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Abstract

Introduction: The emergence of mobile health (mHealth) solutions, particularly mHealth
applications (apps), has shown promise in self-management of chronic diseases including
Type 2 Diabetes Mellitus (T2DM). However, the impact of mHealth apps on self-
management of T2DM has not been well established. A good understanding of the impact of
mHealth apps on self-management of T2DM is crucial in ensuring improvement in the
implementation of mHealth apps interventions for T2DM. This protocol describes how a
systematic review and meta-analysis will be carried out to determine the impact of mHealth
apps on self-management in adults with T2DM.

Methods: The following electronic databases will be searched to identify eligible studies:
PubMed, MEDLINE, EMBASE, Global Health, PsycINFO, CINAHL, The Cochrane
Library, Scopus, ProQuest Dissertations & Theses Global and HMIC. The Cochrane risk of
bias tool will be used to assess methodological quality. The primary outcome measures to be
assessed will be changes in blood glucose reported either as glycated haemoglobin or fasting
blood glucose. The secondary outcomes measures will be cardiovascular risk markers
(including changes in blood pressure, body mass index, and blood lipids), self-management
practices, health-related quality of life, economic data, social support, harms (such as death or
complications leading to hospital admissions or emergency unit attendances), death from any
cause, anxiety or depression, and adverse events (e.g. hypoglycaemic episodes).

Discussion: The findings can provide us with a better understanding of what currently works
and what needs to be improved on regarding the use of mHealth apps for self-management of
T2DM in adults.

Ethics and dissemination: This study will not require ethical consideration. The review will
be published in a peer-reviewed journal and a one-page summary of the findings will be
shared with relevant organisations. Presentation of findings will be made at conferences.

Registration: PROSPERO CRD42017071106.

Keywords: Telemedicine, diabetes & endocrinology, quality in healthcare.

Strengths and Limitations of this Study

o The study findings will provide a deeper understanding of how, when and where
mhealth apps work most effectively and hence, provide evidence and direction for
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better design and implementation of mHealth apps interventions for self-management
of T2DM.

The methodological quality of all included trials will be assessed in order to ascertain
the validity of their findings.

The inclusion of observational studies is to identify evidence of any negative impact of
mHealth apps on self-management of T2DM which will be used to inform policy and
decision making by interest groups including patients.

A robust subgroup analysis will provide evidence of the influence of demographics
(such as gender, age and social status) on the impact of mHealth apps on self-
management of T2DM, which is limited in previous studies.

Since online trial registers will not be searched, ongoing and recently completed trials
that are potentially relevant might be missed.

3
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Introduction

Diabetes is a long-term condition and a leading cause of morbidity and mortality world-wide
(1). The past three decades has seen the most dramatic increase in the number of adults living
with diabetes by almost a four-fold; from 108 million in 1980 to 422 million in 2014 (2).
Type 2 Diabetes Mellitus (T2DM), the most common type of diabetes in adults, accounts for
over 90% of all diabetes cases (1,3). When T2DM is poorly managed, it can result in
systemic complications such as coronary heart disease, stroke, kidney failure, retinopathy,
and foot ulcers (4). These complications can further progress to severe disabilities. For
example, diabetic foot ulcers can lead to non-traumatic limb amputation and diabetic
retinopathy can result in blindness (4). Complications and disabilities resulting from poorly
managed T2DM often cause increased socioeconomic burden with associated reduced quality
of life and reduced life expectancy (5,6). A landmark study estimated the cost of Type 2
Diabetes Mellitus in the United Kingdom in 2010/2011 at £8.8bn in direct cost and £13bn in
indirect costs (7). The severity of the burden of T2DM has further heightened the need to
improve its treatment and management.

The treatment of T2DM primarily aims to control blood glucose thereby preventing or
reducing associated complications and disabilities (6,8). Over the years, there has been a
growing body of evidence to support the role that self-management plays in the treatment of
T2DM (9-11). Self-management is a term used to describe patient’s own responsibilities
(including practices and skills) employed in maintaining good health (8,14). The documented
practices and skills which form critical components of the management of T2DM are mainly
healthy eating, physical activity, blood sugar monitoring, medication adherence, good
problem-solving skills, healthy coping skills and risk-reduction behaviours (10,11,13,14).

Mobile health (mHealth) solutions, which include mobile applications (apps), have been
rapidly gaining popularity in the management of chronic diseases and have further created
opportunities and potentials for T2DM patients to gain knowledge and skills for self-
management (15-17). However, the impact of these mHealth apps across the components of
self-management of T2DM is uncertain as several gaps have been identified in previous
studies (18-21).

Previous systematic reviews relating to the impact of mHealth apps suffer from the fact that
too little attention was paid to the assessment of methodological quality of included trials
hence, the validity of their findings is uncertain (16,21,22). One way to ensure that the
findings from clinical trials are free from measurement errors is by comprehensive quality
assessment of the methodology (including assessing the risk of bias) (23,24). Not only will
this enhance the validity of the findings, but will also help establish clear evidence for the
need to improve the methodological approaches in future trials and consequently, inform the
development of mHealth apps for self-management of T2DM (23). Another significant
limitation in previous reviews (16,19,22) is that only two to three databases were searched, so
it is likely that some relevant primary studies were missed. Henceforth, there is a need for a
more comprehensive search to increase the chances of identifying all potentially relevant
primary studies.
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In addition, it is unclear the extent to which the impact of mHealth apps on self-management
of T2DM influences clinical, social and economic outcomes (16,19-22,25). Thus, there is a
need to evaluate the impact of mHealth apps across the components of self-management of
T2DM (including healthy eating, physical activity, blood sugar monitoring, medications
adherance, good problem-solving skills healthy coping skills and risk-reduction behaviours).
This will provide a deeper understanding of how, when and where mhealth apps work most
effectively and consequently, provide evidence and direction for better design and
implementation of mHealth apps interventions for self-management of T2DM. Similarly, it
is uncertain from previous studies (16,18-22,25) if there is any negative impact of mHealth
apps on self-management of T2DM in adult patients. Evidence of any negative impact of
mHealth apps on self-management of T2DM will help inform policy and decision making by
interest groups including patients. Finally, evidence of the influence of demographics (such
as gender, age and social status) on the impact of mHealth apps on self-management of
T2DM is limited and warrants further investigation (16,18-22,25).

This protocol hereby proposes a systematic review in accordance with the guideline of the
Preferred Reporting Items for Systematic Review and Meta-Analysis Protocol (PRISMA-P)
(26). (A completed PRISMA-P checklist is attached to this protocol as Appendix A). The aim
is to determine the impact of mHealth apps on self-management in adults with T2DM. The
review will attempt to answer a crucial research question: how does the use of mHealth apps
impact on self-management of T2DM in adults compared with other interventions? It is
therefore hoped that the evidence generated from this study will be used to inform
improvement in the implementation of mHealth apps interventions for self-management of
T2DM.

Methods

Study Design

A research team comprising of experts from the relevant disciplines (diabetes management,
information and communication technologies, and systematic review methodology) will
design, conduct and report the systematic review and meta-analysis. The formation of the
review question and search strategy was guided by the PICO (Participants, Intervention,
Comparison, Outcomes) framework (27). The process of the systematic review will follow
the methods described in the Cochrane Handbook for Systematic Reviews of Interventions
(24). The reporting of the review will be guided by the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement (28). The Consolidated
Standards of Reporting Trials (CONSORT) statement will be used to judge the reliability or
relevance of the findings of all included randomised controlled trials (RCT) (29). The risk of
bias will be assessed using the Cochrane Collaboration’s tool (24).

Study Registration
This systematic review is registered with PROSPERO (registration number:
CRD42017071106 www.crd.york.ac.uk/PROSPERO).
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Criteria for Considering Studies for this Review

Type of studies

Studies that will be considered for this review are RCTs (including cluster RCTs) that
evaluated the impact or effect of mHealth apps on self-management in adults with T2DM.
Non-randomised studies (NRS) (such as quasi-RCTs, interrupted time series, and controlled
before-and-after studies) will be excluded. NRS are a group of studies with variable study
designs which are highly susceptible to biases. Thus, developing a robust tool for assessing
risk of bias in NRS is usually a herculean task considering the wide range of study designs
that fall in this category (24). Observational studies (cohort and case-control interventional
studies) that reported the impact of mHealth apps on self-management in adults with T2DM
will be considered for this review even though they are NRS. The reason for considering
observational studies is because they are usually carried out for longer duration than RCTs
and hence, they are more appropriate for assessing harmful effects of interventions (30).
However, observational studies carried out for less than 12 months period will be excluded.

Types of participants

Only studies that recruited adult participants (18 years of age and above) with T2DM will be
included in this review. Participants will be categorised by age group: 18 — 39 years; 40 — 65
years; and over 65 years. Older patients are likely to have more diabetes comorbid conditions
(such as raised blood pressure) than younger patients (6), while younger patients are likely to
be more digitally literate and thus more inclined to utilise mHealth (31). Studies targeted at
only patients with type 1 diabetes or involving participants under 18 years of age will not be
considered.

Diagnostic criteria for T2DM: T2DM is characterised by hyperglycaemia resulting from
progressive insulin resistance and deficiency (32). For consistency, the current WHO/ IDF
diagnostic criteria for diabetes will be maintained i.e. fasting blood glucose > 7.0mmol/l
(126mg/dl) or 2-hour blood glucose > 11.1mmol/l (200mg/dl) (33). Where glycated

haemoglobin (HbAlc¢) is used as a diagnostic criterion, the WHO recommended value of >
6.5% will be used (34). Where diagnostic criteria are not stated, authors will be contacted.

Types of intervention

A mobile app is a software application designed to run on smartphones, tablet computers or
similar mobile devices (35). When mobile apps are used for health purposes, they are often
referred to as mHealth apps. They have the ability to facilitate one or more aspects of self-
management by capturing user’s health data and providing tailored information, instructions,
graphic displays, guidance and reminders to users as well as providing them with links to
their healthcare providers or social networks (20,35,36). Only studies on self-management of
T2DM that utilised mHealth apps alone or mHealth apps along with a range of other
technologies such as wearable devices (for example, pedometer) or mHealth apps in
conjunction with other mHealth solutions such as texting or messaging will be included in
this review. Studies that used mHealth apps or other mHealth solutions (such as messaging
and texting) only for communication between patients and health professionals or social
networks; or targeted exclusively at health professionals will not be considered for this
review as they provide limited functionality for self-management.
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Types of comparison/control

Comparisons will be made against any type of control, standard or usual care. This may
include, but not limited to, face-to-face self-management education, use of paper educational
materials, other mHealth solutions (for example, messaging or texting), computer-based
and/or web-based self-management interventions (37).

Types of outcome measures
The outcome measures of this review will be reported as primary and secondary outcomes
based on reported outcomes of included studies.

The primary outcomes will be changes in blood glucose often reported as glycated
haemoglobin (HbAlc). HbAlc is the gold standard for assessing glycaemic control in
diabetic patients and each measurement represents average blood glucose over the previous
2-3 months. HbAlc measurement does not require any special preparation such as fasting
and it can be done at any time of the day (WHO & IDF 2006). If fasting blood glucose (FBG)
is reported rather than HbAlc in some included studies, FBG will then be considered as the
primary outcome measure.

The secondary outcomes will include cardiovascular risk markers (blood pressure [BP]],
body mass index [BMI], low-density lipoprotein cholesterol [LDL-C], high-density
lipoprotein cholesterol [HDL-C], and triglyceride [TG]); patient’s knowledge on T2DM and
self-management; adherence to self-management practices; health-related quality of life;
economic data (such as cost-effectiveness); social support; harms (such as death or
complications leading to hospital admissions or emergency unit attendances); death from any
cause; anxiety or depression;, and adverse events (for example, hypoglycaemic episodes)
(37).

Timing of outcome measurement

Where possible, the impact of the intervention at different timings will be measured. The
timing will be grouped into three categories of follow-up as follows: short-term, medium-
term and long-term. Short-term follow-up will be defined as that measured within 30 days of
the intervention period in order to determine the immediate changes resulting from the
intervention. Medium-term follow-up will be defined as that measured between 30 days and
six months of the intervention period to determine if the changes continue. Long-term follow-
up will be defined as six months and over after the intervention to determine whether there
are changes over time (37). For the overall meta-analysis, the longest follow-up data
available will be used.

Search strategy for the identification of studies

Using the key concepts (type 2 diabetes; self-management; and mobile health and mobile
application), a comprehensive search strategy will be designed by two reviewers (BAB and
SOC) with the assistance of a librarian and in consultation with other research team members.
The search strategy will be used to search for all eligible studies including dissertations,
theses and conference proceedings, with no restriction on dates. However, only studies
reported in English language will be considered. The following electronic databases will be
searched to identify potential studies:

. PubMed/MEDLINE via Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) - Inception to Present)
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. EMBASE (via Embase ClassictEmbase - Inception to Present [Ovid])

. Global Health (Inception to Present [Ovid])

. PsycINFO (Inception to Present [Ovid])

. CINAHL (via CINAHL Plus with Full-text - Inception to Present [EBSCO])

. The Cochrane Library (via Cochrane Central Register of Controlled Trials
[CENTRAL))

. Scopus

o ProQuest Dissertations & Theses Global (Plus Full-text - Inception to Present)

. HMIC (Health Management Information Consortium) database (Inception to Present
[Ovid])

Conference proceedings will be searched via Scopus while dissertations and theses will be
searched via ProQuest Dissertations & Theses Global. HMIC (Health Management
Information Consortium) database which contains data from the Department of Health (DH)
in England and the King's Fund Information & Library Service will be searched for
additional grey literature (including committee reports and government reports which may
not have been published in a journal).

Additional studies will be identified by searching the reference lists of included studies as
well as reference list of relevant systematic reviews and meta-analyses.

A re-run of the entire searches will be done just before the final analyses and any additional
studies found will be included.

Table 1 below shows a sample search terms for MEDLINE which will be modified
accordingly to fit the indexing system of other online bibliographical databases.

Table 1: Sample MEDLINE Search Terms

Search Term

Diabetes Mellitus, Type 2/

("type 2 diabet*" or "type II diabet*").ab,ti.

"type two diabet*".ab,ti.

T2D.ab,ti.

T2DM.ab,ti.

"non-insulin dependent diabetes".ab,ti.

NIDDM.ab,ti.

"non insulin dependent diabetes".ab,ti.

O| 0| QNN B~ W N —| 3

lor2or3ord4orSor6or7or8

self care/ or blood glucose self-monitoring/ or self administration/ or self medication/

—_ —
—| O

"self manag*".ab,ti.

Ju—
\®)

"self-manag*".ab,ti.

—_
W

"self treatment".ab, ti.

._.
~

"self-treatment”.ab,ti.

—_
(93]

"self medication".ab,ti.

—_
@)

"self-medication".ab,ti.

—_
3

"self administ*".ab,ti.

—_
o)

"self-administ*".ab,ti.

8
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19 | "self monitor*".ab,ti.

20 | "self-monitor*".ab,ti.

21 | "self care".ab,ti.

22 | "self-care".ab,ti.

23 |[10orllorl12orl13orl4orlSorl6or17or 18 or19 or 20 or 21 or 22

24 | Telemedicine/

25 | mHealth.ab,ti.

26 | m-Health.ab,ti.

27 | "mobile Health".ab,ti.

28 | "mobile telephone*".ab,ti.

29 | "mobile phone".ab,ti.

30 | "cell phone*".ab,ti.

31 | "cell-phone*".ab,ti.

32 | "cellular phone*".ab,ti.

33 | "cellphone*".ab,ti.

34 | "smart phone*".ab,ti.

35 | "smartphone*".ab,ti.

36 | "smart-phone*".ab,ti.

37 | "handheld computer*".ab,ti.

38 | "hand-held computer*".ab,ti.

39 | "palmtop computer*".ab,ti.

40 | "palm-top computer®".ab,ti.

41 | "tablet computer®".ab,ti.

42 | "tablet PC".abti.

43 | "personal digital assistant*".ab,ti.

44 | "mobile app™".ab,ti.

45 | "medical app*".ab,ti.

46 | Mobile Applications/

47 | "health app*".ab,ti.

48 | "handheld device*".ab,ti.

49 | "hand-held device*".ab,ti.

50 | cell phones/ or smartphone/

51 | "mobile device*".ab,ti.

52 | "software app*".ab,ti.

53 |24 o0r250r26or27 or28 or29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38
or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52

54 | 9and 23 and 53

Selection of studies

All identified articles will be imported into Mendeley reference management software, and
duplicates will be removed. The articles will then be imported into Covidence (a web-based
tool to support the reviewers to manage the data). Two reviewers working independently will
screen each article for possible inclusion in the review. The screening will be done in two
stages (title and abstract, and full text) based on predefined eligibility criteria as highlighted
in Table 2. To ensure consistency in the screening process, the two reviewers (BAB and

9
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SOC) will pilot the entire process on ten studies as guided by the Cochrane Collaboration
Study Selection and Data Extraction form (24). A consensus will be reached after discussing
and refining the process. The reasons for excluding any study will be published with the main
study. Any disagreement will be resolved by discussion and where there is an unresolved
disagreement, a third party (JOD) will be invited to resolve the issue which will be justified
in a steering group meeting. The entire selection processes will be described using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram (28). The PRISMA checklist will be completed and attached as an additional file.

Table 2: Predefined criteria for inclusion in the systematic review

Acronym Term

P Population

I Intervention
C Comparison
O Outcomes

Description

Adult patients (18 years and above) with
T2DM as defined by WHO & IDF
diagnostic criteria (33,34).

Studies on self-management of T2DM
that utilised mHealth apps alone or
mHealth apps along with a range of
other technologies such as a wearable
device (e.g. pedometerr) or mHealth
apps in conjunction with other mHealth
solutions such as texting/messaging.

The control groups used in the primary
studies will be used for comparison.
These may include, but not limited to
face-to-face self-management education,
use of paper educational materials, other
mHealth solution (e.g. texting or
messaging), computer-based and/or
web-based self-management
interventions.

Primary outcomes will be change in
blood glucose (HbAlc or FBG). The
secondary outcomes will include but not
limited to cardiovascular risk markers
(BP, BMI, LDL-C, HDL-C, and TG),
patient’s knowledge on T2DM and self-
management, adherence to self-
management practices, health-related
quality of life, economic data (such as
cost-effectiveness), social support,
harms (such as death or complications
leading to hospital admissions or
emergency unit attendances), death from
any cause, anxiety or depression, and

10
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adverse events (e.g. hypoglycaemic
episodes).

Data extraction and management

Two reviewers (BAB and SOC) working independently will extract the characteristics of
selected studies using standard data extraction templates as guided by the Cochrane
Collaboration Study Selection and Data Extraction form (24). Any disagreement will be
resolved by discussion. However, where there are inconsistencies or unresolved
disagreements, a third party (JOD) will be invited to resolve the issue which will be justified
in a steering group meeting. To ensure consistency in the extraction process, it will be
initially piloted on at least ten (10) percent of the articles and a consensus reached after
discussing and refining the process. Any missing information that is relevant to this review
will be sought from the original authors of the article by email.

The following characteristics will be included if reported in individual studies (38):

. Publication details: authors, year, and country of study

o Methods: study design, baseline measure, time points (when data were collected: at
baseline and endpoint), and study setting (location, year, and environment)

. Participant characteristics: number of participants, mean age or age range, gender ratio,
ethnicity, socioeconomic group, educational status, duration of T2DM, and participant
inclusion criteria and exclusion criteria

. Intervention: description of the content and functions design of the mHealth apps used,
the aspects of self-management, number of participants allocated to the intervention
group, other technologies or interventions used, and duration

. Control/comparison(s) group: description of the comparison(s) and number of
participants allocated to the control group

. Outcomes: description of primary, secondary and other outcomes, list of measurement
tools and devices, unit of measurement for outcomes, and intervention effects on the
outcomes (effect size, 95 % CI, standard mean deviation)

. Additional information: any information that may express conflict of interest or bias
will be noted.

Assessment of risk of bias in included studies
Each study will be assessed independently by two reviewers (BAB and NM). Any
disagreements will be resolved by discussion, or if required, a third party (JOD).

The following bias criteria will be used to assess the risk of bias as recommended in the

Cochrane Handbook for Systematic Reviews of Interventions (24):

. Random sequence generation (selection bias).

. Allocation concealment (selection bias).

. Blinding (performance bias and detection bias), separated for blinding of participants
and personnel and blinding of outcome assessment.

o Incomplete outcome data (attrition bias).

o Selective reporting (reporting bias).

o Other bias.
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The risk of bias criteria for RCTs will be judged as ‘low risk’, ‘high risk’ or ‘unclear risk’
and the use of individual bias items as described in the Cochrane Handbook for Systematic
Reviews of Interventions (24). A ‘risk of bias graph’ figure and ‘risk of bias summary’ figure
will be attached. The impact of individual bias domains on study results at endpoint and study
levels will be assessed.

Data Synthesis

Both qualitative and quantitative analyses are planned for this review.

Qualitative synthesis

For the qualitative analysis of this review, a narrative synthesis approach will be adopted
based on the Guidance on the Conduct of Narrative Synthesis in Systematic Reviews (39).
Popay et al. (p5) defined narrative synthesis as “an approach to the systematic review and
synthesis of findings from multiple studies that relies primarily on the use of words and text
to summarise and explain the findings of the synthesis” (39).

Narrative synthesis approach is adopted for this review so as to develop a preliminary
synthesis; explore relationships within and between studies; and assess the robustness of the
synthesis (39). In preliminary synthesis, the results of included studies are laid out in a
systematic manner to give an overview of the relationships among them allowing for
comparison of direction and size of effects, which will be further explored in the next step.
The next step involves examining the relationships within and between studies categorising
and explaining factors responsible for the differences in direction and effects as well as the
interplay of factors that may influence successful implementation. Finally, the entire process
of narrative synthesis allows for the methodological quality of included studies to be
scrutinised thereby increasing the robustness of the review.

Quantitative synthesis

Statistical analyses will be performed based on recommendation in the Cochrane Handbook
for Systematic Reviews of Interventions (40). Summaries of intervention effects for each
study will be calculated using risk ratios (for dichotomous outcomes) or standardised mean
differences (for continuous outcomes). For meta-analysis, it is anticipated that there will be
limited scope for the use of fixed-effect model because of the possibility of a range of
different outcome measures and also, the effect sizes are not likely to be identical across
studies (41). For instance, the magnitude of the impact of mHealth apps alone or along with
other technologies (such as wearable devices) or in conjunction with other interventions on
self-management might vary. Therefore, random-effects model will be used as the weights
assigned under random effects are more balanced (41).

Measures of treatment effect

Dichotomous data

The effect size for dichotomous data will be expressed as risk ratios (RR) and 95%
confidence intervals (CI). The risk difference (RD) will be calculated as well as the number
needed to treat for an additional beneficial outcome (NNTB) or the number needed to treat
for an additional harmful outcome (NNTH), when possible.
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1 Continuous data

g For continuous outcomes, weighted mean differences and 95% CI will be calculated. If
4 results for some continuous outcomes are found on different scales and cannot be converted
5 to a standard scale standardised mean differences will be used.

6

7 Time-to-event data

g The results will be expressed as hazard ratios (HR) with corresponding 95% CI.

10 . . .

1 Unit of analysis issues

12 The review will take into account the level at which randomisation occurred, such as cross-
13 over trials, cluster-randomised trials and multiple observations for the same outcome.

14

15 Dealing with missing data

1? Relevant missing data will be obtained from original authors if feasible and an evaluation of
18 important numerical data such as numbers of screened articles, randomised patients,
19 intention-to-treat (ITT), as-treated and per-protocol (PP) population will be done. Attrition
20 rates, for example dropouts, losses to follow-up and withdrawals will be investigated and
21 issues of missing data and imputation methods (for example, last observation carried forward
;g (LOCF) will be critically appraised.

24

25 Assessment of heterogeneity

26 In the event of substantial clinical or methodological or statistical heterogeneity, report study
27 results will not be presented as pooled effect estimates. Heterogeneity will be identified by
;g visual inspection of the forest plots and by using a standard Chi square test with a
30 significance level of o = 0.1, in view of the low power of this test. Specifically, heterogeneity
31 will be examined by employing the I statistic which quantifies inconsistency across studies
32 to assess the impact of heterogeneity on the meta-analysis (42,43), where an I” statistic of
2431 75% and more indicates a considerable level of inconsistency (40). When heterogeneity is
35 found, an attempt will be made to determine potential reasons for it by examining individual
36 study and subgroup characteristics. This is will be reported as qualitative analysis using
37 narrative synthesis.

38

39 Assessment of reporting biases

2(1) To assess small study bias, funnel plots will be used if more than 10 studies are included for a
42 given outcome.

43

44 Subgroup analysis

45 Subgroup analyses of the primary outcome parameter(s) will be carried out and interactions
j? will be investigated. The following subgroup analyses are planned:

48 ° Age

49 o Gender

50 e  Educational/socioeconomic status

g; . Ethnicity/country

53 o Presence or absence of comorbidities (such as obesity, dyslipidaemia and hypertension)
54 . Duration of diabetes (patients who have had diabetes for longer period are likely to
gg have more advanced disease with complications and increased insulin resistance, more
57

58

59
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comorbidities and are more likely to be on insulin therapy; any treatment modality may
have smaller effects in more advanced disease)

. Type of mHealth app (including content and functions)

. Additional technologies (such as use of wearable devices e.g. pedometer)

. Variation in the extent or aspects of self-management practices and skills (for example,
weight reduction versus emphasis on ‘healthy eating’ or differences in exercise
schedules such as frequency and types of exercise)

. Duration of follow-up (there are correlations between effect and duration of
interventions)

. Different settings (primary care, outpatient or community settings) (likely to affect
attrition: interventions that are more convenient for patients are likely to be better
accepted and used but there may be some attraction for group interactions as well)

. Studies with participants with T2DM only (type 1 and type 2 diabetes mellitus tend to
be more prevalent in very different age groups and have differences in aetiology and
therefore may not respond the same way to the interventions)

. Different types of study (such as randomised controlled trails or observational studies)

Sensitivity analysis

Sensitivity analyses will be performed in order to explore the influence of the following

factors on effect size:

o Restricting the analysis to published RCTs

o Restricting the analysis taking account risk of bias, as specified above

o Restricting the analysis to very long or large studies to establish how much they
dominate the results

o Restricting the analysis to studies using the following filters: diagnostic criteria, source
of funding (industry versus other), and country.

The robustness of the results will be tested by repeating the analysis using different measures
of effect size (relative risk, odds ratio etc.) and different statistical models (fixed-effect model
and random-effects model).

Result Dissemination plan

A manuscript will be submitted to a peer-reviewed journal for publication. Likewise, a
summary of the findings will be shared with relevant and responsible organisations. In
addition, important findings will be summarised and presented at national and international
conferences such as the Diabetes UK Annual Scientific Meeting, Society for Academic
Primary Care (SAPC) National Meeting.

Conclusion

In recent years, there has been an increasing interest in improving the treatment and
management of T2DM due to the raising burden of the disease. mHealth solutions,
particularly mHealth apps, have ushered in unprecedented opportunity to improve self-
management of T2DM and thus generating a lot of interest. However, credible evidence of
the impact of these apps on self-management of T2DM is not yet established. The purpose of
the current review is to generate high quality evidence that demonstrates the nature and
magnitude of the impact of mHealth apps on self-management of T2DM in adult patients.
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The evidence generated from this review couldinform improvement in the development and
implementation of mHealth apps for self-management of T2DM in the future.
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No No
ADMINISTRATIVE INFORMATION
Title:
Identification la Identify the report as a protocol of a systematic review 1
Update 1b If the protocol is for an update of a previous systematic review, identify as such NA
Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number 2&5
Authors:
Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of corresponding author 1
Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review 15
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; otherwise, state | NA
plan for documenting important protocol amendments
Support: 15
Sources Sa Indicate sources of financial or other support for the review 15
Sponsor 5b Provide name for the review funder and/or sponsor 15
Role of Sc Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol 15
sponsor or
funder
INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known 4-5
Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, comparators, and 5
outcomes (PICO)
METHODS
Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years considered, 5-7
language, publication status) to be used as criteria for eligibility for the review
Information sources 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other grey literature 7-8
sources) with planned dates of coverage
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management
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Abstract

Introduction: The emergence of mobile health (mHealth) solutions, particularly mHealth
applications (apps), has shown promise in self-management of chronic diseases including Type
2 Diabetes Mellitus (T2DM). While previous systematic reviews have focused on the
effectiveness of mHealth apps in improving health outcomes in patients with T2DM, there is a
need to also understand how mHealth apps influence self-management of T2DM. This is
crucial in ensuring improvement in the design and implementation of mHealth app
interventions for T2DM. This protocol describes how a systematic review will be carried out
to determine in what way(s) mHealth apps might impact on self-management of T2DM.

Methods: The following electronic databases will be searched from inception to 31 January
2019: PubMed; MEDLINE; EMBASE; Global Health; PsycINFO; CINAHL; The Cochrane
Central Register of Controlled Trials [CENTRAL]); Scopus; Web of Science; ProQuest
Dissertations & Theses Global; HMIC database; Google Scholar; and ClinicalTrials.gov. The
Cochrane risk of bias tool will be used to assess methodological quality. The primary outcome
measures to be assessed will be ‘change in blood glucose’. The secondary outcomes measures
will be ‘changes in cardiovascular risk markers (including blood pressure, body mass index,
and blood lipids), and self-management practices'. Others will include: health-related quality
of life, economic data, social support, harms (such as death or complications leading to hospital
admissions or emergency unit attendances), death from any cause, anxiety or depression, and
adverse events (e.g. hypoglycaemic episodes).

Ethics and Dissemination: This study will not involve collection of primary data, so it will
not require ethical approval. The review will be published in a peer-reviewed journal and a
one-page summary of the findings will be shared with relevant organisations. Presentation of
findings will be made at conferences.

Registration: PROSPERO: CRD42017071106.

Keywords: Systematic review, mobile health, mHealth, mobile applications, self-
management, Type 2 Diabetes Mellitus.
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Strengths and Limitations of this Study

This study will extend its focus beyond assessing effectiveness in improving health
outcomes to understanding how mHealth apps might influence self-management of
T2DM.

The methodological quality of all included trials in this study will be thoroughly assessed
in order to ascertain the validity of their findings.

A robust subgroup analysis will provide an understanding of the influence of various
factors including demographics (such as gender, age, ethnicity and social status) on
mHealth app interventions for self-management of T2DM.

A wide range of databases will be searched to ensure that potentially relevant studies are
not missed.

Since only studies published in English language will be considered for this review, this
might introduce some bias. However, studies with significant findings are likely to be
published in English language so that they can be cited.
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Introduction

Diabetes is a long-term condition and a leading cause of morbidity and mortality world-wide
(1). The past three decades have seen the most dramatic increase in the number of adults living
with diabetes by almost a four-fold; from 108 million in 1980 to 422 million in 2014 (2). Type
2 Diabetes Mellitus (T2DM), the most common type of diabetes in adults, accounts for over
90% of all diabetes cases (1,3). When T2DM is poorly managed, it can easily result in systemic
complications such as coronary heart disease, stroke, kidney failure, retinopathy, and foot
ulcers (4). These complications can further progress to severe disabilities. For example,
diabetic foot ulcers can lead to non-traumatic limb amputation and diabetic retinopathy can
result in blindness (4). Complications and disabilities resulting from poorly managed T2DM
often cause increased socioeconomic burden with associated reduced quality of life and
reduced life expectancy (5,6). A landmark study estimated the cost of Type 2 Diabetes Mellitus
in the United Kingdom in 2010/2011 at £8.8bn in direct costs and £13bn in indirect costs (7).
The severity of the burden of T2DM has further heightened the need to improve its treatment
and management.

The treatment of T2DM primarily aims to control blood glucose thereby preventing or reducing
associated complications and disabilities (6). Over the years, there has been a growing body of
evidence to support the role that self-management plays in the treatment of T2DM (8—12). Self-
management is a term used to describe patient’s own responsibilities (including practices and
skills) employed in maintaining good health (13,14). The documented practices and skills
which form critical components of the management of T2DM are mainly healthy eating,
physical activity, blood sugar monitoring, medication adherence, good problem-solving skills,
healthy coping skills and risk-reduction behaviours (10,11,13,14).

Mobile health (mHealth) solutions, which include mobile applications (apps), have been
rapidly gaining popularity in the management of chronic diseases and have further created
opportunities and potential to enhance the ability of T2DM patients for self-management (15—
17). A mobile app is a software application designed to run on smartphones, tablet computers
or similar mobile devices (18). When mobile apps are used for health purposes, they are often
referred to as mHealth apps. They have the ability to facilitate one or more aspects of self-
management by capturing user’s health data and providing tailored information, instructions,
graphic displays, guidance and reminders to users (18-20). In addition, mHealth apps are
designed with aesthetic features to appeal to users and can provide a portable platform for
remote monitoring of patient’s data as well as links to their healthcare providers and social
networks (18-21). More specifically, the definition of mHealth app for self-management of
T2DM in the context of this study is adapted from Pal et al (2014) as any mobile application
which utilises input from a patient by means of communication or processing technology to
provide tailored responses that facilitate one or more aspect of self- management of T2DM
(healthy eating, physical activity, blood sugar monitoring, medication adherence, good
problem-solving skills, healthy coping skills and risk-reduction behaviours) (19).

Although mHealth apps seem promising for influencing self-management of T2DM (22),
concerns have been raised about their quality and safety following evaluation studies which
showed that some of these apps are either poorly designed, do not function as intended or do
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not adhere to evidence-based guidelines (20,21,23,24). While previous systematic reviews
showed modest benefits of mHealth apps in self-management of T2DM, they focussed on
assessing effectiveness in improving health outcomes rather than understanding how these
mHealth apps most effectively influence self-management of T2DM (16,19,25-28). The use
of mHealth apps, especially in the context of self-management, is a complex intervention
(influenced by several interacting components including healthy eating, physical activity,
blood sugar monitoring, medication adherence, good problem-solving skills, healthy coping
skills and risk-reduction behaviours) (29). Therefore, extending the focus beyond assessing
effectiveness to understanding how (including when and where) mHealth apps influence self-
management of T2DM is extremely important. This will provide evidence and direction for
better design, implementation, and ultimately, the optimum use of mHealth apps for self-
management of T2DM.

In this article, we present a protocol which describes how a systematic review will be carried
out to determine in what way(s) mHealth apps might impact on self-management of T2DM
and thus provide an additional perspective on how, when and where mHealth apps may
influence self-management of T2DM. The protocol is presented in accordance with the
guideline of the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocol
(PRISMA-P) (30). A completed PRISMA-P checklist is provided as Supplementary File 1.

Aim and Research Question

The aim is to determine how mHealth apps might impact on self-management of T2DM. The
review will attempt to answer a crucial research question, which to the best of our knowledge
has not been answered by previous systematic reviews: how does the use of mHealth apps
impact on self-management of T2DM in patients compared with other interventions? It is
therefore hoped that the evidence generated from this study will be used to inform improvement
and optimisation of design and use of mHealth apps for self-management of T2DM.

Methods

Study Design

A team comprising of experts from the relevant disciplines (diabetes management, information
and communication technologies, and systematic review methodology) will design, conduct
and report the systematic review. The formation of the review question and search strategy was
guided by the PICO (Participants, Intervention, Comparison, Outcomes) framework (31,32).
The process of the systematic review will follow the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions (33). The reporting of the review will be
guided by the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
statement (34).
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Study Registration
This systematic review is registered with PROSPERO (www.crd.york.ac.uk/PROSPERO).
Registration number: CRD42017071106.

Criteria for Considering Studies for this Review

Type of studies

Only randomised controlled trials will be included in this review with no restriction in the
duration of follow-up. The Consolidated Standards of Reporting Trials (CONSORT) statement
will be used to judge the reliability or relevance of the findings of all included randomised
controlled trials (RCT) (35). The risk of bias will be assessed using the Cochrane
Collaboration’s tool (33).

Types of participants

Patients diagnosed with T2DM will be considered for this review. Studies that included both
Type 1 and Type 2 diabetes patients will also be considered; however, only data on patients
with Type 2 diabetes will be extracted. Studies targeted at only patients with Type 1 diabetes
will not be considered. There will be no age restriction, but participants will be categorised by
age group: <39 years; 40 — 65 years; and >65 years. Older patients are likely to have more
diabetes comorbid conditions (such as raised blood pressure) than younger patients (6), while
younger patients are likely to be more digitally literate and thus more inclined to utilise
mHealth (36).

Diagnostic criteria for T2DM: T2DM is characterised by hyperglycaemia resulting from
progressive insulin resistance and deficiency (37). For consistency, the current WHO/ IDF
diagnostic criteria for diabetes will be maintained i.e. fasting blood glucose > 7.0mmol/l
(126mg/dl) or 2-hour blood glucose > 11.Immol/l (200mg/dl) (38). Where glycated
haemoglobin (HbAlc) is used as a diagnostic criterion, the WHO recommended value of >
6.5% will be used (39). Where diagnostic criteria are not stated, authors will be contacted.

Types of intervention

Only studies on self-management of T2DM that utilised mHealth apps alone, mHealth app
along with usual care or mHealth apps along with a range of other technologies such as
wearable devices (for example, pedometer) or mHealth apps in conjunction with other mHealth
solutions such as texting or messaging will be included in this review. Studies that used
mHealth solutions (such as emailing and texting) exclusively for communication between
patients and health professionals or social networks; or targeted exclusively at health
professionals will not be considered for this review as they provide limited functionality for
self-management.

Types of comparison/control

Comparisons will be made against any type of control. This may include, but not limited to,
standard or usual care, dummy apps or control apps, face-to-face self-management education,
use of paper educational materials, other mHealth solutions (for example, messaging or
texting), computer-based and/or web-based self-management interventions (40).

Types of outcome measures

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 23



Page 7 of 23

oNOYTULT D WN =

BMJ Open

The outcome measures of this review will be reported as primary and secondary outcomes
based on reported outcomes of included studies.

The primary outcomes will be ‘change in blood glucose’ often reported as glycated
haemoglobin (HbA1c). HbAlc is the gold standard for assessing glycaemic control in diabetic
patients and each measurement represents average blood glucose over the previous 2—3 months.
HbA 1c measurement does not require any special preparation such as fasting and it can be done
at any time of the day (38). If fasting blood glucose (FBG) is reported rather than HbAlc in
some included studies, it will then be considered as the primary outcome measure, but will be
converted to an estimated HbA 1c value.

The secondary outcomes will include ‘changes in cardiovascular risk markers (blood pressure
[BP]], body mass index [BMI], low-density lipoprotein cholesterol [LDL-C], high-density
lipoprotein cholesterol [HDL-C], and triglyceride [TG]); patient’s knowledge on T2DM and
self-management; and adherence to self-management practices’. Others will include: health-
related quality of life; economic data (such as cost-effectiveness); social support; harms (such
as death or complications leading to hospital admissions or emergency unit attendances); death
from any cause; anxiety or depression; and adverse events (for example, hypoglycaemic
episodes) (40).

Timing of outcome measurement

Where possible, the impact of the intervention at different timings will be measured. The timing
will be grouped into three categories of follow-up as follows: short-term, medium-term and
long-term. Short-term follow-up will be defined as that measured within three (3) months of
the intervention period in order to determine the immediate changes resulting from the
intervention. Medium-term follow-up will be defined as that measured between three (3) and
six (6) months of the intervention period to determine if the changes continue. Long-term
follow-up will be defined as six (6) months and over after the intervention to determine whether
there are changes over time (40). For the overall meta-analysis, the longest follow-up data
available will be used.

Search strategy for the identification of studies

Using the key terms (Type 2 Diabetes Mellitus, self-management, mobile health, mHealth, and
mobile application), a comprehensive search strategy will be designed by two reviewers (BAB
and SOC) with the assistance of a librarian and in consultation with other research team
members. The search strategy will be used to search for all eligible studies including articles,
dissertations, theses, conference proceedings and grey literature (including committee reports
and government reports). Online trial registers for ongoing and recently completed studies will
also be searched. While no restriction will be placed on dates, only studies reported in English
language will be considered.

The following electronic databases will be searched from their inception to January 2019:

PubMed; MEDLINE; EMBASE; Global Health; PsycINFO; CINAHL; The Cochrane Central
Register of Controlled Trials [CENTRALY]); Scopus; Web of Science; ProQuest Dissertations
& Theses Global; HMIC (Health Management Information Consortium) database; Google
Scholar; and ClinicalTrials.gov.
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Additional studies will be identified by searching the reference lists of included studies as well
as reference list of relevant systematic reviews and meta-analyses.

A re-run of the entire searches will be done just before the final analyses and any additional
studies found will be included.

A sample search strategy for MEDLINE is provided in Supplementary File 2.

Selection of studies

All identified articles will be imported into Mendeley reference management software, and
duplicates will be removed. The articles will then be imported into Covidence (a web-based
tool to support the reviewers to manage the data). Two reviewers working independently will
screen each article for possible inclusion in the review. The screening will be done in two stages
(title and abstract, and full text) based on predefined eligibility criteria as highlighted in Table
2. To ensure consistency in the screening process, the two reviewers (BAB and SOC) will pilot
the entire process on ten studies as guided by the Cochrane Collaboration Study Selection and
Data Extraction form (33). A consensus will be reached after discussing and refining the
process. The reasons for excluding any study will be published with the main study. Any
disagreement will be resolved by discussion and where there is an unresolved disagreement, a
third party (JOD) will be invited to resolve the issue which will be justified in a steering group
meeting. The entire selection processes will be described using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (34). The PRISMA
checklist will be completed and attached as an additional file.

Table 1: Predefined criteria for inclusion in the systematic review

Acronym Term Description

P Population Patients with T2DM as defined by
WHO & IDF diagnostic criteria (38,39).

I Intervention Studies on self-management of T2DM

that utilised mHealth apps alone,
mHealth apps along with usual care or
along with a range of other technologies
such as a wearable device (e.g.
pedometer) or mHealth apps in
conjunction with other mHealth
solutions such as texting/messaging.

C Comparison The control groups be used for
comparison. These may include
standard or usual care, dummy apps or
control apps, face-to-face self-
management education, use of paper
educational materials, other mHealth
solutions (for example, messaging or
texting), computer-based and/or web-
based self-management interventions.
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(0 Outcomes Primary outcomes will be change in
blood glucose (HbA1c). The secondary
outcomes will include changes in
cardiovascular risk markers (BP, BMI,
LDL-C, HDL-C, and TG), patient’s
knowledge on T2DM and self-
management, and adherence to self-
management practices. Others will
include health-related quality of life,
economic data (such as cost-
effectiveness), social support, harms
(such as death or complications leading
to hospital admissions or emergency
unit attendances), death from any cause,
anxiety or depression, and adverse
events (e.g. hypoglycaemic episodes).

S Study type Randomised Controlled Trials.

T Timing of outcome measure There will be no restriction to the timing
of outcome measures, however, the
timing will be grouped into three
categories: short-term (<3 months of the
intervention period), medium-term (3 to
6 months of the intervention period, and
long-term (=6 months after the
intervention).

Data extraction and management

Two reviewers (BAB and SOC) working independently will extract the characteristics of
selected studies using standard data extraction templates as guided by the Cochrane
Collaboration Study Selection and Data Extraction form (33). Any disagreement will be
resolved by discussion. Where there are inconsistencies or unresolved disagreements, a third
party (JOD) will be invited to resolve the issue which will be justified in a steering group
meeting. To ensure consistency in the extraction process, it will be initially piloted on at least
ten (10) percent of the articles and a consensus reached after discussing and refining the
process. Any missing information that is relevant to this review will be sought from the original
authors of the article by email.

The following characteristics will be included if reported in individual studies (41):

o Publication details: authors, year, and country of study

J Methods: study design, baseline measure, time points (when data were collected: at
baseline and endpoint), and study setting (location, year, and environment)
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o Participant characteristics: number of participants, mean age or age range, gender ratio,
ethnicity, socioeconomic group, educational status, duration of T2DM, and participant
inclusion criteria and exclusion criteria

o Intervention: description of the content and functions design of the mHealth apps used,
the aspects of self-management, number of participants allocated to the intervention
group, other technologies or interventions used, and duration

o Control/comparison(s) group: description of the comparison(s) and number of
participants allocated to the control group

o Outcomes: description of primary, secondary and other outcomes, list of measurement
tools and devices, unit of measurement for outcomes, and intervention effects on the
outcomes (effect size, 95 % CI, standard mean deviation)

o Additional information: any information that may express conflict of interest or bias will
be noted.

Assessment of risk of bias in included studies
Each study will be assessed independently by two reviewers (BAB and NM). Any
disagreements will be resolved by discussion, or if required, a third party (JOD).

The following bias criteria will be used to assess the risk of bias as recommended in the

Cochrane Handbook for Systematic Reviews of Interventions (33):

o Random sequence generation (selection bias).

o Allocation concealment (selection bias).

o Blinding (performance bias and detection bias), separated for blinding of participants and
personnel and blinding of outcome assessment.

o Incomplete outcome data (attrition bias).

o Selective reporting (reporting bias).

o Other bias.

The risk of bias criteria for RCTs will be judged as ‘low risk’, ‘high risk’ or ‘unclear risk’ and
the use of individual bias items as described in the Cochrane Handbook for Systematic Reviews
of Interventions (33). A ‘risk of bias graph’ figure and ‘risk of bias summary’ figure will be
attached. The impact of individual bias domains on study results at endpoint and study levels
will be assessed.

Data Synthesis

Both qualitative and quantitative analyses are planned for this review.

Qualitative synthesis

For the qualitative analysis of this review, a narrative synthesis approach will be adopted based
on the Guidance on the Conduct of Narrative Synthesis in Systematic Reviews (42). Popay et
al. (p5) defined narrative synthesis as “an approach to the systematic review and synthesis of
findings from multiple studies that relies primarily on the use of words and text to summarise
and explain the findings of the synthesis™ (42).
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Narrative synthesis approach is adopted for this review so as to develop a preliminary
synthesis; explore relationships within and between studies; and assess the robustness of the
synthesis (42). In preliminary synthesis, the results of included studies are laid out in a
systematic manner to give an overview of the relationships among them allowing for
comparison of direction and size of effects, which will be further explored in the next step. The
next step involves examining the relationships within and between studies categorising and
explaining factors responsible for the differences in direction and effects as well as the interplay
of factors that may influence effectiveness and successful implementation. Finally, the entire
process of narrative synthesis allows for the methodological quality of included studies to be
scrutinised thereby increasing the robustness of the review.

Quantitative synthesis

Statistical analyses will be performed based on recommendation in the Cochrane Handbook
for Systematic Reviews of Interventions (43). Summaries of intervention effects for each study
will be calculated using risk ratios (for dichotomous outcomes) or standardised mean
differences (for continuous outcomes). For meta-analysis, it is anticipated that there will be
limited scope for the use of fixed-effect model because of the possibility of a range of different
outcome measures and also, the effect sizes are not likely to be identical across studies (44).
For instance, the magnitude of the impact of mHealth apps alone or along with other
technologies (such as wearable devices) or in conjunction with other interventions on self-
management might vary. Therefore, random-effects model will be used as the weights assigned
under random effects are more balanced (44).

Measures of treatment effect

Dichotomous data

The effect size for dichotomous data will be expressed as risk ratios (RR) and 95% confidence
intervals (CI). The risk difference (RD) will be calculated as well as the number needed to treat
for an additional beneficial outcome (NNTB) or the number needed to treat for an additional
harmful outcome (NNTH), when possible.

Continuous data

For continuous outcomes, weighted mean differences and 95% CI will be calculated. If results
for some continuous outcomes are found on different scales and cannot be converted to a
standard scale standardised mean differences will be used.

Time-to-event data
The results will be expressed as hazard ratios (HR) with corresponding 95% CI.

Unit of analysis issues
The review will take into account the level at which randomisation occurred, such as cross-
over trials, cluster-randomised trials and multiple observations for the same outcome.

Dealing with missing data

Relevant missing data will be obtained from original authors if feasible and an evaluation of
important numerical data such as numbers of screened articles, randomised patients, intention-
to-treat (ITT), as-treated and per-protocol (PP) population will be done. Attrition rates, for
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example dropouts, losses to follow-up and withdrawals will be investigated and issues of
missing data and imputation methods (for example, last observation carried forward (LOCF)
will be critically appraised.

Assessment of heterogeneity

In the event of substantial clinical or methodological or statistical heterogeneity, report study
results will not be presented as pooled effect estimates. Heterogeneity will be identified by
visual inspection of the forest plots and by using a standard Chi square test with a significance
level of a = 0.1, in view of the low power of this test. Specifically, heterogeneity will be
examined by employing the I? statistic which quantifies inconsistency across studies to assess
the impact of heterogeneity on the meta-analysis (45,46), where an I? statistic of 75% and more
indicates a considerable level of inconsistency (43). When heterogeneity is found, an attempt
will be made to determine potential reasons for it by examining individual study and subgroup
characteristics. This is will be reported as qualitative analysis using narrative synthesis.

Assessment of reporting biases
To assess small study bias, funnel plots will be used if more than 10 studies are included for a
given outcome.

Subgroup analysis
Subgroup analyses of the primary outcome parameter(s) will be carried out and interactions
will be investigated. The following subgroup analyses are planned:

o Age
° Gender
° Educational/socioeconomic status

o Ethnicity/country

o Duration of diabetes (patients who have had diabetes for longer period are likely to have
more advanced disease with complications and increased insulin resistance, more
comorbidities and any treatment modality may have smaller effects)

o Aspects of self-management covered (to determine aspect(s) of self-management of
T2DM covered in mHealth apps that most effectively influence the primary outcome)

J Behaviour change model used (to determine if the use of behaviour change model in
mHealth app design can influence the primary outcome and which model has the most
influence)

J Duration of follow-up (there are correlations between effect and duration of
interventions)

Sensitivity analysis

Sensitivity analyses will be performed in order to explore the influence of the following factors

on effect size:

J Restricting the analysis to published studies (RCTs)

J Restricting the analysis taking account risk of bias, as specified above

o Restricting the analysis to long (>12 months) or studies with relatively larger sample
sizes to establish how much they dominate the results

J Restricting the analysis to studies using the following filters: diagnostic criteria, source
of funding (industry versus other), and country.
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The robustness of the results will be tested by repeating the analysis using different measures
of effect size (relative risk, odds ratio etc.) and different statistical models (fixed-effect model
and random-effects model).

Patient and Public Involvement

Although patients and the public were not directly involved in the design of this study, the
development of the research question was primarily informed by patients’ interests in the
research outcomes.

Ethics and Dissemination

This study does not involve collection of primary data from patients, hence it will not require
ethical approval.

A manuscript will be submitted to a peer-reviewed journal for publication. Likewise, a
summary of the findings will be shared with relevant and responsible organisations. In addition,
important findings will be summarised and presented at national and international conferences
such as the Diabetes UK Annual Scientific Meeting, Society for Academic Primary Care
(SAPC) National Meeting.

Discussion

The use of mHealth apps for self-management is a complex intervention because of the several
interacting components involved (including healthy eating, physical activity, blood sugar
monitoring, medication adherence, good problem-solving skills, healthy coping skills and risk-
reduction behaviours). Hence, improving and optimising the design and use of mHealth apps
for self-management of T2DM will require an understanding of how mHealth apps are likely
to be most effective in influencing self-management of T2DM. While previous studies focused
on assessing effectiveness in improving health outcomes, this study will extend its focus to
understanding how (including when and where) mHealth apps might influence self-
management of T2DM. To our knowledge, this is the first protocol of a systematic review that
will evaluate how mHealth apps might interact with the components of self-management of
T2DM in the most effective manner. Although only studies published in English language will
be considered for this review which might introduce some bias, studies with significant
findings are likely to be published in English language so that they can be cited (47).

Previous systematic reviews paid too little attention to the assessment of methodological
quality of included trials. For instance, Cui et al 2016 assessed the quality of included studies
using the Cochrane Collaboration’s tool, but limited detail was reported; while Liang et al 2011
and Frazetta et al 2012 did not report any information on methodological quality assessment
of included trials (16,26,28). This review will ensure robust assessment of methodological
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quality of included trials in order to ascertain the validity of their findings and to ensure that
the risks of bias were minimised (33,48).

In most of the previous systematic reviews, limited databases were searched. Cui et al 2016
and Liang et al 2011 searched three databases and Frazetta et al 2012 searched two databases
(16,26,28). However, in this review, a wide range of databases will be searched to ensure that
potentially relevant studies are not missed. Also, detailed subgroup analysis be carried out to
provide an understanding of the influence of various factors including demographics (such as
gender, age, ethnicity and social status) on mHealth app interventions for self-management of
T2DM. It is hoped that findings from this study will inform better design and use of mHealth
apps for self-management of T2DM which could ultimately benefit patients.
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Abstract

Introduction: The emergence of mobile health (mHealth) solutions, particularly mHealth
applications (apps), has shown promise in self-management of chronic diseases including Type
2 Diabetes Mellitus (T2DM). While majority of the previous systematic reviews have focused
on the effectiveness of mHealth apps in improving treatment outcomes in patients with T2DM,
there is a need to also understand how mHealth apps influence self-management of T2DM.
This is crucial to ensure improvement in the design and use of mHealth apps for T2DM. This
protocol describes how a systematic review will be conducted to determine in which way(s)
mHealth apps might impact on self-management of T2DM.

Methods: The following electronic databases will be searched from inception to April 2019:
PubMed; MEDLINE; EMBASE; Global Health; PsycINFO; CINAHL; The Cochrane Central
Register of Controlled Trials [CENTRALY]); Scopus; Web of Science; ProQuest Dissertations
& Theses Global; HMIC database; Google Scholar; and ClinicalTrials.gov. The Cochrane risk
of bias tool will be used to assess methodological quality. The primary outcome measures to
be assessed will be ‘change in blood glucose’. The secondary outcomes measures will be
‘changes in cardiovascular risk markers’ (including blood pressure, body mass index, and
blood lipids), and self-management practices. Others will include: health-related quality of life,
economic data, social support, harms (e.g. death or complications leading to hospital
admissions or emergency unit attendances), death from any cause, anxiety or depression, and
adverse events (e.g. hypoglycaemic episodes).

Ethics and Dissemination: This study will not involve the collection of primary data and will
not require ethical approval. The review will be published in a peer-reviewed journal and a
one-page summary of the findings will be shared with relevant organisations. Presentation of
findings will be made at appropriate conferences.

Registration: PROSPERO: CRD42017071106.

Keywords: Systematic review, mobile health, mHealth, mobile applications, apps, self-
management, Type 2 Diabetes Mellitus, T2DM.
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Strengths and Limitations of this Study

This study will extend its focus beyond assessing effectiveness in improving treatment
outcomes to understanding how mHealth apps might influence self-management of
T2DM.

The methodological quality of all included trials in this study will be thoroughly assessed
in order to ascertain the validity of their findings.

Robust subgroup analyses will provide an understanding of how certain factors or patient
characteristics (such as ethnicity and presence of comorbidities) might affect self-
management of T2DM when using mHealth apps.

A wide range of databases will be searched to ensure that potentially relevant studies are
not missed.

Since only studies published in English language will be considered for this review, this
might introduce some bias. However, we are aware that studies with significant findings
are likely to be published in English language so as to increase their chances of being
cited by others.
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Introduction

Diabetes is a long-term condition and a leading cause of morbidity and mortality world-wide
(1). The past three decades have seen the most dramatic increase in the number of adults living
with diabetes by almost a four-fold; from 108 million in 1980 to 422 million in 2014 (2). Type
2 Diabetes Mellitus (T2DM), the most common type of diabetes in adults, accounts for over
90% of all diabetes cases (1,3). When T2DM is poorly managed, it can easily result in systemic
complications such as coronary heart disease, stroke, kidney failure, retinopathy, and foot
ulcers (4). These complications can further progress to severe disabilities. For example,
diabetic foot ulcers can lead to non-traumatic limb amputation and diabetic retinopathy can
result in blindness (4). Complications and disabilities resulting from poorly managed T2DM
often cause increased socioeconomic burden with associated reduced quality of life and
reduced life expectancy (5,6). A landmark study estimated the cost of Type 2 Diabetes Mellitus
in the United Kingdom in 2010/2011 at £8.8 billion in direct costs and £13 billion in indirect
costs (7). The severity of the burden of T2DM has further heightened the need to improve its
treatment and management.

The treatment of T2DM primarily aims to control blood glucose thereby preventing or reducing
associated complications and disabilities (6). Over the years, there has been a growing body of
evidence to support the role that self-management plays in the treatment of T2DM (8—12). Self-
management is a term used to describe patient’s own responsibilities (including practices and
skills) employed in maintaining good health (13,14). The documented practices and skills
which form critical components of the management of T2DM are mainly healthy eating,
physical activity, blood sugar monitoring, medication adherence, good problem-solving skills,
healthy coping skills and risk-reduction behaviours (10,11,13,14).

Mobile health (mHealth) solutions, which include mobile applications (apps), have been
rapidly gaining popularity in the management of chronic diseases and have further created
opportunities and potential to enhance the ability of T2DM patients for self-management (15—
17). A mobile app is a software application designed to run on smartphones, tablet computers
or similar mobile devices (18). When mobile apps are used for health purposes, they are often
referred to as mHealth apps. They have the ability to facilitate one or more aspects of self-
management by capturing user’s health data and providing tailored information, instructions,
graphic displays, guidance and reminders to users (18-20). In addition, mHealth apps are
designed with aesthetic features to appeal to users and can provide a portable platform for
remote monitoring of patient’s data as well as links to their healthcare providers and social
networks (18-21). More specifically, the definition of mHealth app for self-management of
T2DM in the context of this study is adapted from Pal et al (2014) as any mobile application
which utilises input from a patient by means of communication or processing technology to
provide tailored responses that facilitate one or more aspect of self- management of T2DM
(healthy eating, physical activity, blood sugar monitoring, medication adherence, good
problem-solving skills, healthy coping skills and risk-reduction behaviours) (19).

Although mHealth apps seem promising for influencing self-management of T2DM (22),
concerns have been raised about their quality and safety following evaluation studies which
showed that some of these apps are either poorly designed, do not function as intended or do
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not adhere to evidence-based guidelines (20,21,23,24). While previous systematic reviews
showed modest benefits of mHealth apps in self-management of T2DM, they focussed on
assessing effectiveness in improving treatment outcomes rather than understanding how these
mHealth apps most effectively influence self-management of T2DM (16,19,25-28). The use
of mHealth apps, especially in the context of self-management, is a complex intervention
(influenced by several interacting components including healthy eating, physical activity,
blood sugar monitoring, medication adherence, good problem-solving skills, healthy coping
skills and risk-reduction behaviours) (29). Therefore, extending the focus beyond assessing
effectiveness to understanding how (including when and where) mHealth apps influence self-
management of T2DM is extremely important. This will provide evidence and direction for
better design, implementation, and ultimately, the optimum use of mHealth apps for self-
management of T2DM.

In this article, we present a protocol which describes how a systematic review will be conducted
to determine in what way(s) mHealth apps might impact on self-management of T2DM and
thus provide an additional perspective on how (including when and where) mHealth apps may
influence self-management of T2DM. The protocol is presented in accordance with the
guideline of the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocol
(PRISMA-P) (30). A completed PRISMA-P checklist is provided as Supplementary File 1.

Aim and Research Question

The aim is to determine how mHealth apps might impact on self-management of T2DM. The
review will attempt to answer a crucial research question, which to the best of our knowledge
has not been fully answered by previous systematic reviews; that is, how does the use of
mHealth apps impact on self-management of T2DM in patients compared with other
interventions?

Methods

Study Design

A team comprising of experts from the relevant disciplines (diabetes management, information
and communication technologies, and systematic review methodology) will design, conduct
and report the systematic review. The formation of the review question and search strategy was
guided by the PICO (Participants, Intervention, Comparison, Outcomes) framework (31,32).
The process of the systematic review will follow the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions (33). The reporting of the review will be
guided by the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
statement (34).

Study Registration
This systematic review is registered with PROSPERO (www.crd.york.ac.uk/PROSPERO).
Registration number: CRD42017071106.
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Criteria for Considering Studies for this Review

Type of studies

Only randomised controlled trials will be included in this review with no restriction in the
duration of follow-up. The Consolidated Standards of Reporting Trials (CONSORT) checklist
will be used to judge the reliability or relevance of the findings of RCTs that will be included
in this review (35). The risk of bias will be assessed using the Cochrane The risk of bias will
be assessed using the Cochrane Collaboration’s tool (33).

Types of participants

Patients diagnosed with T2DM will be considered for this review. Studies that included both
Type 1 and Type 2 diabetes patients will also be considered; however, only data on patients
with Type 2 diabetes will be extracted. Studies targeted at only patients with Type 1 diabetes
will not be considered. There will be no age restriction, but participants will be categorised by
age group: <39 years; 40 — 65 years; and >65 years. Older patients are likely to have more
diabetes comorbid conditions (such as raised blood pressure) than younger patients (6), while
younger patients are likely to be more digitally literate and thus more inclined to utilise
mHealth (36).

Diagnostic criteria for T2DM: T2DM is characterised by hyperglycaemia resulting from
progressive insulin resistance and deficiency (37). For consistency, the current WHO/ IDF
diagnostic criteria for diabetes will be maintained i.e. fasting blood glucose > 7.0mmol/l
(126mg/dl) or 2-hour blood glucose > I11.Immol/l (200mg/dl) (38). Where glycated
haemoglobin (HbAIc) is used as a diagnostic criterion, the WHO recommended value of >
6.5% will be used (39). Where diagnostic criteria are not stated, authors will be contacted.

Types of intervention

Only studies on self-management of T2DM that utilised mHealth apps alone, mHealth app
along with usual care or mHealth apps along with a range of other technologies such as
wearable devices (for example, pedometer) or mHealth apps in conjunction with other mHealth
solutions such as texting or messaging will be included in this review. Studies that used
mHealth solutions (such as emailing and texting) exclusively for communication between
patients and health professionals or social networks; or targeted exclusively at health
professionals will not be considered for this review as they provide limited functionality for
self-management.

Types of comparison/control

Comparisons will be made against any type of control. This may include, but not limited to,
standard or usual care, dummy apps or control apps, face-to-face self-management education,
use of paper educational materials, other mHealth solutions (for example, messaging or
texting), computer-based and/or web-based self-management interventions (40).

Types of outcome measures
The outcome measures of this review will be reported as primary and secondary outcomes
based on reported outcomes of included studies.

The primary outcomes will be ‘change in blood glucose’ often reported as glycated
haemoglobin (HbAlc). HbAlc is the gold standard for assessing glycaemic control in diabetic
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patients and each measurement represents average blood glucose over the previous 2—3 months.
HbA 1c measurement does not require any special preparation such as fasting and it can be done
at any time of the day (38). If fasting blood glucose (FBG) is reported rather than HbAlc in
some included studies, it will then be considered as the primary outcome measure; however, it
will be converted to an estimated HbAlc value.

The secondary outcomes will include ‘changes in cardiovascular risk markers (blood pressure
[BP]], body mass index [BMI], low-density lipoprotein cholesterol [LDL-C], high-density
lipoprotein cholesterol [HDL-C], and triglyceride [TG]); patient’s knowledge on T2DM and
self-management; and adherence to self-management practices. Others will include: health-
related quality of life; economic data (such as cost-effectiveness); social support; harms (such
as death or complications leading to hospital admissions or emergency unit attendances); death
from any cause; anxiety or depression; and adverse events (for example, hypoglycaemic
episodes) (40).

Timing of outcome measurement

Where possible, the impact of the intervention at different timings will be measured. The timing
will be grouped into three categories of follow-up as follows: short-term, medium-term and
long-term. Short-term follow-up will be defined as that measured within three (3) months of
the intervention period in order to determine the immediate changes resulting from the
intervention. Medium-term follow-up will be defined as that measured between three (3) and
six (6) months of the intervention period to determine if the changes continue. Long-term
follow-up will be defined as six (6) months and over after the intervention to determine whether
there are changes over time (40). For the overall meta-analysis, the longest follow-up data
available will be used.

Search strategy for the identification of studies

Using the key terms (Type 2 Diabetes Mellitus, self-management, mobile health, mHealth, and
mobile application), a comprehensive search strategy will be designed by two reviewers (BAB
and SOC) with the assistance of a librarian and in consultation with other research team
members. The search strategy will be used to search for all eligible studies including articles,
dissertations, theses, conference proceedings and grey literature (including committee reports
and government reports). Online trial registers for ongoing and recently completed studies will
also be searched. While no restriction will be placed on dates, only studies reported in English
language will be considered.

The following electronic databases will be searched from their inception to April 2019:

PubMed; MEDLINE; EMBASE; Global Health; PsycINFO; CINAHL; The Cochrane Central
Register of Controlled Trials [CENTRALY]); Scopus; Web of Science; ProQuest Dissertations
& Theses Global; HMIC (Health Management Information Consortium) database; Google
Scholar; and ClinicalTrials.gov.

Additional studies will be identified by searching the reference lists of included studies as well
as reference list of relevant systematic reviews and meta-analyses.

A re-run of the entire searches will be done just before the final analyses and any additional
studies found will be included.

A sample search strategy for MEDLINE is provided in Supplementary File 2.
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Selection of studies

All identified articles will be imported into Mendeley reference management software, and
duplicates will be removed. The articles will then be imported into Covidence (a web-based
tool to support the reviewers to manage the data). Two reviewers working independently will
screen each article for possible inclusion in the review. The screening will be done in two stages
(title and abstract, and full text) based on predefined eligibility criteria as highlighted in Table
1. To ensure consistency in the screening process, the two reviewers (BAB and SOC) will pilot
the entire process on ten studies as guided by the Cochrane Collaboration Study Selection and
Data Extraction form (33). A consensus will be reached after discussing and refining the
process. The reasons for excluding any study will be published with the main study. Any
disagreement will be resolved by discussion and where there is an unresolved disagreement, a
third party (JOD) will be invited to resolve the issue which will be justified in a steering group
meeting. The entire selection processes will be described using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (34). The PRISMA
checklist will be completed and attached as an additional file.

Table 1: Predefined criteria for inclusion in the systematic review

Acronym Term Description

P Population Patients with T2DM as defined by
WHO & IDF diagnostic criteria (38,39).

I Intervention Studies on self-management of T2DM

that utilised mHealth apps alone,
mHealth apps along with usual care or
along with a range of other technologies
such as a wearable device (e.g.
pedometer) or mHealth apps in
conjunction with other mHealth
solutions such as texting/messaging.

C Comparison The control groups be used for
comparison. These may include
standard or usual care, dummy apps or
control apps, face-to-face self-
management education, use of paper
educational materials, other mHealth
solutions (for example, messaging or
texting), computer-based and/or web-
based self-management interventions.

o Outcomes Primary outcomes will be change in
blood glucose (HbAIc). The secondary
outcomes will include changes in
cardiovascular risk markers (BP, BMI,
LDL-C, HDL-C, and TG), patient’s
knowledge on T2DM and self-
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management, and adherence to self-
management practices. Others will
include health-related quality of life,
economic data (such as cost-
effectiveness), social support, harms
(such as death or complications leading
to hospital admissions or emergency
unit attendances), death from any cause,
anxiety or depression, and adverse
events (e.g. hypoglycaemic episodes).

Study type Randomised Controlled Trials.

Timing of outcome measure There will be no restriction to the timing
of outcome measures, however, the
timing will be grouped into three
categories: short-term (<3 months of the
intervention period), medium-term (3 to
6 months of the intervention period, and
long-term (=6 months after the
intervention).

Data extraction and management

Two reviewers (BAB and SOC) working independently will extract the characteristics of
selected studies using standard data extraction templates as guided by the Cochrane
Collaboration Study Selection and Data Extraction form (33). Any disagreement will be
resolved by discussion. Where there are inconsistencies or unresolved disagreements, a third
party (JOD) will be invited to resolve the issue which will be justified in a steering group
meeting. To ensure consistency in the extraction process, it will be initially piloted on at least
ten (10) percent of the articles and a consensus reached after discussing and refining the
process. Any missing information that is relevant to this review will be sought from the original
authors of the article by email.

The following characteristics will be included if reported in individual studies (41):

Publication details: authors, year, and country of study

Methods: study design, baseline measure, time points (when data were collected: at
baseline and endpoint), and study setting (location, year, and environment)

Participant characteristics: number of participants, mean age or age range, gender ratio,
ethnicity, socioeconomic group, educational status, duration of T2DM, and participant
inclusion criteria and exclusion criteria

Intervention: description of the content and functions design of the mHealth apps used,
the aspects of self-management, number of participants allocated to the intervention
group, other technologies or interventions used, and duration

Control/comparison(s) group: description of the comparison(s) and number of
participants allocated to the control group
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o Outcomes: description of primary, secondary and other outcomes, list of measurement
tools and devices, unit of measurement for outcomes, and intervention effects on the
outcomes (effect size, 95 % CI, standard mean deviation)

. Additional information: any information that may express conflict of interest or bias will
be noted.

Assessment of risk of bias in included studies
Each study will be assessed independently by two reviewers (BAB and NM). Any
disagreements will be resolved by discussion, or if required, a third party (JOD).

The following bias criteria will be used to assess the risk of bias as recommended in the

Cochrane Handbook for Systematic Reviews of Interventions (33):

o Random sequence generation (selection bias).

o Allocation concealment (selection bias).

o Blinding (performance bias and detection bias), separated for blinding of participants and
personnel and blinding of outcome assessment.

o Incomplete outcome data (attrition bias).

o Selective reporting (reporting bias).

J Other bias.

The risk of bias criteria for RCTs will be judged as ‘low risk’, ‘high risk’ or ‘unclear risk’ and
the use of individual bias items as described in the Cochrane Handbook for Systematic Reviews
of Interventions (33). A ‘risk of bias graph’ figure and ‘risk of bias summary’ figure will be
attached. The impact of individual bias domains on study results at endpoint and study levels
will be assessed.

Data Synthesis

Both qualitative and quantitative analyses are planned for this review.

Qualitative synthesis

For the qualitative analysis of this review, a narrative synthesis approach will be adopted based
on the Guidance on the Conduct of Narrative Synthesis in Systematic Reviews (42). Popay et
al. (p5) defined narrative synthesis as “an approach to the systematic review and synthesis of
findings from multiple studies that relies primarily on the use of words and text to summarise
and explain the findings of the synthesis” (42).

Narrative synthesis approach is adopted for this review so as to develop a preliminary
synthesis; explore relationships within and between studies; and assess the robustness of the
synthesis (42). In preliminary synthesis, the results of included studies are laid out in a
systematic manner to give an overview of the relationships among them allowing for
comparison of direction and size of effects, which will be further explored in the next step. The
next step involves examining the relationships within and between studies categorising and
explaining factors responsible for the differences in direction and effects as well as the interplay
of factors that may influence effectiveness and successful implementation. Finally, the entire
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process of narrative synthesis allows for the methodological quality of included studies to be
scrutinised thereby increasing the robustness of the review.

Quantitative synthesis

Statistical analyses will be performed based on recommendation in the Cochrane Handbook
for Systematic Reviews of Interventions (43). Summaries of intervention effects for each study
will be calculated using risk ratios (for dichotomous outcomes) or standardised mean
differences (for continuous outcomes). For meta-analysis, it is anticipated that there will be
limited scope for the use of fixed-effect model because of the possibility of a range of different
outcome measures and also, the effect sizes are not likely to be identical across studies (44).
For instance, the magnitude of the impact of mHealth apps alone or along with other
technologies (such as wearable devices) or in conjunction with other interventions on self-
management might vary. Therefore, random-effects model will be used as the weights assigned
under random effects are more balanced (44).

Measures of treatment effect

Dichotomous data

The effect size for dichotomous data will be expressed as risk ratios (RR) and 95% confidence
intervals (CI). The risk difference (RD) will be calculated as well as the number needed to treat
for an additional beneficial outcome (NNTB) or the number needed to treat for an additional
harmful outcome (NNTH), when possible.

Continuous data

For continuous outcomes, weighted mean differences and 95% CI will be calculated. If results
for some continuous outcomes are found on different scales and cannot be converted to a
standard scale standardised mean differences will be used.

Time-to-event data
The results will be expressed as hazard ratios (HR) with corresponding 95% CI.

Unit of analysis issues
The review will take into account the level at which randomisation occurred, such as cross-
over trials, cluster-randomised trials and multiple observations for the same outcome.

Dealing with missing data

Relevant missing data will be obtained from original authors if feasible and an evaluation of
important numerical data such as numbers of screened articles, randomised patients, intention-
to-treat (ITT), as-treated and per-protocol (PP) population will be done. Attrition rates, for
example dropouts, losses to follow-up and withdrawals will be investigated and issues of
missing data and imputation methods (for example, last observation carried forward (LOCF)
will be critically appraised.

Assessment of heterogeneity

In the event of substantial clinical or methodological or statistical heterogeneity, report study
results will not be presented as pooled effect estimates. Heterogeneity will be identified by
visual inspection of the forest plots and by using a standard Chi square test with a significance
level of a = 0.1, in view of the low power of this test. Specifically, heterogeneity will be
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examined by employing the I? statistic which quantifies inconsistency across studies to assess
the impact of heterogeneity on the meta-analysis (45,46), where an 12 statistic of 75% and more
indicates a considerable level of inconsistency (43). When heterogeneity is found, an attempt
will be made to determine potential reasons for it by examining individual study and subgroup
characteristics. This is will be reported as qualitative analysis using narrative synthesis.

Assessment of reporting biases
To assess small study bias, funnel plots will be used if more than 10 studies are included for a
given outcome.

Subgroup analyses

Subgroup analyses will be performed for the purpose of assessing whether or not there exist

any differences in the primary outcome influenced by certain factors or patient characteristics;

however, there are scepticisms about the credibility of subgroup effects (47—49). Therefore,
we will ensure that subgroup analyses are conducted majorly if the primary outcome of any

included trial shows statistically significant differences between intervention groups. Where a

trial reports differences in treatment outcome between intervention groups but fails to

demonstrate any statistical significance, subgroup analyses will only be carried out to generate
hypotheses (49). Thus, the following subgroup analyses are planned:

o Ethnicity/country of origin: An American study compared Hispanics with non-Hispanic
Whites, who participated equally in a diabetes education class, and found that Hispanics
were less likely to check their blood glucose daily or examine their feet for any
abnormality. They were, however, more likely to take oral hypoglycaemic agents than
non-Hispanic White (50). Another study showed that Chinese Americans were more
engaged than African Americans in improving most self-management behaviours (51).
We will perform a subgroup analysis to see the effect of ethnicity on self-management
of T2DM when using mHealth apps.

o Comorbidities: A study found that diabetes patients who had higher number of
comorbidities placed lower priority on their disease and hence scored low in their self-
management ability (52). This is likely to affect blood glucose control. Our study will
attempt to find out if this hypothesis holds true for self-management of T2DM when
using mHealth apps.

o Behaviour change model used: Technology-based interventions for diabetes have the
potential to improve self-management; however, it has been argued that in order to
achieve the desired patient benefit or treatment outcome, their design must be guided by
behaviour change or self-care theories (53). We will carry out a subgroup analysis to find
out if this hypothesis also holds for mHealth apps for self-management of T2DM.

Sensitivity analyses

Sensitivity analyses will be performed in order to explore the influence of the following factors

on effect size:

o Restricting the analysis to published studies (RCTs)

J Restricting the analysis taking account risk of bias, as specified above

o Restricting the analysis to long (=12 months) or studies with relatively larger sample
sizes to establish how much they dominate the results
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o Restricting the analysis to studies using the following filters: diagnostic criteria, source
of funding (industry versus other), and country.

The robustness of the results will be tested by repeating the analysis using different measures
of effect size (relative risk, odds ratio etc.) and different statistical models (fixed-effect model
and random-effects model).

Patient and Public Involvement

Although patients and the public were not directly involved in the design of this study, the
development of the research question was primarily informed by patients’ interests in the
research outcomes.

Ethics and Dissemination

This study does not involve collection of primary data from patients, hence it will not require
ethical approval.

A manuscript will be submitted to a peer-reviewed journal for publication. Likewise, a
summary of the findings will be shared with relevant and responsible organisations. In addition,
important findings will be summarised and presented at national and international conferences
such as the Diabetes UK Annual Scientific Meeting, and Society for Academic Primary Care
(SAPC) National Meeting.

Discussion

The use of mHealth apps for self-management is a complex intervention because of the several
interacting components involved (including healthy eating, physical activity, blood sugar
monitoring, medication adherence, good problem-solving skills, healthy coping skills and risk-
reduction behaviours). Hence, improving the design and use of mHealth apps for self-
management of T2DM will require an understanding of how mHealth apps are likely to be
most effective in influencing self-management of T2DM. The majority of previous studies
primarily assessed the effectiveness of mHealth apps in improving health outcomes
(16,25,26,28), but this study will extend its focus to understanding how (including when and
where) mHealth apps might influence self-management of T2DM. We will perform subgroup
analyses to assess any differences in the primary treatment outcome based on certain factors or
patient characteristics such as ethnicity and the presence or absence of comorbidities. However,
where a trial report suggests differences in treatment outcome between intervention groups but
fails to demonstrate any statistical significance, subgroup analyses will only be carried out to
generate hypotheses.

To our knowledge, this is the first published protocol that describes how a systematic review
will be conducted to evaluate the impact mHealth apps might have on self-management of
T2DM. In addition, this review will ensure robust assessment of methodological quality of
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included trials in order to ascertain the validity of their findings and to ensure that the risks of
bias were minimised (33,54).

In most of the previous systematic reviews, limited databases were searched. For instance, Cui
et al 2016 and Liang et al 2011 searched three databases while Frazetta et al 2012 searched
two databases (16,26,28). In this review however, a wide range of databases will be searched
to ensure that potentially relevant studies are not missed. Although only studies published in
English language will be considered for this review, we are cognisant of the fact that studies
with significant findings are likely to be published in English language so as to increase their
chances of being cited by others (55).

Finally, it is expected that the evidence which will be generated from this study will add a new
perspective that will be useful in informing improvement and/or optimisation of design and use
of mHealth apps for self-management of T2DM; thus, potentially improving health outcomes
in patients with T2DM.
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Supplementary File 1: PRISMA-P Checklist

Section and Item Checklist Item Page
Topic No No
ADMINISTRATIVE INFORMATION
Title:
la | Identify the report as a protocol of a systematic review 1
Identification
Update 1b | If the protocol is for an update of a previous systematic review, identify as such NA
Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number 2,5
Authors:
Contact 3a | Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 1
corresponding author
3b | Describe contributions of protocol authors and identify the guarantor of the review 14
Contributions
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; NA
otherwise, state plan for documenting important protocol amendments
Support:
Sources 5a | Indicate sources of financial or other support for the review 15
Sponsor 5b | Provide name for the review funder and/or sponsor 15
Role of 5¢ | Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol 15
sponsor or
funder
INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known 4-5
Obijectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 5
comparators, and outcomes (PICO)
METHODS
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Eligibility 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 6-9
criteria considered, language, publication status) to be used as criteria for eligibility for the review
Information 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 7-8
sources grey literature sources) with planned dates of coverage
Search strategy 10 | Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be Supplementary
repeated File 2
Study records:
Data 11a | Describe the mechanism(s) that will be used to manage records and data throughout the review 9-13
management
Selection 11b | State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the review | 9 -13
process (that is, screening, eligibility and inclusion in meta-analysis)
Data 11c | Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any 9-13
collection processes for obtaining and confirming data from investigators
process
Data items 12 | List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 7-13
assumptions and simplifications
Outcomes and 13 | List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 6-13
prioritization rationale
Risk of bias in 14 | Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the 10-13
individual outcome or study level, or both; state how this information will be used in data synthesis
studies
Data synthesis 15a | Describe criteria under which study data will be quantitatively synthesised 11
15b | If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and methods | 11 — 13
of combining data from studies, including any planned exploration of consistency (such as 1%, Kendall’s 1)
15c | Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 11-13
15d | If quantitative synthesis is not appropriate, describe the type of summary planned 10-11
Meta-bias(es) 16 | Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 11-13
Confidence in 17 | Describe how the strength of the body of evidence will be assessed (such as GRADE) 6,10-13

cumulative
evidence
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Supplementary File 2: Search Strategy for MEDLINE

# | Searches Results
1 | Diabetes Mellitus, Type 2/ 119339
2 | ("type 2 diabet*" or "type Il diabet*").ab,ti. 119790
3 | "type two diabet*".ab,ti. 92

4 | T2D.ab,ti. 6227

5 | T2DM.abti. 13579
6 | "non-insulin dependent diabetes".ab,ti. 9053

7 | NIDDM.abti. 7262

8 | "non insulin dependent diabetes".abti. 9053

9 |[lor2or3ord4or5or6or7or8 166578
10 | self care/ or blood glucose self-monitoring/ or self administration/ or self medication/ 53908
11 | "self manag*".ab,ti. 15167
12 | "self-manag*".ab,ti. 15167
13 | "self treatment”.abti. 1208
14 | "self-treatment".abti. 1208
15 | "self medication".abti. 3165
16 | "self-medication".abti. 3165
17 | "self administ*".ab,ti. 40755
18 | "self-administ*".ab,ti. 40755
19 | "self monitor*".abti. 6891
20 | "self-monitor*".abti. 6891
21 | "self care".ab,ti. 14797
22 | "self-care”.abti. 14797
23|10o0r1lor12or13or14or15o0r16or17or18or 19 or 20 or 21 or 22 107880
24 | Telemedicine/ 16947
25 | mHealth.ab,ti. 1191
26 | m-Health.ab,ti. 217

27 | "mobile Health".ab,ti. 1495
28 | "mobile telephone*".ab,ti. 480
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29 | "mobile phone".ab,ti. 4160
30 | "cell phone*".ab,ti. 2112
31 | "cell-phone*".abti. 2112
32 | "cellular phone*".abti. 733
33 | "cellphone*".ab;ti. 198
34 | "smart phone*".ab,ti. 663
35 | "smartphone*".abti. 4313
36 | "smart-phone*".ab,ti. 663
37 | "handheld computer*".ab,ti. 506
38 | "hand-held computer*".ab,ti. 263
39 | "palmtop computer*".ab,ti. 115
40 | "palm-top computer™".ab;ti. 41
41 | "tablet computer*".abti. 534
42 | "tablet PC".abti. 146
43 | "personal digital assistant*".abti. 1139
44 | "mobile app*".abti. 1463
45 | "medical app*".ab,ti. 8606
46 | Mobile Applications/ 2009
47 | "health app*".ab,ti. 4203
48 | "handheld device*".ab,ti. 574
49 | "hand-held device*".abti. 386
50 | cell phones/ or smartphone/ 8548
51 | "mobile device*".abti. 1855
52 | "software app>".abti. 1721
53 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 50111
or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52
54 |9 and 23 and 53 343
55|23 or53 155055
56 | 9 and 55 6574
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