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ABSTRACT
Introduction Efficacy tests of physical activity
interventions indicate that many have limited or short-term
efficacy, principally because they do not sufficiently build
on theory-based processes that determine behaviour. The
current study aims to address this limitation.
Methods and analysis The efficacy of the 8-week
intervention will be tested using a three-condition
randomised controlled trial delivered through an app, in
women with a prior hypertensive pregnancy disorder. The
intervention is based on the integrated behaviour change
model, which outlines the motivational, volitional and
automatic processes that lead to physical activity. The
mechanisms by which the behaviour change techniques
lead to physical activity will be tested.
Following stratification on baseline factors, participants will
be randomly allocated in-app to one of three conditions
(1:1:1). The information condition will receive information,
replicating usual care. Additionally to what the information
condition receives, the motivation condition will receive
content targeting motivational processes. Additionally
to what the motivation condition receives, the action
condition will receive content targeting volitional and
automatic processes.
The primary outcome is weekly minutes of moderate-
to-vigorous physical activity, as measured by an activity
tracker (Fitbit Inspire 2). Secondary outcomes include
weekly average of Fitbit-measured daily resting heart
rate, and self-reported body mass index, waist-hip ratio,
cardiorespiratory fitness and subjective well-being. Tertiary
outcomes include self-reported variables representing
motivational, volitional, and automatic processes. Outcome
measures will be assessed at baseline, immediately post-
intervention, and at 3 and 12 months post-intervention.
Physical activity will also be investigated at intervention
midpoint. Efficacy will be determined by available case
analysis. A process evaluation will be performed based on
programme fidelity and acceptability measures.
Ethics and dissemination The Medical Ethics Committee
of the Erasmus MC has approved this study (MEC-
2020-0981). Results will be published in peer reviewed
scientific journals and presented at scientific conferences.
Trial registration number Netherlands trial register,
NL9329.

Strengths and limitations of this study
► Randomised controlled trial testing an m-health in-

►
►

►

►

tervention to promote physical activity in a population with elevated cardiovascular risk.
Intervention is based on dual-system theory, and is
using evidence-based behaviour change techniques.
Trial tests intervention mechanisms of action by
examining change in variables representing motivational, volitional and automatic processes.
Physical activity, the primary outcome, will be measured using an activity tracker worn on the wrist
(Fitbit Inspire 2).
The study will not adopt a strict factorial design,
which may limit conclusions about the exact intervention mechanisms and techniques that affect
physical activity change.

INTRODUCTION
International guidelines advise adults to
accumulate at least 150 minutes of moderate
physical activity, or 75 minutes of vigorous
physical activity, or an equivalent combination of moderate-to-vigorous intensity physical activity (MVPA) per week.1 However, over
27% of people worldwide fail to meet these
guidelines.2 Insufficient MVPA has detrimental physical and mental health consequences. For instance, insufficient MVPA
is a prominent behavioural risk factor for
the development of cardiovascular diseases
(CVDs), a leading cause of poor health and
mortality worldwide.3 Therefore, the development and efficacy testing of behaviour change
interventions promoting increased MVPA is
highly warranted.4 If found to be efficacious,
such interventions may have important implications for the design of future effectiveness
trials and subsequent policy.
Behaviour change interventions promoting
MVPA have been widely applied in the
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general population, and although these interventions
have demonstrable efficacy, they rarely achieve large and
long-term effects.5–7 Reasons for these limitations may be
their lack of theoretical basis, and limited application of
evidence-based behaviour change techniques.8 There is
growing evidence that basing behavioural interventions
on theory leads to increased efficacy in health contexts,
including MVPA,9–11 and, importantly, increased precision and less variability in behaviour change relative to
interventions that are not based on theory.12
Many MVPA promoting interventions are based on
a single theory, typically a prominent social cognition
theory (eg, protection motivation theory, theory of
planned behaviour) which describes behaviour as the
result of deliberative psychological processes.13 However,
interventions based on such theories have generally been
shown to be more effective in changing behavioural
intentions than actual behaviour.14 15 A potential explanation for this shortcoming is that a substantive proportion of individuals hold stated intentions to perform a
behaviour of interest, like MVPA, but for various reasons
fail to act on them.16 17 For example, they may forget to
enact their intentions, or counter-intentional opportunities may come to light and compete with their existing
intentions.18 Researchers have therefore sought to
identify potential ways to promote better enactment of
intentions in behavioural interventions, and minimise
this ‘intention-behaviour gap’.19 A further limitation of
interventions based on social cognition theories is that
they overlook spontaneous or impulsive behaviour that is
the result of automatic processes, not directly under the
conscious control or awareness of the individual.20 21
It is increasingly recognised, therefore, that researchers
should base behavioural interventions on theoretical
approaches that account for multiple processes that lead
to action. Dual-system theories account for two types of
processes that govern action: automatic processes, by
which behaviour is determined by impulses and well-
leaned associations between context and action, and
deliberative processes, by which action is determined by
reasoned deliberation and the value attached to courses
of action.21–24 Integrated theories that draw their hypotheses from more than one theory have been proposed,
with a view to account for these multiple processes, and to
provide more comprehensive explanations of behaviour.
A recent integrated theory-based approach in this vein
is the integrated behaviour change (IBC) model.25 The
IBC model integrates insights of multiple well-established
behavioural theories to identify the multiple processes
that may be implicated in MVPA.25–27
The model identifies three processes: motivational, volitional and automatic processes. The motivational processes
are modelled by variables that represent deliberative
decision making derived from social cognition and motivational theories. Specifically, the model specifies belief-
based variables, such as intention and attitudes from the
theory of planned behaviour, and motivational variables,
such as intrinsic motivation from the self-determination
2

theory, as key behavioural determinants. In addition, the
IBC model differentiates between pre-intentional (motivational) and post-intentional (volitional) processes, and,
consistent with dual-phase theories, proposes that intention enactment is facilitated in the volitional phase by a
planning process. Finally, the IBC model proposes that
automatic processes impact behaviour beyond an indimediated
vidual’s awareness, bypassing the intention-
processes. Automatic processes are represented by variables that reflect implicit decision-making, such as affect
and habit. Since the development of the first IBC model,
several observational studies have used it to successfully
explain a number of health behaviours ranging from fat
and sugar intake to sunscreen use.28–36 While these observational results are encouraging, application of the IBC
model as a basis for behavioural interventions is still in its
infancy and warrants further investigation.
The present study
The aim of the current study is to test the efficacy of a
behavioural intervention based on the IBC model to
promote MVPA. Our study population consists of women
with a prior hypertensive pregnancy disorder, for whom
an increase in MVPA would be particularly helpful in
reducing their later-
life risk for CVDs (see the Study
population section). The content of the intervention will
comprise health behaviour change techniques based on
the IBC model, one of the first interventions to do so.37
We will systematically select behaviour change techniques
closely linked to the variables described in the model
(figure 1). The selection of techniques is guided by
taxonomies of behaviour change techniques,8 38 evidence
syntheses examining the association between these
techniques and theoretical variables,39–42 and research
showing the efficacy of these techniques in changing
health behaviour.43–51
The intervention will be delivered via a smartphone
application, the i2be app, using persuasive technology
elements. This m-
health approach was selected given
evidence that smartphone-
based interventions have
multiple advantages over face-to-face interventions52: they
are comparatively low in cost, have a wide reach, provide
flexibility in intervention location and time, and are scalable.53–55 In addition, previous online interventions using
persuasive technology elements to change behaviour have
demonstrated superior effects in promoting MVPA54 56
and user engagement57 58 when compared with interventions that did not use such elements.
The study will have three conditions. Each condition
will include different sets of behaviour change techniques
aimed at tapping into the different processes identified in
the IBC model. This study design will provide insight into
the relative efficacy of groups of techniques that target
change in the variables that represent the motivational,
volitional, and automatic processes that predict behaviour
based on the IBC model.
The study population will consist of women with a
prior hypertensive pregnancy disorder. It is hypothesised
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Figure 1

The integrated behaviour change model and intention-behaviour gap.

that women who develop such complications have unrevealed CVD risk factors prior to pregnancy, which are
then exacerbated by the metabolic stress of pregnancy,
consequently contributing to the occurrence of hypertensive pregnancy disorders.59 Hypertensive pregnancy
disorders, such as pre-eclampsia, eclampsia and haemolysis, elevated liver enzymes, low platelet count (HELLP)
syndrome, are cardiometabolic risk factors for CVDs.60 61
For example, women with pre-eclampsia have a twofold to
sevenfold increased risk for CVDs later in life relative to
women with a normotensive pregnancy.62 63
We have decided to use this study population, that is,
women with prior hypertensive pregnancy disorders, for
several reasons. First, an MVPA intervention may provide
an especially high social return in this population due to
these women’s increased risk for CVDs later in life.61 64–66
Second, these women are likely to be motivated to participate in an MVPA intervention, partly due to the ‘window
of opportunity’ that their new motherhood presents, and
partly due to their elevated risk for CVDs later in life.
Third, these women typically do not have any physical
limitations that would prevent their participation in an
MVPA intervention, as other patient groups with a high
CVD risk might have. Finally, these women are relatively
young and healthy (their increased risk for CVDs is not
likely to show until later in life), which may make our
findings generalisable to other young and healthy adult
populations.
METHODS AND ANALYSIS
The protocol follows the ‘Standard Protocol Items:
Recommendations for Interventional Trials’ guidelines.67
Study population
Given that the associated CVD risk among women with
a prior hypertensive pregnancy disorder is largest for
Kókai LL, et al. BMJ Open 2022;12:e053711. doi:10.1136/bmjopen-2021-053711

those with a history of pre-eclampsia, especially severe
pre-eclampsia, we aim to first draw participants from this
population.62 63 In the Netherlands, unique cardiovascular follow-up and care is provided to women with prior
severe pre-eclampsia at the multidisciplinary Follow-Up
Pre-
Eclampsia Outpatient Clinic (FUPEC) of the
Erasmus MC, the only clinic of its kind in the country.68
There are currently around 1000 patients registered in
the clinic, with an additional 100 to 150 women enrolling
each year. In case the intended sample size (N=630;
see the Sample size calculation section) cannot be fully
recruited from the FUPEC clinic, further recruitment will
take place, first through the official Dutch patient organisation for women with pre-eclampsia and/or HELLP
syndrome (HELLP foundation). Second, we would then
recruit women with other prior hypertensive pregnancy
disorders through the Department of Gynaecology and
Obstetrics of the Erasmus MC, and other hospitals in the
Netherlands.
Inclusion criteria for enrollment is having been diagnosed with a hypertensive pregnancy disorder in the
past. Exclusion criteria for enrollment into the trial
are: <18 years of age, pregnant at time of inclusion, <3
months after delivery, any physical health limitations
preventing MVPA (eg, illness, injury, surgery, rehabilitation), no working knowledge of Dutch or English
language, and no possession of a smartphone. Invited
women are informed that participation in the trial is
voluntary. Women who choose to participate will be
asked to sign an informed consent form in advance of
participation. Participants will be informed that they may
leave the study at any point in time without having to
provide a reason. Following drop-out, no further data
will be collected. Participants dropping out of the study
will not be substituted.
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Patient and public involvement
Patients of the FUPEC clinic have been involved in the
design of the i2be app. Through a qualitative survey
(N=35), we have gained qualitative information on the
processes described by the IBC model, and on the needs
of the population in terms of m-
health intervention
delivery. Patients and members of the public will not be
involved in the conduct or reporting of this study.
Design
The intervention will last for 8 weeks, and outcome
measures will be collected at four time points: baseline,
immediately post-intervention, and at 3 and 12 months
post-intervention. MVPA will additionally be investigated
at the intervention midpoint, that is, 4 weeks after the
start of the intervention. The study will adopt a three-
condition randomised controlled design. Participants will
be stratified on time since pregnancy (<12 months postpartum vs ≥12 months postpartum), and self-reported
average weekly minutes of MVPA in the last month (low:
x<2.5 hours; medium: 2.5 hours≤x <7 hours; high: 7 hours
≤x), and randomly allocated (1:1:1) in-
app to one of
the three parallel intervention conditions (the information condition, the motivation condition, or the action
condition) using permuted block randomisation (using
variable block sizes of six or nine). Participants will not
be directly informed of the condition to which they have
been allocated, but as participants will be presented with
the content of the intervention, they cannot be considered blind to allocation. Randomisation to intervention
condition is carried out automatically by the app, and the
data on allocation is held securely by the app developers,
Avegen (a digital health company). As this data is not
accessible by the research team during the 8-week intervention period and while outcome measures are being
intervention, the research
collected immediately post-
team will be blind to the allocation of participants during
that period.
This study design will allow us to gain insight into the
incremental effect of behaviour change techniques that
target variables representing the volitional and automatic
processes in the action condition, in addition to the effect
of techniques that target variables representing the motivational processes in the motivation condition. The size
of this incremental effect will be benchmarked against
the incremental effect of targeting motivational processes
alone in the motivation condition, and the provision of
information only in the information condition. The information condition will replicate usual care, as it contains
information that women with a prior hypertensive pregnancy disorder receive from their healthcare provider.
Intervention conditions
Participants in the information condition receive the ‘Get
Informed’ module, which provides them with information
on topics related to MVPA. First, the relationship between
hypertensive pregnancy disorders, increased risk of CVDs,
and MVPA is explained. Second, WHO guidelines for
4

MVPA are presented, examples of MVPA are given, and
it is explained how Fitbit devices measure MVPA. Finally,
recommendations on how to warm-up, cool-down, lower
risk of injury, and achieve all-round health and well-being
are provided. This content largely corresponds to the
usual care offered to women with prior hypertensive pregnancy disorders, and primarily serves to stimulate those in
the information condition to use the app.
In addition to the ‘Get Informed’ module, participants
in the motivation condition will receive the ‘Get Motivated’ module, which targets motivational processes, and
consists of motivational interviewing-
based counselling
techniques. Participants will receive an interactive, fully
automated activity each week, consisting of content-based
motivational interviewing techniques.69
In addition to receiving the ‘Get Informed’ and ‘Get
Motivated’ modules, participants in the action condition
will receive the ‘Get Activated’ module, which targets volitional processes, consisting of action planning, coping
planning, and commitment techniques. Participants will
receive interactive, fully automated activities each week,
aiding them in setting a self-defined weekly MVPA goal,
committing to that goal with i2be points, making action
plans and coping plans to reach that goal, and making
their own self-defined commitments outside of i2be.47 70
Furthermore, participants in the action condition will
receive the ‘Get Energised’ module, which targets automatic processes, and comprises mindfulness-based stress
reduction and positive psychology techniques. Participants will receive 4 minute audio clips of mindfulness-
based stress reduction, and interactive, fully automated
positive psychology exercises (table 1).48 49 51 71
Outcome measures
The primary outcome of this research project is weekly
minutes of MVPA, as measured by an activity tracker worn
on the wrist (Fitbit Inspire 2). Fitbit devices are well suited
for the measurement of MVPA (and resting heart rate) in
the context of MVPA interventions due to their relative
accuracy.72 Naturally, Fitbit-measured data is likely to be
imperfect due to possibilities of missing or incomplete
data arising from intentional (eg, aversion to Fitbit device
use) or unintentional non-compliance (eg, forgetting to
wear Fitbit device), and measurement error in data (eg,
imperfect measurement of MVPA).
Secondary outcomes consist of Fitbit-measured weekly
average of daily resting heart rate, as well as self-reported
body mass index, waist-hip ratio, cardiorespiratory fitness,
and subjective well-being. The outcome measures of body
mass index and waist-hip ratio will be combined into one
overweight index by standardising both measures and
getting the average of these two standardised measures.
Tertiary outcomes include self-reported motivation, intention, action planning, coping planning, commitment,
affect and stress. Control variables measured include self-
reported trait self-control, habit, age, education, household composition, type of prior hypertensive pregnancy
Kókai LL, et al. BMJ Open 2022;12:e053711. doi:10.1136/bmjopen-2021-053711
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Mindfulness-based
stress reduction;
Positive psychology

Action planning;
Coping planning;
Commitment
Get
Energised

Motivational
interviewing-based
counselling
Get Activated

Loving kindness; Sensations;
Kindness
Three beautiful
things

Introduction to
mindfulness;
Three good
things

Action planning;
Commitment
within and
outside i2be

Values
exploration

Action planning;
Commitment
within and
outside i2be

Running head
start;
Normalising

Identifying past
successes

Week 3

Action planning;
Commitment
within and
outside i2be

Week 2

Week 1

Weekly overview of behaviour change techniques used in i2be

Get Motivated

Table 1
Week 5

Gratitude;
Gratitude

Action planning;
Commitment
within and
outside i2be

Action planning;
Commitment
within i2be;
Coping planning

Query extremes;
Looking forward

Week 6

Action planning;
Commitment
within i2be;
Coping planning

Identifying
strengths

Week 7

Humour therapy; Breath Awareness; Validation;
Three amusing
Savouring
Validation
things

Action planning;
Commitment
within i2be;
Coping planning

Importance
Hypothetical
ruler;
thinking;
Confidence ruler Goal
attainment
scaling

Week 4

Body scan;
Power posing

Action planning;
Commitment
within i2be;
Coping planning

Recap of weeks
1–7

Week 8
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disorder and whether the participant is currently pregnant or lactating (table 2).

at four time points, that is, baseline, immediately post-
intervention, and at 3 and 12 months post-intervention.

Implementation
A rolling recruitment and enrollment procedure will be
used, initially aiming for a 6-week time frame (September
to November 2021), which may be extended depending
on when the target sample size is met. The first participants are expected to complete the 8-week intervention
in early December 2021. An invitation email containing
a 2 minute long introduction video and the participant
information letter of the i2be study will be sent out to
potential participants by healthcare professionals, in cases
where recruitment is through the hospital, or the i2be
research team, in cases where recruitment is through the
patient organisation. Patients interested in participating
are directed to a short online questionnaire to assess
eligibility based on study inclusion and exclusion criteria.
Eligible patients are then asked to provide informed
consent for participation, as well as their contact information. They will then receive an email containing the
following information: that their Fitbit Inspire 2 will be
sent to them by mail, a link to download the i2be app
and the Fitbit app from the Google Play Store (for
Android smartphones) or App Store (for iPhones), and
a Welcome Pack. The Welcome Pack will detail the technical setup necessary for participation (ie, pairing the
Fitbit app to the Fitbit device and the i2be app, syncing
the Fitbit app weekly, using the Fitbit device, general i2be
app structure).
When using the i2be app for the first time, participants
will be asked to choose their preferred language (Dutch
or English) and register. Subsequently, participants will
be stratified and randomly allocated in-app to one of the
three intervention conditions, as previously stated. Participants know that there are three versions of the app and
that they are in one of them, but they do not know which
one (ie, information, motivation or action). An up to
2-week window is provided for technical setup before the
baseline measurement. During this pre-baseline measurement period, participants have the option to watch the
i2be introduction video, to have a wizard take them
through the main functionalities of the app (left column
under Onboarding in figure 2), and have access to the
general tabs of the app (Other Tabs in figure 2). From the
start of the baseline measurement, participants can log in
to the app directly (right column under Onboarding in
figure 2), and from then onwards can access all of their
allocation features (including the Home Tab in figure 2).
The 8-week intervention period will start once the participant has completed their baseline measurement, that
is, completed the self-reported outcome measures, worn
their Fitbit device for the baseline measurement week,
and synchronised their Fitbit app at the end of that week.
During the intervention period participants are expected
to spend 15–30 minutes per week on module content.
Furthermore, they are expected to spend an additional
15–30 minutes on completing outcome measurements

User interface
For all participants, the user interface of the i2be app
shows a diverse range of women of different ethnic backgrounds and ages representative of the population, and
uses female voice-overs in the introduction video and
audio clips. Participants can find basic app functionalities, such as terms and conditions, under the Menu tab.
The ‘Get Informed’, ‘Get Motivated’, ‘Get Activated’
and ‘Get Energised’ modules consist of interactive, fully
automated activities each week, which will appear on the
Home tab. Outcome measures to be filled in will also
appear on the Home tab. Participants will be reminded
weekly to sync the Fitbit app, also on the Home tab. The
Notifications tab will announce the release of weekly
activities, and reminders of weekly activities. Participants
will be able to view their recent results of Fitbit-measured
weekly minutes of MVPA and daily resting heart rate, and
self-reported body mass index and waist-hip ratio under
the My Health tab. They will also be able to track their
progress related to i2be points under the My Progress tab
(see Persuasive technology elements and Gamification
below).

6

Persuasive technology elements
Two types of persuasive technology elements will be
used by the i2be app: primary task support and dialogue
support.57 Not all elements will be present in all conditions, consistent with the study design. Primary task
support involves reduction, personalisation and self-
monitoring elements.57 The reduction and personalisation elements involve the self-setting of weekly MVPA
goals. Some further personalised elements of the app
include recaps of participants’ past responses, the choice
of when to receive a reminder of self-planned MVPA, and
the option to commit to MVPA goals. The My Health and
My Progress tabs both allow for self-monitoring. Dialogue
support is provided to participants through reminders,
suggestions, praise and rewards.57 More specifically,
participants receive a reminder of their action plan(s).
Participants receive a reminder of their action plan(s)
1 hour prior to the planned MVPA by default (which they
can adapt to a timing of their own liking). Participants
receive automated praise for completing activities. Finally,
participants will receive various rewards for participation
(see the Gamification section).
Gamification
For all participants, the completion of activities is linked
to a virtual point system (i2be points), resulting in
psychological rewards and tangible rewards. After every
100 i2be points accumulated, participants receive the
psychological reward of progressing to the next level of
achievement in-app (Bee Levels). The virtual i2be points
are further used to qualify for tangible rewards. Participants enter into a weekly raffle for a self-selected sports
Kókai LL, et al. BMJ Open 2022;12:e053711. doi:10.1136/bmjopen-2021-053711
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Table 2 Schematic overview of data collection during the trial
Outcomes

Variables

Measurements

Baseline

Follow-up*

Primary outcome
 Objectively measured by
Fitbit

 
Physical activity†

 
Moderate-to-vigorous intensity physical
activity (MVPA) (min/week)

✔️

✔️

Secondary outcomes

 

 

 Objectively measured by
Fitbit

Heart rate†

Week average of daily resting heart rate
(beats/min)

✔️

✔️

 Self-reported into app

Body mass index‡

Weight/length2 (kg/m2)

✔️

✔️

Waist-hip ratio‡

Waist circumference/hip circumference

✔️

✔️

Cardiorespiratory fitness 1 mile Rockport walk test

✔️

✔️

Subjective well-being

Satisfaction with Life Scale

✔️

✔️

Tertiary outcomes

 

 

 Self-reported into app

Motivation

The Behavioural Regulation in Exercise
Questionnaire

✔️

✔️

Intention

Own design based on Ajzen guidelines

✔️

✔️

Action planning

Own design based on Sniehotta measure

✔️

✔️

Coping planning

Own design based on Sniehotta measure

✔️

✔️

Commitment

Own design

✔️

✔️

Affect

Global Mood Scale

✔️

✔️

Stress

Perceived Stress Scale

✔️

✔️

Control variables

 

 

 Self-reported into app

Trait self-control

Brief Self-control Scale

✔️

Habit

Habit strength

✔️

Age

Age (years)

✔️

Education

English version based on ISCED 2011
Dutch version based on SOI 2016

✔️

Household composition

Living situation (partner, children)

✔️

Lactation status

Currently lactating (yes/no)

✔️

Pregnancy status

Currently pregnant (yes/no; due date)

✔️

Type of disorder

Type of hypertensive pregnancy disorder

✔️

Preferences

 

 

 Self-reported into app

Voucher preference

Choice from three sports store vouchers

✔️

Stratification variables

 

 

 Self-reported into app

Time since giving birth

<12 months post-partum (yes/no)

✔️

MVPA

Average weekly minutes of MVPA in the
past month (low/mid/high)

✔️

Process evaluation

 

 

 Self-reported into app

Programme acceptability Component usability, appropriateness,
engagement, appeal, satisfactions and
dissatisfactions
Programme fidelity
Compliance with programme

 Objectively measured by
app

✔️

✔️§

✔️

✔️

*Follow-up measurements immediately post-intervention, and at 3 and 12 months post-intervention.
†Also measured weekly for the duration of the 8-week intervention.
‡Body mass index and waist-hip ratio are combined into one overweight index by standardising both measures and taking their average.
§Only measured immediately post-intervention.
ISCED, International Standard Classification of Education; SOI, Standaard Onderwijsindeling.
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Figure 2

Allocation flow chart. MVPA: moderate-to-vigorous intensity physical activity.

store voucher (worth €25–€30) under the condition that
they earn the maximum i2be points for that week. Lastly,
conditional on reaching a certain threshold of accumulated i2be points, participants can keep their Fitbit device
at the end of the intervention.
In addition to the psychological and tangible rewards
available to all participants, participants in the action
condition can choose to commit to their MVPA goal of
that week, that is, deposit some of their i2be points. If
they achieve their MVPA goal for that week, their i2be
points are returned to them, and they will also be eligible
to take part in that week’s raffle, conditional on their
compliance with all other activities. However, if they do
not achieve their MVPA goal for that week, they lose their
deposited i2be points, and their eligibility for that week’s
raffle (figures 2 and 3).
Sample size calculation
A meta-
analysis of recent smartphone-
based physical
activity interventions found a small-to-medium average
effect size (d=0.31) on daily minutes of physical activity.73
We carried out our sample size calculation for this study
under the assumption that this average effect size is
achieved both in testing the action condition against
the information condition, and in testing the motivation
condition against the information condition. Given this,
we aim to recruit 630 participants to the trial with uniform
randomisation across conditions (ie, 210 participants per
condition). The average attrition rate in previous web-
based physical activity interventions was 20%.74 Such
an attrition rate would leave us with a final total sample
size of 504. Taking into account the potential maximum
deviation from a 1:1:1 allocation ratio which may arise
due to the stratified block randomisation procedure,
our intended sample size (N=630) will give us sufficient
statistical power (alpha=0.05, power=0.8) at our primary
time point (immediately post-
intervention) to detect
effect sizes greater than or equal to the average effect size
8

found in the meta-analysis (d=0.31). The study will also
be adequately powered to detect such effect sizes at the
3 and 12 months post-intervention time points provided
that overall attrition does not exceed 20% at those time
points. This should be adequate to detect the effect size
when testing each of the action and motivation conditions against the information condition. The effect size
when testing the action condition against the motivation
condition may be smaller than d=0.31, and thus we may
be underpowered to detect this effect.
Data analysis plan
The primary analysis will be an available case analysis
(ie, participants with missing dependent variable data
are excluded). Our primary outcome at each time point
will be total minutes of MVPA for the full measurement
week at that time point (eg, for the immediately post-
intervention time point, this is the 7 days immediately
post-
intervention) as measured by the Fitbit activity
tracker.
Linear regression will be used to assess differences
between groups at each time point. The first test of i2be
is the difference between the action condition and the
information condition to see whether our intervention as a whole is of value for the promotion of MVPA.
Second, we will test the difference between the action
condition and the motivation condition to gain insight
into the added value of targeting volitional and automatic processes above targeting motivational processes
to promote MVPA. Third, we will test the difference
between the motivation condition and the information
condition to produce an effect size value against which
the main test of the efficacy of the i2be intervention can
be benchmarked. Sensitivity analyses will be carried out
to assess the robustness of results to the missing data
strategy adopted by carrying out intention-to-treat analyses using imputation methods (multiple imputation by
chained equations,75 best-worst and worst-best analysis76),
Kókai LL, et al. BMJ Open 2022;12:e053711. doi:10.1136/bmjopen-2021-053711
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Figure 3

Look and feel of the i2be environment.

and when attrition is high and non-random by carrying
out per-protocol analysis. To assess whether our intervention has differential effects across educational levels,
subgroup analysis by educational level will be performed.
Data analyses will be adjusted for control variables to
decrease potential residual confounding after randomisation, and to increase statistical power (online supplemental file).
A process evaluation of the intervention will be
performed immediately after the intervention, using
programme fidelity measures (ie, user engagement
statistics collected by the app such as how many people
Kókai LL, et al. BMJ Open 2022;12:e053711. doi:10.1136/bmjopen-2021-053711

complete all module content and each individual
module, and how the module completion rates change
over time), and programme acceptability measures (ie,
assessing self-reported component usability, appropriateness, engagement and appeal, and other satisfactions and
dissatisfactions).
Data management
Data will be handled confidentially and stored in a pseudonymised manner. The identification key linking unique
participant ID with personal data will be safeguarded
and kept separate from deidentified research data. The
9
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identification key, informed consent forms, and deidentified research data will be archived for at least 10 years
after completion of the study.
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Ethics and dissemination
The study will adhere most strictly to all applicable legal,
ethical, and safety provisions of the Netherlands and the
EU. The study will be conducted in accordance with the
principles of the Declaration of Helsinki.77 The Medical
Ethics Committee of the Erasmus MC has approved this
study (MEC-2020-0981). Findings from the study will be
presented at national and international scientific conferences. Furthermore, articles reporting on these findings
will be submitted for publication in leading international
peer-reviewed scientific journals. Results will be communicated to the general public through general conferences, meetings and newsletters.

Patient consent for publication Not applicable.

Individual participant data sharing plan
On completion of the trial, and after the publication
of the results, researchers who provide a methodologically sound proposal can request individual deidentified
participant-level data from the corresponding author for
those participants who have provided informed consent
for sharing of data.
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