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Abstract

Background: Few individuals (<2%) who experience a stroke or transient ischemic attack (TIA) participate in secondary
prevention lifestyle programs. Novel approaches that leverage digital health technology may provide a viable alternative to
traditional interventions that support secondary prevention in people living with stroke or TIA. To be successful, these strategies
should focus on user needs and preferences and be acceptable to clinicians and people living with stroke or TIA.

Objective: This study aims to co-design, with people with lived experience of stroke or TIA (referred to as consumers) and
clinicians, a multicomponent digital technology support program for secondary prevention of stroke.

Methods: A consumer user needs survey (108 items) was distributed through the Australian Stroke Clinical Registry and the
Stroke Association of Victoria. An invitation to a user needs survey (135 items) for clinicians was circulated via web-based
professional forums and national organizations (eg, the Stroke Telehealth Community of Practice Microsoft Teams Channel) and
the authors’ research networks using Twitter (subsequently rebranded X, X Corp) and LinkedIn (LinkedIn Corp). Following the
surveys, 2 rounds of user experience workshops (design and usability testing workshops) were completed with representatives
from each end user group (consumers and clinicians). Feedback gathered after each round informed the final design of the digital
health program.

Results: Overall, 112 consumers (male individuals: n=63, 56.3%) and 54 clinicians (female individuals: n=43, 80%) responded
to the survey; all items were completed by 75.8% (n=85) of consumers and 78% (n=42) of clinicians. Most clinicians (46/49,
94%) indicated the importance of monitoring health and lifestyle measures more frequently than current practice, particularly
physical activity, weight, and sleep. Most consumers (87/96, 90%) and clinicians (41/49, 84%) agreed that providing alerts about
potential deterioration in an individual’s condition were important functions for a digital program. Intention to use a digital
program for stroke prevention and discussing the data collected during face-to-face consultations was high (consumers: 79/99,
80%; clinicians 36/42, 86%). In addition, 7 consumers (male individuals: n=5, 71%) and 9 clinicians (female individuals: n=6,
67%) took part in the user experience workshops. Participants endorsed using a digital health program to help consumers manage
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stroke or TIA and discussed preferred functions and health measures in a digital solution for secondary prevention of stroke. They
also noted the need for a mobile app that is easy to use. Clinician feedback highlighted the need for a customizable clinician portal
that captures individual consumer goals.

Conclusions: Following an iterative co-design process, supported by evidence from user needs surveys and user experience
workshops, a consumer-facing app that integrates wearable activity trackers and a clinician web portal were designed and developed
to support secondary prevention of stroke. Feasibility testing is currently in progress to assess acceptability and use.

(J Med Internet Res 2024;26:e54604) doi: 10.2196/54604
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Introduction

Background
Stroke is the third leading global cause of death and disability,
with approximately 12.2 million incident strokes reported in
2019 [1,2]. Recurrent stroke events are frequently reported as
4% within 90 days of the index event [3] and 26% within 5
years [4]. The risk of stroke following a transient ischemic attack
(TIA) is also substantial, with a 20% risk 90 days following the
index event [5]. Therefore, for people who have experienced a
stroke or TIA, prevention of another vascular event (ie,
secondary prevention) is a priority [6,7]. Clinical guidelines
recommend control of modifiable risk factors via lifestyle
behavior changes in conjunction with pharmacotherapeutic
measures to reduce the risk of recurrence [8,9]. These include
reducing blood pressure, blood cholesterol, blood glucose, and
body weight; improving diet and physical activity; and reducing
or ceasing alcohol and cigarette consumption [8-10].

Interventions promoting uptake of secondary prevention
strategies have been used effectively for controlling blood
pressure [11] and improving diet [12], physical activity [13],
and medication adherence [14]. Implementation of secondary
prevention strategies largely rests in the hands of individuals
who must take an active role in self-managing their health.
However, health care and patient-level barriers impede uptake
and adherence to these strategies. Significant improvements in
the acute management of stroke have resulted in shorter hospital
admissions of approximately 4 days [15], with little education
and time provided for survivors to consider the long-term
physical, emotional, and lifestyle behaviors needed for recovery
and prevention of future events [16].

Compounding an individual’s motivation to address their
vascular risk is the poor mental health experienced by many
survivors of stroke [17], which often hinders their engagement
in secondary prevention programs and motivation for
undertaking lifestyle adaptations [18]. For example, 1 in 3
patients stop taking their antihypertension medication within
the first year of stroke [19]. Consequently, a fundamental
practice gap prevails with the adoption of recommended stroke
prevention strategies into real-world settings [20]. Novel
secondary prevention programs that are feasible to implement
and are broad reaching are needed and could be realized using
digital health.

The rising use of consumer devices makes mobile health
(mHealth) strategies a potential solution to increase participation

in secondary prevention of stroke by providing low-cost, readily
accessible, and scalable interventions to promote engagement
in health behavior changes [21,22]. mHealth interventions
incorporating smartphone apps, wearable activity trackers,
clinician portals, and electronic messaging have been used to
improve the management of relevant chronic conditions
associated with stroke. Findings from a systematic review
indicated the use of smartphone apps, phone calls, and combined
programs (>2 technologies such as SMS text messages combined
with a smartphone app) improved management of hypertension,
including blood pressure reduction and adherence to medication
[23]. Similarly, smartphone apps have been linked to improved
management of diabetes mellitus [24] as well as to enhanced
management of chronic heart disease when used alongside SMS
text messages, phone calls, and pedometers [25,26]. Their
impact includes improving clinical cardiovascular outcomes
(eg, blood pressure control and medication adherence) [23-26]
as well as psychosocial outcomes [26]. These interventions have
also been successfully implemented in the real world. Cardihab
(Cardihab Pty Ltd), for example, combines a smartphone app
with a clinician-facing web portal to deliver cardiac
rehabilitation to patients after a myocardial infarct [27]. When
evaluated in a randomized controlled trial, Cardihab improved
functional walking capacity, psychosocial health, weight, and
quality of life [26].

Despite the potential benefits of mHealth for risk-factor
reduction and chronic disease management, evidence-based
approaches for secondary prevention of stroke are still nascent,
and further research is required to inform the development of
platforms that are acceptable and appropriate for people living
with stroke or TIA [28]. Furthermore, development of these
programs must include considerations of accessibility for those
with less access to technology, lower digital literacy, and
ongoing impairments after stroke [28].

Objectives
Using a co-design approach, we aimed to develop a novel digital
secondary prevention program with people living with stroke
or TIA (consumers) and clinicians. The aim of this program is
to offer an easily accessible solution that supports secondary
stroke prevention, empowers self-management, and enhances
health outcomes. The CAPS (Care Assistant and Support
Program for People After Stroke or TIA) program draws upon
past successes of the cloud-based Mobile Technology–Enabled
Rehabilitation platform [26,29] and an electronic interface for
scheduling electronic health messages aligned to individual
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goals for recovery and secondary prevention of stroke (inspiring
Virtual Enabled Resources following Vascular Events) [30].

We report here on the user needs analysis and user experience
workshops. Finally, we present the resulting components of the
mHealth platform (ie, mobile app and clinician portal) and care
management program that uses lifestyle and health data collected
through a wearable device to facilitate secondary prevention
for individuals after stroke or TIA.

Methods

The design of the CAPS program and digital platform were
completed using a mixed methods approach, undertaken in 2
main stages: (1) a user needs analysis to explore the main
requirements, priorities, and potential use of digital technology
to support secondary prevention of stroke or TIA and (2) user
experience workshops to inform the design of the main
components of the digital health program.

Stage 1: User Needs Analysis
The requirements and challenges associated with the creation
of CAPS were investigated via researcher-developed surveys
completed between December 2020 and April 2021. Particular
attention was given to the potential use of 2 broad digital
technologies: mobile apps and wearable or health monitoring
devices.

Participants
User needs surveys were completed by people with lived
experience of stroke or TIA (referred here on as consumers)
and clinicians who provide health care and education services
to individuals after stroke or TIA. These populations have lived
experience of stroke (and care for patients after stroke) and are
well placed to comment on the needs, preferences, and perceived
potential of secondary prevention programs.

Consumer participants were invited to participate via invitation
letters posted to 840 registrants of the Australian Stroke Clinical
Registry (AuSCR), a national clinical quality registry of patients
admitted to participating hospitals with a diagnosis of acute
stroke or TIA [31]. The AuSCR consists of >35,000 Australian
survivors of stroke who are known to be alive and willing to be
contacted to participate in research projects. Once the proposal
was reviewed, the AuSCR staff distributed invitations to
registrants based on the study eligibility criteria. Invitation
letters were also distributed through the Stroke Association
(Victoria, Australia), which operates 5 support centers across
regional Victoria, offering dedicated community-based support
services for people recovering from stroke. These methods were
used to improve response rates by directly inviting potentially
eligible participants from a cohort that has previously been
hard-to-reach [32,33].

Eligibility criteria included a diagnosis of stroke or TIA in the
past 6 months to 5 years; aged ≥18 years; proficiency in spoken
and written English; and, for AuSCR participants, those who
agreed to be contacted by the AuSCR for future research.
Individuals residing in a nursing home or those with no access
to the internet were ineligible to participate.

Invitations to clinicians were circulated via the authors’ research
networks, professional forums, and national organizations. We
sought responses from an unbiased and representative sample,
recruiting through Twitter (subsequently rebranded X, X Corp)
and LinkedIn (LinkedIn Corp) on personal research accounts
(>1200 followers, many of whom shared the original tweet) and
the Stroke Society of Australia (>7000 members), who also
shared the invitation via Twitter and email. We also used the
Australian Stroke Telehealth Community of Practice Microsoft
Teams Channel, with >500 clinicians and researchers that use
the group as a forum to exchange ideas and knowledge.
Participation in the surveys was anonymous.

Eligibility included all clinicians who provide health care and
education services to individuals after stroke or TIA. Participant
eligibility was confirmed via the demographics questionnaire
in each survey, including self-reported clinical history (for
consumers) or self-reported clinician expertise.

Survey Development
Consumer experience and perceptions were explored in three
dimensions: (1) the participants’ experience and interests in
mobile apps and wearable and health monitoring devices, (2)
their preferred functions and priorities around health measures
required in a digital support program for secondary prevention
of stroke, and (3) their attitude toward a digital support program
for secondary prevention of stroke. The consumer survey
consisted of 28 questions, with a total of 108 items (Multimedia
Appendix 1).

Similarly, clinicians’ experience and perception were explored
in three dimensions: (1) existing health measures commonly
collected in the management of people with stroke and TIA, (2)
the participants’priorities around health measurements required
in a digital support program for secondary prevention of stroke,
and (3) their attitude toward a digital support program for
secondary prevention of stroke. The clinician survey comprised
16 questions, with a total of 135 items (Multimedia Appendix
2).

In both surveys, the questions related to the participants’
experience and interest in mobile apps, wearable and health
devices, as well as their preferred functions for a digital support
program were adapted from surveys developed and previously
used in mHealth research [26,29,34]. The questions related to
the priorities around health measures commonly collected and
proposed for a digital support program were also informed by
previous mHealth research [26] and clinical guidelines for
secondary prevention [8,9]. Finally, the constructs of attitude
toward a digital support program were adapted from the
technology acceptance model, previously validated and
commonly used in mHealth studies with both patients and
clinicians [35-37].

While the constructs of the consumer and clinician surveys are
similar, differences exist due to the roles and experience of each
participant group. Therefore, we aimed to focus more attention
toward the consumer preferences and engagement with a digital
program, while clinician surveys focused on clinical value (eg,
relevant data collection) and usability. The final surveys were
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tested for clarity by 4 adults (2 of them with clinical experience)
before they were shared with participants.

Data Collection
Clinician surveys were collected using a web-based survey. For
consumers, a study pack was posted to potential participants,
including a participant explanatory statement and consent form,
a paper-based survey with a return prepaid envelope, and a link
to a web-based survey. Consumer participants were asked to
complete only 1 version of the survey, either web- or
paper-based, depending on their preference.

The web-based survey was captured using the REDCap
(Research Electronic Data Capture; Vanderbilt University), a
secure software platform designed to support data capture for
research studies [38,39].

Stage 2: User Experience Workshops

Overview
The aim of this stage was to complete the co-design of the CAPS
program and digital platform. Workshops were conducted via
teleconference (Webex, Cisco Systems Inc) in 2 rounds. The
first round (design workshops), completed between April and
May 2021, focused on confirming insights from the user needs
surveys and gathering design requirements from participants to
develop initial prototypes of CAPS, while the second round
(usability testing), completed between October and November
2021, focused on collecting usability feedback on the prototypes
to inform the final design.

Participants
Purposive sampling was used in recruiting participants. For the
design workshops, all survey participants who indicated their
willingness for participation in future research were considered.
The final selection process was designed to achieve a balanced
sample based on participants’age, sex, diagnosis (for consumer
participants), and professional roles (for clinician participants).
In addition, an invitation was sent to the Stroke Foundation of
Australia requesting for a lived experience representative and
advocate to attend a workshop. Consumer participants were
further screened via a phone call to include participants with
different levels of familiarity with mobile apps and those able
to connect remotely (via phone or videoconference).

For the usability testing, all participants from the design
workshops were invited to participate. Invitations were also
extended to a selected number of survey participants following
the same criteria used in the design workshops.

Procedure
The user experience workshops were completed in three steps:
(1) results from the stage 1 surveys were used to generate
discussion topics for the design workshops; (2) findings from
the design workshops were used to inform the design of
wireframes and a web-based clickable prototype of a user-facing
app and clinician portal; and (3) the clickable prototypes were
shared with participants during the usability testing workshops
to give them the opportunity to explore some of its features and
provide feedback.

All workshop sessions were conducted separately with consumer
and clinician participants. Workshop sessions lasted
approximately 30 to 60 minutes, depending on the number of
participants involved in the session. Each session was facilitated
by 2 researchers. All sessions were audio recorded using Webex.

Data Analysis
Quantitative survey data were summarized and analyzed with
Excel (Microsoft Corp) and Python (version 3.0; Python
Software Foundation), using descriptive statistics. Ranking
questions, where respondents ranked multiple items in order of
preference, were calculated using weighted averages [40-42],
as shown in equation 1:

in which w is the ranked position for each answer choice as
selected by a participant, x is the response count for each answer
choice, and n is the number of choices. Each participant’s
preferred choice (ranked as 1) has the largest weight n, and their
least preferred choice has a weight of 1.

Qualitative data from the workshops were auto transcribed in
Webex and cross-checked for accuracy, reviewed, and
independently analyzed for themes by 2 researchers using Excel.
An inductive approach was used to determine the coding of the
data guided by the dimensions explored in the surveys and with
a focus on design needs and preferences. There were no
significant discrepancies between the reviewers. The final
themes and subthemes (eg, design needs and preferences) were
critically reviewed and discussed by the research team who
addressed any discordance in the coding through consensus.

To avoid a misleading sense of statistical validity given the
nonrandom purposive sample and the semistructured nature of
workshops [43,44], we refrain from reporting qualitative results
using whole numbers or percentages. Instead, to provide a sense
of generalizability, we describe findings as emerging from all
(100%), (approximately 76%-99%), many (approximately
51%-75%), some (approximately 25%-50%), or a few (<25%)
participants.

Ethical Considerations
This project was conducted with ethics approval from the
Monash University (Human Research Ethics Committee, HREC
24806) and the Commonwealth Scientific and Industrial
Research Organisation (HREC 2020_076_RR). All participants
provided written informed consent before their participation.
Participants who completed the web-based survey (both
consumers and clinicians) were directed to a digital explanatory
statement and consent form before the start of the survey.

Participation in the surveys was anonymous. However, after
completion of the survey, participants were given the option to
provide their contact details if they were willing to be further
involved in the research program. This information was stored
in a separate REDCap database unlinked from the survey
responses. Workshop participants received an AUD $50 (US
$33.82) gift card for their participation.
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Results

Stage 1: User Needs Analysis

Participant Summary
A total of 112 consumers (male consumers: n=63, 56%) aged
between 40 and 98 years completed the survey (Table 1). Of
the 112 consumers, 16 (14.3%) responded to the web-based
survey and the rest responded via post. A total of 101/112
(90.2%) answered at least 1 item in all questions and 85 (76%)
completed all items. Most of them (110/112, 98.2%) were
registrants of the AuSCR, and only 1.8% (2/112) of them
responded to the invitation distributed through the Stroke
Association of Victoria.

Most participants had lived experienced of stroke (72/112,
64.3%) within the last 5 years, were taking medications to
manage their symptoms of stroke or reduce the risk of a future
stroke (104/112, 92.9%), were not seeing a health professional
to support their recovery or ongoing management after stroke
(71/112, 63.4%), and were not participating in a stroke or TIA
rehabilitation program (108/112, 96.4%).

A total of 54 individuals (female: n=43, 80%) with an average
of 17 years of experience since finishing their entry-level clinical
training responded to the clinician survey. Most of them (42/54,
78%) answered all questions. A further 24 participants answered
only demographic questions and were not included in further
analysis (Table 2).
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Table 1. Characteristics of the consumer participants who have experienced a stroke or transient ischemic attack (n=112).

ValuesCharacteristics

Demographics

Sex, n (%)

63 (56.3)Male

45 (40.2)Female

4 (3.6)No answer

71.94 (10.25)Age (y), mean (SD)

Education, n (%)

68 (60.7)≤Year 12

11 (9.8)Vocational qualification

2 (1.8)Associate diploma

12 (10.7)Undergraduate studies

15 (13.4)Postgraduate studies

4 (3.6)No answer

Living arrangements, n (%)

30 (26.8)Alone

78 (69.6)With others

4 (3.6)No answer

Medical history

2.65 (0.86)Years since most resent stroke or TIAa, mean (SD)

Stroke or TIA, n (%)

72 (64.3)Stroke

29 (25.9)TIA

11 (9.8)Don’t know

Participating in a stroke rehabilitation program, n (%)

4 (3.6)Yes

106 (94.6)No

2 (1.8)No answer

Receiving a home rehabilitation program, n (%)

2 (1.8)Yes

108 (96.4)No

2 (1.8)No answer

Seeing a health professional to support stroke management, n (%)

39 (34.8)Yes

71 (63.4)No

2 (1.8)No answer

Take medications to manage stroke or TIA, n (%)

104 (92.9)Yes

6 (5.4) No

2 (1.8)No answer

aTIA: transient ischemic attack.
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Table 2. Demographics and characteristics of the clinician participants. A total of 78 participants answered all questions, with 24 who answered only
demographic questions being excluded from further analysis.

Removed participantsa (n=24)Participants (n=54)Demographics and characteristics

Sex, n (%)

5 (21)11 (20)Male

19 (79)43 (80)Female

Age (y), n (%)

1 (4)7 (13)≤29

9 (38)18 (33)30-39

4 (17)15 (28)40-49

9 (38)11 (20)50-59

0 (0)3 (6)60-69

1 (4)0 (0)70-79

17.58 (9.86)16.76 (10.13)Years of experience, mean (SD)

58.1 (33.59)54.77 (34.88)Percentage of time providing stroke or TIAb care, mean (SD)

10.75 (7.52)9.62 (8.03)People with stroke or TIA treated per week, mean (SD)

Profession, n (%)

4 (17)13 (24)Medical doctorc

012 (22)Occupational therapist

8 (33)8 (15)Physiotherapist

6 (25)12 (22)Nurse

1 (4)4 (7)Speech pathologist

2 (8)1 (2)Social worker

3 (13)4 (7)Otherd

Clinical setting, n (%)

9 (38)25 (46)Acute hospital

5 (21)5 (9)Community-based service

1 (4)1 (2)Primary health care

4 (17)19 (35)Rehabilitation

5 (21)4 (7)Other

aParticipants who only completed the demographic questions and were removed from further analysis.
bTIA: transient ischemic attack.
cIncludes neurology, cardiology, rehabilitation, and general medicine.
dIncludes stroke coordinator, radiographer, and exercise physiologist.

Experience Using Mobile Apps
A total of 81.2% (91/112) of the consumers reported using
smartphones or tablets, with 58 (64%) of them using apps on a
regular basis and 22 (38%) of those using apps to manage their
health and well-being, particularly to track their exercise and
activity levels (n=20, 35%). Many of them reported owning and

using a weight scale (74/112, 66.1%) and blood pressure monitor
(58/112, 51.8%), and only 26.8% (30/112) reported owning and
using a smart watch or fitness tracker (Figure 1). From a
clinician perspective, only 37% (20/54) of the clinicians have
recommended their patients mobile apps to manage their health
and well-being, particularly for physical activity monitoring
(14/20, 70%) and mental health support (8/20, 40%).
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Figure 1. Total of the current device use by consumer participants (N=112). ECG: electrocardiogram.

Preferred Functions
When asked about their preferred functions to include in a digital
support program for stroke or TIA, consumers and clinicians
prioritized two main functions (Table 3): (1) providing alerts

to patients about potential deterioration in their condition and
(2) collecting and monitoring lifestyle measures (eg, steps, sleep,
and exercise). They also prioritized data accuracy and the need
for a program that was easy to set up and use (Figures 2 and 3).

J Med Internet Res 2024 | vol. 26 | e54604 | p. 8https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Top 15 functions to be included in a digital support program for people after stroke or TIAa, as ranked by participants. Consumers ranked
function from 1 (most important) to 3, while clinicians ranked them from 1 (most important) to 5.

Clinician rankingsConsumer rankingsPreferred function

2.041.72Alerting patients about potential deterioration in their condition

1.760.52Collection and monitoring lifestyle measure (eg, steps and sleep)

1.670.17Tools to manage new lifestyle (eg, exercises, diet, alcohol, and smoke)

1.550.27Educational information in general about stroke or TIA treatment and prevention

1.49—bAlerting clinicians about potential deterioration in a patient’s condition

1.410.58Collection and monitoring of medical measures (eg, pain and blood pressure)

0.96—Reminders about the warning signs of stroke or TIA and what to do

0.940.01Receiving encouraging or persuasive messages

0.650.13Tools to manage your medication

0.530.27Reminders (eg, appointments)

0.510.19Tools to manage mental health

—0.3Supporting clinician-patient communication

—0.29Receiving instructions from clinicians (eg, text via app, SMS text message, and emails)

0.330Receiving virtual awards as encouragement for achieving goals

0.25—Supporting clinician-patient communication (via messages from patients)

aTIA: transient ischemic attack.
bData not available for this population.

Figure 2. Consumer participants’ ratings on the main considerations for a digital support program for people after stroke or transient ischemic attack
(N=112).
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Figure 3. Clinician participants’ ratings on the main considerations for a digital support program for people after stroke or transient ischemic attack
(n=42).

Preferred Measures to Collect and Monitor
Consumers rated physiological measures (eg, blood pressure,
heart rate, and sleep quality), followed by mobility (eg, range
of motion) and mental health measures (eg, stress and anxiety),
as the top health and well-being indicators to monitor. Clinicians

agreed on the importance of physiological and mental health
measures but rated the collection of lifestyle data (eg, alcohol
consumption, tobacco use, physical activity, diet, and nutrition)
above all (Figure 4). Blood pressure, exercise, and heart rate
were ranked by clinicians as the most important measures to
collect via wearable and health monitoring devices (Table 4).
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Figure 4. Consumers’ (n=96) and clinicians’ (n=48) rating of the types of measures that should be collected in a digital support program for people
after stroke or transient ischemic attack.

Table 4. Clinician participants’ ranking of measures that would provide value and utility in the management and secondary prevention of stroke.
Participants ranked each function from 1 (most important) to 3.

Ranking scoreMeasurement

1.76Blood pressure

1.43Exercise

1.29Electrocardiogram/heart rate/rhythm

0.60Falls

0.38Blood glucose

0.31Body weight

0.29Pain

0.1Blood oxygen

0.1Sleep

0.07Range of motion

0.05Body temperature

Most clinicians (46/49, 94%) also indicated the need for data
monitoring more frequently than current practice, particularly
related to waist circumference, dietary intake, and physical
activity (Multimedia Appendix 3). Different preferences existed
depending on the profession.

Perception of Digital Technology to Support Their
Health
When asked about their perceptions of digital technology to
manage and support their health goals after stroke or TIA, most
consumers and clinicians agreed that a program that uses digital

technology could be useful to monitor the consumers’ health
and well-being (consumers: 78/97, 80%; clinicians: 40/42, 95%)
and help them adapt to a new lifestyle (consumers: 76/99, 77%;
clinicians: 38/42, 90%). More than 70% of consumers and
clinicians also noted their intention to use the digital program
as often as needed (consumers: 71/99, 72%; clinicians: 33/42,
78%) and discuss the data collected with their physicians
(patients consumers: 79/99, 80%; clinicians: 36/42, 86%;
Multimedia Appendices 4 and 5). Clinicians agreed they would
review the data during consultations (26/42, 62%), at least once
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a week (10/42, 24%), or occasionally (3/42, 7%). Only 3 (all
nurses) mentioning that they were too busy to review the data.
When asked how they want to access the collected data, >97%
(41/42) of clinicians noted their interest to access the data.
Moreover, 52% (22/42) would like to access the data via a
clinician web portal and a mobile app, 21% (9/42) would like
to look at the data via the consumers’ app during consultations,
17% (7/42) would like to access the data via a clinician web
portal, 5% (2/42) would like to access the data via a clinician
app, and 2% (1/42) would like the data to be linked to the
patients’ medical records. Most clinicians (35/42, 83%)
expressed their intention to use the program to care for people
after stroke or TIA.

Stage 2: User Experience Workshops

Overview
A total of 7 consumers (male individuals: n=5, 71%) and 9
clinicians (female individuals: n=6, 67%) took part in the user
experience workshops. In the design stage, 3 sessions (1 group
and 2 individual sessions) were conducted with 5 consumers
and 3 sessions (2 group and 1 individual sessions) were
conducted with 6 clinicians. In the usability testing, a total of
4 individual sessions were conducted with consumers and 4
with clinicians. A total of 2 consumers and 2 clinicians took
part in both the design workshops and usability testing (Table
5).

Table 5. Participant demographics of the user experience workshops.

Clinicians (n=9)Consumers (n=7)Participant demographics

Sex, n (%)

3 (33)5 (71)Male

6 (67)2 (29)Female

<29-4967-84Age (y), range

Workshops, n (%)

5 (56)3 (43)Design

2 (22)2 (29)Usability testing

2 (22)2 (29)Both

Diagnosis, n (%)

—a4 (57)Stroke

—3 (43)Transient ischemic attack

Profession or role, n (%)

2 (22)—Registered nurse

1 (11)—Neurologist

2 (22)—Physiotherapist

1 (11)—Stroke Foundation representative

2 (22)—Stroke coordinator

1 (11)—Speech pathologist

aData not available for this population group.

Design Workshop
Qualitative analysis focused on four practical themes of user
experience and preferences: (1) the consumers’experience using
mobile apps and wearable devices, (2) consumer and clinician
perception of mHealth for secondary stroke prevention, (3)
preferred functions, and (4) preferred health indicators for a
digital program for secondary prevention of stroke. In these
workshops the terms patient and client were used
interchangeably by clinicians when referring to consumers.

Consumers’ Experience Using Mobile Apps and Wearable
Devices

All consumer participants confirmed that they used digital
technology regularly, including smartphones, tablets, and PCs,
for activities such as banking, taking photographs, appointment

reminders, phone calls, and taking notes. Most of them also
used alarms for medication reminders. Many of them used older
devices that were given to them by their children or
grandchildren and mentioned that while they knew how to use
them, they did not feel as comfortable as the younger
populations or as they were before their strokes:

I’ve got my daughter’s old Apple phone. I learned it
quickly. After stroke I managed it reasonably well
still, but I cannot do everything on it, I don’t know
how to do it. [Consumer 2]

Most of them used apps to track their exercise, particularly their
step counts. Only 1 participant reported using a smart watch
(Samsung watch, Samsung Electronics Co Ltd) to track their
exercise. No other health-related apps were reported, with
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consumers noting that they only used these apps when they
were suggested by their treating clinicians.

Perception of mHealth for Secondary Stroke Prevention

Clinicians mentioned that regular contact with consumers was
only provided while they were actively involved with their
service (eg, rehabilitation therapy), with only annual monitoring
provided after discharge. They noted that after discharge,
self-monitoring was important, with some clinicians expressing
their interest in a telehealth model of care where they could
monitor consumers remotely (eg, via a clinician portal) and look
at a summary of their data during clinical visits. They all agreed
that providing tools to educate and empower consumers to
self-manage and self-monitor their condition was important:

I feel like a lot of our role is around education...they
also need to have the tools to enable them to...perform
some of that self-monitoring where they are able to
do so. [Clinician 1]

All consumer participants supported the idea of a mobile app
to help them manage their stroke or TIA.

Preferred Functions

Consumers noted that receiving alerts or early warnings of
potential deteriorations and medication reminders were their
main interests:

Medication alarm is my favorite... [Consumer 2]

They also mentioned that the ability to record information on
their phone to share with their treating clinicians would be
relevant. They expressed particular interest in accessing a graph
or a summary of their information to track their own progress.
Most clinicians agreed that the collection of regular and accurate
data to support self-monitoring and clinical management would
be beneficial to track changes over time, particularly during the
first weeks to months after discharge:

I can see its benefits outside the acute setting in the
weeks and month following discharge. [Clinician 7]

One consumer highlighted that their handwriting was becoming
difficult to read and expressed the need for an app to replace
handwritten notes to record information that needed to be shared
with their physician.

When asked about the need for educational content, consumers
agreed that they trusted their clinicians and hospital more than
the information available in the web, so they were not interested
in alternative sources of information. However, they were
interested in having access to the information provided to them
during their clinical visits, including the warning signs of stroke
and updated information from their clinicians:

I trust the specialist who has kept me alive. [Consumer
1]

Both clinicians and consumers agreed that the use of
gamification techniques, such as virtual medals, was
inappropriate:

Receiving virtual medals may be to a very, very slight
few rewarding...but in general really not appropriate.
[Clinician 6]

Preferred Health Indicators to Collect via mHealth for
Secondary Prevention

When talking about data collection, consumers agreed that blood
pressure was the most relevant data they collected to manage
their risk factors after stroke. Some of them collected it
regularly, while others only if they felt unwell or if their
medication changed. In this vein, clinicians agreed that
consumer compliance was high, particularly in the context of
the collection of blood pressure. However, they mentioned that
lifestyle and exercise data were not routinely collected even if
it was considered important because consumers’ reports were
often unreliable:

A lot of this relies on self-reporting, and patients
might under-report or overestimate the amount of
exercise. [Clinician 4]

Some clinicians mentioned that well-being and lifestyle data
were regularly collected over the phone, with fatigue often
coming up as relevant. Consumers echoed their interest to record
and track their fatigue levels after stroke using a reliable scale.

Some clinicians also mentioned that social isolation was
particularly important for people living in remote areas and
noted that this was commonly measured visually (eg, signals
of neglect, lack of access to medications, and disheveled
appearance) as some consumers preferred not to talk about it:

Talking to clients, hoping that they are willing to talk
about isolation and support. Some clients willingly
and openly talk about it and others won’t. [Clinician
5]

Few clinicians mentioned that electrocardiogram and waist
circumference were not particularly important, while 1
participant noted that medication adherence and health care use
history were relevant.

Usability Testing

Overview

Following the design workshops, wireframes and prototypes
for the CAPS program were developed using 3 main
technologies: a consumer-facing mobile app accessed via
smartphones or tablets, a smart watch, and a clinician web
portal. These prototypes were used to collect additional
participant feedback during the user testing workshops. This
section provides the main insights from both consumer and
clinician to guide the final design of the CAPS platform.

Mobile App and Wearable Feedback and Insights

The app design needs to be simple, with a shallow architecture
(without multiple screen levels) to reduce cognitive load. The
use of pictures and icons was preferred over text. Labels and
instructions should be clear, with large buttons and scalable
font size. Some participants also suggested an option for the
app to “speak” instruction and the ability to collect data through
voice, for consumers whose reading or writing ability was
affected:

[L]ove the fact that you’ve got the icons there, it’s
really easy to see what each of the options are and
represent. [Clinician 1]
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The home screen should prioritize the most important functions,
with a daily check in presented as steps and with clear signs to
mark its completion. Many participants expressed the need to
view historical data points.

A “symptoms” screen that provides educational information
about the early signs of stroke was suggested, but there were
mixed opinions about the need to include any other educational
content within the app.

The ability to add notes into a health journal was noted.
Furthermore, some participants mentioned that using a camera
to add pictures within the notes might be difficult for some users
and expressed privacy concerns.

Participants also supported the inclusion of several data sources,
including weight, blood glucose levels, alcohol and tobacco
consumption, ECG, measures of social interaction and social
support, and an option to add activities (eg, walking and
swimming) and step counts using a smartphone if a smart watch
was not available.

Finally, participants questioned the practicalities of collecting
survey data via the smart watch, given the small form factor,
but strongly supported the use of the smart watch for
sensor-based data collection and reminders.

Clinician Portal

The clinician portal was designed to be used for onboarding
and monitoring of consumers. In this vein, participants noted
that the onboarding process should allow clinicians to record
consumer’s consent and a set of secondary prevention goals.

Data collection needs and alerts, when data are out of bounds,
should be customizable via the portal, so that they are
personalized to consumers. There was also a suggestion for
clinicians to manage medication reminders via the clinician
portal, providing consumers with the ability to track their
compliance via a “tick box” within the app:

[P]erhaps have a little reminder to say, okay, it’s time
to take your medication. This might be something that
the clinician sets up. [Clinician 3]

For consumer monitoring, some participants requested a
customizable dashboard view with traffic light system (red,
orange, and green) to quickly flag individuals that need prompt
follow-up and facilitate monitoring. They also highlighted the
importance of an “export function” that would allow them to
download (as pdf, csv, etc), print out, and share a summary of
the data when needed.

The CAPS Platform

Overview
The final CAPS platform (Figure 5) was designed using the
evidence from the co-design stages and consists of a mobile
app (available in iOS and Android versions), supported by both
smartphones and tablets, that integrates wearable activity
trackers and smart devices (Fitbit watches and fitness trackers,
Oura ring, or Apple Watch) and a clinician web portal (Portal)
that includes an electronic message system (Message system).
All data collected by the wearable devices are synchronized via
Bluetooth to the app and uploaded to the Portal.

Figure 5. The Care Assistant and support Program for people who have experienced a Stroke or transient ischemic attack (CAPS) platform model (left)
and the CAPS mobile app home screen (right).

Mobile app
The app is designed for use by consumers daily. Figure 6
highlights the key features.
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Figure 6. Key features of the CAPS (Care Assistant and support Program for people who have experienced a Stroke or transient ischemic attack) mobile
app. From left to right: health check in (distress level question 7 of 12), review health data, goals, health journal, and stroke information.

Health Check In

A daily check in of self-recorded data, including activities, blood
pressure, distress, and other relevant health measures customized
by clinicians during onboarding (Table 6). Most of the questions
and answers included in this section were informed by the
literature or clinical expert advice, including those related to

blood pressure, blood cholesterol, blood glucose, body weight,
alcohol and cigarette consumption [8], mood [45,46], distress
[46], fatigue [47], social connection [48-50], social support
[48-50], and social isolation [51]. The daily health check in was
designed to be easy to understand and takes <5 minutes to
complete.

Table 6. Health check-in questions available in the CAPS (Care Assistant and support Program for people who have experienced a Stroke or transient
ischemic attack) app.

Answer optionsQuestionItem

Walking, swimming, cycling,..., other exerciseSelect activities done in the last dayActivities

Discrete numbersNumber of alcoholic drinks in the last dayAlcohol

Discrete numbersCurrent blood glucose (mmol)Blood glucose

Discrete numbersSystolic and diastolic valueBlood pressure

Discrete numbersCurrent weight (kg)Body weight

Discrete numbersNumber of cigarettes consumed in the last dayTobacco

Not at all, a little, moderate, quite a bit, and extremelyIn the last 24 hours, my level of distress can be described as...Distress

Not fatigued at all, a little fatigued, moderately fatigued,
very fatigued, total fatigue, and exhaustion

My fatigue level is...Fatigue

Happy, somewhat happy, neutral, somewhat sad, and sadToday I feel...Mood

Strongly agree, agree, neutral, disagree, and strongly
disagree

In the last 24 hours, I was satisfied with the amount of time I spent
talking or meeting with people who do not live with me

Social connection

Strongly agree, agree, neutral, disagree, and strongly
disagree

In the last 24 hours, support from family, friends, health workers,
or others was available when I needed it

Social support

Review Health Data

Reviewing and monitoring of historical self-recorded data and
data collected by the wearable devices (eg, heart rate, physical
activity, and sleep). Data are graphically displayed.

Goals

Secondary prevention SMART (specific, measurable,
achievable, relevant, and time-bound) goals [52,53] developed
by clinicians with consumers are captured within the app.

Health Journal

Notes (text and audio) and photos can be taken and recorded
for anything that is helpful or relevant to consumers. These data
are kept private within the mobile device and are not uploaded
to the clinician portal. Medication reminders can be set up to
prompt consumers to take their medications.

Stroke Information

In addition to a symptom section based on the FAST (facial
drooping, arm weakness, speech difficulties, and time to call
emergency) acronym, web links related to practical information
of stroke prevention and healthy living are provided.
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Settings (Top Right Gear)

Allows consumers to manage SMS text messages, notifications,
and font size.

Portal
The portal was designed for use by clinicians and their assistants
during onboarding and data monitoring. Key features are
described below.

Onboarding and Setup

Health measures required to be collected by consumers,
thresholds for health measure alerts, and secondary prevention
goals can be set and captured based on the characteristics of
individual consumers.

Consumer Dashboard

Presents an “at a glance” summary of all consumers, including
goals and alert highlights if a consumer’s health measures are
out of normal range. Data can be downloaded into CSV or PDF
files (Figure 7).

Figure 7. The Care Assistant and support Program for people who have experienced a Stroke or transient ischemic attack clinician portal. From top to
bottom: consumer dashboard home screen, participant goals screen, alerts screen, and patient recorded data screen (blood pressure graph).
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Consumer Record Details

Presents a summary of a consumer’s personal details, collected
data, and goals. Longitudinal data gathered via the consumer
app and wearable can be displayed in graph or table formats.

Message System

Clinicians can assign personalized electronic messages to be
automatically sent to consumers, aligned with their secondary
prevention goals.

Discussion

Principal Findings
Effective management of long-term lifestyle behavior changes
following discharge after stroke or TIA is essential for secondary
prevention. This paper presents the co-design of a novel,
multicomponent, clinician-facilitated, patient-centered digital
program to support secondary prevention of stroke, which is
now ready for feasibility testing with clinicians and people with
lived experience of stroke or TIA.

The development of CAPS followed a multistaged co-designed
process that considered the needs and preferences of both
consumers and clinicians involved in stroke management. The
user needs surveys and user experience workshops confirmed
the need for a program to support self-management of lifestyle
changes after discharge, with most participants managing their
lifestyle changes without a rehabilitation program (108/112,
96.4%) or the support of a health professional (71/112, 63.4%).

When considering a digital program for secondary prevention
of stroke, participants noted particular interest on supporting
an individual’s ability to adapt to a new lifestyle (eg, physical
activity), the collection and monitor of lifestyle (eg, steps and
sleep) and physiological measures (eg, blood pressure and heart
rate), and receiving alerts about potential deterioration in their
health. This was expected, given that clinical practice guidelines
prioritize the control of blood pressure and atrial fibrillation for
stroke prevention. In addition, lifestyle modifications to reduce
individual risk for cardiovascular disease or stroke are key
performance quality indicators of care; however, >25% of
patients are not provided discharge education targeting their
personal cardiovascular risk factors, indicating the need to
address this clinical practice gap [54].

Surveys also highlighted the clinical need for more regular
access to consumers’ data. These results align with the global
trend to incorporate emerging technologies, such as mobile
apps, sensors, and wearable devices, in health applications that
target early identification and tailored treatment of health
conditions [55].

With most consumer participants (91/112, 81.2%) reporting the
use of smartphones regularly and most clinicians (33/42, 78%)
and consumers (71/99, 72%) reporting their intention to use the
program, the potential for an mHealth program to support
secondary prevention for stroke was strong. Participants also
believed a mobile app would fit well with their routine and has
the potential to improve their recovery and quality of life.

When considering the use of a mobile app in secondary
prevention of stroke, participants highlighted the importance
of accuracy in the collected data. The need to provide clinicians
access to the collected data was also rated highly by consumers.
This aligns with previous mobile health evaluations that have
shown the value of remote monitoring in a patient’s engagement
and motivation [34]. The inclusion of general information about
stroke or TIA treatment and prevention that consumers could
access in their own time was suggested by clinicians.
Consumers, by contrast, preferred to receive their educational
content directly from their hospital or treating clinicians but
supported the inclusion of the information provided to them
during their clinical visits (including the warning signs of stroke)
into the app. The inclusion of a function to provide medication
reminders was also requested by some consumers.

The CAPS Platform
On the basis of the information collected during the user needs
surveys and the design workshops, a prototype of a
consumer-facing mobile app accessed via smartphones or
tablets, a smart watch, and a clinician web portal were developed
and user tested with both consumer and clinician participants.
During this stage, participants noted the need for the app to be
easy to use, with large font size, large buttons, and iconography
to facilitate user engagement. The ability for the app to “speak”
instruction and collect data through voice was also noted for
consumers whose reading or writing ability is affected. They
also questioned the need to share personal notes or recordings
and photographs with clinicians, due to privacy concerns.

Following the user testing stage, a mobile app and clinician
portal were developed using a user-centered design that includes
a single check-in stage that is clear, simple, and can be tailored
(during onboarding) based on consumer needs. While the
questions included in the check-in stage were informed by the
literature, their correlation with standard tools (eg, the
Depression Anxiety Stress Scale-21 item [56] and the Duke
Social Support Index [48]) will be evaluated in future research.
The collected data can be displayed on a graph (on both the
mobile app and the clinician portal) or can be downloaded and
printed to be used more effectively by both consumers and
clinicians. Informed by the literature [57,58], the program also
allows clinicians to send SMS text messages to participants
with relevant information to support their secondary prevention
goals. One-way SMS text messages were preferred over app
notifications due to the increased ability to ensure the delivery
of the messages. The inclusion of gamification techniques was
discarded, as it was considered inappropriate for this population.

An important consideration was the inclusion of a medication
reminder function. While the need for this function was
supported by clinicians and consumers, there was no agreement
on the safety and practical implementation. After detailed
consideration, it was decided to provide consumers with the
ability to include their own medication reminders as needed
with notifications in both, the app and the wearable device, but
not the ability to track compliance due to increased risk on
medication errors. The clinician portal was developed to be
accessed via a website, as was indicated by clinician preferences
(29/42, 69%).
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Clinicians and consumers highly rated the importance of
collecting data on mental health (eg, stress, anxiety, and
depression). Psychological distress, which incorporates elevated
symptoms of depression, anxiety, and psychological stress [59],
occurs frequently in people living with stroke [60]. Poststroke
emotional distress is also associated with poor clinical outcomes,
including poor medication adherence, poor quality of life, poor
engagement with rehabilitation, and increased mortality [45].
Hence, it was decided, that the daily check in should capture
both mood and distress to enable analysis and correlation with
validated tools, which will provide evidence for the most
appropriate item to remain in the mobile app. Emoji icons to
represent mood and distress were selected guided by previous
work [45]. There was also significant clinical support for the
collection of fatigue and social isolation data, which has become
particularly relevant since the COVID-19 pandemic.

The CAPS program aligns with the World Health Organization’s
recommendations for digital health interventions that support
equitable access to quality health services that strengthen and
scale up health promotion and disease prevention strategies
[61]. A strength of the CAPS programs is the co-design approach
and process to ensure this digital health strategy addresses the
needs of people with lived experience of stroke or TIA and
clinicians. We are now ready to take the program to feasibility
testing to ensure it is something that would be of benefit to
implement into clinical practice as a secondary prevention stroke
program.

Limitations
While AuSCR facilitated access to registrants across Australia
and provided access to a broad range of people with stroke
(72/112, 64.3%) and TIA with wide age range (aged 40-98
years), it was difficult to access consumers with a recent
experience of stroke or TIA (ie, within the last 6 months). Future
work should explore alternative recruitment strategies to access
those consumers.

While >50 clinicians answered all survey questions, including
13 medical doctors (eg, a neurologist, a cardiologist, and
rehabilitation clinicians), we did not receive any responses from
general practitioners. Lack of representation from primary health
care needs to be addressed in future stages of the project,
including feasibility testing and clinical evaluations. In addition,

due to our recruitment methods, the clinicians who opted to
participate were likely to be interested in the use of digital health
to improve care for patients and may not have been fully
representative of the greater stroke health care community.

Comparison With Previous Work
There is currently little information in the literature for
evidence-based and available digital health platforms
specifically designed to support people living with stroke.
However, there is increasing research in how mobile apps can
be used to support people living with stroke. They have been
used to facilitate the delivery of interventions promoting
increased physical activity [62,63], blood pressure control
[62,63], medication adherence [64,65], and stroke awareness
[66,67]. Additional intervention components that have been
used to supplement the mobile app include SMS text messages,
gamification, GPS tracking, and pedometers, often with remote
monitoring capabilities for clinicians [63,64,68,69].

While existing digital health apps incorporate various digital
components, the CAPS program is unique to its comparators
due to combining 4 technological components (mobile app,
wearable device, clinician portal, and SMS text messages
developed for a self-management support package for people
who experienced a stroke) with standardized patient-focused
secondary prevention goal setting [30]. This promotes congruity
in perception of care for patients and clinicians, better supporting
lifestyle behavior changes and goal attainment. The technology
facilitates both active and passive data collection, with remote
access to the data collected and the ability to respond to alerts
for measurements outside clinical guidelines. The secondary
prevention goals developed with trained personnel support
patients to control and reduce risk factors, assisted by SMS text
messages developed to promote behavior change.

Conclusions
We have outlined the detailed co-design of the CAPS platform
that aims to support secondary prevention of stroke via goal
attainment and tailored mHealth strategies. Need, acceptability,
and intention to use the digital program were supported by
consumers and clinicians. Feasibility testing is currently in
process. The password-protected app is available for download
via the Android Play Store and the Apple Store.

Acknowledgments
The authors would like to acknowledge the staff from the Australian Stroke Clinical Registry (AuSCR) who coordinated and
facilitated the invitation mailout to consumer participants, noting that the primary data collected from the Australian Stroke Data
Tool are used to collect patient data for the AuSCR. The authors would also like to acknowledge the Stroke Association of Victoria
and the support center coordinators who facilitated the distribution of surveys to people attending their centers. The authors would
like to acknowledge the Australian Telehealth for Stroke Community of Practice who facilitated the promotion of the survey to
clinicians registered with secondary prevention and global telehealth groups. This work was supported by the Commonwealth
Scientific and Industrial Research Organisation and Monash University.

Conflicts of Interest
None declared.

J Med Internet Res 2024 | vol. 26 | e54604 | p. 18https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
Consumer survey.
[PDF File (Adobe PDF File), 71 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Clinician survey.
[PDF File (Adobe PDF File), 80 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Participants’ rated need to access data more frequently than current practice (n=49).
[PDF File (Adobe PDF File), 64 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Total consumer participants’ perception on the introduction of a new support program that used digital technologies for people
who had experienced a stroke or transient ischemic attack (n=105).
[PNG File , 144 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Clinician participants’ perception on the introduction of a new support program that used digital technologies for people who
had experienced a stroke or transient ischemic attack (n=42).
[PNG File , 163 KB-Multimedia Appendix 5]

References

1. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet Neurol. Oct 2021;20(10):795-820. [FREE Full text] [doi:
10.1016/S1474-4422(21)00252-0] [Medline: 34487721]

2. Feigin VL, Krishnamurthi RV, Parmar P, Norrving B, Mensah GA, Bennett DA, et al. Update on the global burden of
ischemic and hemorrhagic stroke in 1990-2013: the GBD 2013 study. Neuroepidemiology. Oct 28, 2015;45(3):161-176.
[FREE Full text] [doi: 10.1159/000441085] [Medline: 26505981]

3. Cadilhac DA, Dalli LL, Morrison J, Lester M, Paice K, Moss K, et al. The Australian stroke clinical registry annual report
2020. The Florey Institute of Neuroscience and Mental Health. Dec 2021. URL: https://auscr.com.au/wp-content/uploads/
2022/12/auscr-2020-annual-report_final_v2.pdf [accessed 2024-06-28]

4. Mohan KM, Wolfe CD, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk and cumulative risk of stroke
recurrence: a systematic review and meta-analysis. Stroke. May 2011;42(5):1489-1494. [doi:
10.1161/STROKEAHA.110.602615] [Medline: 21454819]

5. Wu CM, McLaughlin K, Lorenzetti DL, Hill MD, Manns BJ, Ghali WA. Early risk of stroke after transient ischemic attack:
a systematic review and meta-analysis. Arch Intern Med. Dec 10, 2007;167(22):2417-2422. [doi:
10.1001/archinte.167.22.2417] [Medline: 18071162]

6. Hardie K, Hankey GJ, Jamrozik K, Broadhurst RJ, Anderson C. Ten-year risk of first recurrent stroke and disability after
first-ever stroke in the Perth Community Stroke Study. Stroke. Mar 2004;35(3):731-735. [doi:
10.1161/01.str.0000116183.50167.d9]

7. Dhamoon MS, Sciacca RR, Rundek T, Sacco RL, Elkind MS. Recurrent stroke and cardiac risks after first ischemic stroke:
the Northern Manhattan Study. Neurology. Mar 14, 2006;66(5):641-646. [doi: 10.1212/01.wnl.0000201253.93811.f6]
[Medline: 16534100]

8. Living clinical guidelines for stroke management. Stroke Foundation. URL: https://informme.org.au/guidelines/
living-clinical-guidelines-for-stroke-management [accessed 2024-06-28]

9. Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-Hill D, et al. 2021 Guideline for the
prevention of stroke in patients with stroke and transient ischemic attack: a guideline from the American Heart
Association/American Stroke Association. Stroke. Jul 2021;52(7):e364-e467. [FREE Full text] [doi:
10.1161/STR.0000000000000375] [Medline: 34024117]

10. Boehme AK, Esenwa C, Elkind MS. Stroke risk factors, genetics, and prevention. Circ Res. Feb 03, 2017;120(3):472-495.
[FREE Full text] [doi: 10.1161/CIRCRESAHA.116.308398] [Medline: 28154098]

11. Liljehult J, Christensen T, Molsted S, Overgaard D, Mesot Liljehult M, Møller T. Effect and efficacy of lifestyle interventions
as secondary prevention. Acta Neurol Scand. Oct 15, 2020;142(4):299-313. [FREE Full text] [doi: 10.1111/ane.13308]
[Medline: 32620044]

J Med Internet Res 2024 | vol. 26 | e54604 | p. 19https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app1.pdf&filename=f4967b9367c4c46ba332392d7de72165.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app1.pdf&filename=f4967b9367c4c46ba332392d7de72165.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app2.pdf&filename=c4cfb7a931f710d832c695a0d34a5b04.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app2.pdf&filename=c4cfb7a931f710d832c695a0d34a5b04.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app3.pdf&filename=e42dc7fed4e5ad2bf4fe1576be340c6a.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app3.pdf&filename=e42dc7fed4e5ad2bf4fe1576be340c6a.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app4.png&filename=e7f4d3b57c663526af7ef36b75dd8970.png
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app4.png&filename=e7f4d3b57c663526af7ef36b75dd8970.png
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app5.png&filename=e56c983a73f8df87b81c396029ccd0b7.png
https://jmir.org/api/download?alt_name=jmir_v26i1e54604_app5.png&filename=e56c983a73f8df87b81c396029ccd0b7.png
https://air.unimi.it/handle/2434/866438
http://dx.doi.org/10.1016/S1474-4422(21)00252-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34487721&dopt=Abstract
https://doi.org/10.1159/000441085
http://dx.doi.org/10.1159/000441085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26505981&dopt=Abstract
https://auscr.com.au/wp-content/uploads/2022/12/auscr-2020-annual-report_final_v2.pdf
https://auscr.com.au/wp-content/uploads/2022/12/auscr-2020-annual-report_final_v2.pdf
http://dx.doi.org/10.1161/STROKEAHA.110.602615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21454819&dopt=Abstract
http://dx.doi.org/10.1001/archinte.167.22.2417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18071162&dopt=Abstract
http://dx.doi.org/10.1161/01.str.0000116183.50167.d9
http://dx.doi.org/10.1212/01.wnl.0000201253.93811.f6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534100&dopt=Abstract
https://informme.org.au/guidelines/living-clinical-guidelines-for-stroke-management
https://informme.org.au/guidelines/living-clinical-guidelines-for-stroke-management
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000375?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/STR.0000000000000375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34024117&dopt=Abstract
https://europepmc.org/abstract/MED/28154098
http://dx.doi.org/10.1161/CIRCRESAHA.116.308398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28154098&dopt=Abstract
https://europepmc.org/abstract/MED/32620044
http://dx.doi.org/10.1111/ane.13308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32620044&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Parappilly BP, Field TS, Mortenson WB, Sakakibara BM, Eng JJ. Effectiveness of interventions involving nurses in
secondary stroke prevention: a systematic review and meta-analysis. Eur J Cardiovasc Nurs. Dec 01, 2018;17(8):728-736.
[doi: 10.1177/1474515118779732] [Medline: 29856237]

13. Lennon O, Galvin R, Smith K, Doody C, Blake C. Lifestyle interventions for secondary disease prevention in stroke and
transient ischaemic attack: a systematic review. Eur J Prev Cardiol. Aug 11, 2014;21(8):1026-1039. [doi:
10.1177/2047487313481756] [Medline: 23478741]

14. Sakakibara BM, Kim AJ, Eng JJ. A systematic review and meta-analysis on self-management for improving risk factor
control in stroke patients. Int J Behav Med. Feb 2017;24(1):42-53. [FREE Full text] [doi: 10.1007/s12529-016-9582-7]
[Medline: 27469998]

15. Cadilhac DA, Dalli LL, Morrison J, Paice K, Carter H, Campbell B, et al. The Australian stroke clinical registry annual
report 2022. The Florey Institute of Neuroscience and Mental Health. Dec 2023. URL: https://auscr.com.au/wp-content/
uploads/2024/03/australian-stroke-clinical-registry-annual-report-2022.pdf [accessed 2024-06-28]

16. Andrew NE, Kilkenny M, Naylor R, Purvis T, Lalor E, Moloczij N, et al. Understanding long-term unmet needs in Australian
survivors of stroke. Int J Stroke. Oct 01, 2014;9 Suppl A100(SA100):106-112. [doi: 10.1111/ijs.12325] [Medline: 25042019]

17. Lincoln NB, Brinkmann N, Cunningham S, Dejaeger E, De Weerdt W, Jenni W, et al. Anxiety and depression after stroke:
a 5 year follow-up. Disabil Rehabil. Jan 22, 2013;35(2):140-145. [doi: 10.3109/09638288.2012.691939] [Medline: 22725629]

18. Rao A, Zecchin R, Newton PJ, Phillips JL, DiGiacomo M, Denniss AR, et al. The prevalence and impact of depression
and anxiety in cardiac rehabilitation: a longitudinal cohort study. Eur J Prev Cardiol. Mar 09, 2020;27(5):478-489. [doi:
10.1177/2047487319871716] [Medline: 31597473]

19. Dalli LL, Kim J, Thrift AG, Andrew NE, Sanfilippo FM, Lopez D, et al. Patterns of use and discontinuation of secondary
prevention medications after stroke. Neurology. Jan 05, 2021;96(1):e30-e41. [doi: 10.1212/wnl.0000000000011083]

20. O'Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, Zhang H, et al. Global and regional effects of potentially modifiable
risk factors associated with acute stroke in 32 countries (INTERSTROKE): a case-control study. The Lancet. Aug
2016;388(10046):761-775. [FREE Full text] [doi: 10.1016/s0140-6736(16)30506-2]

21. Gambhir SS, Ge TJ, Vermesh O, Spitler R. Toward achieving precision health. Sci Transl Med. Feb 28,
2018;10(430):eaao3612. [FREE Full text] [doi: 10.1126/scitranslmed.aao3612] [Medline: 29491186]

22. Marcolino MS, Oliveira JA, D'Agostino M, Ribeiro AL, Alkmim MB, Novillo-Ortiz D. The impact of mHealth interventions:
systematic review of systematic reviews. JMIR Mhealth Uhealth. Jan 17, 2018;6(1):e23. [FREE Full text] [doi:
10.2196/mhealth.8873] [Medline: 29343463]

23. Cavero-Redondo I, Saz-Lara A, Sequí-Dominguez I, Gómez-Guijarro MD, Ruiz-Grao MC, Martinez-Vizcaino V, et al.
Comparative effect of eHealth interventions on hypertension management-related outcomes: a network meta-analysis. Int
J Nurs Stud. Dec 2021;124:104085. [FREE Full text] [doi: 10.1016/j.ijnurstu.2021.104085] [Medline: 34601205]

24. Eberle C, Löhnert M, Stichling S. Effectiveness of disease-specific mHealth apps in patients with diabetes mellitus: scoping
review. JMIR Mhealth Uhealth. Feb 15, 2021;9(2):e23477. [FREE Full text] [doi: 10.2196/23477] [Medline: 33587045]

25. Su JJ, Yu DS, Paguio JT. Effect of eHealth cardiac rehabilitation on health outcomes of coronary heart disease patients: a
systematic review and meta-analysis. J Adv Nurs. Mar 2020;76(3):754-772. [doi: 10.1111/jan.14272] [Medline: 31769527]

26. Varnfield M, Karunanithi M, Lee CK, Honeyman E, Arnold D, Ding H, et al. Smartphone-based home care model improved
use of cardiac rehabilitation in postmyocardial infarction patients: results from a randomised controlled trial. Heart. Nov
2014;100(22):1770-1779. [FREE Full text] [doi: 10.1136/heartjnl-2014-305783] [Medline: 24973083]

27. Cardihab homepage. Cardihab Pty Ltd. URL: https://cardihab.com/ [accessed 2024-06-28]
28. Allan LP, Beilei L, Cameron J, Olaiya MT, Silvera-Tawil D, Adcock AK, et al. A scoping review of mHealth interventions

for secondary prevention of stroke: implications for policy and practice. Stroke. Nov 2023;54(11):2935-2945. [doi:
10.1161/strokeaha.123.043794]

29. Hussain MS, Li J, Brindal E, van Kasteren Y, Varnfield M, Reeson A, et al. Supporting the delivery of total knee replacements
care for both patients and their clinicians with a mobile app and web-based tool: randomized controlled trial protocol. JMIR
Res Protoc. Mar 01, 2017;6(3):e32. [FREE Full text] [doi: 10.2196/resprot.6498] [Medline: 28249832]

30. Cadilhac DA, Busingye D, Li JC, Andrew NE, Kilkenny MF, Thrift AG, et al. Development of an electronic health message
system to support recovery after stroke: inspiring Virtual Enabled Resources following Vascular Events (iVERVE). Patient
Prefer Adherence. Jul 2018;Volume 12:1213-1224. [doi: 10.2147/ppa.s154581]

31. Weickhardt C, Morrison J, Cadilhac D, Lannin NA, Dalli L, Kim J, et al. Australian stroke clinical registry public summary
report 2020. The Florey Institute of Neuroscience and Mental Health. Dec 2020. URL: https://auscr.com.au/wp-content/
uploads/2021/12/2020-auscr-public-summary-report_final.pdf [accessed 2024-06-28]

32. Lloyd G, Dean CM, Ada L. Issues in recruiting community-dwelling stroke survivors to clinical trials: the AMBULATE
trial. Contemp Clin Trials. Jul 2010;31(4):289-292. [doi: 10.1016/j.cct.2010.04.003] [Medline: 20435166]

33. Ferreira IS, Pinto CB, Saleh Velez FG, Leffa DT, Vulcano de Toledo Piza P, Fregni F. Recruitment challenges in stroke
neurorecovery clinical trials. Contemp Clin Trials Commun. Sep 2019;15:100404. [FREE Full text] [doi:
10.1016/j.conctc.2019.100404] [Medline: 31360793]

J Med Internet Res 2024 | vol. 26 | e54604 | p. 20https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1474515118779732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29856237&dopt=Abstract
http://dx.doi.org/10.1177/2047487313481756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23478741&dopt=Abstract
https://europepmc.org/abstract/MED/27469998
http://dx.doi.org/10.1007/s12529-016-9582-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27469998&dopt=Abstract
https://auscr.com.au/wp-content/uploads/2024/03/australian-stroke-clinical-registry-annual-report-2022.pdf
https://auscr.com.au/wp-content/uploads/2024/03/australian-stroke-clinical-registry-annual-report-2022.pdf
http://dx.doi.org/10.1111/ijs.12325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25042019&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.691939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22725629&dopt=Abstract
http://dx.doi.org/10.1177/2047487319871716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31597473&dopt=Abstract
http://dx.doi.org/10.1212/wnl.0000000000011083
https://pubmed.ncbi.nlm.nih.gov/27431356/
http://dx.doi.org/10.1016/s0140-6736(16)30506-2
https://europepmc.org/abstract/MED/29491186
http://dx.doi.org/10.1126/scitranslmed.aao3612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29491186&dopt=Abstract
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0020-7489(21)00232-7
http://dx.doi.org/10.1016/j.ijnurstu.2021.104085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34601205&dopt=Abstract
https://mhealth.jmir.org/2021/2/e23477/
http://dx.doi.org/10.2196/23477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33587045&dopt=Abstract
http://dx.doi.org/10.1111/jan.14272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31769527&dopt=Abstract
http://heart.bmj.com/lookup/pmidlookup?view=long&pmid=24973083
http://dx.doi.org/10.1136/heartjnl-2014-305783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24973083&dopt=Abstract
https://cardihab.com/
http://dx.doi.org/10.1161/strokeaha.123.043794
https://www.researchprotocols.org/2017/3/e32/
http://dx.doi.org/10.2196/resprot.6498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28249832&dopt=Abstract
http://dx.doi.org/10.2147/ppa.s154581
https://auscr.com.au/wp-content/uploads/2021/12/2020-auscr-public-summary-report_final.pdf
https://auscr.com.au/wp-content/uploads/2021/12/2020-auscr-public-summary-report_final.pdf
http://dx.doi.org/10.1016/j.cct.2010.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20435166&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2451-8654(18)30154-6
http://dx.doi.org/10.1016/j.conctc.2019.100404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31360793&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Varnfield M, Redd C, Stoney RM, Higgins L, Scolari N, Warwick R, et al. M♡THer, an mHealth system to support women
with gestational diabetes mellitus: feasibility and acceptability study. Diabetes Technol Ther. May 01, 2021;23(5):358-366.
[FREE Full text] [doi: 10.1089/dia.2020.0509] [Medline: 33210954]

35. Zhang X, Han X, Dang Y, Meng F, Guo X, Lin J. User acceptance of mobile health services from users' perspectives: the
role of self-efficacy and response-efficacy in technology acceptance. Inform Health Soc Care. Mar 26, 2017;42(2):194-206.
[doi: 10.1080/17538157.2016.1200053] [Medline: 27564428]

36. Sezgin E, Özkan-Yildirim S, Yildirim S. Understanding the perception towards using mHealth applications in practice. Inf
Dev. Dec 19, 2016;34(2):182-200. [doi: 10.1177/0266666916684180]

37. Jenkins C, Burkett NS, Ovbiagele B, Mueller M, Patel S, Brunner-Jackson B, et al. Stroke patients and their attitudes toward
mHealth monitoring to support blood pressure control and medication adherence. Mhealth. May 03, 2016;2:24. [FREE Full
text] [doi: 10.21037/mhealth.2016.05.04] [Medline: 27347490]

38. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform. Apr 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

39. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap consortium: building an international
community of software platform partners. J Biomed Inform. Jul 2019;95:103208. [FREE Full text] [doi:
10.1016/j.jbi.2019.103208] [Medline: 31078660]

40. Selvin S. A Biostatistics Toolbox for Data Analysis. New York, NY. Cambridge University Press; 2015.
41. Agnieszka. How are ranking survey question points calculated? Survicate Help Center. URL: https://help.survicate.com/

en/articles/2694441-how-are-ranking-survey-question-points-calculated [accessed 2024-06-28]
42. Kondic M. Average rating calculator. CalCon Calculators. Mar 1, 2023. URL: https://calconcalculator.com/statistics/

average-rating-calculator/ [accessed 2024-06-28]
43. Maxwell JA. Using numbers in qualitative research. Qual Inquiry. Apr 15, 2010;16(6):475-482. [doi:

10.1177/1077800410364740]
44. Vicsek L. Issues in the analysis of focus groups: generalisability, quantifiability, treatment of context and quotations. Qual

Report. 2010;15(2):122-141. [doi: 10.46743/2160-3715/2010.1143]
45. Lee AC, Tang SW, Yu GK, Cheung RT. The smiley as a simple screening tool for depression after stroke: a preliminary

study. Int J Nurs Stud. Jul 2008;45(7):1081-1089. [doi: 10.1016/j.ijnurstu.2007.05.008] [Medline: 17707824]
46. van Rijsbergen GD, Bockting CL, Berking M, Koeter MW, Schene AH. Can a one-item mood scale do the trick? Predicting

relapse over 5.5-years in recurrent depression. PLoS One. 2012;7(10):e46796. [FREE Full text] [doi:
10.1371/journal.pone.0046796] [Medline: 23056456]

47. Micklewright D, St Clair Gibson A, Gladwell V, Al Salman A. Development and validity of the rating-of-fatigue scale.
Sports Med. Nov 10, 2017;47(11):2375-2393. [FREE Full text] [doi: 10.1007/s40279-017-0711-5] [Medline: 28283993]

48. Koenig HG, Westlund RE, George LK, Hughes DC, Blazer DG, Hybels C. Abbreviating the Duke social support index for
use in chronically ill elderly individuals. Psychosomatics. Jan 1993;34(1):61-69. [doi: 10.1016/s0033-3182(93)71928-3]

49. Sarason IG, Sarason BR, Shearin EN, Pierce GR. A brief measure of social support: practical and theoretical implications.
J Soc Pers Relationsh. Jun 30, 2016;4(4):497-510. [doi: 10.1177/0265407587044007]

50. Cohen S, Hoberman HM. Positive events and social supports as buffers of life change stress. J Appl Soc Psychol. Jul 31,
2006;13(2):99-125. [doi: 10.1111/j.1559-1816.1983.tb02325.x]

51. Sansoni J, Marosszeky N, Sansoni E, Fleming G. Final report: effective assessment of social isolation. University of
Wollongong. 2010. URL: https://ro.uow.edu.au/cgi/viewcontent.cgi?article=1472&context=ahsri [accessed 2024-06-28]

52. Bowman J, Mogensen L, Marsland E, Lannin N. The development, content validity and inter-rater reliability of the
SMART-goal evaluation method: a standardised method for evaluating clinical goals. Aust Occup Ther J. Dec 19,
2015;62(6):420-427. [doi: 10.1111/1440-1630.12218] [Medline: 26286379]

53. Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a practical guide. Clin Rehabil. Apr 2009;23(4):362-370.
[doi: 10.1177/0269215508101742] [Medline: 19179355]

54. National stroke audit – acute services report 2023. Stroke Foundation. 2023. URL: https://informme.org.au/media/uppnqukx/
2023-national-acute-services-national-report.pdf [accessed 2024-06-28]

55. Silvera-Tawil D, Hussain MS, Li J. Emerging technologies for precision health: an insight into sensing technologies for
health and wellbeing. Smart Health. Mar 2020;15:100100. [doi: 10.1016/j.smhl.2019.100100]

56. Henry JD, Crawford JR. The short-form version of the Depression Anxiety Stress Scales (DASS-21): construct validity
and normative data in a large non-clinical sample. Br J Clin Psychol. Jun 2005;44(Pt 2):227-239. [doi:
10.1348/014466505X29657] [Medline: 16004657]

57. Cadilhac DA, Hoffmann S, Kilkenny M, Lindley R, Lalor E, Osborne RH, et al. A phase II multicentered, single-blind,
randomized, controlled trial of the stroke self-management program. Stroke. Jun 2011;42(6):1673-1679. [doi:
10.1161/STROKEAHA.110.601997] [Medline: 21493910]

58. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. JAMA. 2015;314(12):1255-1263.
[doi: 10.1001/jama.2015.10945] [Medline: 26393848]

J Med Internet Res 2024 | vol. 26 | e54604 | p. 21https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33210954
http://dx.doi.org/10.1089/dia.2020.0509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33210954&dopt=Abstract
http://dx.doi.org/10.1080/17538157.2016.1200053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27564428&dopt=Abstract
http://dx.doi.org/10.1177/0266666916684180
https://europepmc.org/abstract/MED/27347490
https://europepmc.org/abstract/MED/27347490
http://dx.doi.org/10.21037/mhealth.2016.05.04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27347490&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://help.survicate.com/en/articles/2694441-how-are-ranking-survey-question-points-calculated
https://help.survicate.com/en/articles/2694441-how-are-ranking-survey-question-points-calculated
https://calconcalculator.com/statistics/average-rating-calculator/
https://calconcalculator.com/statistics/average-rating-calculator/
http://dx.doi.org/10.1177/1077800410364740
http://dx.doi.org/10.46743/2160-3715/2010.1143
http://dx.doi.org/10.1016/j.ijnurstu.2007.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707824&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0046796
http://dx.doi.org/10.1371/journal.pone.0046796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23056456&dopt=Abstract
https://europepmc.org/abstract/MED/28283993
http://dx.doi.org/10.1007/s40279-017-0711-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28283993&dopt=Abstract
http://dx.doi.org/10.1016/s0033-3182(93)71928-3
http://dx.doi.org/10.1177/0265407587044007
http://dx.doi.org/10.1111/j.1559-1816.1983.tb02325.x
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=1472&context=ahsri
http://dx.doi.org/10.1111/1440-1630.12218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26286379&dopt=Abstract
http://dx.doi.org/10.1177/0269215508101742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19179355&dopt=Abstract
https://informme.org.au/media/uppnqukx/2023-national-acute-services-national-report.pdf
https://informme.org.au/media/uppnqukx/2023-national-acute-services-national-report.pdf
http://dx.doi.org/10.1016/j.smhl.2019.100100
http://dx.doi.org/10.1348/014466505X29657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16004657&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.110.601997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21493910&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393848&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


59. Gaffey AE, Gathright EC, Fletcher LM, Goldstein CM. Screening for psychological distress and risk of cardiovascular
disease and related mortality: a systematized review, meta-analysis, and case for prevention. J Cardiopulm Rehabil Prev.
Nov 01, 2022;42(6):404-415. [FREE Full text] [doi: 10.1097/HCR.0000000000000751] [Medline: 36342683]

60. Hackett ML, Pickles K. Part I: frequency of depression after stroke: an updated systematic review and meta-analysis of
observational studies. Int J Stroke. Dec 12, 2014;9(8):1017-1025. [doi: 10.1111/ijs.12357] [Medline: 25117911]

61. Global strategy on digital health 2020-2025. World Health Organization. 2021. URL: https://www.who.int/docs/default-source/
documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf [accessed 2024-06-28]

62. Rintala A, Kossi O, Bonnechère B, Evers L, Printemps E, Feys P. Mobile health applications for improving physical
function, physical activity, and quality of life in stroke survivors: a systematic review. Disabil Rehabil. Dec 02,
2023;45(24):4001-4015. [doi: 10.1080/09638288.2022.2140844] [Medline: 36325613]

63. Paul L, Wyke S, Brewster S, Sattar N, Gill JM, Alexander G, et al. Increasing physical activity in stroke survivors using
STARFISH, an interactive mobile phone application: a pilot study. Top Stroke Rehabil. Jun 2016;23(3):170-177. [FREE
Full text] [doi: 10.1080/10749357.2015.1122266] [Medline: 27077973]

64. Sarfo FS, Treiber F, Gebregziabher M, Adamu S, Nichols M, Singh A, et al. Phone-based intervention for blood pressure
control among Ghanaian stroke survivors: a pilot randomized controlled trial. Int J Stroke. Aug 22, 2019;14(6):630-638.
[doi: 10.1177/1747493018816423] [Medline: 30465630]

65. Yan LL, Gong E, Gu W, Turner EL, Gallis JA, Zhou Y, et al. Effectiveness of a primary care-based integrated mobile
health intervention for stroke management in rural China (SINEMA): a cluster-randomized controlled trial. PLoS Med.
Apr 28, 2021;18(4):e1003582. [FREE Full text] [doi: 10.1371/journal.pmed.1003582] [Medline: 33909607]

66. Kim DY, Kwon H, Nam KW, Lee Y, Kwon HM, Chung YS. Remote management of poststroke patients with a
smartphone-based management system integrated in clinical care: prospective, nonrandomized, interventional study. J Med
Internet Res. Feb 27, 2020;22(2):e15377. [FREE Full text] [doi: 10.2196/15377] [Medline: 32130140]

67. Wan LH, Zhang XP, You LM, Ruan HF, Chen SX. The efficacy of a comprehensive reminder system to improve health
behaviors and blood pressure control in hypertensive ischemic stroke patients: a randomized controlled trial. J Cardiovasc
Nurs. 2018;33(6):509-517. [doi: 10.1097/JCN.0000000000000496] [Medline: 29901484]

68. Requena M, Montiel E, Baladas M, Muchada M, Boned S, López R, et al. Farmalarm: application for mobile devices
improves risk factor control after stroke. Stroke. Jul 2019;50(7):1819-1824. [doi: 10.1161/strokeaha.118.024355]

69. Grau-Pellicer M, Lalanza JF, Jovell-Fernández E, Capdevila L. Impact of mHealth technology on adherence to healthy PA
after stroke: a randomized study. Top Stroke Rehabil. Jul 02, 2020;27(5):354-368. [doi: 10.1080/10749357.2019.1691816]
[Medline: 31790639]

Abbreviations
AuSCR: Australian Stroke Clinical Registry
CAPS: Care Assistant and support Program for people after Stroke or transient ischemic attack
FAST: facial drooping, arm weakness, speech difficulties, and time to call emergency
mHealth: mobile health
REDCap: Research Electronic Data Capture
SMART: specific, measurable, achievable, relevant, and time-bound
TIA: transient ischemic attack

Edited by A Mavragani; submitted 15.11.23; peer-reviewed by J Carter, V Manea; comments to author 29.02.24; revised version
received 23.04.24; accepted 14.06.24; published 22.08.24

Please cite as:
Silvera-Tawil D, Cameron J, Li J, Varnfield M, Allan LP, Harris M, Lannin NA, Redd C, Cadilhac DA
Multicomponent Support Program for Secondary Prevention of Stroke Using Digital Health Technology: Co-Design Study With
People Living With Stroke or Transient Ischemic Attack
J Med Internet Res 2024;26:e54604
URL: https://www.jmir.org/2024/1/e54604
doi: 10.2196/54604
PMID: 39172512

©David Silvera-Tawil, Jan Cameron, Jane Li, Marlien Varnfield, Liam P Allan, Mitch Harris, Natasha A Lannin, Christian Redd,
Dominique A Cadilhac. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 22.08.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

J Med Internet Res 2024 | vol. 26 | e54604 | p. 22https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/36342683
http://dx.doi.org/10.1097/HCR.0000000000000751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36342683&dopt=Abstract
http://dx.doi.org/10.1111/ijs.12357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25117911&dopt=Abstract
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf
https://www.who.int/docs/default-source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce4d.pdf
http://dx.doi.org/10.1080/09638288.2022.2140844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36325613&dopt=Abstract
https://eprints.gla.ac.uk/115044
https://eprints.gla.ac.uk/115044
http://dx.doi.org/10.1080/10749357.2015.1122266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27077973&dopt=Abstract
http://dx.doi.org/10.1177/1747493018816423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30465630&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1003582
http://dx.doi.org/10.1371/journal.pmed.1003582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33909607&dopt=Abstract
https://www.jmir.org/2020/2/e15377/
http://dx.doi.org/10.2196/15377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130140&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29901484&dopt=Abstract
http://dx.doi.org/10.1161/strokeaha.118.024355
http://dx.doi.org/10.1080/10749357.2019.1691816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31790639&dopt=Abstract
https://www.jmir.org/2024/1/e54604
http://dx.doi.org/10.2196/54604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39172512&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2024 | vol. 26 | e54604 | p. 23https://www.jmir.org/2024/1/e54604
(page number not for citation purposes)

Silvera-Tawil et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

