Contemporary Clinical Trials 150 (2025) 107833

Contents lists available at ScienceDirect

Contemporary Clinical Trials

o %

ELSEVIER journal homepage: www.elsevier.com/locate/conclintrial

t.)

Check for

The LvL UP trial: Protocol for a sequential, multiple assignment, ol
randomised controlled trial to assess the effectiveness of a blended mobile
lifestyle intervention

a”

Oscar Castro™ ', Jacqueline Louise Mair ™', Shenglin Zheng *-", Sarah Yi Xuan Tan ",
Ahmad Ishqi Jabir?, Xiaoxi Yan , Bibhas Chakraborty “-°, E Shyong Tai *-"",

Rob M. van Dam "¢, Florian von Wangenheim *", Elgar Fleisch ", Konstadina Griva’-?,
Tobias Kowatsch ***""%, Falk Miiller-Riemenschneider "

@ Future Health Technologies, Singapore-ETH Centre, Campus for Research Excellence and Technological Enterprise (CREATE), Singapore
Y Saw Swee Hock School of Public Health, National University of Singapore, Singapore

¢ Centre for Quantitative Medicine, Duke-NUS Medical School, Singapore

4 Department of Statistics and Data Science, National University of Singapore, Singapore

¢ Department of Biostatistics and Bioinformatics, Duke University, Durham, NC, USA

f Yong Loo Lin School of Medicine, National University of Singapore, Singapore

8 Department of Exercise and Nutrition Sciences, Milken Institute School of Public Health, George Washington University, Washington, DC, USA
1 Gentre for Digital Health Interventions, Department of Management, Technology, and Economics, ETH Zurich, Zurich, Switzerland

! Centre for Digital Health Interventions, Institute of Technology Management, University of St. Gallen, St. Gallen, Switzerland

J Office of Research, Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore

X Centre for Digital Health Interventions, Institute for Implementation Science in Health Care, University of Zurich, Zurich, Switzerland

! Centre for Digital Health Interventions, School of Medicine, University of St. Gallen, St. Gallen, Switzerland

™ Digital Health Center, Berlin Institute of Health, Charité-Universitatsmedizin Berlin, Berlin, Germany

ARTICLE INFO ABSTRACT

Keywords: Background: Blended mobile health (mHealth) interventions — combining self-guided and human support com-
Digital health ponents — could play a major role in preventing non-communicable diseases (NCDs) and common mental dis-
Stepped care orders (CMDs). This protocol describes a sequential, multiple assignment, randomised trial aimed at (i)
gf;;:;on evaluating the effectiveness and cost-effectiveness of LvL UP, an mHealth lifestyle intervention for the prevention

Mental health of NCDs and CMDs, and (ii) establishing the optimal blended approach in LvL UP that balances effective per-

Health behaviour change sonalised lifestyle support with scalability.

Implementation science Methods: LvL UP is a 6-month mHealth holistic intervention targeting physical activity, diet, and emotional
regulation. In this trial, young and middle-aged Singaporean adults at risk of developing NCDs or CMDs will be
randomly allocated to one of two initial conditions (‘LvL UP’ or ‘comparison’). After 4 weeks, participants
categorised as non-responders from the LvL UP group will be re-randomised into second-stage conditions: (i)
continuing with the initial intervention (LvL UP) or (ii) additional motivational interviewing (MI) support ses-
sions by trained health coaches (LvL UP + adaptive MI). The primary outcome is mental well-being. Secondary
outcomes include anthropometric measurements, resting blood pressure, blood metabolic profile, health status,
and health behaviours (physical activity, diet). Outcomes will be measured at baseline, 6 months (post-inter-
vention), and 12 months (follow-up).

Discussion: In addition to evaluating the effectiveness of LvL UP, the proposed study design will contribute to
increasing evidence on how to introduce human support in mHealth interventions to maximise their effectiveness
while remaining scalable.

Trial registration: The LvL UP Pilot trial was prospectively registered with ClinicalTrials.gov (NCT06360029).
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1. Background
1.1. Background and rationale

Non-communicable diseases (NCDs), such as cardiovascular disease,
diabetes, or cancer, and common mental disorders (CMDs), such as
depression or anxiety, represent the primary causes of death and
disability worldwide, causing major health and financial burdens [1-3].
Lifestyle behaviours, including physical activity, diet, tobacco smoking,
alcohol consumption, sleep, stress and emotional regulation, are
important modifiable risk factors associated with the prevention and
management of both NCDs [4] and CMDs [5]. Yet, successful lifestyle
behaviour change and maintenance is often challenging and only
implemented by a fraction of those in need.

In recent years, the growing popularity of smartphones and wearable
devices has catalysed the development of new mobile health (mHealth)
interventions designed to help people manage their health across a
range of different lifestyle domains [6-8]. MHealth interventions can be
broadly categorised into self-guided (i.e., delivered remotely with no
human involvement) or blended interventions (i.e., those that combine
self-guided components with human support).

Self-guided mHealth interventions hold promise for the promotion of
lifestyle behaviour at the population level, with the potential to reach
more individuals than ever before, but they also face challenges such as
poor adherence [9-11], and evidence for their ability to achieve sig-
nificant change remains inconclusive [12,13]. Blended interventions sit
between self-guided and face-to-face approaches, intending to retain the
positive aspects associated with both while mitigating the disadvantages
[14]. Human support is often demanded by users of mHealth in-
terventions [15,16] and it has been shown to increase effectiveness and
engagement over purely self-guided interventions [17-19]. However,
introducing human support impacts the intervention’s scalability and
cost-effectiveness.

Existing blended mHealth interventions usually engage highly
trained and specialised professionals to deliver support (e.g., psycholo-
gists or certified nutritionists). In addition, many blended mHealth in-
terventions assist in a one-size-fits-all manner, offering support for all
users regardless of their progress throughout the intervention [20]. By
contrast, different reviews highlight that individual user response to
mHealth interventions varies drastically [21-23]. This heterogeneity
makes stepped-care strategies particularly interesting in the context of
mHealth interventions. Stepped care is an adaptive approach that saves
resources by initiating the intervention with minimal support (i.e., by
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first providing a relatively low-cost or low-burden intervention) and
stepping up (i.e., offering more expensive or intensive intervention
component) only to those who show signs of suboptimal response [24].

In summary, while blended interventions are a promising mHealth
approach that combines the strengths of both self-guided and face-to-
face interventions, they are typically implemented in a way that ne-
glects intervention’s scalability and costs. Evidence is lacking on
whether less resource-intensive (e.g., leveraging on non-specialised
coaches targeting multiple domains) and personalised (i.e., adaptive)
blended mHealth interventions can promote enhanced outcomes and
retention, while ensuring a rational resource allocation.

LvL UP is a mHealth intervention aimed at preventing NCDs and
CMDs in multi-ethnic Southeast Asian populations [25]. The interven-
tion has been developed to facilitate the inclusion of an adaptive
blended component for ‘non-responders’ (e.g., users that show no im-
provements in the outcomes of interest or are at risk of disengaging). A
formal evaluation of LvL UP’s effectiveness and cost-effectiveness is
pending, including the implementation of the adaptive blended
component.

1.2. Objectives

Primary objective: To compare the effects of LvL UP versus a
comparison condition for both primary (mental well-being) and sec-
ondary outcomes. Using the subgroup letters in Fig. 1, this objective will
involve the following comparison: (A + B) versus D. We hypothesise that
the change from baseline to 6 months for both primary (mental well-
being) and secondary outcomes will be superior for participants allo-
cated to the LvL UP condition.

Secondary objective I: To compare the effects of a version of LvL UP
which incorporates an adaptive blended component consisting of
motivational interviewing (MI) support delivered to non-responders
(LvL UP + adaptive MI) versus a comparison condition for both pri-
mary (mental well-being) and secondary outcomes. This objective will
involve the following comparison: (A + C) versus D. We hypothesise that
the change from baseline to 6 months for both primary (mental well-
being) and secondary outcomes will be superior for participants allo-
cated to the LvL UP + adaptive MI condition.

Secondary objective II: To compare the effects of LvL UP versus LvL
UP + adaptive MI conditions for both primary (mental well-being) and
secondary outcomes. This objective will involve the following compar-
ison: (A + B) versus (A + C). We hypothesise that the change from
baseline to 6 months for both primary (mental well-being) and
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Fig. 1. Sequential Multiple Assignment Randomisation Trial (SMART) design for LvL UP. Note: letters A-D represent four possible pathways throughout the trial for
eligible participants; R = Randomisation ratio; MI = Motivational Interviewing; HPB = Health Promotion Board.
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secondary outcomes will be superior for participants allocated to the LvL
UP + adaptive MI condition.

Exploratory objectives: This study also has four exploratory ob-
jectives. The first is to identify the most cost-effective intervention
condition from the healthcare and societal perspectives. The second is to
explore time-varying and baseline moderators on intervention out-
comes. The third is to investigate maintenance by assessing the inter-
vention outcomes at follow-up (12 months after baseline). The fourth is
to conduct a theory-driven process evaluation informed by the UK’s
Medical Research Council guidelines [26], exploring mechanisms of
action (e.g., self-efficacy), context, and implementation.

1.3. Trial design

The research design is a Sequential Multiple Assignment Randomised
Trial (SMART) [27,28]. This design (Fig. 1) will allow us to test an
adaptive intervention that starts with the LvL UP app and then in-
troduces MI support for ‘non-responders’ (e.g., those that show no im-
provements or are at risk of disengaging), as well as to compare the
results of both intervention approaches with the comparison group [29].

Regarding the tailoring variable(s) (i.e., the variables used to
determine how intervention delivery should be adapted based on user
characteristics or response to initial treatment [30]), we will use the LvL
UP pilot trial results (see below) to inform the tailoring variable(s) for
the main trial, with a focus on the observed responders/non-responders’
ratio for different variables. We will consider engagement and app
evaluation variables (e.g., number of app components completed over
the first 4 weeks, net promoter score), preliminary intervention effects
(e.g., initial positive response), or a combination of the two.

1.3.1. LvL UP pilot trial

The research plan includes a pilot before the main LvL UP trial to
help estimate the intervention’s effect size and level of engagement,
responders/non-responders’ ratio for different tailoring variables,
attrition, percentage of missing data, recruitment capabilities, and the
overall feasibility of the research protocol (i.e., are there any changes
required for the main trial?). This pilot will replicate the main LvL UP
trial, with the only differences being reduced duration (8 weeks) and
assessment points (i.e., no follow-up measure will be included).

As an exploratory tailoring variable for the LvL UP pilot trial, we will
use the number of conversational agent-delivered coaching sessions
completed and their average coaching session ratings at week 4 to
determine non-response. However, the above tailoring variable might be
refined for the main trial based on the pilot trial results regarding the
responders/non-responders’ ratio.

2. Methods

Ethical approval was obtained from the National University of
Singapore (NUS-IRB-2023-421), ETH Zurich (EK-2024-N-13-A), and
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Nanyang Technological University (NTU-IRB-2024-305) Institutional
Review Boards. The LvL UP pilot trial was prospectively registered with
ClinicalTrials.gov (NCT06360029) on 7 April 2024. The main LvL UP
trial will also be registered at ClinicalTrials.gov before enrolling the first
participant. The present protocol was written according to the Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT)
[31,32]. A completed SPIRIT checklist is available as an online supple-
mentary material (file 1).

2.1. Study setting

The LvL UP intervention has been developed to target a multi-ethnic
Asian population (largely Chinese, Indian, and Malay) of young and
middle-aged adults at risk of developing NCDs or CMDs in Singapore.

2.2. Eligibility criteria

Participants will be eligible if they are: (i) aged 21 to 59 years, (ii)
Singapore citizens or permanent residents, (iii) planning to reside in
Singapore during the study, (iv) proficient in English, (v) owners of a
smartphone (minimum requirements: iOS version 12.4 and Android
version 8) with internet access, (vi) able to provide informed consent,
and (viii) identified as ‘at risk’ of developing NCDs and/or CMDs. Par-
ticipants with a pre-existing condition (e.g., diagnosed depression or
diabetes) and/or pregnant will be excluded. Last, participants will not be
able to join the study if they are taking part in another lifestyle inter-
vention study.

To identify those ‘at risk” of developing NCDs or CMDs, an eligibility
survey will assess five different risk factors (physical inactivity, un-
healthy diet, poor mental well-being, family history of health condi-
tions, and being overweight or obese) and generate a composite risk
factor score ranging from O (lowest risk) to 6 (highest risk). These risk
factors were selected based on evidence and public health guidelines
[33-35] for the prevention of NCDs and/or CMDs, as well as considering
existing screening tools in Singapore [36]. Table 1 includes the scoring
for each risk factor, together with decision rules to be eligible for in-
clusion in the trial. It is worth noting that the present composite risk
factor score is exploratory and may be revised based on the LvL UP pilot
trial results (e.g., by changing the scoring or focusing on one specific risk
factor).

2.3. Intervention and comparison

2.3.1. Intervention: LvL UP app

LvL UP is a holistic mHealth intervention that aims to support young
and middle-aged adults in preventing the onset of NCDs and CMDs (i.e.,
primary prevention). The LvL UP app’s first version (LvL UP 1.0) was
developed throughout 2021-2023 [25]. Systematic literature reviews
[10,37], market analyses [38,39], and user-centred studies [16,40] were
conducted to lay the groundwork for its development.

Table 1
Definitions and scoring of risk factors used for eligibility screening.
Factor Categories Definitions Score*
Diet Optimal Modified Short Food Frequency Questionnaire’s score = 2 0
Suboptimal Modified Short Food Frequency Questionnaire’s score < 2 1
Physical activity Optimal Meeting physical activity guidelines based on a self-reported item 0
Suboptimal Not meeting physical activity guidelines based on a self-reported item 1
Mental health Optimal Patient Health Questionnaire-4’s (PHQ-4) score < 3 for either the anxiety or depression subscales 0
Suboptimal Patient Health Questionnaire-4’s (PHQ-4) score > 3 for either the anxiety or depression subscales 2
BMI Optimal Body mass index <23 0
Suboptimal Body mass index >23 1
Family history (health conditions) Optimal Not having a close relative (parent, sibling and/or child) with a diagnosed health or mental health condition 0
Suboptimal Having a close relative (parent, sibling and/or child) with a diagnosed health or mental health condition 1

" Eligible participants are those that score > 2. Participants deemed ‘suboptimal’ in the mental health domain receive a higher risk score. They will be automatically
deemed eligible to compensate for the higher prevalence of physical health-related factors in the screening tool.
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The LvL UP 1.0 app has been tested in a feasibility trial to assess the
technical viability of, and user satisfaction with, the intervention. Re-
sults from the feasibility trial (to be published in a separate paper)
highlighted that LvL UP is technically viable, with most users agreeing
the app was enjoyable and provided useful and comprehensive infor-
mation. However, the feasibility trial and our formative studies also
highlighted the need to improve certain aspects of the intervention (e.g.,
usability, user interface and design, shortening the dialogue length and
offering more varied answer options) and add further components (i.e.,
self-regulation tools, human support). These findings have been used to
iteratively refine the intervention in two stages: a second version (LvL
UP 2.0) that is currently being used in an randomised controlled trial
targeting Asian women with a history of gestational diabetes [41] and
featured the inclusion of self-regulation tools; and a third version (LvL
UP 3.0) that will be used in the present study featuring the LvL UP 2.0
version plus the addition of human support components (LvL UP buddy
and adaptive MI).

Briefly, the current LvL UP 3.0 version (referred throughout the
paper as LvL UP) includes four key lifestyle intervention components
centred around the three core pillars, Move More (physical activity), Eat
Well (healthy nutrition), and Stress Less (emotional regulation and
mental well-being), as follows: (i) conversational agent-delivered health
literacy and psychoeducational coaching sessions, (ii) daily “Life Hacks”
(healthy habit suggestions), (iii) self-regulation Tools including a step-
based activity tracker, a food diary, and journal and (iv) gamified
slow-paced breathing training (Breeze) [42]. These components are
delivered using an innovative engagement approach that combines
storytelling, MI, just-in-time adaptive notifications, and gamification. As
part of the LvL UP app onboarding, participants are asked to nominate a
‘LvL UP Buddy’ (e.g., a friend, family member, or spouse) to provide
additional support online (e.g., WhatsApp messenger) and/or in real life.
Screenshots of the LvL UP app are available as an online supplementary
material (File 2).

LvL UP is intended to be used intensively for 6 months (24 weeks),
with the completion of weekly conversational agent-delivered coaching
sessions, daily use of Tools and “Life Hacks”, and regular provision of
social support by LvL. UP Buddies. However, after this intensive inter-
vention phase, the app features and conversational agent-delivered
coaching sessions could be used indefinitely.

2.3.2. Adaptive intervention: MI-informed support

Since LvL UP’s content is framed around MI - a collaborative, goal-
oriented style of communication about change to strengthen user’s own
motivation to improve their behaviour [43] — we considered that an
adaptive intervention component consisting of additional MI-informed
sessions with human coaches could complement the digital content of
LvL UP. This will provide an opportunity to implement MI strategies in a
more comprehensive manner, particularly for those who do not respond
to the initial intervention and might need additional support.

The MI-informed sessions for non-responders will consist of six ses-
sions (two biweekly and four monthly) delivered via WhatsApp
messenger, lasting between 30 and 40 min. Trained research staff will
deliver the sessions aimed at evoking and strengthening motivation and
confidence for the lifestyle pillars in LvL UP. More specifically, the
content of support will include MI-based strategies and strategic use of
communication skills (open-ended questions, reflections, affirmations
and summaries) as guided by participants’ readiness levels and the flow
across MI tasks (engagement; focusing; evoking; planning) [43]. The
research staff will receive MI training (2-day course on MI fundamen-
tals) and coaching sessions / role playing from certified MI trainers.

2.3.3. Comparison (usual care)

Participants randomised to the comparison condition will receive
standard lifestyle resources (available as supplementary material 3).
This includes physical activity, diet and mental well-being content
extracted from existing public domain resources developed by the
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Health Promotion Board (HPB). Established in 2001, the HPB is a gov-
ernment organisation under the Ministry of Health committed to pro-
moting healthy living in Singapore. HPB-developed resources were
selected as the comparator because they are the ‘go-to’, nation-wide
health resources in Singapore which cover LvL UP’s pillars.

2.4. Procedures and participant flow

The flow of participants through the study is described in Fig. 1.
Individuals interested in participating in the study will complete an
online eligibility survey to determine eligibility. Eligible participants
will be asked to book an appointment for a first in-person study visit,
where they will sign the participant consent form in the presence of a
witness and undergo the baseline assessments. Both outcome assessors
and data analysts will be blinded to the group allocation. Other members
of the research team as well as trial participants will not be blinded to
the group allocation. Once the trial is completed, the study team will
disseminate the results via publications, conferences, progress reports to
funding bodies, and registration in recognised public registries.

2.4.1. Group allocation

Participants will be given computer-generated (Stata/SE 16.0)
random allocations to one of the two initial conditions (LvL UP or
comparison) following consent and baseline assessment. The computer-
generated allocations will be performed by a member of the research
team who will not take part in the outcome assessments nor participant
enrolment. Randomisation will follow a 2:1 ratio favouring the LvL UP
group to increase the statistical power for the secondary objectives while
ensuring adequate statistical power for the primary objective. At four
weeks (decision point), participants from the LvL UP group will be
classified as responders or non-responders based on pre-specified
criteria. Non-responder participants will be re-randomised with equal
probability (1:1) to one of the two second-stage conditions: (i)
continuing with the initial intervention (LvL UP) or (ii) additional MI-
informed sessions (LvL UP + adaptive MI). At the end of month 6, MI-
informed and Buddy support will be discontinued but all participants
from the LvL UP group will be able to use the app for another 6 months
(maintenance phase).

2.4.2. Recruitment

Participants will be recruited through multiple channels, including
social media (e.g., Facebook, X, Instagram), flyers, community groups,
snowballing, and research registries. Participants will be compensated
for the multiple assessments, with the possibility of a total of SG$300
(~US$221) in compensation.

2.5. Measures

2.5.1. Eligibility survey

The eligibility survey to be used during screening will include a set of
questions on (i) mental health status via the Patient Health
Questionnaire-4 [44], (ii) nutritional intake via a Modified 2-item Food
Frequency Questionnaire, (iii) physical activity via a single-item ques-
tion [45], (iv) Body Mass Index (BMI) via self-reported weight and
height, and (v) family history of health conditions. In addition, partici-
pants will be asked about their medication use, whether they have been
diagnosed with NCDs and/or CMDs (e.g., diabetes or depression), and
other items as per the selection criteria.

2.5.2. Trial outcomes

Eligible participants will be assessed on-site at baseline and after 6
months (post-intervention / primary endpoint). In addition, a subset of
measures will be carried out remotely (online) during months 1 and 3
(intermediate assessments) and during months 9 and 12 (follow-up as-
sessments). Each of the measures and their specific timing is detailed in
Table 2. Further details on the specific instruments are available as an
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online supplementary material (4). Considering LvL. UP is a holistic
intervention targeting body and mind, we decided to define mental well-
being (assessed with the Warwick-Edinburgh Mental Well-being Scale)
as the primary outcome. The literature indicates mental well-being is
influenced by all three domains targeted by LvL UP: physical activity
[46], diet [47,48] and emotional regulation / mental health [49].

2.5.3. Process evaluation

A process evaluation will be conducted in line with the UK’s Medical
Research Council Guidance on process evaluations for complex in-
terventions [26]. Methods will entail a mixture of qualitative and
quantitative approaches, including surveys, interviews, direct observa-
tion, and app-based passively collected data. The aim of the process
evaluation is to explore implementation, mechanisms of action, and
contextual factors that may affect implementation and intervention
outcomes. A separate protocol will describe the process evaluation in
detail.

2.5.4. Health economic evaluation

The primary outcome measure for the cost-effectiveness analysis will
be the EuroQol 5 Dimension 5 Level (EQ-5D-5L) questionnaire [50],
from both the healthcare and societal perspectives. This includes inter-
vention costs (i.e., staff and materials cost), participant costs (i.e., the
value of the participant’s time to take part in the intervention), work
productivity [51] and healthcare utilisation (including hospitalisation,
outpatient care, and primary care) [52]. We will follow the UK’s Na-
tional Institute for Health and Care Excellence guidance for economic

Table 2
The schedule of enrolment, interventions, and assessments.

Enrolment Random-isation (Baseline)*

Contemporary Clinical Trials 150 (2025) 107833

evaluations of public health interventions [53] and will report the out-
comes of the evaluation in line with the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) statement [54].

2.6. Statistical analyses

All statistical analyses will be performed using the R statistical
software and follow the intention-to-treat principle. The primary
outcome measure for the trial is the mental well-being rating (via the
Warwick-Edinburgh Mental Wellbeing Scale) from baseline to 6 months
(primary endpoint). We are also interested in the outcome measures
change from baseline to 12 months for the exploratory analyses.

2.6.1. Primary and secondary aim analyses

To assess the effects of LvL UP (A + B in Fig. 1) versus comparison (D)
and LvL UP + adaptive MI (A + C) versus comparison (D), Generalized
Estimating Equations (GEE) with robust variance estimations will be
used. The weight and replicate method [55] will be used in the GEE
models to simultaneously estimate the embedded conditions (A + B) and
(A + Q) in the models. Inverse probability weighting will be used to
account for the over or under-representation of the outcomes due to the
randomisation scheme, and observations will be replicated as they are
used in multiple comparisons. For example, responders to stage 1
intervention (A) will be replicated. The GEE models will include the trial
condition (A + B, A + C, D), time (at baseline and 6 months), and the
condition-by-time interaction. The condition-by-time interaction effect
will determine if the change from baseline to 6 months for LvL UP and

1-month 3-month 6-month* 9-month 12-month

Enrolment

Eligibility screening

Informed consent

Allocate for stage 1 (all)

Reallocate for stage 2 (non-responders)

Intervention

A, B (LvL UP)

C (LvL UP + MI)

D (comparison)

Assessment (eligibility)

Mental health (Patient Health Questionnaire-4)

Physical activity (single self-reported item)

Anthropometry (self-reported BMI)

Health conditions

Medication use

Diet (Modified 2-item Food Frequency Questionnaire)
Assessment (main trial)

Mental well-being (Warwick-Edinburgh Mental Well-being Scale-14)
Generic well-being (WHO-5)

Mental health - depression (Patient Health Questionnaire-9)
Mental health - stress (Kessler Psychological Distress Scale)
Self-reported health

Change in health status

Sociodemographic characteristics

Use of digital health technologies

Diet (Diet screener)

Quality of life (EuroQol 5 Dimension 5 Level)

Physical activity (International Physical Activity Questionnaire-long)
Physical activity (steps — continuously monitored)

Sleep (Pittsburgh Sleep Quality Index)

Smoking & alcohol consumption

Healthcare utilisation

Work productivity

Medication use

Anthropometry (self-reported BMI)

Anthropometry (BMI, waist circumference, hip circumference, body composition)
Resting blood pressure

Blood metabolic profile

PR X X X

X
X
X X X X X X
X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X
X X X X X
X
X X X X
X X X X X X
X X X X X
X X X X X X
X X X X X X
X X X
X X X
X X X X X
X X X X X
X X
X X X X
X X
X X
X X

" Assessments will be carried out in-person. The rest of the assessments will be conducted via online surveys.
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LvL UP + adaptive MI differ from the comparison condition. Sensitivity
analyses will be conducted by adjusting the models according to the
baseline covariates identified (via bivariate and multivariate models)
that affect the probabilities of missing data and response (stage 1).

To determine whether the adaptive MI component for non-
responders to LvL UP is effective, the same GEE models will be used,
as it also allows for the comparison of (A + B) versus (A + C).

2.6.2. Exploratory aims analyses

The first exploratory aim is to identify the most cost-effective among
the three trial conditions embedded in the trial from healthcare and
societal perspectives. We will compare the costs and outcomes of the
three intervention conditions — LvL UP (A + B in Fig. 1) versus com-
parison (D) and LvL UP + adaptive MI (A + C) versus comparison (D) —
using the net benefit regression framework [56]. The results of this
analysis will be expressed as an incremental net benefit for each group.
Regression analysis will be employed to adjust for potential con-
founders, and clustered standard errors will be calculated using sand-
wich variance estimators [57] to account for the correlated outcomes.
Uncertainty in cost-effectiveness findings within the study timeframe
will be characterised using a cost-effectiveness acceptability curve and a
95 % confidence interval. Additionally, subgroup analyses, such as by
sex, socio-economic group, and multimorbidity, will be explored. The
second exploratory aim is to explore baseline moderators that impact the
intervention outcomes at stages 1 and 2. This will be done with Q-
learning [58], which allows for the investigation of the intervention
allocation options with the baseline and time-varying moderators in
combination with the embedded tailoring variable. The third explor-
atory aim is to investigate if the effect is sustained for 12 months after
the baseline. We will again use the GEE models with the weight and
replicate method, to compare the change in outcomes from baseline to
12 months. The fourth exploratory aim will follow the UK’s Medical
Research Council guidelines for process evaluation [26], where more
descriptive statistics will be done apart from the aforementioned
modelling.

2.6.3. Pilot trial analyses

The recruitment rate, attrition, and adherence rates at stages 1 and 2
by trial conditions, and the response rate at stage 1 will be calculated.
Attrition and adherence will be associated with the baseline variables
and compared across conditions. GEE models with the weight and
replicate method will also be fitted to estimate the intervention effect
sizes. These values will then be used to inform if the sample size for the
main trial is sufficient and if the operational aspects of the trial need to
be adjusted.

2.6.4. Missing data

We will inspect the missing data patterns by comparing the baseline
variables between participants with and without missing data within
each randomised group. Baseline variables found to be related to the
missingness will be further evaluated for their relationship with the
outcomes using participants with completed data at each follow-up.
These covariates may be included when modelling the main effects in
the main analyses. Multiple imputations using time-ordered nested
conditional imputation models [59] will be used if the assumption that
the missingness follows a random mechanism is valid [60]. Sensitivity
analyses will then compare results from models using complete case data
and data with multiple imputations, and with and without covariates
adjustments.

2.6.5. Sample size

Power calculations were based on methods described by Oetting
et al. [61]. They were powered to compare the baseline to 6 months
change in mental well-being between LvL UP (A + B) versus the com-
parison condition (primary objective). We assume the effect size
(Cohen’s d) for well-being to be 0.3 and the responder rate to stage 1
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intervention (LvL UP) to be 50 %. The effect size was estimated by
aggregating data from five meta-analyses on mHealth interventions and
their reported impact on participant’s mental well-being [62-66]. To
obtain a marginal power of at least 80 % with a two-tailed Type I error
rate of 5 % for each outcome, 458 participants will be required; we
further buffer for 73 % retention following a recent meta-analysis esti-
mate for digital health interventions lasting >8 weeks [67], rounding
the number for a final sample size of 650. Therefore, 217 participants
will be randomised to the comparison condition, and 433 participants
will be randomised to start with stage 1 intervention (LvL UP), of which
we estimate about 217 participants (50 % non-responders) will be re-
randomised to either continue with LvL UP or receive MI at stage 2
(LVL UP + adaptive MI). The above sample size calculations for the main
trial might be refined based on the pilot trial results.

To formalise the sample size calculations for the pilot trial, the
precision-based approach by Yan et al. [68] was used to ensure the
estimated outcomes for LvL UP (A + B) and LvL UP + adaptive MI (A +
C) are controlled within a certain precision (i.e., the margin of error as a
proportion of the outcome’s standard deviation). A total of 97 partici-
pants will be required, assuming a 50 % responder rate to stage 1
intervention, a two-tailed Type I error rate of 5 % and a precision of 30
%. Taking an 82 % retention estimate for digital health interventions
lasting <8 weeks [67] and rounding up the number, 120 participants
will be recruited. Therefore, 40 and 80 participants will be randomly
assigned to the comparison condition and stage 1 intervention (LvL UP),
respectively. In addition, an estimated 40 participants in stage 1 inter-
vention will be re-randomised to continue with LvL UP or have the MI at
stage 2. Further details on the sample size calculations are available as
an online supplementary material (5).

3. Discussion

Promoting a healthy lifestyle is vital for reducing the high incidence
of NCDs and CMDs globally [69-71]. Blended mHealth interventions
represent a promising strategy for promoting lifestyle behaviours as they
can potentially retain the positive aspects of both self-guided and
‘traditional’ face-to-face (live) approaches. However, implementing
current blended mHealth interventions often results in a significant
burden and cost, impeding scalability and widespread uptake at the
population level.

The LvL UP Trial will take a significant step toward substantiating
two critical aspects related to the preservation of resources in blended
mHealth interventions. First, it will ascertain whether using a more
affordable and scalable alternative to highly specialised and trained
supporters (i.e., leveraging on non-specialised coaches with basic MI
training addressing different health domains) amplifies LvL UP’s inter-
vention effects. Second, it will provide evidence for a more efficient
adaptive approach that introduces resource use only when necessary,
mirroring how clinicians typically make decisions (i.e., sequentially,
after considering a response to the initial intervention).

Apart from testing a more scalable approach to providing human
support, by adding a comparison group we will also be able to assess LvL
UP’s overall effectiveness and cost-effectiveness. Adding a control con-
dition is becoming increasingly popular in SMART designs as it enables
to answer multiple research questions, both related to the imple-
mentation of specific intervention components as well as the overall trial
effectiveness [72-75]. While re-randomising participants into different
subgroups certainly increases the target sample size, the study design
requires fewer participants overall than if two separate trials were
conducted (i.e., optimisation and evaluation).

There are some limitations to the current study that need to be
considered. First, although the LvL UP Trial will evaluate intervention
response at multiple time points, it will not address whether additional
step-ups (e.g., engaging experts or domain-specific coaches) could
further optimise the intervention outcomes. Second, constrained by time
and funding resources, we cannot assess the intervention’s long-term
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effects (e.g., 24-months post-intervention initiation). Despite these
limitations, the present study will provide foundational evidence on
which to build a cost-effective, adaptive intervention strategy for
population-level healthy lifestyle promotion.

4. Conclusions

This article described the rationale, aims and design of a study that
will be conducted with young and middle-aged adults to inform the
implementation and evaluate the effects of a mHealth holistic lifestyle
intervention to prevent NCDs and CMDs. The study design and meth-
odology presented here may help guide future intervention developers.
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