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ABSTRACT
Introduction Stroke is the second- leading cause of death 
and disability globally. Participation in physical activity (PA) is 
a cornerstone of secondary prevention in stroke care. Given 
the heterogeneous nature of stroke, PA interventions that 
are adaptive to individual performance are recommended. 
Mobile health (mHealth) has been identified as a potential 
approach to supporting PA poststroke. To this end, we aim 
to use a Sequential Multiple Assignment Randomised Trial 
(SMART) design to develop an adaptive, user- informed mHealth 
intervention to improve PA poststroke.
Methods and analysis The components included in the 
12- week intervention are based on empirical evidence and 
behavioural change theory and will include treatments to 
increase participation in Structured Exercise and Lifestyle 
or a combination of both. 117 participants will be randomly 
assigned to one of the two treatment components. At 
6 weeks postinitial randomisation, participants will be 
classified as responders or non- responders based on 
participants’ change in step count. Non- responders to the 
initial treatment will be randomly assigned to a different 
treatment allocation. The primary outcome will be PA 
(steps/day), feasibility and secondary clinical and cost 
outcomes will also be included. A SMART design will be 
used to evaluate the optimum adaptive PA intervention 
among community- dwelling, ambulatory people 
poststroke.
Ethics and dissemination Ethical approval has been 
granted by the Health Service Executive Mid- Western 
Ethics Committee (REC Ref: 026/2022). The findings will 
be submitted for publication and presented at relevant 
national and international academic conferences
Trials registration number NCT05606770.

INTRODUCTION
Stroke is the second- leading cause of death and 
disability globally and the absolute number 

of people who have had a new stroke, died, 
survived or remained disabled from stroke 
has almost doubled between 1990 and 2017.1 
Meta- analytical evidence demonstrates that 
the 1- year and 5- year risk of recurrent stroke 
is 11.1% and 26.4%, respectively.2 Recur-
rent stroke can be prevented by improving 
modifiable risk factors including clinical 
conditions (hypertension, hyperlipidaemia, 
atrial fibrillation, diabetes and obesity) and 
lifestyle factors (smoking, physical inactivity, 
unhealthy diet and excess alcohol consump-
tion).3 Despite advances in acute stroke inter-
vention, secondary prevention strategies are 
lacking and require urgent attention.4

Physical activity (PA) is the second- largest 
predictor of stroke.5 Recent secondary 
prevention guidelines state that people with 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study will use a Sequential Multiple Assignment 
Randomised Trial (SMART) design, which will all for 
the identification of non- responders and allow for 
the empirical adaptation of subsequent physical ac-
tivity (PA) treatments.

 ⇒ SMARTs are factorial designs in a sequential setting 
and can be described as multistage randomised 
controlled trial designs.

 ⇒ The PA intervention delivered will be synced with a 
Fitbit, in order to allow the personalisation of individ-
ual interventions.

 ⇒ The PA intervention will be delivered online using 
mobile health technology and will not include face- 
to- face sessions.
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stroke, when able, should aim to achieve population- 
based recommendations for PA (40 min sessions, 3–4 
times per week of moderate to vigorous- intensity aerobic 
activity).6 People with stroke have additional barriers 
to PA, such as muscle weakness, sensory dysfunction, 
reduced balance and fatigue.7 Consequently, PA levels 
of community- dwelling people with stroke remain lower 
than their age‐matched counterparts.8

Given the heterogeneous nature of stroke, PA inter-
ventions that are adaptive to individual performance are 
recommended.7 The effectiveness of structured exercise 
interventions on death, disability and adverse events 
among people with stroke was examined in a Cochrane 
review including 58 trials (n=2797).9 Disability outcome 
showed moderate improvement after cardiorespiratory 
training standardised mean difference (SMD) 0.52, 95% 
CI 0.19 to 0.84; p=0.002) and by a small improvement after 
mixed training (SMD 0.26, 95% CI 0.04 to 0.49; p=0.02). 
Most of the studies were small and of moderate quality, 
demonstrating high and unclear risk of bias throughout. 
The variability and quality of the included trials and lack 
of data prevents conclusions about other outcomes and 
limits generalisability of the observed results. In another 
systematic review investigating the effects of interventions 
to promote participation in lifestyle PA in community- 
dwelling stroke survivors,10 two intervention types were 
identified. The first was individualised tailored counsel-
ling with or without supervised exercise (n=6 studies) 
and the second was supervised exercise with advice (n=5 
studies). Results demonstrated that interventions to 
improve participation in PA should incorporate PA- spe-
cific tailored counselling based on sound behavioural 
theory to promote long- term participation in PA post-
stroke. A systematic review examining the study char-
acteristics and the promise of interventions targeting 
free- living PA and/or sedentary behaviour in people with 
stroke included nine randomised controlled trials (RCTs) 
(n=717).11 Moore et al11 identified nine behaviour change 
techniques (BCTs) most likely to increase PA in people 
with stroke: action planning, goal setting (behaviour), 
credible source, social support (unspecified), problem 
solving, biofeedback, feedback on behaviour, informa-
tion about health consequences, and information about 
social and environmental consequences.

A systematic review and qualitative synthesis of users’ 
experiences of using mHealth applications to promote 
PA was conducted in October 2017.12 Studies were 
limited to qualitative research and the experiences of 
adults who had used mHealth to promote PA. Across 
the 16 included studies (n=361 participants), 6 themes 
related to the experience of using mHealth to promote 
PA were generated inductively: (a) increased PA as a 
result of mHealth, (b) motivation, (c) self- monitoring, 
(d) personalised/tailored mHealth, (e) technical issues 
and (f) social features. Similarly, a scoping review of 54 
studies exploring factors of adherence to mHealth PA 
interventions showed that self- monitoring and person-
alised mHealth capabilities increased user adherence, 

whereas loss of motivation and technical issues impacted 
user experience and engagement.13 Generally, mHealth 
applications are perceived positively, with negative expe-
riences, often related to technical issues, competition 
or anxiety around self- monitoring.12 13 Regarding the 
efficacy of mHealth technologies in PA interventions 
for a population poststroke, a systematic review of 11 
included studies (n=264) showed that statistically signif-
icant improvements in PA are observed for experimental 
groups, with findings related to quality of life unclear.14 
However, aligning with a Cochrane review of four RCTs 
(n=274), further research is warranted to support the use 
of mHealth applications and activity monitors to increase 
PA after stroke.15

Effective clinical management of stroke often requires 
a sequence of treatments, each adapted to individual 
response, and hence multiple treatment decisions 
throughout the course of an individual’s rehabilitation.16 
However, there is a lack of empirical data on the optimum 
sequence of these treatments. Adaptive RCT designs, 
such as Sequential Multiple Assignment Randomised 
Trials (SMART), can identify non- responders and allow 
for the empirical adaptation of subsequent PA treatments 
to realise larger benefits for some and reduce the use of 
less- effective therapies for many. SMARTs are factorial 
designs in a sequential setting and can be described as 
multistage RCT designs.16 17 All SMART participants are 
randomised at least once and some or all participants may 
be randomised more than once throughout the course of 
the trial. By enabling repeated randomisations of partic-
ipants to treatments, the current study will use a SMART 
to design and evaluate an optimum adaptive PA interven-
tion for people with stroke. This adaptive intervention 
will include two intervention components: Structured 
Exercise and Lifestyle PA to increase PA, in addition to 
combinations of these treatment types.

The objective of this study, therefore, is to construct an 
adaptive PA intervention that will subsequently be evalu-
ated against treatment- as- usual using a standard two- arm 
trial design. This will allow us to determine the optimum 
sequence of embedded treatments to improve PA in 
community- based people who are independently mobile 
(with or without a mobility aid), who are no longer 
receiving inpatient or outpatient or PA rehabilitation.

METHODS AND ANALYSIS
Design
This trial will follow a SMART design (figure 1). Partic-
ipants will be randomised into one of two programme 
components; Structured Exercise or Lifestyle PA. At week 
6, participants will be classified as either responders or 
non- responders according to their step count change. 
Participants classified as responders will continue in their 
respective groups until the end of the 12- week interven-
tion. Participants classified as non- responders will be 
re- randomised to alternative treatment options for the 
second 6- week period (see figure 1).
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Defining responders and non-responders
At week 6, the research team will remotely determine if 
participants are deemed responders or non- responders 
to their initial treatment assignment based on their daily 
wearable PA step count, measured using the Fitbit Charge 
4. If a participant demonstrates (a) her/his average 7- day 
step count does not meet the short- term goal of 5% more 
than the 7- day average from their previous week, for 2 
of the 3 weeks in weeks 4–6, she/he will transition to the 
non- responder group, and (b) fails to wear their Fitbit or 
does not have a valid day (ie, wears the Fitbit a minimum 
of 3 of 7 days in weeks 4–6, with either 10 hours of wear 
time for that day or exceed the target step count for 
that day). The choice of 5% weekly increments in step 
count targets is based on feasible step count goals used in 
previous trials among ambulatory people with stroke.16 17 
Non- responders to initial treatments will be randomly 
assigned to one of the four augmented treatments: (a) 
continue structured exercise plus lifestyle PA, (b) struc-
tured exercise alone, (c) continue lifestyle PA plus struc-
tured exercise and (d) lifestyle PA alone. Responders will 
continue with their original treatment for weeks 6–12. 
This design creates six subgroups, A–F that will be used to 
evaluate the adaptive interventions (figure 1).

Recruitment
The planned start date for the study is October 2023 and 
the planned end date is November 2024. There are two 
routes for recruitment. The first is through the following 
hospitals: University Hospital Limerick, Camillus’ 
Community Hospital, Limerick, St Ita’s Hospital, 

Limerick and University Hospital Galway. Gatekeepers 
at each hospital site will give the participant information 
leaflet to any stroke patients who have the appropriate 
medical clearance to participate in this study. Interested 
patients will use the contact details on the participant 
information leaflet to phone or email the The Adaptive 
Physical Activity study in Stroke (TAPAS) research team. 
The second recruitment route is through the networks of 
the Irish Heart Foundation (IHF). The IHF will dissem-
inate the study participant information leaflet among 
all IHF clients via newsletters, weekly calls and Face-
book group meetings. Interested individuals will use the 
contact details on the participant information leaflet to 
phone or email the TAPAS research team. Once a poten-
tial participant has made contact the TAPAS postdoctoral 
researcher (PDR) will then discuss the trial with them 
and provide an opportunity to ask questions. The PDR 
will screen potential participants to ensure they meet 
the inclusion criteria. This will be done over the phone 
or using MS Teams. If a potential participant meets the 
inclusion criteria they will be sent an online informed 
consent form.

Eligibility criteria
Participants will be included if they meet the following 
criteria:

Inclusion criteria age: 18 years+; living in the community; 
clinician- confirmed stroke ischaemic or haemorrhagic 
subtype; no longer receiving inpatient or outpatient or 
community- based PA rehabilitation; people who are able 
to mobilise independently (with or without a mobility 

Figure 1 Sequential Multiple Assignment Randomised Trial design. EX, structured exercise intervention; LPA, Lifestyle Physical 
Activity intervention; R, Randomisation.
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aid); people poststroke who are able to express their 
basic needs verbally; have access to relevant technology 
to enable mHealth intervention delivery; have cognitive 
capacity to provide informed consent and medical clear-
ance for participation in the TAPAS programme. Poten-
tial participants will be provided with a letter to be signed 
by their medical practitioner outlining their medical 
capacity to participate in this trial. The medical practi-
tioner will also confirm the participants stroke history. 
Exclusion criteria: contraindications for undertaking PA, 
for example, safety, presence of unstable heart disease.

Randomisation
All recruited participants will be randomised at baseline 
to either the Structured Exercise or Lifestyle PA treat-
ment components. A simple equal allocation randomis-
ation at the individual level using a computer- generated 
randomised list will be used. This will be concealed from 
the researchers involved in trial enrolment by using a 
centralised online service. At the beginning of week 
7, based on participants’ step count response, non- 
responders will be re- randomised following the same 
procedure. Both randomisations will be performed by a 
statistician in the research team. Outcome assessors and 
data analysts will be blinded to all treatment allocations.

Procedure
Participants will be on- boarded to the trial in an in- person 
meeting. This will be in a location that suits the partici-
pant, for example, their home, a local community centre. 
In the on- boarding session, participants will be given a 
Fitbit Charge 4 and a tutorial on how to use it. They will 
be asked to wear the Fitbit for the remainder of the trial. 
The participants will also be shown how to log into and 
navigate the online platform. Video and written instruc-
tions on using the Fitbit Charge 4 device alongside a 
contact number for the research team will be available to 
participants throughout the duration of the trial should 
they need assistance with the technology. Participants will 
be randomised to receive either the Structured Exercise 
or Lifestyle PA components of the intervention when they 
log into the platform.

All participants will complete demographic and clinical 
self- report questionnaires at baseline and post 12- week inter-
vention time points. Primary outcome data (mean 7- day step 
count) will be collected using the Fitbit Charge 4.

Intervention
There are two components that target increased PA in the 
current intervention: Structured Exercise and Lifestyle 
PA. The SMART will determine what sequence and/or 
combination of these intervention components produces 
the greatest increase in PA as measured by 7- day mean 
daily step count.

Common to both components of the intervention is 
the provision of a Fitbit Charge 4 to all participants. This 
wrist- worn activity monitor allows users to track steps, 
distance, calories and time spent engaged in activity. 

Real- time PA data are provided through a triaxial accel-
erometer, an altimeter, Global Positioning System and an 
optical heart- rate tracker. Historical data can be viewed 
within the Fitbit companion app, which syncs via Blue-
tooth to iPhones, iPads and Android phones. The Fitbit 
Charge 4 includes BCTs that can support lifestyle modifi-
cation and promote PA, including goal setting, feedback, 
self- monitoring, the delivery of rewards or incentives and 
the provision of prompts or cues (see table 1 for a full 
description of BCTs identified within the Fitbit Charge 4 
and its app).

The Fitbit Charge 4 will be used to measure daily step 
count among participants and inform the step count 
components of both the Lifestyle PA component and the 
Structured Exercise component. Individualised baseline 
and continuous step count data for participants will be 
used to assign step activity goals. It is important to note 
that goals are set not based on an absolute number for all 
subjects, but rather individually, based on their own base-
line walking. Goals are advanced based on the achieve-
ment of previous goals. All participants who achieved 
their step count goal from the previous week will be 
assigned a new step count goal each week calculated by 
adding 5% to the 7- day average from their previous week. 
Otherwise, their step count goal will remain unchanged 
from week to week. Individualised baseline and contin-
uous step count goals will be calculated based on Fitbit 
data and assigned by the research team on a weekly basis. 
The choice of 5% weekly increments in step count targets 
is based on feasible step count goals used in previous 
trials among ambulatory people with stroke.18 19

Structured exercise intervention
In addition to the aforementioned individualised step 
count intervention, participants assigned to structured 
exercise component will be provided with twice weekly 
strengthening exercise sessions, delivered through the 
digital platform. The individual exercise classes will follow 
a circuit class style, with sessions gradually progressing 
in intensity throughout the programme. The structured 
exercise component is informed by international clinical 
guidelines6 7 and will be prescribed by the postdoctoral 
physiotherapist on the project. The full exercise interven-
tion is in table 2. Classes will include a full body warm 
up followed by a circuit of eight strengthening exercises 
completed for between one and three sets of 12 repeti-
tions. Participants will be encouraged to exercise to fatigue 
on the 12th repetition of each set. This will be repeated 
for increasing sets and adding resistance through the use 
of resistance bands (which will be provided to the partic-
ipants). Exercises will involve simple full body exercises 
and movements for each major muscle group, upper 
limb and lower limb. This will ensure that exercises can 
be completed regardless of possible unilateral weakness 
or physical impairment. During each session, participants 
will be reminded to reach their individualised targeted 
weekly step count goals.
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Table 1 Overview of behaviour change techniques (BCTs) identified within the Fitbit Charge 4 and companion app

BCT with definition Fitbit app and charge 4

1.1 Goal setting (behaviour)
Set or agree on a goal defined in terms of the behaviour to be 
achieved

Goals can be set within the app, for example, the number of 
steps per day or the number of times exercised per week.

1.3. Goal setting (outcome)
Set or agree on a goal defined in terms of a positive outcome 
of wanted behaviour

Goals can be set within the app that represent physical activity 
outcomes, for example, calories burned, minutes spent in 
active heart rate zones and weight.

1.4 Action planning
Prompt detailed planning of performance of the behaviour 
(must include at least one of context, frequency, duration and 
intensity). Context may be environmental (physical or social) or 
internal (physical, emotional or cognitive)

The app supports planning of physical activity across the day, 
for example, steps per hour or distance travelled. Guidance 
on heart rate zones is provided to support physical activity at 
various levels of intensity.

1.6 Discrepancy between current behaviour and goal
Draw attention to discrepancies between a person’s current 
behaviour (in terms of the form, frequency, duration or intensity 
of that behaviour) and the person’s previously set outcome 
goals, behavioural goals or action plans (goes beyond self- 
monitoring of behaviour)

The app shows a progress bar to illustrate how close the user 
is to reaching daily and weekly goals, for example, daily step 
count or days spent exercising across the week.

2.2. Feedback on behaviour
Monitor and provide informative or evaluative feedback on 
performance of the behaviour (eg, form, frequency, duration, 
intensity)

Step count, calories burned, distance travelled and time spent 
being active are available within the app for each day and 
historically.

2.3. Self- monitoring of behaviour
Establish a method for the person to monitor and record their 
behaviour(s) as part of a behaviour change strategy

Step count, calories burned, distance travelled and time spent 
being active are available within the app for each day and 
historically. Users can also record physical activity in the app 
that was not captured by their wearable.

2.6 Biofeedback
Provide feedback about the body (eg, physiological or 
biochemical state) using an external monitoring device as part 
of a behaviour change strategy

Real- time feedback on heart rate is provided through the 
wearable. Average heart rate during exercise can be reviewed 
within the app.

2.7 Feedback on outcome(s) of behaviour
Monitor and provide feedback on the outcome of performance 
of the behaviour

The wearable and app can both display calories burned 
across the day, while the app can also display historical data. 
Weight can be entered manually and progress tracked.

3.1. Social support (unspecified)
Advise on, arrange or provide social support (eg, from friends, 
relatives, colleagues,’ buddies’ or staff) or noncontingent 
praise or reward for performance of the behaviour.

Support groups are accessible through the app (Fitbit 
community). Within these groups, users can share pictures 
and comment on each other’s posts.

3.3 Social support (emotional) Advise on, arrange or 
provide emotional social support (eg, from friends, relatives, 
colleagues, ‘buddies’ or staff) for performance of the behaviour

Participants can support each other by sharing updates on 
their physical activity achievements. Others can then ‘cheer’ 
those posts or offer their own comments in support.

4.1 Instruction on how to perform a behaviour
Advise or agree on how to perform the behaviour

Guided workout videos are freely available within the app.

6.1 Demonstration of the behaviour
Draw attention to others’ performance to allow comparison 
with the person’s own performance

Guided workout videos are freely available within the app.

6.2 Social comparison
Draw attention to others’ performance to allow comparison 
with the person’s own performance

Opportunities are provided within the app to compete both 
against friends and the wider Fitbit community.

7.1 Prompts/cues
Introduce or define environmental or social stimulus with the 
purpose of prompting or cueing the behaviour. The prompt or 
cue would normally occur at the time or place of performance

Visual notifications and vibrations can be delivered through the 
wearable to alert the user to take steps.

9.1. Credible source
Present verbal or visual communication from a credible source 
in favour of or against the behaviour

Links within the app are provided to the external Fitbit web 
site. For example, when setting a daily step goal, users 
are linked to an article that discusses the physical activity 
guideline.

Continued
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Lifestyle PA intervention
The Lifestyle PA component was developed using the 
behaviour change wheel (BCW) guide to designing 
interventions and is underpinned by the COM- B model 
of behaviour change.20 This posits that people need 
capability (C), opportunity (O) and motivation (M) to 
perform a behaviour (B). The aim of the Lifestyle PA 
component is to increase the capability, opportunity 
and motivation of participants to reach their daily step 
count goals. To achieve this the three stages of the BCW 
intervention design process were followed. The first stage 
involved a review of the literature11 to identify the change 
objectives of the intervention. Stage 2 selected the inter-
vention functions that would facilitate the changes to 
behaviour required to meet those objectives. The final 
stage defined the content of the intervention using BCTs 
and selected their mode of delivery. A summary of this 
process is presented in table 3.

Following the BCW process, 17 BCTs were included in 
order to target each change objective identified in stage 
1 and intervention functions selected in stage 2. Seven of 
these were also identified in the Moore et al11 systematic 

review as likely to increase PA in people with stroke. The 
selected BCTs will be delivered via video/audio/graph-
ical content, daily prompts and reward messages and one- 
to- one phone calls. A detailed description of the BCTs and 
their delivery is presented in table 4. Every week partic-
ipants will be prompted to select at least one strategy21 
from a range of 20 identified by the public and patient 
involvement to help them to reach their step count goals, 
and will identify barriers and facilitators to the target 
behaviour in their weekly phone calls with the TAPAS 
PDR. Strategies included: go for a walk; visit museum, 
gallery, shopping centre; Slí na Sláinte; connect with 
nature; listen to something; set mini observation chal-
lenges; go out to meet with family or friends; take part 
in local community event; join local group; walking work 
breaks; standing desks; housework/gardening; walking 
during TV ad breaks; walking while on the phone; inter-
rupting long sitting periods; stand when usually sit; stairs 
instead of lift; use public transportation; get off the bus 
early; park away from destination.

Outcomes
Primary outcome
The primary outcome in this study is mean steps/day over 
7 days measured using the Fitbit Charge 4 on the non- 
paretic limb. Fitbit Charge 4 has been shown to feasibly 
measure step count with reasonable accuracy (mean 
step count difference between step activity monitor and 
manual tally of –4.8 steps (–1.8%)) among 15 people with 
recent mild stroke.22

Secondary outcomes
 ► All secondary outcomes will be assessed at baseline, 

postintervention (12- week) and at 3- month follow- up.
 ► Sedentary behaviour: Sedentary behaviour will be 

measured using the Sedentary Behaviour Question-
naire. This self- report measure assesses the amount 
of time spent doing nine behaviours (watching tele-
vision, playing computer/video games, sitting while 
listening to music, sitting and talking on the phone, 
doing paperwork or office work, sitting and reading, 

BCT with definition Fitbit app and charge 4

10.3. Non- specific reward
Arrange delivery of a reward if and only if there has been effort 
and/or progress in performing the behaviour (includes ‘positive 
reinforcement’)

Users receive a ‘celebration’ image that appears on their 
wearable if they reach their daily step goal.

10.4 Social reward
Arrange verbal or non- verbal reward if and only if there has 
been effort and/or progress in performing the behaviour

If the user earns a badge or trophy for reaching physical 
activity targets, for example, daily step count or floors 
climbed, they can share these within the app. Other users 
can ‘cheer’ these posts or provide encouragement through 
comments.

10.6. Non- specific incentive
Inform that a reward will be delivered if and only if there has 
been effort and/or progress in performing the behaviour 
(includes ‘positive reinforcement’)

Users are informed that badges and trophies are offered within 
the app for reaching goals and a visual celebration can be 
delivered through the wearable.

Table 1 Continued

Table 2 Overview of structured exercise programme and 
progressions

Exercise components:

Compound lower body Sit to stand

Wall sit

Lower body Bridging

Heel raises

Compound upper body Wall push ups

Banded rows

Upper body Banded pull down

Banded curls

Progressions:

Weight Increased gradually with 
progressive TheraBand
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Table 4 Behaviour change wheel stage 3: description of content of the the lifestyle physical activity component specified in 
terms of the Behaviour Change Technique Taxonomy V.1 with definitions taken from Michie et al20

BCT with definition Application in lifestyle PA component

1.1 Goal setting (behaviour)*
Set or agree on a goal defined in terms of the behaviour to be 
achieved

New step count goal set every week (calculated by adding 5% 
to 7- day average from the previous week)

1.2. Problem solving*
Analyse, or prompt the person to analyse, factors influencing 
the behaviour and generate or select strategies that include 
overcoming barriers and/or increasing facilitators

In weekly phone calls participants will identify barriers to 
reaching step count goals and identify strategies to overcome 
those barriers.

2.2. Feedback on behaviour*
Monitor and provide informative or evaluative feedback on 
performance of the behaviour (eg, form, frequency, duration, 
intensity)

Fitbit to provide feedback on behaviour (step count)

2.3. Self- monitoring of behaviour
Establish a method for the person to monitor and record their 
behaviour(s) as part of a behaviour change strategy

Fitbit to allow self- monitoring of behaviour (step count)

3.1. Social support (unspecified)*
Advise on, arrange or provide social support (eg, from friends, 
relatives, colleagues,’ buddies’ or staff) or non- contingent 
praise or reward for performance of the behaviour.

Weekly phone calls will include noncontingent praise; Video/
audio/graphical content will advise to build social connections 
to support PA.

4.1 Instruction on how to perform a behaviour
Advise or agree on how to perform the behaviour

Prompted weekly to select from list of strategies on how to 
increase step count

5.1. Information about health consequences*
Provide information (eg, written, verbal, visual) about health 
consequences of performing the behaviour

Video/audio/graphical content on positive health 
consequences of increasing physical activity

5.5 Anticipated regret
Induce or raise awareness of expectations of future regret 
about performance of the unwanted behaviour

Video/audio/graphical will raise awareness of negative health 
consequences of low physical activity to induce expectations 
of future regret

5.6 Information about emotional consequences
Provide information (eg, written, verbal, visual) about emotional 
consequences of performing the behaviour

Video/audio/graphical content on positive consequences for 
mental health and well- being of increasing physical activity 
(eg, low mood, stress).

6.3 Information about others’ approval
Provide information about what other people think about the 
behaviour. The information clarifies whether others will like, 
approve or disapprove of what the person is doing or will do

Video/audio/graphical content outlining Health Care 
Professional support for the intervention

5.3. Information about social and environmental 
consequences*
Provide information (eg, written, verbal, visual) about social 
and environmental consequences of performing the behaviour

Video/audio/graphical content will advise to build social 
connections to support PA.

7.1 Prompts/cues
Introduce or define environmental or social stimulus with the 
purpose of prompting or cueing the behaviour. The prompt or 
cue would normally occur at the time or place of performance

Notifications regarding step count goals

9.1. Credible source*
Present verbal or visual communication from a credible source 
in favour of or against the behaviour

All video/audio/graphical content will be presented from a 
credible source, for example, physiotherapist or international 
clinical guidelines.

10.4 Social reward
Arrange verbal or non- verbal reward if and only if there has 
been effort and/or progress in performing the behaviour

Congratulations and ‘badge’ awarded each day step count 
goal is reached

10.5 Social incentive
Inform that a verbal or non- verbal reward will be delivered if 
and only if there has been effort and/or progress in performing 
the behaviour

Informed that awarded each day step count goal is reached

Continued
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playing a musical instrument, doing arts and crafts, 
sitting and driving/riding in a car, bus or train). Test–
retest reliability was good to excellent for all items and 
the total scale (Intra--class correlation [ICCs] range: 
0.51–0.93).23

 ► Fatigue: Fatigue will be measured using the seven- item 
self- reported Fatigue Severity Scale.24 This measure 
assesses how fatigue interferes with certain activities 
on a seven- point scale (1=strongly disagree, 7=strongly 
agree) and shows excellent reliability (Cronbach’s 
alpha; a≥0.90) and good validity (r>0.60) for identi-
fying fatigue in individuals’ poststroke.25

 ► Quality of life: Quality of life will be measured using 
the Stroke- Specific Quality of Life scale (SS- QOL26 
and the EuroQol- 5 Dimension- 5 Levels [EQ- 5D- 5L] 
idex).27 The SS- QOL scale assesses health- related 
quality of life specific to stroke survivors across 49 
items with good reliability (a≥0.73) and validity (r2 
range=0.3–0.5).26 The EQ- 5D- 5L measures health- 
related quality of across five dimensions scored on 
a five- point scale (1=no problems, 5=extreme prob-
lems) and shows good reliability (a=0.75) and validity 
(r=0.62) for individuals poststroke.28

 ► Depression and anxiety: Depression and anxiety will 
be measured using the Hospital Anxiety and Depres-
sion Scale,29 a 14- item scale measured on a 4- point 
Likert scale (range 0–3), which shows excellent reli-
ability (a=0.91) and high specificity for detecting 
anxiety (0.90) and depression (0.94) in individuals’ 
poststroke.30

 ► Activities of daily living: Activities of daily living will 
be measured using the 11- item Re- Integration into 
Normal Living Index (RNLI).31 The RNLI assesses the 
degree to which individuals who have experienced 
incapacitating or traumatic illness achieve reintegra-
tion into normal social activities. This measure shows 
high reliability (a=0.84) and validity (r ranges=0.38–
0.74) for individuals’ poststroke.32

 ► PA Self- Efficacy: PA Self- Efficacy will be measured 
using the 4- item Short Self- Efficacy for Exercise scale 
(SSEE),33 which consists of situations that may affect 
participation in exercise and requires participants to 
assess on a scale of 0 (not confident) to 10 (confident) 

that they could exercise three times a week for 20 min 
each time. The SSEE shows high reliability (a=0.86) 
and validity (r>0.05) for stroke- specific populations.33 
Cognitive function will be measured using the Cogni-
tive Assessment Scale for Stroke Patients (CASP).34 
The CASP consists of nine items evaluating six cogni-
tive functions: language, praxis, short- term memory, 
temporal orientation, spatial/visuoconstruction 
neglect and executive functions. It has demonstrated 
good internal consistency (Cronbach’s alpha: 0.78 
(95% CI 0.69 to 0.83) excellent inter- rater (ICCs: 
0.78, 95% CI 0.73 to 0.83)) and intrarater reliability 
(ICCs: 0.85, 95% CI 0.79 to 0.89).35

 ► Stroke recurrence: yes/no and date.
 ► Adverse effects: death: yes/no and date.
 ► Adverse effects: falls: yes/no and date.

Feasibility outcomes
Feasibility will be evaluated by process outcomes (recruit-
ment rates), resource outcomes (retention and adher-
ence rates) and management outcomes (processing time 
for enrolling participants, recruitment centre capacity).

Fidelity outcomes
The US National Institute of Health Behaviour Change 
Consortium’s fidelity framework proposes five fidelity 
dimensions: design, training, delivery, receipt and enact-
ment.20 Fidelity of intervention design concerns how 
comprehensively interventions are specified a priori and 
intervention acceptability.20 The TAPAS intervention 
was based on primary qualitative research and has been 
reviewed by the TAPAS PPI panel. Throughout the inter-
vention development process, multidisciplinary experts 
reviewed the intervention content to ensure clinical 
face validity and an evidence- based approach. Both the 
TAPAS intervention delivery parameters (ie, dose/dura-
tion/number of contacts) and content (ie, component 
BCTs) have been specified a priori in detail, and are 
personalised to individual progress throughout the inter-
vention. Fidelity of training refers to the extent to which 
intervention providers are competent and adequately 
trained to deliver interventions.20 As the TAPAS inter-
vention is digital there is only one component that 

BCT with definition Application in lifestyle PA component

13.2 Framing/reframing
Suggest the deliberate adoption of a perspective or new 
perspective on behaviour (eg, its purpose) in order to change 
cognitions or emotions about performing the behaviour

Video/audio/graphical content will prompt to assume the 
perspective that moving more throughout the day can have 
positive long term health consequences

15.1 Verbal persuasion about capability
Tell the person that they can successfully perform the wanted 
behaviour, arguing against self- doubts and asserting that they 
can and will succeed

Video/audio/graphical content will highlight that it is possible 
to successfully increase physical activity, despite recent 
stroke.

*BCTs most likely to increase PA in people with stroke as identified by Moore et al.11

BCT, behaviour change technique; PA, physical activity.

Table 4 Continued
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requires intervention provider training: the phone 
calls in the lifestyle PA group. These phone calls will 
be scripted and recorded to assesses fidelity. Similarly, 
fidelity of delivery will be guaranteed, with the excep-
tion of the HCP phone calls, which will be scripted and 
recorded. In order to assess fidelity of receipt, website 
analytics will be used to determine if participants have 
watched assigned videos, completed required tasks and 
taken part in phone calls. Finally, fidelity of enactment 
will be assessed by participants’ step count, as measured 
by the Fitbit Charge 4.

Statistical analysis
The primary aim of the SMART is to determine which of 
the embedded adaptive interventions leads to the greatest 
improvement in PA postintervention. To address this, 
we will compare the mean outcomes between the four 
embedded adaptive interventions (A+B, A+C, D+E and 
D+F) (see figure 1). This will be done using regres-
sion analyses, adjusting for weighting and replication. 
Secondary objectives are to determine is it better to start 
with a 6- week Lifestyle PA intervention or a 6- week struc-
tured exercise intervention postintervention and what 
is the best treatment option for non- responders to stage 
1 treatments postintervention. To address these main 
treatment effects, we will use standard longitudinal data 
analysis methods, such as linear mixed models. Consis-
tent with the analysis of factorial experiments, the analysis 
of the two ‘main effect’ aims will pool together different 
groups of participants from the multiple subgroups A–F 
in figure 1. For example, to answer ‘is it better to start 
with a 6- week Lifestyle PA intervention or a 6- week struc-
tured exercise intervention?’, we will compare change in 
PA (mean steps/day) from the beginning of the first- stage 
treatment between all participants randomly assigned to 
initial Lifestyle PA treatment (subgroups D+E+F) versus 
all participants randomly assigned to initial structured 
exercise (subgroup A+B+C). A similar analysis approach 
will be used for the second main effect question. The 
linear mixed model framework facilitates analysis where 
there is imbalance in the groups and accounts for 
partially missing observations that may occur during data 
collection.

Patient and public involvement
A patient and public partnership panel was estab-
lished including people with stroke and a patient advo-
cates from the IHF. The objectives of the panel are to 
contribute to (1) the development and design of the 
intervention, (2) the delivery of the trial, (3) the eval-
uation of the trial (including choice of outcomes) and 
(4) dissemination of the trial findings. The panel has 
thus far contributed to objectives 1 and 3 by reviewing 
and providing feedback on the proposed content of the 
intervention and the usability of the digital interface 
and wearable and also providing feedback on the choice 
of outcomes measures.

Sample size
The sample size calculation relates to the primary objec-
tive of the SMART (to determine the optimum sequence 
of embedded treatments postintervention). This sample 
size calculation is based on a continuous primary 
outcome; mean steps/day over 7 days. Based on a stan-
dardised effect size (0.35) and a probability of 0.80 of 
discovering the best adaptive intervention a sample size 
of 117 people with stroke is required.15 This calculation 
assumes that the best and second best adaptive interven-
tions differ by no smaller than an effect size of 0.35.15 To 
inform this sample size calculation, we have used effect 
size data on mean steps/day from the only available 
feasibility trial of a smartphone application for PA inter-
vention among people with stroke.18 Paul et al18 demon-
strated an increase of 1633 steps (SD: 2550) for the mean 
number of steps/day (39%) increase relative to baseline 
in the smartphone application PA group after a 6- week 
intervention in community- dwelling people poststroke.

Process evaluation
The aim of the process evaluation is to to explore the 
experiences of key stakeholders participating in the 
SMART to inform the development and delivery of a 
future large- scale definitive trial. A qualitative descriptive 
approach will be used21 and findings will be reported in 
accordance with the COnsolidated criteria for REporting 
Qualitative research checklist to ensure rigour.22 A sample 
of people with stroke who participated in the SMART will 
be invited to participate. The interview guides will focus 
on participants’ experiences of involvement in the study, 
including their thoughts and beliefs on PA poststroke and 
subjective evaluation of the SMART content and delivery. 
These responses will inform planning for a future full- 
scale trial. Reflexive thematic analysis guided by Braun 
and Clarke’s framework36 will be used. NVivo (V.12.6.1) 
will be used to check the accuracy of the themes. Execu-
tive summary statements will be developed as the founda-
tion for drafting the findings that will be described and 
explain the active ingredients of the intervention from 
the perspective of the stakeholders. This will also serve 
to identify key issues, which may need to be addressed in 
advance of a a future full- scale trial.

Ethics and dissemination
Ethical approval has been granted by the Faculty of Educa-
tion and Health Sciences Research Ethics Committee at 
the University of Limerick (2022_02_15_EHS (OA)) 
and the HSE Mid- Western Ethics Committee (REC Ref: 
026/2022). The findings will be submitted for publica-
tion and presented at relevant national and international 
academic conferences.
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