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ABSTRACT
Objectives To conduct systematic review and meta-
analysis of interventional studies to investigate the impact
of diabetes self-management education and support
(DSMES) apps on adherence in patients with type 2
diabetes mellitus (T2D).
Methods PubMed, Embase, CENTRAL, Web of Science,
Scopus and ProQuest were searched, in addition to
references of identified articles and similar reviews.
Experimental studies, reported in English, assessing
DSMES app intervention’s impact on adherence and
clinical outcomes of patients with T2D compared with
usual care were included. Study bias was assessed using
Cochrane Risk of Bias V.2.0 tool. Analysis plan involved
narrative synthesis, moderator and meta-analysis.
Results Six randomised controlled trials were included,
involving 696 participants (average age 57.6 years, SD
10.59). Mobile apps were mostly used for imputing clinical
data, dietary intake or physical activity, and transmitting
information to the provider. At 3 months, DSMES apps
proved effective in improving medication adherence
(standardized mean difference (SMD)=0.393, 95% CI 0.17
to 0.61), glycated haemoglobin (HbA1c) (mean difference
(MD)=−0.314, 95% CI −0.477 to –0.151) and Body Mass
Index (BMI) (MD=−0.28, 95% CI −0.545 to –0.015). All
pooled estimates had low heterogeneity (I2 0%). Four
studies had moderate risk of bias while one each was
judged to be low and high risks, respectively.
Conclusion DSMES apps had significant small to
moderate effects on medication adherence, HbA1c and
BMI of patients with T2D compared with usual care. Apps
were described as reliable, easy to use and convenient,
though participants were required to be phone literate.
Evidence comes from feasibility trials with generally
moderate risk of bias. Larger trials with longer follow-up
periods using theory-based interventions are required to
improve current evidence.

BACKGROUND
The burden of diabetes mellitus (DM) has
grown enormously over the years with its
prevalence is estimated to be more than
500 million globally in 2018, being one of
the leading causes of death worldwide with
an estimated economic burden of around

US$1.3 trillion as of 2015.1–3 DM is characterised by two major types: type 1 DM and type
2 diabetes mellitus (T2D), the latter constituting the majority of all known DM cases.
Major risk factors for the disease include
obesity and lack of exercise with long-term
complications leading to stroke, leg amputation, and kidney and heart or eye problems.4 T2D has no cure and, as such, patients
are bound to lifelong treatment of which, if
committed to, is associated with prevention of
complications, lower medical costs and consequently better quality of life.5 6
A commitment to T2D treatment means
being fully adherent to medical prescriptions,
diet and exercise plans. Treatment adherence
is the extent to which a person’s behaviour,
medication use, and diet or lifestyle changes
correspond to agreed recommendations
from a healthcare provider.7 However, treatment adherence in patients with chronic
diseases, including DM, has been reported to
be suboptimal.8 9
Several techniques, such as single-
dose
regimens, reminders and easy packaging,
have been used to improve treatment adherence.10 One of these techniques, diabetes
self-
management education and support
(DSMES), has been used to cover lifestyle,
medication, blood glucose monitoring and
other psychosocial aspects of treatment—all
of which have been associated with improved
health outcomes and reduced medical costs.11
DSMES is a patient-
centred and holistic
approach that makes it one of the most ideal
techniques to improve treatment adherence
of patients with T2D.
Furthermore, delivery of DSMES through
technologies such as mobile health (m-health)
may improve coverage and convenience for
patients. m-health helps to improve adherence
including by setting automated reminders
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and messages, and simplifying tracking of medication and
prescriptions.10 12 It is the the most common technology
adopted by WHO member states.13 In addition, the American Diabetes Association includes m-
health into ‘standard of medical care’ for DM.14 Unfortunately despite this
endorsement, m-health is often underused in managing
DM.15 There is even lower patronage for apps that would
help improve medication adherence.16
There is even fewer literature covering the effect of
mobile app-delivered interventions that aim at improving
adherence in the T2D population. Majority of prior
reviews have concentrated on assessing effectiveness of
SMS interventions on medication adherence.10 17 One
review did report the effect of app-delivered interventions; however, the study population was heterogeneous
with little representation of patients with T2D.18 Other
reviews have aimed at assessing m-
health intervention
effects on glycaemic control.19 20
However, to our knowledge, no review was found to
evaluate impact of mobile app-
delivered DSMES on
adherence specifically in the T2D population. Studies
have concentrated on medication adherence rather than
lifestyle modification adherence. Furthermore, prior
reviews have reported inconsistent findings, lack of clarity
on definition and measurement of medication adherence, and inadequate use of theoretical frameworks in
the study interventions.10 21
Results of the current review would help add clarity
to existing literature and offer quantitative evidence on
the impact of app-delivered diabetes education and self-
management support on treatment adherence of patients
with T2D. The review’s findings would also offer crucial
applicability details to information technology and health
professionals involved in efforts to reduce global DM
burden.
Thus, we aimed to assess the effectiveness of mobile
app-delivered DSMES to improve medication adherence
and clinical outcomes in patients with T2D. We conducted
a systematic review and meta-
analysis of experimental
studies to address this goal.
METHODS
Design and data sources
We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).22 The study protocol
was registered with Open Science Framework (link: https://
osf.
io/
z6sgk). Research team members (DEN and CJS)
searched five academic databases from 1 to 14 August 2020,
in two phases, for articles published from inception until 31
July 2020: PubMed, Embase, CENTRAL, Web of Science,
ProQuest and Scopus. Medical Subject Headings (MeSH)
and free-text terms were both used to combine keywords, as
illustrated in the online supplemental file tables S1).
ELIGIBILITY CRITERIA
Studies were included if they had (1) adults, 18 years or
older, with T2D; (2) independent analysis of participants
2

with T2D in multidisease studies; (3) reported use of
mobile apps giving DSMES as a principal intervention;
(4) medication or lifestyle therapy adherence as an
outcome; (5) experimental design; and (6) been reported
in English. Studies were excluded if control groups used
any type of digital technology or did not include routine
diabetes care.
Study collection, selection and data extraction
The studies were independently screened (DEN and CJS)
with disputes being resolved through consensus with a
separate expert reviewer (UI). Variable and characteristics were independently extracted team members (DEN,
CJS and KJB) using a standard sheet adopted from a
Cochrane Public Health Group template.23 Missing information was sought after by contacting authors through
email. If the data could still not be retrieved, the study was
excluded from the quantitative analysis.

QUALITY ASSESSMENT
Study bias was assessed using Cochrane’s Risk of Bias
V.2.0 tool independently by team members (DEN and
KJB).24 Studies were graded according to their randomisation process, deviation from intended interventions,
handling of missing data, measurement of outcomes and
reporting of results. Each domain was judged as high, low
or moderate risk (some concerns). Overall risk of bias
depended on the assessment of the individual domains.
Assessment was to be conducted for each outcome.
However, outcomes were grouped into primary (adherence) and clinical outcomes (glycated haemoglobin
(HbA1c), Body Mass Index (BMI), blood pressure (BP)
and total cholesterol). Across-
study bias was assessed
using a funnel plot and Egger’s regression test.
Data analysis
Narrative synthesis
Qualitative analysis involved description of population
and intervention characteristics. Items included acceptability, challenges and use of cointerventions.
Quantitative analysis
Fixed-effects meta-analysis was performed using pairwise
comparison at 3 months after baseline measurements.
Medication and patient adherence were presented using
standardized mean difference (SMD) with 95% CIs.
Change in HbA1c, BMI, total cholesterol and BP would be
expressed using difference in means (MD) with 95% CI.
Quantitative analysis was conducted using Comprehensive Meta-Analysis V.3 (Biostat, Englewood, USA). During
analysis, an outcome, patient adherence, was created
as an aggregate of medication and lifestyle adherence
estimates. Preintervention and postintervention score
correlation was set at 0.5. For studies presenting results
as median and IQR or range, their data were converted
into mean and SD.25 26 SDs were also calculated from 95%
CIs.27

Enricho Nkhoma D, et al. BMJ Health Care Inform 2021;28:e100291. doi:10.1136/bmjhci-2020-100291

BMJ Health Care Inform: first published as 10.1136/bmjhci-2020-100291 on 14 April 2021. Downloaded from http://informatics.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Open access

screening using title and abstracts, 27 articles underwent
full-text review from which 21 studies were excluded due
to ineligible population, intervention, study design or
outcome. Finally, six studies were included into the review,
one of which was excluded from quantitative analysis due
to insufficient data.29 All studies were conducted in Asia
and Europe. Further details are illustrated in figure 1.
Moderator analysis
Study characteristics were assessed for diabetes duraSubgroup analysis aimed to assess measures of effect
tion, participant age and gender ratio, comorbidities and
according to intervention characteristics such as presmedications (table 1). The review population consisted
ence of cointervention, theoretical frameworks, content
of 696 participants with an average age of 57.6 years
(diabetes self-
management education/diabetes self- (SD 10.59), and 320 (45.98%) were female. Duration of
management support/DSMES), risk of bias assessment
disease since diagnosis ranged from 6 months to 18 years,
presence of comorbidities or complications and frequency
with all studies reporting presence of concurrent hyper(daily/weekly/monthly). We expected to do
tension and dyslipidaemia in varying percentages. One
metaregression using the following variables: age,
study reported presence of complications such as neuropgender ratio, sample size, duration of disease and mean
athy and kidney disease.30
HbA1c, BP and BMI levels.
Studies were randomised controlled trials (RCTs) with
either
as a single-blind or open-label trial, and all, except
Sensitivity analysis
31
one,
were exploratory. One study was conducted in a
We aimed to assess the robustness of review estimates.
tertiary
clinic,30 while the rest were conducted in primary
This was performed by changing of preintervention and
healthcare (PHC) settings.
postintervention value correlation from 0.5 to 0.2 and
Interventions were used daily with the implementation
0.8, respectively.
period ranging from 6 weeks to 6 months. Two studies
offered both self-management support and education.29 32
The rest offered only self-management support. Use of
RESULTS
theoretical framework was only reported in one study.33
A total of 3460 articles were identified, from which 405 were
Compliance to mobile app interventions ranged from
duplicates or published in languages other than English.
69.6% to 88.0%.
A total of 3080 articles were screened for eligibility. After
Heterogeneity
Heterogeneity was assessed using the I2 statistic. It was
expressed as low (less than 25%), moderate (26%–74%)
or high (more than 75%),28 and importantly, interpreted
according to its general context. Further explanations of
high heterogeneity would be done in moderator analysis.

Figure 1

Research framework according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
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Table 1 Characteristics of included studies and interventions
ID

Population

Design

Intervention

ID, country

1.
2.
3.
4.
5.

Diabetes duration.
Age.
Female ratio.
Comorbidities.
Medication.

1. Functions.
2. Cointerventions.
3. Theory.
4. DSME/DSMES.

Brath et al,34
Austria

1.
2.
3.
4.
5.

NR.
69.4 (SD 4.8).
30 (54.5%).
HTN and HCHL.
Oral AHs.

1. Setting.
2. Sample size.
3. Intervention
duration.
4. Blinding.
5. Design.
6. Control.
7. ROB.
1. PHC.
2. I=53, C=53.
3. 6 months.
4. Single.
5. Crossover.
6. Standard blister.
7. High.

Alonso-
1. 6.55 (SD 4.64).
Domínguez et al,32 2. 69.6 (SD 8.1).
Spain
3. 93 (45.6%).
4. HTN and HCHL.
5. Oral AHs.

1.
2.
3.
4.
5.
6.
7.

PHC.
I=102, C=102.
3 months.
Open-label.
Parallel.
Usual care.
Some concerns.

1. Entering food intake and daily exercise data, provide
detailed information on nutritional deviations in terms of
diet composition and number of calories.
2. Walks, workshops.
3. NR.
4. DSMES.

Huang et al,30
Singapore

1.
2.
3.
4.
5.

14.44 (SD 8.4).
49.08 (SD 11.4).
21 (51.2%).
HTN and HCHL.
Oral AHs and insulin.

1.
2.
3.
4.
5.
6.
7.

TC.
I=22, C=19.
3 months.
Single.
Parallel.
Usual care.
Some concerns.

1. Medication scheduling, reminder, tracking, data
sharing and medication adherence assessments.
2. NR.
3. DSMS.

Kardas et al,29
Poland

1.
2.
3.
4.
5.

NR.
59.5 (SD 6.8).
24 (40%).
HTN, HCHL and CAD.
Oral AHs.

1.
2.
3.
4.
5.
6.
7.

PHC.
I=30, C=30.
6 weeks.
Open-label.
Parallel.
Usual care.
Some concerns.

1. Clinical monitoring, transmission (ECG, glucose, BP
and respiration).
2. MEMS.
3. NR.
4. DSMES.

Kleinman et al,33
India

1.
2.
3.
4.
5.

9.67 (SD 8.29).
48.4 (SD 9.2).
30 (30%).
HTN and HCHL.
Oral AHs and insulin.

1.
2.
3.
4.
5.
6.
7.

PHC.
I=44, C=46.
6 months.
Single.
Parallel.
Usual care.
Low.

Yang et al,31 South 1. NR.
Korea
2. 57.6 (SD 10.59).
3. 122 (49.4%).
4. HTN and HCHL.
5. Oral AHs and insulin.

1.
2.
3.
4.
5.
6.
7.

PHC.
I=150, C=97.
3 months.
Open-label.
Parallel cluster.
Usual care.
Some concerns.

1. Reminders, data visualisation, and ongoing support
to increase self-care behaviours and to facilitate
collaborative care decisions and interactions with
providers.
2. Provider portal and app.
3. Health Belief Model (HBM) theory of planned
behaviour and Bandura’s theory of self-efficacy.
4. DSMS.
1. Clinical monitoring and transmission to provider
portals.
2. Short Message Service (SMS),12 provider portal.
3. NR.
4. DSMS.

1.Received data from e-blister and transmitted to
providers’ server.
2. e-blister, provider portal and reminder calls.
3. NR.
4. DSMS.

Comorbidities: HTN, HCHL and CAD.
Settings: PHC and TC.
Sample size: I and C.
AH, antihyperglycaemic; BP, blood pressure; C, control group; CAD, coronary artery disease; DSMES, diabetes self-management education
and support; DSMS, diabetes self-management support; HBM, Health Belief Model; HCHL, hypercholesterolaemia; HTN, hypertension; I,
intervention group; MEMS, Medication Event Monitoring System; NR, not reported; PHC, primary healthcare; ROB, risk of bias; SMS, Short
Message Service; TC, tertiary care.
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Mobile app functions included recording food intake,
physical activity and clinical information such as BP and
glucose levels.29–34 Other functions included alerting
users if their uploaded data deviated from prespecified
standards.30 32 Intervention apps also helped participants
track and schedule medication, visualise and transmit
data to providers and act as automated reminders.29–34 For
measurement of clinical data, participants were equipped
with instruments such as glucose monitors and strips.
The most common cointervention was provider portals
which helped providers review transmitted patient data
which they used to offer feedback to participants.31 33 34
Additional reminders were provided in two studies.31 34
Brath et al34 offered e-blisters, which helped participants
adhere to their medication.34 Most interventions were
guided by physicians. Control groups were offered usual
clinic consultations, except for one study in which participants also received standard blisters and medication
diaries.34
Acceptability was high among participants. Participants
commended apps for their speed, ease of use and convenience.29 30 34 Other participants reported that they liked
that providers were familiar with their regimens.34 Participants indicated that interventions would improve their
self-confidence in managing diseases and that they would
use app afterwards.29 30

In terms of operation ability, participants were expected
to have a working knowledge of phones and apps. In
addition, researchers offered training to all participants
to ensure proper use of interventions. Some of the
challenges reported included technical complexity,32 34
frequent need to recharge gadgets and lack of glucose
strips.29
Quality of studies
In terms of risk of bias, two studies were deemed as
high34 and low risks.33 The rest were judged as having
some concerns.29–32 Major concerns were inadequate
reporting of randomisation process,29–31 34 possibility
of reporting bias,30–32 lack of blinding30–32 34 and lack
of optimal handling of missing data.30 31 34 Risk of bias
assessment is illustrated in figure 2. Attrition rates
ranged from 0% to 31%. Publication bias was not
detected (p=0.398).
Moderator analysis and sensitivity analysis
Due to the small number of studies, subgroup analyses
were not performed. Changing precorrelation/postcorrelation from 0.5 to 0.2 and 0.8 did not significantly alter
review effect estimates (see online supplemental figures
S2–7).

Figure 2 Risk of bias assessment chart. Note: clinical outcomes: blood pressure, glycated haemoglobin, Body Mass Index
and total cholesterol.
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Figure 3 Fixed-effects meta-analysis: standardized mean difference (SMD) of medication adherence at 3 months between
diabetes self-management education and support app and usual care groups.

Intervention effect
Review estimates were aggregated from study results at
3 months from baseline measurements. Pooled analysis
showed that DSMES app improved medication adherence
(SMD=0.393, 95% CI 0.17 to 0.61; I2=0%) and patient
adherence (SMD=0.632, 95% CI 0.17 to 1.094; I2=83%)
compared with usual care. Interventions also reduced
Hba1c (MD=−0.314, 95% CI −0.477 to –0.151; I2=0%) and
BMI (MD=−0.28, 95% CI −0.545 to –0.015; I2=0%). The
authors did not pool results for BP (few studies) and total
cholesterol (high heterogeneity). Results are illustrated
in figures 3–5.
DISCUSSION
After 3 months of DSMES app intervention, participants
had a small but significant improvement in medication
adherence compared with those receiving usual care.
The intervention also had a small and moderate effect on
HbA1c and BMI, respectively.
Medication adherence improved significantly after
receiving 3 months of intervention. Intervention effect
was also highly consistent among students (I2=0%).
Improved medication adherence is a good development as
it is associated with positive health outcomes and delay in
development of DM complications.35 However, achieving
optimal adherence is an ongoing challenge as patients
are required to strictly follow dosages and recommendations from initiation to long-term continuation of disease
management throughout their lives.36 The current review

shows that DSMES apps could help by acting as reminders
and communication channels, scheduling and calculating doses as well. In a way, they do unburden patients
and allow them to sync DM management effortlessly into
their lives. A review by Peng et al found similar findings
in participants with various chronic diseases.18 The use of
simple messages has been widely studied with contrasting
results,10 17 including the use of mobile apps to improve
medication adherence.
Lifestyle adherence was measured in one study.32
Thus, a postanalysis outcome, patient adherence, was
made by aggregating medication and lifestyle adherence
outcomes. The pooled estimate showed a moderate and
significant effect compared with usual care, though there
was high heterogeneity observed. Adherence to lifestyle
recommendations is important as they play a crucial role
in controlling T2D. Patients who manage the diet and
increase physical activity are more likely to fare well in
terms of health outcomes.37 Lifestyle therapy adherence
is also crucial to controlling other comorbidities such as
hypertension, which were present in all studies.38 39
Studies all had cointerventions; most commonly, provider
portals and independent reminders were used. These
components illustrate the importance of patient–provider
interaction, which have proven useful in improving other
health outcome.40 The review does not have evidence that
this feature, or any other intervention component or population characteristic, was vital in improving adherence partly
due to failure to conduct moderator analysis.

Figure 4 Fixed-effects meta-analysis: mean difference (MD) of glycated haemoglobin at 3 months between diabetes self-
management education and support app and usual care groups.
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Figure 5 Fixed-effects meta-analysis: mean difference (MD) of Body Mass Index at 3 months between diabetes self-
management education and support app and usual care groups.

In terms of DSMES, with advances in technology, healthcare providers are also transitioning from or at least complimenting traditional delivery media with digital tools.14 As
earlier stated, DSMES covers a lot of crucial topics including
patient adherence to treatment.11 However, from the current
review, studies show that mobile apps are mostly being used
to offer self-management support or in combination with
diabetes education.30–34 It is likely that pure diabetes education services are offered using either online or messaging
services. Regardless, DSMES apps have the potential to offer
management support.32
both diabetes education and self-
Thus, implementers of DSMES interventions would ideally
design a separate component of education using tools like
websites and Short Message Service (SMS) or incorporate the
education component into a self-management mobile app.
Our pooled effect estimate on HbA1c showed a small but
significant reduction compared with usual care. The findings
are in line previous literature.41 42 HbA1c is an important
indicator of disease control though its efficacy as a screening
tool is still debated.43 DSMES app functions, such as glucose
monitoring and calculation of doses, would have played a
role in improving HbA1c in review participants. In addition,
medication adherence may have also influenced glycaemic
control.44 Further research is required to shed more light
on the association between HbA1c levels and medication
adherence.
BMI is a direct indicator of patient adherence to lifestyle recommendations. It is noticeable that both patient
adherence and BMI significantly improved, begging the
question: how, if at all, are the two outcomes correlated?
However, as earlier stated, the review was underpowered to conduct such analysis. BMI is crucial for patients
with T2D, as increased BMI is an important risk factor in
developing adverse cardiometabolic events and other non-
communicable diseases.37 45 Managing BMI through lifestyle
modifications should be given as much emphasis as medical
treatment. Most treatment protocols, of course, include lifestyle management.46 However, few interventions targeted
lifestyle therapies.32 33 On the other hand, studies that target
lifestyle interventions seldom included patients with T2D.
Consequently, most of these studies were excluded from the
review.

Applicability
Intervention group participants were generally accepting
of DSMES apps. Major advantages reported were
convenience, ease of use, and being motivational and
knowledgeable. Interventions acted as a medium of
communication, increasing frequency of interactions
from usual month or quarterly consultation to at time
weekly. This advantage could possibly help providers spot
anomalies faster, address emerging problems earlier and
eventually reduce medical costs.
In terms of feasibility, first, for the system to work,
there needs technical expertise, and second, patients are
required to be digitally literate. The review’s population
was mostly old adults who might not be very technologically adept.18 However, studies reported assistance to
participants whenever it was required.
Strengths
This review was tailored to the use of DSMES apps by
patients with T2D and their impact on adherence. Results
of all prespecified outcomes have shown a high consistency among included studies. Studies are all RCTs and
were mostly conducted in PHC settings, which is generalisable to most patients with T2D.
Limitations
Several factors need to be taken into consideration. First,
studies are mostly feasible trials. Second, few studies
meant reviewers could not achieve moderator analysis.
The first two limitations could indicate that relatively little
research has been conducted on this topic. Third, it is
difficult to ascertain which intervention component was
vital in improving outcomes. Adherence was self-reported
in some studies, raising the possibility of reporter bias.
Fourth, use of theoretical frameworks was reported in
only one study,33 although they are known to be important
in development of interventions.
Further research
First, DSMES app intervention needs to be tested in larger
trials. In addition, the review reports results measured at
3 months. There is a need to study the long-term impact
of DSMES apps on both medication and lifestyle therapy
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adherence. Furthermore, long-term follow-up would allow
the measurement of outcomes, such as persistence. Lastly,
use of theoretical frameworks during intervention implementation is highly recommended in future studies.10

CONCLUSION
Pooled analysis showed that DSME apps had significant
small to moderate effects on medication adherence,
HbA1c and BMI of patients with T2D in comparison to
usual care. All results had low heterogeneity. Participant
feedback showed apps were reliable, easy to use and
convenient, though most required to be phone literate.
Evidence comes from feasibility trials with generally
moderate risk of bias. Larger trials with longer follow-up
periods using theory-based interventions are required to
improved current evidence.
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Table S1. Search Strategy used in Cochrane Controlled Register of Trials (CENTRAL)
ID

Search Details

Number

#1

[Diabetes Mellitus, Type 2] explode all trees

17351

#2

[Telemedicine] explode all trees

2438

#3

[Self-Management] explode all trees and with qualifier(s): [education ED]

39

#4

"self-management education" OR "self-management support" OR
"diabetes education" OR "health promotion" OR "patient education"
OR "health education"

34078

#5

[Medication Adherence] explode all trees

2189

#6

[Patient Compliance] explode all trees

11739

#7

"cell phone" OR "cellphone" OR "cellular phone" OR "cellular
telephone" OR "mobile phone" OR "mobile telephone" OR "mobile
applications" OR "mobile apps" OR "text messaging" OR "texting"

5554

#8

#3 OR #4

34087

#9

#7 OR #2

7593

#10

#5 OR #6

11739

#11

#1 AND #8

1285

#12

#11 AND #9

101

#13

#12 AND #10

11
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