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Abstract

Background: Interventions delivered by mobile phones have the potential to prevent cardiovascular disease (CV D) by supporting
behavior change toward healthier lifestyles and treatment adherence. To allow replication and adaptation of these interventions
across settings, it isimportant to fully understand how they have been devel oped. However, the development processes of these
interventions have not previously been systematically examined.

Objective: This study aimed to systematically describe and compare the devel opment process of text messaging interventions
identified in the Text2PreventCV D systematic review.

Methods: We extracted data about the devel opment process of the 9 interventions identified in the Text2PreventCV D systematic
review. Dataextraction, which was guided by frameworksfor the devel opment of complex interventions, considered the following
development stages: intervention planning, design, development, and pretesting. Following data extraction, we invited the
developers of theinterventionsto contribute to our study by reviewing the accuracy of the extracted data and providing additional
data not reported in the available publications.

Results: A comprehensive description of the development process was available for 5 interventions. Multiple methodologies
were used for the development of each intervention. Intervention planning involved gathering information from stakeholder
consultations, literature reviews, examination of relevant theory, and preliminary qualitative research. Intervention design involved
the use of behavior change theories and behavior change techniques. Intervention development involved (1) generating message
content based on clinical guidelines and expert opinions; (2) conducting literature reviews and primary qualitative research to
inform decisions about message frequency, timing, and level of tailoring; and (3) gathering end-user feedback concerning message
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readability, intervention acceptability, and perceived utility. Intervention pretesting involved pilot studies with samples of 10 to
30 participants receiving messages for a period ranging from 1 to 4 weeks.

Conclusions. Thedevelopment process of the text messaging interventions examined was complex and comprehensive, involving
multiple studies to guide decisions about the scope, content, and structure of the interventions. Additional research is needed to
establish whether effective messaging systems can be adapted from work already done or whether this level of development is

needed for application in other conditions and settings.

(JMIR Mhealth Uhealth 2019;7(3):€12191) doi: 10.2196/12191
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Introduction

Background

Worldwide, cardiovascular disease (CVD) isamajor cause of
premature morbidity and mortality [1]. Observational studies
have shown that afew potentially modifiablerisk factors account
for most of therisk of CVD outcomes[2,3]. Theserisk factors,
which include abnormal blood lipids, smoking, diabetes, and
high blood pressure, are common and often occur together in
the same individual. For example, more than two-thirds of
people with diabetes also have high blood pressure [4]. There
is good evidence now that low-cost medications and changes
in lifestyle can improve risk profiles for individuas [5].
However, suboptimal adherence to prescribed medication and
lifestyle modification is a major barrier to the health benefits
of these evidence-based treatments [6].

M obile communicationstechnol ogy hasthe potential to support
behavior change and trestment adherence by facilitating remote,
interactive, and timely access to relevant information and
providing context-specific support and prompts to action [7].
The simplest and most widely available mobile communications
standard is the short message service (SMS) text message.
Results from some but not all trials suggest that SMS text
message interventions may be auseful adjunct to usual carefor
the prevention and management of CVD [8-10]. The quality
and success of theseinterventions partially depend on how they
have been devel oped. Guidelinesfor the devel opment of digital
[11] and mohile Health (mHealth) behavior changeinterventions
[12,13] now exist. They propose a number of stepsto follow to
maximize intervention benefit, including formative research for
insightsinto the target audience and health behavior, designing
the text messaging program, pretesting the text messaging
program concept and messages, and revising the text messaging
program.

However, the devel opment process of mHealth interventionsis
frequently underreported and not well understood, having been
described as * hidden within a black box” [14]. Understanding
how mHealth interventions are developed is crucia to alow
replication and adaptation of successful interventions across
Settings—a necessary step to accumulating evidence around the
effectiveness of these interventions. In 2016, the International
Consortium of Text2PreventCVD Trial Collaborators Group
was established as part of an initiative to gather and analyze
individual participant data from randomized clinical trials
identified as part of a systematic literature review of text
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messaging interventions to prevent CVDs [15]. This
international consortium offered a unique opportunity for an
in-depth examination of the development processes of these
interventions, based on information directly supplied by the
developers of the interventions (rather than merely relying on
data reported in available publications, as commonly done in
conventional systematic literature reviews).

Objective
The aim of this study was to systematically describe and
compare the processes followed to develop the text messaging

interventions for the prevention and management of CVD that
were included in the Text2PreventCVD meta-analysis.

Methods

Design

We undertook a systematic description and comparison of the
development processes of the interventions included in the
Text2PreventCVD systematic review (the results from the
individual participant data meta-analysis examining the
effectiveness of theinterventionsin the prevention of CVD will
be published elsawhere).

Identification of Studies

The protocol including the methods for the identification of
trials included in the Text2PreventCVD systematic review is
available elsewhere [15]. In short, 4 electronic databases of
published studies (MEDLINE, EMBASE, PsycINFO, and
CochraneLibrary) and international trial registrieswere searched
to identify potentially relevant studies. The dligibility of the
retrieved references was assessed by 2 independent reviewers
based on thefollowing inclusion criteria: (1) randomized clinical
trials of mobile phone SMS or text message intervention with
acontrol group receiving standard care (no messages or some
form of control message), (2) follow-up period of at least 6
months, (3) with a minimum 70% of completed follow-up of
patients, (4) focusing on CVD primary and secondary prevention
in men and women aged 18 years and older, (5) evaluating
interventionsapplying at least 2 behavioral techniquesto support
behavior change (as an indicator of a comprehensive CVD
prevention program rather than a single focus, eg, medication
adherence reminders), and (6) with a minimum total sample
size of 30 participants (as sample size was perceived to be a
surrogate marker of study quality).

The principal investigators of the 9 selected trials [8,9,16-34]
meeting the inclusion criteria described above were invited by
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email tojointheInternational Consortium of Text2PreventCVD
Trial Collaborators Group. Reminders were sent after a week
to nonresponders, followed by approaching other investigators
by email, phone calls, and fax. Investigators were requested to
share their data after obtaining a signed agreement. Authors of
5 of the trials (Tobacco, Exercise and Diet Messages [TEXT
ME] [9,19,32], ISlam et a [22,33], Heart Exercise And Remote
Technol ogies[Heart] [24-26,30], M obile Phone Text M essages
to Support Treatment Adherence in Adults With High Blood
Pressure [StAR] [8,18], and Text message and Internet-based
comprehensive cardiac rehabilitation intervention [ Text4Heart]
[21,29]) agreed to participate by providing data on the
development of their interventions.

Data Collection

Before data extraction, 3 researchers (IRC, AF, and KB)
designed a data extraction form in an iterative process. The
Medical Research Council framework for the development of
complex interventions [35] and other available frameworks
[11,12,36,37] were used to ensure the data extraction form
covered all relevant areas in the development of mHealth
interventions. The resulting data extraction form covered the
following 4 domains: intervention planning, intervention design,
intervention development, and intervention pretesting. Thefinal
form was reviewed and approved by the senior authors of the
5 triadsincluded in this study. One researcher (IRC) then used
thefinal form to extract all therelevant dataavailablein thefull
texts and appendices of the manuscripts previoudly identified.
Subsequently, the extracted information was sent by email to
the authors of the 5 trials that agreed to take part in this study.
They wererequested to cross-check the accuracy of the extracted
information and to provide additional details not reportedinthe
available publications. When needed, we recontacted the authors
for additional details or clarifications about the methods used
to develop their intervention.

Data Analysis

We carried out a narrative synthesis of the results, describing
the different methodsidentified for devel oping theinterventions.
We classified the methods according to the 4 devel opment stages
considered (intervention planning, design, development, and
pretesting). We calculated, in terms of frequency, the number
of interventionsthat applied each of the methods identified and
tabulated this information (Table 1). To alow head-to-head
comparisons across interventions, we present in tables (Tables
2-4), and describe narratively, more detail ed information about
the methods used for the devel opment of each intervention.

Results

Intervention Characteristics

We extracted information about the main characteristics of the
selected mHeadth interventions, including the level of
customization of the messages, timing and frequency of
delivering the messages, content (degree of personalization,
readability, length, and presence of sender’s signature),
directionality (unidirectional or bidirectional), and type of
platform used to deliver the messages (see Multimedia
Appendices 1 and 2). All the interventions were based on text
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messages containing less than 160 characters, which included
the sender’s signature, and which were sent free of charge to
participants. Most interventions included some degree of
customization either in the content of the message (TEXT ME
[9,19,32] and Heart [24-26,30]), preferred timing (Text4Heart
[21,29] and StAR [8,18]), or language (StAR [8,18]). The
number of messages sent per week ranged from 1 (StAR [8,18])
to 7 (Text4Heart [21,29]). Furthermore, 3 interventions (TEXT
ME [9,19,32], Isam [22,33], and Heart [24-26,30]) used
unidirectional messages, whereas 2 interventions (Text4Heart
[21,29] and StAR [8,18]) used bidirectional messages (ie,
allowing the participants to not only receive but aso send
messages).

Although theinterventions generally aimed at preventing CV D,
they varied in terms of their specific goal and population
targeted. The TEXT ME intervention aimed at decreasing
cardiovascular risk by encouraging lifestyle change in people
with coronary heart disease in Australia [9,19,32]. The
Text4Heart intervention aimed to support adherence to healthy
lifestyle behaviorsin adultswith coronary heart diseasein New
Zedland [21,29]. The intervention developed by Islam et a
[22,33] aimed to improve glycemic control in patientswith type
2 diabetes in Bangladesh. The Heart intervention aimed to
promote exercise capacity and physical activity behavior in
people with ischemic heart diseasein New Zealand [24-26,30].
The StAR intervention aimed to support treatment adherence
and blood pressure control in adults with hypertension in South
Africa[8,18].

I ntervention Development Process

All the interventions followed a comprehensive devel opment
process (or framework) that involved 1 or more studiestoinform
each development stage, including the planning, design,
development, and pretesting of the interventions (Table 1).

I ntervention Planning

A number of different information sourceswere used to identify
the key behavioral issues, needs, and challengesthe intervention
was planned to address (Multimedia Appendix 3). These
included stakeholder consultations (used in all interventions),
literature reviews (TEXT ME [9,19,32], Text4Heart [21,29],
Ilam[22,33], and StAR[8,18]), examination of relevant theory
(TEXT ME [9,19,32], Text4Heart [21,29], and Heart
[24-26,30]), and preliminary qualitative research (StAR [8,18]
and Heart [24-26,30]).

I ntervention Design

Interventions were designed according to a wide range of
behavior change theories (Table 2). Overall, 3 interventions
(TEXT ME [9,19,32], Text4Heart [21,29], and Islam [22,33])
were based on multipletheories, whereas 2 interventions (Heart
[24-26,30] and StAR [8,18]) relied on a single theory. All
interventions were designed following multiple behavior change
techniques (mean number of techniques per intervention=8,
range=2 to 17). Most common techniques included general
encouragement (used in 4 interventions), information about
behavior-health link (3 interventions), information on
conseguences (3 interventions), time management advice (3
interventions), and goal setting (3 interventions).
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Table 1. Freguency of the different methods used to inform the devel opment process of the interventions identified.

Methods used to inform the development process of theinterven-  Number of trials (trial name)
tionsidentified

I ntervention planning

I nformation sour ces consulted to identify the key behavioral issues, needs, and challengesthat the planned intervention wasintended to
address

Consultation with experts, users, or other stakeholders

Literature reviews
Primary research with users

Examination of relevant theory

Intervention design

Theoriesused

Social-cognitive theory [38]

Control theory [39]
Information-motivation-behavioral skills model [40]
Operant conditioning [41]

Theory of planned behavior [42]

Theory of reasoned action [43]

Common sense model [44]

Behavioral learning theory [45]

Transtheoretical model of behavioral change [46]
Self-efficacy theory framework [47]

Integrated theory of behavior change [48]

No theory used

Behavior change techniques used

Provide general encouragement

Provide information about behavior-health link
Provide information on consequences
Prompt specific goal setting

Time management

Prompt barrier identification

Set graded tasks

Provide instruction

Model or demonstrate the behavior

Prompt self-monitoring of behavior
Provide information about others' approval
Prompt intention formation

Prompt review of behavioral goals

Provide feedback on performance

Teach to use prompts or cues

Provide opportunities for social comparison
Plan social support or socia change

Relapse prevention

5 (TEXT ME2[9,19,32], Text4Heart” [21,29], Islam [22,33], Heart® [24-26,30],
and StARY[8,18])

4 (TEXT ME [9,19,32], Text4Heart [21,29], ISlam [22,33], and AR [8,18])
4 (TEXT ME[9,19,32), Text4Heart [21,29], Heart [24-26,30], and StAR [8,18])
3 (TEXT ME[9,19,32], Text4Heart [21,29], and Heart [24-26,30])

2 (Text4Heart [21,29] and TEXT ME [9,19,32])
1 (TEXT ME [9,19,32])
1(TEXT ME[9,19,32])
1 (TEXT ME [9,19,32])
1(TEXT ME[9,19,32])
1 (TEXT ME [9,19,32])
1 (Text4Heart [21,29])
1 (Islam [22,33])

1 (Islam [22,33])

1 (Heart [24-26,30])

1 (StAR[8,18])

0

4 (TEXT ME[9,19,32], Text4Heart [21,29], Heart [24-26,30], and StAR [8,18])
3 (TEXT ME [9,19,32], Text4Heart [21,29], and SIAR [8,18])

3 (TEXT ME [9,19,32], Text4Heart [21,29], and StAR [8,18])

3 (Text4Heart [21,29], Heart [24-26,30], and StAR [8,18])

3 (TEXT ME [9,19,32], Text4Heart [21,29], and Heart [24-26,30])
3 (TEXT ME [9,19,32], Text4Heart [21,29], and Heart [24-26,30])
2 (TEXT ME [9,19,32] and Text4Heart [21,29])

2 (TEXT ME [9,19,32] and Text4Heart [21,29])

2 (Text4Heart [21,29] and Heart [24-26,30])

2 (Text4Heart [21,29] and TEXT ME [9,19,32])

1 (StAR[8,19])

1 (Text4Heart [21,29])

1 (Text4Heart [21,29)])

1 (Text4Heart [21,29])

1 (TEXT ME [9,19,32])

1 (Text4Heart [21,29])

1 (Text4Heart [21,29)])

1 (TEXT ME[9,19,32])
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Methods used to inform the development process of the interven-
tions identified

Number of trials (trial name)

Stress management
I ntervention development
M essage content based on

Clinical guidelines

1 (Text4Heart [21,29])

5(TEXT ME[9,19,32], Text4Heart [21,29], Islam [22,33], Heart [24-26,30], and

SIAR[8,18])

Expert opinion

Qualitative patient interviews

2 (Islam [22,33] and StAR [8,18])
1 (Heart [24-26,30])

Other intervention characteristics (timing, frequency, directionality, etc) based on

Literature reviews
Primary research
End-user feedback gathered
Yes (questionnaires)
Yes (semistructured interviews)
Yes (focus groups)
No 0
I ntervention pretesting

Yes

3 (TEXT ME [9,19,32], Text4Heart [21,29], and StAR [8,18])
2 (Heart [24-26,30] and StAR [8,18])

4 (Heart [24-26,30], Text4Heart [21,29], TEXT ME [9,19,32], and StAR [8,18])

2 (Text4Heart [21,29] and Ilam [22,33])
1 (SAR[8,18])

5(TEXT ME [9,19,32], Text4Heart [21,29], ISam [22,33], Heart [24-26,30], and

SIAR[8,18])

No 0

3TEXT ME: Tobacco, Exercise and Diet Messages.

PText4Heart: Text message and | nternet-based comprehensive cardiac rehabilitation intervention.

CHeart: Heart Exercise And Remote Technologies.

dStAR: Mobile Phone Text Messages to Support Treatment Adherence in Adults With High Blood Pressure.

I ntervention Development

A number of different sources were used to inform the content
of the messages, namely, clinical guidelines (all interventions),
expert opinion (Islam [22,33], StAR [8,18], and (Heart
[24-26,30]), and feedback from qualitative formative work
(Heart [24-26,30]; see Multimedia Appendix 4). A number of
different professionals were involved in the devel opment of the
messages, including clinicians (all interventions), academics
(TEXT ME [9,19,32], Islam [22,33], Heart [24-26,30], and
StAR [8,18]), health psychologists (Text4Heart [21,29]),
exercise physiologists and cardiologists (Heart [24-26,30]), and
patient and public representatives (TEXT ME [9,19,32], StAR
[8,18], and Text4Heart [21,29]). The frequency and timing of
the messages, intervention duration, directionality, and level of
tailoring were determined based on literature reviews (TEXT
ME[9,19,32], StAR[8,18], and Text4Heart [21,29]), qualitative
research (Heart [24-26,30] and StAR [8,18]), and previous
similar studies undertaken by the authors (Text4Heart [21,29]
and Heart [24-26,30]).

End-user feedback was gathered to inform the devel opment of
all the interventions (Table 3). Feedback was most frequently
gathered through structured questionnaires (TEXT ME[9,19,32],

http://mhealth.jmir.org/2019/3/€12191/
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Text4Heart [21,29], ISlam [22,33], and Heart [24-26,30]). Some
studies also used qualitative methods, namely, semistructured
interviews (Text4Heart [21,29] and StAR [8,18]) and focus
groups (StAR [8,18]). Readahility, acceptability, and perceived
utility were the aspects more frequently examined. End users
feedback contributed to the refinement of al the interventions
(simplifying the content of the messages, changing their tone,
and increasing the level of tailoring, among others).

I ntervention Pretesting

All the interventions were pretested before being formally
evaluated in aclinical trial. Pretesting activities involved pilot
studies with a purposive or convenience sample of 10 to 30
participants who received the text messagesfor aperiod ranging
from 1 to 4 weeks (Table 4). A number of modifications were
introduced in all interventions as a result of the pilot studies.
They included the refinement of the message bank and software
system to deliver them (TEXT ME [9,19,32]), increasing the
level of tailoring and modifying the website system (Text4Heart
[21,29]), changing the timing of the messages (Islam [22,33]
and StAR[8,18]), including all SM S messages on awebsite for
the participants to review retrospectively if they chose (Heart
[24-26,30]), and alowing the participantsto change the language
of the messages (StAR [8,18]).
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Trial Theoretical approach adopted for  Inwhat way weretheoriesused Behavior change techniques used
intervention to develop the intervention
TEXT ME?[9,19,32] Control theory, information-mo- ~ Select intervention techniques  Provideinformation about behavior-health link, provide
tivation-behavioral skills model, information on consequences, prompt barrier identifica-
operant conditioning, social- tion, provide general encouragement, set graded tasks,
cognitive theory, theory of provideinstruction, prompt self-monitoring of behavior,
planned behavior, and theory of teach to use prompts or cues, relapse prevention, and
reasoned action time management
Text4Heart® [21,29] Social-cognitive theory and Select and developintervention  Provideinformation about behavior-health link, provide
common sense model techniques information on consequences, prompt intention forma-
tion, prompt barrier identification, provide general en-
couragement, set graded tasks, provide instruction,
model or demonstrate the behavior, prompt specific goal
setting, prompt review of behavioral goals, prompt self-
monitoring of behavior, provide feedback on perfor-
mance, provide opportunities for social comparison,
plan social support or socia change, stress management,
time management, and interpretation and normalizing
of physical or emotional symptoms when changing be-
havior
Islam [22,33] Behavioral learning theory and ~ Select and develop intervention  Reinforce and encourage healthy behavior and lifestyle

transtheoretical model of behav-
ioral change

techniques

Heart® [24-26,30] Self-efficacy theory framework

techniques

Integrated theory of behavior

StARY[8,18]
change

Select and develop intervention

Select intervention techniques
and tailor intervention tech-
niques to recipients

modification, stimuli for medication adherence—using
behavior learning techniques—and inform, motivate,
and provide psychological support—using transtheoret-
ical model of behavior change techniques

Prompt barrier identification; provide general encour-
agement; model or demonstrate the behavior; prompt
specific goal setting; time management; coping efficacy,
self-regulation, social support; scheduling efficacy; in-
terpreting physiology, including somatic and emotional
states; and exercise prescription

Provideinformation about behavior-heath link, provide
information on consequences, provideinformeation about
others’ approval, provide general encouragement, and
prompt specific goal setting

3TEXT ME: Tobacco, Exercise and Diet Messages.

PTextdHeart: Text message and | nternet-based comprehensive cardiac rehabilitation intervention.

CHeart: Heart Exercise And Remote Technologies.

dStAR: Mobile Phone Text Messages to Support Treatment Adherence in Adults With High Blood Pressure.

I nterventions With Development Details Not Available

Additional information about intervention development was
not available from authors for 4 of the 9 trials identified in the
Text2PreventCVD systematic review [16,17,23,31,34]. Only 1
of them replied to our invitations, but they were unable to share
data in the time specified for the analysis. These interventions
were heterogeneousin scope (targeting diabetes prevention [31]
and control [16,17], hypertension [23], and adherence to
cardiovascular preventive trestment [ 34]) and setting (inner city
emergency department in the United States[16,17], ambul atory
care in Russia [23], community of working men in India[31],
and primary care general practices in England [34]). The

http://mhealth.jmir.org/2019/3/€12191/

intervention planning was only reported in 1 of theinterventions
(Text-Med intervention [ 16,17], which used qualitative research
methods to elicit user views of the planned behavior changes.
The process of designing the intervention was reported only in
1 of the studies [31], which used the transtheoretical model of
behavioral change. Intervention development and pretesting
was only reported by 1 intervention (Text-Med intervention
[16,17], which used clinical guidelines, expert opinions, and
qualitative research with patients to develop the intervention,
pretesting it in a 1-week pilot trial with 23 participants).
Additional details about the development process of the rest of
the interventions were not identified in the available
publications.
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Tria Methods used to gather end-user feed-

back

Aspects intended to be examined
through end-user feedback

Changesin the intervention implemented
asaresult of end users' feedback

TEXT MEa[9,19,32] Datac_ollection: que_stipnnaj res(n: 53);
sampling: opportunistic

Text4Heart? [21,29] Data collection: website usage statistics
(n=85), mobile phone usage survey
(n=74), intervention feedback surveys
(n=85), and intervention feedback
semistructured interviews (n=17);
sampling: opportunistic

Islam [22,33] Data collection: face-to-faceinterviews
using structured questionnaires (n=50);
sampling: purposive

Heart® [24-26,30]

SARY[8,18] Data collection: semistructured inter-
views and focus groups with patients
(n=35), primary care providers (n=12),
health systems managers (n=5), and
chronic dispensing service providers
(n=3); sampling: purposive

Data collection: Web-based survey
(n=20); sampling: purposive

Readability and perceived utility

Choice of technology to deliver the

messages, acceptability of physical ac-
tivity messages, level of tailoring, and

directionality of messages

Readability, acceptability, and per-
ceived

Readability, acceptability, perceived
utility, and persuasiveness

Readability, acceptability, perceived
utility, and persuasiveness

Stop sending messages about eating mesat
products to vegetarians and grammatical
suggestions

Intervention delivered by short message
service only (too few end users had
smartphones at the time), changes made
to content of exercise prescription mes-
sages, higher level of tailoring (messages
personalized with name, time of day to
receive messages, and primary behavior
targeted), and 2-way messaging (partici-
pants could text in questions and receive
apersona reply)

Messages made simpler (only 1 content
per message)

Actionstaken to resolvetechnical difficul-
ties encountered by participants (eg, writ-
ten instructions about how to log onto the
study website)

Tone, use of abbreviations, and addition
of named provider to sign off message

3TEXT ME: Tobacco, Exercise and Diet Messages.

PText4Heart: Text message and | nternet-based comprehensive cardiac rehabilitation intervention.

CHeart: Heart Exercise And Remote Technologies.

IStAR: Mobile Phone Text Messages to Support Treatment Adherence in Adults With High Blood Pressure.
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Table4. Intervention pretesting.
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Tria

Pretesting methods

Changesin the intervention implemented as aresult of the
pretesting exercise

TEXT ME®[9,19,32]

Text4Heart® [21,29]

Islam [22,33]

Heart® [24-26,30]

StAR®[8,18]

n=16; sampling: convenient; additional details: The aim of the
pilot testing was to evaluate the messages and the system to
deliver them. Participants received the relevant messages for 1
week. At the conclusion of the pilot study, participants received
aquestionnaire asking for the potential impact of the messages
to change behavior, the process of receiving messages (eg,
timing, personalization, and frequency), and for any further
feedback

n=20; sampling: convenient; additional details: The aim of the
pilot testing wasto test the healthy eating messages. Participants
received 1 text message per day (28 in total) and had accessto
the supporting website; 4 weeks later, participants were contact-
ed by text and email to complete afollow-up Web-based survey.
Website usage statistics including the frequency, login period,

and page views were also tracked

n=30; sampling: purposive; additional details: intervention
pretested in patients with type 2 diabetes selected from adia-
betes clinic of atertiary hospital

n=10; sampling: convenience; additional details: Pilot testing
of the intervention was integrated into the full randomized
controlled trial (during the study, thefirst 10 study participants
were closely monitored for 6 weeksto ensurethat they received
the messages and to resolve technical issues)

n=19; sampling: purposive; additional details: Thefull interven-
tion package wastested in the 3 languages most commonly used
in Cape Town (English, Afrikaans, and isiXhosa). Participants
were contacted on aweekly basis by aresearcher for a semi-

structured interview on their experience of theintervention and

Refinement of the message bank and software system

No changes made to healthy eating message content or tone
(viewed as acceptabl €), self-efficacy included asunderlying
theoretical construct; higher level of tailoring (messages
personalized with name, time of day to receive messages,
and primary behavior targeted), website |og-on system
simplified

Timing of text messages was set to be delivered from 10
amto 5 pm

All sSMsd messages were made available on awebsite for
participants to review retrospectively if they chose and
correction of grammatical errorsidentified by participants

Change timing of the message and all owing usersto change
language

the SM S text message delivery system

3TEXT ME: Tobacco, Exercise and Diet Messages.

PTextdHeart: Text message and I nternet-based comprehensive cardiac rehabilitation intervention.

CHeart: Heart Exercise And Remote Technologies.
dsms: short message service.

®StAR: Mohile Phone Text Messages to Support Treatment Adherence in Adults With High Blood Pressure.

Discussion

Summary of Findings

In this study, we conducted an in-depth examination of the
development process for 5 of the 9 mHealth interventions
identified as a part of the Text2PreventCVD meta-analysis. We
observed that the development process of these interventions
was complex and comprehensive, involving formative work
with multiple studies using both quantitative and qualitative
designsto gather evidence to inform decisions about the scope,
content, and structure of the intended interventions. Although
formative studies varied in terms of the way the interventions
were developed, the following processes were identified in all
theinterventions: use of theory and behavior change techniques
for intervention design, use of end-user feedback for intervention
development, and pilot studies for intervention pretesting.

Comparison of Findings With Previous Literature

It has been argued that, as in any health promotion practice,
quality, rigor, and careful development of mHealth interventions
remain essential [49]. However, a number of recent systematic
reviews highlight that a significant proportion of health behavior

http://mhealth.jmir.org/2019/3/€12191/

interventions are not based on theory [50-52], do not follow a
user-centered approach [11,53], and lack adequate pretesting
procedures [54,55]. Indeed, it has been argued that the SMS
text message devel opment is commonly hidden within a black
box, lacking deconstruction of the steps involved in creating
messages as well as rigorous evaluations of the quality of the
health communi cation messages[14]. None of thisis supported
by findingsfrom our study, which showed that the devel opment
process of the interventions contributing to the
Text2PreventCVD meta-analysis included those elements. At
least 3 factors could contribute to explaining this apparent
discrepancy. First, as opposed to previous reviews, our findings
are mostly based on data supplied by the authors of the studies
themselves rather than merely by information in published
manuscripts. Therefore, it is plausible that some interventions
were not underdeveloped but rather underreported. Previous
studies have aready noted that the documentation and critical
analysis of the formative research process required in the
development and refinement of messagesisaneglected areain
the published literature [56]. For quality assessment purposes
and to improve future research and program implementation,
this research should be accessible for scientific scrutiny. This
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should include a description of the development of the SMS
content (and quality of the evidence on which the messages are
based), the theoretical basis of the messages (and the rationale
for choosing it), cultural adaptation to the target population,
and context al ong with an analysis of how the content isreceived
by users [54,57,58]. This would enable trandation and
assessment of generalizability of findings of the research.
Second, although all the examined interventions included as
part of their devel opment the use of theory, user feedback, and
pretesting activities, it could be argued that these elementswere
not rigorously applied, a common criticism in the current
literature[11,37,52]. Thismay be particul arly relevant with the
use of theory; superficial use of theory in the development of
health behavior interventions has been identified as one of the
main barriers hindering progress in quantifying its impact on
behavior change [52]. Third, almost half of the interventions
initially identified were not able to be included, and this could
have resulted in aselection bias (leading to an overrepresentation
of more comprehensively devel oped interventions), as discussed
as part of the limitations bel ow.

Implications for Future Research

Future studies are needed to explore the extent to which the
development process is associated with intervention success
and to identify activeingredients in the development process.
To do so, valid and reliable measures of intervention
development complexity are very much needed as well as data
from a larger number of more heterogeneously developed
interventions. Publication bias (a common source of potential
bias in systematic reviews [59]) should also be adequately
accounted for in such studies, as less successful interventions
may be less likely to be published and may be less likely to
have followed a thorough development process. Intervention
success should not only be evaluated in terms of clinical
effectiveness observed within the context of a clinical trial but
also interms of research trandation capacity, that is, the extent
to which the interventions are successfully implemented at the
population level and are acceptable and perceived as useful by
the target popul ations.

Strengths and Weaknesses

This study provides for the first time a detailed and systematic
description of the development process of mHealth interventions
to support behavior change in people with CVD. The data
described in our study were initially extracted from available
publications and subsequently reviewed by the authors of the
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relevant trials to maximize their accuracy and completeness.
Our study has some limitations. First, although 9 trials were
identified in the Text2PreventCV D meta-analysis, there was no
contribution beyond published data for 4 of them (ie, the
information we initialy extracted from the publications was
not reviewed and added by the devel opers). This could bias our
results if the reason for not providing further data was related
to the methods used to devel op those interventions. Second, in
our study, we could not examine the important question of
whether more comprehensive development processes lead to
more successful interventions. The main reason for not being
able to explore thiswas the lack of sufficient variability across
intervention development methods. As shown in Table 1, all
the interventions included in this study were developed using
complex and comprehensive methods: all of them carried out
studies to identify the key behavioral issues, needs, and
challengesthat the planned intervention wasintended to address;
al of them used 1 or more theory and behavior change
techniquesto design theintervention; all devel oped the messages
based on anumber of different information sources; al gathered
end-user feedback; and al conducted feasibility studiesto pretest
theinterventions.

Conclusions

A detailed examination of the development of SM Sinterventions
toimprove CV D showed the processes used were complex and
comprehensive. Our study identified a wide range of different
methodologies to inform intervention planning, intervention
design, intervention devel opment, and intervention pretesting.
Literature review and stakeholder consultations were the most
frequently used methods to guide intervention planning and
design. Regarding the devel opment of the interventions, clinical
guidelines and expert consultations were the main information
sources for message content, whereas literature reviews and
end-user feedback were the main source to inform decisions
about other components of the interventions such as timing,
directionality, or level of tailoring. Pilot studies with relatively
small sample sizes were frequently used for intervention
pretesting. Further work is needed to establish whether effective
messaging systems can be adapted from work already done or
whether this level of development is always needed for
applicationin other conditionsand settings. Additional research
is also needed to examine the potential association between
development methods and intervention success as well as to
identify activeingredients in the devel opment methods.
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