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Abstract

Objective: Secondary prevention is recommended to reduce cardiovascular risk after transient ischaemic attack (TIA) or
‘minor’ stroke. Mobile health interventions can provide accessible, cost-effective approaches to address modifiable risk fac-
tors, such as physical inactivity, hypertension and being overweight. The objective of this study was to evaluate the quality of
apps for supporting lifestyle change following a TIA or ‘minor’ stroke.

Methods: Systematic searches of Google Play and the Apple Store were carried out to identify mobile apps released between
1 November 2019 and 1 October 2021. Keywords were used including stroke, TIA, lifestyle, prevention and recovery. Quality
was assessed using the Mobile Application Rating Scale (MARS). Common components were identified with the Behaviour
Change Technique (BCT) Taxonomy. Descriptive statistics were used to summarize the performance results for each app.

Results: Searches identified 2545 potential apps. Thirty remained after removing duplicates and screening titles and descrip-
tions. Six were eligible after full review of their content. All apps included at least one BCT (range: 1–16 BCTs). The most
frequent BCTs included ‘information about health consequences’ (n= 5/6), ‘verbal or visual communication from a credible
source’ (n= 4/6) and ‘action planning’ (n= 4/6). The mean MARS score was 2.57/5 (SD: 0.51; range: 1.78–3.36). No apps
were of ‘good’ overall quality (scoring more than 4/5).

Conclusions: This is the first review of mobile health interventions for this population. Only a small number of apps were
available. None were targeted specifically at people with a TIA or ‘minor’ stroke. Overall quality was low. Further work
is needed to develop and test accessible, user designed, and evidence-informed digital interventions in this population.
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Introduction
Acute cerebrovascular accident or stroke is a leading cause
of morbidity and mortality.1 Stroke is frequently preceded
by a history of transient ischaemic attack (TIA) or
‘minor’ stroke, with a first time TIA affecting approxi-
mately 50 in every 100,000 individuals.2 In the absence
of intervention, 7 and 90-day cardiovascular event risks
of approximately 8% and 20% have been reported follow-
ing a TIA.3,4 Recurrent stroke is more common after TIA
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than an index stroke at various time intervals, with recur-
rence associated with delayed medical intervention.5

Evidence also indicates that TIAs may be associated
with more prolonged functional and psychological effects
than has previously been recognised.6 Early secondary pre-
ventative approaches are therefore essential to reduce
stroke risk.7 These approaches include behavioural inter-
ventions to promote patient self-monitoring and reduction
of cardiovascular risk factors such as arterial hypertension
and physical inactivity.8,9 Systematic reviews have,
however, found limited evidence for the effectiveness of
such interventions in terms of improvements in resting
and peak systolic blood pressure, total cholesterol,
aerobic capacity or cardiovascular event rate mortality.10,11

There is therefore currently insufficient evidence related to
how to support behavioural interventions in TIA and
‘minor’ stroke populations.11

Access to well-developed, evidence-informed and high-
quality interventions in the early stages after a TIA can
support secondary preventative and rehabilitative approaches
aimed at reducing cardiovascular event and stroke recurrence
risk.12 This is important as patients may experience a range
of different symptoms and might be anxious about the risk
of recurrence, as well as reticent about initiating and main-
taining changes in lifestyle.13

One potential method for the delivery of such inter-
ventions is via mobile or mHealth-based apps. These
can provide widely accessible, cost-effective and adapt-
able tools to support self-management and lifestyle mod-
ification.14–17 Previous reviews evaluating mobile apps
for supporting lifestyle modification in various clinical
groups indicate that behavioural techniques including
goal setting, performance monitoring and feedback are
common features. These methods can be used alone or
in combination and are defined as the smallest ‘active’
components of an intervention that can potentially influ-
ence or change behaviour.18 mHealth interventions can
also provide access to evidence-based health information
and incorporate adaptive methods including suggestions,
prompts, reminders and motivational messages, delivered
via notifications included within the apps. Interventions
delivered in this manner may be more effective in
helping to alter determinants of individual’s beliefs and
behaviours when compared with other methods of deliv-
ery.19 There is also evidence that mobile app
based-interventions can be associated with increased
user engagement and have more effective outcomes in
comparison to other forms of supported self-
management.19 However, while uptake of mHealth inter-
ventions in the short term is often acceptable, many
patients do not continue to use apps for a variety of
reasons including usability issues, lack of time, or due
to them not being seen as relevant to individual
needs.20 Although the development and use of mobile
apps for supporting patient self-management in various

health conditions continues to increase, some studies
have reported that apps frequently have limitations in
the rigour of their development and the accuracy of the
clinical information provided.21,22

Particularly in the early phase after a TIA or ‘minor’
stroke, high-quality, evidence-informed mobile apps, may
provide valuable secondary preventative approaches to
help reduce cardiovascular risk factors such as physical
inactivity, hypertension, and being overweight. However,
no previous studies have examined relevant apps in this
population. Therefore, the primary objective of this study
was to evaluate the quality of publically accessible mobile
apps that aim to support lifestyle changes following a
TIA or ‘minor’ stroke.

Methods
The review process was conducted according to the
Preferred Reporting Items for Systematic reviews
Meta-Analyses guidelines.23

Search strategy

Systematic searches of the Google Play Store and Apple
App Store were carried out to identify potentially relevant
mobile apps released between 1 November 2019 and
1 October 2021. Searches were carried out by two indepen-
dent reviewers (SOC and NH) using of the following terms:
‘Stroke’, ‘transient ischaemic attack’, ‘lifestyle’, ‘exercise’,
‘physical activity’, ‘diet’, ‘prevention’, ‘secondary preven-
tion’, ‘re-occurrence’, ‘recovery’ and ‘rehabilitation’.
Examples of search term combinations included: ‘Stroke’,
plus ‘prevention’; and ‘Stroke’, plus ‘recovery’, plus ‘reha-
bilitation’. Searches were limited to mobile apps in the
Apple and Google Play stores to exclude information pro-
vided in books or other formats. No other search limitations
were applied.

App inclusion criteria and selection process

To meet the inclusion criteria, apps were required to
contain information on TIA, ‘minor’ stroke or stroke risk
reduction and at least one component aimed at addressing
modifiable risk factors including physical inactivity,
hypertension, smoking, diet or being overweight. Apps
were excluded if they were designed exclusively as aids
to stroke recognition or diagnosis; were aimed at providing
specific rehabilitation including arm movement recovery,
speech or communication therapy; were not freely avail-
able to access within the United Kingdom or were not
written in or translatable to English. Any disagreements
on inclusion were resolved by discussion and consensus
decisions reached between reviewers. The titles and
descriptions of each app identified during the searches
were initially examined by both independent reviewers
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and potentially suitable apps were then assessed in full to
confirm eligibility. To assess apps, they were downloaded
to either an Android (Motorola G8 power) or iPhone
(iPhone 8). If apps were available in both app stores, the
android version was assessed. Prior to data extraction
each included app was used on at least three occasions
and for a total of at least 25 min in order to become famil-
iar with it and to fully utilise its functions and adequately
review the content.

Data extraction

Data extraction was conducted using a pre-defined Excel
form. This form was piloted on four non-related apps
prior to commencing the review to ensure standardised
methods of recording. Two reviewers (SOC and NH) inde-
pendently extracted data from the included apps. This
included: app name, developer name and affiliation, date
of last update, source (Google Play or Apple App Store),
stated intended population, behaviours targeted (e.g. phy-
sical activity, blood pressure monitoring, diet, medication
adherence) and app functions (e.g. notifications, data
entry).

Assessment of app quality

Quality was assessed using the Mobile Application
Rating Scale (MARS).24 This scale has been widely
used24–28 and has acceptable reliability and validity.23,25

The scale includes 19 items grouped in four domains:
1. Engagement (five items assessing the extent to which
the app engages target users); 2. Functionality (four
items assessing how easy the app is to navigate and the
overall app performance); 3. Aesthetics (three items asses-
sing visual appearance and style); and 4. Information (seven
items assessing accuracy, quality and quantity of the app).
Individual items are rated on a 1 to 5-point ordinal scale.
A score of between 1 and 2/5 is considered as ‘poor’
quality, while 3/5 is ‘acceptable’ and at least 4/5 is ‘good’
quality.23 The MARS also includes a separate, ‘subjective’
quality section (consisting of four items). Prior to conducting
the quality assessment, reviewers met to discuss use of the
MARS to ensure standardised methods of recording. The
tool was also piloted on four non-related apps prior to assess-
ment. Both reviewers (SOC and NH) then independently
rated the included apps. Where scores differed by a single
point, the mean of the two ratings was used, with any
scores differing by more than a single point being resolved
through discussion and consensus agreement between
reviewers. Mean scores were calculated for each domain
and an overall quality score was calculated based on the
aggregated mean values for each of the four domains. The
mean score for subjective quality was also calculated.

Identification of Behaviour Change Techniques in
included apps

Behavioural characteristics of the included apps were inde-
pendently coded by two reviewers (SOC and NH) using the
structured Behaviour Change Technique (BCT) Taxonomy
(Version 1.0)29 which consists of 93 hierarchically clus-
tered items. Both reviewers were trained in BCT coding
and had previous experience in using the taxonomy to
assess digital interventions. Coding was conducted using
the same pre-defined Excel form used for data extraction.
Pilot testing was used to ensure standardisation of coding
prior to independent assessment of each app. Scores of
‘0’ for absent or ‘1’ for present were given for each BCT,
with higher scores indicating the presence of a more sub-
stantial behavioural component to the app.

Statistical analyses

Descriptive data are presented on the frequency of BCTs in
each app. Means, standard deviations and range values for
each MARS domain, as well as the overall quality scores
and subjective quality scores, were calculated. Level of
agreement prior to consensus between independent raters
for BCT coding and MARS ratings was determined using
weighted kappa’s (k) and intraclass correlation coefficients.
These were calculated using MedCalc [MedCalc Software,
Ostend, Belgium] and SPSS: Version 25 [Armonk, NY:
IBM Corp]. Level of agreement was determined based on
the following criteria: less than 0.60 – poor to fair agree-
ment; 0.61 to 0.80 – strong agreement and 0.81 or more –
near complete agreement.30

Results

App selection

A total of 2543 potential apps were identified. Following
removal of duplicates and screening of app titles and
descriptions, 30 were downloaded and assessed in full to
check against the study inclusion criteria. Four potential
apps were not available in the United Kingdom. Of the
apps screened in full, six were eligible for inclusion (see
Figure 1). All were available from Google Play and the
Apple app stores and were freely available to download.

Characteristics and included Behaviour Change
Techniques

Two apps required a login to be set up prior to use and both
used push notifications or reminders. None were targeted
specifically at patients with a TIA but all included relevant
information and support after a TIA or ‘minor’ stroke
alongside general information on stroke or its prevention.
Four apps included diet and physical activity or exercise
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advice and support, while two were targeted at physical
activity or exercise only. All included information on
stroke symptom recognition based on the FAST mnemonic
(Facial weakness, Arm weakness, Speech problems, Time
to call emergency services). Two also included a self-
completed stroke risk assessment tool. Two included audio-
visual materials with embedded videos and two included

data entry methods such as tracking of physical activity in
the form of manual step count entry. Characteristics of
the apps are summarised in Table 1. Twenty-four different
BCTs were identified. There was an average of 6.8 BCTs
(ranging from 1 to 17 BCTs). The most common BCTs
were ‘information about health consequences’ (5/6),
verbal or visual communication from a ‘credible source’

Figure 1. Flow chart showing app selection process.

Table 1. Characteristics of the included apps.

App name Version
Date of last
update System

Notifications/
reminders

Audio-visual material
included

Number of
BCTs

Hope after stroke 3.1.0 August 2021 Android/iOS No No 7

Stroke, causes, symptoms,
treatment

9.0 October 2019 Android/iOS No No 1

Strokemark 1.0.0 July 2019 Android/iOS Yes Yes 17

Strocit plus 1.0.4 October 2016 Android/iOS No No 1

How to prevent stroke 1.0.0 November 2019 Android/iOS No No 6

Stroke Riskometer 1.1 August 2021 Android/iOS Yes Yes 9

BCT: Behaviour Change Technique.
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(4/6) and ‘action planning’ (4/6) (see Table 2). The two
apps with the most BCTs were ‘Strokemark’ (n= 17) and
‘Stroke Riskometer’ (n= 9).

Quality assessment

Mean overall quality score assessed using the MARS was
2.58/5 (SD: 0.51) with scores ranging from 1.78 to 3.36
(see Table 3). Of the four domains assessed,
‘Functionality’ had the highest mean score (3.25/5; SD:
0.29) with ‘Engagement’ having the lowest score (2.12/5;
SD: 0.81). No apps were rated as ‘good’ (a score of at
least 4/5 on the MARS overall quality score). Mean subjec-
tive quality scores were substantially lower than the overall
quality scores (2.03/5; SD: 0.77) and showed greater varia-
tion between apps with scores ranging from 1.5 to 3.26. A
planned analysis to examine the relationship between the
number of BCTs included and the overall app quality
scores using Spearman’s correlation coefficient was not
possible due to the small number of included apps.
However, the most behavioural components were found
in the two highest quality apps (‘Strokemark’ and ‘Stroke
Riskometer’), which had respective aggregated scores (cal-
culated based on the mean values/5 for each domain) of
3.36/5 (SD: 0.41) and 3.13/5 (SD: 0. 42).

Inter-rater reliability of measurements

MARS scores were within a single point for all ratings and
good levels of agreement between independent ratings prior
to consensus were observed for both the BCT codings and
MARS scores (all were between 0.78 and 0.94, indicting
strong agreement.30)

Discussion

Principal findings

The aim of this review was to evaluate the quality of mobile
apps to support lifestyle modification after TIA or ‘minor’
stroke. Only six apps relevant to this clinical context were
identified. None were targeted specifically at patients with
a TIA only but included information for people with a
TIA as part of apps providing general information on
stroke or its prevention. The apps were primarily aimed at
providing advice to support lifestyle changes intended to
reduce stroke risk. Approximately seven BCTs were identi-
fied in each app. The overall quality of the apps varied and
was relatively low, with none being rated as ‘good’ accord-
ing to the MARS scoring criteria. The lowest mean scores
were for the ‘Engagement’ domain of the MARS with
higher scores observed for ‘Functionality’. These findings
indicate that the apps were generally better designed in
terms of their usability but may have lacked behavioral
and design features associated with sustained usage.

The two apps with the highest quality scores
(‘Strokemark’ and ‘Stroke Riskometer’) included the
highest number of behavioural techniques. This finding
reflects those of other reviews exploring the quality of

Table 2. Number of apps with specific Behaviour Change
Techniques included as components.

Behaviour change technique
Frequency

(%)

5.1. Information about health consequences 5

9.1. Credible source 4

1.4. Action planning 2

8.1. Behavioural practice/rehearsal 2

3.1. Social support (unspecified) 2

1.1.Goal setting (behaviour) 2

1.3. Goal setting (outcome) 3

4.1. Instruction on how to perform the
behaviour

2

8.2. Behaviour substitution 2

11.1. Pharmacological support 2

1.2. Problem solving 1

3.3. Social support (emotional) 1

2.3. Self-monitoring of behaviour 1

8.7. Graded tasks 1

10.4. Social reward 1

5.4. Monitoring of emotional consequences 1

1.6. Discrepancy between current behaviour
and goal

1

1.5. Review behaviour goal(s) 1

1.9. Commitment 1

6.1. Demonstration of the behaviour 1

7.1. Prompts/cues 1

1.7. Review outcome goal(s) 1

8.4. Habit reversal 1

12.1. Restructuring the physical environment 1
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apps in different health conditions and populations that
have confirmed an association between the number of
BCTs and reported app quality.31–33 Although mHealth
interventions can provide access to evidence-based health
information, delivery of information by itself without
further behaviour support might not be sufficient to initiate
behavioural changes.34,35 Both of the better quality apps in
this review included BCTs such as self-monitoring which
may be associated with increased user engagement. Other
adaptive methods contained in these apps, and which may
be effective at promoting behavioural change, included
prompts or reminders delivered via notifications.36,37

Although the number of BCTs identified in the apps is in
line with those reported in previous reviews of apps
aimed at promoting lifestyle changes,33,38 it is uncertain
which number and combination of behaviour interventions
are the most effective for promoting lifestyle changes39,40

and this requires further investigation.
Although the behavioural components of the apps in this

review commonly included health information and advice,
other studies exploring health apps have typically reported
self-monitoring and goal setting as more frequent interven-
tion components.33,35,41 However, only two apps in this
review included advice on action planning, and this was
supported with additional advice on goal setting or self-
monitoring of behaviour in only one app. These elements
may be especially important in resources designed for use
in the early phases following a TIA, when users may
require support to initiate graduated lifestyle changes.42,43

Although some behavioural methods, such as providing
health information, may be readily self-delivered and there-
fore suitable for delivery as part of mHealth enabled self-
management approaches, others may be contingent on the
format of intervention delivery. For example, behavioural
approaches such as goal setting involve reflective or

deliberative processes, and users’ sense of competence
may be affected when goals set as part of an online only
intervention are unmet.44,45 There is therefore currently
limited evidence for the acceptability and efficacy of
these techniques when behavioural approaches are included
as part of mHealth interventions and they are required to be
self-enacted.

This review highlights a number of issues in terms of the
availability of suitable apps for a TIA population. Firstly,
apps for supporting people after a TIA are limited in
number and are not easy to locate (requiring potential
users to access apps designed principally for people with
more significant stroke). Much of the information included
in such apps may therefore not be specifically tailored to the
needs of people with a TIA or ‘minor’ stroke. Available
apps are of generally low to moderate quality only and
include few evidence-based behavioural components.
There are subsequently little data on the core components
of mHealth interventions in this population that are asso-
ciated with increased engagement and usage needed for sus-
tained behavioural changes.46 These components might
include greater use of goal setting techniques, recognition
and reward systems, and use of self-entered or automated
data entry. More adaptive components could also include
tailored reminders or prompts, motivational messages and
content which is responsive to inputted data.47–49 It
should be acknowledged, however, that behavioural the-
ories have not hitherto adequately accounted for dynamic
relationships and feedback between behavioural determi-
nants and intervention components.50

Strengths and limitations

This review has a number of key strengths including a
comprehensive and systematic search strategy, with apps

Table 3. Mean Mobile Application Rating Scale scores for each app.

App name
Engagement
score/5

Functionality
score/5

Aesthetics
score /5

Information
score/5

Overall mean
score/5*(SD)

Subjective
score/5

Hope after stroke 1.80 3.66 3.33 2.16 2.74 (0.89) 2.00

Stroke, causes,
symptoms, treatment

1.20 3.00 1.33 1.60 1.78 (0.17) 1.50

Strokemark 3.80 3.50 3.33 2.83 3.36 (0.41) 3.26

Strocit plus 1.60 3.00 2.33 2.60 2.38 (0.63) 1.25

How to prevent stroke 1.20 3.33 2.33 1.60 2.11 (0.50) 2.25

Stroke Riskometer 3.20 3.00 3.00 3.33 3.13 (0.43) 1.96

Mean score (SD) 2.22 (SD: 0.81) 3.25 (SD: 0.29) 2.61 (SD: 0.67) 2.35 (SD: 0.79) 2.58 (0.51) 2.03 (0.77)

*Calculated based on a mean aggregated score/5 across the four domains (Engagement, Functionality, Aesthetics and Information).
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identified within publically accessible app stores. No limits
were applied based on app store ratings or number of down-
loads as it was felt this could create bias in favour of com-
mercially sponsored apps. Independent data extraction and
standardised quality assessment procedures using the
MARS were employed and strong inter-rater reliability of
these measures was found. There are limitations that must
be considered when interpreting the findings of this
review. Only a small number of apps were identified and
due to restrictions placed on some apps, these were only
available within the country where they were developed
and were not accessible for download within the United
Kingdom. Another limitation is that people with a history
of TIA were not included in the assessment of apps. This
could have improved the strength of the conclusions
made within the review and their meaning and relevance
for this population. Findings are also based only on publi-
cally accessible apps available from app stores, and any pre-
viously, or currently being developed as part of research
studies were not included. This may have limited the
number of apps included in the review, and the conclusions
drawn on the quality of apps for individuals with a history
of TIA.

Conclusions
This is the first systematic review of mHealth interventions
for a TIA or ‘minor’ stroke population. As the use of
mHealth interventions to support patient self-management
increases, it is important that well-developed, high-quality
apps are made available. This is important as mHealth inter-
ventions can be widely accessible and can help to promote
secondary prevention approaches. It is essential that apps
provide accurate clinical information and include features
to ensure they have good usability and are engaging.
However, findings suggest that apps that exist to support
lifestyle modifications may not meet the needs of people
with a TIA. Apps were found to be of low overall quality
and although they were found to have better quality
scores in terms of their ‘functionality’, scores were lowest
for ‘engagement’. Although the apps did include some
behavioural components, the most common technique
was health information provision which would not be suffi-
cient to effect behavioural change by itself. Additional work
is required to develop specific, engaging, evidence-based
and theory-informed mHealth interventions for TIA or
‘minor’ stroke populations. This work should explore user
perspectives on usability and usefulness and examine
which combinations of self-enactable behavioural compo-
nents are most effective at improving important outcomes
in this population. Further studies will be conducted to
develop and test an mHealth intervention for use in the
early phase after TIA or ‘minor’ stroke. The findings of
this review will be used to inform a behavioural analysis
based on relevant underpinning theory and evidence from

other previous studies, as well as to develop a proposed
logic model intended to represent key factors that would
potentially mediate outcomes of this planned intervention.
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