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Abstract

Type 2 diabetes is a life-threatening condition, and it is rapidly growing in the world. If
patients receive adequate education and support, they can manage their diabetes-related tasks
effectively and reduce the severe complications of this disease. However, traditional self-
management education and practices were not very effective in stimulating behaviour change and
addressing patients’ diversified needs and expectations. Mobile text messaging is a promising
method for type 2 diabetes self-management as it can provide continuous and customized support
to these patients. However, there is a lack of knowledge about the optimal approach to designing
and delivering mobile text messages. Hence, this dissertation aimed to define effective message
strategies for mobile text messaging interventions targeting type 2 diabetes self-management.
This manuscript-based dissertation consists of three complementary studies. The first manuscript
includes a systematic review and a meta-analysis of tailored mobile text messaging interventions
on type 2 diabetes self-management. It examines the tailoring strategies, message content, and
structure and identifies the moderators of effectiveness in these interventions. The second
manuscript includes a systematic review and a meta-synthesis of qualitative evidence on patients’
experiences and perspectives of mobile text messaging studies. The third manuscript consists of a
prospective qualitative study to explore the text messaging design and delivery preferences of

patients.

In the first and second studies, the comprehensive search strategy included major
electronic databases, key journal searches, and hand searches of the reference lists of related
systematic reviews and meta-analyses. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and Cochrane Collaboration's guidelines and

recommended tools were used for data extraction, risk of bias and critical appraisal assessments,



data analysis and reporting. Within a social marketing framework, the third study included semi-
structured interviews and a thematic analysis of the main findings.

In the first manuscript, 13 eligible trials were included for the systematic review and 11
eligible trials were further analyzed in the meta-analysis. This study concluded that tailored
mobile text messaging interventions could improve glycemic control in patients with type 2
diabetes. The subgroup analyses revealed the importance of some moderators such as message
delivery, message direction, message frequency, and using multi-modalities.

In the second manuscript, the systematic review included 14 eligible studies, and the
thematic synthesis included 13 eligible studies. Patients emphasized the importance of tailored
text message design and delivery. They felt “supported” by using text messaging and improved
their communication with family/friends and care providers. Mobile text messaging increased
patients’ self-awareness, knowledge and control of diabetes.

The third study explored that mobile text messages could be more effective if they are gain-
framed and written in a standard format. Patients favoured the text messages that included simple
and direct tone and provided statistical evidence. The findings demonstrated patients’ needs and
expectations for advanced tailoring strategies in both message content and delivery.

Together, the manuscripts fill a significant gap and inform research and practice for the
development of more effective message strategies that could lead to reducing the spread of type 2

diabetes worldwide.
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Chapter 1: Introduction

The overarching purpose of this research was to define effective message strategies for
mobile text messaging interventions targeting Type 2 diabetes self-management using a multi-
phase mixed methods design. This manuscript-based dissertation includes the three
complementary research studies conducted to achieve the purpose: 1) A systematic review and a
meta-analysis of tailored mobile text messaging interventions on type 2 diabetes self-
management, 2) A systematic review and a meta-synthesis of qualitative evidence on patients’
experiences and perspectives of mobile text messaging studies, and 3) A prospective qualitative
study to explore text messaging preferences of patients to design more effective interventions for
type 2 diabetes self-management. These studies were explained in the following chapters

consecutively.

1.1 Background

The rapid growth of Type 2 diabetes is a serious global health concern. Approximately
463 million adults (20-79 years) live with diabetes, which equals 1 in 11 of the world’s adult
population, and this figure is expected to rise to 700 million adults by 2045 (International
Diabetes Federation, 2019). Type 2 diabetes is the most prevalent form of diabetes and
constitutes nearly 90% of all diabetes cases. Although this disease is often associated with older
adults, it has been increasingly observed in children and young adults in recent years
(diabetes.co.uk, 2019).

Type 2 diabetes is a progressive life-long condition that can cause serious complications,

such as blindness, heart disease, kidney problems, nerve damage, which make its management



more challenging over time. The complex and multifaceted characteristics of the disease require
patients’ strong commitment to its treatment and the provision of individualized support. Regular
monitoring of blood glucose levels and adopting appropriate lifestyle changes can help patients to
achieve better glycemic control and decrease the threats of diabetes (Diabetes Canada, 2020).
Therefore, increasing awareness and knowledge about Type 2 diabetes and enhancing the self-
management skills of patients is highly critical (Sherifali, Berard, Gucciardi, MacDonald, &
MacNeill, 2018).

Traditional nurse-led self-management programs were not very successful in reaching
people at risk and preventing the progression of the disease (Chen et al., 2013; Krosel, Svegl,
Vidmar, & Dinevski, 2016; Torjesen, 2012; Song, Xu, & Sun, 2014). Patients have been facing
difficulties adopting and maintaining lifestyle changes recommended by these programs;
therefore, new and innovative approaches should be considered (Spruijt-Metz, O’Reilly, Cook,
Page, & Quinn, 2014; Sherifali et al., 2018).

The high penetration of mobile phones worldwide (8.3. billion subscribers) (Statistica,
2020) increases the reach of mobile health interventions. In recent years, there has been extensive
growth in the use of mobile health technologies for diabetes management (Kitsiou Paré, Jaana, &
Gerber, 2017). Mobile health (mHealth) is defined as “medical and public health practice
supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital
assistants (PDAs), and other wireless devices” (World Health Organization, 2011; p.6).
Interventions that use mobile technology have the potential of facilitating self-management,
education, and support (Jones, Lekhak, & Kaewluang, 2014; Spruijt-Metz et al., 2014; Bashi,

Fatehi, Fallah, Walters, & Karunanithi, 2018).



1.2 The Usefulness of Mobile Text Messaging in Type 2 Diabetes Self-Management

Mobile text messaging through short message services (SMS) is the most common
application of mHealth, consisting of curation and exchange of alphanumeric messages up to 160
characters. Mobile text messaging has been used in a variety of types of health interventions for
nearly 17 years (Naughton & Sutton, 2011). Previous research provided evidence for the positive
impact of mobile text messaging interventions on the self-management abilities of patients with
chronic diseases (Jones et al., 2014; Fjeldsoe, Marshall, & Miller, 2009; Hall, Cole-Lewis, &
Bernhardt, 2015). Particularly in type 2 diabetes self-management, mobile text messaging can be
used to fulfil patients’ need for close monitoring, convenient and individualized care. With the
high feasibility of design and capacity to deliver tailored messages based on patients’ needs and
expectations, it is possible to achieve better outcomes in mobile text messaging-based
interventions targeting type 2 diabetes self-management (Spruijt-Metz et al., 2014; Peimani et al.,

2015).

Existing reviews highlighted the significant effects of mobile text messaging interventions
on type 2 diabetes self-management interventions. Mobile text messaging interventions/programs
were effective in improving patients’ glycemic control and medication adherence (Hall et al.,

2015; Arambepola et al., 2016; Farmer et al., 2016; Faruque, Wiebe, & Ehteshami-Afsha, 2017).

1.3 Statement of the Problem

Although there is considerable literature providing evidence for the effectiveness of text
messaging interventions in type 2 diabetes self-management, there is a lack of knowledge about
the optimal approach to designing and delivering mobile text messages. Unfortunately, there was

considerable heterogeneity in the existing reviews in terms of targeted behaviours, such as



physical activity and diet (Arambepola et al., 2016), medication adherence (Farmer et al., 2016);
glycated hemoglobin control (Dobson, Whittaker, Dale, & Maddison., 2018; Faruque et al.,
2017), and the moderators of effectiveness (i.e., interactivity, study duration, frequency). The
scopes of these reviews were also different. There was only one systematic review (Dobson et al.,
2018) specifically focused on mobile text messaging studies. Other review studies, including
umbrella reviews, partially included text messaging interventions (i.e., Arambepola et al., 2016;
de Jongh, Gurol-Urganci, Vodopivec-Jamsek, Car, and Atun 2012; Fjeldsoe et al., 2009; Cole-
Lewis & Kershaw, 2010; Free et al., 2013).

Patient-oriented research and the adoption of evidence-based practices are both needed to
mitigate the widespread prevalence of type 2 diabetes in the world (Sherifali et al., 2018).
Research that synthesizes the evidence about patients’ perspectives on self-management
interventions/programs implemented via mobile text messaging and their experiences with
intervention components is needed. Although it is vital to apply more persuasive message
strategies in these interventions, the research has so far provided limited information about
message design considerations and effective message content and structures that would stimulate
and sustain behaviour change in patients with type 2 diabetes.

Previous research has provided strong evidence for the effect of tailoring intervention
messages and message delivery schedules on behaviour change (Krebs, Prochaska, & Rossi,
2010; Militello, Kelly, & Melnyk, 2012; Head, Noar, lannarino, & Harrington, 2013; Orr &
King, 2015; Armanasco, Miller, Fjeldsoe, & Marshall, 2017). However, the majority of the
studies to date focused on the efficacy of tailoring or compared tailored messages with non-
tailored or generic messages as if the tailoring was a “unitary construct” (Hawkins, Kreuter,
Resnicow, Fishbein, & Dijkstra, 2008; Noar & Harrington, 2016). There is a need to investigate

how tailoring was used and which types of tailoring strategies were more effective in specific



contexts and for specific groups of people (Hawkins et al., 2008; Noar, Harrington, & Aldrich,

2009; Noar & Harrington, 2016).

1.4 The Manuscripts and The Contributions of The Dissertation

Within an integrated perspective and mixed methods approach, this dissertation presents
three studies that were designed to address the identified gaps in the previous research. The first
manuscript includes a systematic review and a meta-analysis of the tailored text messaging
interventions targeting type 2 diabetes self-management. The systematic review identifies and
analyzes message content, design and delivery characteristics of tailored mobile text messaging
interventions and examines which type of tailoring strategies were used in the interventions and
how message content was developed. The meta-analysis concentrates on assessing the
moderators of the effectiveness of tailored text messaging interventions.

Complementary to the first study and the manuscript, the second study was designed as a
systematic review of qualitative studies and a meta-synthesis on mobile text messaging studies
targeting type 2 diabetes self-management. The second manuscript synthesizes the evidence for
patients’ perspectives about mobile text messaging, tailoring strategies, and message-specific

elements and provides insights on their experiences with these interventions.

Together, these two manuscripts provide a full picture of the current state of mobile text
messaging research in type 2 diabetes self-management and specifically contribute to the
understanding of message tailoring strategies and their importance for patients. Both studies
identified the lack of communication and persuasion theories or frameworks in the studies.
However, these theories or frameworks may provide better guidance for researchers than

behavioural theories in tailoring messages based on patients’ specific needs and preferences. The



results of the first two studies also indicate a need for further investigation of patients’ attitudes

toward message delivery schedules.

As a result, a patient-oriented study (described in the third manuscript) was conducted to
assess patients’ preferences on selected well-known message design strategies, such as message
framing, evidence, tone, tailoring, and structure. This qualitative study also provides more
insights on patients’ perspectives about using text messaging for type 2 diabetes self-
management, and message delivery schedules, such as frequency, timing, automated or in-person

message delivery.

Briefly, some significant contributions of these studies include

¢ synthesizing the quantitative evidence for tailored text messaging interventions on type
2 diabetes self-management and identifying the moderators of effectiveness;

e analyzing message design and delivery features and describing effective tailoring
strategies for the studies on type 2 diabetes self-management;

e synthesizing the qualitative evidence for the design and implementation of text-
messaging interventions/programs targeting type 2 diabetes self-management and
synthesizing patients’ experiences with these interventions;

o exploring appropriate text message design factors for patients with type 2 diabetes

The manuscripts fill a significant gap and inform research and practice for the development
of more effective strategies that could lead to reducing the spread of type 2 diabetes worldwide. It
will be important that future research investigates the relative effectiveness of different tailoring
strategies and validate the conclusions drawn from this dissertation about message design and

delivery features. There is also a strong need for understanding the possible effects of different



demographic and psychosocial factors on type 2 diabetes self-management via mobile text

messaging to develop successful tailoring strategies and design more efficient interventions.
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Chapter 2: Tailored Mobile Text Messaging Interventions Targeting Type 2 Diabetes Self-
Management: A Systematic Review and a Meta-Analysis

2.1 Abstract

Objectives: This study aimed to identify, assess and summarize available scientific evidence on
tailored text messaging interventions focused on type 2 diabetes self-management. The
systematic review concentrated on message design and delivery features and tailoring strategies.
The meta-analysis assessed the moderators of the effectiveness of tailored text messaging
interventions.

Methods: A comprehensive search strategy included major electronic databases, key journal
searches and reference list searching for related studies. PRISMA and Cochrane Collaboration’s
guidelines and recommended tools for data extraction, quality appraisal and data analysis were
followed. Data were extracted on participant characteristics (age, gender, ethnicity), and
interventional and methodological characteristics (study design, study setting, study length,
choice of modality, comparison group, message type, format, content, use of interactivity,
message frequency, message timing, message delivery, tailoring strategies and theory use).
Outcome measures included diet, physical activity, medication adherence and glycated
hemoglobin data (HbA1C). Where possible, a random-effects meta-analysis was performed to
pool data on the effectiveness of the tailored text messaging interventions and moderator
variables.

Results: The search returned 13 eligible trials for the systematic review and 11 eligible trials for
the meta-analysis. The majority of the studies were randomized controlled trials, conducted in
high-income settings, used multi-modalities, and mostly delivered informative, educational

messages through an automated message delivery system. Tailored text messaging interventions
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produced a substantial effect (g = 0.54, 95% CI = 0.08-0.99, p < 0.001) on HbA1C values for a
total of 949 patients. Subgroup analyses revealed the importance of some moderators such as
message delivery (QB =18.72, df = 1, p = 0.001), message direction (QB =5.26,df =1,p =
0.022), message frequency (QB = 18.72, df = 1, p = 0.000) and using multi-modalities (QB=
6.18, df = 1, p = 0.013).

Conclusions: Tailored mobile text messaging interventions can improve glycemic control in type
2 diabetes patients. However, more rigorous interventions with larger samples and longer follow-
ups are required to confirm these findings and explore the effects of tailored text messaging on

other self-management outcomes.

Keywords: Text messaging, type 2 diabetes, systematic review, meta-analysis, tailoring,

message design, health behaviour, self-management
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2.2 Introduction

The rapid growth of type 2 diabetes in the world is a serious concern (International
Diabetes Federation, IDF, 2017). Type 2 diabetes is a life-threatening condition, but it is possible
to prevent the development of illness, delay or even reverse its complications through effective
diabetes management (Diabetes Canada, 2019). Because a major part of diabetes management
(nearly 95%) is executed by the patients (Diabetes UK, 2009), it is highly critical to increasing
patients’ self-management skills. More often, mobile health technologies (mHealth) are being
used to provide support to these patients who often fail to follow traditional self-management
practices (Spruitz-Metz, Nielsen, & Pavel, 2015; Hood et al., 2016). Particularly, mobile text
messaging offers customized, cost-effective, and convenient support and can help patients to
track their medical and behavioural outcomes continuously (de Jongh, Gurol-Urganci,

Vodopivec-Jamsek, Car, & Atun 2012).

Despite expanding use of mobile text messaging, there is still a lack of knowledge on the
optimal way to create and deliver mobile text messages that could stimulate behaviour change
(Arambepola et al., 2016; Hall, Cole-Lewis, & Bernhardt, 2015; Suffoletto, 2016; Muench &
Baumel, 2017). Previous research so far provided mixed evidence for the moderators of the
effective text messaging interventions such as frequent messaging (Orr & King, 2015, Kitsiou,
Pare, Jaanna, Gerber, 2017), infrequent messaging (Head, Noar, lannarino, & Harrington, 2013)
one-way messaging (Head et al., 2013; Orr & King, 2015), two-way messaging (Hall et al.,
2015), and using multi-modalities (e.g., text messaging, WEB portal, assessment devices)
(Kitsiou et al., 2017, Armanasco, Miller, Fjeldsoe, 2017; Farmer, McSherry, Rowbotham, 2016).

There were also studies revealing no effects of some moderators, such as message direction
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(whether one way or two-way messaging) (Arambepola et al., 2016) or choice of modality

(whether text messaging only or text messaging plus) (Head et al., 2013).

The limited space and design opportunities provided by mobile text messaging may also
make it difficult to craft effective messages for behaviour change. Using different message design
elements such as message appeal (e.g., fear, guilt, humour), message tone (e.g., authoritarian vs.
friendly, directive vs. passive), message format (e.g., textese), or use of evidence (e.g., statistical
evidence, testimonial evidence) persuasively might create important differences in receivers’
message involvement, message receptivity, and message retention (O’Keefe, 2002; Noar, Benac,
& Harris, 2007; Muench, van Stolk-Cooke, & Morgenstern, 2014). Previous research (Rothman,
Bartels, Wlaschin, & Salovey, 2006) also demonstrated that health messages could be framed to
emphasize either the benefits of performing a specific behaviour (a gain-frame) or the costs of not
performing a specific behaviour (a loss-frame). Gain-framed messages are more associated with
prevention behaviours, while loss-framed messages are more appropriate for detection

behaviours.

According to Elaboration Likelihood Model (Petty & Cacioppo, 1986), the messages,
including personally relevant features, increase one’s motivation and ability to elaborate on the
message content, enhance his/her involvement with the message and thereby increase persuasion.
Tailoring message delivery and content could be more effective than providing a standard self-
management program for patients with type 2 diabetes. For example, intervention messages can
be tailored based on patients’ psycho-social needs (e.g., awareness, perceived risk, self-efficacy),
their performance (e.g., providing individual feedback), preferences (e.g., time and frequency of
messages) or demographics (e.g., Young Latino-American Women) (CDA, 2019; Arambepola et

al., 2016; Kitsiou et al., 2017; Head et al., 2013). For example, text messaging interventions
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targeted young people and children were more successful if they were using personalized
messages (e.g., using the child’s name), using informal short message services (SMS) content
and text (e.g., “ur goal is 2 eat less sugary things 2 get ur blood down!”’) (Militello, Kelly, &

Melnyk, 2012).

The Transtheoretical Model (TTM) has frequently been used in interventions to address
the specific needs and expectations of patients in different stages of behaviour change (Glanz &
Bishop, 2010). For example, in a text messaging intervention, message content can be tailored to
eliminate the barriers at the initial pre-contemplation stage or reward the desired behaviour for
patients in the latter action stage. The Health Belief Model (HBM) has also been used for
tailoring messages and other components in behaviour change interventions. The HBM assumes
that the perceptions of the threat coming from a health problem and the benefits of avoiding the
risk influence one’s readiness to act (Glanz & Bishop, 2010). If messages are specifically
designed to target individual characteristics, perceived barriers, perceived benefits, perceived
susceptibility, cues to action and self-efficacy, they can induce behaviour change. Using more
theoretical constructs (4-5) could be more effective than using fewer theoretical constructs (0-3)
in tailoring (Noar et al., 2007). Computer-tailored interventions were effective on health
behaviour change (Lustria, Noar, Cortese, 2013; Krebs, Prochaska, & Rossi, 2010), but there is a
lack of knowledge in tailoring message design and delivery mode and other intervention

components in these interventions (Lustria et al., 2013).

Previously, tailoring was considered as a “unitary construct” as opposed to either
personalized and/or standardized messages (Orr & King, 2015; Armanasco et al., 2017).
However, different types of tailoring strategies with changing effects on behaviour are

available, and personalization is also a form of tailoring (Noar & Harrington, 2016; Dijkstra,
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2016; Hawkins, Kreuter, & Resnicow, Fishbein, & Dijkstra, 2008). Personalization frames the
information to create a perception in the participants as if the message is specifically designed for
them, and it is not specifically related to the content of the message. Using the name or other
identifiers of participants such as age or ethnicity while delivering a generic message could
increase the message persuasiveness. Another commonly applied tailoring strategy is
Feedback. It includes providing descriptive, comparative, and evaluative messages to
participants about their psychological and behavioural conditions during the intervention.
Content-matching is an advanced level of tailoring where key theoretical constructs are used
to match the personal needs, goals and interests of participants. It can be used to guide
patients as they move through different stages of behaviour change (Noar & Harrington,
2016; Dijkstra, 2016). Especially in the age of computer-tailored interventions were
employing different types and combinations of tailoring are possible, there is a strong need
for understanding which type of tailoring strategies and message-specific elements are more

important in a specific context and for a specific group of people.

Various demographic, medical, motivational, and behavioural factors can influence Type
2 diabetes self-management (Pal et al., 2018; Dobson, Whittaker, Pfaeffli, & Maddison, 2017;
Sherifali, Berard, Gucciardi, MacDonald, & Mac Neill., 2018). Therefore, it is necessary to
understand the underlying mechanism of tailoring for patients with type 2 diabetes. To our
knowledge, no existing reviews of mobile text messaging in the area of Type 2 diabetes
management have focused on tailored interventions and synthesizing the evidence for the optimal
tailoring strategies, message design and delivery features in these interventions. Hence, the main
purposes of this systematic review and meta-analysis were a) to identify, assess, and summarize

available scientific evidence for tailored mobile text messaging interventions focused on Type 2
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diabetes self-management, b) to examine the characteristics of tailored interventions by
concentrating on their message design features, tailoring strategies and message delivery features,
c) to explore a link between tailoring strategies and self-management outcomes which were
specified as glycated hemoglobin monitoring (HbA1C), diet, physical activity, and medication
adherence, d) to assess the effect of tailored mobile text messaging interventions on specified
Type 2 diabetes self-management outcomes, and e) to identify the moderators of the effectiveness
of the interventions to define the optimal tailored mobile messaging strategies and intervention

characteristics for Type 2 diabetes self-management.

2.3 Method

The systematic review and meta-analysis were planned, conducted, and reported
according to the process described in the Methodological Expectations of Cochrane Intervention
Reviews (MECIR) (Higgins and Green, 2011) and Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009).

2.3.1 Inclusion/exclusion criteria

Eligible interventions were tailored randomized trials focused on Type 2 diabetes self-
management via mobile-phone-based text messaging that involved the delivery of behaviour
change content through short message services (SMS), multimedia message services (MMS), or
instant messaging (i.e., WhatsApp). The interventions that used at least one type of tailoring
variables such as personalized message or feedback on behaviour and included a non-tailored
control/comparison group were considered. To be able to include all the relevant studies, no

additional filter was applied to limit study participants regarding ethnicity, age, religion,
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occupation, income or any other demographic variables. Table 2.1 presents the eligibility criteria

developed for considering the studies in the systematic review.

Table 2.1 Eligibility criteria for considering the studies in the review

Inclusion Criteria

Exclusion Criteria

Types of Studies

Randomized trials
Written in English

Unpublished studies, conference
abstracts /posters

Types of Participants

People with Type 2 diabetes

The studies with a mixed
population, such as individuals
with Type 1 and Type 2 diabetes
were only considered if separate
data were provided for participants
with Type 2 diabetes

Interventions that focused on patients
with Type 1 diabetes or gestational
diabetes or diabetic retinopathy.

The studies whose participants
included healthcare providers or other
stakeholders rather than patients or
consumers of health care services

Types of Interventions

Mobile phone-based text
messaging interventions that
involved the delivery of behaviour
change content through short
message services (SMS),
multimedia message services
(MMS), or instant messaging
using mobile messaging apps like
WhatsApp.

Interventions that used at least one
type of tailoring variables such as
personalized message or feedback
on behaviour

Interventions including a non-
tailored control/comparison group

Mobile app or web-based interventions
without any mobile-phone-based text
messaging component to deliver
behaviour change messages

The studies delivered generic
(standard) messages or only included
the appointment and simple
medication reminders (prompts) or
instructions for medication use (i.e.,
insulin dose adjustment)

The studies used audio or voice
message (including IVR) without
using any mobile text messaging
component

The interventions delivered generic
(standard) messages

The studies whose messages included
only the appointment and simple
medication reminders (prompts) or
instructions for medication use (i.e.,
insulin dose adjustment)

Types of Outcomes

At least one of the measures of
self-management behaviours
described by Diabetes Canada
(2019): diet (including nutrition,
healthy eating, calorie intake),
physical activity, medication
adherence, or glycated hemoglobin
monitoring (HbA1C).

Clinical measures other than HbA1C,
and attitudinal and behavioural
variables related to intervention
development or
process/implementation evaluations
such as usability, feasibility, and cost-
effectiveness
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2.3.2 Search strategy

A comprehensive search was conducted between 18 and 29 January 2018. The search
strategy included major electronic database searches, key journal searches and hand searches of
reference lists from recent systematic reviews and meta-analyses (Appendix ). Combinations of
key terms, MeSH terms, and CINAHL subject headings were searched across the selected
electronic databases (Appendix I1). PubMed search strategy, which was modified for other

databases, was provided in Appendix Ill.

2.3.3 Selecting studies and collecting data

Search results from different sources were exported to the Zotero 5.0 Citation Manager
(Zotero.org, 2018), where duplicates were removed, and titles and abstracts of the remaining
citations were examined against the eligibility criteria. In cases where the abstracts were not
available or explanatory, full-text reviews were conducted to assess the eligibility of the studies.
Further, full-texts of all the studies that passed the initial title-abstract screening were scrutinized.

Using a structured form adapted from the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins et al., 2011), data were extracted on several variables, including
participants’ characteristics, interventional and methodological components (Table 2.2). Tailoring
strategies were identified using the guideline developed based on Noar & Harrington (2016),
Hawkins et al. (2008), and Dijkstra (2016). The guideline (Appendix 1V) includes detailed
descriptions and examples of each tailoring strategy. For the classification of trial setting (high
income or low and middle-income country setting), the World Bank’s country classification was

used (The World Bank Group, 2018).
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Table 2.2 VVariables examined in the reviewed studies

e age
e gender (female ratio)

Participants’ characteristics L .
e number of participants in each group

study design

study length

study setting (high vs. low and middle-income setting)
choice of modality

control condition

message type

message format

message design features

message direction (one-way messaging or two-way messaging)
message frequency

message timing

message delivery features

tailoring method and strategies

use of theory

Interventional and
methodological components

o self-management outcomes (i.e., physical activity, diet,

Intervention outcomes medication adherence, glycated hemoglobin control-HbA1C)

o relevant attitudinal and behavioural outcomes (i.e., self-efficacy,
health belief, self-determination, satisfaction)

The researcher and two reviewers with a doctorate and master's level qualifications and
specific research interests in mobile communication and behaviour change worked independently
during the screening, assessment, and data extraction processes. Any disagreement was discussed

until consensus was reached, and the reasons for excluded studies were recorded.

2.3.4 Assessing risk of bias

The methodological validity and risk of bias in the selected studies were checked based
on the Cochrane Handbook for Systematic Reviews of Interventions (Higgins & Green, 2011). If
available, study protocols and trial registry sites were examined to improve the judgment on the

bias. The researcher and the reviewer independently assessed the risk of bias in the studies and
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discussed any discrepancies until consensus was reached. The risk was judged as high, low, and

unclear, and the rationale for each judgment was recorded.

2.3.5 Data synthesis and analysis

Quantitative data, where possible, were pooled in a statistical meta-analysis to estimate
the size of the effects of tailored interventions on the outcomes of mobile text messaging
interventions on Type 2 diabetes management.

For categorical data, odds ratio, and for continuous data, weighted mean differences and
confidence intervals (95%) were selected to express the effect sizes. Random-effects meta-
analytical procedures were followed. Effect sizes were weighted by their inverse variance weight
in calculating mean effect sizes. As an estimate of the effect size for each study, Hedges g was
used (Borenstein, Hedges, Higgins, & Rothstein, 2009). The effect sizes 0.20, 0.50, and 0.80
were used as a threshold for the effect sizes of small, medium, and large, respectively (Cohen,
1992). Based on the findings of the previous text messaging reviews (Head et al., 2013;
Armanasco et al., 2017), a small to moderate effect of the tailored text messaging interventions
on type 2 diabetes self-management outcomes was expected.

Following the Cochrane guideline (Higgins & Green, 2011), the mean, standard deviation
(SD), and the number of participants in the intervention and control groups of the last follow-up
measurement from each study and for each outcome were collected. The authors were contacted
if related data were missing in the studies. Some data sets (Capozzo et al., 2015) were derived
from another review (Arambepola et al., 2016) and necessary calculations were made by the
formula provided in the Cochrane Handbook (Higgins & Green, 2011) using the same correlation

coefficient (0.5) (please see the Supplementary Note). The data provided as median and range
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were converted into a mean and standard deviations based on the estimates provided by Hozo,
Djulbegovic, & Hozo (2005).

Publication bias analysis was performed to assess the robustness of results by applying a
funnel plot asymmetry test and using the “trim and fill” method. Egger Regression and Begg and
Mazumdar Rank Correlation tests (Suurmond, van Rhee, & Hak, 2017) were also performed to
detect any possible bias in the data. Heterogeneity was assessed statistically using the 12 statistic,
where 1% >50% was accepted as the indicator of substantial heterogeneity (Higgins & Green,
2011). For pre-specified eleven moderators (Appendix V), subgroup analyses were performed to
examine potential sources of heterogeneity, and Cochrane Q statistic was used to identify
statistically significant differences between interventions.

A software program (Meta-Essentials 1.2) (Suurmond, van Rhee, & Hak, 2017) was used
to carry out the meta-analysis. As a result of the impracticality of statistical pooling, the findings

were presented in narrative form.

2.4 Results

The combined database searches returned 2187 records, and with 35 records from other
sources, a total of 2222 records were collected. After duplicates were removed, 1598 records
were screened for eligibility using title and abstract. A total of 127 articles was shortlisted for
eligibility, and full-text screening resulted in 13 eligible trials for systematic review and 11 trials
for meta-analysis. Appendix V1 lists the excluded studies with their reasons. The search results

are summarized in the PRISMA flow diagram (Figure 2.1).
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Figure 2. 1 Study selection flow diagram based on the Preferred Reporting Item for
Systematic Reviews and Meta-Analyses (PRISMA) guideline
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Some articles were evaluated together with their related studies (Arora et al. (2014) with
Burner et al. (2013); Capozza et al. (2015) with Abebe et al. (2013), Fortmann et al. (2017) with
Philis- Tsimikas et al. (2011); Gatwood et al. (2016) with Gatwood et al. (2014) to provide a
more thorough assessment about their message content and tailoring strategies. Among the
studies reported on the same trial, preliminary studies were excluded [(e.g. Kim and Song (2008),
Agboola et al. (2013)] and final studies with the maximal treatment results were included [(e.g.

Kim and Kim (2008), Agboola et al. (2016) respectively].

2.4.1 Risk of bias

The most commonly observed high-risk bias was related to performance bias, where
blinding of participants and personnel to the intervention was often impossible due to the nature
of the interventions. For example, when participants received pedometers, they were more likely
to understand that the intervention related to physical activity. In the majority of the studies (62
%, n=8), there was a high risk of some other form of bias, mostly related to small sampling size
and poor methodology. Figure 2.2 summarizes the risk of bias assessment for each included study
and Figure 2.3 demonstrates the portion of each risk of bias, as low, unclear, and high. Also,
Appendix VII presents the detailed risk of bias estimates for each study and the rationale given

for each judgment.
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Figure 2.3. Risk of bias presented as percentages across all included studies

2.4.2 Characteristics of the included studies

All articles reported on only one trial. Eleven trials were randomized controlled trials
(RCTs), whereas the remaining two used pre-test-post-test control group design (Kim & Kim,
2008; Yoon & Kim, 2007). On average, the length of the intervention was 6.5 months. Ten trials
were conducted in high- income settings, whereas three interventions were carried out in low and
middle-income settings. A total of 1328 participants enrolled in these trials (mean= 102; range=
30 to 215). Each included only adult participants with Type 2 diabetes (51.2% female), and with
a mean age ranging from 47 to 65 years of age and with HbA1C values at baseline ranging from
6.5-8%.

SMS text messaging was the primary mode of communication to deliver the
intervention messages in all studies. Seven trials used multi-modalities (text messaging plus),
whereas six trials either only used text messaging or combined it with usual care. Twelve

studies provided usual care to their comparison groups, while four studies also provided
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usual care to their treatment groups. In four studies, usual care included regular clinic visits
and consults with a healthcare provider (i.e. endocrinologist, physician).

In all trials, message content included educational, behavioural and/or motivational
features to induce behaviour change. In general, messages were created based on the
recommendations of reference institutions, such as the American Diabetes Association. The
intervention messages were not customized using the framing effect or any other message-
specific elements (e.g. humour, fear, directive, passive tone).

Varying frequencies were used for the delivery of the messages in the trials. They were
broadly grouped into two categories, frequent messaging and infrequent messaging. Frequent
messaging was conceptualized as sending at least one message per day, whereas infrequent
messaging was described as sending three messages per week or less. Nine trials delivered
messages frequently, and four trials delivered messages infrequently.

Five studies implemented two-way messaging, while the remaining eight studies used
one-way messaging. The majority of the interventions (n=8) delivered automated messages,
which mostly included immediate feedback and recommendations provided by a decision
algorithm in response to patients’ uploaded data. In contrast, in three studies, tailored messages
were sent directly from a healthcare provider or an investigator.

The personalization strategy employed in the interventions (n=4) included an adaptation
of timing (Tamban et al., 2013) and number and frequency of messages (Shetty et al., 2011;
Arora et al., 2014) based on participants’ preferences, identifying areas of specific interest in self-
management of diabetes and providing options to select message categories (i.e., diet or exercise-
related messages) (Arora et al., 2014; Fortmann et al., 2017; Shetty et al., 2011), and presenting

options for message language (Arora et al., 2014, Fortmann et al., 2017).
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Six studies employed psychosocial-behavioural tailoring. The messages included specific
recommendations, reminders, and feedback that matched with participants’ uploaded
measurements or health records. Three studies (Agboola et al., 2016; Capozza et al., 2015;
Gatwood et al., 2016) demonstrated the use of all tailoring types in their intervention.

The use of theory was reported in only four studies (Arora et al., 2014; Gatwood et
al., 2016; Agboola et al., 2016; Peimani et al., 2015). The Transtheoretical Model, Health
Belief Model, Self-determination Theory, Social Cognitive Theory and Information-
Motivation-Behavioral Skills model were used to guide the tailoring of intervention
components and message content in the interventions. Only one study (Gatwood et al., 2016)
employed multiple behavioural theories and used the Technology Acceptance Model for
measuring the acceptability of text messaging. Table 2.3 presents the characteristics of the

included studies in this systematic review.
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Study Study Sample Intervention Comparison Message Message Tailoring Method & Use of Theory
Author Design Characteristics Modality Type/Format/Design Frequency/ Strategies
name, /Duration /Size (baseline); Features Timing/Delivery
year, Female ratio/Age
(baseline mean
(SD)/ Country:
Level of Income
Agboolaet | RCT Adults with T2D Pedometer, Pedometer, Two-way messaging At least 2 A combination of Transtheoretical
al., 2016 | Parallel 2 (HbAL1C>7%) mobile phone telephone SMS text messages per day | personalization and Model
arms n=126; %32.5 text messaging, reminders, Psychosocial -behavioral
6 months female telephone web portal and | TEXT to Move study: e Morning- Tailoring The theory was
Age: 51.45 (11.6) reminders, web usual care (No | ¢  Morning messages messages at 9 used to assess
USA: High income | portal, and usual | text provided feedback am, EST on Based on language participants’
care messaging) based on the weekdays & | preferences (English or stage of change
previous day’s 11 am EST Spanish) and demographic | and design the
activity. on weekends, | and behavioural corresponding
e Afternoon and e Evening information obtained at message content
evening messages messages at 6 | baseline, web-portal
included coaching pm EST content, training materials,
themes, such as and text messaging were
support, health personalized.
education, Messages were
motivation, and delivered Behavioural feedback, and
reminders to engage | automatically educational, motivational
in healthy messages were sent to
behaviours. induce behaviour change
e  Some of the
interactive Example: “as of 8:27 am,
messages focused you were active for 45
on satisfaction with mins yesterday, which is
the program, health 75% of your daily goal.”
status, knowledge
of the physical
activity, food
intake, and
medication
adherence.
Arora et RCT Adults with T2D Mobile phone Usual care One-way messaging 2 messages per Personalization Health Belief
al., 2014 | Parallel 2 (HbA1C>8%) text messaging SMS text day Text messages were Model
arms and usual care at9amand 5 pm | designed based on
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6 months n=128; 64 % TEXT-MED language preferences The theory was
female intervention: (English or Spanish). used in the
Age: 50.7 (10.2) e  Educational/motivat Optimal message development of
USA: High Income ional messages, (1 frequency and content TEXT-MED
per day) Messages were (knowledge gaps/topic program to
e Medication delivered preferences) for the target | develop
reminders (3 per automatically group were identified in message
week) the previous study contents to
e Challenge messages address specific
on healthy living (2 Example: “Having barriers and
per week) diabetes can lead to a heart | knowledge gaps
e Trivia (2 per week) attack and stroke! But it of T2D patients
doesn’t have to.”
Capozzaet | RCT Adults with T2D Mobile phone Usual care Two-way messaging 1-7 text messages | Combination of None reported
al., 2015 | Parallel 2 (HbA1C>8%) text messaging SMS text per day. Personalization and
arms n=93; 61.5% and usual care Care4Life Intervention: | One text Psychosocial-Behavioral
6 months female e Unidirectional and | messaging per Tailoring
Age: 53.25 (10.95) generic messages day was Based on language
USA: High income on diabetes mandatory, others | preferences (English or
education and depended on the Spanish), messages were
health improvement | use and personalized. Patients were
were sent each day. | preferences of able to control the type and
e Patients were able patients frequency of the messages.
to activate optional Also based on their
two-way messaging | Messages were uploaded data, patients
protocols (totally 6) | delivered received some reminders
including automatically and feedback messages
medication
reminders, glucose Example: “How are you?
testing reminders, Feeling stressed about
BP monitoring diabetes is normal. Getting
reminders, and support will help you feel
tracking and better and control glucose.
encouragement for Ask for help when you
exercise and diet need it.”
Faridietal, | RCT Adults with T2D Web-based Usual care and | Two-way messaging At least one daily, | Psychosocial -Behavioral | None reported
2008 Parallel 2 (HbAL1C <8%) system (NICHE | pedometer SMS text the real-time Tailoring
arms n=30; 63.4% technology), Automated feedback feedback message | Messages were tailored to
3 months female Mobile phone messages based on provide feedback on
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Age: 56.45 (9.6)
USA: High income

text messaging
and biometric

patients’ uploaded
HbAlc and physical

(Participants are
requested to

specific patient data. The
content was arranged to

wireless activity data upload their data | enhance diabetes self-
assessment The content aimed to each day) management skills and
devices (glucose enhance diabetes self- diabetes care self-efficacy.
meter and management and self- Messages were No example was provided
pedometer) efficacy delivered
automatically
Fortmann | RCT Hispanic adults Mobile phone Usual care and | One-way messaging 2-3 messages per | Personalization None reported
etal. 2017 | Parallel 2 with T2D text messaging, blood glucose | SMS text day (at the Messages were culturally
arms (HbA1C >or= blood glucose meter Educational, beginning) tailored to the needs of the
6 months 7.5%) meter, and usual motivational, and call- Message timing specific population
n=126; 75 care to-action messages on was standardized | (Project Dulce curriculum
%female diabetes self-care and for all patients was used which aimed to
Age: 48.4 (9.8) medication reminders address cultural barriers
USA: High income and blood glucose Messages were and beliefs about diabetes)
monitoring prompts delivered Example: “Use small
automatically plates! Portions will look
larger, and you may feel
more satisfied after eating”
“It takes a team! Get the
support you need, family,
friends and support groups
can help you to succeed.”
Gatwood et | RCT Adults with T2D Mobile phone Usual care and | One-way messages At least 1 Combination of Health Belief
al., 2016 | Parallel 2 (HbA1C >8%) text messaging a monthly SMS text message per day Personalization and Model
arms n= 48, 50% female “check-in” Psychosocial -Behavioral
3 months Age: 47.0 (11.7) text message Messages were designed | Ordering and Tailoring Self-
USA: High income to increase patients’ timing of the Determination
knowledge and message were The subject’s name was Theory

motivation for
improvement in their
medication adherence
and diabetes-related
health beliefs.

A total of 168 theory-
based messages (84
Self-determination
theory messages, 96

arranged based on
the patient’s daily
medication
schedule

Messages were
delivered
automatically

used in every message and
their age was used
sporadically.

Some details about the
patient’s current diabetes
medications, including the
name of the medications,
number of times taken
each day, number of pills

Both theories
were used to
develop content
for the mobile
messaging
intervention

Technology
Acceptance
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Health belief model
messages) and 128
tailored medication
specific messages were
used.

taken at each dose, and
time of day the medication
was taken for tailoring the
text message delivery and
arranging messages
specifically to each
subject’s treatment
(benefits, safety, and
mechanism of action).
The name of medication
was also included in some
theory-driven messages.

Example: “It may be
tough to see but taking
your diabetes medications
is vital to your health.
Taking them as directed
may help you see their
value”.

Model was used
to guide
questionnaire
items to assess
the acceptance
of text
messaging

Kim & Pre-test — Adults with T2D Website Usual care One-way messaging Weekly messages | Psychosocial -Behavioral | None reported
Kim 2008 | Post-test and obesity platform, mobile | including 4-5 | SMS text Tailoring
Control (HbA1C>7%) phone text visits to an Feedback messages and
Group n=34, 53% female messaging, endocrinologis | Messages on continuous | Messages were recommendations were
Design Age: 47 (8.6) wired internet, t education and delivered by a sent based on patient-
12 months Korea: High and usual care reinforcement of diet, healthcare specific uploaded data
income including 4-5 exercise, medication professional Example: “Your glucose
visits to an adjustment and frequent control seems to be good”
endocrinologist monitoring of blood or “Please add one tablet
glucose levels of sulfonylurea in the
evening”
or “lack of exercise may
be the cause of the
aggravated glucose level”
Limetal., | RCT Adults with T2D Website, Usual care and | Two-way messaging For each message | Psychosocial -Behavioral | None reported
2016 Parallel 2 (HbA1C 7 -10.5%) | physical activity | glucometer SMS text type, a different Tailoring
arms n= 100, 25% monitor, schedule was
6 months female glucometer, and U-Healthcare applied. Specific feedback

Age: 65.0 (4.9)

intervention:

messages, instructions, and
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Korea: High
Income

mobile phone
messaging

Feedback messages and
instructions on
medication adjustments,
diet pattern, physical
activity, and other
lifestyle modifications

Weekly average
glucose levels
were sent on:
Mondays at 10.00
am, monthly
average glucose
levels were sent
on the last day of
every month at
11.00 am,
reminder
messages were
sent every
Tuesday at 10.00
am.

Messages were
delivered
automatically

recommendations based on
patients’ uploaded data
were generated by the
decision rule engine and
sent back to the patient
immediately.

Also, reminder messages
on glucose monitoring,
diet, and physical activity
were sent regularly.

No example was provided

Peimaniet | RCT Adults with T2D 2 intervention No treatment- | One-way messaging On average 7 Psychosocial -Behavioral | Self-
al., 2015 | Parallel 3 (HbA1C not groups: no messaging | SMS text messages per Tailoring efficacy/Social
arms specified), n=150, week for both Tailored messages were Cognitive
3 months 46% female Tailored text Educational and treatment groups | motivational and Theory
Age: 52.5 (10.9) messaging group motivational messages persuasive and focused on
Iran: Upper middle | vs. non-tailored on diet, exercise, increasing awareness of The theory was
income messaging group medication adjustment, | Automated each self-management used to tailor
and self-monitoring of messages were behaviour. 75 % of the the intervention
blood glucose delivered messages addressed message content
monitoring patients’ specific barriers
to adhering prescribed
diet, exercise or
medication.
No example was provided
Shetty et | RCT Adults with T2D Mobile text Usual care One-way messaging Once every 3 Personalization None reported
al., 2011 | Parallel 2 (HbA1C 7-10%) messaging including SMS text days Mobile text messages were
arms n= 215, appropriate personalized based on
12 months | The gender ratio prescriptions Educational and Frequency of patients’ preferred

was not provided
Age: 50.3 (9.1)

of drugs based
on the clinical
and laboratory

motivational messages
on diet, physical
activity, medication

messages varied
as per patients’
preferences

frequency of receiving
messages and preferred
content/topic including
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India: Low Middle

investigations

adherence, and healthy

instructions on medical

Income and advice on | living Unclear nutrition, physical activity,
diet information about | reminders for medication
modification how messages adherence, and healthy
and physical were delivered living habits.
activity No example was provided

Tambanet | RCT Adults with T2D Mobile text Usual care One-way messaging 3 messages per Personalization None reported
al., 2013 | Parallel 2 (HbA1C >7) messaging and including SMS text week
arms n= 104, 46% usual care scheduled Mondays: Messages were delivered
6 months female consults with Messages on diet, Messages about based on patients'

Age: 49.5 (7.1) an physical activity, and diet preferred timing.

Philippines: Lower endocrinologis | other self-management Wednesdays:

middle income tand visittoa | issues Messages about SMS messages included 2
DM educator exercise sentences. First one

Fridays: included facts about proper
Messages about diet and exercise, the
the consequences | second sentence acted as a
of nonadherence reminder for adhering diet
to diabetes self- and exercise given by
care diabetes educator.
Messages Example: “Calorie
delivered by a counting is good for
research assistant | diabetics. Ask your
dietitian how to do it and
follow her advice”
Yoo, etal., | RCT Adults with T2D The Ubiquitous | Usual care Two-way messaging 3 messages per Psychosocial -Behavioral | None reported
2009 2 parallel (HbA1C>6.5-10) Chronic Disease | including SMS text day Tailoring
arms n=123; 41% Care System clinic visits
3 months female includes mobile | and regular Motivational messages Automated Recommendations and

Age: 58.2 (8.7) text messaging consults with on a healthy diet, feedback reminders were sent

Korea Rep: High and using physicians exercise, and glucose messages were immediately after patients

income assessment monitoring along with sent immediately | uploaded their specific

devices (i.e. general information after patients data, and motivational and
glucometer) and about diabetes, uploaded their educational messages were
a web-based hypertension, and measurements sent three times a day
physician obesity. Example: “Your fasting

communication

blood glucose level is very
high compared with the




35

Messages were
delivered
automatically

appropriate target level for
Type 2 diabetes (<7.2.
mmol/l. Reduce your
calorie intake and avoid
foods high in fat. Also,
plan for regular exercise
after your meals.”

Yoon &
Kim, 2007

Pretest
post-test
control
group
design

12 months

Korean adults with
T2D (HbA1C>7%)
n=51, 57% female,
Age 47.1 (8.9)
Korea Republic:
High income

The website,
wired internet,
and mobile
messaging

Usual care
including
clinic visits
and consults
with an
endocrinologis
t

One-way messaging
SMS text

Informative and
motivating messages on
continuous education
and reinforcement of
diet, exercise,
medication adjustment
and frequent monitoring
of blood glucose levels

Once a week, on
average 52 times
in a year

Messages were
sent by healthcare
professionals

Psychosocial -Behavioral
Tailoring

Feedback messages and
recommendations based on
patient-specific uploaded
data on diet, exercise,
medication, or glucose
monitoring.

Example: “Please check
the amount that you eat”,
Your glucose control
seems to be good”

None reported
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2.4.3 The effect of tailored text messaging interventions on self-management outcomes

Only two interventions (Arora et al., 2014 and Shetty et al., 2011) assessed all the
specified diabetes self-management outcomes while one study (Gatwood et al., 2016)
measured only medication adherence. Six studies measured the effect of treatment on
physical activity, and two studies (Tamban et al., 2013; Lim et al., 2016) reported statistically
significant improvements. Five studies measured the effect of treatment on dietary habits of
participants, and two studies found statistically significant increases in dietary adherence
(Tamban et al., 2013; Lim et al., 2016). Medication adherence was assessed in three studies,
and one study (Arora et al., 2014) reported a statistically significant effect of the treatment.
According to the tailoring strategies, no meaningful difference was observed between the
interventions on physical activity, diet, and medication adherence outcomes. The
interventions also measured a limited number of attitudinal and behavioural outcomes related
to diabetes self-management, such as acceptability, knowledge, health belief, self-
determination, and self-efficacy. Satisfaction with the intervention was measured in four
studies, which reported high satisfaction scores (more than 94%) with their interventions
(Appendix VIII).

Due to the insufficient number of interventions reporting the effect of interventions on
physical activity, diet, and medication adherence, and the inconsistent scale of measurements
(i.e., rates, counts, means), the data on these self-management outcomes could not be pooled
in a meta-analysis. However, data from 11 trials that provided the effect of treatment on
glycated hemoglobin monitoring (HbA1C) were pooled in a meta-analysis. One study (Shetty

etal., 2011) was excluded from the meta-analysis due to data inconsistency.
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2.5 A Meta-Analysis: The Effect of Tailored Interventions on Glycated Hemoglobin
Monitoring

The effect of 11 eligible tailored interventions on HbA1C values of a total 949 Type 2
diabetes patients showed a moderate and statistically significant weighted mean effect size,
g=0.54 (95% CI1=10.08-0.99, p< 0,001). Table 2.4 presents information on combined effect

size, point estimates with confidence intervals, and weights calculated for each study, and

Figure 2.4 illustrates the forest plot diagram of the results.

Table 2.4 Effects of tailored text messaging interventions on glycemic control

Study Name Hedges' ¢ Cl Lower limit | CI Upper limit Weight
Agboola et al., 2016 -0.26 -0.61 0.09 10.09%

“Text to Move” Intervention
Aroracetal., 2014 0.05 -0.30 0.40 10.12%

“TExT-MED” Intervention
Capozza et al., 2015 -0.02 -0.44 0.40 9.61%

“CaredLife” Intervention
Faridi et al., 2008 0.66 -0.07 1.43 7.32%
“NICHE” pilot study

Fortmann et al., 2017 0.53 0.15 0.92 9.87%

“Dulce Digital” intervention
Kim & Kim, 2008 2.21 1.39 3.14 6.44%

“Mobile and internet”
intervention

Limetal., 2016 0.56 0.13 1.00 9.51%
“Multifactorial intervention”
Peimani et al., 2015 0.35 -0.04 0.75 9.78%
“SMS-based intervention”
Tamban et al., 2013 0.40 -0.04 0.84 9.46%
“The SMS intervention”
Yoo et al., 2009 0.55 0.17 0.93 9.89%
“The UCDC intervention”
Yoon & Kim, 2007 1.75 1.12 2.43 7.91%

“The SMS intervention”

Combined Effect Size

Hedges' g 0.54
Standard error 0.20
CI Lower limit 0.08
CI Upper limit 0.99
PI Lower limit -0.64
PI Upper limit 1.72
Note: Cl: Confidence interval, PI: Prediction interval
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Figure 2.4. Forest plot of tailored text messaging interventions’ effect on glycemic
control

Publication bias analysis revealed a small degree of asymmetry of data (p=0.052 in
Begg and Mazumdar test, and p= 0.002 in Egger regression test) Trim-and-fill analysis
imputed one study to the left of the mean resulting in a decrease to the effect size to g=0.38
(95% CI=-0.15, 0.91). Figure 2.5 illustrates the funnel plot demonstrating combined and
adjusted effect sizes and imputed data points.

Performing a leave-one-out sensitivity analysis by removing one study each time

showed that the combined effect size was in minimum at g= 0.41 (Kim & Kim, 2008) and in
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maximum at g= 0.62 (Agboola et al., 2016). Removing two studies that were assessed as low
quality due to their study design and sampling size (Kim & Kim, 2008; Yoon & Kim, 2007)
did not have a significant effect on the data asymmetry. Funnel plot analysis still
demonstrated a need for an imputed data point on the left side of the mean and a substantial
degree of heterogeneity among studies (1? = 55.52); therefore, these studies were not
excluded from the analysis.

The sample of studies indicated a significant level of heterogeneity (Q11 = 58.4,
p<0.00, 1> = 82.8%), and a priori subgroup analyses with the random-effects model were
conducted to investigate the reasons for the heterogeneity and possible effects of

interventional and methodological components on the combined effect size.
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Figure 2.5. Funnel plot assessment of asymmetry in data
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2.5.1 Subgroup analyses

Subgroup analyses were conducted for the interventional and methodological
moderators. The pre-specified subgroups related to participant characteristics (age, gender,
and ethnicity/race) and study design could not be analyzed quantitatively due to insufficient
data.

The studies significantly differed in terms of their message frequencies (Qg=18.72,
df=1, p=0.000), message direction (Qs= 5.26, df=1, p=0.022), message delivery (Qg=18.72,
df=1, p=0.000), and choice of modality (Qs= 6.18, df=1, p=0.013). We had hypothesized
that the studies using interactive (two-way) messages, mixed modalities (i.e. SMS and
Web portal) and non-automated message delivery would produce larger effect sizes than
their counterparts. The results confirmed our hypotheses on these variables. However, we
had to reject our hypothesis on message direction because one-way messaging produced
a larger effect size than two-way messaging. The interventions did not significantly differ

according to their tailoring strategies, study lengths and study settings (Table 2.5).

Table 2.5. Weighted mean effect size by moderating variables

Subgroups n Hedges’ g (95% CI) p-value Qs
Tailoring strategies
Advanced | 8 0.66 (C1:0.09-1.22) 0.00
Basic | 3 0.31 (Cl: 0.02-0.60) 0.17

0.55 (p=0.457)

Message frequency
Frequent messaging | 8 0.27 (Cl: 0.04-0.51) 0.01"

Infrequent messaging | 3 1.41 (CI: 0.33-2.50) 0.00"

18.72 (p=0.000")

Message direction
One-way messaging | 6 0.79 (0.13-1.46) 0.00"

Two-way messaging | 5 0.27 (-0.10-0.63) 0.00"

5.26 (p=0.022)
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Message delivery

Automated 0.27 (CI:0.04-0.51) 0.01"
Non-automated 1.41 (CI1:0.33-2.50) 0.00"
18.72 (p=0.000")
Intervention modality
Text messaging 0.18 (CI:-0.02-0.38) 0.38
Multi-modality 0.79 (CI:0.19-1.39) 0.00"
6.18 (p=0.013"
Study length
Short-term (3 months) 0.48 (CI: 0.32-0.64) 0.68
Long-term (6 months or 0.57 (CI:0.00-1.14) 0.00
more)
1.04 (p=0.309)
Study setting
High income 0.59 (CI: 0.09-1.10) 0.00
Low and middle 0.37 (0.33-0.41) 0.89

income

0.04 (p=0.975)

Notes. n= number of studies in each group, g= weighted mean effect size,

CI: confidence interval, P<.05: statistical significance

*: statistically significant, Qs: the difference between groups based on combined effect size

2.6 Discussion

This study presented a comprehensive review and a meta-analysis of tailored

mobile text messaging interventions on type 2 diabetes self-management. The main

characteristics of tailored interventions and their moderators of effectiveness were

analyzed. This study acknowledged that different tailoring strategies are available, and

by proposing a guideline for classifying tailoring strategies, it attempted to increase the

comparability of the findings across reviews. Therefore, this study not only contributes

to the growing field of type 2 diabetes self-management but also offers a useful

framework for other text messaging interventions. The majority of the trials were RCTs,

conducted in high-income settings, and used multi-modalities for the delivery of

interventions. All interventions targeted people with type 2 diabetes and used SMS as the

form of text messaging.



42

Text messaging content in the reviewed studies generally included cognitive and
rational attributes aiming to increase awareness and knowledge about diabetes self-
management. For example, “Having diabetes can lead to a heart attack and stroke! But
it doesn’z have to” (Arora et al., 2014), “Calorie counting is good for diabetics. Ask your
dietitian how to do it and follow her advice” (Agboola et al., 2013) and “How are you?
Feeling stressed about diabetes is normal. Getting support will help you feel better and
control glucose. Ask for help when you need i (Capozza et al., 2015). However,
behaviour change also has affective and conative aspects (Fishbein & Ajzen, 1975), and
integrating cognitive and affective interventions can increase self-management skills of
patients and lower their HbA1C (Sherifali et al., 2018).

Further, a randomized controlled trial revealed that type 2 diabetes patients should
receive more specific messages about what to do about medications, tests or treatment
goals instead of receiving simple educational messages (Adams et al., 2009). Also, the
educational and informative messages used in the interventions mostly relied on standard
guidelines. The effectiveness of educational and informative components of diabetes self-
management increases when they are customized (Sherifali et al., 2018).

Another important result was the lack of message- specific elements or the
framing effect in the message design considerations of the interventions. Considering the
rapid growth of type 2 diabetes and the ineffectiveness of traditional self-management
practices and insufficient evidence provided by previous research (Arambepola et al.,
2016; Dobson et al., 2017), there is a strong need for employing more persuasive
message strategies in the interventions that will be guided by communication and
persuasion theories. The previously identified lack of a theoretical grounding in
mHealth-based studies (Arambepola et al., 2016; Dobson et al., 2017; Free et al., 2013)

was confirmed by this systematic review. Although these behavioural theories have
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been the most frequently used theories in behaviour change interventions (Glanz,
Rimer, & Lewis, 2002) they may be limited in addressing the adaptive, customized and
contextual nature of mHealth-based studies (Spruijt-Metz, Nilsen, & Pavel, 2015;
Saranummi et al., 2013; Davis, Campbell, Hildon, Hobbs, & Michie, 2015). As expected,
tailored text messaging interventions had a moderate, positive, significant effect on
HbA1C values. This result is consistent with the findings of the previous meta-analyses
(Arambepola et al., 2016; Orr & King, 2015; Head et al., 2013), which indicated small to
moderate effects of text messaging interventions.

The subgroup analysis revealed that one-way, non- automated messages that are
supported by additional modalities and sent infrequently are likely to be more effective
for glycemic control in type 2 diabetes patients than other text messaging strategies. It
was expected that patients would prefer less frequent messaging, but contrary to our
hypothesis, they may not prefer interactive communication either.

Previous reviews have provided mixed results on the effectiveness of multi-
modalities (e.g., text messaging, WEB portal, assessment devices) (Kitsiou et al., 2017;
Head et al., 2013; Armanasco et al., 2017). The findings of this study support our
hypothesis and are also consistent with the mass media and communication studies that
the seamless integration of multiple channels to reach a specific audience leads to more
effective outcomes (Kotler, 2003).

The effectiveness of non-automated messages on Hb A1C control could be an
indication of how patients value tailoring and personalized communication. Non-
automated message delivery may create a personalization tailoring effect and increase
the engagement with the intervention. Although too much interactivity and message

frequency appear less impactful, messages designed specifically for participants and



44

coming from real people (i.e. healthcare provider, nurse and dietitian) are likely to be
more effective.

There were some limitations to the study that should be noted. First, a meta-
analysis could not be implemented on physical activity, diet and medication adherence
because of the insufficient data provided for these outcomes. Due to the same reason, the
relative effectiveness of different tailoring strategies used in the interventions could not
be assessed. Because our focus was to examine the message design features, we included
only the English articles. Further, the data provided about the tailoring strategies and the
message content in this review were limited by the short explanations or examples
provided in the articles.

The majority of the interventions included some risks of bias mainly due to the
small sample sizes and insufficient blinding, and therefore it might have increased the
possibility of publication bias in the meta-analysis. The Trim-and-fill method revealed an
imputed study that would be placed at the lower left side of the funnel to correct the
asymmetry of data. It probably relates to the poor methodological designs in trials with
small sample sizes, which can cause an absence of studies on the left-hand side at the
base of the funnel (Sedgwick, 2013; Higgins & Greene, 2011). However, by the
correction of asymmetry, the tailored interventions still produced a substantial combined
effect (g 0.38) on glycemic control. Although a significant heterogeneity among the
studies was observed, the random-effects model was used, and subgroup analyses with a
priori moderators were performed to understand how and to what degree the

interventions differed from each other.



2.7 Comparisons with Previous Reviews

Previous related studies on type 2 diabetes management either particularly
focused on lifestyle behaviours (diet and physical activity) (Arambepola et al., 2016)
or medication adherence (Farmer et al., 2016) or glycated hemoglobin control (Dobson
etal.,2017; Faruque, Wiebe, & Ehteshami-Afsha, 2017). This study examined all these
self-management outcomes and therefore provided a more comprehensive approach to
understanding the effects of text messaging interventions on type 2 diabetes self-
management. However, the main goal of this study was to identify the characteristics
of tailored text messaging interventions and to examine their tailoring strategies and
message design and delivery features. Therefore, this study differs from the other
reviews as it only included tailored interventions. Although Dobson et al.’s (2017)
systematic review provided information on tailoring where available, our study
provided an in-depth analysis of tailoring strategies used in the interventions and
further elaborated on message design strategies. Contrary to their results, our meta-
analysis found support for the previous research (Arambepola et al., 2016) and reported
a significant effect of tailored mobile text messages on glycemic control of patients

with type 2 diabetes.

Another important difference in this study is that it included both automated
and non-automated text messaging interventions. By comparing the message delivery
types, it was revealed that non-automated message delivery could be more effective

than automated message delivery.

The meta-analysis examined the effects of a large number of moderators and
found significant effects of message frequency, message direction and intervention

modality on glycated hemoglobin control. In their meta-analysis, Arambepola et al.
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(2016) found no significant difference between the effect on unidirectional and
bidirectional messages on glycated hemoglobin control. Our study found that in
tailored interventions, one-way (unidirectional) messaging could be more effective
than two-way (bidirectional) messages and provided support for the previous text
messaging reviews (Orr & King, 2015; Head et al., 2013). Unlike Farmer et al.’s
findings (2016), this study revealed that using multi-modalities (i.e. web portal and
text messaging) could be more effective than using only text messaging and provided

support for previous research (Armanasco et al., 2017; Noar et al., 2007).

2.8 Conclusions

Tailored mobile text messaging interventions were mostly RCTs, focused on adult
patients, conducted in high-income settings, and used SMS to deliver intervention
messages, which mainly aimed to increase awareness and knowledge about type 2 diabetes
management. The review highlighted the use of different tailoring strategies that addressed
the participants’ preferences and needs. However, there is still a need for using more
persuasive message design elements and comprehensive and dynamic theoretical

approaches in these interventions.

The meta-analysis concluded that tailored mobile text messaging interventions
could improve glycemic control in type 2 diabetes patients. Patients seem to prefer direct
and personalized communication, but do not necessarily favour frequent contact and
interactivity. Also, when combined with other modes of interaction (e.g., web page,
assessment devices), the effects of tailored text messaging interventions on glycemic
control can increase. However, more rigorous interventions with larger and carefully
selected samples and longer follow-ups are required to confirm these findings and to

explore the effects of tailored text messaging on other self-management behaviours.
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Chapter 3: Patients’ Experiences With Mobile Text Messaging Studies for Type 2
Diabetes Management and Their Perspectives for Text Message Design and Delivery: A
Systematic Review and a Meta-Synthesis

3.1 Abstract

Objectives: A systematic review and a thematic synthesis were performed to identify, assess,
and summarize available scientific evidence on text messaging studies focused on patients’
experiences and perspectives about text messaging interventions, text message content and
delivery features.

Methods: A comprehensive search strategy included major electronic databases, key journal
searches, and hand searches of the reference lists of related systematic reviews and meta-
analyses. The Cochrane Qualitative and Implementation Methods Group and PRISMA
guidelines were followed for data extraction, quality appraisal, data analysis and report. A
thematic synthesis was performed to integrate the findings of the included studies. The Grade
CERQuial tool was utilized to assess the confidence in the findings.

Findings: The search returned 14 eligible studies for the systematic review and 13 studies for
the thematic synthesis. Thematic synthesis identified 19 categories with a moderate and high
level of confidence, which clustered into three domains: perspectives on
interventions/programs, perceptions about text messaging, and experiences with diabetes
management. In addition to increased self-awareness, knowledge and control on diabetes, text
messaging created a sense of “feeling supported” in patients, improved their communication
with family/friends and care providers, and positively changed their habits towards
medication adherence and diabetes regimen. Preferred message timing and frequency varied
among patients indicating the need for customized message delivery.

Conclusions: Text messaging was perceived as a suitable technology for type 2 diabetes self-

management. Patients with Type 2 diabetes highly valued the tailored content in text



messages. Future research needs to explore which tailoring strategies and message design
elements could be particularly effective in reaching patients with type 2 diabetes. The
findings of this meta-synthesis provide significant implications to healthcare professionals,
organizations, and researchers to effectively design and deliver text messages based on

patients’ preferences and expectations.

Keywords: Text messaging, Type 2 diabetes, health promotion, behaviour change,
systematic review, thematic synthesis
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3.2 Background

Type 2 diabetes is a complex, progressive life-long condition, and one of the most
rapidly developing diseases globally (International Diabetes Foundation, IDF, 2017). The
causes and consequences of this disease are highly divergent that there could be different
types of type 2 diabetes requiring different treatment plans (Ahlqvist et al., 2018). The
majority of type 2 diabetes management includes patients’ self-care activities, such as self-
monitoring of blood glucose levels regularly and adopting appropriate lifestyle changes (e.g.,
diet, physical activity, medication adherence, stress management) (Diabetes Canada, 2019).
However, patients often fail to adhere to these self-management activities (Capozza et al.,
2015; Spruijt-Metz et al., 2015). Patients should be knowledgeable about diabetes and should
have adequate cognitive and psychomotor skills that will lead to performing the necessary
behaviours for the improvement of their health (Sousa, Zauszniewski, Musil, McDonald, &
Milligan, 2004). Further, the severe complications of diabetes and comorbidities, such as
blindness, heart disease, kidney problems, nerve damage make its management more
challenging over time (Diabetes Canada, 2019). Therefore, it is crucial to provide customized
and continuous support to improve patients’ self-management skills as each patient has

specific challenges and experiences with diabetes (Sherifali et al., 2018).

Mobile text messaging has been widely used in health interventions to address various
types of health conditions, including diabetes self-management (Naughton and Sutton, 2011;
Hall et al., 2015). Because it is possible to provide continuous, customized, convenient, and
cost-effective care by mobile text messaging, it can be particularly useful to support patients

with type 2 diabetes (Spruijt-Metz et al., 2015, Peimani et al., 2015).

Existing systematic reviews and meta-analyses (Hall et al., 2015; Arambepola et al.,

2016; Farmer et al., 2016; Kitsiou et al., 2017; Sahin et al., 2019) indicated the significant


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zauszniewski%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15776752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musil%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=15776752
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDonald%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=15776752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milligan%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=15776752

50

effect of mobile text messaging interventions on Type 2 diabetes management. However,
there was considerable heterogeneity in the moderators of effectiveness in these studies.
Therefore, there is still a lack of knowledge about patient experiences in these programs to
support the optimization of interventions. A qualitative synthesis may provide richer detail
and insights from participants in these interventions and can counter the shortcomings of

quantitative moderator analyses.

3.3 Objectives

This paper is a systematic review and a meta-synthesis of qualitative studies
conducted to design, implement, and/or evaluate mobile messaging interventions for Type 2
diabetes self-management. Specifically, the research sought to answer the following
questions: 1) What are the main characteristics of mobile messaging-based qualitative studies
conducted to improve Type 2 diabetes self-management? 2) What are the barriers and
facilitators to the design and implementation of text-messaging programs for Type 2 diabetes
self-management? 3) What are patients’ perceptions and experiences toward message content
and message delivery features (i.e., timing, frequency, interactivity)? 4) What are patients’
perceptions and experiences toward tailored mobile messaging content for the self-

management of diabetes?

3.4 Research Methodology

We followed the recent guidelines of the Cochrane Qualitative and Implementation
Methods Group (Noyes et al., 2017; Harris et al., 2017; Noyes, Booth, Flemming et al., 2017,
Cargo et al., 2017; Harden et al., 2018; Flemming et al., 2018), the Preferred Reporting ltems

for Systematic Review and Meta-Analysis (PRISMA) guidelines (Moher et al., 2009), and
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the Enhancing Transparency in Reporting the Synthesis of Qualitative Research (ENTREQ)

criteria (Tong et al., 2012) to synthesize the qualitative studies and report the findings.

3.4.1 Inclusion criteria

We included all the studies that were returned from our search and met our eligibility
criteria (Appendix IX). The review included original research papers where data collection
and analyses have been made using qualitative methods (e.g., focus group, in-depth
interviews). Because of the message-specific focus of our study, we did not consider the

studies written in another language other than English.

3.4.2 Search strategy

A comprehensive search strategy was implemented between 2 and 5 October 2018. The
search strategy included major electronic database searches, key journal searches, and hand
searches of reference lists from recent systematic reviews and meta-analyses (Appendix X).
Combinations of key terms, MeSH terms, and CINAHL subject headings were searched across
the selected electronic databases (Appendix XI). PubMed search strategy, which was modified

for other databases, were provided in Appendix XII.

3.4.3 Selecting studies and collecting data

The search results obtained from different sources were combined and screened using
Zotero 5.0 Citation Manager (Zotero.org, 2018). After the duplicates were removed, the titles
and abstracts of the remaining citations were examined against the eligibility criteria. When
the abstracts were not available or clear, the full texts of the studies were reviewed. Further,
full-texts of all the studies that passed the initial title-abstract screening were scrutinized to

assess the eligibility of the studies.
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For data extraction, we developed a structured form adapted from the National
Institute for Health and Care Excellence (NICE) (nice.org.uk, 2018). We extracted data for
study designs, theoretical approach, sample characteristics and setting; data collection
technique; a method of data analysis; intervention/program features; text message content,
and key findings. When studies contained other participants (e.g., physicians, doctors, family
members), we only extracted patient participants’ data and findings.

The first author and a reviewer with doctorate level qualifications independently
screened the articles against inclusion criteria and extracted the data. Any disagreement was
discussed until consensus was reached, and the reasons for excluded studies were recorded

(Appendix XIII).

3.4.4 Critical appraisal

For quality assessment, we used the checklist of Critical Appraisal Skills Programme
(CASP) (Noyes, Booth, Flemming, et al., 2017; Critical Appraisal Skills Programme (CASP),
2018). CASP includes ten questions. The screening questions assess the appropriateness of
study rationale while the following questions evaluate whether the methods applied for
sampling, data collection, and analysis were appropriate, ethically conducted, and reported.
The first author and a reviewer independently assessed how the studies reported on their
methodological processes and evaluated the limitations of the studies and discussed any
discrepancies until consensus was reached. The studies were classified as high quality, medium

quality or low quality, and the rationale for each judgment was provided (Appendix XIV).
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3.4.5 Data synthesis and analysis

We applied a thematic synthesis approach (Thomas and Harden, 2008) to examine
data and combine the findings. Atlas.ti 8.3 qualitative data analysis software (Atlas.ti, 2018)
was used to classify and analyze the codes and perform the thematic synthesis.

The three-step coding and the theming process began with line-by-line coding to
characterize the content of each line or sentence in the findings of each study. Then, the codes
were analyzed and grouped according to their similarities and differences to develop
categories and thematic categories in a hierarchical tree structure.

The coding process was initially carried out independently and then collaboratively by
the first author and the reviewer. Prior to analysis, reviewers agreed on definitions of key
concepts such as tailoring, diabetes self-management, feedback, automation, and interactivity
in order to increase the consistency of interpretation. By performing line-by-line coding,
every sentence and/or quote had at least one code applied; in most cases, multiple codes were
utilized. In articles where different participants were involved (e.g., patients, caregivers,
doctors), only the patient data were extracted. We examined the qualitative findings of the
studies and checked other article sections to ensure that no relevant findings had been missed.

We assessed the confidence in the findings of the thematic synthesis using The
Confidence in the Evidence from Reviews of Qualitative Research (CERQual) approach
(Lewin et al., 2015). Because we applied a critical appraisal of the methodological limitations
of the studies separately (Appendix XIV), the confidence assessment included three other
components (relevance, coherence, and adequacy of data). We provided our judgments in

detail in Appendix XV and included only medium and high-quality studies in our analysis.
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3.5 Results

The combined database searches returned 1812 records, and with 26 records from other
sources, a total of 1838 records were collected. After duplicates were removed, 1369 records
were screened for eligibility using title and abstract. A total of 75 articles were shortlisted for
eligibility, and full-text screening resulted in 14 eligible studies for a systematic review. The
search results are summarized in the PRISMA flow diagram (Figure 3.1).

Among the studies reported on the same intervention/program, preliminary studies
(e.g., Dick et al., 2011; Osborn and Mulvaney, 2013) were used as support studies, and the
advanced studies including the patients’ evaluations of interventions were included (e.g.,
Nundy, Dick, Solomon, & Peek, 2013; Nelson, Mulvaney, Johnson, & Osborn 2017,
respectively).

We reported the result of our assessment of methodological limitations for each study
in the Characteristics of Included Studies Table (Table 3.1). All but one study (Fortmann et al.,
2017) had sufficient detail about methodology and findings and methodological quality to
provide reliable evidence on patients’ experiences and perspectives about designing and

implementing text messaging interventions.
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Records excluded

(n =1294)

Full-text articles excluded,
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(n=61)

r/conference abstracts: 20
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Review/opinion paper: 7
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Figure 3.1. Study selection flow diagram based on the Preferred Reporting Item for
Systematic Reviews and Meta-Analyses (PRISMA) guideline
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3.5.1 Study characteristics and quality

The dataset featured seven mixed methods studies in which qualitative phases followed
the quantitative measurements. There were three qualitative studies conducted and reported
separately from their related randomized trials and one qualitative evaluation from an ongoing
trial. There was an exploratory qualitative study aimed to assess patients’ perspectives in order
to develop an optimal text messaging. Also, a mixed-methods usability-feasibility testing study
was included in the sample. In summary, there were 11 studies focused on post-intervention
evaluation, one study concentrated on intervention implementation, and two studies engaged
in the design and development process of text messaging interventions.

Twelve studies reported the use of at least one theoretical framework, and the Health
Belief Model was the most frequently used (n=6). In five studies, multiple theories were
employed (Horner, Agboola, Jethwani, Tan-McGrory, & Lop, 2017; Gatwood et al., 2015;
Nundy et al., 2013; Mayberry, Berg, Harper, & Osborn, 2016; Chen, Yu, Li, Zhan, & Yan
2018). Theoretical frameworks were generally used to develop intervention messages and to
guide the intervention process.

Almost all studies (one was from China) were conducted in the USA. In six studies, the
majority of participants were 50 years old or more. Some studies primarily targeted
Latino/Hispanic patients (n=5) and low-income patients (n=7).

Focus groups (n=4) and interviews (n=8) were the primary data collection methods
used, and two studies incorporated both focus groups and interviews. The majority of the
studies (n=12) reported the use of structured or semi-structured interview guides and recorded
the interview sessions (n=10). Telephone interviews were conducted in five studies, and
interview times ranged from 15 minutes to 120 minutes.

Eight studies addressed overall diabetes self-care, whereas other studies primarily

focused on one diabetes-care behaviour such as medication adherence or problem-solving.
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All interventions/programs presented various types of message content that were tailored
based on language preferences (e.g., Burner, Menchine, Kubicck, Robles, & Arora, 2014;
Burner et al., 2018); cultural and economic status (e.g., Watterson, Rodriguez, Shortell, &
Aguilera, 2018); or psychosocial and behavioural needs and expectations of patients (e.g.,
Bergner, Nelson, Rothman, & Mayberry 2017; Horner et al., 2017).

Six studies used frequent messaging, defined as sending two or more messages daily.
In the other six studies, one message per day or less was delivered. In one study, patient
preference determined message frequency (Bergner et al., 2017). The use of message
direction in the interventions/programs was heterogeneous; there were one -way messaging
(n=6), two-way messaging (n=4), and the use of both types (n=3). The majority of studies
were text messaging only studies (n=11). Some studies included phone coaching and support
persons (Mayberry et al., 2016), web-portal (Mamykina et al., 2016), and IVR calls (Nelson
et al., 2017). All interventions were delivered via automated messages.

Text messaging content included educational-informative and motivational messages.
Tips, reminders, short questions, and challenges were used to enhance content variability in
some of the studies. One study (Mayberry et al., 2016) reported the use of simplified sentence
structure, active voice, credible sources, and removal of uncommon words and medical
jargon from the message content. Chen et al. (2018) also stated the importance of using
authoritative sources and breaking the monotony of messages to prevent the gradual loss of

interest to the messages.
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Study Study Design Theoretical Sample Data Collection Intervention Text message Findings by Key Themes Study
Author’s Aims and Approach Characteristics and Technique and /program features content Quality
Name, Year Objectives Setting (only the Method of
qualitative phase Analysis
and patient
participants)
Design: A 2- “REACH” text No Participants: 31 | Semi-Structured REACH is an REACH intervention | Common themes High
Bergner et al., | weeks mixed messaging Diabetes telephone interactive and delivered indicating the benefits of Quiality
2017 methods study intervention, characteristics: interviews were automated text- informative tailored | the program regardless of
including a was designed Type 2 patients that | conducted by messaging messages to address | the health literacy status:
qualitative study at | based on were prescribed at trained research intervention users’ barriers to e Reminders and
the follow-up Information- least one daily assistants designed to address medication accountability
Aims: To explore | Motivation- diabetes medication user-specific adherence (how to
how patients Behavioral Language: English Interviews were medication handle missed doses, | ¢ Information and
engaged with and Skills (IMB) Other: audio-recorded adherence barriers manage side-effects, motivation
experienced the Model Adult patients with and transcribed and support other administer, store, and

REACH program

adequate health
literacy (n= 18) and
limited health
literacy (n= 13)
Setting:

2 federally qualified
health centres in
Nashville, TN, USA.

verbatim

A thematic
analytic approach
was used for data
analysis

self-management
behaviors

Daily and weekly

messages were sent:

e Daily messages
for medication
adherence and
promotional
messages for
other self-care
behaviors.

o Weekly
messages for
feedback and
support

discard medication)

Non-tailored
messages were
inspirational
messages promoted
diet, exercise, and
self-monitoring of
blood glucose

Example:

“Remember that you
have the power every
day to make progress

For patients with limited
health literacy:

Social support

For patients with adequate
health literacy:

Augmented existing
knowledge
Convenience and
Accessibility
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Message frequency toward improving
and timing were your health!”
determined based
upon patient
preferences
Burner etal., | Design: A mixed TEXT-MED No. Participants: 8 | 2 focus group TEXT-MED is a one- | Messages include: Themes that are differed High
2013 methods analysis intervention Diabetes studies were way, fully automated | e educational or by gender: Quality
of a previously messages had characteristics: conducted, either text messaging motivational o dietary self-efficacy
conducted pilot been developed | Diabetes patients in English or intervention focused content (67%)
feasibility study - | previously using | (HbA1C >8%) Spanish on increasing e medication e health information
including a the Health Language: 5 knowledge, self- reminders (5%) sources
qualitative study in | Belief Model to | English speakers and | The sessions lasted | efficacy, glycemic e challenge
the second phase address specific | 3 Spanish speakers 90 minutes control, and diabetes messages on e desired content of
barriers and Other: self-management healthy living educational
Aim: To knowledge gaps | Predominantly A bilingual (14%) materials
understand the of T2D patients | Latino adults (%75), | moderator led the | Patients received 3 e trivia questions
effect of the equal male-female sessions using a messages per day, (12 %)
intervention on ratios (50%), have structured either in English or
diabetes self- low income guideline Spanish based on
management Setting: Emergency their preference
Department of Los Interviews were
Angeles County audio-recorded
Hospital at USC, and transcribed
CA, USA. verbatim
Using an iterative
process, codes
were generated
and categorized
based on the
gender of the
participants
Burner etal., | Design: A Health Belief No. Participants: 24 | 5 focus groups TEXT-MED is a one- | The twice-daily Useful medical reminder | High
2014 qualitative study Model was used were conducted; 2 | way, fully automated | messages included quality
conducted after a to develop the in English and 3 in | text messaging
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6-month TEXT-MED Diabetes Spanish, and 2 for | intervention focused | ¢ educational or Impactful healthy living
randomized intervention characteristics: men and 3 for on increasing motivational challenge
controlled trial messages and to | Diabetes patients women knowledge, self- messages
guide the (HbA1C >8%) efficacy, glycemic e medication Need to increase the
Aims: to examine | intervention Language: Mainly | A semi-structured | control, and diabetes reminders personalization of
the findings of the | process Spanish speakers (58 | interview self-management e challenge message delivery
TEXT-MED %) guideline was messages on
intervention Other: used, and the Patients received 2 healthy living Need to increase
further and to Predominantly sessions lasted messages per day e trivia questions | Personalization of
explore the Latino adults (%75), | from 90 minutes to message content
perceptions and and female patients | 2 hours Text messages were
experiences of (67%) have designed based on
participants about low income Experienced language preferences
the intervention Setting: Emergency | bilingual (English or Spanish).
Department of Los researchers
Angeles County moderated the Example: “Having
Hospital at USC, sessions which diabetes can lead to
CA, USA. were audio- a heart attack and
recorded and stroke! But it doesn’t
transcribed have to”
verbatim
Using a modified
grounded theory
approach and
applying line by
line coding, 2
independent
reviewers coded
qualitative
findings and
generated 27 codes
and 24 sub-codes
Burner etal., | Design: A 3- TEXT-MED No. Participants: 14 | Individual TEXT-MED is a one- | Patient messages Positive regard for the High
2018 month mixed intervention patients (and 8 interviews and 6 way, fully automated | included: TEXT- MED+ FANS Quality

methods feasibility
trial including a

messages had
been developed

family members)

focus groups were
conducted with

text messaging
intervention focused

e educational or
motivational

intervention




61

qualitative phase at
the follow-up

Aims: to
determine the
acceptability,
feasibility, and
efficacy of a text
messaging
program including
a social support
feature (FANS)?
Qualitative
questions aimed to
identify the effects
of the intervention
on patients’
motivation and
perception about
diabetes

previously using
the Health
Belief Model to
address specific
barriers and
knowledge gaps
of T2D patients

Diabetes
characteristics:
Diabetes patients
(HbA1C >9.6%)
Language:
Speaking
predominantly
Spanish (%32).
Other:
Predominantly
Latino adults (%77),
equal male-female
ratios (50%), have
low income
Setting: Emergency
Department of Los
Angeles County
Hospital at USC,
CA, USA.

patients and family
members
separately

Both English and
Spanish sessions
were executed

Verbatim
transcripts were
analyzed using a
software program
and following an
iterative process
for coding.

Line-by-line
coding was
performed, a total
of 32 codes and
sub-codes were
generated, and
theme categories
were identified

on increasing
knowledge, self-
efficacy, glycemic
control, and diabetes
self-management

2 messages were
sent per day
at9amand 5 pm

FANS messages
were sent to
supporters once or
twice daily

messages (1 per
day)

e medication
reminders (3 per
week)

e challenge
messages on
healthy living (2
per week)

e trivia questions
(2 per week)

Patient messages
were derived from
the National
Diabetes Education
Program

Text messages were
designed based on
language preferences
(English or Spanish)

Optimal message
frequency and
content (knowledge
gaps/topic
preferences) for the
target group were
identified in the
previous study****

Example: “30
minutes of exercise a
day (even walking)
will give you MORE
energy not less.

Desire to be healthy and
honour responsibilities

Desire for more
personalization

Change in supporters’
health behaviors
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Make it part of your
routine!”

Chenetal.,
2018

Design: A
qualitative study
Aim: To explore
the perspectives of
rural Type 2
diabetes patients
and health workers
on a text message-
based intervention
(TMI) for
increasing patients'
medication
adherence in rural
China.

The Health
Belief Model
(HBM) and the
Communication
-Persuasion
Model (CPM)
were used in
explaining the
rationale and
discussing the
effects of the
text messaging
intervention

No. Participants: 26
patients

Diabetes
characteristics:
Adult Type 2
diabetes patients that
had a history of
taking antidiabetic
medications for at
least 2 years. Nearly
half of them (n=11)
was newly diagnosed
(<5 years) or have
type 2 diabetes for 5-
10 years (n=12)
Language: not
specified, probably
Chinese.

Other: Mostly
female (n=18), 50+
patients living in
rural areas of China
whose education
level mostly up to
junior high level
(n=16)

Setting: Three
counties of Xianning
City with different
economic levels
were chosen. Then, a
random number
generator was used
to select two towns

6 Focus group
interviews
including 4-6
patients were
conducted

A semi-structured
interview guide
was used, and
interviews lasted
up to 90 minutes

Interviews were
audio-recorded,
transcribed
verbatim, and
analyzed using
software.
Researchers also
took field notes

Using the method
of grounded theory
and constant
comparative
method, transcripts
were coded

Two independent
coders worked in
the process of
open coding, axial
coding, and

This is an initial
study to assess
patients and health
workers’ attitudes
toward a text
messaging
intervention to be
developed to
increase medication
adherence

Knowledge about

diabetes
e Lackof
knowledge of
diabetes
symptoms and
consequences

Treatment adherence

e Young people
have poor med.
adherence

e Forgetfulness and
worrying about
the side effects
are important
barriers

Attitudes toward TMI
e High acceptability
o Convenient
and
accessible
o Ability to
review and
store
information
e Barriers
o Low
education
level/low
health
literacy

High
Quality
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from each county to
select the
participants

selective coding,
and based on their
agreed coding
framework, the
analysis was
performed

o

Poor
eyesight
Gradual loss
of interest
(Use of
medical
jargon, too
much
frequency,
monotonous
content)

e  Suggestions

o

Getting
family/friend
support
Tailoring
message
content
Interactivity
Using
authoritative
sources
Delivering
messages 2-3
times a week
Combining
with other
formats (e.g.,
voice
messages,
videos)

Fortmann et Design: A 6- None reported No. Participants: 12 | 2 Focus groups Dulce digital is a Educational, High degree of Low
al., 2017 month mixed Diabetes that lasted 90 mobile phone text motivational, and acceptability Quality
methods study characteristics: minutes messaging program call-to-action
including a Type 2 diabetes were conducted sending one-way messages were
qualitative study at patients messages on diabetes | culturally tailored to | Sufficient level of
the follow-up (HbA1C > 7.5%) self-care and frequency
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Aims: To

Language: Spanish

Participants were

medication

the needs of the

investigate the and English randomly selected | reminders and blood | specific population
glycemic benefit Other: Hispanic from the trial glucose monitoring Easy to understand
and acceptability adults who cohort prompts Project Dulce
of a culturally have low income curriculum*** was
tailored, SMS- Setting: Clinics Message timing was | used to develop
based diabetes within the standardized for all message content
self-management Neighbourhood patients and 2-3 which aimed to
education and Healthcare in San messages were sent address cultural
support Diego and Riverside per day (in the barriers and beliefs
intervention counties, USA. beginning) about diabetes
Messages were Example: “Use
delivered small plates!
automatically Portions will look
larger and you may
feel more satisfied
after eating”
“It takes a team! Get
the support you need
-family, friends and
support groups can
help you to succeed”
Gatwood et Design: A 90-day | The Technology | No. Participants: 12 | One-to-one The intervention Messages were General impressions Medium
al., 2015 mixed methods Acceptance Diabetes telephone included one-way designed to increase | ¢  Enjoyable Quality
pilot RCT Model, the characteristics: interviews were text messages on patients’ knowledge | ¢  Useful reminders
including a Health Belief Diabetes patients conducted medication and motivation for e Provided
qualitative phase at | Model, and the | (HbA1C >8%) who adherence and improvement in their encouragement
the follow-up Self- take at least one anti- | Participants were | healthy living medication e  Helpful tips and
Aims: to examine | Determination diabetic medication | randomly selected adherence and information
the acceptability Theory were Language: English | from the Messages were diabetes-related o Educational
and the use of used to develop | Other: Mostly male | intervention cohort | delivered health beliefs o Confidence

mobile phones and
gather the
perspectives on
tailored text

survey items in
the quantitative
phase

(67%) and Caucasian
adult patients

A semi-structured
interview guide
was used and

automatically and at
least 1 message was
sent per day

A total of 168
theory-based
messages (84 Self-

booster

e Adequate tailoring

Impact of messages
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messages for

Messages were

Setting: Community

interviews lasted

Ordering and timing

determination theory

Provided confidence

medication crafted using the | Care Network, 10-15 minutes of the message were | messages, 96 Health to manage their
adherence concepts from Michigan, USA arranged based on belief model diabetes
the Health Interview notes the patient’s daily messages) and 128 e Increased medication
Belief Model, were recorded medication schedule | tailored medication adherence
and the Self- electronically specific messages e Motivational content
Determination were delivered was the most helpful
Theory***x=* Recommendations
Messages were e Individualized
the subject’s name in | o |ncreased specificity
every message and e The inclusion of the
theirageand feedback mechanism
diabetes medication
information
sporadically.
Example: “It may be
tough to see but
taking your diabetes
medications is vital
to your health.
Taking them as
directed may help
you see their value”
Georgsson Design: An Technology No Participants 10 | A short Care4Life isan SMS | Educational and The acceptability of Care4 | High
and Staggers, | exploratory Acceptance (randomly selected) | demographic based program motivational Life was very high (% 100 | quality
2017 qualitative study Model (TAM) Diabetes- questionnaire was | targeting diabetes messages targeting either agreed or strongly
conducted after a guided the data | characteristics: used to collect self-management various aspects of agreed)
6-month collection Type 2 diabetes information on diabetes such as diet,
randomized trial process in patients, 90 % had sex, ethnicity, age, | Unidirectional and exercise, blood Key themes:
“Care4Life” text | diabetes for 3 or education, generic messages on | pressure, blood Overall System
Aims: to assess messaging study | more years profession, the diabetes education glucose, medication | Perception

patients’

amount of time

and health

adherence.
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experiences and
perceptions about
the “Care4Life”
text messaging
program

Language: English
or Spanish

Other: Equal gender
ratio, predominantly
white-Caucasians
(80%), mostly
mature adults (50%
were between 60-69
years of age), highly
educated (80% had
college/university
education)

Setting: A health
research centre in
Salt Lake City, Utah,
USA.

with diabetes,
education about
diabetes.

Semi-structured
in-depth
interviews were
conducted to
assess perceptions
and experiences
about the program

The TAM guided
the development of
questions in both
methods

Interviews lasted
up to 20 minutes,
were recorded and
transcribed
verbatim

Descriptive
statistics for
quantitative data
and content
analysis for
qualitative data
were performed.
Inductive and
deductive content
analysis involving
thematic coding
were performed

improvement were
sent each day.

Patients were able to
activate optional
two-way messaging
protocols (totally 6)
including medication
reminders, glucose
testing reminders,
BP monitoring
reminders and
tracking and
encouragement for
exercise and diet

1-7 text messages
per day depending
upon patient
uploaded data

Messages were
delivered
automatically

Reminders, tips,
opportunity to track
measurements and
trends visually were
the main content
features of the
programme.

Based on language
preferences (English
or Spanish) messages
were personalized.
Patients were able to
control the type and
frequency of the
messages. Also
based on their
uploaded data,
patients received
some reminders and
feedback messages

Example: “How are
you? Feeling
stressed about
diabetes is normal.
Getting support will
help you feel better
and control glucose.
Ask for help when
you need it.”

e Fairly complete
systems
e Should
accommodate
elderly users
General impression

e tracking
measurements

e consolidated
measurements

e trending and
visualization

e educational
messages and tips
Reminder
e help remember
blood glucose
measurements
and medication
Control
o feel morein
control of disease

Independence
e feel more
independent

Disease-related
suggestions/expectations
e new features are
needed for insulin
titration and
upload capability
Information related
suggestions
e need for personal
logs and social
media forum
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Suggestions for food and
Lifestyle -related support

e Carbohydrate
counters, snack
reminders, tips
for weight and
lifestyle
management

Horner et al.,
2017

Design: A
qualitative study
conducted after a
6-month trial

Aims: to assess
participants’
attitudes regarding
their experience
with Text to Move
text messaging
program focusing
on perceived
barriers and
facilitators.

Transtheoretical
Model (TTM)
was used to
develop the
message content
and intervention
process in “Text
to Move”
Intervention

UTAUT?
framework was
used to
elaborate on the
identified
themes

No participants: 31
Diabetes
characteristics:
Type 2 diabetes
patients

Language: English
(n=27) and Spanish
(n=4)

Other: Adult (51.4
years of age on
average), primarily
male (n=19), married
and white (74%),
have a full-time job
(50%), and

at least 12"-grade
level education
Setting: Health
research centres of
Massach. General
Hospital Boston,
MA

In-depth telephone
interviews (n=19)
and 2 focus groups
(n=12; 7+5) were
conducted.

Semi-structured
telephone
interviews were
conducted either in
English or Spanish
and lasted up to 45
min.

Focus groups were
conducted in
English, lasted 90
min. and a semi-
structured
questionnaire was
used.

All interviews and
focus groups were
audio-recorded,
transcribed, and
reviewed.

“Text to Move” is a
tailored, automated,
interactive text
messaging
intervention focused
on increasing
physical activity of
T2D patients

2 messages were
sent per day based
on patients’ stage of
change

Messages focused on
providing feedback,
health education,
motivation, and
reminders to promote
healthy behaviors
(med.adherence, diet,
etc.)

Messages were
tailored based on
baseline stage of
change (TTM)
assessment and
updated each month

More than 1000
messages were
created by a team of
researchers and
health researchers

Messages were
designed at 3"-grade
reading level and
presented in English
or Spanish based on
participants’
preferences

Domain 1: Effect of
participation

Increase in daily
disease awareness
Program integrated
into daily life
Connections arising
from participation

Domain2: Effect of
wearing the pedometer

Motivational thru
viewing step count
and text

Sentinel effect from
usage

Evangelizing new
technology to others

Domain3: Effect of text
messages

Helpful daily
reminders
Informational or
useful for idea
generation for Phys.
activity

Domain4: Barriers to
Text to Move
intervention efficacy

High
Quality
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A ground theory
approach was used
in data analysis,
codes were created
by 2 independent
researchers and
themes were
explored

Messages were
prepared in a
question form to
enable interaction

Example:”as of 8:27
am, you were active
for 45 mins.
yesterday which is
75% of your daily
goal”

e Technical issues
e Personal reasons

e Dislike of automation

of text messages

e Limited knowledge of

recommended
physical activity

Mamykina et
al., 2016

Design: A
qualitative study
conducted at the 4-
week of the
ongoing
randomized
controlled trial

Aim: to assess
participants
experiences and
level of
engagement with
the Mobile
Diabetes
Detective, MoDD
intervention

Sense-making
perspective was
used in
intervention
development
and analysis

No. Participants: 18
Diabetes
characteristics:
Diabetes patients
(HbA1C >8%)
Language: English
Other:
Predominantly
African-American
(66%) and female
(80%) adults (on
average 50 years of
age)

Setting: Clinical
Directors Network,
NY, USA

In-person and
telephone
interviews were
conducted using
open-ended
questions

Interviews were
audio-recorded

and transcribed

verbatim

Inductive thematic
analysis with an
open coding
approach was
performed to
explore and
categorize themes

MoDD intervention
is a web-based
intervention using
SMS text messaging
as a primary mode of
two-way
communication
between users

Based on the
patients’ uploaded
blood glucose (BG)
data, MoDD
provides
recommendations to
increase problem-
solving skills and
reflections of
patients

Automated messages
are sent once a day

MoDD encourages
users to engage with
the problem-solving
process by:

1. Selecting aBG
pattern to
improve on
(e.g., High BG
after breakfast)

2. Choosing a
potential
behavioral
trigger (eg.,
Lack of protein
for breakfast)

3. Selectan
alternative
healthier
behavior from a
list and set an
action-oriented
goal for it

Help identifying

problematic (glycemic

control) patterns

Opportunity to recognize

behavioral triggers

Choosing action-oriented

goals

Implementing changes

was easy

Lasting impact on
perceptions about

diabetes and engagement

with diabetes
management

High
Quiality
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Feedback messages
and new goals were
set based on
patients’ uploaded
data

Reminder messages
were sent based on
patients’ preferred
scheduling

The MoDD web
interface is
optimized for
periodic use, to
review captured data
and set new goals
(once per week)

4. Implement the
behavior,
monitor the
changes, and
make a progress

Mayberry et
al., 2016

Design: A 2-week
mixed methods
usability/feasibility
testing

Aim: To assess the
acceptability and
usability of the
FAMS* diabetes
self-care program
and to obtain
feedback and data
to improve the
intervention

Social Control
Theory and
Family System
Theory were
mentioned
explaining the
rationale for a
family-focused
mHealth
intervention

FAMS’ phone
coaching
component was
developed using
goal-setting
theory and
cognitive-

No. Participants: 19
Diabetes
characteristics:
Type 2 diabetes
patients with a 7.4%
HbA1C value on
average

Language: English
Other:
Predominantly
African-American
(44%) and female
(53%) adults (on
average 52 years of
age) from low-
income levels (83%
had incomes under
35K annually)

3 iterative rounds
of testing were
conducted, each
with a new sample
of users

Semi-structured
interviews were
conducted by
phone

Interviews were
audio-recorded,
transcribed
verbatim, and
analyzed using a
software

FAMS is a family-
focused mobile
diabetes self-care
program focused on
increasing adherence
to diet and exercise
by increasing self-
efficacy and family
support and
decreasing receipt of
harmful actions

FAMS intervention
components include
phone coaching, text
messaging, and
support persons.

Goal-support
messages were one-
way texts with tips
and motivational
content tailored to
patients’ selected
goals and preferred
time of day

Text messages were
designed to suit all
health literacy levels
and prepared to be
<6'"-grade reading
level

Each sentence
expressed one
thought, used

Need for assigning a

weekly goal instead of a

daily one

e Example: A goal for >
4 days in a week

Need for a more flexible

assessment of “success”

e  Meeting the goal for
4-6 days, instead of 7
days

Providing a longer time
to respond to the a goal

assessment test
e  Giving 4 hours
instead of 2

High
Quality
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behavioral
therapy

Setting: 3 Federally
Qualified Health
Centers, Nashville,
TN, USA

FAMS delivers one-
way and two-
wayl/interactive, fully
automated, and
tailored text
messages

2 non-tailored and
one-tailored goal-
support message
were sent each week
based on patients’
preferred time of day

On Saturdays, a
tailored, interactive
goal-assessment
message was sent

simplified sentence
structure and active
voice.

Uncommon words,
multisyllabic words,
and medical jargon
were removed
Messages avoid
references to
potentially
unavailable
resources

Example: “Your
goal was to walk 15
minutes 4 days. How
many days did you
meet this goal last
week (Sun-Sat)?
Reply with the

number of days, 0-7”

Sending feedback texts
when only 2 weeks
responses were provided
and if not, sending
generic feedback texts

(i.e., Keep trying...)

Nelson et al.,
2017

Design: A mixed
methods analysis
of a 3-month pilot
study

Aim: to assess
patients’
experiences with
and opinions of
MED? intervention
that focuses
primarily on
medication
adherence

None reported

No. Participants: 60
Diabetes
characteristics:
Type 2 diabetes
patients (HbA1C
value =8%)
Language: English
Other: Adult
patients (on average
50 years of age),
mostly female
(67%), low income
(70 % has an annual
income of 20K or

Semi-structured
interviews and
open-ended
questions in the
quantitative survey
were used to
collect data for
qualitative analysis

Interviews
conducted by
trained research
assistants and
lasted 30-45
minutes

MED intervention
delivered tailored
messages and IVR
calls to promote
adherence to
medication

One tailored
message was sent at
a random time per
day

Informative and
motivational
messages and
recommendations
were delivered

Messages were
tailored according to
the 1 of 3 important
barriers ranked by
patients

Example:
“Knowledge is
power. Diabetes

Daily tailored text
messages were useful:

Inform about the cost
of medication
Suggest talking with a
doctor or pharmacist
Offer strategies to
make medication
taking easier

Increase confidence
about diabetes and its
management
Reinforce taking meds
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less), and mostly
non-white (62%)
Setting: A federally
qualified health
center, Nashville,
USA

All responses were
transcribed and
analyzed using an
inductive content
analysis approach

2 independent
reviewers
performed coding
and categorized

medications work
best when used with
meal planning and
exercise”

Provide emotional
support

Recommendations

Focus on other self-
care behaviors

More motivational,
inspirational messages
New and updated
information

Suggest websites for

the data more information
Nundy etal., | Design: A Explored No. Participants: 18 | In-depth, SMS-DMCare is a Messages were Increased self-awareness | High
2013 qualitative study themes were Diabetes individual, semi- tailored, automated developed based on and control Quiality
conducted after a examined using | characteristics: structured Interactive text ADA

4-week pilot study

Aim: to explore
the effects of the
text messaging
program, SMS-
DMCare, on
diabetes self-
management

the constructs of
the Health
Belief Model,
the Self-
Efficacy Model,
and the Social
Support Model

Type 2 diabetes
patients on oral
hypoglycemic agents
and/or insulin.
Language: English
Other: Adult
African-American
patients, mostly
female (67%), and
most have higher
education (61%)
Setting: University
of Chicago Primary
Care Group, IL,
USA

interviews were
conducted and
lasted about 60
minutes

Interviews were
audio-taped,
transcribed
verbatim, and
analyzed using a
software program

Using the constant
comparative
method, transcripts
were coded by a
team of 6
researchers

messaging program
focused on
medication
adherence, foot care,
and blood sugar
monitoring

Message timing and
content was tailored
based upon patient
preferences

Each participant
received a daily
medication reminder
message, a daily or
semi-weekly
question about med.
adherence, a weekly
question about foot

recommendations for
self-care

Mainly informative
messages and short
questions requiring
simple responses
were sent

Example: “Did you
take your diabetes
medications today”

Reinforcing and
providing feedback

Increased awareness of
diabetes risks and
acceptance

Feel supported
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Some explored
themes were
examined using
the theoretical
constructs to
formulate a new
behavioral model

care, and
appointment
reminders

Watterson et
al., 2018

Design: A 3-
month pilot mixed
methods study
with a qualitative
phase at the
follow-up

Aims: To examine
the effects of the
CareMessage text
messaging
platform and
evaluate the
intervention
implementation
process

Health Belief
Model informed
the intervention
messages and
process and was
used in the data
analysis

No Participants: 11
Diabetes-
characteristics:
Type 2 diabetes
patients (=8.5%
HbA1C)

Language: Spanish
(n=6) or English
(n=5)

Other: Primarily
low-income adult
Latino patients
Setting: From 2
federally qualified
healthcare centres at
Los Angeles, USA.

Structured
telephone
interviews were
conducted in the
preferred language
and lasted approx.
45 minutes

Interviews were
recorded and
professionally
transcribed by a
bilingual
researcher

A preliminary
codebook was
created based on
literature and the
Health Belief
Model

Additional coding
was performed by
2 researchers
iteratively and
using a software
program, and

CareMessage is an
automated text
messaging platform
delivering mostly
interactive (55%)
text messages
focused on diabetes
self-management

3-4 text messages
sent per week in the
preferred language,
Spanish or English

Educational
messages on self-
management of
diabetes included
health tips,
reminders, multiple-
choice (31%), yes-no
or true-false
questions (24%)

Messages were
tailored to address
cultural
characteristics
(traditional foods)
and economic status
of patients,
especially for the
Spanish-speaking
patients

Messages were
generated based on
ADA guidelines and
included ten themes
such as nutrition,
exercise, medication
adherence, foot care,
mental health, foot

Positive messages
Feel Supported

Need for Message
Retention

Message Usefulness

e Helpful reminders

e New information

e  Help setting new
goals and to keep in
progress

High
Quality
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common themes
were identified

care, annual exams,
managing blood
sugar levels and
ABCs (A1C, Blood
pressure, cholesterol)

Example:

“Do you know what
can make you have
low blood sugar?
Text YES or NO”

1. UTAUT: The unified theory of acceptance and use of technology
2. FANS: Family and friends network supporters
3. MED: Messaging for Diabetes

4. FAMS: Family-focused add-on for motivating self-care
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3.6 Thematic Synthesis of Included Studies

The coding process resulted in a total of 221 (107+114) codes. The codes were initially
classified into 37 categories. After applying the GRADE-CERQual assessment (Appendix XV),
19 categories with a high and moderate level of confidence were identified and described in detail
(Table 3.2) with illustrative quotes from participants in those studies. These categories clustered
into three domains: (1) patients’ perspectives on interventions/program; (2) patients’ perceptions
about text messaging; and (3) patients’ experiences with diabetes management. The categories in
the first domain were grouped across three higher-order categories: message content, message

delivery, and message usefulness.

3.6.1 Domain 1: Perspectives on interventions/programs

3.6.1.1 Thematic category 1: Message content

Tailoring and personalization: Tailoring message content based on participants’ needs
and preferences was one of the most strongly argued themes across the studies (n=9). Not only
using participants’ names (personalization) but also providing related content and personalized
responses enhanced patients' engagement with the text messaging program.

The studies also provided insights into how message content should be tailored. Some
patients had comorbidities and specific challenges to adhere to diabetes regimen and self-care
activities. Therefore, they required message content that focuses on their specific areas of

difficulty and knowledge levels. Patients with a long history of diabetes asked for more specific
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messages addressing their conditions and level of knowledge about diabetes and did not favour
generic messages.

Message variability: Several studies (n=6) provided rich data on patients’ preference for
enhanced message variability in text messaging interventions/programs. Increasing the number
and type of messages and addressing the different areas of diabetes self-care could increase
patients’ interest in the message content. Also, some patients seem to prefer receiving
information about some problematic issues related to mental health and sexual/genital health
through text messaging.

Informative/educational content: Seven studies reported patients’ views on the
informative or educational content of messages. Patients generally enjoyed the information
provided through text messages. Some patients enjoyed receiving new information about
medications and their costs. Patients also suggested to include more technical information about
medications.

Simple and easy to read: Four studies provided rich data about the importance of
messages to be easy to read and simple for patients, particularly for older patients. On the other
hand, researchers (Chen et al., 2018; Watterson et al., 2018) added that these simple and easy to
read messages should be designed without sacrificing the attractiveness of the content that would
serve for knowledge retention.

Motivational content and feedback: Across the studies (n=11), feedbacks, and message
content that included useful tips and strategies were motivating patients to improve their diabetes
self-care.

Goal-oriented messages with attainable goals: Six studies provided rich data about the
goal-oriented content in messages. Text messages included achievable goals and an encouraging

tone were highly favoured by patients and created a sense of accomplishment.



76

3.6.1.2 Thematic category 2: Message delivery

Tailoring message timing and frequency: Across the studies (n=8), patients’
preferences and needs were quite heterogeneous on message delivery timing and frequency.
Some patients suggested specific delivery time, such as “dinner time” (Chen et al., 2018, p. 51),
and some felt that the timing of the message delivery could be tailored based on their specific
needs (Burner et al., 2014, p. 5). For some patients, “daily messaging” is needed (Nelson et al.,
2017, p. 14), and for some, “2-3 times messaging per week” would be sufficient (Chen et al.,
2018, p.51).

Interactivity: Four studies provided rich data on patients’ preference for a feedback
mechanism and interactivity in messages. However, Mayberry and colleagues (2016) also found
that a small number of patients enjoyed having no obligation to reply during their participation in
the program.

Human contact: The delivery format of text messages was covered in two studies that
provided limited data. Some patients felt that having human contact would increase their
motivation for participating in the text messaging program. An important point about message
format arguments was that physicians or doctors are not necessarily expected to deliver the
messages. Patients’ preferences for message delivery, whether automated or not, seem to be more
influenced by tailored message content. If impersonal message content is being delivered,

patients may not particularly seek personal interaction.
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3.6.1.3 Thematic category 3: Message usefulness

Emotionally supported: There were rich data about the emotional benefits of text
messaging interventions across the studies (n=8). The studies indicated that patients felt as if they
were supported in-person and had people around who did care about them. Nundy and colleagues
(2013) found that patients described text messages as a  friend,” and text messaging was
replacing the role of caregivers and “reducing the burden” on caregivers. Text messaging helped
patients to be more comfortable talking with others about their conditions.

Increased self-awareness and control: Seven studies reported increased patients’
awareness of diabetes management through text messaging interventions/programs. The studies
concluded that text messages increased patients’ control over their condition and helped them
stay on track.

Improved overall diabetes management: To a greater extent, patients found the
interventions/programs very useful and appropriate to their life. Seven studies provided rich data
on the improvement of diabetes self-management and related tasks. In only one study (Horner et
al., 2017), some patients had technical difficulties arising from the program itself.

Effective reminder: Across the studies (n=10), one of the most important aspects of the
interventions/programs was reminder messages. Patients found reminders very encouraging and
useful for medication adherence.

Improved communication with family/doctors: Five studies reported increased
communication of patients with their family members or doctors through text messaging.
Georgsson and Staggers (2017) also found that patients felt more comfortable talking with their

doctors as they were able to show their data and measurements accurately via text messaging.
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3.6.2 Domain 2: Perceptions of text messaging

Convenient and accessible: In three studies, text messaging was perceived mainly as a
convenient and accessible tool. Patients found text messaging highly compatible with their
lifestyles.

Ability to store and review information: Five studies reported that patients, to a greater
extent, welcomed the opportunity presented by text messages to store and review messages and
medical information.

Informational/educational tool and a reminder: In two studies, text messaging was
evaluated as an informational and/or educational tool, which can also be used to remind

medications.

3.6.3 Domain 3: Experiences with diabetes management

Forgetfulness in taking/refiling medications: Four studies with rich data reported
patients’ forgetfulness to adhere to diabetes medication.

Lack of knowledge of diabetes symptoms & complications: Two studies with moderate
data concluded that patients had a lack of knowledge of diabetes symptoms and complications.
Chen and colleagues (2018) reported that “The vast majority of patients ...knew only a few
clinical symptoms of T2DM, such as frequent urination and increased thirst and hunger, and
they usually misunderstood some common complications, such as diabetic foot and vision
disorders, to be the side effects of taking hypoglycemic medications.” (p. 49). Some patients
realized how serious is the disease of diabetes after participated in the text messaging

program/intervention.
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Table 3.2. The findings of the synthesis with the high and moderate level of confidence

Domains and Categories

Descriptions and lllustrative Quotes

Overall CERQual
Assessment of
Confidence

1. Perspectives on
interventions/programs

Having positive or negative views about text messaging

interventions/programs

Message Content

Having positive/negative interpretations about the subject and design of text

messages

Tailoring & personalization

Enjoying messages that are personally relevant
and addressing the specific needs and
expectations

“I could tell they were tailored for me because
they mentioned the medications | am on. Made me
more likely to take them’’ [(Gatwood et al.,
2015), p.7]

High confidence

Message variability

Enjoying more variation in messages

“I wanted more variation in messages and
sometimes get messages not only [intended] for
barriers.” ...... “Tips on nutrition and other ways
to manage diabetes would be helpful” [(Nelson et
al,, 2017), p.13]

High confidence

Informative/educational content

Enjoying the information and knowledge
provided by the messages

“There are tips that come up... always nice...any
form of education on diabetes and management of
that is helpful” [(Georgsson and Staggers, 2017),
p.126]

High confidence

Simple and easy to read

Enjoying the simplicity and easiness of the
messages

“I liked reading them. They were short, so it was
not like I spent a lot of time reading them”
[(Mayberry et al., 2016), p. 6]

High confidence

Goal-oriented messages with attainable
goals

Enjoying messages that call for an achievable
action

“I don’t want to start feeling bad about anything
I’'m doing .... So, I want to set another goal and
try to achieve it and then want to feel good about
what I'm doing” [(Mamykina et al., 2016), p.132]

High confidence

Motivational content and feedback

Enjoying messages that are encouraging and
providing feedback on progress

“When I'm having one of those days when you
don’t want t0 when you get that message, ..., It
helps you get motivated. It makes you want to do
it” [(Bergner et al., 2017), e.198]

High confidence

Message Delivery

Having positive/negative interpretations about the delivery type,

schedule, and format of text messages

Tailoring message timing and frequency

Experiencing difficulties with standard message
schedules and feeling comfortable with messages
that are sent at specific time and frequencies
based on personal needs and preferences

High confidence
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“I think that as technology improves, we can also
see on the Internet, putting the hours at which we
have to take our pills so that it can tell us exactly

at what hours we need o do that” [(Burner et al.,
2014), p. 5]

Interactivity

Enjoying interactive messages and feeling bad
about not responding

“You should be able to voice your opinion, which
you can’t answer them back when they send you a
message. That they should let you do.” [(Horner et
al., 2017), p. 5]

High confidence

Human contact

Enjoying messages that are delivered in-person
compared to autonomous messages

“I would not like [a system without a text
administrator]. If nobody is going to check the
program, especially if you make it a more
responsive program, then why am | responding?”’
[(Nundy et al., 2013), p. 129]

Moderate
confidence

Message Usefulness

Having positive/negative interpretations of the effectiveness of text

messaging interventions/programs

Emotionally supported

Experiencing that messages provide emotional
support, like a “friend” or a “caregiver.”

“It felt good...because | knew that someone was
worrying about my health” [(Watterson et al.,
2018), p. 11]

High confidence

Increased self-awareness and control

Experiencing that messages enhance awareness
about diabetes condition and improve its control
“I learned a little bit more about me. Because
prior to the study, | did not take my blood sugar
often, therefore, I didn’t know when my sugar was
high or low, but now I do.” [(Nundy et al., 2013),
p.127]

High confidence

Improved overall diabetes management

Ability to manage diabetes-specific tasks more
successfully

“I am living well with this program. It has helped
me enormously, enormously... I come because it’s
worked for me.” [(Burner et al., 2014), p. 3]

High confidence

Useful reminder

Experiencing that reminder messages help to keep
on track

“The medicine reminders are great. I sometimes
forget to take my meds. | also learned when to
check my blood” [(Georgsson and Staggers,
2017), p.127]

High confidence

Improved communication with family
members/friends and doctors

Experiencing that messages help increase the
sharing with family members, friends, and doctors
“‘I thank you very much for this, the messages,
because that’s how my husband would
communicate with me. Let me tell you, he and |
did not have a good relationship. But now, he is
my support” [(Burner et al., 2018), p. 45]

High confidence

2. Perceptions of text messaging

Being aware of the benefits and challenges of text messaging for

diabetes

Convenient and accessible

Finding text messaging compatible with lifestyle
and easy to reach

High confidence
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“People use their phones every day, and they re
used to texts...I think it’s become part of regular
life and routine now, so I think ....a good way to
use technology to help people out” [(Bergner et

al., 2017), p. e199]

Ability to store and review information

Being able to save and reexamine personal and
medical data

“Everything's saved for you, it is wonderful...you
just print and go or even export to some drive or
whatever...or even email it to your doctor”
[(Georgsson and Staggers, 2017), p.127]

High confidence

Informational/educational tool and a
reminder

Ability to learn and recall through
informational/educational and reminder messages
“this novel strategy could be a useful,
informative, educational, and a remindful tool.
We are certainly willing to accept this way
because it will provide us with lots of knowledge
about this disease and be of great benefit to our
adherence.” [(Chen et al., 2018), p. 50].

Moderate
confidence

3. Experiences with diabetes
management

Having some insight into the self-management of diabetes

Forgetfulness in taking/refiling
medications

Being forgetful about adhering to medication
“I was very forgetful about taking my

medication; [ wasn’t taking it in a timely manner”
[(Nundy et al., 2013), p. 128]

High confidence

Lack of knowledge of diabetes
symptoms & complications

Being unaware of the seriousness of diabetes, its
symptoms, and consequences

“I really don't know it is a chronic disease. The
reason why | am suffering from this disease is
that I reached the age of sickness” [(Chen et al.,
2018), p. 49]

Moderate
confidence
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3.7 Discussion

This study provided an in-depth analysis of the qualitative studies focused on Type 2
diabetes management via mobile text messaging and summarized key concepts that were
identified across studies. Although a significant number of reviews and meta-analyses (i.e., Hall
et al., 2015; Arambepola et al., 2016; Dobson et al., 2017; Farmer et al., 2015; Sahin et al., 2019)
have been conducted in this area, there was limited knowledge about the experiences of patients
with these interventions/programs. To our knowledge, this is the first qualitative systematic
review and meta-synthesis in this area providing qualitative evidence on the optimal
interventional and methodological characteristics that should encourage patients’ acceptance and
behaviour change.

The sample of the included studies (n=14) was heterogeneous enough to provide a broad
perspective on different phases of text messaging programs/interventions, such as design,
implementation, and post-intervention. To a large extent, the included studies used mixed
methods designs and have had high methodological quality.

Contrary to the previous systematic reviews of quantitative studies (i.e., Hall et al., 2015,
Arambepola et al., 2016; Dobson et al., 2017; Sahin et al., 2019), this review identified extensive
use of theoretical frameworks. All the studies except one relied on at least one theoretical
framework, and some studies used triangulation of multiple theories. Although there has been
increasing recognition for using new and dynamic approaches in mHealth-based interventions
(Spruijt-Metz et al., 2015; Davis et al., 2015), the studies mainly relied on traditional behavioural
theories (e.g., Social Cognition Theory, Health Belief Model, Transtheoretical Model).

The interventions demonstrated various forms of tailoring in their message content and

delivery. The majority of the interventions applied personalization by using patients’ names,
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ages, their cultural/ethnic status, and by delivering messages based on their preferred time and
frequency. The interventions often sent feedback messages to participants about their physical or
psychological states and behaviours. Feedback is an important type of tailoring which may
increase self-monitoring abilities of patients and satisfy some emotional needs such as “feeling
acknowledged” or “feeling understood” (Noar & Harrington, 2016). The included studies also
demonstrated the advanced use of tailoring, which is called “content matching,” referring to the
use of theoretical constructs to match personal needs, goals, and interests of receivers (Dijkstra,
2016). The majority of the studies tailored their messages based on patients’ knowledge gaps or
stated barriers (e.g., medication education), areas of difficulty (i.e., diet), their stage of behaviour
change (e.g., increasing intention to change the behaviour) or their health beliefs (e.g., perceived
susceptibility).

Tailoring message content and delivery was the central argument of the thematic
synthesis and seemed to influence the other categories. Our findings provided support to the
previous research (Militello et al., 2012; Head et al., 2013; Lustria et al., 2013; Krebs et al., 2011)
that using patients’ name in messages and preparing and sending the messages based on their
specific characteristics (e.g., years of experience with diabetes, age, education level, stage of
behaviour change), and their preferred timing and frequency can enhance patients’ engagement
with the interventions and induce behaviour change.

Patients request more customized content and message delivery as they are aware of that
technology enables intervention/program developers to send individualized messages. The
findings underlined that informative/educational messages are equally preferred with the goal-
oriented, motivational messages as long as both types of messages are personally relevant. For
example, long term patients did not want to receive basic informative messages about diabetes. In

their qualitative study; Pal and colleagues (2018) identified a wide range of educational
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expectations of patients. Therefore, educational content needs to be tailored to patients’
knowledge levels, areas of difficulty, and interests. These are important implications for diabetes
educators, and research should focus more on providing text messaging support for different
educational needs and expectations of patients.

Determining an optimal level of frequency is a hard task because too many messages may
create boredom (Gatwood et al., 2015), and fewer messages may not be enough to create
knowledge retention (Chen et al., 2018). Therefore, individualizing message doses and providing
patients with more control over texting frequency and timing can increase their involvement in
text messaging interventions.

The findings also indicated that patients' preference for message delivery is conditional.
Patients may not seek personal contact if there is standard, generic information to be delivered
automatically to everyone. In the case of individualized messages, they look for a human-contact
to deliver the information. This personal contact may not necessarily be a physician or doctor;
patients seem to be open to receive messages from any experts as long as they provide accurate
information. These are essential insights for the effective delivery of text messages in which there
is limited information available about the patients’ perspectives (Farmer et al., 2015). The
findings also support the previous research on tailored text messaging interventions (Sahin et al.,
2019), which revealed that nonautomated messages could be more effective than automated
messages for glycemic control.

Increasing message variability was another important point identified in the synthesis.
Even in the interventions focused on a single diabetes self-management behaviour (e.g.,
medication adherence), patients preferred to receive messages on other aspects of diabetes self-
management such as diet, physical activity, and stress management. For each type of behaviour,

patients also wanted to have a variety of messages to avoid boredom. The findings support the
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previous research (Nundy et al., 2014) that comprehensive text messaging programs/interventions
providing rich information on overall diabetes management could be more useful for behaviour
change.

Patients had significant improvements in the management of diabetes after the text
messaging interventions/programs. One of the remarkable benefits of the text messaging
interventions/programs was their ability to increase the attention of patients to their “self.”
Reminders, the ability to store and review medical information and personal data,
informative/educational and motivational messages and feedback enhanced patients’ involvement
in their condition, helped them to stay on track while also increased their risk perception about
diabetes complications. In general, patients perceived text messaging as a convenient and
accessible intervention tool for diabetes self-management. Text messaging was perceived to be
easily integrated into patients’ everyday routines with diabetes. These results provided support to
previous research addressing the benefits of text messaging for health promotion and chronic
disease management (Shaw & Bosworth, 2014; de Jongh et al., 2012; Fjeldsoe et al., 2009; Hall
etal., 2015).

Another significant effect of the interventions/programs was their emotional support to
patients. Text messaging played the role of a “caregiver” and was positioned as a “caring friend”
by some patients. Because patients felt “supported” during the interventions/programs, their
control over diabetes, and confidence in its management increased. Compared to traditional self-
management programs, which often include standardized content and inadequate social support
(Kim and Seo, 2014; Spruijt-Metz et al., 2015), text messaging interventions seem to be capable
of addressing patients’ need for emotional and social support.

Mobile text messages also helped patients to strengthen their relationship and

communication with their family and friends and reduced the burden on their caregivers. Patients
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improved their communication with physicians or doctors because they have had increased
awareness and knowledge about diabetes, and they were better prepared for discussing their
conditions during their appointments.

There were some limitations to the study that should be noted. We included only the
English written research articles because our main focus was to analyze the message content of
the studies. We included all the studies returned from the comprehensive search, but almost all of
them were from the United States. Although some of these studies focused on low-income
patients and minority groups (e.g., Latin-Americans), they were conducted in a high-income

setting. They may not represent the patients living in other regions or other income settings.

3.8 Implications for Future Research

The findings of this meta-synthesis provide important implications to develop more
effective self-management interventions or programs. Future interventions should consider
patients’ preferences for tailoring message content and delivery and their expectations for social
support. Particularly, there is a strong need for customization of diabetes self-management
education to the needs and expectations of patients.

Designing effective text messages is a delicate task because of the limited space and
creative opportunities in text messaging platforms. Behavioural theories can present a general
frame for message design (what will be the message about?). Still, there is a need for
communication or persuasion theories to guide message design and structure (how the message
will be arranged?) that will be relevant and persuasive to a specific target group (Cappella, 2006).
In general, patients with Type 2 diabetes prefer messages to be simple and easy to read, yet
attractive enough to avoid boredom. The fatigue factor in text messages is an important concern

and relates to both message content and delivery. O’Keefe (2015) suggests using evidence-based
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message strategies to increase the persuasiveness of health interventions. Adopting appropriate
message-specific elements for a target audience such as message framing (gain or loss framing),
message appeal (e.g., fear, guilt, humour), message evidence (e.g., statistical evidence,
testimonial evidence) or message tone (e.g., empathetic) can help increase the effectiveness of
text messages and facilitate behaviour change (Pollard et al., 2016; Shen & Bigsby, 2013; Edgar
& Volkman, 2012).

It would also be useful if future studies address the effects of different patient
characteristics on their attitudes toward text messaging interventions. For example, age, gender,
educational level, and time since diagnosed with diabetes could be important variables
influencing the self-management of diabetes and text messaging-related attitudes.

The included studies lasted a maximum of six months so that there is a need for
longitudinal studies to provide more insights about changing needs and preferences of patients in
the long run. This review also highlighted the need for assessing the challenges for patients to
adopt and maintain the use of text messaging for Type 2 diabetes management. Although there
were a few barriers mentioned about the use of text messaging for Type 2 diabetes management,
such as poor eyesight, poor educational level, use of medical jargon (Chen et al., 2018), these

findings should be confirmed by more studies.

3.9 Conclusions

Mobile text messaging interventions/programs were able to increase patients’ self-
awareness, knowledge and control of diabetes. Mobile text messaging created a sense of “feeling
supported” in patients, strengthened their communication with family/friends and care providers,
and positively changed their habits towards medication adherence and diabetes regimen. Patients

highly valued the tailored message content and message delivery that explicitly addressed to their



needs and preferences. To a greater extent, patients had highly positive experiences with text
messaging interventions/programs and perceived them as an integral element of their life with

diabetes.
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Chapter 4: A Qualitative Study on Text Messaging Preferences of Patients With Type 2
Diabetes: A Social Marketing Perspective

4.1 Abstract

Background: The increasing prevalence of Type 2 diabetes worldwide requires taking more
effective actions to improve the self-management knowledge and skills of patients. Text messaging
studies on type 2 diabetes management have largely focused on behavioural theories when
designing their message content. However, some well-known message design approaches can
provide a useful guide to transforming the abstract knowledge gained about attitudes, beliefs, and
behaviours into solid communication messages that will stimulate behaviour change.

Objectives: This study aimed to explore insights about the perspectives of patients with type 2
diabetes using text messaging and their preferences for message design and delivery features.
Methodology: Using a social marketing framework, a qualitative methodology was implemented.
Semi-structured interviews were conducted either in-person or online with adult patients.
Participants’ preferences on several message design approaches such as message framing, tone,
tailoring strategies, evidence, and format were asked by showing them different message dyads.
Preferred message time, frequency and format (autonomous or in-person) were also assessed.
Thematic analysis was performed for coding, categorizing, and interpreting the qualitative data.
Findings: Data saturation was achieved at the 12" interview [range 40-71 years old; male (58%),
have type 2 diabetes for nearly 3.9 years on average]. Participants provided insights into a possible
marketing mix (4Ps) for effective text messaging interventions on type 2 diabetes self-

management. As a Product, using text messaging for type 2 diabetes self-management was
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perceived positively and compatible with patients’ lifestyles. Text messaging-based programs
seemed to have some relative advantages for patients, such as being a convenient source of
information and emotional support, and their exchange value, the Price seemed to rely on their
timely nature. The most appropriate Place could be providing an individualized schedule of
message delivery based on patients’ specific needs and expectations. Automated and nonautomated
messages were both favourable if they contained only personally relevant and accurate information.
Promotion could be more effective if gain-framed messages were used, and the messages included
an authoritarian tone, a standard format, and provided statistical evidence. Psychosocial and
behavioural tailoring were preferred more than a personalization strategy; however, patients tended
to like both types of tailoring strategies in text messages.

Conclusions: Text messaging appears to be a convenient and acceptable method for sending health
behaviour change messages for individuals with Type 2 diabetes, especially when the message
content is tailored based on their preferred message design elements. Future research needs to test
the effectiveness of patients’ message preferences on their self-management behaviours and

explore what other text message design elements can influence type 2 diabetes management.

Keywords: Text messaging, diabetes mellitus-Type 2, social marketing, qualitative methodology.
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4.2 Introduction

Increasing prevalence of type 2 diabetes in the world (International Diabetes Federation,
2017), combined with the insufficient traditional diabetes self-management programs (Sherifali et
al., 2018; Spruijt-Metz et al., 2014) highlights a need for more effective behaviour change and
communication strategies to facilitate change in patients. Mobile text messaging has increasingly
been identified as an effective intervention method when used in type 2 diabetes self-
management (Head et al., 2013; Arambepola et al., 2016; Sahin et al., 2013). Recent reviews
revealed that text messaging interventions to date had used behaviour change theories to design
intervention messages for type 2 diabetes management. Unfortunately, understanding the
psychological process of behaviour change does not necessarily lead to effective health
communication messages. Furthermore, message design communication frameworks and
concepts that affect message design considerations, such as message framing, tone, evidence,
have not been used (Sahin et al., 2019; Sahin et al., 2020). A theory of message design can
provide a useful guide to transforming the abstract knowledge gained about attitudes, beliefs, and
behaviours into solid communication messages that will stimulate behaviour change (Cappella,
2006; Cho, 2012). Using the message design elements such as message frame, tone, evidence,
and format can stimulate behaviour change by increasing receivers’ message involvement,
message receptivity, and message retention (O’Keefe, 2002; Noar et al., 2007; Shen, 2013;
Muench et al., 2014).

Although crafting effective message content and structure becomes more critical in
mobile text messaging due to limited character space and design options, little is known about
designing persuasive text messages. Suffoletto (2016) reported that goal-oriented messages that

are fully or partially capitalized and/or used multiple punctuation marks were highly preferable in
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SMS-driven interventions. Also, less educated users favoured emoticons more compared to
educated users. A survey of SMS user preferences (Muench et al., 2014) revealed that accurate
spelling and grammar, and polite, positive messages were more favoured.

The effectiveness of tailoring on intervention effectiveness have been reported in different
health contexts (i.e., Kreuter, Strecher, & Glassman, 1999; Kreuter & Wray, 2003; Krebs,
Prochaska, & Rossi, 2010; Noar, Harrington, & Aldrich, 2009; Hall., et al., 2015; Hood et al.,
2016, Sahin et al., 2019). Specifically, tailored and personalized content was the most effective
component of text messaging interventions for health promotion (Head et al., 2013; Militello et
al., 2012; Armanasco et al., 2017). The text messaging interventions targeted young people and
children were more successful if they were using personalized messages (i.e., using the child’s
name), using informal SMS content and textese (i.e., ur goal is 2 eat less sugary things 2 get ur
blood down!) (Militello et al., 2012). Text messaging interventions for Type 2 diabetes
management have used various tailoring strategies for message delivery and design (Sahin et al.,
2019). Rather than providing a broad and standard self-management program, tailoring
messaging and message delivery for specific sub-groups and specific contexts could be more
useful for individual behaviour change and behaviour maintenance. However, we still need more
explanations on how patients respond to different types of tailoring strategies, especially in a text
messaging context (Morrison, 2015; Noar & Harrington, 2016; Sahin et al., 2019). Pelletier and
Sharp (2008) suggested that tailored messages addressing personal preferences might not be
sufficient to induce behaviour change; addressing “the way” the message communicates with the
target group could be more effective.

Moreover, patients with type 2 diabetes seem to be highly sensitive about the words
contained in messages, such as “diabetic,” “fat,” “obese,” and “poorly controlled” (Dickinson &

Maryniuk, 2017); therefore, they might have particular message preferences in text messaging.



93

Previous research has also provided little information about patients’ perspectives on
automated messages (Farmer et al., 2015; Sahin et al., 2019; Sahin et al., 2020), and there was
ambiguity on effective text message delivery schedules (Farmer et al., 2015, Arambepola et al.,
2017; Sahin et al., 2019). Therefore, this study aimed to increase the understanding of how to
design more effective self-management interventions via text messaging by investigating
patients’ perspectives on using text messaging and their preferences for message design and
delivery features. Specifically, the primary objective of the study was to explore which type of
message framing, message tailoring, message evidence, message tone, and message format were
preferred by patients. A secondary objective was to identify preferred message timing, frequency

and format (automated vs. nonautomated) for patients with type 2 diabetes.

4.3 Social Marketing Framework and Research Questions

The social marketing framework brings a “consumer-oriented” approach, where the
primary focus is identifying and satisfying consumer wants, needs, and preferences (Mattson &
Basu, 2010). Successful social marketing interventions focus on behaviour change, segment the
target audience and tailor messages, and use all four traditional marketing mix elements together:
product, price, place, and promotion (Andreasen, 2002; Serrat, 2017).

Product refers to consumers’ expected behaviour after social marketing activities (French
& Gordon, 2015). In our study, the “product” was the use of mobile text messaging for self-
management of Type 2 diabetes. According to the social marketing approach, consumers are
more likely to adopt the expected behaviours if the behaviours are relevant, possible, and
achievable for them (LeFebvre, 2011). Patients’ experiences about using mobile phones and
mobile text messaging could ease their adoption of text messaging programs for Type 2 diabetes

management. The accessibility of SMS technology can also increase the favourability of self-
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management programs implemented through text messaging.

Price refers to the exchange value associated with the product. Social marketing requires
making cost and benefits analysis and comparisons with the product or service it supersedes
(Mattson & Basu, 2010). Text messaging programs can provide important advantages compared
to traditional and other self-management programs (e.g., online) in terms of reduced time and
effort and increased convenience. There may also some drawbacks such as its cost, sending and
receiving messages too frequently or message boredom.

Place involves decisions about increasing the availability of the product and the quality of
service delivery to reach consumers more efficiently (French & Gordon, 2015; Mattson & Basu,
2010). The use of text messaging for type 2 diabetes management requires taking a series of
decisions about message delivery schedules, such as message frequency, timing, and format
(autonomous or in-person).

Promotion is defined as “communication-persuasion strategy and tactics that will make
the product familiar, acceptable, and even desirable to the audience” (Kotler & Zaltman, 1971,
p.7). Because promotion includes decisions about communicating what is being offered in the
other marketing mix elements, it is the final stage and should follow the arrangements made for
the others (Cheng, Kotler, & Lee., 2011). Andreasen (2002) suggested customizing activities and
messages based on specific needs and wants of distinct groups in the target audience. Using
relevant tailoring strategies and persuasive message design elements in text message content may
create positive effects on patients’ self-management behaviour.

We derived our research questions to identify the possible marketing mix for effective
text messaging strategies for patients with type 2 diabetes (Figure 4.1). For each marketing mix
element, we decided to deepen our investigation to see if there are any differences in patients’

responses in terms of their age, gender, and time since diagnosed with type 2 diabetes.
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» What are the general » What are patients’ preferences

perspectives of patients for scheduling text message
toward using text messages delivery, such as time and
frequency?

* How do patients assess
automated messages and
nonautomated, personally-
delivered messages?

q

for diabetes self-care?
« If any, what are their
experiences about using text
messaging for diabetes care ?
Figure 4.1. Identifying marketing mix for effective text messaging strategies for patients
with type 2 diabetes

» Which benefits of text
messaging are associated
with diabetes management?
» Which drawbacks of text
messaging are associated
with diabetes management?

» What are patients’
preferences and opinions
on different text
messaging content and
structure?

* tailoring strategies

* message framing

* message evidence

* message tone

* message format

4.4 Methodology
4.4.1 Text message development

Text message examples were developed based on the well-known communication -
persuasion frameworks and concepts such as message framing (Rothmann et al., 2006), tailoring
(Noar & Harrington, 2016; Dijkstra, 2016), and message design features (Shen, 2013) (Table
4.1). The medical information was obtained from the Diabetes Canada website
(https://www.diabetes.ca) and the study of Brunetti & Kalabalik (2012). Text messages focused
on blood sugar monitoring content, which is the only self-management behaviour appropriate for
all patients regardless of their lifestyle, weight, diet or physical activity. An internal medicine
physician (content expert) checked the content applicability, and an English language expert

reviewed the messages based on their purposes (i.e. empathetic tone). A maximum of 160
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characters was used to maintain short messaging characteristics. Text messages were tested to

match the 6-7" grade reading level based on the Automated Readability Index (Smith & Senter,

1967).

Table 4.1. Definitions of message categories and text message examples

Theoretical Frameworks
/Message Design
Elements

Type

Definition

Example

Message Framing
(Rothmann et al., 2006)

Gain-Framed Messages

Messages that emphasize
the benefits of performing
a specific behaviour

By lowering your blood
sugar level, you will
reduce your risk of heart
disease, stroke, kidney
disease, eye problems,
nerve damage, and foot
problems.

Loss-Framed Messages

Messages that emphasize
the costs and
consequences of not
performing a specific
behaviour

If you don’t lower your
blood sugar level, you will
increase your risk of heart
disease, stroke, kidney
disease, eye problems,
nerve damage, and foot
problems.

Message Tone
(Pollard et al., 2016)

Authoritarian Tone

Messages that include
directives about what and
what not to do with
educational reasoning

Check your blood sugar
regularly and share the
results with your
healthcare team to keep on
track.

Empathetic Tone

Messages that contain
friendly suggestions about
what and what not to do
with a sympathetic
approach

We understand it may be
hard sometimes but
checking your blood sugar
regularly and sharing the
results with your
healthcare team can keep
you on track.

Message Tailoring
(Noar & Harrington, 2016;
Dijkstra, 2016; Health
Belief Model-Janz &
Becker, 1984)

Personalization

A basic level of tailoring
that aims to increase
attention to the message
by using the name or other
identifiers of the receiver.
It is not explicitly related
to the content of the
message, instead aims to
frame the information to
create a sense of meaning
in the audience as if the
message is specially
designed for them

Hello ..., regular
monitoring of blood sugar
helps you to track the
foods and drinks that may
not be good for you.

Psychosocial &
Behavioural Tailoring

An advanced level of
tailoring that includes
providing descriptive,

Hello ..., your blood sugar
seems to fluctuate this
week. Please check your
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comparative, and
evaluative feedback
messages to participants
about their psychological
and behavioural states and
using key theoretical
constructs to match
personal needs, goals, and
interests of the
participants

blood sugar about 2 hours
after your meals and keep
track of your responses.

Message Evidence
(Shen, 2013; Shen &
Bigshy, 2013)

Statistical Evidence

Messages that present
statistics (e.g.,
percentages, figures, rates)
to support the claim

For every 1% reduction in
blood sugar level, the risk
of nerve damage (i.e. foot
ulcer) in your body is
reduced by 33% to 37%.

Testimonial Evidence

Messages that use one’s
personal experience or
opinion to support the
claim (e.g., expert
opinion).

Doctors/ Diabetes Canada
suggests that by reducing
your blood sugar level,
you can also reduce the
risk of nerve damage (i.e.
foot ulcer) in your body.

Message Format
https://www.opentextingo
nline.com/

textspeak.aspx

Standard Format

Usual text messages that
do not use any spelling
abbreviations

Please don’t forget, you
need to check your blood
sugar before breakfast.
Take care!

Textese

Messages that use SMS
language and the widely
known spelling
abbreviations

Pls dnt 4get, u need 2 chek
ur blood sugar be4
breakfast, tc!

4.4.2 Study design and sampling

A qualitative research design with purposive sampling was used in the study. Participants

were English-speaking adults (19 years old or older) with Type 2 diabetes who were using mobile

phones and SMS text messages. Multiple recruitment strategies were employed. Posters and

flyers were placed in public places in Victoria, BC, Canada, where patients were most likely to

visit, such as the Diabetes Education Centre, recreation and community centres, wellness and

healthcare centres, and university buildings. Health clinics (i.e. Revive, UVIC Health Services)

were also contacted to refer their patients to the study. Type 2 diabetes-related Facebook groups

and online platforms, and the Facebook pages of diabetes associations of English-speaking
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countries (i.e. UK, Ireland, Scotland, Australia, Singapore, Malta, India) were contacted to reach

potential participants for the study.

4.4.3 Data collection

The study received the Human Research Ethics Board approval (REB number: H19-
00598) from the University of Victoria and Island Health Authority (Appendix XVI). Written
informed consent was obtained from the participants. We conducted one-on-one interviews either
in-person in a convenient public place for participants (i.e. public library) or online through
Facebook Messenger and Skype video calling platforms. The interviews were conducted from
June to November 2019, and the interview sessions lasted approximately 25-45 minutes. All
interviews were audio-recorded using a handheld recording device and transcribed verbatim. The
researcher also took notes during the interviews. At the end of the interview, participants received
compensation ($10 CAD) for their participation.

A semi-structured interview guide (Table 4.2) was developed based on the social
marketing framework and used to address the research questions. In the first part of the interview,
participants’ demographic information (age, gender identity, and time since diagnosed) was
collected, and their opinions and experiences about using mobile text messages were explored. In
the second part of the interview, participants were asked to evaluate the message dyads and
indicate their preferences. Participants viewed a picture of a mobile phone with a sample message
and were asked to share their opinions on message content, style, wording, and language. In the
last portion of the interview, participants were asked about their preferred delivery methods of
text messaging in terms of frequency, timing, and message delivery format (automated vs non-

automated).
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Table 4.2. Semi-structured interview guide

I am conducting this interview to learn your opinions about text messages to be used for
Type 2 diabetes management. | would like to remind you that there are no right or wrong
answers in this interview, so please feel free and share your opinions about text messaging and message examples.

1.

How long have you been using SMS texting?

How often do you use SMS texting? Daily, weekly?

How old are you?

How long ago have you been diagnosed with Type 2 diabetes?

How do you identify your gender?

What do you think about delivering diabetes-related messages through text messaging?

Do you think text messaging may offer benefits for diabetes management? Please tell me more.

Do you think there are drawbacks to using text messaging for diabetes management? Please tell me more.

© |0 N 0w N

Have you ever participated in a text messaging-based diabetes care program?

[y
o

. What do you think about this message (e.g., gain-framed messages)?

[EEN
[EEN

. Could you tell me what this message is about?

[EY
N

. What do you think about the information is being delivered?

[y
w

. What do you think about the expression, use of language and the words provided here?

[ SN
N

. Would you change any of them? Would you like to add /remove any word? Why?

[EY
a1

. What would be your suggestions?

[y
[op}

. (after showing the other message of the dyad) Which message do you prefer most?

[y
~

. Which one do you think works for you? Why is it so?

[EY
®

Was there anything you especially liked/disliked about the messages? Why?

[EY
©

What would be your preferred time in a day for receiving diabetes care messages if you were to participate
in a text program? Why?

N
o

. How often would you like to receive text messages? Multiple times a day, once in every day, 4-5 days in a

week, once in a week, bi-weekly or once in a month? Why?

21.

Now, I would like to learn your opinions on automated text messages. Automated text messages, also
known as scheduled text messages, are SMS messages that you write in advance and schedule to send
automatically to your contacts. What do you think about receiving automated messages?

22.

Do you make a difference between automated and non-automated, personally-delivered messages- like the
ones come from a researcher, a dietitian or a physician?

23.

Do you think some diabetes care messages can be autonomous? Which ones could they be?

24.

What would be your suggestions to improve automated messages?

25.

What would be your final remarks to create more effective diabetes care messages?
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4.4.4 Data analysis

A thematic analysis was implemented to explore themes and interpret findings based on
the guideline provided by Braun and Clarke (2006). Consistent with the a priori theoretical
framework and research objectives, we used a list of concepts and themes for coding (e.g., text
messaging use, message frequency, message framing). Using Atlas.ti 8.3 qualitative data analysis
software (www.atlasti.com), transcripts were coded by line-by-line coding to characterize the
content of each line or sentence. Then, the codes were examined and grouped according to their
similarities and differences, and recurrent themes were identified. In addition to a priori themes,
the transcripts were reviewed for any emergent themes. The number of participants providing a
quote within a theme was counted to demonstrate the common themes across the participants’
responses. Relevant themes were further categorized under a priori thematic category derived
from the theoretical approach (e.g., product, price, promotion). At last, for each hierarchical tree

structure, a domain name was created.

4.5 Findings

The study achieved data saturation at the 12™" interview such that no new themes emerged,
and preferences for message dyads became distinctive. The sample included five female and
seven male participants aged between 40 to 71 years (mean age 55 years). Half of the participants
were newly diagnosed with Type 2 diabetes (for less than two years) (Table 4.3). The participants
have been using text messaging for more than five years and not participated in a text messaging
program related to diabetes before. For the majority of participants, text messaging was an

essential way of daily communication.



101

Table 4.3 Participant characteristics

N=12 N (%)
Male 7 (58.3)
Female 5(41.7)
Age (years)
< 55 (40-51) 6 (50)
55 and older (55-71) 6 (50)
Time since diagnose (years)
<2 6 (50)
2+ 6 (50)

Thematic analysis generated three broad domains where the related thematic categories
were grouped into 1. Perspectives on Using Text Messaging for Diabetes Care, 2. Preferred
Schedule for Text Message Delivery, 3. Preferred Text Message Design (Table 4.4). The findings
were further examined based on participants’ demographic characteristics (gender, age, and time
since diagnosis). Those that generated notable differences were explained in the following

sections.

4.5.1 Domain 1. Perspectives on using text messaging for type 2 diabetes self-management

Patients’ perspectives on using text messaging for diabetes care were grouped under the

“Product” and “Price” thematic categories.

4.5.1.1 “Product” thematic category: Using text messaging for type 2 diabetes self-
management

All participants affirmed that the idea of using text messaging for diabetes self-care was
exciting, and they were highly positive about receiving diabetes-related text messages.

Participants emphasized the importance of accessibility of mobile text messaging. For example,
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one participant expressed, “It would be great because I always have my phone with me. It’s the

fastest way to communicate, you know, you can check messages anytime” (Participant #2).

4.5.1.2 “Price” thematic category: Perceived benefits and drawbacks of using text
messaging for type 2 diabetes management

Perceived benefits

Almost all participants emphasized that text messaging is convenient and can serve as a
useful reminder to take medications and follow treatment plans such as diet plans or daily
physical activity tasks. They also stated that mobile text messaging could be an efficient way to
reach information and gain knowledge about diabetes, as one participant expressed, “I think those
reminders are really beneficial. Information could be another benefit, I guess, you know like new
research, ways of coping. I think it's a good reminder to people how not to say that a little
exercise but how what a little exercise will do to help your numbers” (Participant #6). Mainly, the
participants who have been newly diagnosed with diabetes suggested that text messaging
programs could be particularly beneficial to educate new patients. Two participants highlighted
that using SMS text messaging could be more convenient and comfortable than email messaging
to reach the information. Half of the participants indicated that text messaging programs could be
encouraging and supportive in controlling diabetes.
Perceived drawbacks

Several participants highlighted that a high frequency of delivering messages (multiple
times a day) and delivering the same messages repetitively could result in a loss of interest and
message fatigue. For example, one participant expressed, “If | keep reading the same message
every day, then I'm going to disregard it... I like to have a mix of messages” (Participant# 3).

Some participants emphasized the limited capacity of SMS texting (160 characters) as a

disadvantage to deliver adequate information, which can lead to misunderstandings in patients.
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Text message readability was also mentioned by some participants as a barrier to patients who
have older model phones and could not navigate easily. Several participants expressed their
discomfort with the text messages that are sent randomly (inappropriate times). Also, the cost of
text messages was seen by some participants as a disadvantage if messages exceed the limits of

mobile phone text plans.

4.5.2 Domain 2. Preferred schedule for message delivery

4.5.2.1 “Place” thematic category: Preferred delivery schedule of text messages for type 2
diabetes management

The participants stated quite different hours and frequencies to receive text messages.
Morning hours were the most often mentioned preferred hours, which were reported by five
participants. Most participants were interested in receiving text messages infrequently; 1-2
messages a day, and 2-3 times in a week were the most often stated frequencies. Some
participants suggested that text message scheduling should be customized to fit their complex
treatment plans.

Almost all participants stated that receiving automated messages would be something they
would expect in a text messaging program and would not create any adverse effects for them.
Some participants emphasized that they understand the necessity of using automated text
messages. For example, one participant explained, “Well, sure everyone prefers personal
messages, but it's not realistic, you know if they're coming from my doctor or my dietician and
you know they have hundreds of clients and they're not going to sit there and write a personal

message to me” (Participant #4).
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Most participants stated that it would not make a big difference for them whether the
message is sent in-person or automatically as long as the message is accurate and relevant to their
personal needs. They also did not indicate any preference for the sender of the messages, whether
a doctor, nurse or dietician. For example, one participant emphasized, “No, (the sender of the
messages) doesn’t matter, you know, the nurses at the diabetes education centre can be more

knowledgeable than GPs” (Participant #12).

4.5.3 Domain 3. Preferred text message design

4.5.3.1 “Promotion” thematic category: Preferred text message design for type 2 diabetes
self-management

Thematic analysis revealed an emergent theme “message content” in addition to our a
priori message themes. The message content theme included participants’ suggestions for
possible text message content for Type 2 diabetes management.

Message framing

Almost all participants preferred the gain-framed message over the loss-framed one.
Participants explained that the gain-framed message was positive, encouraging, and direct, and
these types of text messages would work better for them in the management of diabetes. On the
other hand, they found the loss-framed message as threatening, scary, complicated, and like
scolding and preferred not to have these types of messages. For example, one participant noted,
“I don't prefer this type of messages, you know “If you don't do that, you're going to be in big
trouble,” that's threatening” (Participant #4)

Message tone
Most participants preferred the message with an authoritarian tone. Participants perceived

the message as simple, direct, and more suitable to text messaging rather than finding the tone



105

patronizing or commanding, “It's fine. Nothing offensive, and it could very well be a great
reminder for someone who hasn't checked their blood sugar in a few days” (Participant #2). The
participants who did not prefer the empathetic tone stated that the message was too long,
insincere, and confusing. For example, one participant expressed, “Well, they're trying to be a
little more compassionate. This one is giving me an option. | mean, either have to check my blood
sugar. Don't tell me well. ... Well, yeah. It's not just worthy... | don't want you to explain
messages like that. Especially as this is a text message because you know, there's no room for
NUance in a text message” (Participant #4). Those participants who preferred the empathetic tone
stated that the message is more friendly, understanding, and encouraging, whereas the message
with an authoritarian tone was too general and distant. For example, one participant highlighted,
“It (authoritarian)is very generic. I like this one better (empathetic) It is a pain, it is really
uncomfortable, it is a hassle to have it, and this one is understanding that and the importance of
doing it” (Participant #6).

Message evidence

Almost all participants preferred the message providing statistical evidence over the
message providing testimonial evidence. Participants explained that the information with
statistics was much more convincing and trustworthy. For example, one participant (Participant
#5) wanted to take a picture of the message because he thought that it was beneficial information
and something to be remembered and studied.

The participants stated that the testimonial message was wordy, generic, and looked like a
commentary. When asked their thoughts if the message would come from a well-known
organization such as Diabetes Canada, the majority of the participants answered that they would
prefer these messages rather than “doctors or research suggest” type of messages. However, they

still indicated that their number one choice would be the one providing statistical information.
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Message format

All participants preferred the standard message format over textese. They commented that
textese messages could be more suitable for young people and informal communication.
Participants expressed that the message in textese form was informal, unclear, and confusing.
They suggested using a universally-accepted format and keep a certain level of professionalism in
text messaging programs, as one participant noted, “I expect professional, formal messages from
my doctor or nurse. If | get this (fextese) type of message, it would be a waste of my time”
(Participant #3).
Message tailoring

The participants indicated that the message included psychosocial and behaviour tailoring
was personally relevant, informative, goal-oriented, and helpful. Most of them affirmed that the
primary goal of participating in a text messaging program would be to receive this type of
message. For example, one participant commented, “This is personally relevant, beneficial, this
is | expect from a text messaging program that I would participate in” (Participant #9).

On the other hand, participants noted that the message with personalization was generic
and too simplistic. Some participants, mainly the female participants, emphasized that they like
the use of greetings and names in text messages. Still, the majority of the participants stated that

such personalization could create no effect on them, as one participant expressed, “I don’t want

P NT] P NT] ’ 2»

my name to be used, and I don’t need “hello,” “take care,” “thank you’s.” I don’t have time for
that. These are not sincere enough for me, just be direct” (Participant #8). Participants also added
that the message with personalization seemed like a typical message coming from a database so
that it was not personal at all, even if it was using their names. Several participants preferred
receiving both types of messages and suggested that informational or educational messages

which might be generic in-nature could be conveyed in the form of personalization.
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Message content

Most participants recommended including smart tips, reminders, actionable messages,
along with encouraging and informative information on diabetes management. They emphasized
their preference for the new information, such as new research results or quick facts about diet
and exercise. Some participants suggested that a text messaging program should have a wide
scope to address different aspects of diabetes management such as healthy eating, exercise, stress
management, even information about using herbals. Two participants also suggested adding links
in text messages to websites or community groups to receive more information. For the

improvement of text messages, some participants recommended using such creative hooks as

29 ¢¢ 29 ¢¢ 29 ¢

“remember,” “did you know,” “research says,” “take care,” “you can do it,” when starting and

ending text messages.

Table 4.4. Summary of the findings

Domain 1. Perspectives on Using Text Messaging for Type 2 Diabetes

“Product” Thematic Category: Using Text Messaging for Type 2 Diabetes Self-Management

Themes Definition Quote No. of
Participants
Mentioned the
Theme
Positive Being open to receiving | “I think it’s great, it is a brilliant idea to 12
diabetes-related use text messaging for diabetes support”
information via text Participant #6
messages
Accessibility Consider that mobile “It tights to your phone, you can check 10
text messages make it your message anytime” Participant #3
easy to reach
information

“Price” Thematic Category: Perceived Benefits and Drawbacks of Using Text Messaging for Type 2

Diabetes Self-Management

Thematic Sub-Category: Perceived Benefits
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Themes

Definition

Quote

No. of

Participants

Mentioned the
Theme
Useful reminder Text messages help “The best use is as a reminder to 11
patients to follow their medication, to blood sugar monitoring”
treatment plans Participant #4
Educational Gain knowledge of “I believe it would be useful. I like to 8
diabetes and its learn some information about diabetes,
management you know, medical point of view, new
research, exercise, diet-related
information. That sort of information.
How to manage the disease, like that”
Participant #8
Motivational Text messaging can be “Text messages can be encouraging. You 6
supportive in diabetes know, “you can do it!” type of messages,
management positive messages. | certainly like to have
this type of message,” Participant #2
Convenient Perceiving text “It is timely. You can get the information 11
messaging fits well with | very fast; you can ask some questions,
diabetes management response back. It is a very convenient way
to reach patients” Participant #1
Thematic Sub-Category: Perceived Drawbacks
Themes Definition Quote No. of

Participants

Mentioned the
Theme
Message Wear-out Receiving the same “(It would be ) Receiving the exact same 7
messages frequently message day and night. If I am getting a
particular message over and over again, it
wouldn’t resonate anymore, right?”
Participant# 2
Limited Information | Addresses the limited “Text messages are brief in-nature. So, 3
character/word capacity | the limited information provided here can
in SMS texting be misunderstood or may not be very
useful” Participant #4
Challenges in Finding text messages “I have this phone (showing an older 3
reading text difficult to read in model phone), see it has a small screen, it
especially older model is hard to read and follow the messages in
phones due to small these phones, you need smartphones for
screens and layout this type of program” Participant #5
Inappropriate timing | Receiving messages in “It is disturbing to have notifications in 4

of message delivery

an inconvenient time

an unwanted situation or in time, like in a
meeting or early in the morning when
trying to get up and go”

Participant #1
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Domain 2. Text Message Design
“Promotion” Thematic Category: Preferred Text Message Design for Type 2 Diabetes Self-Management
Themes Definition Quote No. of
Participants
Mentioned the
Theme
Gain-Framed Perceiving the message | “This is a good reminder. It is 11
positive, encouraging, straightforward, not judgmental, like the
and direct other one (loss-framed). | definitely prefer
this one, the other one (loss-framed) is
little too alarming, almost as a scolding”
Participant #9
Authoritarian Tone Perceiving the message | “This is a direct message, easy to follow, 8
direct and easy to read plain language. The other one (empathetic
tone) is too complicated. You just want to
be fast on the phone, this (empathetic) is
too wordy, too much” Participant #8
Statistical Evidence | Finding numerical “I'm a numbers guy, this one works better 11
information more for me. It is more convincing, gives you a
persuasive, trustworthy | fact, more motivational” Participant # 1
and credible
Standard Format Finding standard written | “Iz (textese format) is very unprofessional, 12
text messages clear, informal. I don’t want to get this type of
understandable, and message, (this is) not clear for me. Maybe,
formal I'm old-fashioned, but | want to see
standard messages, usual messages. This
(textese format) is too chatty” Participant
#10
Psychosocial & Finding the message “Aha! This actually says something about 12
Behavioural personally relevant, my situation, monitoring my information,
Tailoring accountable, and sending feedback. This supposed to be the
supportive use of text messaging " Participant #4
Personalization Finding the message “I love it when they use my name (in 5
generic and informative. | messages). It feels more personalized, like
Some perceived the use | direct talks to me” Participant #7
of greeting and name as
a human-touch.
Preferred Content A comprehensive, “This (diabetes) is a very personal thing. 10
tailored text messaging | It is not only related to diet; stress is
content, including a there, too. It would be good to have some
variety of topics, smart | practical tips on meal planning. | just
tips, new research need small tips on preparing healthier
information. snacks, meals. I don’t want judgments,
don’t eat this! kind of messages. I want to
know how to cook potatoes in a healthy
way, and how to handle stress,
information about small exercises would
be good.” Participant #6
Providing links to “It would be more useful if messages 2
websites and include links to some websites or videos
community/peer groups,
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that can provide more detailed
information” Participant #4

Using creative hooks It would be catchy if the message starts 3
with “did you know” or “research
suggests” Participant #9
Domain 3. Text Message Delivery
“Place” Thematic Category: Preferred Text Message Delivery Schedule of in Type 2
Diabetes Self-Management
Themes Definition Quote No. of

Participants
Mentioned the

Format

automated and
nonautomated messages
if only they provide
accurate and personally
relevant information

Theme

Preferred Time Ranged from morning “In the morning, before taking medicine, -

hours to before sleep it would be useful as a reminder”

Participant # 12

Preferred Frequency | Ranged from multiple “Twice in a week, one reminder, one -

times a day to once a informational maybe. I don’t have time for

week more than that” Participant #8
Preferred Delivery Favoured both “l know there are too many people, so 11

some messages have to be automatic. As
long as they include something relevant to
me, I don’t mind if they are automatic or
not”

Participant #11

4.6 Discussion

This qualitative study provided an analysis of specific characteristics of text messages that

might influence behaviour change with a small purposive sample of patients with type 2 diabetes.

Using message design approaches and communication frameworks has been one of the neglected

issues in text messaging research, and the body of literature is scant in this area. Similarly, there

were conflicting ideas in the preferred text message delivery schedules of patients. Therefore, the

insights provided by this study may help to design more effective behaviour change interventions

for patients with Type 2 diabetes.

The use of a patient-oriented approach helped us to identify a possible marketing mix to

reach patients more effectively. As a “product,” using text messages for Type 2 diabetes self-

management has positive associations in the minds of patients. The accessibility of SMS and
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mobile technology was the most commonly mentioned product feature and interpreted as
“effortless” and “continuous” support. These findings were consistent with the previous research,
which suggested that mobile text messaging can increase the reach of digital interventions (Shaw
& Bosworth, 2014; Michie, Yardley, West, Patrick, & Greaves, 2017). There are approximately
7.1 billion mobile phone users around the world (The International Telecommunication Union,
2017), and nearly 74% of them use SMS texting daily and check their messages frequently
(Deloitte, 2017). Therefore, mobile text messaging seems to continue to be a significant medium
for diabetes self-management and other health interventions.

For patients, the most important relative advantage of using text messaging for type 2
diabetes care seemed to rely on its timely nature. Considering the effort and time spent on
participating in traditional self-management programs and the accessibility of online applications,
text messaging programs can offer more convenience to patients. A significant barrier to text
messaging programs was message wear-out. It was linked with both message content and
message delivery. Text messaging could be more appealing for these patients if message
variability increases. Consistent with the previous research (Nundy et al., 2012; Chen et al.,
2018), our study revealed that patients were more likely to participate in a comprehensive text
messaging program that would provide information on various subjects, from diet to exercise,
stress management, and new research findings.

Our findings highlighted that text messages should also be delivered at selected times, not
randomly. Patients’ preferences for text messaging delivery schedules were highly divergent,
which indicated that patients should be able to set the delivery times. However, there was some
consensus on receiving text messages infrequently. These findings were consistent with our
previous study of meta-analysis (Sahin et al., 2019), which concluded that infrequent messaging

could be more effective than frequent messaging for patients with Type 2 diabetes. In our meta-
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analysis (Sahin et al., 2019), we also found that non-automated message delivery could be more
effective than automated delivery. This study showed that patients might not necessarily require
in-person message delivery. They seemed to be open to receiving automated messages as long as
the content is accurate and relevant to their needs. These findings suggested designing more
complex interventions for type 2 diabetes self-management in which tailoring message delivery
and message content and structure would be a central consideration.

Patients were appeared to prefer gain-framed messages and found them direct and
encouraging. The effect of message framing has widely been investigated in health interventions
(Jang & Feng, 2017); however, a few studies examined its use in text messaging (Muench et al.,
2014; Kuerbis, Mulliken, Muench, Moore, &, Gardner, 2017). As suggested by previous research
(Rothman & Salovey, 1997; Jang & Feng, 2017), gain-framed messages could be more useful for
prevention (low-risk) behaviours. Diabetes self-management involves taking a series of actions to
decrease the threat of the disease; therefore, gain-framed text messages could be more useful to
reach patients with type 2 diabetes.

Patients were appeared to prefer text messages that were written as simple, direct, easy to
read, to-the-point as possible, and seemed not to mind whether it has a condescending tone or not.
In their nutrition text messages, Pollard et al. (2016) found that some rational reasons exist
behind the favourability of authoritative messages, such as being more direct and informative.
Kuerbis et al. (2017) also suggested that older people tend to like directive text messages and
consistently, in our study, the majority of the participants who preferred the authoritarian tone
were older (> 55 years old). Text messaging seems to have its own voice and reshapes the
message perceptions of users.

Our findings indicated that using statistical evidence in text messages can enhance

message trustworthiness and credibility. Although the message did not include any source of
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information such as the name of a university or a diabetes association, providing information
using percentages and numbers was enough to create the desired effect in the target audience.
Because some participants questioned the sources used in the messages, using expert testimonials
in text messages might not be an effective strategy to reach patients with Type 2 diabetes. These
findings provided valuable insights into the research, which has so far produced mixed evidence
on whether testimonial or statistical evidence was more persuasive (Shen, 2013).

Previous research (Muench et al., 2014; Suffoletto, 2016) revealed that text message users
tend to prefer accurately written messages over the messages with textese or grammatical errors.
Patients with type 2 diabetes seemed to be no different in their preferences. Moreover, they were
more likely to have specific requirements in message formats, such as keeping professionalism in
language and word use.

The findings demonstrated that text messaging programs for type 2 diabetes self-
management should include psychosocial and behavioural tailoring strategies, such as providing
timely feedback and goal-oriented messages to maintain patients’ participation. The
personalization strategy in this study, which included greetings and using the name with generic
messages, was mostly associated with informative and educational content. Therefore, it could
particularly be useful for newly diagnosed patients. Therefore, text messaging programs that
successfully blend both types of tailoring strategies could be more effective. This finding
supported the previous research, which suggested the use of different tailoring variables and
strategies in combination with each other (Noar & Harrington, 2016; Dijkstra, 2008; Morrison,
Yardley, Powell, & Michie, 2012).

In their review of e-health interventions, Morrison and colleagues (2012) concluded that
using additional contacts could be more effective for behaviour change. Parallel to this, our

findings demonstrated that providing multiple sources of interaction (i.e., video links, peer-
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support groups) in text messages could increase patients’ engagement with a text messaging

program.

4.7 Limitations and Implications for Future Research and Practice

Some limitations to this qualitative study should be mentioned. Although we were able to
gain a wide age range in the sample group (40-71 years old), we could not reach younger patients
(< 40 years old).

A methodological bias caused by the self-reporting of participants should also be
mentioned. Our approach depends on the assumption that participants are rational and capable of
choosing which message type works better for them. However, behaviour change is a
multifaceted concept and also has affective and impulsive dimensions. Therefore, what
participants believed and stated what was correct for them might not be necessarily effective for
their behaviour change. Experimental research is needed to confirm the message preferences of
patients on their self-management behaviour.

However, we have made several considerations and followed the recommendations made
by Yardley (2017) to address the study's validity. Our previous studies that reviewed the type 2
diabetes interventions and patients’ experiences increased our awareness regarding type 2
diabetes management and patients (Sahin et al., 2019; Sahin et al., 2020). It helped us to define
our study objectives clearly and to formulate more operational research questions. The social
marketing framework also broadened our patient-oriented perspective. We carefully considered
using lay and non-stigmatizing language, such as using “patients with type 2 diabetes” instead of
“type 2 diabetics.” We put emphasis on transparency in each step of the study, from message

development to data collection and presentation.
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Because diabetes is a highly personal disease, patients’ message preferences can be
influenced by different demographic and psychosocial variables, such as education, income,
marital status, and social support. Ethnic and genetic factors might also play a significant role.
For example, Asian people are more likely to develop this disease (Rhee, 2015). Lifestyle choices
and environmental context are also highly related to diabetes management (Spruijt-Metz et al.,
2014). Acculturation may influence patients’ coping skills with diabetes (O’Brien, Shuman,
Barrios, Alos, & Whitaker, 2014). For example, Latin Americans tend to be more influenced by
acculturation and consume more unhealthy foods and beverages and have a sedentary lifestyle,
which increases the risk of developing the disease and challenges its effective management
(O’Brien et al., 2014). Future research needs to examine how all these critical factors affect text
message design and delivery preferences of patients and identify some other message design
features to be used for effective Type 2 diabetes self-management. In clinical practice, the
insights provided from this study can help improve the communication between patients and
healthcare providers, reduce time and effort to engage with patients, and allocate resources

effectively to conduct more successful interventions.

4.8 Conclusions

This study illustrated that text messaging was a convenient strategy for educational and
behaviour change outreach to patients with type 2 diabetes. In line with the tenets of social
marketing, this study illustrated that customization was integral to text messaging approaches and
that message design elements should be included in health behaviour change messages. These
findings provided significant implications for Type 2 diabetes research and practice as well as for
text messaging studies where there has been limited knowledge about the use of communication

and persuasion frameworks. Future research needs to test the effectiveness of patients’ message
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preferences on their self-management behaviours and explore what other message design elements
and patient characteristics could be important for type 2 diabetes management via mobile text

messaging.
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Appendix I. Sources used to identify the studies in the review

Electronic PubMed, CINAHL, I1SI Web of Science, PsycINFO, Google Scholar,
databases Cochrane Library, diabetesjournals.org, WHO Library (IMEMR, LILACS;
VPRIM, WHOLIS, AIM, IMSEAR)
Key journal Journal of Medical Internet Research, The Journal of mHealth, Journal of
search Telemedicine and Telecare, Telemedicine and e-Health, International

Journal of Medical Informatics, Journal of the American Medical
Informatics Association, Journal of Healthcare Informatics Research,
Journal of Innovation in Health Informatics

Reference lists
search

Systematic reviews and meta-analyses (Arambepola et al., 2016; Dobson et
al., 2017; Farmer et al., 2016; Hall, et al., 2015)




Appendix I1. Electronic databases search results
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Organization

Database Provider Search Period Items Found
CINAHL EBSCOHost Inception to Jan 18, 261
2018
Google Scholar Google Inception to Jan 24, 240
2018
ISI WEB Web of Science, Inception to Jan 18, 241
Thomson Reuters 2018
PsycINFO OVIDSP Inception to Jan 18, 341
2018
PubMed NCBI Inception to Jan 18, 405
2018
Cochrane Central Cochrane Library via | Inception to Jan 24, 644
Register of Controlled Wiley 2018
Trials
Diabetesjournals.org American Diabetes Inception to Jan 29, 20
Association 2018
IMEMR World Health Inception to Jan 24, 8
Organization 2018
LILACS World Health Inception to Jan 24, 14
Organization 2018
VPRIM World Health Inception to Jan 24, 13

2018

Total

2187




Appendix I11. PubMed search results
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# Search Items Found
1 “diabetes mellitus” (MeSH term) 434.210
2 “type 2 diabet*” OR “type II diabet*” (Other terms/all 154.181
fields)
3 “non insulin depend*” OR “noninsulin depend*” OR 12.158
“non-insulin depend*” (Other terms/all fields)
4 “T2DM” OR “T2D” OR “TIIDM” OR “TIID” OR 127.831
“MODM” OR “AODM” OR “MODY” (Other
terms/all fields)
5 10R20R30R4 459.757
6 “telemedicine” OR “computers, handheld” OR “cell 38.648
phon*” OR “cell phone use” OR “text messaging”
(Mesh terms)
7 “brief messag*” OR “multimedia message service” OR 92.057
“MMS” OR “mobile video” OR “video” OR “message
service” OR “m-health” (Other terms/all fields)
8 6 OR7 127.542
9 5AND 8 2228
10 Human filter applied 1935
11 Language filter applied- English 1848
12 Article types filter applied (Clinical Study, Clinical 405
Trial, Clinical Trial, Phase I, Clinical Trial, Phase 1,
Clinical Trial, Phase 11, Clinical Trial, Phase 1V)
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Appendix 1V. Guideline for identifying tailoring strategies
(Developed based on Noar & Harrington, 2016; Dijkstra, 2016; and Hawkins et al.,2008)

Please classify each article based on their tailoring strategies following these criteria:
1. Personalization:
a) If tailoring strategy is not specifically related to the content of the messages, rather

focuses on arranging the timing and frequency of message delivery and feedback

schedule according to needs and preferences of participants.

b) If the message includes the name or other identifiers of the receiver but still delivering
the standard messages to each patient (i.e., “Hello Jane (personalization), regular
blood glucose monitoring is very important for diabetes management (standard
message)

c) If the message places the information in a meaningful context for a receiver using

his/her cultural or demographic variables such as gender, age, ethnicity, residential

status. Using photos, wording, logos, colors based on personal characteristics or

preferences can be sources of personalization (i.e., it is your time to make a difference
in your community, Saanich Diabetes Awareness Group; The Lord has given us a
powerful tool to monitor diabetes regularly!.; African Americans are more likely to

have Type 2 diabetes, make sure that you are having enough physical activity each
day).
d) If the messages are arranged based on the preferences or characteristics of participants

such as using fear, guilt, warmth appeals, using statistics, textese, etc., or eliminating

some content. For example, young people may prefer textese and humor in messages,

but older people may prefer statistics, even the core message/take away is the same. It

is about delivering the same message based on personal content preferences.
2. Psychosocial and Behavioral Tailoring:

a) If the message includes objective reports on participants medical condition and/or
repeat back their specific information (i.e., “you re currently eating 3 servings per
day; today you’ve completed 75% of your daily physical activity; “your fruit and
vegetable intake is well below the recommended level of 5-9 servings per day)

b) If message content is arranged to match some psychosocial variables such as self-

efficacy, awareness, stage of change, intention, etc. in order to persuade
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participants for behavior change. (i.e., “you are particularly getting more calories
when you eat in social situations. To achieve your goal to reduce your weight
within the next 2 weeks, please try to avoid situations where you can have high-

calorie meals”

3. Combination of the Two: Both tailoring strategies can be used in combination with each
other.
e Asayoung mother, you have a plenty of opportunities to be a better role model for your

children (personalization), we have provided a list of possible strategies to help you

achieve your weekly physical activity goal (Psychosocial and behavioral tailoring)

e If you are concerned about your heart health (Personalization), now it is time for you to

increase your daily vegetable intake to 4 servings per day. Start today, you can do it!

(Psychosocial and behavioral tailoring).




135

Appendix V. Pre-specified moderator variables and related hypotheses used in the meta-analysis

Age

Because text messaging and mobile phones are more relevant to young people
(Lenhart, 2012), and young diabetes patients are more likely to follow treatment
regimens and recommendations of their care providers than older patients
(Saffari, Ghanizadeh, & Koening, 2014), it is hypothesized that the studies
focused on young adults will have a larger effect size than the ones targeting
diverse populations.

Ethnicity/Race

Due to the personalization tailoring effect (Dijkstra, 2016), it is hypothesized that
the studies tailored the message content for a particular ethnic or cultural group
will have a larger effect size than the studies worked with diverse populations

Gender

Based on the findings of the Burner et al.’s 2013 study, it is hypothesized that the
studies focused on male diabetes patients will have a larger effect size than those
included female diabetes patients

Study length

Based on Fjeldsoe et al.’s 2009 study, it is hypothesized that studies with shorter
intervention periods (up to 3 months) will have a larger effect size

Study setting

Based on Arambepola et al.’s 2016 study, it is hypothesized that the interventions
conducted in low and middle-income settings will have larger effects sizes
compared to the ones carried out in high-income settings.

Study design

It is hypothesized that randomized controlled trials will produce the largest effect
size compared to other study designs

Message direction

Based on Hall et al.’s 2015 study, it is hypothesized that the studies used
interactive (two-way) messages will have a larger effect size than the ones used
non-interactive (one-way) messages.

The frequency of | Based on Hall et al.’s 2015 study, it is hypothesized that the interventions used

messaging less frequent messaging (such as once in a week as opposed to multiple messages
per day) will have a greater effect size.

Choice of Based on Noar et al.’s 2007 study, it is hypothesized that the studies used mixed

modality modalities (i.e., SMS and Web portal) will have a larger effect size than the ones
used single modality (i.e., SMS).

Tailoring Based on Noar and Harrington’s 2016 study, it is hypothesized that the studies

strategies employed advanced tailoring strategies, including psychosocial and behavioral

variables, will have a larger effect size than the ones used basic tailoring
strategies including personalization
o For the meta-analysis, the interventions were classified into 2
categories to include a sufficient amount of studies in each group
for comparison. Those applied personalization strategies were
classified as “basic tailoring” (n=3) and the others that included
psychosocial and behavioral tailoring variables were classified as
“advanced tailoring” (n=8).

Message delivery

Due to the personalization tailoring effect (Dijkstra, 2016), it is hypothesized that
the interventions used non-automated message delivery will have a greater effect
size than the ones used an automated message delivery
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Recruitment, Implementation, and Fidelity in a Mobile Telehealth Study.
Telemedicine Journal and E-Health : The Official Journal of the

Number | Reference Reasons for
exclusion

1. Abegg, M., Nandagopal, R., Brown, R., & Rother, K. (2012). Partners Other reasons (a
for better health in adolescents with type 2 diabetes (“Buddy study”)-an | summary report)
update. Diabetes, 61, A615-A616.

2. Adikusuma, W., & Qiyaam, N. (2017). The effect of education through Generic-no tailored
short message service (SMS) messages on diabetic patients adherence. messages were used
Scientia Pharmaceutica, 85(2), 23

3. Agboola, S., Lopez, L., Searl, M., O’Keefe, S., Kvedar, J., & Jethwani, Other reasons (a
K. (2013). TEXT TO MOVE-randomized controlled trial of preliminary study, the
personalized text messaging to improve physical activity in a diverse completed study was
patient population with type 2 diabetes mellitus. Journal of Mobile chosen-Agboola et al.,
Technology in Medicine, 2(4s), 8-8. 2016)

4. Ali, S., McDuffie, R., Liu, S., Avitabile, N., Banka, A., Shi, L., & Other reasons (insulin
Fonseca, V. (2012). A pilot and feasibility study of a fully automated dose adjustment study
closed loop, text message-based system to improve diabetes control. and summary report)
Diabetes, 61, A220.

5. Alkadi, K., & Roudsari, A. (2013). TeMaD system: Telecare for Not a randomized or
managing diabetes in Saudi Arabia. Studies in Health Technology & controlled study
Informatics, 183, 57-62.

6. Anzaldo-Campos, M. C., Contreras, S., Vargas-Ojeda, A., Menchaca- Simple reminder
Diaz, R., Fortmann, A., Philis-Tsimikas, A., ... Menchaca-Diaz, R. messages or prompts
(2016). Dulce Wireless Tijuana: A randomized control trial evaluating were used
the impact of Project Dulce and short-term mobile technology on
glycemic control in a family medicine clinic in Northern Mexico.

Diabetes Technology & Therapeutics, 18(4), 240-251.
https://doi.org/10.1089/dia.2015.0283

7. Arora, S., Burner, E., Lam, J., DeSantos, R., Goodman, A., & Menchine, | Conference
M. (2013). Can a mobile health intervention (Textmed) reduce abstract/poster
emergency department utilization and hospital admissions in patients
with diabetes? Academic Emergency Medicine., 20(5 suppl. 1), S296-

5297.

8. Arora, S., Burner, E., Lam, J., Santos, R., Meeks, A., & Menchine, M. Conference
(2013). Trial to examine text-message based mhealth in ed patients with | abstract/poster
diabetes (TEXT-MED). Academic Emergency Medicine., 20(5 suppl. 1),

S180.

9. Baghiani Moghadam, M. H., Taheri, G., Fallah Zadeh, H., & Parsa, M. Provides only English
(2014). The effect of instructional designed SMS based on Health Belief | abstract, the full-text
Model (HBM) on adoption of self-care behavior of patients with type Il | is Arabic
diabetes. Modern Care Journal, 11(1), 10-18.

10. | Baker, L. C., Macaulay, D. S., Sorg, R. A., Diener, M. D., Johnson, S. J., | Not a mobile phone-
& Birnbaum, H. G. (2013). Effects of Care Management and Telehealth: | based text messaging
A Longitudinal Analysis Using Medicare Data. Journal of the American | study
Geriatrics Society, 61(9), 1560-1567. https://doi.org/10.1111/jgs.12407

11. | Baron, J., Hirani, S., & Newman, S. (2016). Challenges in Patient Other reasons (not a

full intervention
report)
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American Telemedicine Association, 22(5), 400—4009.
https://doi.org/10.1089/tmj.2015.0095

12. | Baron, Justine S., Hirani, S., & Newman, S. P. (2017). A randomised, Not a mobile phone-
controlled trial of the effects of a mobile telehealth intervention on based text messaging
clinical and patient-reported outcomes in people with poorly controlled study
diabetes. Journal of Telemedicine and Telecare, 23(2), 207-216.
https://doi.org/10.1177/1357633X16631628

13. | Baron, Justine Sita, Hirani, S. P., & Newman, S. P. (2017). Investigating | Not a mobile phone-
the behavioural effects of a mobile-phone based home telehealth based text messaging
intervention in people with insulin-requiring diabetes: Results of a study
randomized controlled trial with patient interviews. Journal of
Telemedicine and Telecare, 23(5), 503-512.
https://doi.org/10.1177/1357633X16655911

14. | Bauer, V., Wang, C.-H., Goodman, N., Craig, T., Glosner, S., Juhn, M., | Conference
... Masi, C. (2017). Textmessaging to improve outcomes in patients with | abstract/poster
painful diabetic peripheral neuropathy (PDPN). Journal of General
Internal Medicine. Conference: 40th Annual Meeting of the Society of
General Internal Medicine, SGIM 2017. United States, 32(2 Supplement
1), S328.

15. | Bell AM, Fonda SJ, Walker MS, Schmidt V, Vigersky RA (2012) Other reasons (no
Mobile phone-based video messages for diabetes self-care support. J separate results were
Diabetes Sci Technol 6: 310-319. provided for type 1

and Type 2 patients)

16. | Bin Abbas, B., Al Fares, A., Jabbari, M., El Dali, A., & Al Orifi, F. Not a
(2015). Effect of Mobile Phone Short Text Messages on Glycemic randomized/controlled
Control in Type 2 Diabetes. International Journal Of Endocrinology and | study
Metabolism, 13(1). https://doi.org/10.5812/ijem.18791

17. | Brath H, Morak J, Késtenbauer T, Modre-Osprian R, Strohner- Simple reminder
Késtenbauer H, Schwarz M, Kort W, Schreier G. Mobile health messages/prompts
(mHealth) based medication adherence measurement - a pilot trial using | were used
electronic blisters in diabetes patients. Br J Clin Pharmacol. 2013 Sep;76
Suppl 1:47-55. doi: 10.1111/bcp.12184.

18. | Burchard, A., & Sadarangani, T. (2014). Telehealth as an Alternative to | Not a maobile phone-
Traditional, In-Person Diabetes Self-Management Support. Journal of based text messaging
Clinical Outcomes Management, 21(11), 495-496. study

19. | Burner, E., Scott, R., Rosas, J., McManus, J., Hicks, B., Menchine, M., Conference
... Arora, S. (2015). Trial to examine text-message-based mHealth in abstract/poster
emergency department patients with diabetes with friends and family
supporters (text-med+fans). Academic Emergency Medicine., 22(5 suppl.

1), S88.

20. | Burner, E., Lam, C. N., DeRoss, R., Kagawa-Singer, M., Menchine, M., | Other reasons (control
& Arora, S. (2017). Using Mobile Health to Improve Social Support for | group has the same
Low-Income Latino Patients with Diabetes: A Mixed-Methods Analysis | tailored content)
of the Feasibility Trial of TEXT-MED + FANS. Diabetes Technology &

Therapeutics, 20(1), 39-48. https://doi.org/10.1089/dia.2017.0198
21. | Chen, L., Chuang, L.-M., Chang, C.-H., Wang, C.-S., Wang, |.-C., Not a mobile phone-

Chung, Y., ... Lai, F. (2013). Evaluating self-management behaviors of
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months. Journal of Medical Internet Research, 15(12), 3-17.
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used for outcome similar in both | were not sampling and
automatic assessment groups. reported sample size.
allocation ALC tests were
not taken at
recommended
intervals
Faridi et al., | Unclear risk Unclear risk High risk Unclear risk High risk Unclear High risk
2008 risk
Method not Method not Neither Insufficient A high Bias caused by
reported reported participants information to proportion of Insufficient | a small sample
nor personnel | assess the risk intervention information | size
were blinded group did not | to assess
adhere to the the risk
treatment
completely
Fortmann et | Low risk Low risk High risk High risk High risk Unclear Unclear risk
al., 2017 risk
Randomly Blocked Neither Participants The attrition Insufficient
generated random participants were not blinded | rate was higher | Insufficient | information to
numbers assignment nor personnel | to the outcome inthe IG information | assess whether
sequence was with equal were blinded measure compared to to assess an important
used allocation was CG the risk risk of bias
used exists
Gatwood et | Low risk Unclear risk Unclear risk Unclear risk High risk Unclear High risk
al., 2016 risk
Random Method not No Insufficient Large Bias caused by
number reported information information to proportions of | Insufficient | study
generator was about blinding | assess the risk participants in | information | population,
used was reported both groups to assess small sample
excluded from | the risk size and short
the primary study duration
outcome
analysis Adjustments to
insulin dosing
may not be
accurately
measured by
PDC, leading to
a bias in how
adherence was
measured
Kim & Kim | High risk High risk High risk Unclear risk Low risk Low risk High risk
2008
Pre-test-post- Pre-test-post- | Neither No sufficient The attrition The study Bias caused by
test control test control participants information for | rate and protocol is | a small sample
group design group design | nor personnel | blinding of reasons were not size
has higher were blinded available
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has higher risks | risks than to the outcome similar in both | but initial
than RCTs RCTs intervention assessment groups. (3 months)
report of
the same
trial also
focused on
the same
outcomes
Limetal., Low risk Unclear risk Unclear risk Unclear risk Low risk High risk Unclear risk
2016
Block Allocation Insufficient Insufficient The proportion | Lack of Insufficient
randomization | method was information to | information to of the reporting information to
method was not reported judge the risk | judge the risk participants on entire assess whether
applied lost to follow- | outcome an important
up were in the | measures risk of bias
balance indicated in | exists
between the the trial
groups registry
Peimani et | Low risk Unclear High risk Unclear risk Low risk Unclear High risk
al., 2015 risk
Permuted block | The method An Participants All More educated
randomization | of allocation investigator blinded but not | participants Insufficient | participants
not specified not blinded to | the personnel adhered to the | information | included in the
the treatments to assess sample
intervention the risk
Shetty et Low risk Unclear risk Unclear risk Unclear risk High risk High risk Unclear risk
al., 2011
Computer- Allocation Insufficient Insufficient High rates of Not all Insufficient
generated method was information to | information to attrition and outcomes information to
randomization | not reported judge the risk | judge the risk imbalanced planned in | assess whether
proportion of the trial an important
lost to follow- | registry risk of bias
up in groups were exists
reported
Tamban, et | Low risk Low risk High risk Low risk Low risk Unclear Unclear risk
al., 2013 risk
Computer- The allocation | Patients were | Personnel were | Although Insufficient
generated was done by a | not blinded to | blinded to the imbalanced No information to
randomization | third party, the treatment group | proportions of | sufficient assess whether
Opaque intervention lost to follow information | an important
envelopes and were up in the whether or | risk of bias
were used instructed not groups existed, | not all exists
to inform their intention to intended
attending treat analysis outcomes
physicians was performed | were
about their measured
participation and
in the study as reported
knowledge of
this by the
healthcare

provider may
influence the
way he
manages the
patient
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Yoo etal., Unclear risk Unclear risk High risk Unclear risk Low risk Unclear Unclear risk
2009 risk
Randomization | Allocation Neither No sufficient The size and Insufficient
method not method not participants information for | the Insufficient | information to
reported reported nor personnel | blinding of characteristics | information | assess whether
was blinded to | outcome of the patients | to assess an important
the assessment lost to follow- | whether an | risk of bias
intervention up were important exists
similar in both | risk of bias
groups exists
Yoon & High risk High risk High risk Unclear risk Low risk Low risk High risk
Kim, 2007
Pre-test-post- Pre-test-post- | Neither No sufficient The attrition The study Bias caused by
test control test control participants information for | rate and protocol is | a small sample
group design, group design, | nor personnel | blinding of reasons were not size
not a full not a full was blinded to | outcome similar in both | available
randomization | randomization | the assessment groups. but initial
intervention (3 months)
report of
the same
trial also
focused on
the same

outcomes
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Studies Using Personalization (n=4)

Study, Reference

Diabetes Self-Management

Glycemic Control
(HbA1C)

Physical Activity

Diet

Medication
Adherence

Relevant
behavioral/attitudinal
outcomes

Aroraetal, 2014

No significant decrease
was observed in the IG
compared to the CG (the
change in the median in
IG: -1.05%; in CG: -
0.60 %, the change
between groups -0.45%
at 95 % ClI)

No significant change in
either group

(change in mean, IG:-
0.3% while in CG:1.5%
at 95% Cl)

No significant change
in either group
(change in mean, IG:
-0.7% while in CG:-
0.8% at 95% ClI)

Statistically significant
increase in the
intervention group (the
change in mean, IG:
0.9 % comparedtoa a
decrease in CG= -
0.1% at 95% CI)

Self-efficacy and Knowledge:
No significant change was
observed in either group.
Satisfaction: Nearly 94% of
participants enjoyed the
intervention and all of them
(100%) would recommend it to
others

Fortmann et al, 2017

A statistically
significant decrease was
observed in the IG
compared to CG at all
measurement points (the
change in the mean IG:
1.0 %; CG 0.2%;
p=0.03 at post-trial)

Not measured

Not measured

Not measured

Satisfaction: 97% of the
participants would recommend
the program to a friend or
family member with diabetes.

Shetty et al, 2011

Although no significant
difference in the mean
values in both groups
was observed, the
proportion of
participants who can
make a better control
(HbA1C<8.0) was
significantly higher
(from 30.8% to 55.1%)
than the control group
(from 31.8% to 48.5%).

No significant change in
either group. The
proportion of IG
participants who adhere
to physical activity
increased from 47% to
56% while in CG
increased from 47% to
52%.

No significant change
in either group. The
proportion of IG
participants who
adhere to diet
prescription changed
from 60.3% to
58.4%.

No significant
difference between the
groups on various drug
usages

Acceptability: Based on the
preferred number of messages
and message frequencies,

a high level of acceptability
was reported.
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Tamban et al, 2013

The statistically
significant decrease in 3
and 6 months in IG
group (-0.68 % at 3
months, -0.82 % at 6
months, in means,
compared to CG (-
0.33% at 3 months, -
0.52% at 6 months, in
means)

Statistically significant
improvement in 1G at
the last follow-up. A
significant difference in
mean numbers of
minutes/exercise in IG
(37.40, +-14.87)
compared to CG (31.44,
+-10.82, p=0.021)

Statistically
significant
improvement in 1G at
the last follow-up. A
significant difference
in mean numbers of
meal/ day in IG (2.61,
+-0.63) compared to
CG (2.29, +-0.72,
p=.0.018).

Not measured

Not a related measure was
reported

Studies Using Psychosocial and Behavioral Tailoring (n=6)

Study, Reference

Diabetes Self-Management

Glycemic Control
(HbA1C)

Physical Activity

Diet

Medication
Adherence

Relevant
behavioral/attitudinal
outcomes

Faridi et al, 2008

No statistically
significant decrease in
the 1G was observed
(the change in IG: -
0.1%, in CG: 0.3%, in
means)

No statistically
significant change was
reported

No statistically
significant change
was reported

Not measured

Self-efficacy: A statistically
significant improvement in

total self-efficacy scores in 1G

(-0.5% in mean) compared to
no improvement in CG

Kim & Kim, 2008

A statistically
significant change in 1G
was observed at 12
months (8.16 % to 6.
67%: -1.49% change in
means) compared to an
increase in CG (7.66 %
t0 8.19%, 0.54 %
change in means)

Not measured

Not measured

Not measured

Not a related measure was
reported
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Lim et al, 2016

A statistically
significant decrease in
the IG after the follow-
up (8.0 % to 7.3 %)
compared to CG (8.1%
to 7.9%). The
proportion of
participants with
HbA1C<7% without
hypoglycemia was
larger in 1G (26%) than
in CG (12%).

A significant increase in
exercise episodes per
week in IG compared to
no significant change in
CG

Calorie intake
significantly
decreased in both
groups, and the
decrease was larger in
IG (8.5%) compared
to CG (2.4%)

Not measured

Not a related measure was
reported

Peimani et al., 2015

No statistically
significant change in
either group (change in
mean was -0.23% in
tailored 1G, -0.27% in
non-tailored 1G
compared to change in
mean 0.03% in CG)

Not measured

Not measured

Not measured

Self-efficacy: The scores in
both IGs significantly differed
from the baseline values but
the changes in self-efficacy
scores in both groups were
smaller than the CG

Yoo et al., 2009

A statistically
significant improvement
in 1IG (from 7.6% to
7.1%) compared to an
increase in CG (7.4% to
7.6%)

Not measured

Not measured

Not measured

Not a related measure was
reported

Yoon &Kim, 2007

A statistically
significant improvement
in 1G (-1.32%)
compared to an increase
in CG (0.81%)

Not measured

Not measured

Not measured

Not a related measure was
reported

Studies Using the Combination of Tailoring Methods (n=3)

Study, Reference

Diabetes Self-Management

Glycemic Control
(HbA1C)

Physical Activity

Diet

Medication
Adherence

Relevant
behavioral/attitudinal
outcomes
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Agboola et al, 2016

A significant change in
IG from the baseline to
follow-up (-43%)
compared to CG (-21%)
in 95% CI

Not a statistically
significant change was
observed in overall step
counts at 6 months
follow-up

Not measured

Not measured

Satisfaction (Measured in
usability questionnaire): 94 %
of participants would
recommend the program to
others

Capozza et al, 2015

Although both groups
showed improvement,
no statistically
significant change was
observed in either
group. The change in
means in 1G was -0.50
% and 0.19 % in CG.

Not measured

Not measured

Not measured

Satisfaction: High satisfaction
score (27.7.out of 32). 85% of
the participants indicated
increased knowledge in self-
management of diabetes and
94% of participants would
recommend the program to
others

Gatwood et al, 2016

Not measured

Not measured

Not measured

No statistically
significant change was
observed in either

group

Health Belief: No significant
changes were observed in
either group
Self-determination: No
significant changes were
observed in either group
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Appendix IX. Eligibility criteria for considering the studies in the review

Inclusion Criteria

Exclusion Criteria

Types of Studies

Scholarly qualitative
primary research
Quialitative data and
research findings of
mixed methods studies
Written in English

Unpublished studies,
conference abstracts or
posters

Comments, letters,
editorials, conceptual
papers

Types of Participants

People with Type 2
diabetes

The studies with a mixed
population, such as
individuals with Type 1
and Type 2 diabetes
were only considered if
separate data for Type 2
diabetes patients were
provided

Studies that focused on
patients with Type 1
diabetes or gestational
diabetes or diabetic
retinopathy.

The studies whose
participants included
healthcare providers or
other stakeholders rather
than patients or
consumers of health care
Services

Topic of Interest

Studies included at least
one of the self-
management behaviors
described by Diabetes
Canada: diet (including
nutrition, healthy eating,
calorie intake), physical
activity, medication
adherence, or glycated
hemoglobin monitoring
(HbA1C).

Mobile phone-based text
messaging interventions
that involved the
delivery of behavior
change content through
short message services
(SMS), multimedia
message services
(MMS), or instant
messaging using mobile
messaging apps like
WhatsApp.

Mobile app or web-
based interventions
without any mobile-
phone-based text
messaging component to
deliver behavior change
messages

The studies used audio
Or voice message
(including IVR) without
using any mobile text
messaging component
The studies whose
messages included only
the appointment and
simple medication
reminders (prompts) or
instructions for
medication use (i.e.,
insulin dose adjustment)
Cost-effectiveness
studies and clinical trials
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Appendix X. Sources used to identify the studies in the review

Electronic ) .
databases PubMed, CINAHL, ISI Web of Science, PsycINFO, Cochrane Library,
diabetesjournals.org
Key journal Journal of Medical Internet Research, The Journal of mHealth, Journal of
search Telemedicine and Telecare, Telemedicine and e-Health, International

Journal of Medical Informatics, Journal of the American Medical
Informatics Association, Journal of Healthcare Informatics Research,
Journal of Innovation in Health Informatics, Diabetes Technology &

Therapeutics, Journal of Health Communication

Reference lists
search

Systematic reviews and meta-analyses (Arambepola et al., 2016, Dobson et
al., 2017, Farmer et al., 2016, Hall, et al., 2015)
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Database Provider Search Period Items Found
CINAHL EBSCOHost Inception to Oct 3, 316
2018
IS WEB Web of Science, Inception to Oct 3, 344
Thomson Reuters 2018
PsycINFO OVIDSP Inception to Oct 3, 122
2018
Pubmed NCBI Inception to Oct 2, 427
2018
Cochrane Central Cochrane Library Inception to Oct 3, 583
Register of Controlled | via Wiley 2018
Trials
Diabetesjournals.org | American Diabetes | Inception to Oct 5, 20
Association 2018
Total 1812




Appendix XI1. PubMed search results
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# Search Items Found
T2DM OR T2D OR TIIDM OR TIID OR MODM
1 OR AODM OR MODY OR "non insulin depend™*" 417.611
OR "noninsulin depend*" OR "type 2 diabet*" OR
"type Il diabet*" OR “diabetes mellitus” [Mesh]
9 "Text Messaging"[Mesh] OR "Telemedicine"[Mesh] 25 271
3 "brief messag*" OR "message service" OR mhealth 46.577
OR m-health OR "mobile phon*" OR "cell phon*"
4 |#2 OR#3 47.396
5 |#1AND#4 1672
6 | Language filter applied: English 1.625
8 Studies with Human subject 1.426
Article types filter activated: Interview,
Observational Study, Personal Narratives, Evaluation
9 Studies, Controlled Clinical Trial, Clinical Trial, 427
Clinical Study, Randomized Controlled Trial,
Pragmatic Clinical Trial




Appendix XI111. Excluded studies with reason
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Number | Reference Reasons for exclusion

1. Baron, J., Hirani, S., & Newman, S. (2016) Challenges in Patient Not a text messaging
Recruitment, Implementation, and Fidelity in a Mobile Telehealth intervention
Study. Telemedicine Journal and E-Health, 22, 400-409.

2. Baron, J.S, Hirani, S., & Newman, S. (2017) Investigating the Not a text messaging
behavioral effects of a mobile-phone based home telehealth intervention
intervention in people with insulin-requiring diabetes: results of a
randomized controlled trial with patient interviews. Journal of
Telemedicine and Telecare, 23, 503-512.

3. Bartlett, A.S, Bosken, L.; Clark, S. (2011) The effects of a combined Poster/Conference Abstract
aerobic and resistive exercise program with the use of telehealth
monitoring in reducing the value of cardiovascular risk factors of
individuals vulnerable to developing type 2 diabetes. Cardiopulmonary
Physical Therapy Journal, 22, 39-40,

4, Bentley, C., Otesile, O., Bacigalupo, R., Elliott, J., Noble, H., Hawley, | Not a text messaging
M., et al. (2016) Feasibility study of portable technology for weight intervention
loss and HbAlc control in type 2 diabetes. BMC Medical Informatics
and Decision Making, 16, 92.

5. Bin, Z., Mai-lan, L., Shu-giang, X., Collet, J. C., Collet, J.-P., Lear, S. | Not a research study-
A., and Ping, L. (2012) Telehealth in the management of diabetes review/opinion paper
mellitus in China. Chinese Medical Journal, 125, 4307-4311.

6. Burgiss, S., and Dimmick, S. L. (2003) Telehealth in home health care. | Not a text messaging
Care Management Journals, 4, 110-116. intervention

7. Carroll, A. E., DiMeglio, L. A., Stein, S., and Marrero, D. G. (2011) Not a research study-
Using a cell phone-based glucose monitoring system for adolescent review/opinion paper
diabetes management. Diabetes Educator, 37, 59-66.

8. Dang, S., Nedd, N., Rodriguez, A., Valdes, M., Ruiz, J., and Roos, B. Not a text messaging
(2002) Telemedicine care coordination (t-care) improves diabetes intervention
mellitus management in older veterans. Gerontologist, 42, 413-414.

0. Daoudi, A., Joubert, M., Franc, S., Fagour, C., Benhamou, P.-Y., Not a qualitative study
Reznik, Y. et al.(2013) A Smartphone for adjustment of basal insulin
dose and for coaching: benefits in terms of glycaemic control for type
2 diabetes patients. Diabetologia, 56, S426.

10. Davis, R., Hitch, A., Salaam, M., Herman, W., Zimmer-Galler, I., & Not a qualitative study
Mayer-Davis, E. (2010) TeleHealth improves diabetes self-
management in an underserved community. Diabetes Care, 33, 1712—

7. (CN-01262485).

11. Dick, J. J., Nundy, S., Solomon, M. C., Bishop, K. N., Chin, M. H., Other (a preliminary study)
and Peek, M. E. (2011) Feasibility and usability of a text message-
based program for diabetes self-management in an urban African-

American population. Journal of Diabetes Science and Technology, 5,
1246-1254.

12. Dobson, R., Carter, K., Cutfield, R., Hulme, A., Hulme, R., Hons, M., | Not a qualitative study
et al. (2015) Diabetes text-message self-management support program
(sms4bg ): a pilot study. IMIR Mhealth Uhealth, 3, e32

13. Free, C. (2013) Text messaging to prevent onset of type 2 diabetes. Not a research study-
Lancet Diabetes & Endocrinology, 1, 165-166. review/opinion paper

14. Fukuoka, Y., Kamitani, E., Bonnet, K., and Lindgren, T. (2011) Real- | Other (prediabetes patients

time social support through a mobile virtual community to improve

targeted)
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healthy behavior in overweight and sedentary adults: A focus group
analysis. Journal of Medical Internet Research, 13, 134-143.

15.

Gatwood, J., Balkrishnan, R., Erickson, S. R., An, L. C,, Piette, J. D.,
and Farris, K. B. (2014).Addressing medication nonadherence by
mobile phone: development and delivery of tailored messages.
Research in Social & Administrative Pharmacy, 10, 809-823.

Other (a preliminary study)

16.

Georgsson, M., Staggers, N., and Weir, C. (2016) A modified user-
oriented heuristic evaluation of a mobile health system for diabetes

self-management support. Computers, Informatics, Nursing, 34, 77-84.

Other (expert review)

17.

Goulden, P. A., Moriarty, M. S., Jackson, J., Hall, B., Ussery, D.,
Bursac, Z., et al. (2014) Effect of a telemedicine-based educational
intervention on glucose control in type 2 diabetes in Arkansas.
Diabetes, 63, A586.

Poster/Conference Abstract

18.

Holloway, B., Coon, P. J., Kersten, D. W., and Ciemins, E. L. (2011)
Lifestyle and behavior. Telehealth in rural Montana: promoting
realistic independent self-management of diabetes. Diabetes Spectrum,
24, 50-54.

Not a text messaging
intervention

19.

Kardas, P., and Mazurkiewicz, M. (2013) Patients’ assessment of
point-of-care sensors for a telemedicine system for type 2 diabetes
mellitus management: a focus-group study. Diabetes Technology &
Therapeutics, 15, A106-A107.

Poster/Conference Abstract

20.

Katz, R., Mesfin, T., and Barr, K. (2012) Lessons from a community-
based mHealth diabetes self-management program: “it’s not just about
the cell phone.” Journal of Health Communication, 17, 67-72.

Not a qualitative study

21.

Kim, S. G., Shin, D. H., Jeong, M. H., Park, J. R., Lee, Y. J., Yoo, H.
J., etal. (2007) The effect of diabetes mobile phone-based telecare on
glycemic control in subjects with type 2 diabetes. Diabetes, 56, A116—
All7.

Poster/Conference Abstract

22.

Kim, S.I, and Kim H.S. (2008) Effectiveness of mobile and internet
intervention in patients with obese type 2 diabetes. International
Journal of Medical Informatics, 77, 399—404.

Not a qualitative study

23.

Mathiesen, A. S., Thomsen, T., Jensen, T., Schigtz, C., Langberg, H.,
and Egerod, 1. (2017) The influence of diabetes distress on digital
interventions for diabetes management in vulnerable people with type
2 diabetes: A qualitative study of patient perspectives. Journal of
Clinical and Translational Endocrinology, 9, 41-47.

Not a text messaging
intervention

24,

Mayberry, Lindsay S., Mulvaney, S., Johnson, K. B., & Osborn, C. Y.
(2015) Texting intervention overcomes barriers to medication
adherence among low-income, diverse adults with type 2 diabetes.
Diabetes, 64, A224-A225.

Poster/Conference Abstract

25.

McMahon, K. L. (2016) Diabetes telehealth intervention comprising
blood sugar data, home Alc, care continuity and motivational
interviewing to effect behavior change in an adult type 2 diabetes
population. Diabetes Technology & Therapeutics, 18, A94.

Poster/Conference Abstract

26.

Michimi, A., Ellis-Griffith, G., Lartey, G., Ellis-Griffith, C., and Hunt,
M. (2014) Variability between self-reported diabetes and measured
glucose among health screening participants in South Central
Kentucky. Primary Care Diabetes, 8, 31-38.

Not a qualitative study

27.

Miyamoto, S., Henderson, S., Young, H., Ward, D., and Santillan, V.
(2013) Recruiting rural participants for a telehealth intervention on
diabetes self-management. Journal of Rural Health, 29, 69-77.

Not a text messaging
intervention

28.

Morton, K., Sutton, S., and Hardeman, W. (2015) A text-messaging
and pedometer program to promote physical activity in people at high

Other (prediabetes patients
were included)
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risk of type 2 diabetes: the development of the PROPELS follow-on
support program. JMIR Mhealth Uhealth, 3, e105.

29.

Nelson, L. A., LeStourgeon, L. M., Wallston, K. A., Bergner, E. M.,
and Mayberry, L. S. (2018) Disparities in mobile phone use among
diverse patients with type 2 diabetes. Annals of Behavioral Medicine,
52, S727.

Poster/Conference Abstract

30.

Nelson, L. A., Mayberry, L. S., Wallston, K. A., Kripalani, S., Brown,
C. K. G. A, Gregory, B. P., et al. (2016) Development and Feasibility
of the REACH Tailored Text Messaging Intervention for Low-Income
Adults with Type 2 Diabetes. Diabetes, 65, A207.

Poster/Conference Abstract

31.

Nelson, L. A., Mayberry, L. S., Wallston, K., Kripalani, S., and
Osborn, C. Y. (2016) Development and usability of REACH : A
tailored theory-based text messaging intervention for disadvantaged
adults with type 2.

Other (a preliminary study)

32.

Nelson, L. A., Mulvaney, S. A., Ho, Y. X,, Johnson, K. B., and
Osborn, C. Y. (2015) Patient characteristics associated with
engagement in a type 2 diabetes mhealth intervention. Annals of
Behavioral Medicine, 49, S164.

Poster/Conference Abstract

33.

Nocella, J. M., Dickson, V. V., Cleland, C. M., and Melkus, G. D.
(2014) Structure, process, and outcomes of care in a telehealth program
for patients with type 2 diabetes. Nursing Research, 63, E101.

Poster/Conference Abstract

34.

Nundy, S., Mishra, A., Hogan, P., Lee, S. M., Solomon, M. C., and
Peek, M. E. (2014) How do mobile phone diabetes programs drive
behavior change? Evidence from a mixed methods observational
cohort study. The Diabetes Educator, 40, 806-819.

Other (Type 1 and Type 2
patients were included, but
no separate data were
provided)

35.

Odnoletkova, I., Buysse, H., Nobels, F., Goderis, G., Aertgeerts, B.,
Annemans, L., & Ramaekers, D. (2016). Patient and provider
acceptance of telecoaching in type 2 diabetes: a mixed-method study
embedded in a randomised clinical trial. BMC Medical Informatics and
Decision Making, 16, 142.

Not a text messaging
intervention

36.

Osborn, C. Y., and Mulvaney, S. A. (2013) Development and
feasibility of a text messaging and interactive voice response
intervention for low-income, diverse adults with type 2 diabetes
mellitus. Journal of Diabetes Science and Technology, 7, 612-622.

Other (a preliminary study)

37.

Patrick, K., Raab, F., Calfas, K. J., Norman, G. J., Gottschalk, M.,
James, S. F., and Covin, J. (2007) Cell phone text messaging use by
adolescents in an intervention to prevent type 2 diabetes: Preliminary
analyses. Annals of Behavioral Medicine, 33, S220.

Poster/Conference Abstract

38.

Peek, M. E., Mayberry, L., Lyles, C., Oldenburg, B., and Osborn, C.
(2017) mHealth & internet interventions for disadvantaged people with
type 2 diabetes: considerations & recommendations for research.
Annals of Behavioral Medicine, 51, S1449-S1450.

Poster/Conference Abstract

39.

Pludwinski, S., Ahmad, F., Wayne, N., and Ritvo, P. (2016).Participant
experiences in a smartphone-based health coaching intervention for
type 2 diabetes: A qualitative inquiry. Journal of Telemedicine &
Telecare, 22, 172-178.

Not a text messaging
intervention

40.

Po, Y. (2000) Telemedicine to improve patients’ self-efficacy in
managing diabetes. Journal of Telemedicine and Telecare, 6, 263-267.

Not a research study-
review/opinion paper

41,

Podgrebelny, A., Zuev, M., Patrakeeva, E., Tiselko, A., Arbatskaya,
N., Dosovitskaya, E.,et al. (2013) The first m-health system for online
observation and treatment of diabetes mellitus in Russia. Diabetes
Technology & Therapeutics, 15, A112-A113.

Poster/Conference Abstract

42,

Qiu, L., Tan, Y., Chen, L., Xu, W., Li, M., Weng, J., et al. (2015)
Effectiveness of a text-message management system in the basal-

Poster/Conference Abstract
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supported oral therapy in Chinese type 2 diabetic patients with
inadequate glycemic control when using oral anti-diabetic drugs.
DIABETES-METABOLISM RESEARCH AND REVIEWS, 31, 48-49.

43.

Quinn, C. (2014) Mobile health: patient engagement in diabetes care.
Diabetes Technology and Therapeutics, 16, A32.

Poster/Conference Abstract

44,

Ralston, J. D., Revere, D., Robins, L. S., and Goldberg, H.l. (2004)
Patients’ experience with a diabetes support programme based on an
interactive electronic medical record: qualitative study. British Medical
Journal, 328, 1159-1162.

Poster/Conference Abstract

45,

Rentoumis, A., Angelidis, P., Fostiropoulos, L., Ntikoudi, A., Landis,
G., Zacharopoulou, O., and Fappa, E. (2016) Enhancing the self
management of type ii diabetes in elderly greeks using m- and e -
health facilitated integrated care services and policy implications for
Greece. International Journal of Integrated Care, 16, A353.

Poster/Conference Abstract

46.

Rotheram-Borus, M. J., Tomlinson, M., Gwegwe, M., Comulada, W.
S., Kaufman, N., & Keim, M. (2012) Diabetes buddies: peer support
through a mobile phone buddy system. The Diabetes Educator, 38,
357-365.

Not a qualitative study

47,

Shapiro, S., Stuckey, M., Sabourin, K., Munoz, C., & Petrella, F. U.
(2011) Smartphone technology versus paper-based logs for type Il
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Not a research study-
review/opinion paper

52.

Toledo, F. G. S., Ruppert, K., Huber, K. A., and Siminerio, L. M.
(2014) Efficacy of the telemedicine for reach, education, access, and
treatment (TREAT) model for diabetes care. Diabetes Care, 37, e179-
180.

Poster/Conference Abstract

53.

Travasso, C. (2013) Lifestyle advice by text messages helps prevent
type 2 diabetes in high-risk men. BMJ-British Medical Journal, 347,
f5750.

Not a research study-
review/opinion paper

54,

Trief, P., Teresi, J., Izquierdo, R., Morin, P., Goland, R., Field, L. et al.
(2007) Psychosocial outcomes of telemedicine case management for
elderly patients with diabetes: the randomized IDEATel trial. Diabetes
Care, 30, 1266-1268.

Not a text messaging
intervention

55.

Trief, P.M, Teresi, J.A, Eimicke, J.P, Shea, S. and Weinstock, R. S.
(2009) Improvement in diabetes self-efficacy and glycaemic control
using telemedicine in a sample of older, ethnically diverse individuals
who have diabetes: the IDEATel project. Age & Ageing, 38, 219-225.

Not a text messaging
intervention

56.

Verwey, R., van der Weegen, S., Spreeuwenberg, M., Tange, H., van
der Weijden, T., and de Witte, L. (2014) A pilot study of a tool to

Not a text messaging
intervention




164

stimulate physical activity in patients with COPD or type 2 diabetes in
primary care. Journal of Telemedicine & Telecare, 20, 29-34.

57. Waki, K., Aizawa, K., Kato, S., Fujita, H., Lee, H., Kobayashi, H., et Not a text messaging
al. (2015) DialBetics with a multimedia food recording tool, foodlog: intervention
smartphone-based self-management for type 2 diabetes. Journal of
Diabetes Science and Technology, 9, 534-540.

58. Waki, K., Fujita, H., Uchimura, Y., Aramaki, E., Omae, K., Kadowaki, | Not a text messaging
T., and Ohe, K. (2012) DialBetics: smartphone-based self-management | intervention
for type 2 diabetes patients. Journal of Diabetes Science and
Technology, 6, 983-985.

59. Weinstock, R.S., Brooks, G., Palmas, W., Morin, P.C., Teresi, J. A, Not a research study-
Eimicke, J. P. (2011) Lessened decline in physical activity and review/opinion paper
impairment of older adults with diabetes with telemedicine and
pedometer use: results from the IDEATel study. Age & Ageing, 40,

98-105.

60. Weinstock, R.S., Izquierdo, R., Goland, R., Palmas, W., Teresi, J.A., Not a text messaging
Eimicke, J.P. et al. (2010) Lipid treatment in ethnically diverse intervention
underserved older adults with diabetes mellitus: statin use, goal
attainment, and health disparities in the informatics for diabetes
education and telemedicine project. Journal of the American Geriatrics
Society, 58, 401-402.

61. Wu, C.-J. J., Chang, A. M., Courtney, M., and Ramis, M.-A. (2012) Not a qualitative study

Using user-friendly telecommunications to improve cardiac and
diabetes self-management programme: a pilot study. Journal of
Evaluation in Clinical Practice, 18, 695-697.




Appendix XIV. Critical appraisal of included studies

(based on CASP, 2018)

Critical Aims & Appropriate | Appropriate | Appropriate | Appropriate | Has the Have Was the Is there a How Overall
Appraisal | Objectives | methodology | research recruitment | data relationship | ethical data clear valuable is | appraisal
Questions design strategy collection? | petween issues been | analysis statement | the
the taken into sufficiently | of research?
researcher | considerati | rigorous? findings?
and on?
participants
been
adequately
considered
?
Bergneret | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
al., 2017 Study Subjective | Mixed Using The Personal Consent A detailed | Findings Strengths
objectives | experiences | methods small procedure interaction | forms were | description | and key and
were were research, sample size | was was limited | obtained, of the themes implication
reported in | examined qualitative | and explained due to and the analysis were S were High
detail phase asa | convenient | in detail telephone University | process reported in | explained quality
follow-up sampling interviews | ethics was detail
are approval provided
common in was
qualitative received
research
Burner et Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
al., 2013 Study The study Mixed The Data Experience | Participants | Data Findings Contributio
objectives | was methods recruitment | collection d and > consents | analysis and ns and
were conducted | research, process process bilingual were taken | procedure comparison | limitations
reported in | to provide | qualitative | was was researcher was s between were
detail more phase asa | explained reported in | moderated explained patient reported High
explanation | follow-up in detail detail the groups quality
s to prior sessions, were
research used a reported
that structured
requires guide and
qualitative prevented
analysis discussion




166

from being
stalled
Burner et Yes Yes Yes Yes Yes Yes Yes Yes Yes
al., 2014 Study Qualitative | A The Data Experience | The study Grounded Findings Contributio
objectives | analysisis | qualitative | recruitment | collection dand was theory and | and themes | ns,
were needed to study process process bilingual approved coding were implication
reported uncover conducted | was was researcher | by the process reportedin | s, and High
patients’ and explained reported in | moderated | Institutiona | were detail limitations quality
attitudes reported (linked detail the | Review explained were
and after a with the sessions, Board. in detail reported
behaviors large trial trial) used a
toward the structured
program guide
Burner et Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
al., 2018 Study Patient Mixed Recruitmen | Data Experience | The Grounded | Findings Contributio
objectives | experiences | methods t strategy collection d, bilingual | University | theory and | and themes | ns,
were with the research, was process researchers | Institutiona | coding were implication
reported in | program qualitative | reported in | was moderated | | Review process reported s, and
detail were phase asa | detail reported the sessions | Board were limitations High
assessed in | follow-up approval explained were quality
detail was in detail reported
obtained,
and the
trial was
registered
Chenetal., | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2018 Study Patient A Randomiza | Data Experience | Consent A detailed | Themes Strengths
objectives | perspective | qualitative | tion collection d forms were | analysis were and
were S were study process and | process researcher | obtained, process explained, | limitations
reported in | explored recruitment | was moderated | and the was and were Hiah
detail strategy reported the University | reported suggestions | reported, '9
. A L quality
was sessions, Ethics were made | implication
reported in and another | Approval s were
detail researcher | was gained reported
took field
notes
Yes Yes Yes Yes NC No Yes No No NC
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Fortmann Study Patients’ex | Mixed Recruitmen | Limited No details Institutiona | No details | Limited No details
etal., 2017 | objectives | periences methods t strategy details were | Review were details shared
were were research, was were provided Board reported were about the
reported examined qualitative | reported provided approval shared contributio
phase as a was about n of the Low
follow-up obtained, qualitative | qualitative quality
consent results results
forms were
signed
Gatwood et | Yes Yes Yes Yes Yes NC Yes No Yes Yes
al., 2015 Study Participants | Mixed Recruitmen | Data Telephone | University | No details | Qualitative | Contributio
objectives ’ methods t strategy collection interviews | Institutiona | were findings ns and
were experiences | research, was process were | Review reported and themes | limitations
reported in | were qualitative | reported were conducted, | Board were were
detail examined phase as a reported and the Approval reported in | explained Medium
in detail follow-up notes were | was detail quality
recorded on | obtained,
a structured | research
form data were
securely
stored
Georgsson | Yes Yes Yes Not clear Yes Not clear Yes Yes Yes Yes
and
Staggers,
2017 Aims were | The study Itisa Random Procedures | Limited Consent Details Themes, Strengths
presented questions follow -up | selection and tools information | forms were | were sub-themes | and High
require study after | was made, | were was obtained provided, and their contributio quality
using a large trial | but the explained provided the link with ns were
qualitative sample was for the theoretical | theory were | explained
methodolo homogeneo interview framework | reported
gy us process was
discussed
Horner et Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
al., 2017 The Perceptions | A follow - | Recruitmen | Techniques | Researcher | University | Data Themes Unique
objectives | and up study t procedure | and S were Institutiona | analysis were characterist High
were experiences | after a was clearly | procedures | trained for | | Review process clearly and | ics of the quality
clearly were large trial explained were the Board was clearly | in detail study were
described interviews | Approval explained explained
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examined reported in | and was were
in detail detail discussions | received explained
Mamykina | Yes Yes Yes Yes Yes Not Clear Not clear Yes Yes Yes
etal., 2016 | Study Subjective | A Recruitmen | Data The A Data Themes Contributio
objectives | experiences | qualitative | t procedure | collection research University | analysis were ns and
were of study of an | was clearly | process team had Funded procedure explained limitations
reported in | participants | ongoing explained was no study was in detail of the study High
detail were trial reported in | interaction explained were ualit
examined detail with discussed quality
participants
during the
ongoing
trial
Mayberry Yes Yes Yes Yes Yes Yes Yes Yes Yes
etal., 2016 | Study goals | Usability A Recruitmen | Data Researcher | Participants | Data Findings, Contributio
were testing qualitative | t procedure | collection S were consents analysis changes, ns and
reported in | requires study was process trained were process and themes | limitations
detail qualitative | including reported was obtained, was were were
evaluations | three round reported in and reported reported explained, Hiah
tests detail University implication '9
L quality
Institutiona S were
| Review provided
Board
Approval
was
received
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes High
Nelson et Study Subjective | Mixed Recruitmen | Data Trained University | Data Findings Strengths, | quality
al., 2017 objectives | experiences | methods t strategy collection researchers | Institutiona | analysis and contributio
were were research, was procedure made the | Review approach, recommend | ns, and
reported in | examined qualitative | reported was interviews | Board coding ations were | limitations
detail phase as a reported in | anduseda | Approval process reported were
follow-up detail semi- was were reported
structured obtained, clearly
guideline informed explained
consent of
participants
was taken
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Nundy et Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes High
al., 2013 - - - —— — quality
Study Explorator | A Recruitmen | Techniques | Experience | University | Data Findings Strengths,
objectives | y questions | qualitative |t and d Institutiona | analysis and their limitations,
were require study procedures | procedures | researchers | | Review approach, links with and
reported in | qualitative were were interviewed | Board coding theoretical | implication
detail study reported reported in | anduseda | Approval process constructs | s were
detail topic guide | was were were reported
obtained clearly clearly
explained explained
Watterson Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes High
etal., 2018 Study patients’ Mixed The The Bilingual Consent Data The Contributio quality
rationale experiences | methods recruitment | procedure researchers | forms were | analysis, findings ns and
and with the research, process was were obtained, coding and their future
objectives program qualitative | was reported in | employed, | and process links with directions
were were phaseasa | explained detail and University | was clearly | the were
reported explored follow-up original Ethics explained literature reported
Spanish Approval were
questionnai | was gained reported
res were

used
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Themes/Findings

Studies Contributing to
the Review Finding

Assessment of Relevance

Assessment of Coherence

Assessment of Adequacy

Overall CERQual
Assessment of
Confidence

Domain 1: Perspectives on interventions/programs

MESSAGE CONTENT

Tailoring &
personalization

Burner et al., 2018
Burner et al., 2014
Gatwood et al., 2015
Horner et al., 2017
Nelson et al., 2017
Watterson et al., 2018
Chenetal., 2018
Bergner et al., 2017
Nundy et al., 2013

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, nine studies
provided rich data

High confidence

Message variability

Gatwood et al., 2015
Nelson et al., 2017
Watterson et al., 2018
Chenetal., 2018
Horner et al., 2017
Burner et al., 2013

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were

consistent within and

across the studies

Minor concerns about
adequacy, six studies
provided rich data

High confidence

Informative/educational
content

Chen etal., 2018
Gatwood et al., 2015
Georgsson and Staggers,
2017

Nelson et al., 2017
Bergner et al., 2017
Burner et al., 2013
Watterson et al., 2018

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, seven studies
provided rich data

High confidence
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Simple and easy to read

Georgsson and Staggers,
2017

Chen et al., 2018
Bergner et al., 2017
Mayberry et al., 2016

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, four studies
provided rich data

High confidence

Goal-oriented messages
with attainable goals

Burner et al., 2014
Burner et al., 2018
Horner et al., 2017
Mayberry et al., 2016
Watterson et al., 2018
Mamykina et al., 2016

Moderate concerns about
relevancy, although the
studies were from one
setting, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, six studies
provided rich data

High confidence

Motivational content and
feedback

Bergner et al., 2017
Burner et al., 2018
Burner et al., 2014
Gatwood et al., 2015
Nelson et al., 2017
Watterson et al., 2018
Mamykina et al., 2016
Mayberry et al., 2016
Horner et al., 2017
Georgsson and Staggers,
2017

Nundy et al., 2013

Moderate concerns about
relevancy, although the
studies were from one
setting, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, eleven studies
provided very rich data

High confidence

Authoritative sources

Chen etal., 2018

Substantial concerns about
the relevancy-one study
from an authoritarian
country setting

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided thin data

Low confidence

MESSAGE DELIVERY

Tailoring message timing
and frequency

Burner et al., 2018
Burner et al., 2014
Gatwood et al., 2015
Horner et al., 2017
Nelson et al., 2017
Watterson et al., 2018
Chen et al., 2018
Nundy et al., 2013

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, eight studies
provided very rich data

High confidence
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Interactivity

Horner et al., 2017
Watterson et al., 2018
Chen et al., 2018
Mayberry et al., 2016

Moderate concerns about
relevancy, although the
studies were from two
settings, there were a
diverse group of patient
participants

Minor concerns about
coherence, most data were
consistent within and
across the studies

Minor concerns about
adequacy, four studies
provided rich data

High confidence

Human contact

Nundy et al., 2013
Horner et al., 2017

Moderate concerns about
relevancy. Although the
studies were from one
setting, there were a
diverse group of patient
participants

Moderate concerns about
coherence, some data were
consistent within and
across the studies

Moderate concerns about
adequacy, two studies
provided not very
powerful data

Moderate
confidence

ADDITIONAL FEATURES

Personal log

Georgsson and Staggers,
2017

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Social integration

Georgsson and Staggers,
2017

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Voice integration

Chen et al., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were all in the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Calorie counter

Georgsson and Staggers,
2017

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Glucose meter

Georgsson and Staggers,
2017

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Link to resources

Nelson et al., 2017

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Connection with care
providers

Gatwood et al., 2015

Substantial concerns about
relevance, the study setting
was from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

MESSAGE USEFULNESS
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Emotionally supported

Bergner et al., 2017
Horner et al., 2017
Nelson et al., 2017
Watterson et al., 2018
Nundy et al., 2013
Mayberry et al., 2016
Georgsson and Staggers,
2017

Burner et al., 2018

Moderate concerns about
relevancy. Although the
studies were from one
setting, there were diverse
groups of patient
participants

Minor concerns about
coherence, all data were
consistent within and
across the studies

Minor concerns about
adequacy, eight studies
provided very rich data

High confidence

Increased self-awareness
and control

Nundy et al., 2013
Bergner et al., 2017
Burner et al., 2014
Horner et al., 2017
Mamykina et al., 2016
Nelson et al., 2017
Georgsson and Staggers,
2017

Moderate concerns about
relevancy. Although the
studies were from one
setting, there were diverse
groups of patient
participants

Minor concerns about
coherence, all data were
consistent within and
across the studies

Minor concerns about
adequacy, seven studies
provided very rich data

High confidence

Improved overall diabetes
management

Burner et al., 2014
Mamykina et al., 2016
Mayberry et al., 2016
Watterson et al., 2018
Nundy et al., 2013
Burner et al., 2013
Burner et al., 2018

Moderate concerns about
relevancy. Although the
studies were from one
setting, there were diverse
groups of patient
participants

Minor concerns about
coherence, all data were
consistent within and
across the studies

Minor concerns about
adequacy, seven studies
provided very rich data

High confidence

Effective reminder

Gatwood et al., 2015
Bergner et al., 2017
Georgsson and Staggers,
2017

Horner et al, 2017
Nundy et al., 2013
Mayberry et al., 2016
Burner et al., 2014
Nelson et al., 2017
Watterson et al., 2018
Burner et al., 2018

Moderate concerns about
relevancy. Although the
studies were from one
setting, there were diverse
groups of patient
participants

Minor concerns about
coherence, all data were
consistent within and
across the studies

Minor concerns about
adequacy, ten studies
provided very rich data

High confidence

Improved communication
with family/ doctors

Burner et al., 2018
Georgsson and Staggers,
2017

Moderate concerns about
relevancy. Although the
studies were from one

Minor concerns about
coherence, most data were

Minor concerns about
adequacy, five studies
provided very rich data

High confidence
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Mayberry et al., 2016
Nundy et al., 2013
Nelson et al., 2017

setting, there were diverse
groups of patient
participants

consistent within and
across the studies

Domain 2: Perceptions about text messaging

Barriers- poor eyesight

Chen et al., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Barriers-poor education
level

Chen etal., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Barriers-medical jargon

Chen et al., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were from the USA.

Substantial concerns about
coherence, not grounded in
other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Barriers-monotonous
content

Chen et al., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Barriers-too much
frequency

Chenetal., 2018

Substantial concerns about
relevance, the study setting
was in China while others
were from the USA.

Substantial concerns about
coherence, not consistent
with other studies

Substantial concerns about
adequacy, only one study
offering thin data

Low confidence

Benefits-convenient and
accessible

Bergner et al., 2017;
Chen et al., 2018;
Gatwood et al., 2015

Minor concerns about
relevance, although there
were only

2 settings, this finding is a
well-known characteristic
of text messaging

Minor concerns about
coherence, data consistent
within and across the
studies

Minor concerns about
adequacy, three studies
together provided rich data

High confidence

Benefits-ability to store
and review information

Bergner et al., 2017
Chenetal., 2018
Georgsson and Staggers,
2017

Gatwood et al., 2015
Mayberry et al., 2016
Watterson et al., 2018

Minor concerns about
relevance, although there
were 2 settings, this
finding reflects a well-
known characteristic of
text messaging

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, five studies
together provided rich data

High confidence
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Benefits- an
informational/educational
tool and a reminder

Gatwood et al. 2015
Chen et al., 2018

Minor concerns about
relevance, although there
were 2 settings, this
finding reflects a well-
known characteristic of
text messaging

Moderate concerns about
coherence, partially
consistent data within the
studies

Moderate concerns about
adequacy, only two studies
both offering not very
strong data

Moderate
confidence

Domain 3: Experiences with

diabetes management

Forgetfulness in
taking/refiling medications

Chen et al., 2018
Georgsson and Staggers,
2017

Bergner et al., 2017
Nundy et al., 2013

Minor concerns about
relevance, although the
studies were coming from
only two settings (USA),
this finding reflects a
common attitude of
diabetes patients

Minor concerns about
coherence, data were
consistent within and
across the studies

Minor concerns about
adequacy, four studies
provided rich data

High confidence

Worrying about the side
effects of meds

Chen et al., 2018

Substantial concerns about
relevancy-only one study
and from China

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided data

Low confidence

Lack of knowledge of
diabetes symptoms &
complications

Chenetal., 2018
Nundy et al., 2013

Substantial concerns about
relevancy-only two studies
and different settings, one
from the USA and the
other from China

Moderate concerns about
coherence, data were
consistent within and
across the studies

Moderate concerns about
adequacy, two studies
provided moderate data

Moderate
confidence

Lack of knowledge of the
importance of BG
monitoring

Chenetal., 2018

Substantial concerns about
relevancy-only one study
and from China

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided thin data

Low confidence

Being anxious about taking
insulin/meds in front of
friends/family

Nelson et al., 2017

Substantial concerns about
relevancy-only one US-
based study

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided thin data

Low confidence

Gender differences in
dietary self-efficacy

Burner et al., 2013

Substantial concerns about
relevancy-only one US-
based study

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided thin data

Low confidence
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Gender differences in the
source of information

Burner et al., 2013

Substantial concerns about
relevancy-only one US-
based study

Substantial concerns about
coherence, data were not
consistent with the other
studies

Substantial concerns about
adequacy, only one study
provided thin data

Low confidence
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Supplementary: Calculating the standard deviation at final follow-up
(for Capozza, et al., 2015)

The below formula! was used to calculate the final SD, and the relevant data were derived from
Arambepola, et al., 2016.

SDE.cialge = 'JSDEEJ:EE ne t SDE.ﬂlal - (2 % Corr = SDepaye * SDE.maI:I

Intervention Group SDchange15.2= squareroot (2.1 +SD? ginal -(2X0.5 X 2.1X SDfinal)
Intervention SDfinai= 17.3

Control Group SDchange 12.4= squareroot (1.82 + SD*final-(2x0.5 X 1.8XSDfinal)
Control SDfinai= 14.2

1. From http://handbook-5
1.cochrane.org/chapter_16/16_1 3 2 imputing_standard_deviations_for_changes_from_baselin
e.htm



