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Abstract

no publication bias.

of the intervention.

Background: As an insulin-dependent disease, type 1 diabetes requires paying close attention to the glycemic
control. Studies have shown that mobile health (mHealth) can improve the management of chronic diseases.
However, the effectiveness of mHealth in controlling the glycemic control remains uncertain. The objective of this
study was to carry out a systematic review and meta-analysis using the available literature reporting findings on
mHealth interventions, which may improve the management of type 1 diabetes.

Methods: We performed a systematic literature review of all studies in the PubMed, Web of Science, and EMbase
databases that used mHealth (including mobile phones) in diabetes care and reported glycated hemoglobin
(HbA1c) values as a measure of glycemic control. The fixed effects model was used for this meta-analysis.

Results: This study analyzed eight studies, which involved a total of 602 participants. In the meta-analysis, the fixed
effects model showed a statistically significant decrease in the mean of HbA1c in the intervention group: —0.25
(95% confidence interval: — 041, —0.09; P=0.003, I = 12%). Subgroup analyses indicated that the patient’s age, the
type of intervention, and the duration of the intervention influenced blood glucose control. Funnel plots showed

Conclusions: Mobile health interventions may be effective among patients with type 1 diabetes. A significant
reduction in HbA1c levels was associated with adult age, the use of a mobile application, and the long-term duration
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Background

Type 1 diabetes mellitus (T1DM) is a metabolic disease
characterized by hyperglycemia [1]. This disease, also
referred to as insulin-dependent diabetes, occurs in all
age groups, but especially in children and adolescents
[2]. With an increasing worldwide incidence of approxi-
mately 3% to 4% a year [3]. In the United States, the
number of young patients with TIDM has been pre-
dicted to increase by 23% over the next 40years [4].
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Although T1DM accounts for only 5-10% of all cases of
diabetes, the prevalence of T1DM is increasing in most
countries around the world [5]. The significant effect
that poor glycemic control can have on the health of pa-
tients with TIDM [6], includes failure to achieve ad-
equate levels of glycemic control ultimately results in
damage to a wide range of organs, most notably the
eyes, kidneys, heart, blood vessels, and nerves [7]. With
the growing number of individuals with T1DM, improv-
ing diabetes care to decrease the health and economic
burden caused by the disease is viewed globally as an
important goal [1, 8].

Studies have shown that continuous self-health
management strategies positively impact many aspects
of T1DM, including preventing complications and
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improving both metabolic control and quality of life
[9-11]. However, the diabetes education provided in
clinics and hospitals is limited, and the availability of this
education is severely restricted. The market penetration of
mobile phones is extensive, and they currently meet a var-
iety of user needs [11-13]. In 2015, it was reported that
88% of American teens either owned or had access to a
mobile phone, compared with 45% in 2004 [14]. At
present, mobile phones, apart from their recreational
function, are becoming instruments of patient education
and support and are also helpful for health care profes-
sionals [15, 16]. A number of studies have shown that mo-
bile phone, telehealth and similar movements with
increasing popularity as the tools to aid persons with dia-
betes in the managing of their condition while lowering
costs [17, 18]. New mHealth technology can also improve
the quality of life of diabetic patients [19, 20]. The im-
pact of mHealth interventions on the control of
HbA1lc levels in type 2 diabetes is clinically significant
and has been well documented [21, 22]. Toma et al.
[23] investigated the effectiveness of online social net-
working services or mobile phone use as a manage-
ment intervention for patients with diabetes, finding
that social networking services interventions benefi-
cially reduced Hemoglobin Alc (HbAlc) when com-
pared with the non user. This finding was confirmed
by sensitivity analysis; there was a significant reduc-
tion in HbAlc in the intervention group (weighted
mean difference [WMD]=0.46%; 95% confidence
interval [CI]: 0.58-0.34). A number of studies have
evaluated the use of mHealth in the management of
patients with T1DM; however, these studies’ results
have varied [24—26], and the effectiveness of mHealth
on glycemic control remains uncertain.

Therefore, the objective of the present study was to con-
duct a systematic review and meta-analysis of published
studies to evaluate the efficacy of interventions including
mHealth compared with other interventions to control
HbA1c levels in populations of children and adults.

Methods

Search strategy

Studies published in English were identified by searching
PubMed, Web of Science, and EMbase. In addition, we
searched within the reference lists of identified papers.
We searched for studies published through June 2016
using combinations of the following search terms:
“mHealth,” “mobile health,” “text-messaging,” “mobile
application,” “type 1 diabetes,” “diabetes mellitus,” and
“randomized controlled trial.” These search terms were
connected or used alone using “and” or “or,” and the
search strings were developed according to the charac-
teristics and requirements of each database and the
particular search engines employed.
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Inclusion and exclusion criteria

The authors made a selection from the identified articles
for this review. We defined patients with T1IDM as those
who had been diagnosed by a physician, and we selected
interventions that lasted more than three months (the
time the experimental group wused the mHealth
programme) [27]. Participants with TIDM were included
regardless of gender, age, race, or nationality. To be
included in this study, the patients had to have the
reading and writing skills necessary to complete their
medical histories and the questionnaires independently.
Additional inclusion criteria were as follows: (1) ran-
domized controlled trials with mHealth as an interven-
tion (i.e., the interventions included mobile applications
or text messages); (2) the inclusion of a comparison of
standard therapies (i.e., receiving the standard educa-
tional approach, without mobile applications or text
messages); (3) reporting HbAlc as an outcome, with
values measured at both baseline and at the end of the
study for each group; and (4) written in English. Studies
were excluded if they (1) included patients with Severe
diabetic complications(Diabetic foot, Diabetic heart dis-
ease.etc); (2) had mixed patient populations (type 1 and
type 2 diabetics); (3) conducted interventions by voice
via telephone; (4) covered only the use of insulin pumps,
artificial pancreas, or continuous glucose monitoring
equipment; (5) duplicate publications of the same data
set; (6) drew upon original data that was not available;
(7) were limited to pregnant women or other special
populations with TIDM. All analyses for the present
study were based on previous published research; thus,
no ethical approval or patient consent were required.

Data extraction and quality assessment
Two reviewers independently scanned the electronic
records to identify potentially eligible trials. A standard
data extraction sheet was used to extract and sort these
trials independently. All discrepancies were resolved in
discussion with a third reviewer. We included studies
that met our inclusion criteria. The variables extracted
from the studies included country of origin; year of
publication; number of participants; participants’ age,
sex, diabetes duration, and HbAlc at baseline and at
follow-up; the intervention; and the follow-up time. We
reported duplicate publications of the same data set only
once. For studies with more than one intervention
group, we considered the most intensive intervention to
be the experimental one. Following the search strategy
described above, no studies were included for which the
necessary data from the original study were not
reported.

The risk of bias was assessed using the Cochrane
Collaboration tool [28]. The studies were rated according
to five predefined categories: (1) random sequence
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generation; (2) quality of allocation concealment; (3)
quality of blinding; (4) freedom from incomplete data; and
(5) freedom from selective reporting. The risk of bias in
each area was scored as high, low, or unclear.

Data synthesis and analysis

We determined that the primary outcomes used the
fixed effects model and weighted mean difference
(WMD). Analysis was conducted using Review Manager
Version 5.3 for Windows (The Cochrane Collaboration,
Software Update, Oxford, UK). Heterogeneity was
measured using Cochrane’s Q and the I° index to test
whether the studies were homogeneous, the p value of
the Q-test and the I? index were set at 0.10 and 50%,
respectively. If P>0.10 and I°<50%, the results of
homogeneity were considered good, and the fixed effects
model was used for analysis. Otherwise, the random

Page 3 of 10

effects model was used. The meta-analysis test level was
set at a =0.05. Subgroup analyses further explored the
effects of different ages, types of interventions, and
intervention durations on the study results. A funnel
plot was used to detect publication bias.

Results

Literature screen

This systematic review was structured according to the
Preferred Reporting Items for Systematic Review and
Meta-Analyses guidelines [29]. From 5302 citations, 424
publications were identified as potentially eligible stud-
ies, and the full text of these publications was retrieved
and assessed. Eight studies met the inclusion criteria
[24-26, 30-34]. Details of the screening process and
results are presented in Fig. 1.

Atrticles identified through database Searching (n=5302);
Pubmed (n=1352), web of science (n=1542), Embase (n=2408)

Y

» Duplicates Articles (n=2111)

Atrticles after duplicateds removed (n=3191)

Atrticles excluded n=2767, title and abstract:

y

L -Not relate this study n=2270
-Not type 1 diabetes n=372
-Special population,complication n=125

Potential ellgible full-texts screened n=424

Articles excluded n=416

- Not randomized controlled trial n=112
- Including type 2 diabetes n=136

y

Atrticles include in
meta-analysis n=8

(PRISMA) guidelines

Fig. 1 Flow diagram for study selection according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses

> -Not SMS or Mobile apps n=81
-Not report HbAlc n=9
-Review and conference abstract n=33
- Other not meet the inclusion criteria n=43
-Duplicate publication n=1
-Unable to find original n=1
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Study characteristics

The studies that were included in the systematic review
are listed in Table 1. All of the eight eligible studies were
published from 2005 to 2016. They included a total of
638 patients, 325 of whom were randomly assigned to
intervention groups; 313 were assigned to control
groups. A total of 578 patients (90.5%) completed the
respective intervention studies, there were 293 people in
the intervention group and 285 in the control group. A
total of 602 people were analyzed. And, for the six refer-
ences that calculated the sample size, the power was
greater than 80%. There was no statistically significant
difference in the rate of loss to follow-up between the
intervention group and the control group. Two studies
were conducted in the United States, five in Europe, and
one in Australia. The shortest study was 3 months in
duration, and the longest was 12 months. Three studies
had durations of 3-5months, and five studies had
durations longer than 6 months. In three studies, the
intervention was only use mobile phone text messages,
while the remainder used mobile phone applications.

Outcomes

Comparison of HbA1c levels at baseline and follow-up
There was no difference in HbAlc between the inter-
vention and control groups at baseline, the mean of
HbAlc (95% confidence interval) is (0.00 [-0.15,
0.14]; P= 0.97). There was a significant reduction in
the follow-up HbAlc in the intervention group, com-
pared with their baseline HbAlc (- 0.54 [-0.80, - 0.28];
P =0.0001). In contrast, the standard-care group showed
no significant difference between baseline and follow-up
HbAlc (-0.18 [-0.45, 0.08]; P= 0.17), obtained before
and after the intervention. There was a significant differ-
ence in the pooled HbAlc change from baseline between
the mHealth and standard-care groups (- 0.25 [-0.41, —
0.09]; P=0.003) (Fig. 2). Regarding statistical heterogen-
eity, the variability in effect estimates (2=12%, P=0.34)
showed the homogeneity of the intervention effects across
the primary studies was good. Therefore, the fixed effects
model was used for the primary data analysis.

Subgroup analyses of different ages, types of
intervention, and intervention durations

To assess the effects of different characteristics on the
intervention, we performed subgroup analyses grouped
by age, type of intervention, and intervention time. The
results showed that adult patients, using mobile
applications for patient management, the implementa-
tion of a longer period of intervention on patients with
HbA1c control is effective (Table 2).

1) Age
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Because T1DM is managed differently in different age
groups [35], we analyzed a youth group and an adult
group. We found that the change in HbAlc in the youth
group was not significant (- 0.05 [- 0.43, 0.33]; P = 0.80).
In the adult group, however, there was a significant
change in HbAlc (- 0.29 [- 0.47, - 0.11]; P = 0.001).

2) Types of interventions

For the subgroup analyses of different types of inter-
ventions, intervention methods were classified into two
categories: text messages (including automated Internet
text messages and short message service [SMS]) or
mobile applications about diabetes self-management.
The use of SMS as an intervention was not associated
with a significant decrease in HbAlc (-0.20 [-0.73,
0.32]; P=0.44), whereas HbA1lc levels were better con-
trolled with the use of mobile phone applications (- 0.25
[-0.42, - 0.08]; P =0.003).

3) The duration of the interventions

We created two subgroups: interventions of less than
6 months and interventions of more 6 months. The
results showed significantly decreased HbAlc levels in
the group with interventions of more than 6 months
(0.29 [- 0.46, — 0.11]; P=0.001). In the group with inter-
ventions of less than 6 months HbAlc did not signifi-
cantly change (- 0.01[- 0.44, 0.41]; P = 0.95).

Risk of bias

The risk of bias of the included studies is shown in
Figs. 3 and 4. All of the studies were randomized and
therefore at a lower risk of bias. This was because of the
nature of the intervention; some of the studies could not
use blinding, which influenced the confidence of the
synthetic results. All of the studies were free of incom-
plete outcome data, and all of the trials were free of se-
lective outcome reporting.

Publication bias

Publication bias was assessed by a funnel plot (Fig. 5).
Each study was symmetrically distributed on both sides.
No significant publication bias was observed.

Discussion

Maintaining a healthy lifestyle in patients with TIDM is
fundamental to their health status and welfare. The main
objective of the present study was to provide the most
recent information on mHealth, and the findings are
based on studies conducted in different countries.
Among the reviewed studies, all applied randomized
controlled designs, which enhanced the comparability of
the outcomes. In the fixed effects model used in the
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Fig. 2 Forrest plots demonstrating the effect of mobile health on HbATc
A\

meta-analysis, heterogeneity less than 50%, indicating
that the results are relatively reliable. The results of this
meta-analysis showed that using mHealth interventions
reduced HbAlc relative to no mHelath control groups.
Our results are consistent with research on the manage-
ment of chronic diseases [36, 37], which has demon-
strated improved medication adherence with the use of
text messages or mobile applications [38]. However, it
should be noted that some studies have found no signifi-
cant difference in HbAlc between intervention and con-
trol groups. This may be due to the greater emphasis in
developed countries on primary health care for diabetics,
where a higher health consciousness might have been a
confounding factor [39]. Therefore, mHealth can still
improve a patient’s understanding of a disease process
and self-management strategies [25]. Skrovseth [40] has
demonstrated that the effective implementation of
mHealth has a significant positive impact on blood
glucose control. In addition, in some studies, glycosyl-
ated hemoglobin also decreased significantly in pa-
tients who did not receive the intervention (control

Table 2 Subgroup analysis of reduction in HbATc

group) [25, 32, 33]. This suggests that although rou-
tine intervention can also help patients control their
HbAI1C, it is less effective than the mhealth group.
Subgroup analyses found that the impact of mHealth
differed for teenage and adult patients with T1IDM.
mhealth interventions had a significant positive impact
among adults, whereas the effects of these interventions
were subtler for younger people. This is consistent with
the results of several previous systematic reviews [41].
The management of children with T1IDM is complicated
by multiple factors that must be taken into consideration,
such as growth, activity, diet, insulin enhancement, and
psychological factors [42]. Additionally, as children ma-
ture into adolescents and then adults, changes in growth
hormone secretion result in insulin resistance [43, 44].
Furthermore, although the patients who were enrolled in
our study were required to be able to read and write, com-
pared with adults, adolescents’ self-management ability is
poor, and their understanding of health education is not
clear enough [39]. Poor compliance may affect glycemic
control [45]. Although HbAlc were not significantly

Subgroups Studies (n) Effect size (%) 2 (%) P value for heterogeneity in subgroups
Age
Teenagers 4 -0.05[-0.43,0.33] 0 0.84
Adult -0.29[-047,-0.11] 48 0.12
Intervention ways
Text-message 3 -0.20[-0.73,0.32] 0 0.94
Mobile application 5 -0.25[-0.42,-0.08] 49 0.10
Duration of intervention
<6 months 3 -0.01[-0.44,041] 0 0.70
>=6 month 5 -0.29[-046,-0.11] 32 0.21

Table 2 describes the results of a combination of subgroup

analyses
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different following the intervention in the adolescent
group, both quality of life and treatment compliance were
greatly improved [25, 26]. Others have found that teen-
agers are prone to accept this form of education [46]. This
also suggests that mhealth treatment has potential but
needs to be refined by teenagers and can be cost-effective
as a means of intervention. In-depth study is required to
determine an effective self-management model for
minors.

Our subgroup analyses found that using mobile appli-
cations was more effective than using text messages.
Text message interventions were associated with lower
costs and increased ease of operation, providing a wide
range of intervention opportunities [47]. However, in
contrast to the mobile application, text messaging lacks
two-way communication. Text messaging also has a sim-
pler intervention content and a lower rate of patient
feedback. Studies have shown that the use of mobile ap-
plications by diabetic patients is increasing, indicating
that patients with diabetes are interested in using these
methods to improve their self-management [48]. Com-
pared with other methods, mobile applications can pro-
vide better education and more timely feedback [49].
Some mobile applications also support the real-time
monitoring of blood glucose [48]. The future direction
of mhealth should strive to facilitate the expansion of
effective health management practices among the
general population. Therefore, studies should further ex-
plore the use of mhealth to improve the level of patient
self-management the most effective method.

The duration of the intervention may be an important
factor in determining whether mHealth is effective. Our
subgroup analysis showed that the decrease in HbAlc
was significant in groups exposed to longer continuous
intervention time. This indicates that longer intervention
time periods lead to better glycemic control. Comparing
groups exposed to interventions of different durations,
Kirwan et al. [24] found that blood glucose control in
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patients with 9 months of intervention was better than
in those with 3 months. This is likely because diabetes
is a chronic disease with a slow process of control.
HbAlc reacts to blood glucose levels for nearly 2
months. Therefore, short-term interventions may not
result in significant changes in HbAlc levels. In sum-
mary, we need to pay attention to the duration of the
intervention.

Limitations

Despite the positive findings of this study, a number of
limitations should be considered when interpreting the
results: First, although the findings from the reviewed
studies showed the use of mobile phones to be promis-
ing for improving TIDM management, some of these
studies had small sample sizes. Especially in the
subgroup analyses, small numbers may be lead to false
positive results. Therefore, future studies with large sam-
ple sizes are needed to determine whether the increased
patient—provider communication with mHealth has a
significant impact on clinical outcomes and public
health. Second, it is possible that our search for relevant
literature for inclusion in the current review paper may
have overlooked some publications. If so, this could
cause selection bias. Further studies should be con-
ducted to confirm the present findings. Third, the
studies included in this review had different characteris-
tics; these factors can lead to heterogeneity and influence
the reliability of the results. Fourth, Glycosylated
hemoglobin (HbAlc) is a gold standard to measure

blood glucose control, which can effectively reflect the
past blood glucose control in patients with diabetes
mellitus. Part of the literature included in this study had
a relatively short intervention time, which may have an
impact on the results.

Conclusions

In summary, this study found that the use of mobile
health for patients with TIDM positively impacted dis-
ease management and improved HbAlc levels in certain
subgroups. However, because of the limitations inherent
in both the quantity and quality of the included studies,
high quality, multicenter, randomized controlled trials
with large sample sizes are needed to substantiate these
results.
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