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Abstract

Background

Diabetes is a common chronic disease that places an unprecedented strain on health care

systems worldwide. Mobile health technologies such as smartphones, mobile applications,

and wearable devices, known as mHealth, offer significant and innovative opportunities for

improving patient to provider communication and self-management of diabetes.

Objective

The purpose of this overview is to critically appraise and consolidate evidence from multiple

systematic reviews on the effectiveness of mHealth interventions for patients with diabetes

to inform policy makers, practitioners, and researchers.

Methods

A comprehensive search on multiple databases was performed to identify relevant system-

atic reviews published between January 1996 and December 2015. Two authors indepen-

dently selected reviews, extracted data, and assessed the methodological quality of

included reviews using AMSTAR.

Results

Fifteen systematic reviews published between 2008 and 2014 were eligible for inclusion.

The quality of the reviews varied considerably and most of them had important methodologi-

cal limitations. Focusing on systematic reviews that offered the most direct evidence, this

overview demonstrates that on average, mHealth interventions improve glycemic control

(HbA1c) compared to standard care or other non-mHealth approaches by as much as 0.8%

for patients with type 2 diabetes and 0.3% for patients with type 1 diabetes, at least in the

short-term (�12 months). However, limitations in the overall quality of evidence suggest that

further research will likely have an important impact in these estimates of effect.
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(2017) Effectiveness of mHealth interventions for

patients with diabetes: An overview of systematic

reviews. PLoS ONE 12(3): e0173160. doi:10.1371/

journal.pone.0173160

Editor: Dongmei Li, University of Rochester,

UNITED STATES

Received: December 6, 2016

Accepted: February 15, 2017

Published: March 1, 2017

Copyright: © 2017 Kitsiou et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0173160&domain=pdf&date_stamp=2017-03-01
http://creativecommons.org/licenses/by/4.0/


Conclusions

Findings are consistent with clinically relevant improvements, particularly with respect to

patients with type 2 diabetes. Similar to home telemonitoring, mHealth interventions repre-

sent a promising approach for self-management of diabetes.

Introduction

Diabetes is a complex chronic disease that afflicts millions of individuals worldwide, resulting

in significant morbidity, mortality, and health care resources utilization [1–6]. With projected

increases in the prevalence of diabetes and costs arising from the long-term complications

incurred by this condition (e.g. cardiovascular disease, strokes, retinopathy, nephropathy, and

amputations), policy makers and health care providers continue to focus on identifying self-

management interventions that improve diabetes care and patient related outcomes. Prior

research has shown that diabetes self-management education and support improve hemoglo-

bin A1c (HbA1c) levels by as much as 1%, reduce the risk of developing debilitating and life-

threatening complications, and have a positive effect on other psychosocial and behavioral

aspects of diabetes [7]. However, providing optimal care for patients with diabetes remains a

challenge for healthcare systems and providers. Patients often encounter various barriers in

adhering to self-management programs due to lack of knowledge and understanding of self-

care activities, lack of individualized and coordinated care, inconvenient and costly education

sessions, and poor patient-provider communication [8].

Mobile technologies such as cell phones/smartphones, handheld tablets, and other wireless

devices known as mHealth, offer new and exciting opportunities for addressing some of these

challenges by enabling remote patient monitoring and delivery of clinical advice through a

wide-range of functions (e.g. text messaging, web browsing, email, and videos). Mobile phones

are now omnipresent with worldwide usage rates nearing 100% (96% globally; 128% in devel-

oped countries; and 89% in developing countries) [9]. The ubiquitous nature of mobile phones

coupled with their constantly evolving processing and connectivity power create opportunities

for new and innovative approaches to support blood glucose and diet monitoring, measure-

ment of daily physical activity, education, and other activities that can facilitate diabetes self-

management and enhance patient-provider communication [10, 11].

Current interest in mHealth interventions to improve management of diabetes has led to a

plethora of empirical studies [12]. Healthcare providers, researchers, and policy makers who

have an interest in the effects of mHealth for diabetes management are inundated with vast

amounts of information from numerous clinical trials and observational studies. Evidence syn-

theses, and in particular systematic reviews (SRs) partly address the problem of information

overload by pooling together and collating all the available evidence from multiple trials. How-

ever, practitioners often find it difficult to reliably retrieve and keep up to date with the grow-

ing volume of SRs that is published in a variety of formats and sources. Furthermore, as with

all types of research, available SRs may vary in quality and their findings can potentially be

flawed due to methodological issues and risks of bias. These flaws can cause a SR to be biased

and potentially misleading for decision-making. Prior research in the area of home telemoni-

toring for chronic disease management has shown that not all SRs are truly systematic and

their methodological quality varies significantly [13, 14]. Hence, critical appraisal and synthesis

of this evidence is needed to provide reliable and accessible information to clinicians and deci-

sion makers. Overviews of SRs (also known as umbrella reviews) [15] are an efficient way to

critically appraise prior reviews and gather the best available evidence in a single source to
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provide broad, cumulative statements that summarize the current evidence and knowledge on

the effectiveness of interventions [16,17]. Such overviews are helpful and can serve as starting

points for decision makers to unpack the evidence towards finding solutions to improving

practice and identify areas where new research is needed [16].

This overview of SRs aims to collect, appraise, and synthesize evidence from multiple SRs

and meta-analyses on the effectiveness of mHealth interventions for patients with diabetes, in

order to provide researchers, policy makers and practitioners with the evidence they need to

make informed decisions. It also aims to identify research gaps that need to be addressed and

develop a series of recommendations for improving the quality of future reviews and studies in

this area.

Methods

Search strategy

We searched MEDLINE, EMBASE, CINAHL, the Cochrane Database of Systematic Reviews,

Database of Abstracts of Reviews of Effect (DARE), and Health Technology Assessment

(HTA) databases, to identify SRs of mHealth interventions for diabetes published between Jan-

uary 1, 1996 and December 31, 2015. Searches were supplemented by hand-searching refer-

ence lists of relevant SRs. The search strategy combined multiple keywords (e.g. mHealth,

telehealth, and text-messaging) with subject heading terms (e.g. diabetes mellitus, cellular

phone, and telemedicine) and specialized clinical queries for SRs (e.g. systematic[sb] in MED-

LINE). No language or publication type restrictions were applied. The full search strategy for

all databases is available in S1 Appendix.

Screening and selection of systematic reviews

Two reviewers (SK and GP) independently examined the titles and abstracts of all the identi-

fied references. Articles eligible for inclusion were SRs (as identified in the PRISMA statement

[18]) examining the effectiveness of interventions involving mobile technologies such as

cellular phones, personal digital assistants (PDAs), tablet PCs (e.g. iPads), and other wireless

devices that can enable remote patient monitoring and delivery of clinical advice through a

wide range of functions and applications (e.g. text messaging, internet, email, and videos) for

self-management of type 1 diabetes (T1D) or type 2 diabetes (T2D). References that clearly did

not meet all of the criteria were excluded. The full-text article of all references that appeared to

be relevant was retrieved and independently assessed by three reviewers in groups of two (SK,

GP, and MJ). Disagreements were resolved through discussion in team meetings.

Assessment of methodological quality

Two reviewers (SK & GP) independently assessed the methodological quality of the included

SRs using AMSTAR [19]. AMSTAR is a validated instrument that uses 11 items to assess the

degree to which the design and execution of a SR are methodologically sound and unbiased.

Each item is categorized into a standardized set of four possible responses: “yes”, “no”, “can’t

answer” or “not applicable”. The items relate to an a priori design, study selection and data

extraction, comprehensiveness of the search strategy, search of grey literature for eligible stud-

ies, reporting of included and excluded studies, presentation of study characteristics, conduct

of risk of bias assessment, appropriateness of methods used to synthesize study findings, for-

mulation of conclusions taking into consideration the overall quality of evidence, publication

bias and conflict of interest assessments. To ensure consistency of assessment between the two

assessors, we developed decision support rules for scoring each criterion (S2 Appendix) [14].
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Based on the results of the critical appraisal, reviews were categorized into three groups:

“lower” (score 0 to 3); “middle” (score 4 to 7); and “upper” (score 8 to 11). These groups reflect

the existence of “major”, “moderate”, and “minor or no methodological limitations” in the

included reviews, respectively [14].

Data extraction and analysis

Two reviewers (SK & GP) independently extracted data from each SR using an electronic form

that was developed for the purposes of this study. All extracted data were checked for consis-

tency and any differences were resolved by discussion. Extracted data included general infor-

mation about the SR (e.g. year of publication, origin, journal, and sources of funding) as well

as specific details about the participants, interventions, comparison groups, and outcomes

(PICO) of the studies included in the reviews. Citation analyses cross-linking individual SRs

with included studies were carried out as a means of identifying the total number of primary

studies by study design and type of diabetes, as well as evaluating the degree of overlap between

the SRs. Results were analyzed and summarized narratively taking into consideration the

methodological quality, scope, and PICO characteristics of each SR.

Results

Our initial search yielded 989 citations after removal of 217 duplicates (Fig 1). Based on titles

and abstracts, we excluded 901 references that clearly did not meet our inclusion criteria. We

then retrieved the full-text of the remaining 88 articles for further examination and manually

screened their references to identify any relevant systematic reviews that were not captured by

the original search strategy. This process yielded another 6 articles. After close examination,

we excluded 78 articles that did not meet our eligibility criteria. The references of the excluded

articles along with the primary reasons of exclusion are available in S3 Appendix. Overall, we

identified 15 SRs eligible for inclusion [20–34], over 16 references. One Cochrane SR [30] was

also published as a journal article [35].

Description of the included systematic reviews

Reviews included in our sample were published between 2008 and 2014. Most (n = 9) were

published from 2012 onward with one third of the reviews being published in 2013 alone. Two

of the SRs were Cochrane reviews. Six reviews originated in the United States, five in the

United Kingdom, two in China, one in Canada, and one in Iran. Despite some overlap, the

individual SRs varied in their scope of inquiry and used different inclusion and exclusion crite-

ria for the selection of eligible studies.

As shown in Table 1, seven SRs included only randomized controlled trials (RCT) [22, 23,

30–34]. The remaining reviews included, in addition to RCTs, non-randomized controlled tri-

als and cohort studies with a pre-post design. Two SRs included only studies that involved

patients with T1D [23,25]; two reviews focused explicitly on adult patients with T2D [30,32];

and the remaining 11 included studies that involved patients with type 1, type 2, or both types

of diabetes. Of these 11 reviews, only 2 analyzed and reported the effects of mHealth interven-

tions separately for each type of diabetes [20, 29].

The number of included studies across the reviews varied significantly (range: 2–21;

median: 10 [95% CI: 8 to 15]) due to differences in the inclusion criteria and search strategies.

Altogether, the reviews identified 22 unique studies involving patients with T1D (7 RCTs, 5

RCOTs, and 10 with other designs); 26 studies across 31 publications involving patients with

T2D (18 RCTs over 23 reports and 8 with other designs); 4 studies involving both T1D and

T2D patients (2 RCTs and 2 with other designs); and 1 study that did not specify the type of
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diabetes of the participants. Figs 2 and 3 present the citation matrices that cross-link with

black boxes the individual SRs with all the published reports of the studies included in them.

The colored boxes indicate the type of diabetes of the participants included in each of these

studies. The full references of the trials are available in S4 Appendix.

Six SRs focused explicitly on the effects of mHealth interventions for patients with diabetes.

The remaining reviews had a broader scope of inquiry: 4 SR examined various remote patient

monitoring interventions in addition to mHealth (e.g. video and tele-conferencing), and 5 SRs
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Fig 1. Screen and selection process.

doi:10.1371/journal.pone.0173160.g001

Effectiveness of mHealth interventions for patients with diabetes

PLOS ONE | DOI:10.1371/journal.pone.0173160 March 1, 2017 5 / 16



Table 1. Characteristics of the included systematic reviews.

Author

(Year)

Number of included studies

(study design) and

participants

Interventions (Length of Follow-

up)

Control Group Main Findings

Baron et al

(2012) [20]

20 (12 RCTs, 2 RCOTs, 1

CCT, 5 Pre-Post), 1840 pts

(T1D: 507 pts, 7 studies; T2D:

1196 pts, 11 studies;

T1D&T2D: 137 pts, 1 study)

Transmission of BG readings and

other information (e.g. meal

content) to an online server via

mobile devices and feedback from

a HCP (3–12 months)

Standard care, mHealth

without HCP feedback, use of

web/personal computer, faxing

/phoning BG readings

Findings from the studies are

somewhat mixed, but do appear to

be more consistently positive for

patients with T2D

Buhi et al

(2013) [21]

17§ (12 RCTs, 2 RCOTs, 3

Pre-Post); 768 pts (T1D: 206

pts, 5 studies; T2D: 427 pts, 11

studies; T1D&T2D: 137 pts, 1

study)

SMS and/or MMS singularly or

combined with other intervention

strategies (e.g. Internet, personal

digital assistants, phone calls, and

patient data monitors) (3–12

months)

No information provided Of the 17 studies, six reported

statistically significant

improvements in blood glucose

concentrations when SMS was

utilized

Cole-Lewis

& Kershaw

(2010) [22]

6§ (4 RCTs, 2 RCOTs); 333

pts (T1D: 198 pts, 4 studies;

T2D: 135 pts, 2 studies)

SMS as the primary mode of

intervention delivery. Other

components included Internet and

email (3–12 months)

Usual care, personal digital

assistant, internet-based

management, email, paper

diary

Significant clinical outcomes noted

included decrease in HbA1c levels

in adolescents and obese and non-

obese adults with diabetes

de Jongh

et al (2012)

[23]

2§ (all RCTs); 132 pts (all T1D) Mobile phone applications (e.g.

SMS and MMS) to support self-

management of diabetes and offer

a way for people to communicate

important information to HCP and

receive feedback (3–12 months)

Usual care, email reminders Studies did not demonstrate a

significant impact from text

messaging on HbA1c: MD -0.15%

(95% CI:-0.77, 0.47) and quality of

evidence is moderate

Free et al

(2013) [24]

13§ (9 RCTs, 3 RCOTs, 1

CCT); 906 pts (T1D: 431 pts, 7

studies; T2D: 338 pts, 5

studies; T1D&T2D: 137 pts, 1

study)

Mobile technology (e.g. PDAs and

cell phones) for wireless

transmission of BG recordings and

delivery of therapeutic advice via

SMS

Usual care; paper diary;

pedometer; access to website;

emails; handheld computer

without insulin dose adviser

Mobile technology-based

interventions for diabetes control

that have statistically significant

effects are small and of borderline

clinical importance: MD -0.27%

(95% CI:-0.48, -0.06)

Herbert et al

(2013) [25]

7 (3 RCTs, 1 RCOT, 1 CCT, 2

Pre-Post); 320 pts (all T1D)

SMS interventions primarily

targeting blood glucose monitoring

reminders or assessment; other

diabetes-related text message

topics included use of insulin,

nutrition and healthy eating, and

physical activity

No information provided Feasibility was demonstrated

across all text message programs,

but HbA1c results were mixed. It

remains unclear whether or not

these programs have an overall

long-term influence on daily T1D

management

Holtz and

Lauckner

(2012) [26]

21 (7 RCTs, 2 RCOTs, 2

CCTs, 6 Pre-Post, 4 feasibility

studies; 985 pts (T1D: 697 pts,

13 studies; T2D: 136 pts, 5

studies, T1D&T2D: 146 pts, 2

study; NR: 6 pts, 1 study

Diabetes self-management

recommendations via SMS and/or

automatic transmission of BG

recordings (2 weeks to 12 months)

No information provided Some positive trends were noted,

such as improved self-efficacy and

hemoglobin A1c. However, many

studies lacked sufficient sample

sizes or intervention lengths to

determine whether the results

might be clinically or statistically

significant

Krishna and

Boren

(2008) [27]

16 (6 RCTs, 1 RCOT, 9 Pre-

Post); 1176 pts (T1D: 251, 7

studies; T2D: 527 pts, 8

studies; Type I & II: 185 pts, 1

study); Note: Included 2 more

studies that did not involve

patients with diabetes

Cell phones combined with SMS,

voice mail, or internet to provide

education, personalized advice,

reminders to perform diabetes self-

management activities, or

motivational messages and transfer

of blood glucose values from

patient to provider

Usual care; conventional

support and paper diary;

absence of weekly SMS

support; conventional insulin

therapy; or verbal advice

during clinic visit

Providing care and support with cell

phones and text message

interventions can improve clinically

relevant diabetes-related health

outcomes by increasing knowledge

and self-efficacy

Krishna et al

(2009) [28]

9§ (all RCTs); 416 pts (T1D:

195 pts, 4 studies; T2D: 221

pts, 5 studies)

Personalized text messages and

voicemail specific to health needs

and personal preferences via cell

phones; phone reminders,

treatment advice, self-care

education and personalized goal-

specific prompts, motivational tips,

and weekly recommendations

Usual care and paper diary; no

SMS support or reminder; self-

help booklet

All studies but one reported

significant improvements in

diabetes-related health outcomes.

Studies that used weekly

recommendations from a nurse to

adjust insulin or medication based

on information input via SMS

showed statistically significant

improvements in HbA1c levels

(Continued )
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investigated the effects of mHealth on a range of chronic conditions that included diabetes as

an identifiable subset. In line with our inclusion criteria, these reviews were included in our

sample because they reported the effects of mHealth interventions for diabetes separately from

other interventions and/or conditions.

The mHealth interventions included in the SRs were diverse in nature and utilized a wide

range of technological innovations, including text messaging (SMS), mobile applications, Blue-

tooth-enabled glucose meters, as well as secure websites/web-portals that could be accessed

through the participants’ mobile device for data entry and patient support. The most prevalent

method for sending blood glucose measurements and/or receiving self-management support

(e.g. encouragement, education, reminders, and recommendations) involved the use of text

Table 1. (Continued)

Author

(Year)

Number of included studies

(study design) and

participants

Interventions (Length of Follow-

up)

Control Group Main Findings

Liang et al

(2011) [29]

21 (13 RCTs, 2 RCOTs, 1

CCT, 5 Pre-Post); 1786 pts

(T1D: 664 pts, 9 studies; T2D:

800 pts, 10 studies; T1D &

T2D: 322 pts, 2 studies)

Most trials used mobile phones with

SMS to deliver blood glucose test

results and self-management

information. Four trials used mobile

phone plus Internet. (3–12 months)

No information provided Studies among T2D patients

reported significantly greater

reduction in HbA1c than studies

among T1D patients (0.8 vs. 0.3%).

Smaller trials were more likely to

report and publish their results if

they found strong effects

Pal et al

(2013) [30]

5§ (all RCTs); 317 pts (all T2D) Mobile phone interventions

involving reminders, transmission

of BG recordings and personalized/

tailored text messages about

lifestyle, exercise, and medication

(3–12 months)

Usual care, face-to-face

diabetes education, faxing/

phoning BG readings to HCP

Mobile phone interventions

involving text-messaging and

clinical feedback have a beneficial

effect on HbA1c levels for T2D

patients: MD -0.5% (95% CI -0.74,

-0.26). However, quality of

evidence is low

Russell-

Minda et al

(2009) [31]

9§ (all RCTs); 421 pts (T1D:

122 pts, 2 studies; T2D: 259

pts, 6 studies; T1D & T2D: 40

pts, 1 study)

Use of mobile phones with SMS

and Internet/Web-based for

transmission of BG recordings,

reminders, and for diabetes

management

No information reported There was moderately strong

evidence from four trials that

mobile phones may have helped

lower HbA1c levels in patients with

type 2 diabetes mellitus

Saffari et al

(2014) [32]

10 (9 RCTs, 1CCT); 960 pts

(all T2D)

Six studies used SMS for sending

and receiving data. In the other

studies, only data were received

through text-messaging by patients.

Four studies used a website along

with SMS for sending and receiving

data (3–12 months)

No information reported Diabetes self-management

education through text messaging

has a considerable effect on HbA1c

levels: -0.59% (95% CI: -0.83,

-0.35). Effect size was greater

among studies that used both SMS

and Internet for health education

Sutcliffe et al

(2011) [33]

3§ (1 RCT, 1 RCOT, 1 Pre-

Post); 128 pts (all T1D)

Text messaging or telemedical

support via cell phones for the

transmission of data and delivery of

user feedback, including reminders

for diabetes self-management tasks

(6 to 8 months)

Usual care alone or with paper-

based diary

Communication technologies,

including mHealth interventions,

may increase the frequency of

contact between patient and HCP.

Effects on clinical outcomes are

unclear

Tao and Or

(2013) [34]

13§ (12 RCTs; 1 RCOT); 1345

pts (T1D: 447 pts, 5 studies;

T2D: 761 pts, 7 studies; T1D &

T2D: 137 pts; 1 study)

Automatic upload of clinical data

(e.g. HbA1c) to software

applications (e.g. websites or other

telemonitoring software) installed in

the phones and transmission of

data to a remote server

Usual care Mobile phone-based interventions

showed statistically significant

reductions in HbA1c levels

compared to usual care: SMD

-0.44% [CI 95%: -0.61, -0.26]

RCT: Randomized Controlled Trial; RCOT: Randomized Crossover Trial; CCT: Controlled Clinical Trial; PTS: Patients; BG: Blood Glucose; HCP: Health

Care Providers; SMS: Short Message Service; MMS: Multimedia Message Service
§ Number pertains only to mHealth studies focused on diabetes; T1D: type 1 diabetes; T2D: type 2 diabetes.

doi:10.1371/journal.pone.0173160.t001
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messages (SMS) via mobile phones (34 out of 53 studies). Twelve studies involved the use of

web-portals that patients accessed through their cell phones to enter diabetes self-care data

and receive feedback. In 19 studies, data entry and transmission of glucose data were per-

formed automatically via Bluetooth-enabled devices or other connectivity methods (e.g. infra-

red transmission or attachment of the glucose device to the mobile phone). In the remaining

studies data entry was performed manually. The majority of studies included in the SRs (38

out of 53) encouraged self-monitoring of blood glucose combined with other intervention

components, such as support of medication adjustment and reinforcement of lifestyle changes.

Half of the studies (26 out of 53) provided educational support to patients via SMS (15 studies)

and/or the Internet (11 studies). In 28 of 53 trials patient data were transmitted daily or more

often. The duration of follow-up ranged from 3 to 12 months.

Glycemic (HbA1c) control was the primary outcome of interest in all the included reviews.

Out of the 15 reviews, only 6 reported other outcomes besides HbA1c. These included changes

in body weight [23, 26], participant satisfaction [25, 26], quality of life [27, 33], self-efficacy

[26, 28, 33], and costs [26, 33]. Five SRs [23, 24, 29, 30, 32] performed a meta-analysis to calcu-

late the effects of mHealth interventions on HbA1c. The remaining reviews used narrative/

qualitative synthesis approaches.

Author - Year Type of Diabetes Search range 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 T1D
Krishna and Boren (2008) T1D, T2D 1966 - 2007 x X 21 22 T2D 
Krishna et al (2009) T1D, T2D 1950 - May 2008 x  X 23 T1D & T2D
Russell-Minda et al (2009) T1D, T2D 1985- May 2008 X 24 25
de Jongh et al (2012) T1D 1993-Jan 2009 X 26 27
Sutcliffe et al (2011) T1D Jan 1990-May 2009 X 28
Cole-Lewis & Kershaw (2010) T1D, T2D 2005 - Jun 2009 X 29 30 31 32 33
Liang et al (2011) T1D, T2D Jan 1990-Feb 2010 X
Buhi et al (2013) T1D, T2D 1950-Jul 2010 X
Free et al (2013) T1D, T2D 1990-Sept 2010 X
Holtz and Lauckner (2012) T1D, T2D 2000 - 2010 x X 34 35 36
Pal et al (2013) T2D 1986- Nov 2011 X
Baron et al (2012) T1D, T2D 2002-Jan 2012 X
Tao et al (2013) T1D, T2D 1990-Jul 2012 X 37
Herbert et al (2013) T1D 2006-2012 X
Saffari et al (2014) T2D Jan 2003-Nov 2013
Note: The number of cited reports shown in this Figure does not necessarily align with the number of RCTs reported in Table 1 for each systema�c review, because several reviews cited mul�ple 
references that cover the same study. References 7, 20, and 21 are reports of the same study. References 14,16,17, and 19 are also reports of the same study (S4). References 1,2,3,11, 
and 15 are randomized cross-over trials. T1D: Type 1 Diabetes; T2D: Type 2 Diabetes.

Fig 2. Citation matrix of previously published reports of randomized controlled and cross-over trials included in the systematic reviews (all

references are available in S4 Appendix).

doi:10.1371/journal.pone.0173160.g002

Author Type of Diabetes Search range 1 2 3 4 5 6 7 8 9 10 11 12 T1D 
Krishna and Boren (2008) T1D, T2D 1966 - 2007 x x x x x x x X 13 14 15 T2D
Sutcliffe et al (2011) T1D Jan 1990-May 2009 X 16 17 18 T1D & T2D
Liang et al (2011) T1D, T2D Jan 1990-Feb 2010 x x x x x x X Not reported
Buhi et al (2013) T1D, T2D 1950-Jul 2010 x x X 19
Free et al (2013) T1D, T2D 1990-Sept 2010 x X
Holtz and Lauckner (2012) T1D, T2D 2000 - 2010 x x x x x x x x x x x x X 20
Baron et al (2012) T1D, T2D 2002 - Jan 2012 x x x x x x X 21
Herbert et al (2013) T1D 2006-2012 x x x
Saffari et al (2014) T2D Jan 2003-Nov 2013 x

Fig 3. Citation matrix of previously published observational, non-randomized controlled, and uncontrolled trials included in the systematic

reviews (all references are available in S4 Appendix).

doi:10.1371/journal.pone.0173160.g003
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Methodological quality of the included systematic reviews

As shown in Table 2, the methodological quality of the SRs varied considerably and the major-

ity of them had important limitations. Only 3 reviews were found to be of high quality, achiev-

ing a score of 8 or more on the 11-point AMSTAR scale [23, 24, 30]. These reviews adhered to

all or most of the methodological criteria, indicating minimal bias in their design and execu-

tion. Of the three high quality reviews, two were Cochrane SRs. Cochrane reviews are inter-

nationally recognized as the highest standard in evidence-based health care, with rigorous

procedures and reporting requirements. Six reviews were of moderate quality, scoring between

4 and 7 AMSTAR points, and six reviews were of low quality scoring less than 4 points. As

shown in Table 2, the majority of SRs performed poorly in several domains. All but one SR

(n = 14, 93%) failed to assess the sources of support or conflict of interest in the included stud-

ies (Q11) and 80% (n = 12) did not provide evidence of a published a priori protocol (Q1).

Also, most reviews (n = 12, 80%) did not search the grey literature for eligible studies (e.g. con-

ference proceedings) and restricted their search to English articles only (Q4), which in turn

increases the risk for publication and language bias. Only 3 SRs provided a list of excluded

studies along with reasons for exclusion of each study (Q5). In more than half of the reviews

(n = 8, 53%) there were no details on the number of reviewers involved in, or the process used

for, the selection of studies and data extraction, which also raises concerns about the potential

subjectivity of decisions at these stages. Finally, one third of the reviews did not appraise the

quality of the included trials to identify potential sources of bias (Q7), and approximately half

of the included SRs formulated conclusions without taking into consideration the scientific

quality of the included trials (Q8). Hence, the possibility that biased studies have inflated the

results of these SRs cannot be ruled out. In addition to the methodological issues identified

Table 2. Methodological quality of systematic reviews based on AMSTAR criteria1,2.

Authors (Year) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Total

Pal et al (2013) [30] Y Y Y Y Y Y Y Y Y Y Y 11

de Jongh (2012) [23] Y Y Y Y Y Y Y Y Y N N 9

Free et al (2013) [24] Y Y Y N Y Y Y Y Y Y N 9

Liang et al (2011) [29] N Y Y N N Y Y Y Y Y N 7

Sutcliffe et al (2011) [33] N Y Y Y N Y Y Y Y N N 7

Tao and Or (2013) [34] N Y Y N N Y Y Y Y Y N 7

Saffari et al (2014) [32] N Y Y N N Y Y N Y Y N 6

Russell-Minda et al (2009) [31] N CA Y N N Y Y Y Y N N 5

Cole-Lewis & Kershaw (2010) [22] N CA Y N N Y Y N Y N N 4

Baron et al (2012) [20] N N CA N N Y Y Y N N N 3

Holtz and Lauckner (2012) [26] N CA Y N N Y N N N N N 2

Krishna and Boren (2008) [27] N CA N N N Y N N Y N N 2

Buhi et al (2013) [21] N CA CA N N Y N N N N N 1

Herbert et al (2013) [25] N CA CA CA N Y N N N N N 1

Krishna et al (2009) [28] N CA N N N Y N N N N N 1

% of SRs meeting each criterion 20% 47% 67% 20% 20% 100% 67% 53% 67% 33% 7% μ = 5

1Q1: A priori design; Q2: Duplicate study selection and data extraction; Q3: Search comprehensiveness; Q4: Inclusion of grey literature (e.g. non-English

articles, and conference proceedings); Q5: Included and excluded studies provided; Q6: Characteristics of the included studies provided; Q7: Scientific

quality of the primary studies assessed and documented; Q8: Scientific quality of included studies used appropriately in formulating conclusions; Q9:

Appropriateness of methods used to combine studies’ findings; Q10: Likelihood of publication bias was assessed; Q11: Conflict of interest–potential

sources of support were clearly acknowledged in both the systematic review and the included studies.
2 “Y” (Yes): Criterion met; “N” (No): Criterion not met; CA: Cannot answer; We awarded one point to each item that scored “yes” and summed these to

calculate a total score for each review.

doi:10.1371/journal.pone.0173160.t002
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through the AMSTAR instrument, during data extraction and citation analysis we found that

three reviews [21, 28, 31], double-counted the results of single trials with duplicate publications

and companion papers describing the same study.

Effects of mHealth interventions on glycosylated hemoglobin (HbA1c)

Of the 15 SRs, four reported the effects of mHealth interventions on HbA1c separately for

patients with T1D [20, 23, 25, 29]. Two of the four reviews pooled study results into a meta-

analysis and achieved higher methodological quality scores (AMSTAR score > 7) [23, 29]. The

review by de Jongh et al [23] investigated the effects of mobile phone messaging interventions

utilizing only SMS or MMS to facilitate patient to health care provider communication and

self-management of long-term illnesses, including diabetes. Pooled studies (n = 2 RCTs,

132 patients) did not demonstrate a significant impact from text messaging on HbA1c [MD

-0.15% (95% CI: -0.77, 0.47], and the overall quality of evidence was ranked as “moderate” due

to the small number of included studies and participants. Hence, strong conclusions on the

effectiveness of text messaging in supporting self-management of diabetes could not be drawn.

The review by Liang et al [29] had a slightly broader scope of inquiry and included studies that

combined SMS messages with Internet applications (e.g. web-based applications) for the trans-

mission of self-monitored blood glucose data (daily or more often), reinforcement of lifestyle

management including diet and exercise intervention, and delivery of education and medica-

tion adjustment. Pooled results from 9 studies (645 patients) showed positive, but clinically

and statistically insignificant reductions on HbA1c [0.3% (95% CI: 0.0, -0.5%)], with high sta-

tistical heterogeneity among study results in terms of magnitude of effects (I2 = 67.5%). The

two SRs that synthesized study results narratively and achieved lower methodological quality

scores [20, 25], concluded that findings across the included trials were somewhat mixed for

T1D patients and that it remained unclear whether text-messaging interventions via cell

phones have an overall long-term influence on daily T1D management.

With respect to T2D, out of the 15 SRs only four analyzed and reported results separately

[20, 29, 30, 32]. Three reviews performed meta-analysis, while one review synthesized results

narratively. The Cochrane review by Pal et al, which achieved the highest AMSTAR score (11),

found that mobile phone interventions involving text-messaging and clinical feedback have a

beneficial effect on glycemic control [MD of -0.5% (95% CI: -0.74, -0.26), 3 trials, 280 patients].

However, quality of evidence was ranked as “low” by the review authors due to the indirectness

of outcome measures and small number of included studies. In a larger meta-analysis that

included 10 trials of T2D patients, Liang et al [29] found strong evidence that mobile-phone

based interventions involving transmission of BG measurements and clinical feedback, lead to

statistically significant improvements in glycemic control [MD -0.8% (95% CI: -1.11, -0.5%).

Similar results were also found in a more recent review by Saffari et al [32] (MD 0.59% [95%

CI: -0.83 to -0.35] 10 studies, 960 participants]. The authors of this review noted that the effect

size was greater among mHealth studies that combine text-messaging with the capabilities

of the Internet for the delivery of health education compared to SMS alone (MD -0.85% vs

-0.43%). However, statistical heterogeneity was high among study results in both of these SRs

[29, 32] (I2>65%), suggesting that in future studies the magnitude of intervention effect may

vary considerably depending on other study characteristics. In addition, both SRs [29, 32]

found evidence of publication bias, with smaller trials being more likely to report and publish

their results if they found strong effects. For their part, Baron et al [20] concluded that studies

involving T2D patients appear to be more consistently positive compared to T1D.

Of the 9 SRs that examined the effectiveness of mHealth interventions without differen-

tiating between T1D and T2D in the analysis and synthesis of results, 7 reviews reported
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improvements in HbA1c levels with the intervention [22, 24, 26–28, 31, 34], and two reviews

had mixed results [21, 33]. The review by Free et al [24] which achieved the highest AMSTAR

score (9) found that mobile technology-based interventions improve glycemic control, but

the effects were small and of borderline significance (MD -0.27% (95% CI:-0.48, -0.06), 5 trials,

I2 = 8.5%).

Discussion

This umbrella review identified, critically appraised, and synthesized evidence from 15 SRs

that evaluated the effectiveness of mHealth interventions, involving the use of mobile devices

and applications for remote patient monitoring and delivery of clinical feedback for self-man-

agement of diabetes. The reviews included 52 unique studies, most of which were RCTs,

published between 1996 and 2014, and evenly distributed between T1D and T2D. To our

knowledge, this is the first overview of SRs to pool together in a single source 18 years of

mHealth research evidence in the area of diabetes. A major strength of this overview is the use

of rigorous methods suggested by the Cochrane Collaboration [17] with the intent to minimize

the impact of bias arising from the different sources within and across the included SRs, as

well as the overview process itself. More specifically, we carried out a comprehensive search to

identify all relevant SRs, performed study selection, data extraction, and quality appraisal in

duplicate manner and used a structured, standardized approach that has been developed to

help synthesize and rank the evidence across SRs with complex and diverse interventions

[14,17]. Nonetheless, the results of this overview are inevitably constrained by the methodolog-

ical quality and reporting characteristics of the included SRs [36], as well as the quality of

evidence within these reviews. Using the AMSTAR instrument, we found that the methodo-

logical quality of SRs in this area is suboptimal. Nearly half of the SRs (n = 6; 40%) are charac-

terized by important methodological limitations and risks of bias that impair their internal

validity and limit their usefulness for clinical and policy decision-making purposes. In addition

to the methodological quality, another key issue that was identified relates to the grouping of

T1D and T2D studies in the analysis and synthesis of results. Despite important differences in

the demographic characteristics and management approach of T1D and T2D patients, most

SRs in our sample (60%, n = 9) mixed the results of the trials and did not differentiate the

effects of mHealth interventions between types of diabetes. This is an important limitation that

influenced the results of these reviews and made the interpretation of their findings difficult

due to the clinical heterogeneity of the included studies. Taken collectively, the findings of

our critical appraisal highlight an urgent need to further improve the rigor of future SRs of

mHealth interventions in the area of diabetes.

Focusing on the high-quality SRs that offered the most direct evidence, this overview dem-

onstrates that on average, mobile phone-based interventions with clinical feedback improve

glycemic control (HbA1c) compared to standard care or other non-mHealth approaches by as

much as 0.8% for patients with T2D and 0.3% for patients with T1D, at least in the short-term

(�12 months). The available evidence effectively rules out relatively larger treatment effects

(HbA1c >1%). Nonetheless, these findings are consistent with clinically relevant improve-

ments, particularly with respect to patients with T2D [37]. Based on the exploratory subgroup

analyses of two reviews [29, 32], mean reductions in HbA1c appear to be more pronounced in

interventions that combine text-messaging with Internet functionalities for self-monitoring of

blood glucose and delivery of clinical feedback, including health education. Stand-alone text-

messaging interventions (single media approach), although effective, have a smaller effect on

HbA1c by as much as 0.4%. Also, studies with daily intervention frequency and interactive

communication between patients and providers reported greater reductions in HbA1c than
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those with weekly intervention frequency or unidirectional data collection approaches [29,

32]. However, these findings are exploratory in nature and therefore, should be interpreted

with caution. At best, they should be tested as new hypotheses in future trials. Limitations in

the quality of evidence such as risk of bias in the clinical trials included in the SRs, statistical

heterogeneity between study results in terms of magnitude of effects, and evidence of publica-

tion bias, suggest that future research is very likely to have an important impact on our confi-

dence and change these estimates of effect. The presence of publication bias in the available

evidence should be further explored in future SRs. The reviews that found evidence of publica-

tion bias on the basis of statistical tests and visual inspection of funnel plots did not search for

eligible studies in the grey literature [29, 32, 34]. Hence, the possibility that publication bias

may have been an artefact of the search limitations of the reviews rather than non-publication

of small studies with small or negative effects cannot be excluded.

Patients with T1D represent a unique population with challenging circumstances. Studies

including adolescents and young adults with T1D frequently have higher HbA1c levels overall

due to hormonal fluctuations, difficulty with increasing demands of diabetes self-care, resis-

tance to parental and health care provider involvement, competing priorities with school or

work, and personal life/social stressors [38]. Under these circumstances, mHealth interven-

tions may have limited impact on glycemic control, similar to other traditional behavioral

interventions studied in the past over a longer period of time [37]. However, as younger age

groups demonstrate higher utilization of mobile devices for most communications, it is com-

pelling for researchers to further investigate the impact of real-time, multi-media approaches

to diabetes self-management. Strategies such as gamification, decision aids, and social media

among others should systematically be explored in future trials, beyond efforts to simply

increasing self-monitoring and transmitting monitoring results [11]. Future studies should

also explore the use and impact of diabetes mobile apps that are publicly available through the

Apple and Google Play stores. Most trials included in the SRs involved proprietary applications

that are not available to the general public. However, as the rates of smartphone ownership

and availability of diabetes self-management apps increase [39, 40], it is important to investi-

gate the safety and clinical effectiveness of these apps.

Prior research has shown that when mHealth interventions are designed with a theoretical

basis and the content of the intervention is dynamic and adaptive to the needs of each individ-

ual, the outcomes are more likely to be successful [22,41]. However, the findings of this review

indicate that there is insufficient evidence to determine whether mHealth interventions that

are adaptive in nature or based on behavioral change theories are more effective than others.

Only few primary studies included in the SRs specified a theoretical basis for the intervention

and none of the SRs attempted to explore the impact of theory-based methods and interven-

tions on clinical outcomes. It is not clear whether this is an issue of underreporting in the orig-

inal studies or lack of theoretical basis due to well-established practice guidelines for managing

T1D and T2D [41]. Future empirical studies should improve clarity of reporting with respect

to the use of behavioral change theories or models, and other relevant intervention details (e.g.

use of adaptive, interactive, or dynamic interventions). Subsequently, SRs should attempt to

examine and synthesize evidence on factors related to behavioral change, attitude towards

technology and perceived value in order to inform the design of future interventions and opti-

mize their success. In order to leverage mHealth technologies effectively, it is important to

understand the mechanisms of behavioral change and factors that affect the adoption of these

technologies by patients. The use or lack of theoretical models may be used to better under-

stand and explain variations in the effectiveness of mHealth interventions for diabetes across

different age groups (heterogeneity of treatment effects). It is also important to further investi-

gate and build evidence on the optimal type of mHealth interventions (i.e. “modality” of SMS,
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reminders, education etc.) that would be most effective across different types of patients, with

various characteristics. Although mHealth interventions may increase the frequency of contact

between patients and health care providers, a more thorough assessment of the behavioral

change among providers and the impacts of these interventions on the process of care should

also be closely examined.

There is also necessity for further development of research that investigates the impact of

mHealth interventions on the utilization of health care services (e.g., emergency room visits

and hospitalizations). With the continuous increase in health care costs and focus on quality,

several health care systems face the challenge of caring for a constantly growing number of dia-

betes patients at minimal cost. As a result, a shift of patient care away from health care organi-

zations is necessary to reduce congestion in these settings and to diminish costs. Alike home

telemonitoring programs, mHealth represents a promising approach for achieving these objec-

tives. Yet, systematic evaluation of its effects on the consumption of conventional health care

services has not been conducted so far to support its wide diffusion. Studies included in the

SRs provided little information about the cost of the interventions and did not include cost-

effectiveness evaluations, preventing managers and policy makers from confirming their eco-

nomic viability [20, 22, 29–31]. Importantly, no observations were made in relation to the

effects of mHealth on health care providers, their acceptance of this approach, and their con-

cerns about it, which are important issues to consider in future studies [26]. Further, a com-

parison between the time spent by health care providers delivering individual feedback and

tailored advice via email or SMS and the time spent by them otherwise caring for exacerbated

cases and complications that could have been minimized by the use of mHealth interventions

is worth examining to have a clearer idea of the actual long-term and overall effects of this

approach on clinicians’ workloads. The treatment effects found in SRs with mHealth interven-

tions would be important if they could be achieved and sustained across the general population

via text messaging and Internet technologies at very low cost, but far from cost-effective if they

required significant support from nurses and other HCP and/or additional drugs [30]. When

considering the abovementioned issues, future randomized controlled trials should consider

adequately-powered samples of patients and be conducted over longer periods of time to be

able to draw firm conclusions regarding both the perceived and objective impacts of mHealth

interventions on patients with diabetes [26].
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