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Abstract

To determine the role of electronic health (e-health) in the management of diabetes mellitus (DM), systematic review (SR) and meta-
analysis (MA) studies were searched systematically. Eleven SR and six MA studies, including 533 sub-articles, were finally assessed. Six
articles studied type 2, two studies assessed type 1, and five studies focused on both types of DM while four studies included type 1,
type 2, and gestational DM. In total, 38641 patients with DM from all age groups were studied with a follow-up time from two phone
calls to 60 months. As an intervention, short message service, multimedia messaging service, telemonitoring, glucometer appli-
cations, and personal digital assistant tools were studied. Nine out of 17 studies (53%) showed a significant reduction in HbAic and
eight (47%) studies revealed the inconclusive effect on it. However, the first group of studies was stronger and among interventions,
text messaging as reminders was more effective. Conclusively, the majority of evidence shows the improvement of DM management
by using e-health. However, a fragile acceptance toward this issue existed. Therefore, future research should focus more on using
standard tools for the assessment of e-health efficacy, patients’ views, health care providers’ opinions, and cost-effectiveness of such
interventions in long term.
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1. Context budget will be spent on diabetes care in 2025, while high-
prevalence countries will spend up to 40 percent of their
budget (3). All these figures show that diabetes, as one of
the four priority non-communicable diseases, is an impor-
tant public health problem (1). On the other hand, mo-
bile health (m-health) as a subgroup of electronic health
(e-health), by the application of mobile technologies, in-
cluding phones, tablets, telemonitoring, and tracking de-
vices, can play an invaluable role in the better manage-
ment of DM and its risk factors (4). The current data show
that there are almost 7 billion mobile phone subscriptions
worldwide with a mobile penetration of 96% at the global
level and 90% in developing countries (4, 5). [n 2015,45000
m-health publishers had activities around the world and
more than 3 billion (bn) downloads of m-health applica-
tions (apps) were reported. 48 percent of these download-
ers are chronically ill patients and DM patients are at the

Diabetes mellitus (DM) is on the rise and its frequency
and prevalence show an increasing trend, especially in low
and middle-income countries (1). Globally, 422 million
adults were estimated to live with DM in 2014 (1), compared
to 108 million in 1980 (1) and 171 million in 2000 (2), and it
is expected to reach 333 million in 2025 (2) and 366 million
in 2030 (2). Moreover, DM as the 20th cause of disability-
adjusted life years (DALYs) in 2002 will be the 11th cause
of DALYs in 2030, showing nine increases in the rank or-
der (2). Diabetes and impaired blood glucose caused 1.5
and 2.2 million deaths in 2012, respectively (1) while 43% of
these 3.7 million deaths occurred before the age of 70 years
(1). Furthermore, the World Health Organization (WHO)
projects thatdiabetes will be the seventh leading cause and
responsible for 3% of all deaths in 2030 (2). It is also es-
timated that up to 13 percent of the world’s health care
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top of the list of them (6).

In DM, as one of the commonest chronic diseases, e-
health tools such as m health can potentially help pa-
tients and care providers through different ways including
prevention (by educating and training for remote behav-
ioral change), diagnosis (by detecting blood glucose level),
treatment (by medication adherence tracking), care coor-
dination (by providing patient-physician synchronous or
asynchronous relationship and clinical appointment re-
minding), and checking the efficacy of diabetes treatment
(by monitoring Hemoglobin Alc (HbAic) level). To date,
there has been much primary and secondary evidence on
the role of e-health and m-health in the management of
DM. However, the results of these studies are sparse (5,
7) and controversial. Therefore, in this study, we aimed
to compare the results of systematic review and meta-
analysis studies to present a more comprehensive and con-
clusive result about this issue.

2. Evidence Acquisition

This review study was conducted in 2016. Our search
had five stages: screening, eligibility assessment, the in-
clusion of data, extraction of data, and checking for over-
laps among papers. In the screening stage, two reviewers
independently searched the databases of ISI-Web of SCI-
ENCE, PubMed, SCOPUS, Google Scholar, Pro Quest, Ovid,
and Cochrane Library. A non-date limited search using
Boolean operators (AND, OR) was used to combine the key-
words in different combinations of “m health, M Health,
m Health, M health, Mobile Health, mobile health, Mobile
health, mobile Health, e health, E Health, e Health, E health,
Cellular Phone, text message, SMS, MMS, and Internet” with
the keywords “Diabetes Mellitus, Diabetic.” In this stage,
only systematic review (SR) or meta-analysis (MA) stud-
ies were selected, while non-English papers, papers with
non-relevant titles, duplicated papers, papers with non-
available abstracts or full texts, and papers that were not
specific to diabetes mellitus were excluded. We also had a
look at the list of references of the selected papers to iden-
tify any additional reviews not captured by the primary
search. In the second stage, to find eligible papers, the full
texts of the screened papers were extracted and read by de-
tails and their qualities were measured using the checklist
of Assessment of Multiple Systematic Reviews (AMSTAR).
The AMSTAR is a valid and reliable measurement tool de-
signed to assess the methodological quality of systematic
reviews (8-10). In this tool, there are 11 items that should
be regarded in checking the quality of each SR study;, in-
cluding the items: “Was an ’a priori’ design provided?”,
“Was there duplicate study selection and data extraction?”,
“Was a comprehensive literature search performed?”, “Was

the status of publication (i.e. grey literature) used as an
inclusion criterion?”, “Was a list of studies (included and
excluded) provided?”, "Were the characteristics of the in-
cluded studies provided?”, “Was the scientific quality of the
included studies assessed and documented?”, “Was the sci-
entific quality of the included studies used appropriately
in formulating conclusions?”, “Were the methods used to
combine the findings of studies appropriate?”, “Was the
likelihood of publication bias assessed?” and “Was the con-
flict of interest stated?”. In the third stage, only papers
with moderate (score 5 - 7) or high (score 8 - 11) quality re-
mained in the study. In the fourth stage, the characteristics
of each study including author(s), date of publication, type
of study (SR or MA), study setting, number, extreme date
of publishing and duration of included sub-articles, type
of DM (type 1, type 2, Gestational DM), sample size, age of
participants, countries in which sub-set studies were con-
ducted, type of applied technologies, measured outcomes,
and final conclusion were presented in the tables. In the
fifth stage, the overlaps of the references among studies
were checked by END NOTE software. In all the five stages,
disagreements between the two reviewers were relieved by
several meetings and revision of the searching protocol.

2.1. Ethics

Strict ethical standards were maintained in all the
stages of this study. We cared to keep our neutrality in
all steps to avoid the biased conclusion. All studies that
supported the positive effect of e-health on the manage-
ment of DM and those that reported non-conclusive and
even opposite results were behaved in the same way by our
team. Furthermore, the research protocol of this study was
approved by the Ethics Committee of Shiraz University of
Medical Sciences (Registration No. 95-10288).

3. Results

In the screening stage of this study, 353 papers were
identified based on their titles. Among them, 240 SR or MA
studies were selected. In the next step, 53 abstracts with
available full texts remained and then 22, papers that were
specific to DM were included. Finally, 17 studies with mod-
erate to high quality were included in this study (Figure
1). Table 1 includes the characteristics of 17 finally included
articles comprising 11 SA and 6 MA studies. These studies
were published between 2005 and 2014. The total num-
ber of sub-articles was 533 and the date of publication of
these articles was from 1990 to 2014. All articles included
a kind of interventional study such as randomized clini-
cal trial (RCT). Six articles studied DM type 2 (DM2), two as-
sessed only DM type 1(DM1), five investigated both types of

Shiraz E-Med J. 2019; 20(1):e81794.


http://emedicalj.com

Honarvar Betal.

DM, and four studies included DM1, DM2, and gestational
DM. The total number of participants in these studies was
38641 (in the range of 2 - 958 in different studies) and all
age groups were studied from pediatric age to the elderly
groups. The duration of conducting sub-set studies ranged
from time needed for two phone calls to 60 months. These
subset studies were conducted in North America, Europe,
Asia, and Oceania. The mean quality score of 17 selected pa-
pers was 7.1(out of the total score of 11). Table 2 summarizes
the type of interventions and their effects on the outcomes
of DM. In the sub-set articles, the effects of different types
of technologies such as short message service (SMS), mul-
timedia messaging service (MMS), phone calls, voice calls,
Tele-monitoring, Tele-consultation, Faxing, video confer-
encing, the use of glucometer apps, CD-ROMs, personal
digital assistant (PDA) tools, and digital cameras were as-
sessed and compared with the usual care. Nine out of 17 in-
cluded studies (53%) showed a significant improvement in
the glycemic control by reduction of HbAlc (11-19). Among
these articles, two reported a small effect for the interven-
tion on the glycemic index (11, 14) while the remained pa-
pers showed a greater effect on HbAlc (12, 13, 15-19). On the
other hand, eight studies revealed unclear, inconclusive, or
inconsistent effects on HbAic (20-27). Three studies advo-
cated mobile subgroup interventions and text messaging
when compared to otherinterventions(12,14,19). However,
the long-term effects of these tools in the management of
behaviors and glycemic control were unclear as noted by
two other papers (15, 21). One study showed that persistent
use and greater uploads of website data caused a more im-
provement in the glycemic index in diabetic patients (22).
The impact of e-health on the quality of life (QOL) and sat-
isfaction of diabetic patients was determined in some re-
search (17,18,26) but not proved by another report (14). The
need for planning e-health programs based on behavioral
change techniques (BCTs) was emphasized by one study
(13). The cost-effectiveness of using Tele-consultation (25,
26) and home monitoring (19) in the management of DM
was concluded by three studies against the majority of
studies that remarked unclear, desperate, or inconsistent
results or revealed the lack of the standard indices for mea-
suring this index (11, 14, 15, 23, 25, 27). One study showed
that age, sample size, diabetes duration, intervention pe-
riod, HbAI1c baseline level, and intervention type had as-
sociations with the clinical outcome of the intervention
(12). The importance of participation of patients and their
views in designing m-health programs was emphasized by
another study (25). Among other research gaps in this field
are the assessment of the effect of e-health tools on educa-
tion (27), holistic assessment of outcomes, clinical, behav-
ioral, and care coordination between patients and health
providers (23, 25), adaptation of tools by users (15), and de-
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tecting the role of psychosocial factors in increasing the
effect of these technologies (21). Moreover, the need for
providing evidence on the long-term effect of e-health on
increasing physical activity (16), identifying strategies to
reduce tool users’ attrition rate (22), or enhance adher-
ence and sustainability in order to increase the effective-
ness of technology-based interventions in diabetes care
(16, 22) and testing the applied software and its time, fre-
quency, and format (21) were also announced by some re-
search. The common points of most papers were the rec-
ommendations on conducting stronger interventional or
other types of research (16,17,20-25,27). Asignificant publi-
cation bias was reported in one study (11). The quantitative
overlaps in the cited references among the subsets were
not reported by the included papers in this study. The find-
ings of this study also showed out of nine studies that re-
marked the positive effects of m-health on the outcome of
DM, five included MA while out of eight studies that did not
support such effect, one included MA. In the first group of
studies, 271 sub-articles and in the second group, 278 sub-
articles were studied. The maximum duration of follow-up
in the sub-set studies in the first group was five years and
in the other group, it was two years. Moreover, in the first
group of studies, five papers studied DM2, three assessed
both DM1and DM2, and one focused on DM1, DM2, and ges-
tational DM, while these figures for the other group were
zero, three, and three, respectively. Two studies in the sec-
ond group were limited to DM1 patients. The total popula-
tion size studied in these groups was 28969 and 9975, re-
spectively. The mean quality score of studies in the first
groupwas7.2and in the second group, itwas7.0. It was also
revealed that the overlap percentage of the sub-set articles
among nine papers that were supportive of the effect of m-
health and other technologies on the management of DM
was 25.7% and among eight papers that did not conclude
such an effect, it was 30.3%. The overlap between the first
and second groups of papers was 19.1%.

4. Discussion

The World Health Organization (WHO) reported a
nearly double increase in the prevalence of DM among
adults older than 18 years from 4.7% in 1980 to 8.5% in 2014
and stated that as a part of the 2030 agenda for sustain-
able development, early mortality due to DM should de-
crease to one-third (1). On the other hand, e-health tech-
nologies including mobile phone are increasingly being
used (28) and it is estimated that the global smartphone
market will grow to reach 3.45 billion mobile app users by
2017. Theoretically, e-health can play its role in the man-
agement of DM through different ways including counsel-
ing, decision-aids making, appointment scheduling, edu-
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PubMed (121), Google Scholar (100), Scopus (59), Ovid (29),
ISI WEB of SCIENCE (24), Cochrane library (14), Pro Quest (6)

Initial Search limited to English written Reviews (n =353) Including:

Excluded: non-Systematic Reviews-

non MA studies, non -English written,
non -relevant Titles, duplicate studies

Selected only Systematic Review or Meta analysis studies (n =240)

(n=113)

Exclusion of Articles with non -relevant

or non available abstracts (n =187)

Systematic Reviews or MA with relevant and available abstracts (n=53)

Excluded Articles with non-

available full texts (n=0)

Available Full texts (n=53)

Excluded full texts that were not

specific to DM (n=31)

Full texts that were limited to DM (n =22)

Excluded Articles with Poor quality

based on AMSTAR tool (n=5)

Final number of included Systematic Reviews with moderate

to high (n=17)

Figure 1. Flow diagram of data searching regarding systematic review studies assessing the effect of mobile health and other e-health technologies on the management of

diabetes mellitus

cating and training for remote behavioral changes, follow-
ups, using glucometer apps, reporting glycemic indices
such as HbAlc, sending feedback to physicians, receiving
feedback from physicians, dietary guidance, medication
adherence, and sending reminders for continuity of care
(5). Data show that the most number of mobile apps
for medical use were made for DM and most studies that
aimed to assess the clinical efficacy of m-health focused
on this disease or its associated risk factors (6). In this
study, we found that the effects of m-health and other
types of e-health tools on different aspects of DM includ-
ing prevention, diagnosis, and especially treatment were
assessed by a large number of studies in many countries,
especially in North America and Europe countries. Most of
the research included a variety of interventions and a di-
versity of measured outcomes. Nearly half of the SRIMA
studies proved the positive effects of these interventions

on the outcome of DM contrary to another half that de-
clared unclear, inconsistent, or non-conclusive results. The
findings showed that studies in the first group were more
powerful in terms of the type of included studies, had
nearly three times higher total sample size, higher quality
scores, and less overlap among their subset studies. How-
ever, the total study population in the total of 550 subset
studies in 17 SR/MA studies included in the current analy-
sis was not high enough in proportion to the number of
available e-health tools, the variety of countries, and DM
patients’ population. These figures reveal that decision-
making based on available evidence is not easy and what
confirms our claim in this regard is that at least 53% of
the surveyed studies recommended conducting further re-
search with stronger methods. Evidence shows that 99%
of received mobile text messages are opened, 90% of all
mobile text messages are read within three minutes of be-
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ing received (4), and reminders have the highest impact
on changing patients behaviors while they are most easily
implemented compared to personalized messages, educa-
tion, dashboards, gamification, and other m-health facili-
ties (6). Similarly, the findings of our study showed that
text messaging by mobile phones, especially when inte-
grated with other tools, was the most common applied
e-health intervention for improving the outcome of DM.
This result came from a one high-quality MA study that
was conducted in six countries (12) and another SR study
with moderate quality that was conducted in nine coun-
tries (18). One study with moderate quality that studied
only DM1 patients in five countries revealed that text mes-
saging was feasible and enjoyable but its long-term effect
on the glycemic index of these patients was unclear (21).
The importance of long-term use and sustainability in us-
ing such tools to cause an improvement in the DM out-
come were noted by only 25% of the studies (15, 16, 21,
22). The assessment and importance of considering the e-
health effect on QOL and satisfaction of diabetic patients
were regarded by 25% of the studies (14, 17, 18, 26) and ex-
cept one study (25), none of them recommended consider-
ing patients’ views in designing such tools. The evidence
shows that patients’ views, values, expectations, and feed-
backs, as the main part of these processes, are actually ne-
glected and this may be another important reason for the
failure of these tools to achieve expected success follow-
ing using these technologies. Another report showed that
these apps have not yet had an enough significant accep-
tance rate by target groups and most apps are too narrow
in their functionality or too technical to become a daily
companion (29). Moreover, the evidence of our study re-
vealed that the importance of considering medical profes-
sionals’ views and their experiences in designing and de-
veloping e-health tools was not regarded by any of the in-
cluded studies. However, companies claimed that in 2015,
in 51% of instances of m-health apps development, medi-
cal professionals were a member of their team and in 45%,
they collaborated with developers of these tools (6). On
the other hand, they announced that their hope for these
tools to be used by medical care providers has decreased
(6). Therefore, this paradox should be evaluated by non-
biased research that also considers the economic impact
of using these tools on the income and time of medical
physicians. The evidence of companies shows that medical
doctors are the most threatened group by m-health indus-
try due to decreasing their visiting income when patients
receive remote care through using these apps. Therefore,
they are not welcome to use these methods (6). The educa-
tional effect of m-health on reducing HbAic was remarked
by two studies (12, 18). However, two other studies did not
show a clear result and recommended doing further re-
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search on it (24, 27). Designing e-health tools based on be-
havior change techniques (BCTs) was emphasized by only
one study (13) but it was unknown how much behavioral
experts’ opinions are included in the planning of these fa-
cilities. It should be considered that BCTs are diverse, dy-
namic, and increasing. BCTs for remote changing of DM
patients’ behaviors may differ according to the character-
istics of patients in different places and in different times.
It means that a kind of BCT may be successful in one group
of patients or in a specific time but it may not work in an-
other group of patients or another time. Therefore, there
is no a single prescription for the behavioral changing of
all DM patients in different places or in different times and
participation of BCTs experts in the planning of such tools
is necessary. Cost-effectiveness of e-health tools is another
important aspect that should not be ignored (5). However,
18% of the included studies reported cost-effectiveness and
35% concluded unclear results or lacked enough evidence
on it. Therefore, determining standard indices for cost-
effectiveness is a key step for measuring this item by re-
searchers aiming to have a holistic assessment of e-health
effect on the DM management. A nearly holistic approach
in conducting research about the e-health effect on the
management of DM was applied by only two studies (14, 18).
The characteristics of used e-health apps such as format,
frequency, and timing and full testing of them were only
recommended by one study (21) while most studies did not
consider these points. By the above evidence, we can bet-
ter understand that the management of DM by e-health is
complex. The characteristics of the types of DM are varied
and patients with DM in different parts of the world or dur-
ing their lives show different responses to interventions.
Moreover, there is an increasing trend in the production
of tools and apps for the management of DM. Furthermore,
health care providers’ approach and theirreaction to these
technologies add to the complexity of this issue. Therefore,
the outcome of using these tools is based on the character-
istics of all these four aspects: DM, patients, care providers,
and tools themselves. In each of these aspects, many sub-
items should be regarded both in designing interventions
and in conducting research with the aim of assessing or
evaluating their efficacy in the management of DM. For ex-
ample, the type of DM, DM1, DM2, and Gestational DM, the
duration of DM, the level of the glycemic index, and the
severity of DM potentially can influence the outcome of
DM. Patients’ characteristics including demographic, psy-
chological, social,and economic status and their views, val-
ues, and perspectives may determine the consequence of
such interventions, as well. Health care providers’ opin-
ion and behaviors are also important in using these tools
for the establishment of a synchronous or asynchronous
two-way communication with users. The effect of these in-
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terventions on the income of physicians or their time may
alsobe animportantdeterminant of their behaviors in this
regard. Tools’ features including to what extent they are
set by standard criteria, are adopted by users, meet behav-
ioral change models, and are secure, accessible, applicable,
user-friendly, and costly can determine the outcome in DM
patients who use these tools. Therefore, there is no doubt
that no single policy or intervention can ensure or sat-
isfy us to have significant positive effects on the improve-
ment of all aspects of DM or have a persistent effect on it.
Therefore, research, regardless that in which part of the
world itis conducted, should applya strong method to pro-
vide a less controversial evidence for decision making by
designers, publishers, patients, and healthcare providers.
However, the primary priority is setting standard assess-
ment tools that consider all of the above items before con-
ducting such studies. We recommend also establishing a
surveillance system based on all mentioned items and by
the participation of all stockholders to assess the efficacy
of e tools in the management of chronic diseases such as
DM. There are two other important points that should be
regarded. The first is that in addition to the e-health tools
and research that is related to the therapeutic outcomes
in diabetic patients, there is also a need to design or as-
sess the interventions that are used for the prevention of
DM. The second point, as also emphasized by WHO, is that
these tools cannot and should not be regarded as a replace-
ment for higher valued decision-making, supervision on
treatment, and applied care by specialists; these tools are
potentially facilitators and have a contributory role in the
management of DM. Our study had some limitations. We
did not investigate gray literature and non-English papers
and we did not conduct a secondary MA due to the overlap
among six included MA studies. However, this study has
some unique strengths; we included all negative results,
as well as positive results, to avoid publication bias. More-
over, calculating the overlap of references among the in-
cluded studies, although it was hard and time-consuming,
was done precisely and presented as figures. In this study,
we also categorized the included studies into two distinct
groups as supportive and non-supportive studies about
the effect of e-health on the management of the glycemic
index of DM and then by providing their important charac-
teristics in the last paragraph of the result section, which
enables readers to compare them at a glance.

5. Conclusions

The DM knows no limitand no one is immune from the
risk of this disease. Data show DM is steadily rising around
the world in both poor and rich countries. On the other

hand, e-health technologies including m-health tools, al-
though may have their own side effects such as increased
immobility and susceptibility to DM, are produced as the
highest rank for DM patients to improve their outcome.
Much primary and secondary research aimed to assess the
effect of using such tools on DM outcomes and nearly more
than half concluded an improvement in the glycemic in-
dices such as HbAic, while less than half did not conclude
such result. Therefore, telling the last word boldly is not
easy although the hope persists. The reason seems clear:
heterogeneity in the methods of studies in terms of the dif-
ference in study patients, type of assessed DM, type of used
e-health technology, measured outcomes, and duration of
studies. On the other hand, most of these studies had no or
a little attention to other than objective clinical outcomes
such as patients’ views, satisfaction, and their QOL, health
care providers’ opinions, views of BCTc experts, and cost-
effectiveness of such interventions. Therefore, conducting
strong studies that use standard assessment tools is recom-
mended. There is also a need for designing and presenting
standard guides to empower users to choose and use valid
e-health sources. Moreover, the establishment of an elec-
tronic surveillance system that uses the evidence of these
studies in long-term is recommended.
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