80T-520z-uadolwa/oeTT 0T Sse paysiignd 1siiy :uado CING


https://www.aal-europe.eu/projects/lifana/
http://bmjopen.bmj.com/

Participants with a Garmin smartwatch will install the
HealthyW8 Watch app (from Google Play Store), which
collects data from the Garmin smartwatches (such as step
counts, calories burnt, heart rate and stress score) via
Bluetooth and transfers it to GameBus servers at TU/e.
Participants with the Samsung watch connect directly to
GameBus. GameBus enables participants to earn points
or complete tasks by achieving a specific number of steps
per day with smartwatches. GameBus and Nutrida are also
linked, allowing participants to create meal plans and
earn points for this task on GameBus.

Also, the Calendar app is part of the HLRS and will
likewise be linked to GameBus, enabling the earning of
points for joining local proposed cultural events or organ-
ised trainings by, eg, sporting clubs. Participants will also
have optional access to the Open Stakeholders Platform
of the HealthyW8 project, a website that provides free
online supplemental information on healthy living57 and
serves as a data and information-sharing hub for stake-
holders involved in obesity prevention.

Older adults will receive a workshop or individualised
guidance from study personnel during the baseline visit
to explain the installation of all applications on their
smartphones and to provide brief instructions on how to
log in and begin using the apps. In addition, participants
will receive user manuals and videos to support app use
after the baseline visit. If any questions or technical issues
arise during the study, participants will be able to contact
the study personnel by phone, WhatsApp or email.

CREDA will offer ongoing monitoring via on-demand
WhatsApp check-ins by trained staff when inactivity
or technical issues are detected, and brief in-person
check-ins every 2weeks during regular Senior Classroom
sessions to troubleshoot HLRS/devices and identify any
adverse events early.

Assessments

The pilot studies can include four phases (table 3):

enrolment (day-x), baseline (day 0), mid-point (day 45

for a 3-month intervention) and final visits (day 90 for a

3-month intervention), as illustrated in figure 1. Germany

and Spain (Zaragoza) will conduct enrolment, base-
line and final measurements, while Bulgaria (Sofia and

Varna), Luxembourg and Spain (Mallorca) will include

all four phases, including the mid-term visits.
The study phases are described as follows:

a. Enrolment visit (day-x): participants will receive writ-
ten and oral information about the study’s objec-
tives, risks and benefits before signing the informed
consent and data notice form. Participant eligibili-
ty will be evaluated based on anthropometric mea-
surements (additionally in Luxembourg: urine spot
test (eg, Kosmetex Urine Test Strips)) combined
with a general health and lifestyle questionnaire.
Participants who meet the inclusion and exclusion
criteria will receive further information about the
study’s procedures.

b. Baseline visit (day 0). During this visit, participants will
complete several questionnaires (outlined in Table 4,
with the assistance of study staff (especially in those as-
sessing diet). Trained personnel will collect anthropo-
metric data, and a nurse will obtain biological samples
(blood, urine, saliva and stool). Stool samples may be
provided during the visit or shipped later. Additionally,
countries (except for BIPS and CITA) will provide an
accelerometer (ActiGraph GT3X+, Pensacola, Florida,
USA) to be used during the first week of the interven-
tion. Participants will also receive instructions on using
the developed HLRS.

c. Intermediate follow-up (day 45): this will involve a brief
phone interview or an in-person meeting, depending

Table 3 Study design—commonalities and differences

Mid-term visit PA before Final meeting
Enrolment visit PA measure before Baseline (phone or in- the final at the end of
Country, entity with urine test baseline assessment person) meeting the study
Bulgaria, RCNE No Yes Yes Yes Yes Yes
Bulgaria, Virtech No Yes Yes Yes Yes Yes
Germany, BIPS No Yes (IPAQ Yes Weekly/biweekly Yes (IPAQ) Yes
questionnaire) meetings
Luxembourg, LIH Yes No, it will be provided Yes Yes Yes Yes
at baseline
Spain, CITA No No Yes Weekly/biweekly No Yes
meetings
Spain, CREDA No Yes Yes Yes Yes Yes
Spain, IDISBA No Yes Yes Yes Yes Yes

Regular weekly or biweekly meetings to monitor the Healthy Lifestyle Recommender System (apps and wearables) usage and manage

challenges and participant difficulties.

BIPS, Bremer Institute for Prevention Research; CITA, Agro-Food Technological Center of Aragon; CREDA, Center for Research in Agro-Food
Economy and Development; IDISBA, Health Research Institute of the Balearic Islands; IPAQ, International Physical Activity Questionnaire;
LIH, Luxembourg Institute of Health; PA, physical activity; RCNE, Regional Cluster North-East.
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Figure 1

-accelerometers*

Overview of the trial design and data and sample collection—example for Luxembourg. *University of the Balearic

Islands (IDISBA) will not collect this sample. °BIPS and CITA will have intermediate meetings with participants on a 1 or 2 week
basis to improve adherence to the HLRS and to reduce the possibility of any malfunctions of the HLRS. *Not collected by all
partners. BMI, body mass index; BIPS, Bremer Institute for Prevention Research; CITA, Agro-Food Technological Center of
Aragon; HLRS, Healthy Lifestyle Recommender System; IDISBA, Health Research Institute of the Balearic Islands; PA, physical

activity.

on the participant’s preference, to complete specific
questionnaires.

d. Final visit (day 90): the same measurements and ques-
tionnaires from the baseline visit will be repeated.

Outcomes

Primary outcomes are feasibility, usage patterns (adher-
ence) and user satisfaction. Feasibility will be interpreted
with respect to drop-outs, ability to collect all targeted
data from questionnaires, anthropometric data and also
biological samples. Adherence will be assessed through
adherence metrics, such as the frequency of use (measured
as time per day and week) or number of logins. Satisfac-
tion with the overall design and user-friendliness will be
assessed by the User Experience Questionnaire (UEQ+,
26 items) and the usability test (Short Questionnaire for
gathering feedback on the HealthyW8 intervention strat-
egies and tools functionalities), which will be included
at mid-term or final visit to evaluate the likelihood of
sustained HLRS use. This will help assess the potential for
long-term adoption beyond the study period.

Secondary outcomes target the examination of obesity-
related changes during the 3-month intervention, as
detailed in table 4. The collected data will provide insights
into the feasibility of collecting and implementing these
measures in planned long-term studies to assess healthier
lifestyle patterns. Furthermore, the study will examine

whether the overall design is suitable for the participants,
with the aim of fostering improvements in their lifestyles.

Data collection

Questionnaires

Validated questionnaires adapted to the specific char-
acteristics and needs of older adults are used to ensure
the reliability and relevance of the data collected. Stan-
dardised, widely accepted protocols are used for data
collection, intervention delivery and outcome assess-
ment, promoting consistency and reducing variability.
For dietary data, the developed and standardised food
frequency questionnaire with 129 items will be compared
and validated against a 3-day, 24-hour recall method to
ensure accuracy.

Biomarker analysis from plasma, urine and stool

Accredited laboratories in each country will conduct most
of the clinical analyses. Additional analyses, including
assessment of markers of oxidative stress and inflam-
mation, will be conducted using commercial ELISA Kkits
according to the manufacturer’s recommendations. Stool
samples collected during the pilot studies will be sent to
the LIH for 16S rRNA sequencing to analyse the micro-
biome composition. DNA will be extracted from faecal
samples using DNA extraction kits. For each participant,
the V4 region of the 16S rRNA genes will be amplified
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by PCR using designed primers. Also, total miRNAs will
be extracted from blood to assess the feasibility of using
these in future long-term trials as potential markers of
weight and metabolic changes.

All analyses will be performed by trained technicians
to ensure precision and reliability. Samples will be stored
locally, and no secondary usage is envisioned.

Case report forms

An electronic Case Report Form (eCRF) has been
designed and developed using REDCap (Research Elec-
tronic Data Capture, Vanderbilt University, USA) to
collect study data and ensure data quality, integrity and
security. The eCRF will allow data to be stored across part-
ners in a central database located at the LIH. All eCRF
items will be completed by designated, trained staff on
site. eCRFs will be reviewed and electronically locked by
the medical Principal Investigators (PIs) or delegates. All
eCRF data will be pseudonymised (identification numbers
only), and the correspondence tables will be maintained
by staff enrolling participants on site, physically separated
from the eCRF clinical data in REDCap.

The eCRF clinical data will be electronically completed
by each partner’s site, and questionnaires/surveys will
be entered by participants in the REDCap system, either
remotely or together with trained personnel. All REDCap
data (from eCRF, questionnaires and biological sample
analyses) will be stored on secure LIH servers, and LIH’s
Department of Medical Informatics will manage access
to the data. In the event of an adverse event, only the
staff on site enrolling patients will be able to access partic-
ipants’ data in non-pseudonymised form, in addition to
the (medical) PI. In case of a preference for traditional
paper-based surveys, data may be collected from partici-
pants and later transferred to the RedCap system.

Sample size

An accurate sample size estimation for feasibility studies,
especially when rather qualitative outcomes are measured
as in this study, may not be feasible; instead, a recent
guidance document™ has suggested that sample ‘size
should be based on practical considerations including
participant flow, budgetary constraints and the number
of participants needed to evaluate feasibility goals reason-
ably’, also emphasising that 30 or less could be a mean-
ingful goal for qualitative work. In the present study, we
target a sample size of 30, with an anticipated maximum
dropout rate of 33%. Approximately equal numbers of
men and women will be recruited to enable the generalis-
ability of results across genders.

Assuring adherence to the intervention

The mHealth solution, that is, the HLRS, was devel-
oped with nudging and gamification elements to foster
adherence. These adherence-promoting features include
personalised reminders, adaptive goal setting, real-
time feedback, motivational prompts and gamification
elements such as scoreboards, among others. These

mechanisms are designed to reinforce engagement and
support sustained behaviour change. Participants will be
contacted by email or telephone when a participant has
not initiated use of the app, in order to address potential
technical issues or to provide login credentials if neces-
sary. Participants will also receive, if they wish, at the end
of the studies, a brief review interpretation of their health
condition. Participants will also be able to continue the
HLRS (with a new account) and may keep the smartwatch.

Strategies for achieving adequate participant enrolment

Each country coordinator has ample experience
conducting human trials and will advertise locally
through their networks, including websites, flyers and
advertisements at physicians’ offices. Should the recruit-
ment rate remain low despite all efforts, BMI will be
extended to normal weight (18.50-24.99kg/m?), and the
age category will be extended to include anyone 55 years
of age or older. Such changes, as any other major changes
to the study design, may be subjected to ethical review,
depending on the local ethical review board’s rules.

Data analysis

Missing data and dropouts

Missing data will not be imputed in these studies. Partic-
ipants who drop out will be excluded from analyses
beyond their last available data point. To preserve the
study’s sample size, participants who leave will be replaced
until at least 20 persons have finalised the study. This will
ensure adequate exposure to the intervention and to
test operational procedures, not to estimate intervention
effects.

All dropouts and replacements will be fully docu-
mented, including timing and reasons for withdrawal.
Feasibility outcomes (eg, recruitment and retention) will
be reported based on the original enrolled cohort, with
replacement participants analysed separately. Participants
who withdraw will remain classified as dropouts for all
feasibility outcomes, ensuring retention and adherence
reflect true acceptability. Replacement will occur only
when a dropout happens early before completing key
study visits or minimum intervention exposure and only
to secure enough completers for secondary outcomes.
Replacement cases will not be included in feasibility indi-
cators. This approach preserves feasibility validity while
maintaining adequate sample size for secondary analyses.

Methods for minimising bias

Explicit inclusion and exclusion criteria are established
to ensure minimising the risk of including participants
who could introduce bias. Strategies to minimise attrition
include maintaining regular contact with participants
via phone and addressing barriers to participation to
preserve the integrity of the study sample. For example,
at LIH, study nurses will contact participants by email or
telephone when it is identified that a participant has not
initiated use of the app, to solve any potential technical
issues or including password credentials.

10

Vahid F, et al. BMJ Open 2026;16:108771. doi:10.1136/bmjopen-2025-108771

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* 9[ea1ua) BI3101|glg 9Yy21adly
8|18@ 8leuoizeN o1|61suo) e 920z ‘9T |11dy uo /wod fwg uadolwg//:dily woiy papeojumoq '9Z0z YdJew SZ uo T//80T-520z-uadolwa/oeTT 0T Sse paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Data monitoring and quality assurance procedures are
implemented to ensure the accuracy and reliability of
the collected data. While the study lacks a control group,
efforts are made to reduce bias by thoughtful study design
and transparent reporting.

Analyses

Descriptive statistics will summarise baseline characteris-
tics and provide an overview of the initial distributions of
variables. Normality of continuous data will be assessed
using Q-Q plots and the Kolmogorov-Smirnov test. If the
data are not normally distributed, non-parametric anal-
ysis (Friedman tests followed by t-tests) will be performed,
with log-transformations as needed.

For the primary outcomes, we will compare feasibility,
adherence and user satisfaction as explained in the chapter
‘outcomes’ over time or during the time of data collection
(baseline, mid and endpoint). To this end, linear mixed
models will be set up, with adherence and user satisfaction
related as dependent variables and participant and time
as independent fixed factors. Potentially, other relevant
variables, such as BMI, age and gender, will be included
in further refined models. In addition, a more qualita-
tive questionnaire developed by the consortium will be
completed after 6weeks of use to assess usability features.
P values below 0.05 (two-sided) will be considered statisti-
cally significant. All analyses will be performed using IBM
SPSS (Statistical Package for the Social Sciences) Statis-
tics, V.29.0 (IBM, Armonk, New York) and R (V.4.4.1) for
mixed effects models. For theory-driven path analyses, we
will use partial least squares structural equation model-
ling (PLS SEM) to examine hypothesised relationships
among psychosocial constructs and adherence/usability
outcomes; this will be implemented with SmartPLS 4 or
equivalent PLS SEM software (eg, seminr/ plspm in R).
Primary analyses will also be conducted on a pooled indi-
vidual participant dataset, with country/site included as
a factor (fixed effect) and participant as a random effect
in linear or generalised linear mixed effects models to
account for clustering and to quantify heterogeneity
(sitextime interactions). Each site will generate local
descriptive summaries and perform predefined Quality
Control checks; pooled modelling and PLS SEM will be
run centrally.

Secondary analyses

Secondary outcomes include anthropometric measure-
ments, multiple biomarkers, questionnaires to assess life-
style quality, dietary patterns, emotional well-being and
PA, in part assessed by wearable devices (a smartwatch
and an accelerometer) to track 24-hour activity patterns.
These analyses will include regression models and are
expected to produce estimates that will be used to set up
ensuing larger-scale trials in the near future. Advanced
statistical techniques such as propensity score matching
or instrumental variable analysis may be employed to
address confounding and potential biases.

Exploratory analyses

To ensure a comprehensive analysis of transcriptomics
(miRNA) and faecal 16S rRNA data in the context of the
obesity intervention, the data will first undergo prepro-
cessing to handle missing values and outliers and undergo
normalisation to ensure data quality and comparability.
Subsequently, exploratory data analysis techniques are
employed to gain insights into the data’s characteristics
and to identify patterns and relationships. Statistical tests
are then applied to each dataset: in transcriptomics, differ-
ential expression analysis techniques such as DESeq2 or
edgeR can identify dysregulated microRNAs associated
with obesity, and in faecal 16S rRNA, alpha or beta diver-
sity indices and statistical tests such as t-tests or analysis
of variance (ANOVA) can quantify and compare diversity
levels. Multiple testing correction methods are employed
to control false positives.

ETHICS AND DISSEMINATION

Statements of compliance

The research teams are responsible for ensuring that the
study will be conducted in compliance with the presented
protocol, good clinical practices, the internal quality
management system and the ethical principles outlined in
the Declaration of Helsinki. The study will adhere to the
local health authority’s regulatory and legal requirements.
Authorisation from the relevant local ethics committees
has been obtained for the pilot studies. For Bulgaria, the
approval (registration number: 07032025) for the pilot
in Sofia was obtained from the Ethics Committee at the
Sofia Knowledge City Cluster, and for Varna (registration
number: 19.09.2025 r) was from the Ethics Committee of
the Regional Cluster North-East. Germany had the ethics
vote from the University of Bremen Ethics Committee
(registration number: Aktenzeichen 2024-22), The
National Research Ethics Committee for Luxembourg
(registration number: 202411/04). Finally, in Spain, two
institutions received approval from the Balearic Islands
Ethics Committee (CEIm-IB) (IDISBA: IB 5752/25 Pl and
CREDA: 2025/01), and in Aragon, the Ethics Committee
for Research Involving Human Beings (CEISH) of CITA
(registration number: CEISH_2024_9) is responsible for
experiments without clinical studies involving biomarkers.
All studies are subjected to audits by the local authorities
and could be either announced or unannounced.

Risks and benefits
At the end of the study, participants who complete their
participation can continue using the HLRS features on
their mobile phones at their own risk. There are potential
risks associated with the HLRS, such as the possibility of
hacking the participant’s account, which could compro-
mise the confidentiality of health and personal data.
However, this risk is considered low, and precautions are
in place to minimise it.

The risks associated with this study protocol for older
adults are considered minimal. Only peripheral blood
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draws may cause mild discomfort or bruising, as no other
invasive procedures will be performed. Any participant
experiencing significant adverse or unexpected medical
issues (eg, severe allergic reaction or high fever) will be
withdrawn from the study. Similarly, participants showing
emotional or psychological problems requiring profes-
sional intervention will be advised to seek treatment and
will be withdrawn from the study if necessary.

All adverse events must be reported immediately to the
PI of each team within 24 hours of occurrence, who will
include these events in the annual report submitted to the
local ethics committees. All project partners will secure
an insurance policy in accordance with local regulations
to provide coverage for any injuries or damage that may
occur during the clinical study.

Data handling and storage

Data protection

All analyses will be conducted on pseudonymised data
by the EU Consortium HealthyW8. All project partners
will jointly own the shared data (acting as joint control-
lers). Participants’ data will be protected according to
regulation 2016/679 of the European Parliament and of
the Council of 27 April 2016 on the protection of natural
persons with regard to the processing of personal data
and on the free movement of such data and repealing
Directive 95/46/EC (GDPR) and of the Act of 1 August
2018 on the organisation of the National Data Protection
Commission and the general data protection framework,
particularly articles 63 to 65 of said Act. An extra insur-
ance will be set up for each participant during the study
duration covering unforeseen events such as accidents.
Participants have the right to inspect, correct errors or
restrict processing of their data as well as the right to data
portability according to the conditions foreseen in arti-
cles 15 to 21 of the GDPR. Participants may request that
their samples and collected data at the LIH be destroyed
at any time up to 10 years after the end of the study by
contacting the medical PIs, sponsors or their delegates,
who will notify the researcher of the request, and all
unused samples will be destroyed.

Data and sample storage

All partners take appropriate security measures, based on
the sensitivity of the information concerned, to protect
the participants’ data from the risk of unauthorised
access, loss, fraudulent use, disclosure, modification and
destruction.

The verification of the eCRF data will be done by
directly inspecting source documents. Standard proce-
dures will be used in all steps of the data collection to
ensure standardisation, data quality and data integrity.

Data from the Samsung smartwatches and GameBus
will be stored on the GameBus server provided by the
University of Eindhoven, the Netherlands, our consor-
tium partner in charge of the GameBus application, on
local and safe servers. Data from Nutrida will be stored on
aserver provided by our consortium partner NIUM in the

EU (Amazon servers). Data from the calendar application
will be stored in a database on a server provided by LIST
in Luxembourg. Regarding data from Garmin smart-
watches, it will be stored directly on the device. Biological
samples will be stored at local premises in appropriately
cooled storage conditions. Data originating from sample
analysis will be stored in secure folders in the LIH cloud,
requiring a two-stage permission procedure. Data will be
stored in accordance with applicable legal provisions and
in a manner that allows participants to be identified for a
pre-specified period, eg, 10 years, following the last visit of
the last participantincluded in the study. After this period,
the table linking participants’ identities to the other data
will be deleted, which means that data collected for the
purpose of the study will be anonymised. Then, partners
will continue to process the data for research purposes
for a period of 5 years following their anonymisation.

PUBLICATION AND DISSEMINATION

The EU consortium HealthyW8 will implement a compre-
hensive open science policy throughout the research
cycle, ensuring transparency, inclusivity and accessibility.
By involving diverse end-users and stakeholders and
employing participatory approaches, HealthyW8 aims
to enhance bias control and goal-oriented knowledge
generation. Open science practices will be applied across
study design, data collection and analysis, with a commit-
ment to Gold Open Access for publications and research
data, which will be anonymised if required. Outputs will
be archived in OpenAIRE-compliant repositories, such
as Zenodo, to support reproducibility. Additional prac-
tices include open peer review, preprint sharing and
regular ORCID updates. The consortium also aims to
make health and nutrition resources openly accessible,
including recipe content under a Creative Commons
licence and will integrate open-source tools to encourage
the adoption of open standards.

Author affiliations

"Department of Precision Health, Luxembourg Institute of Health, Strassen,
Luxembourg

%Health Research Institute of the Balearic Islands, Palma de Mallorca, Spain
*Regional Cluster North-East, Varna, Bulgaria

“Virtech, Sofia, Bulgaria

SCentro de Investigacion y Tecnologia Agroalimentaria de Aragon (CITA), Aragon,
Zaragoza, Spain

8 eibniz Institute for Prevention Research and Epidemiology (BIPS), Bremen,
Bremen, Germany

"Luxembourg Institute of Science and Technology, Esch-sur-Alzette, Luxembourg,
Luxembourg

8Eindhoven University of Technology, Eindhoven, Netherlands

Competence Centre for Methodology and Statistics, Luxembourg Institute of
Health, Strassen, Luxembourg

'0Clinical and Epidemiological Investigation Center, Luxembourg Institute of Health,
Strassen, Luxembourg, Luxembourg

"Research Center for Agri-Food Economics and Development (CREDA-UPC-IRTA),
Universitat Politecnica de Catalunya, Barcelona, Spain

Acknowledgements The authors thank the entire HealthyWs8 consortium, which
includes Torsten Bohn, Mahesh Desai, Laurent Malisoux, Jonathan Turner, Farhad
Vahid, Alejandra Loyola Leyva, Manon Gantenbein, Michel Vaillant, Christoph Stahl,

12

Vahid F, et al. BMJ Open 2026;16:108771. doi:10.1136/bmjopen-2025-108771

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* 9[ea1ua) BI3101|glg 9Yy21adly
8|18@ 8leuoizeN o1|61suo) e 920z ‘9T |11dy uo /wod fwg uadolwg//:dily woiy papeojumoq '9Z0z YdJew SZ uo T//80T-520z-uadolwa/oeTT 0T Sse paysiignd 1siiy :uado CING


http://bmjopen.bmj.com/

Open access

3

Alberto Norhona, Sarah Forberger, Serge Autexier, Mariona Estrada, Veronica Lopez,
Zein Kallas, Maria Giovanna Onorati, Alessia D'Andrea, Arianna D'Ulzia, Tiziana
Magistris, Elsa Lamy, Josep Tur, Cristina Bouzas, Michele Stecchi, Rikke Anderssen,
Gitte Ravn-Haren, Ying Wang, Daniela Rodriguez, Yoanna Ivanova, Boyko Doychinov,
Pieter von Gorp, Pietro Dionisio, Roumen Nikolov, Alexandre Chikalanov, George
Manea, Marianna Kalliostra, Ezgi Melody Kolay, Joost Wesseling, Konstantina Togka,
Christina Barragan, Ciro Avolio.

Collaborators This article is submitted on behalf of the HealthyW8 consortium.
This includes: Torsten Bohn, Mahesh Desai, Laurent Malisoux, Jonathan Turner,
Farhad Vahid, Alejandra Loyola Leyva, Manon Gantenbein, Michel Vaillant, Christoph
Stahl, Alberto Norhona, Sarah Forberger, Serge Autexier, Mariona Estrada, Veronica
Lopez, Zein Kallas, Maria Giovanna Onorati, Alessia D’Andrea, Arianna D’Ulzia,
Tiziana Magistris, Elsa Lamy, Josep Tur, Cristina Bouzas, Michele Stecchi, Rikke
Anderssen, Gitte Ravn-Haren, Ying Wang, Daniela Rodriguez, Yoanna Ivanova,

Boyko Doychinov, Pieter von Gorp, Pietro Dionisio, Roumen Nikolov, Alexandre
Chikalanov, George Manea, Marianna Kalliostra, Ezgi Melody Kolay, Joost Wesseling,
Konstantina Togka, Christina Barragan, Ciro Avolio.

Contributors FV, TB and A-LL drafted the manuscript. All other partners have
critically reviewed the manuscript and contributed information on their local trials.
All authors have read and approved the final manuscript. TB is the guarantor of this
declaration.

Funding This research is being conducted as part of the HealthyW8 project,
which received funding from the European Union’s Horizon Europe Research and
Innovation Programme under the grant agreement n°101 080 645. JAT and CB are
also funded by the Institute of Health Carlos IIl (CIBEROBN CB12/03/30038), which
are co-funded by the European Regional Development Fund, and IDISBA grants.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer-reviewed.
Data availability statement No data yet generated, this is a protocol submission.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Josep A. Tur https://orcid.org/0000-0002-6940-0761
Sarah Forberger https://orcid.org/0000-0002-7169-675X
Laurent Malisoux https://orcid.org/0000-0002-6601-5630
Michel Vaillant https://orcid.org/0000-0003-4714-8128
Torsten Bohn https://orcid.org/0000-0002-7825-0697

REFERENCES

1 WHO. Ageing and health, 2024. Available: https://www.who.int/
news-room/fact-sheets/detail/ageing-and-health2024

2 McKee AM, John E. Obesity in the Elderly. Endotext 2021.

3 Sampaio J, Carvalho J, Pizarro A, et al. Multidimensional Health
Impact of Multicomponent Exercise and Sustainable Healthy Diet
Interventions in the Elderly (MED-E): Study Protocol. Nutrients
2023;15:624.

4 Organization WH. Overweight and obesity. 2024. Available: https://
www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

5

20

21

22

24

25

26

27

28

29

Marques A, Peralta M, Naia A, et al. Prevalence of adult overweight

and obesity in 20 European countries, 2014. Eur J Public Health
2018;28:295-300.
Pérez-Rodrigo C, Gianzo Citores M, Hervas Barbara G, et al.

Prevalence of obesity and abdominal obesity in Spanish population

aged 65 years and over: ENPE study. Medicina Clinica (English
Edition) 2022;158:49-57.

Oliveira A, Araujo J, Severo M, et al. Prevalence of general and
abdominal obesity in Portugal: comprehensive results from the
National Food, nutrition and physical activity survey 2015-2016.
BMC Public Health 2018;18:614.

Bastien M, Poirier P, Lemieux |, et al. Overview of epidemiology and

contribution of obesity to cardiovascular disease. Prog Cardiovasc
Dis 2014;56:369-81.

Lavie CJ, McAuley PA, Church TS, et al. Obesity and cardiovascular
diseases: implications regarding fitness, fatness, and severity in the

obesity paradox. J Am Coll Cardiol 2014;63:1345-54.
Kim C, Fryar C, Ogden CL. Epidemiology of obesity. In: Handbook
epidemiology. 2023: 1-47.

of

Malenfant JH, Batsis JA. Obesity in the geriatric population - a global

health perspective. J Glob Health Rep 2019;3:€2019045.

Segal KR, Dunaif A, Gutin B, et al. Body composition, not body
weight, is related to cardiovascular disease risk factors and sex
hormone levels in men. J Clin Invest 1987;80:1050-5.

Yuan L, Chang M, Wang J. Abdominal obesity, body mass index and

the risk of frailty in community-dwelling older adults: a systematic
review and meta-analysis. Age Ageing 2021;50:1118-28.

Gao Q, Mei F, Shang Y, et al. Global prevalence of sarcopenic obesity

in older adults: A systematic review and meta-analysis. Clin Nutr
2021;40:4633-41.

Organization WH. WHO european regional obesity report 2022: World

Health Organization. Regional Office for Europe; 2022.

Arjunan D, Prasad TN, Das L, et al. Osteoporosis and Obesity. JOIO

2023;57:218-24.

Kaur D, Rasane P, Singh J, et al. Nutritional Interventions for Elderly

and Considerations for the Development of Geriatric Foods. Curr
Aging Sci 2019;12:15-27.
Li Y, Xia P-F, Geng T-T, et al. Trends in Self-Reported Adherence to

Healthy Lifestyle Behaviors Among US Adults, 1999 to March 2020.

JAMA Netw Open 2023;6:62323584.

Kelly S, Martin S, Kuhn 1, et al. Barriers and Facilitators to the Uptake

and Maintenance of Healthy Behaviours by People at Mid-Life: A
Rapid Systematic Review. PLoS ONE 2016;11:e0145074.
Recio-Rodriguez JI, Gomez-Marcos MA, Agudo-Conde C, et al.
EVIDENT 3 Study: A randomized, controlled clinical trial to reduce
inactivity and caloric intake in sedentary and overweight or obese
people using a smartphone application: Study protocol. Medicine
(Baltimore) 2018;97:€9633.

Eisenberg Y, Vanderbom KA, Vasudevan V. Does the built
environment moderate the relationship between having a disability

and lower levels of physical activity? A systematic review. Prev Med

2017;95:575-84.

Tharrey M, Bohn T, Klein O, et al. Local retail food environment
exposure and diet quality in rural and urban adults: A longitudinal
analysis of the ORISCAV-LUX cohort study. Health & Place
2024;87:103240.

Dent E, Wright ORL, Woo J, et al. Malnutrition in older adults. The
Lancet 2023;401:951-66.

Hassapidou M, Vlassopoulos A, Kalliostra M, et al. European
Association for the Study of Obesity Position Statement on
Medical Nutrition Therapy for the Management of Overweight
and Obesity in Adults Developed in Collaboration with the

European Federation of the Associations of Dietitians. Obes Facts

2023;16:11-28.

Gomes M, Figueiredo D, Teixeira L, et al. Physical inactivity among
older adults across Europe based on the SHARE database. Age
Ageing 2017;46:71-7.

Organization WH. WHO guidelines on physical activity and sendetary

behaviour. Geneva, 2020.

Anderson E, Durstine JL. Physical activity, exercise, and chronic
diseases: A brief review. Sports Med Health Sci 2019;1:3-10.
Harris D, Dlima SD, Gluchowski A, et al. The effectiveness and

acceptability of physical activity interventions amongst older adults

with lower socioeconomic status: a mixed methods systematic
review. Int J Behav Nutr Phys Act 2024;21:121.

Ibeneme SC, Mah J, Omeje C, et al. Effectiveness of pedometer-
based walking programmes in improving some modifiable risk
factors of stroke among community-dwelling older adults: a
systematic review, theoretical synthesis and meta-analysis. BMC
Geriatr 2024;24:516.

Vahid F, et al. BMJ Open 2026;16:108771. doi:10.1136/bmjopen-2025-108771

-
w

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* 9[ea1ua) BI3101|glg 9Yy21adly
8|18@ 8leuoizeN o1|61suo) e 920z ‘9T |11dy uo /wod fwg uadolwg//:dily woiy papeojumoq '9Z0z YdJew SZ uo T//80T-520z-uadolwa/oeTT 0T Sse paysiignd 1siiy :uado CING


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-6940-0761
https://orcid.org/0000-0002-7169-675X
https://orcid.org/0000-0002-6601-5630
https://orcid.org/0000-0003-4714-8128
https://orcid.org/0000-0002-7825-0697
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health2024
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health2024
http://dx.doi.org/10.3390/nu15030624
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://dx.doi.org/10.1093/eurpub/ckx143
http://dx.doi.org/10.1016/j.medcle.2020.10.026
http://dx.doi.org/10.1016/j.medcle.2020.10.026
http://dx.doi.org/10.1186/s12889-018-5480-z
http://dx.doi.org/10.1016/j.pcad.2013.10.016
http://dx.doi.org/10.1016/j.pcad.2013.10.016
http://dx.doi.org/10.1016/j.jacc.2014.01.022
http://dx.doi.org/10.29392/joghr.3.e2019045
http://dx.doi.org/10.1172/JCI113159
http://dx.doi.org/10.1093/ageing/afab039
http://dx.doi.org/10.1016/j.clnu.2021.06.009
http://dx.doi.org/10.1007/s43465-023-01052-9
http://dx.doi.org/10.2174/1874609812666190521110548
http://dx.doi.org/10.2174/1874609812666190521110548
http://dx.doi.org/10.1001/jamanetworkopen.2023.23584
http://dx.doi.org/10.1371/journal.pone.0145074
http://dx.doi.org/10.1016/j.ypmed.2016.07.019
http://dx.doi.org/10.1016/j.healthplace.2024.103240
http://dx.doi.org/10.1016/S0140-6736(22)02612-5
http://dx.doi.org/10.1016/S0140-6736(22)02612-5
http://dx.doi.org/10.1159/000528083
http://dx.doi.org/10.1093/ageing/afw165
http://dx.doi.org/10.1093/ageing/afw165
http://dx.doi.org/10.1016/j.smhs.2019.08.006
http://dx.doi.org/10.1186/s12966-024-01666-8
http://dx.doi.org/10.1186/s12877-024-05069-z
http://dx.doi.org/10.1186/s12877-024-05069-z
http://bmjopen.bmj.com/

30

Renzi E, Baccolini V, Migliara G, et al. The Impact of eHealth
Interventions on the Improvement of Self-Care in Chronic Patients:
An Overview of Systematic Reviews. Life (Basel) 2022;12:1253.

44

45

Zhang C-Q, Zhang R, Schwarzer R, et al. A meta-analysis of the
health action process approach. Health Psychol 2019;38:623-37.
Da Silva CVF, Sade YB, Scapin SMN, et al. Relevance of obesity

31 Alruwaili MM, Shaban M, Elsayed Ramadan OM. Digital Health and overweight to salivary and plasma proteomes of human young
Interventions for Promoting Healthy Aging: A Systematic Review adults from Brazil / Relevancia da obesidade e sobrepeso para os
of Adoption Patterns, Efficacy, and User Experience. Sustainability proteomas salivares e plasmaticos de adultos jovens humanos do
2023;15:16503. Brasil. BJDV 2022;8:13981-4001.

32 Schoufour JD, Tieland M, Barazzoni R, et al. The Relevance of 46 Algaderi H, Hegazi F, Al-Mulla F, et al. Salivary Biomarkers
Diet, Physical Activity, Exercise, and Persuasive Technology in the as Predictors of Obesity and Intermediate Hyperglycemia in
Prevention and Treatment of Sarcopenic Obesity in Older Adults. Adolescents. Front Public Health 2022;10:800373.

Front Nutr 2021;8:661449. ) . 47 Muscogiuri G, Cantone E, Cassarano S, et al. Gut microbiota: a new

33 Robert C, Erdt M, Lee J, et al. Effectiveness of eHealth Nutritional path to treat obesity. Int J Obes Supp/ 2019;9:10-9.

Interventions for .Mlddle-Aged and Older Adults: Systematic Review 48 Silveira A, Gomes J, Roque F, et al. MicroRNAs in Obesity-
and Meta-analysis. J Med Internet Res 2021;23:e15649. Associated Disorders: The Role of Exercise Training. Obes Facts

34 Meyer J, R_atz T, Pauls A, et al. l?e5|gn|ng and ap‘plyllng tgch_nology 2022:15:105-17.
for prevention-Lessons Iearned in AEQU]PA and its implications for 49 Cominetti O, Nifiez Galindo A, Corthésy J, et al. Obesity shows
future research and practice. Front Public Health 2022;10:832922. preserved plasma proteome in large independent clinical cohorts. Sci

35 Bertolazzi A, Quaglla V, Bongelli R. Barlrlers andl faclllltators to health Rep 2018;8:16981.
itr?fegilglti/%ys?/ds?grﬂgtnicbIYeSilgvevr aB(Ij\bljgstZg;ccrl?ar};; gggejszefsgg 50 Chung J, Ahn S, Joung H, et al. Development of a Semi-Quantitative

36 Wichmann F, Brand T, Gansefort D, et al. Ready to participate? Using Fooq-Frequen(.:y Queshonnalre for Korean Adults with Obesity.

ualitative data to typify older adults’ reasons for (non-) participation Nutrients 2023;15:4848.
% a physical activitglliyrgmotion intervention. BMC PublicpHeaIt';)) 51 CuiQ XiaY, Wu Q, et al. Validity of the food frequency
2019:19:1327. : questionnai_re for_ adults in nutritional gpidemiological stuo!ies:

37 Buyl R, Beogo I, Fobelets M, et al. e-Health interventions for healthy gozy;§g11aé?or_esvéew and meta-analysis. Crit Rev Food Sei Nutr
aging: a systematic review. Syst Rev 2020;9:128. N : - ) -

38 Vergouw JW, Smits-Pelser H, Kars MC, et al. Needs, barriers and 52 Fernar'mdez-BgIIalrt JD, Pifiol JL, Zazpe |, e.t al. F?elafcwe validity of
facilitators of older adults towards eHealth in general practice: a a sem|—quant|tat|ve foo‘d—frequencl:y questionnaire in an elderly
qualitative study. Prim Health Care Res Dev 2020:21:¢54. Medlterranegq population of Spain. Br J Nutr 201 0;1_03:1808—16.

39 Project HE. HealthyW8 EU Project: HealthyW8s EU Project, 2024. 53 Bohn T, Ferrini K, Stahl C. LIFANA - toward developing a meal
Available: https://www.healthyw8.eu repommender system as a dietary support app for the elderly. Int J

40 Vahid F, Dessenne C, Tur JA, et al. Multicomponent (bio)markers Vitam Nutr Res 2024;94:221-38. ) )
for obesity risk prediction: a scoping review protocol. BMJ Open 54 GlameBus. Ga_meBgs: social health games for the entire family:
2024:14:¢083558. Eindhoven University of Technology (tu/e), The Netherlands. 2021.

41 Forberger S, Reisch LA, van Gorp P, et al. ‘Let me recommend...”: Available: https://blog.gamebus.eu/2026 )
use of digital nudges or recommender systems for overweight 55 Van Gorp P, Nuijten R. 8-year Evaluation of GameBus: Status quo in
and obesity prevention-a scoping review protocol. BMJ Open Aiming for an Open Access Platform to Prototype and Test Digital
2024;14:e080644. Health Apps. Proc ACM Hum-Comput Interact 2023;7:1-24.

42 DrUlizia A, D’Andrea A, Stahl CS. An Integrated Participatory Design 56 Voigt P, Bussche A. The Eu General Data Protection Regulation
Process to Define Intervention Strategies and Technological Tools for (Gdpr). A Practical Guide.1st edn. Cham: Springer International
the Prevention of Overweight/Obesity. IJTHI 2025;21:1-18. Publishing, 2017:10-5555.

43 D’Andrea A, D’Ulizia A, Antonelli C, et al. Co-design of technological 57 Project H. HealthyW8 open stakeholders platform. 2025. Available:
tools and co-creation of intervention strategies to promote a https://www.stakeholders.healthyw8.eu/2026
healthy lifestyle: an Italian case study. J Inf Commun Ethics Soc 58 Teresi JA, Yu X, Stewart AL, et al. Guidelines for Designing and
2025;23:469-94. Evaluating Feasibility Pilot Studies. Med Care 2022;60:95-103.

14 Vahid F, et al. BMJ Open 2026;16:¢108771. doi:10.1136/bmjopen-2025-108771

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* 9[ea1ua) BI3101|glg 9Yy21adly
8|18@ 8leuoizeN o1|61suo) e 920z ‘9T |11dy uo /wod fwg uadolwg//:dily woiy papeojumoq '9Z0z YdJew SZ uo T//80T-520z-uadolwa/oeTT 0T Sse paysiignd 1siiy :uado CING


http://dx.doi.org/10.3390/life12081253
http://dx.doi.org/10.3390/su152316503
http://dx.doi.org/10.3389/fnut.2021.661449
http://dx.doi.org/10.2196/15649
http://dx.doi.org/10.3389/fpubh.2022.832922
http://dx.doi.org/10.1186/s12889-024-18036-5
http://dx.doi.org/10.1186/s12889-019-7688-y
http://dx.doi.org/10.1186/s13643-020-01385-8
http://dx.doi.org/10.1017/S1463423620000547
https://www.healthyw8.eu
http://dx.doi.org/10.1136/bmjopen-2023-083558
http://dx.doi.org/10.1136/bmjopen-2023-080644
http://dx.doi.org/10.4018/IJTHI.377177
http://dx.doi.org/10.1108/JICES-01-2025-0015
http://dx.doi.org/10.1037/hea0000728
http://dx.doi.org/10.34117/bjdv8n2-363
http://dx.doi.org/10.3389/fpubh.2022.800373
http://dx.doi.org/10.1038/s41367-019-0011-7
http://dx.doi.org/10.1159/000517849
http://dx.doi.org/10.1038/s41598-018-35321-7
http://dx.doi.org/10.1038/s41598-018-35321-7
http://dx.doi.org/10.3390/nu15224848
http://dx.doi.org/10.1080/10408398.2021.1966737
http://dx.doi.org/10.1017/S0007114509993837
http://dx.doi.org/10.1024/0300-9831/a000795
http://dx.doi.org/10.1024/0300-9831/a000795
https://blog.gamebus.eu/2026
http://dx.doi.org/10.1145/3593223
https://www.stakeholders.healthyw8.eu/2026
http://dx.doi.org/10.1097/MLR.0000000000001664
http://bmjopen.bmj.com/

	Empowering healthy lifestyle behaviour through personalised intervention portfolios using a healthy lifestyle recommender system to prevent and control obesity in older adults: ﻿pilot study protocols from the HealthyW8 project﻿
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Study design
	Recruitment
	Participants, inclusion and exclusion criteria
	Withdrawal/discontinuation of participants

	Patient and public involvement
	Intervention with the HLRS
	Assessments
	Outcomes
	Data collection
	Questionnaires
	Biomarker analysis from plasma, urine and stool

	Case report forms
	Sample size
	Assuring adherence to the intervention
	Strategies for achieving adequate participant enrolment

	Data analysis
	Missing data and dropouts
	Methods for minimising bias
	Analyses
	Secondary analyses
	Exploratory analyses


	Ethics and dissemination
	Statements of compliance
	Risks and benefits
	Data handling and storage
	Data protection
	Data and sample storage


	Publication and dissemination
	References


