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Abstract
Background: Diabetes self-management education (DSME) and support 
(DSME/S) delivered via mobile health (mHealth) is potentially cost-effective, if 
proven effective.
Objectives: To assess the effectiveness of DSME, DSMS or DSME/S delivered by 
mHealth interventions compared to usual care (UC) or attention placebo control 
(APC) in adults with type 2 diabetes.
Methods: We searched (1) MEDLINE, (2) Embase, (3) PsycINFO, (4) Cochrane 
Central Register of Controlled Trials via the Cochrane Register of Studies Online, 
(5) Clini​calTr​ials.​gov, and (6) World Health Organization International Clinical 
Trials Registry Platform from the year 2000 to January 31, 2023. We included RCTs 
comparing DSME/S delivered via mHealth versus UC or APC. Four authors inde-
pendently selected trials, assessed risk of bias and extracted data. Primary outcome 
was HbA1c, outher outcomes secundairy. Meta-analysed with random-effects 
model was used.
Results: We included 43 trials involving 9328 participants; sample sizes rang-
ing from 20 to 1119. Pooled effects on HbA1c were for DSME: mean difference 
(MD) of −4 mmol/mol (−0.3%), 95% CI −6 mmol/mol (−0.6%) to −1 mmol/mol 
(−0.1); p = 0.002; DSMS MD −4 mmol/mol (−0.4%), 95% CI 7 mmol/mol (−0.6%) 
to −2 mmol/mol (−0.2); p < 0.001; and DSME/S MD of −2 mmol/mol (−0.2%) for 
HbA1c, 95% CI −3 mmol/mol (−0.3%) to −0 mmol/mol (−0.0%); p < 0.001. We 
found uncertain effects on other outcomes.
Conclusions: mHealth interventions delivering self management education 
with or without support to adults with type 2 diabetes appear to have a mod-
est beneficial effect on HbA1c. Only a few trials investigated patient-reported 
outcomes.
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1   |   INTRODUCTION

Diabetes self-management education (DSME) provides 
individuals with type 2 diabetes with the knowledge, abil-
ities and skills necessary for diabetes self-management.1 
To implement and sustain the targeted behaviour, peo-
ple should also receive diabetes self-management sup-
port (DSMS), defined as “activities that assist the person 
with diabetes in implementing and sustaining the behav-
iours needed to manage his or her condition on an ongo-
ing basis”.2 DSME and DSMS together are referred to as 
DSME and support, which forms the essential basis for 
self-management in individuals with type 2 diabetes.2

Traditionally, DSME/S has been delivered via face-to-
face contact between individuals with type 2 diabetes and 
healthcare providers. However, the number of diabetes 
monitoring visits is limited and therefore, healthcare pro-
viders are only able to provide individuals with DSME/S 
a few times per year. This may lead to an overwhelming 
amount of information for individuals during the diabe-
tes monitoring visits. Additionally, in some countries, the 
number of healthcare providers cannot keep up with the 
increasing number of individuals with type 2 diabetes. 
These shortcomings have prompted the need for innova-
tive and (cost-)effective solutions to support the healthcare 
providers in delivering DSME/S.

New technologies have the potential to deliver 
DSME/S and consequently improve diabetes self-
management. A potential low-cost and easily accessible 
way to provide DSME/S may be by using mobile health 
(mHealth). mHealth is healthcare that is provided using 
mobile or electronic devices, such interventions can be 
personalised to the individual and integrated into daily 
life. A Cochrane Review on computer-based diabetes self-
management interventions, published in 2013 (including 
any application that takes input from a patient and uses 
communication or processing technology to provide a 
tailored response that facilitates one or more aspects of 
diabetes self-management), found that computer-based 
interventions had small benefits on glycaemic control 
(low- to moderate-quality evidence); the effect size was 
larger in the mobile phone group.3 Since then, mHealth 
interventions have continued to gain popularity, but their 
effects remain uncertain. Due to the continuous introduc-
tion of new applications (apps) and the removal of existing 
ones, it is challenging to determine the precise number 
of mHealth apps globally. However, by 2021, the count 
surpassed 350,000,4 with diabetes being one of the most 
commonly addressed conditions by these apps.5 Although 
randomised controlled trials (RCTs) have evaluated a few 
of these interventions,6 most apps are not supported by 
evidence, making it hard to choose one that is suitable 
to facilitate DSME/S. Evidence on the effectiveness of 

mHealth interventions may help people with type 2 dia-
betes and their healthcare providers to make better deci-
sions regarding their use.

This systematic review aims to assess the effectiveness 
of DSME, DSMS or both delivered by mHealth interven-
tions versus usual care (UC) or attention placebo control 
(APC) in adults with type 2 diabetes.

2   |   METHODS

2.1  |  Search strategies

Relevant publications discussing DSME, DSMS or both in-
terventions were searched in six databases: (1) MEDLINE, 
(2) Embase, (3) PsycINFO, (4) Cochrane Central Register 
of Controlled Trials via the Cochrane Register of Studies 
Online, (5) Clini​calTr​ials.​gov, and (6) World Health 
Organization International Clinical Trials Registry 
Platform. The search string was developed together with 
a skilled librarian and combined three groups of words; 
words related to the population, the intervention and the 
study design (i.e., RCT). Specific search strings are shown 
in Appendix  A. The search was limited to publications 
published from 2000 and onwards. The last search was 
conducted on January 31, 2023. Other potentially eligible 
publications were identified by searching the reference 
lists of the included publications, systematic reviews, meta-
analyses and health technology assessment reports. In ad-
dition, authors of included publications were contacted to 
identify any additional and/or missing information on the 
retrieved study and to identify further publications that 
may have been missed. The protocol of the systematic re-
view was published before (CD012869).

2.2  |  Study selection

Four authors (AMB, RV, AV, MH) independently 
screened the title and abstract of every publication 

What's new?

The continuous introduction of new applica-
tions (apps) for diabetes self-management educa-
tion and support delivered gives an opportunity 
to support healthcare providers if these apps are 
provided in a unidirectional way. This systematic 
review and meta-analysis showed that unidirec-
tional diabetes self-management education and 
support delivered is effective in reducing HbA1c.

http://clinicaltrials.gov
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retrieved to determine its eligibility. The full-text of 
all potentially relevant publications was obtained and 
screened for eligibility. Any disagreements were resolved 
through consensus or by recourse to a fifth author (GR).

Several inclusion criteria were used to determine eligi-
bility. First, publications were included when they inves-
tigated a mHealth intervention that provided: (a) DSME, 
(b) DSMS, or (c) DSME/S. Second, the intervention 
should target adults (aged 18 or older) with type 2 diabe-
tes. Trials involving participants with comorbid disorders 
were eligible for inclusion as long as the primary focus 
of the intervention was DSME, DSMS or DSME/S. Trials 
involving a broader population (e.g., individuals with a 
chronic illness) were only included when the results for 
individuals with type 2 diabetes were presented sepa-
rately. When these data were not available, a request was 
sent to the authors. Third, the study design was an RCT. 
Fourth, the mHealth intervention was eligible when the 
intervention was provided either via short message ser-
vice (SMS), text messages, voice messages (including au-
tomated telephone calls) or via a smartphone application. 
All mobile devices were eligible vehicles for the inter-
vention: mobile phones, smartphones, tablets and other 
mobile devices. Wearables were only included when the 
intervention was delivered directly to the wearable, or 
when the intervention was delivered to a mobile phone, 
smartphone or other mobile device that was connected to 
the wearable. Fifth, the comparator condition discussed 
was either UC or APC; the APC group does not receive 
the actual intervention but receives an intervention that 
covers the same amount of time and attention as the ex-
perimental group received7. Lastly, relevant outcome data 
should be discussed (see ‘Coding’).

Publications were excluded when they focused on 
personal communication by mobile devices only, such 
as telephone calls with healthcare providers. Also, non-
automated interventions, such as tailored feedback on 
glucose values from healthcare providers, were excluded. 
Because we were looking for mHealth interventions that 
could cope with the worldwide increasing incidence of 
type 2 diabetes and the relative scarcity of healthcare pro-
viders, we excluded trials reporting on remote monitoring 
of patients and novel ways of patient-provider communi-
cation, but also trials that investigated mHealth interven-
tions that were primarily data records/diaries. However, 
interventions with only contact between individuals with 
diabetes and healthcare providers in case of concern 
about health outcomes or values, were considered auto-
mated as such procedures can ensure safety. Publications 
investigating personal records, data entries or diaries, 
and trials investigating mHealth interventions targeting 
healthcare providers were also excluded. Additionally, 
non-peer-reviewed papers (e.g., thesis, books), study pro-
tocols, reviews and meta-analyses were excluded.

2.3  |  Coding

A standardised coding form was used to extract all relevant 
data from each publication. The following data was ex-
tracted: (a) first author, (b) publication year, (c) study design, 
(d) study setting, including country, (e) trial period, (f) inter-
vention characteristics and duration, (g) type of comparator 
(UC or APC), (h) sample characteristics (inclusion criteria, 
number of participants randomised, gender, age and diabe-
tes duration), and (i) outcome measure(s) and results.

The following outcomes were collected. Glycosylated hae-
moglobin A1c (HbA1c) measured as % or mmol/mol. Body 
weight: measured in kilograms (kg) or as body mass index 
(BMI, in kg/m2). Hypoglycaemic episodes: classified as mild 
(self-managed), moderate (daily activities interrupted but 
self-management) and severe (requiring assistance from oth-
ers), or as trial authors' definition. Adverse events other than 
hypoglycaemic episodes, all-cause mortality, health-related 
quality of life/health status, diabetes treatment satisfac-
tion, self-care behaviours, systolic and diastolic blood pres-
sure, lipid profile (total cholesterol, high-density lipoprotein 
[HDL]-cholesterol, low-density lipoprotein [LDL]-cholesterol 
and triglycerides), fasting plasma glucose (FPG), and health-
care related costs were also analysed. HbA1c was the primary 
outcome. Taking the generally accepted minimally relevant 
difference into account, a mean difference (MD) of 4 mmol/
mol (0.4%) was considered clinically relevant.

2.4  |  Assessment of risk of bias in 
included studies

Three authors (AMB, RV, AV) independently assessed 
the risk of bias for each included publication using the 
Cochrane ‘Risk of bias’ assessment tool. The tool identi-
fies the following seven domains: (a) random sequence 
generation (selection bias), (b) allocation concealment 
(selection bias), (c) blinding of participants and personnel 
(performance bias), (d) blinding of outcome assessment 
(detection bias), (e) incomplete outcome data (attrition 
bias), (f) selective reporting (reporting bias), and (g) other 
potential sources of bias. Per publication, each domain 
was rated as having a ‘low’, ‘high’ or ‘unclear’ risk. The 
risk was labelled as ‘unclear’ when insufficient informa-
tion was provided to make the judgement. The domains 
performance bias, detection bias and attrition bias were 
rated separately for objective and subjective outcomes.

2.5  |  Data analyses

When two or more publications reported data on a given 
outcome, an estimate of the effect size was calculated. For 
continuous outcomes measured on the same scale, the MD 
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with 95% confidence interval (CI) was used as an estimate 
of the effect size. The MD for the continuous outcomes 
was calculated using the mean, standard deviation (SD) 
and sample size reported at post-intervention. For dichoto-
mous data, the risk ratio (RR) or Peto's odds ratio with 95% 
CI were used as an estimate of effect. Both were calculated 
using the frequency of the event in both conditions and the 
sample size. Peto's odds ratio was used for rare events, oc-
curring at rates below 1%. A random effect model was used 
with due consideration to the whole distribution of effects 
and a prediction interval was presented.8

In case of missing data, the authors of the publication 
were contacted. When the mean or SD for outcomes was 
not obtained, we imputed these values by estimating the 
mean and variance from the median, range, sample size, 
and figures embedded in the manuscript.9 Data from cross-
over trials was included; however, only the data from the 
first period to avoid the risk of bias due to carry-over ef-
fects.10 Besides investigating whether the effect of the inter-
vention differed from pre- to post-intervention, subgroup 
analyses were done for the primary outcome HbA1c. These 
analyses make it possible to identify whether the effect dif-
fered for gender, age (<60 years versus ≥60 years), the pro-
portion of people receiving insulin (<50% versus ≥50%), 
level of metabolic control (HbA1c >64 mmol/mol [>8.0%] 
versus HbA1c ≤64 mmol/mol [≤8.0%]), and type of control 
group (APC versus UC).

Heterogeneity was assessed using the Q and I2 statis-
tics. There is true variation in the effect size when the 
Q-statistic is significant, and the I2 statistic indicates the 
amount of real variance.11 A p-value of ≤. 05 was used 
to determine significance; however, when the number 
of studies or sample size was small, a value of ≤0.10 was 
used.10 As an indication of publication bias, the funnel 
plots were visually inspected when there were 10 or more 
trials for any outcome. The software Review Manager ver-
sion 5.4.1 was used for all the analyses.12

3   |   RESULTS

The electronic database search yielded 3857 records after the 
removal of duplicates (see Figure 1). Of these, 3618 were ex-
cluded after screening on title and abstract. Of the remaining 
239 records, 159 records were excluded. The main reason for 
exclusion after full-text evaluation was the ineligibility of the 
intervention. Another 18 trials were classified as potentially 
relevant and ongoing; 23 trials were included as potentially 
relevant studies awaiting classification. Via MEDLINE auto 
alerts, we identified four additional completed trials. A total 
of 43 trials (45 records) were considered relevant and were 
included in the qualitative/ meta-analysis (see Table 1). All 
references of the included studies are shown in Appendix D.

3.1  |  Description of studies

Eight trials (nine records) investigated an intervention 
providing only DSME; six trials (7 records) compared 
DSME to UC,13–19 two trials to APC.20,21 Sixteen trials (17 
records) studied only DSMS of which nine trials (10 re-
cords) compared DSMS to UC22–31 and seven compared 
DSMS to APC.32–38 Interventions consisting of a combina-
tion of DSME and DSMS were studied in 18 trials; 14 trials 
were performed using a UC control group39–52 and four 
using an APC group.53–56

The trials were performed in Asia (n = 3600), North 
America (n = 2096), Africa (n = 1209), Europe (n = 1141), 
Oceania (n = 1110) and South America (n = 172), and both 
in primary and secondary care settings.

While most trials reported on clinical outcomes 
such as HbA1c, FPG and BMI, only a few investigated 
patient-reported outcomes such as treatment satisfac-
tion, health-related quality of life/health status and self-
care behaviour.

3.2  |  Risk of bias in included studies

All of the included studies had some methodological weak-
nesses, see Figure 2,C1. Nineteen trials19,28,30,31,46,47,51,52,55 
reported sufficient information on both sequence genera-
tion and allocation concealment and were classified as 
low risk of selection bias.15,17,23,26,32,41,42,45,53,54 Due to the 
nature of the interventions, which requires overt partici-
pation, blinding the participants was not possible. In two 
trials, the outcome assessor was blinded,17,53 but in these 
trials, some outcomes were assessed by the participants 
who were not blinded (for example self-care behaviours). 
One of these two trials also reported blinding of the treat-
ing physicians.17 In one trial, the outcome assessor of the 
primary outcome was blinded.42 We classified the out-
come ‘all-cause mortality’ as a low risk of performance bias 
since this outcome is unlikely to be influenced by blinding. 
Concerning detection bias (blinding of the outcome asses-
sor), we judged most laboratory outcomes as low risk of 
bias. For other outcomes, the risk of detection bias differed 
per trial. In five studies all randomised participants com-
pleted the trial.13,16,20,22,31 In the other trials, the percent-
age of randomised participants completing the trial ranged 
from 57.2%43 to 98.1%.42 One trial randomised eligible 
participants before they were contacted for participation 
and before the last two eligibility criteria could be applied, 
resulting in a percentage of randomised participants who 
completed the trial of only 19.4%.25 Thirteen trials were 
classified as high risk of reporting bias because the authors 
did not report all outcomes that were pre-specified in the 
study protocol paper or trial register, or because the authors 
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did not report all outcomes that were pre-specified in the 
methods section of their paper.21–25,32–35,39,44,45,54 Five trials 
provided insufficient information to judge whether there 
were other potential sources of bias.13,16,25,32,44

3.3  |  Risk of bias in included studies

3.3.1  |  mHealth interventions that 
provide DSME

HbA1c
There was a beneficial effect of mHealth interventions that 
provide DSME on HbA1c with a MD of −4 mmol/mol (−0.3%), 
95% CI −6 mmol/mol (−0.6%) to −1 mmol/mol (−0.1%); 
p = 0.002; 8 trials; 1289 participants (see Figure 3). The 95% 
prediction interval was 10 mmol/mol (−1.0%) to 3 mmol/mol 
(0.3%). Taking the generally accepted minimally relevant dif-
ference of 0.4% into account, this MD can be considered clini-
cally relevant. The studies had significant heterogeneity, Q (5) 
= 10.62 with p = 0.060. The amount of true variance was me-
dium, with I2 = 53. Subgroup analyses revealed no differences 
for gender, proportion of participants on insulin, metabolic 
control, and APC versus UC (see Appendix  B, Table  B1). 

Subgroup analysis for age could not be explored, because the 
subgroup ≥60 years was not represented.

Other outcomes
No statistically significant differences were found in 
the pooled analyses for BMI,15–17,19 Morisky Medication 
Adherence Scale (MMAS),13,15 lipid profile14–16 and 
FPG.13,14,16 There was no effect on weight in kilograms19 
health status15 or systolic blood pressure.15 Other out-
comes of interest could not be pooled.18,20

3.3.2  |  mHealth interventions that 
provide DSMS

HbA1c
There was a beneficial effect of mHealth interventions 
that provide DSMS on HbA1c with an MD of −4 mmol/
mol (−0.4%), 95% CI −7 mmol/mol (−0.6%) to −2 mmol/
mol (−0.2%); p < 0.001; 16 trials; 1326 participants (see 
Figure 3). The 95% prediction interval was −11 mmol/mol 
(−1.0%) to 2 mmol/mol (0.2%). Studies had significant 
heterogeneity (Q (13) = 30.62, p = 0.004), and true vari-
ance was considered medium (I2 = 58). Subgroup analyses 

F I G U R E  1   PRISMA flow diagram. 
The included trials were conducted 
between 2008 and 2023. In total, these 
trials included 9200 participants; the 
individual sample size ranged from 
2027 to 1119.49 The duration of the 
intervention ranged from 1 week55 to 
12 months.22,35 The duration of follow-up 
ranged from 2 weeks16,18,27,37 to 2 years.24 
Further details on the interventions and 
characteristics of the study population can 
be found in Table 1.
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F I G U R E  2   Risk of bias within studies. Green indicates a low risk of bias. Red indicates a high risk of bias. Orange indicates an unclear 
risk of bias. N.A. indicate that the trial did not report that particular outcome.
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revealed significant differences for gender (p = 0.005); spe-
cifically, the MD was largest in trials with less than 45% 
women (MD = −7 mmol/mol (−0.7%), 95% CI −10 mmol/
mol (−1%) to −5 mmol/mol (−0.4%); 5 trials). No differ-
ences were found for age, the proportion of participants 
on insulin, metabolic control, and APC versus UC (see 
Appendix B, Table B2).

Other outcomes
A beneficial effect of DSMS on BMI was found, with 
MD of −1.11, 95% CI −1.88 to −0.35; p = 0.004; 8 tri-
als; 511 participants.22–24,27,29,34,36,38 No significant dif-
ferences were found in the pooled analyses for weight 

in kilograms,27,33,36,38 hypoglycaemic episodes,24,26,32,34 
health status,23,26 or blood pressure.22,27,34,36,38

Pooled analyses across four studies showed an increase 
in the weekly frequency of self-monitoring blood glucose 
in the intervention group compared to UC (MD = 3.85, 95% 
CI 0.32–7.38, p = 0.030; 4 trials; 323 participants).24,27,33,34 
Pooled analyses of two studies22,26 found no effect on specific 
self-care behaviour assessed with the Summary of Diabetes 
Self-Care Activities (SDSCA) questionnaire (general diet, 
specific diet, exercise, blood glucose testing, foot care).

No effect was found on lipid profile, except for HDL-
cholesterol. Specifically, DSMS had a positive impact 
on HDL-cholesterol with MD of 3.25 mg/dL (95% CI 

F I G U R E  3   Forest plot showing the effect of DSME, DSMS and DSME/S on HbA1c.
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0.84–5.67, p < 0.008, 5 trials; 360 participants).24,29,34,36,38 
For FPG, there was an MD of −9.19 mg/dL in favour of 
mHealth, 95% CI −15.94 to −2.44; p = 0.008; 8 trials; 535 
participants.24,27,32–34,36–38 Other outcomes of interest 
could not be pooled.25,30,31

3.3.3  |  mHealth interventions that provide 
DSME/S

HbA1c
mHealth interventions that provide DSME/S resulted in an 
MD of −2 mmol/mol (−0.2%) for HbA1c, 95% CI −3 mmol/
mol (−0.3%) to −0 mmol/mol (−0.0%); p < 0.001; 18 trials; 
3636 participants; see Figure 3. The 95% prediction inter-
val was −4 mmol/mol (−0.3%) to −1 mmol/mol (−0.1%).. 
Studies had no significant heterogeneity (Q (13) = 16.43, 
p = 0.230), and the amount of true variance was small 
(I2 = 21). A small I2 implies that a substantial portion of 
the variance arises from random error. Therefore, the sub-
group analyses should be interpreted carefully. Subgroup 
analyses found no differences for gender, age, proportion 
of participants on insulin, metabolic control, and attention 
control versus UC control. (see Appendix B, Table B3).

Other outcomes
There were no statistically significant differences in 
the pooled results for BMI,44,46,47,49,50,52 weight in kilo-
grams,52–54,56 hypoglycaemic episodes,46,52,56 health 
status,40,42,45,46 lipid profile44,46,47,50,52,56 or FPG.44,48,52,56 
There were no significant effects in the pooled results 
of self-care behaviours,39,40,42,46 except for medication 
adherence assessed with the MMAS. DSME/S had a 
positive impact on medication adherence with MD of 
0.70 (95% CI 0.00–1.40; p = 0.050; 2 trials; 201 partici-
pants).39,53 Pooled results showed that DSME/S had a 
significant positive impact on SBP (MD = −3.08 mmHg, 
95% CI −5.60 to −0.56, p = 0.020; 5 trials; 2760 
participants).46–49,56

Five trials reported no (serious) adverse events during 
the trial related to the intervention.42,46,49,52,56 Concerning 
treatment satisfaction, one trial showed that the majority 
of participants (87%) were satisfied with the intervention,52 
one study found that satisfaction did not differ between 
the intervention and APC,53 and one study found that 
the improvement in satisfaction with care was higher in 
the DSME/S group.55 Cost-effectiveness was investigated 
in only one trial (120 participants) which resulted in un-
certain cost-effectiveness.45 Another trial intended to do a 
cost-effectiveness analysis but did not carry it out due to a 
lack of intervention effect on the main study outcome and 
quality of life.49 Other outcomes of interest could not be 
pooled.43,51

3.4  |  Assessment of publication bias

HbA1c was the only outcome that 10 or more trials re-
ported on, specifically for mHealth interventions that 
provided either DSMS or DSME/S. Therefore, the funnel 
plots were inspected to identify potential publication bias. 
The funnel plots are included in Appendix C. The funnel 
plot of DSMS studies shows a symmetrical distribution, 
indicating an absence of publication bias (Figure C1). The 
funnel plot of DSME/S studies shows that the majority of 
trials are at the top of the graph, and the distribution is 
more to the right as the sample size decreases (Figure C2). 
This can be indicative of publication bias and the effect of 
DSME/S on HbA1c may need to be interpreted carefully.

4   |   DISCUSSION

4.1  |  Summary of main results

We included 43 trials (45 records) with 9328 participants 
to assess the effects of DSME and support alone or com-
bined, delivered by mobile health interventions in adults 
with type 2 diabetes mellitus.

The included trials covered a wide variety of mHealth 
interventions. Also, the aim of the trials varied widely: 
from improving HbA1c (43 trials) to improving lipid pro-
files (14 trials), blood pressure (11 trials) medication ad-
herence (4 trials), to improving insulin titration or blood 
glucose self-monitoring (4 trials). mHealth interventions 
improved HbA1c by about 4 mmol/mol (0.4%), with the 
largest effect for DSMS and no significant overall risk of 
hypoglycaemic episodes. This effect was not only signifi-
cant but also clinically relevant.

With DSME, no statistically significant differences 
were found on other outcomes. Based on eight trials, 
DSMS showed a significant decrease in BMI; and in four 
studies, the weekly frequency of self-monitoring blood 
glucose increased in the DSMS intervention group. 
Specifically, DSMS had a positive impact on HDL-
cholesterol in four studies. Based on two trials medica-
tion adherence improved with DSME/S, and DSME/S 
had a significant positive impact on SBP (pooled anal-
ysis of 5 trials).

4.2  |  Overall completeness and 
applicability of evidence

All but seven trials included participants with type 2 
diabetes; five trials failed to report on the type of diabe-
tes,21,26,28,55,57 one trial investigated both type 1 diabetes 
and type 2 diabetes but performed a subgroup analysis 
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restricted to type 2 diabetes for HbA1c,42 and one included 
both type 1 diabetes and type 2 diabetes with an unknown 
distribution.43 Also the level of metabolic control varied 
widely: from a mean HbA1c of 46 mmol/mol (6.4%)22 to 
88 mmol/mol (10.2%)39 at baseline.

Based on the variety of the different type 2 diabetes 
populations, treated both in primary and secondary care 
and with a wide range of diabetes control, we conclude 
that the results of our meta-analysis are applicable to the 
general type 2 diabetes population.

The outcome data of the included trials were fairly 
complete. Nevertheless, only nine out of the 19 authors 
who were contacted replied to our queries. To include the 
trials with missing data in our meta-analyses, we had to 
make the following imputations: (1) estimate the SD at 
follow-up by using the average of the pooled baseline SDs 
for HbA1c,22,45 BMI,22 SBP,22 DBP22 and SDSCA22 and (2) 
estimate numbers from figures and use pooled baseline 
SD when applicable (HbA1c,41 FPG,33 weekly frequency 
of SMBG,33 proportion of participants with hypoglycae-
mic episode,24 and weekly frequency of exercise34).

The majority of studies poorly defined hypoglycaemia 
and thus in the majority of studies, it was unclear how 
hypoglycaemia was assessed. Only two out of seven stud-
ies (partly) reported the methodology; one study reported 
using a fingerprick to confirm24 and one study used a 
query.26 To determine the validity of the methods used, it 
is important for future studies to clearly define and report 
on the methodology.

4.3  |  Quality of the evidence

Of the 43 included trials, 30 trials provided a sample size 
calculation,14–21,23,26,29,35,39,42,43,45,46,48–51,53–61 of which 21 
trials were able to analyse the target number of partici-
pants15,17–20,23,26,29,39,42,46,48–51,54–58,60 one trial had an un-
known number of participants analysed.21 Fourteen trials 
were powered based on effect on HbA1c level of which 
nine trials assumed a modest difference in HbA1c level of 
4 mmol/mol (0.4) to 5 mmol/mol (0.5%),15,18,21,26,42,45,46,49,56  
while others assumed much larger differences of approxi-
mately 11 mmol/mol (1%).14,19,39,50,53

With regard to performance bias, we decided to apply 
‘high risk of bias’ to all objective outcomes, except for 
mortality, since disease control measures like HbA1c and 
lipid control are assumed to benefit of DSME/S and self-
efficacy and might therefore be biased when participants 
are aware of their treatment allocation.

Comparing the published results to the published study 
protocol or to the trial register, some trials suffered from 
selective reporting. With regard to selection bias, most tri-
als were classified as low risk of bias.

Taking the aforementioned, the overall certainty of the 
evidence was rated moderate for the objective outcome. 
While we were unable to investigate potential publica-
tion bias by funnel plots, it is important to note that we 
classified 18 trials as potentially relevant studies awaiting 
classification. Many of these studies were conference pro-
ceedings in 2022 (n = 13), of which we were not able to 
find a full manuscript reporting the results.

4.4  |  Agreements and disagreements 
with other studies or reviews

The Cochrane Review on computer-based diabetes self-
management interventions, published in 2013, found 
an MD of −5 mmol/mol (−0.5%), 95% CI −8 mmol/mol 
(−0.7%) to 3 mmol/mol (−0.3%) in their subgroup analysis 
on mobile phone-based interventions.3 This meta-analysis 
was based on three trials, of which we included only one in 
our systematic review.24 It excluded interventions that were 
used only for communication between individuals with 
type 2 diabetes and healthcare providers.3 Another meta-
analysis included 13 trials investigating mHealth applica-
tion, excluding phone calls and SMS, and found a mean 
HbA1c reduction in the intervention group of 4 mmol/mol 
(0.4%) 95% CI 1 mmol/mol (0.1%) to 8 mmol/mol (0.7%).62 
We, however, included SMS, but excluded trials investigat-
ing interventions with any non-automated feature, such as 
tailored feedback from healthcare providers.63

A similar finding was reported from a scoping review 
including 27 studies with different study designs and 
mixed diabetes types: an MD of −6 mmol/mol (−0.5%) 95% 
CI −9 mmol/mol (−0.8%) to 3 mmol/mol (−0.3%) HbA1c 
for type 2 diabetes in favour for the mHealth app.64 Two 
other reviews studied the effectiveness of mHealth on self-
management and disease control in type 2 diabetes in lower 
and middle-income countries.65,66 One found that most 
included studies showed within-group HbA1c improve-
ments (16 of 21 studies), but only seven of the seventeen 
studies with a control group found between-group differ-
ences in HbA1c.65 A more recent systematic review focus-
ing on mHealth intervention for type 2 diabetes in low and 
middle-income countries reported an HbA1c percentage 
difference of <3 mmol/mol (<0.3%) between the mHealth 
intervention and the comparison group (n = 10 studies). 
Additionally, studies with longer intervention periods (12–
18 months, n = 4 studies) had higher effect sizes and per-
centage differences on HbA1c (1.52 to 2.92%).66

To summarise, in agreement with our systematic re-
view, other reviews also found a statistically significant 
and clinically relevant HbA1c decrease by mHealth inter-
ventions. Like our review, other reviews found uncertain 
effects with regard to other outcomes especially the self 
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reported outcomes like self management and treatment 
satisfaction. Pooling of self-reported outcomes is challag-
ing since these outcomes are less often included in stud-
ies, and when included difficult to pool due to a difference 
in assessment used.

4.5  |  Implications for practice

mHealth interventions, those with education and those 
with support appear to have clinically relevant effects on 
HbA1c compared to UC and APC in adults with type 2 
diabetes, without additional effect of the combination of 
automated education and support. Education alone had 
no significant other effects, whereas some interventions 
with DSMS or DSME/S seem to have beneficial effects on 
BMI, SBP and HDL-cholesterol, and uncertain effect on 
self-care behaviours. Since there were no adverse events, 
and no increase in the number of (severe) hypoglycaemic 
episodes, the use of a mHealth intervention in practice 
seems to be justified, even without sufficient evidence for 
its cost-effectiveness. mHealth interventions that provide 
support (either DSMS or DSME/S), seem most beneficial 
on other outcomese besides HbA1c and may focus on a 
specific self-care behaviour. Healthcare providers and in-
dividuals with type 2 diabetes should make an informed, 
shared decision on which mHealth intervention fits best 
regarding the individuals' needs and barriers, but also on 
whether a mHealth intervention is suited for that person 
at all (Tables B1, B2, B3 and Figures C1 and C2).

4.6  |  Implications for research

The field of mHealth studies is dominated by pilot and feasi-
bility studies. While these types of studies are important, in 
many cases no sufficiently powered RCT was conducted after 
the pilot trial. The same applies to the large number of trials 
awaiting classification. Therefore we suggest that if a pilot 
study shows effectiveness, researchers should always try to 
conduct an adequately sized/powered randomised clinical 
trial instead of developing a new mHealth intervention.

In many of the included trials, the methods section 
reporting on the intervention was poorly structured. In 
2016, a guideline for reporting mHealth interventions 
was published by the WHO mHealth Technical Evidence 
Review Group67 to improve the reporting of mHealth in-
terventions, they developed a checklist on mHealth evi-
dence reporting and assessment. The checklist provides a 
minimum set of information needed to define what the 
mHealth intervention is (content), where it is being im-
plemented (context), and how it was implemented (tech-
nical features), to support replication of the intervention. 

We encourage future researchers to report about their 
mHealth intervention accordingly.

Only a few trials investigated patient-reported out-
comes such as health-related quality of life and treatment 
satisfaction. Future research should include patient re-
ported outcomes as well.
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APPENDIX A
Search strings used in the different databases.

MEDLINE.
Part I. Population

1.	 Exp Diabetes Mellitus, Type 2/
2.	 (MODY or NIDDM or T2D*).tw.
3.	 diabet*.tw.
4.	 or/1-3

Part II. Intervention

	 5.	 Cell Phones/.
	 6.	 Text Messaging/.
	 7.	 Smartphone/.
	 8.	 Mobile Applications/.
	 9.	 (mHealth or "m health").tw.
	10.	 (telehealth or telecare).tw.
	11.	 (eHealth or "e health").tw.
	12.	 Digital health.tw..
	13.	 (mobile adj (phone* or technolog* or app or apps or 

application* or communic* or health)).tw.
	14.	 Smartphone?tw.
	15.	 ((cell* or smart) adj phone?).tw.
	16.	 Messaging.tw.
	17.	 Texting.tw.
	18.	 ((text or short) adj messag*).tw.
	19.	 Sms.tw.
	20.	 (health adj (app or apps or application)).tw.
	21.	 or/5-20

Part I.+II.

22.	 4 and 21

Part III. Cochrane RCT Filter (sensitivity max.).

	23.	 Randomized controlled trial.pt.
	24.	 Controlled clinical trial.pt.
	25.	 Randomi?ed.ab.
	26.	 Placebo.ab.
	27.	 Drug therapy.fs.
	28.	 Randomly.ab.
	29.	 Trial.ab.
	30.	 Groups.ab.
	31.	 Or/23-30.
	32.	 Exp animals/ not humans/.
	33.	 31 not 32.

Part IV: Wong 2006 systematic reviews filter.

34.	 meta analysis.mp,pt. or review.pt. or search*.tw.

Part I, II, III and IV and limit to 1995 onwards.

35.	 22 and 33.
36.	 22 and 34.
37.	 35 or 36.
38.	 Limit 37 to yr="2000-Current".
39.	 Remove duplicates from 38.

Step 37: (diabetes component) AND (mobile apps com-
ponent) AND (RCT OR review component).

(exp Diabetes mellitus, Type 2/ OR MODY.tw. OR 
NIDDM.tw. OR T2D.tw. OR diabet*.tw.) AND (Cell 
Phones/ OR Text Messaging/ OR Smartphone/ OR Mobile 
Applications/ OR mHealth.tw. OR "m health".tw. OR tel-
ehealth.tw. OR telecare.tw. OR eHealth.tw. OR "e health".
tw. OR "digital health".tw. OR smartphone?tw. OR mes-
saging.tw. OR texting.tw. OR SMS.ti,ab. OR (mobile.tw. 
adj (phone*.tw. OR technolog*.tw. OR app.tw. OR apps.
tw. OR application*.tw. OR communic*.tw. OR health.
tw.)) OR ((cell*.tw. OR smart.tw.) adj phone?tw.) OR 
(health.tw. adj (app.tw. OR apps OR application*.tw.))) 
AND ((randomized controlled trial.pt. OR controlled clin-
ical trial.pt. OR randomi?ed.ab. OR placebo.ab. OR drug 
therapy.fs. OR randomly.ab. OR trial.ab. OR groups.ab. 
OR meta analysis.mp,pt. OR review.pt. OR search*.tw.) 
NOT (Exp animals/ NOT humans/)).

Embase

	 1.	 non insulin dependent diabetes mellitus/.
	 2.	 (MODY or NIDDM or T2D*).tw.
	 3.	 diabet*.tw.
	 4.	 or/1-3
	 5.	 exp mobile phone/
	 6.	 text messaging/
	 7.	 mobile application/
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	 8.	 (mHealth or "m health").tw.
	 9.	 (telehealth or telecare).tw.
	10.	 (eHealth or "e health").tw.
	11.	 digital health.tw.
	12.	 (mobile adj (phone* or technolog* or app or apps or 

application* or communic* or health)).tw.
	13.	 smartphone?tw.
	14.	 ((cell* or smart) adj phone?).tw.
	15.	 messaging.tw.
	16.	 texting.tw.
	17.	 ((text or short) adj messag*).tw.
	18.	 SMS.tw.
	19.	 (health adj (app or apps or application)).tw.
	20.	 or/5-19
	21.	 4 and 20

[22: Wong 2006 "sound treatment studies" filter – best op-
timization of sens. and spec. version]

22.	 random*.tw. or placebo*.mp. or double-blind*.
tw.

23.	 21 and 22
24.	 limit 23 to yr="2000-Current"
25.	 remove duplicates from 24

(diabetes component) AND (mobile apps component) 
AND (RCTs). (non insulin dependent diabetes mellitus/ 
OR MODY.tw. OR NIDDM.tw. OR diabet*.tw.) AND (exp 
mobile phone/ OR text messaging/ OR mobile applica-
tion/ OR mHealth.tw. OR "m health".tw. OR telehealth.
tw. OR telecare.tw. OR eHealth.tw. OR "e health".tw. OR 
"digital health".tw. OR smartphone?tw. OR messaging.tw. 
OR texting.tw. OR SMS.ti,ab. OR (mobile.tw. adj (phone*.
tw. OR technolog*.tw. OR app.tw. OR apps.tw. OR appli-
cation*.tw. OR communic*.tw. OR health.tw.)) OR ((cell*.
tw. OR smart.tw.) adj phone?tw.) OR ((text.tw. OR short.
tw.) adj messag*.tw.) OR (health.tw. adj (app.tw. OR apps 
OR application*.tw.))) AND (random*.tw. or placebo*.
mp. or double-blind*.tw).

PsycINFO

	 1.	 Type 2 Diabetes/
	 2.	 (MODY or NIDDM or T2D*).tw.
	 3.	 diabet*.tw.
	 4.	 or/1-3
	 5.	 exp Mobile Devices/
	 6.	 Text Messaging/
	 7.	 (mHealth or "m health").tw.
	 8.	 (telehealth or telecare).tw.
	 9.	 (eHealth or "e health").tw.
	10.	 digital health.tw.
	11.	 (mobile adj (phone* or technolog* or app or apps or 

application* or communic* or health)).tw.

	12.	 smartphone?tw.
	13.	 ((cell* or smart) adj phone?).tw.
	14.	 messaging.tw.
	15.	 texting.tw.
	16.	 ((text or short) adj messag*).tw.
	17.	 SMS.tw.
	18.	 (health adj (app or apps or application)).tw.
	19.	 or/5-18
	20.	 4 and 19

[21: Eady 2008 "PsycInfo Search Strategies" filter—BS 
version]

21.	 Control*.tw. OR random*.tw. OR exp Treatment/
22.	 20 and 21
23.	 Limit 22 to yr="2000-Current"
24.	 Remove duplicates from 23

(DE "Type 2 Diabetes" OR TX MODY OR TX NIDDM 
OR TI T2D* OR AB T2D* OR TX diabet*) AND (DE 
"Mobile Devices" OR DE "Mobile Phones" OR DE 
"Smartphones" OR DE "Text Messaging" OR DE "Mobile 
Applications" OR TX mHealth OR TX "m health OR 
TX telehealth OR TX telecare OR TX eHealth OR TX "e 
health" OR TX "digital health" OR TX smartphone* OR 
TX messaging OR TX texting OR TI SMS OR AB SMS OR 
(TX mobile N4 (TX phone* OR TX technolog* OR TX app 
OR TX apps OR TX application* OR TX communic* OR 
TX health)) OR ((TX cell* OR TX smart) N4 TX phone*) 
OR ((TX text OR TX short) N4 TX messag*) OR (TX health 
N4 (TX app OR TX apps OR TX application*))) AND (TX 
control* OR TX random* OR DE "Treatment" OR DE 
"Addiction Treatment" OR DE "Adjunctive Treatment" 
OR DE "Adventure Therapy" OR DE "Aftercare" OR DE 
"Alternative Medicine" OR DE "Anxiety Management" 
OR DE "Behavior Modification" OR DE "Bibliotherapy" 
OR DE "Caregiving" OR DE "Client Transfer" OR DE 
"Client Treatment Matching" OR DE "Cognitive Behavior 
Therapy" OR DE "Cognitive Stimulation Therapy" OR 
DE "Cognitive Techniques" OR DE "Computer Assisted 
Therapy" OR DE "Counseling" OR DE "Creative Arts 
Therapy" OR DE "Cross Cultural Treatment" OR DE 
"Disease Management" OR DE "Habilitation" OR DE 
"Health Care Services" OR DE "Horticulture Therapy" 
OR DE "Hospice" OR DE "Human Potential Movement" 
OR DE "Human Services" OR DE "Hydrotherapy" OR 
DE "Institutionalization" OR DE "Integrated Services" 
OR DE "Interdisciplinary Treatment Approach" OR DE 
"Intervention" OR DE "Involuntary Treatment" OR DE 
"Language Therapy" OR DE "Life Sustaining Treatment" 
OR DE "Maintenance Therapy" OR DE "Medical 
Treatment (General)" OR DE "Mental Health Programs" 
OR DE "Milieu Therapy" OR DE "Mind Body Therapy" OR 
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DE "Mindfulness-Based Interventions" OR DE "Movement 
Therapy" OR DE "Multimodal Treatment Approach" 
OR DE "Multisystemic Therapy" OR DE "Outpatient 
Treatment" OR DE "Pain Management" OR DE "Partial 
Hospitalization" OR DE "Personal Therapy" OR DE 
"Physical Treatment Methods" OR DE "Private Practice" 
OR DE "Psychoeducation" OR DE "Psychotherapy" OR 
DE "Rehabilitation" OR DE "Relaxation Therapy" OR DE 
"Respite Care" OR DE "Self-Help Techniques" OR DE "Sex 
Therapy" OR DE "Social Casework" OR DE "Sociotherapy" 
OR DE "Speech Therapy" OR DE "Spiritual Care" OR 
DE "Symptoms Based Treatment" OR DE "Therapeutic 
Processes" OR DE "Trauma-Informed Care" OR DE 
"Trauma Treatment" OR DE "Treatment Guidelines" OR 
DE "Treatment Outcomes" OR DE "Treatment Planning" 
OR DE "Video-Based Interventions").

Cochrane Central Register of Controlled Trials (Cochrane 
Register of Studies Online).

	 1.	 MESH DESCRIPTOR Diabetes Mellitus, Type 2 
EXPLODE ALL TREES.

	 2.	 (MODY OR NIDDM OR T2D*):TI,AB,KY.
	 3.	 Diabet*:TI,AB,KY.
	 4.	 #1 OR #2 OR #3.
	 5.	 MESH DESCRIPTOR Cell Phones.
	 6.	 MESH DESCRIPTOR Text Messaging.
	 7.	 MESH DESCRIPTOR Smartphone.
	 8.	 MESH DESCRIPTOR Mobile Applications.
	 9.	 (mHealth OR "m health"):TI,AB,KY.
	10.	 (telehealth OR telecare):TI,AB,KY.
	11.	 (eHealth OR "e health"):TI,AB,KY.
	12.	 Digital health:TI,AB,KY
	13.	 (mobile ADJ (phone* OR technolog* OR app 

OR apps OR application* OR communic* OR 
health)):TI,AB,KY.

	14.	 Smartphone?:TI,AB,KY.
	15.	 ((cell* OR smart) ADJ phone?):TI,AB,KY.
	16.	 Messaging:TI,AB,KY.
	17.	 Texting:TI,AB,KY.
	18.	 ((text OR short) ADJ messag*):TI,AB,KY.
	19.	 SMS:TI,AB,KY.
	20.	 (health ADJ (app OR apps OR application)):TI,AB,KY.
	21.	 #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 

OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 
#19 OR #20.

	22.	 #4 AND #21.
	23.	 2000 TO 2017:YR.
	24.	 #22 AND #23.

(MODY OR NIDDM OR T2D OR diabet*) AND 
(mHealth OR "m health" OR telehealth OR telecare OR 
eHealth OR "e health" OR "digital health" OR smart-
phone? OR messaging OR texting OR SMS OR (mobile 

adj (phone* OR technolog* OR app OR apps OR applica-
tion* OR communic* OR health)) OR ((cell* or smart) adj 
phone?) OR (health adj (app OR apps OR application*))).

ClinicalTrials.gov (Expert search).
Conditions: "type 2 diabetes" OR "diabetes type 2" OR 

"type II diabetes" OR "diabetes type II" OR "diabetes mel-
litus type 2" OR "diabetes mellitus type II" OR T2D OR 
T2DM OR "non insulin dependent" OR "NIDDM" OR 
"MODY". Interventions: "cell phone" OR "cell phones" OR 
"cellular phone" OR "cellular phones" OR "smart phone" 
OR "smartphone" OR "smart phones" OR "smartphones" 
OR "mobile phone" OR "mobile phones" OR messaging 
OR messages OR message OR texting OR SMS OR "mo-
bile device" OR "mobile devices" OR "mobile application" 
OR "mobile app" OR mHealth OR "m health" OR eHealth 
OR "e health" OR "digital health" OR "mobile health" OR 
"health app" OR "health application". Expert search: ( "type 
2 diabetes" OR "diabetes type 2" OR "type II diabetes" OR 
"diabetes type II" OR "diabetes mellitus type 2" OR "diabe-
tes mellitus type II" OR T2D OR T2DM OR "non insulin 
dependent" OR "NIDDM" OR "MODY" ) [DISEASE] AND 
( "cell phone" OR "cell phones" OR "cellular phone" OR 
"cellular phones" OR "smart phone" OR "smartphone" OR 
"smart phones" OR "smartphones" OR "mobile phone" OR 
"mobile phones" OR messaging OR messages OR mes-
sage OR texting OR SMS OR "mobile device" OR "mo-
bile devices" OR "mobile application" OR "mobile app" 
OR mHealth OR "m health" OR eHealth OR "e health" 
OR "digital health" OR "mobile health" OR "health app" 
OR "health application" ) [TREATMENT] AND ( "cell 
phone" OR "cell phones" OR "cellular phone" OR "cellular 
phones" OR "smart phone" OR "smartphone" OR "smart 
phones" OR "smartphones" OR "mobile phone" OR "mo-
bile phones" OR messaging OR messages OR message OR 
texting OR SMS OR "mobile device" OR "mobile devices" 
OR "mobile application" OR "mobile app" OR mHealth OR 
"m health" OR eHealth OR "e health" OR "digital health" 
OR "mobile health" OR "health app" OR "health applica-
tion" )

World Health Organization International Clinical Trials 
Registry Platform (Advanced search).

Mobile* AND diabet* AND self OR.
Phone* AND diabet* AND self OR.
Smartphone* AND diabet* AND self OR.
Messag* AND diabet* AND self OR.
Texting* AND diabet* AND self OR.
SMS AND diabet* AND self OR.
App AND diabet* AND self OR.
Apps AND diabet* AND self OR.
Digital AND diabet* AND self OR.
Mhealth AND diabet* AND self OR.
Ehealth AND diabet* AND self OR.
Mobile* AND T2D* AND self OR.
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Phone* AND T2D* AND self OR.
Smartphone* AND T2D* AND self OR.
Messag* AND T2D* AND self OR.
Texting* AND T2D* AND self OR.
SMS AND T2D* AND self OR.
App AND T2D* AND self OR.
Apps AND T2D* AND self OR.
Digital AND T2D* AND self OR.
Mhealth AND T2D* AND self OR.
Ehealth AND T2D* AND self.
(mobile* AND diabet* AND self) OR (phone* AND dia-

bet* AND self) OR (smartphone* AND diabet* AND self) 

OR (messag* AND diabet* AND self) OR (texting* AND 
diabet* AND self) OR (SMS AND diabet* AND self) OR 
(app AND diabet* AND self) OR (apps AND diabet* AND 
self) OR (digital AND diabet* AND self) OR (mhealth 
AND diabet* AND self) OR (ehealth AND diabet* AND 
self) OR (mobile* AND T2D* AND self) OR (phone* AND 
T2D* AND self) OR (smartphone* AND T2D* AND self) 
OR (messag* AND T2D* AND self) OR (texting* AND 
T2D* AND self) OR (SMS AND T2D* AND self) OR (app 
AND T2D* AND self) OR (apps AND T2D* AND self) OR 
(digital AND T2D* AND self) OR (mhealth AND T2D* 
AND self) OR (ehealth AND T2D* AND self).

APPENDIX B

T A B L E  B 1   Effect sizes (Mean Difference) of mHealth interventions that provided DSME on HbA1c by study characteristics.

Random effect model Heterogeneity Test of difference

Outcome ka nb MD (95% CI)c Chid Id Chie p

HbA1c 6 1289 -0.33 (-0.55,-0.12) 10.62 53

Gender 1.01 .600

< 45% female 1 456 -0.20 (-0.48, 0.08) - -

45-55% female 4 752 -0.36 (-0.69,-0.03) 9.74 69

>55% female 1 81 -0.46 (-0.96, 0.04) - -

Agef - -

< 60 years 6 1289

≥ 60 years - -

Medication 1.49 .470

< 50% treated with insulin 3 737 -0.45 (-0.80,-0.10) 5.27 62

≥ 50% treated with insulin 1 82 -0.35 (-0.73, 0.03) - -

Unknown 2 470 -0.15 (-0.49, 0.18) 1.68 41

Metabolic control 0.56 .460

HbA1c ≤64 mmol/mol 4 633 -0.24 (-0.45,-0.02) 3.77 20

HbA1c >64 mmol/mol 2 656 -0.45 (-0.97, 0.07) 5.23 81

Control condition 5 0.75 0.39

Usual care 5 833 -0.37 (-0.65,-0.10) 10.05 60

Attention placebo 1 456 -0.20 (-0.48, 0.08) - -

Note: a k = number of studies; b n = number of participants; c MD (95% CI) = effect size Mean Difference with 95% confidence interval; d Q and I2 = 
heterogeneity statistics; e Contrast between subgroups. f Subgroup analysis could not be run, because there were no studies in the category ‘≥ 60 years’.
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T A B L E  B 2   Effect sizes (Mean Difference) of mHealth interventions that provided DSMS on HbA1c by study characteristics.

Random effect model Heterogeneity Test of difference

Outcome ka nb MD (95% CI)c Qd Id Qe p

HbA1c 14 1326 -0.41 (-0.62,-0.21) 12.91 77
Gender 12.91 .005

< 45% female 5 568 -0.69 (-0.95,-0.44) 6.39 37
45-55% female 5 540 -0.17 (-0.35, 0.02) 3.69 0
>55% female 3 155 -0.50 (-0.85,-0.15) 0.55 0
Unknown 1 63 -0.03 (-0.59, 0.53) - -

Age 0.15 .690
< 60 years 10 558 -0.38 (-0.60,-0.17) 11.78 24
≥ 60 years 4 768 -0.48 (-0.89,-0.06) 18.42 84

Medication 0.99 .610
< 50% treated with insulin 8 919 -0.50 (-0.81,-0.19) 23.26 70
≥ 50% treated with insulin 4 320 -0.36 (-0.59,-0.12) 3.18 6
Unknown 2 87 -0.19 (-0.80, 0.42) 1.35 26

Metabolic control 2.54 .280
HbA1c ≤64 mmol/mol 6 838 -0.45 (-0.79,-0.12) 18.68 73
HbA1c >64 mmol/mol 7 440 -0.45 (-0.72,-0.17) 8.97 33
Unknown 1 48 0.00 (-0.51, 0.51) - -

Control condition 0.96 .330
Usual care 8 919 -0.50 (-0.81,-0.19) 23.26 70
Attention placebo 6 407 -0.31 (-0.52,-0.10) 5.31 6

Note: a k = number of studies; b n = number of participants; c MD (95% CI) = effect size Mean Difference with 95% confidence interval; d Q and I2 = 
heterogeneity statistics; e Contrast between subgroups.

T A B L E  B 3   Effect sizes (Mean Difference) of mHealth interventions that provided DSME/S on HbA1c by study characteristics.

Random effect model Heterogeneity Test of difference

Outcome ka nb MD (95% CI)c Qd Id Qe p

HbA1c 14 3749 -0.16 (-0.31,-0.01) 17.53 26
Gender 3.08 .380

< 45% female 4 640 -0.38 (-0.71,-0.05) 4.67 36
45-55% female 4 1512 0.04 (-0.33, 0.42) 9.90 70
>55% female 5 1453 -0.11 (-0.39, 0.17) 0.16 0
Unknown 1 144 -0.10 (-0.60, 0.40) - -

Age 0.12 .730
< 60 years 11 3083 -0.15 (-0.33, 0.03) 15.04 34
≥ 60 years 3 666 -0.21 (-0.51, 0.08) 1.38 0

Medication 2.24 .330
< 50% treated with insulin 5 2028 -0.30 (-0.52,-0.07) 5.28 24
≥ 50% treated with insulin 2 571 0.08 (-0.59, 0.75) 2.68 63
Unknown 7 1150 -0.09 (-0.30, 0.12) 5.40 0

Metabolic control 0.50 .780
HbA1c ≤64 mmol/mol 1 62 0.21 (-0.86, 1.28) - -
HbA1c >64 mmol/mol 9 1883 -0.15 (-0.38, 0.07) 14.62 45
Unknown 4 1804 -0.18 (-0.42, 0.06) 1.17 0

Control condition 0.38 .540
Usual care 11 2881 -0.19 (-0.36,-0.02) 10.90 8
Attention placebo 3 868 -0.02 (-0.53, 0.48) 5.50 21

Note: a k = number of studies; b n = number of participants; c MD (95% CI) = effect size Mean Difference with 95% confidence interval; d Q and I2 = 
heterogeneity statistics; e Contrast between subgroups.
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APPENDIX C

Funnel plots

APPENDIX D

References of included studies
14. Adikusuma W, Qiyaam N. The effect of education 
through short message service (SMS) messages on diabetic 
patients adherence Scientia Pharmaceutica 2017;85(2)
doi:10.3390/scipharm85020023.

15. Goodarzi M, Ebrahimzadeh I, Rabi A, Saedipoor B, 
Jafardabadi MA. Impact of distance education via mobile 
phone text messaging on knowledge, attitude, practice 
and self efficacy of patients with type 2 diabetes mellitus in 
Iran Journal of Diabetes & Metabolic Disorders 2012;11:1-8.

16. Islam SMS, Niessen LW, Ferrari U, Ali L, Seissler 
J, Lechner A. Effects of mobile phone SMS to improve 

glycemic control among patients with type 2 diabetes in 
Bangladesh: a prospective, parallel-group, randomized 
controlled trial Diabetes Care 2015 38(8).

17. Peimani M, Rambod C, Omidvar M, et  al. 
Effectiveness of short message service-based intervention 
(SMS) on self-care in type 2 diabetes: A feasibility study. 
Primary Care Diabetes 2016;10(4):251-258.

18. Tamban C, Isip-Tan IT, Jimeno C. Use of Short 
Message Services (SMS) for the Management of Type 
2 Diabetes Mellitus: A Randomized Controlled Trial. 
Journal of the ASEAN Federation of Endocrine Societies. 
2013;28(2):143-149.

19. Islam SMS, Peiffer R, Chow CK, et  al. Cost-
effectiveness of a mobile-phone text messaging interve-
tion on type 2 diabetes—A randomized-controlled trial 
Health Policy and Technology. 2020 9:79-85. doi:10.1016/j.
hlpt.2019.12.003.

20. Sadanshiv M, Jeyaseelan L, Kirupakaran H, Sonwani 
V, Sudarsanam TD. Feasibility of computer-generated tel-
ephonic message-based follow-up system among health-
care workers with diabetes: a randomized controlled trial. 
BMJ Open Diabetes Research & Care. 2020;8(1).

21. Dincer B, Bahçecikb N. The effect of a mobile appli-
cation on the foot care of individuals with type 2 diabetes: 
A randomised controlled study. Health Education Journal. 
2020;80(4):425-437. doi:10.1177/0017896920981617.

22. Kerfoot BP, Gagnon DR, McMahon GT, Orlander 
JD, Kurgansky KE. A Team-Based Online Game 
Improves Blood Glucose Control in Veterans With Type 
2 Diabetes: A Ranomized Controlled Trial Diabetes Care 
2017;40(9):1218-1255. doi:10.2337/dc17-0310.

23. Faridi Z, Liberti L, Shuval K, Northrup V, Ali A, Katz 
DL. Evaluating the impact of mobile telephone technology 
on type 2 diabetic patients' self-management: the NICHE 
pilot study Journal of Evaluation in Clinical Practice 
2008;14(3):465-469. doi:10.1111/j.1365-2753.2007.00881.x.

24. Holmen H, Torbjørnsen A, Wahl AK, et al. A Health 
Intervention for Self-Management and Lifestyle Change 
for Persons With Type 2 Diabetes, Part 2: One-Year 
Results From the Norwegian Randomized Controlled 
Trial RENEWING HEALTH. JMIR Mhealth and Uhealth. 
2014;2(4)doi:10.2196/mhealth.3882.

25. Lim S, Kang SM, Shin H, et al. Improved Glycemic 
Control Without Hypoglycemia in Elderly Diabetic 
Patients Using the Ubiquitous Healthcare Service, 
a New Medical Information System. Diabetes Care 
2011;34(2):308-313. doi:10.2337/dc10-1447.

26. Vervloet M, Dijk Lv, Bakker DHd, et al. Short- and 
long-term effects of real-time medication monitoring with 
short message service (SMS) reminders for missed doses 
on the refill adherence of people with Type 2 diabetes: 
evidence from a randomized controlled trial. Diabetic 
Medicine. 2014;31(7):821-828. doi:10.1111/dme.12439.

F I G U R E  C 1   Funnel plot of standard error (SE) by mean 
difference (MD) of comparison DSMS on HbA1c.

F I G U R E  C 2   Funnel plot of standard error (SE) by mean 
difference (MD) of comparison DSME/S on HbA1c.



24 of 25  |      VERSLUIS et al.

27. Young LA, Buse JB, Weaver MA, et al. Glucose Self-
monitoring in Non–Insulin-Treated Patients With Type 2 
Diabetes in Primary Care Settings: A Randomized Trial 
JAMA Internal Medicine 2017;177(7):920-929. doi:10.1001/
jamainternmed.2017.1233.

28. Bailey DP, Mugridge LH, Dong F, Zhang X, Chater 
AM. Randomised Controlled Feasibility Study of the 
MyHealthAvatar Diabetes Smartphone App for Reducing 
Prolonged Sitting Time in Type 2 Diabetes Mellitus. 
International Journal of Environmental Research and 
Public Health. 2020;17(12)doi:10.3390/ijerph17124414.

29. Gunawardena KC, Jackson R, Robinett I, et  al. 
The Influence of the Smart Glucose Manager Mobile 
Application on Diabetes Management. Journal of 
Diabetes Science and Technology. 2019;13(1):75-81. 
doi:10.1177/1932296818804522.

30. Huang Z, Tan E, Lum E, Sloot P, Boehm BO, Car 
J. A Smartphone App to Improve Medication Adherence 
in Patients With Type 2 Diabetes in Asia: Feasibility 
Randomized Controlled Trial. JMIR Mhealth and Uhealth. 
2019;7(9).

31. Kumar DS, Prakash B, Chandra BJS, Kadkol PS, 
Arun V, Thomas JJ. An android smartphone-based rand-
omized intervention improves the quality of life in patients 
with type 2 diabetes in Mysore, Karnataka, India. Diabetes 
& Metabolic: Clinical Research & Reviews 2020;14:1327-
1332. doi:10.1016/j.dsx.2020.07.025.

32. Kumar DS, Prakash B, Chandra BJS, et  al. 
Technological innovations to improve health outcome in 
type diabetes mellitus: A randomized controlled study. 
Clinical Epidemiology and Global Health. 2021;9:53-56. 
doi:10.1016/j.cegh.2020.06.011.

33. Bee YM, Batcagan-Abueng APM, Chei CL, et  al. 
A Smartphone Application to Deliver a Treat-to-Target 
Insulin Titration Algorithm in Insulin-Naive Patients 
With Type 2 Diabetes: A Pilot Randomized Controlled 
Trial. Diabetes Care. 2016;39(10):e174-e176. doi:10.2337/
dc16-0419.

34. Kim CS, Park SY, Kang JG, et al. Insulin dose titra-
tion system in diabetes patients using a short messaging 
service automatically produced by a knowledge matrix 
Diabetes Technology & Therapeutics 2010;12(8):663-669. 
doi:10.1089/dia.2010.0031.

35. Lim S, Kang SM, Kim KM, Moon JH. Multifactorial 
intervention in diabetes care using real-time monitoring 
and tailored feedback in type 2 diabetes. Acta Diabetologica 
2016;53:189-198.

36. Sugita H, Shinohara R, Yokomichi H, Suzuki K, 
Yamagata Z. Effect of text messages to improve health 
literacy on medication adherence in patients with type 
2 diabetes mellitus : A randomized controlled pilot trial. 
Nagoya Journal of Medical Science 2017;79(3):313-321. 
doi:10.18999/nagjms.79.3.313.

37. Sokolovska J, Ostrovska K, Pahirko L, et al. Impact 
of interval walking training managed through smart mo-
bile devices on albuminuria and leptin/adiponectin ratio 
in patients with type 2 diabetes. Physiological reports. 
2020;8(13).

38. Galindo RJ, Ramos C, Cardona S, et al. Efficacy of 
a Smart Insulin Pen Cap for the Management of Patients 
with Uncontrolled Type 2 Diabtes: A Randomized Cross-
Over Trial Journal of Diabetes Science and Technology. 
2023;17(1):201-207. doi:10.1177/19322968211033837.

39. Lee SE, Park S-K, Park Y-S, Kim K-A, Choi HS, 
Oh SW. Effects of Short-term Mobile Application Use 
on Weight Reduction for Patients with Type 2 Diabetes 
Journal of Obesity & Metabolic Syndrome 2021;30:345-353. 
doi:10.7570/jomes21047.

40. Arora S, Peters AL, Burner E, Lam CN, Mechine 
M. Trial to examine text message-based mHealth in 
emergency department patients with diabetes (TExT-
MED): a randomized controlled trial. Annals of 
Emergency Medicine 2014;93(6):745-754. doi:10.1016/j.
annemergmed.2013.10.012.

41. Bauer V, Cooley C, Wang E, et al. Text Messaging 
to Improve Disease Management in Patients With Painful 
Diabetic Peripheral Neuropathy. The Diabetes Educator. 
2018;44(3):237-248. doi:10.1177/0145721718767400.

42. Capozza K, Woolsey S, Georgsson M, et  al. Going 
Mobile With Diabetes Support: A Randomized Study of a 
Text Message–Based Personalized Behavioral Intervention 
for Type 2 Diabetes Self-Care. Diabetes Spectrum: a publi-
cation of the American Diabetes Association. 2015;28(2):83-
91. doi:10.2337/diaspect.28.2.83.

43. Dobson R, Whittaker R, Jiang Y, et al. Effectiveness 
of text message based, diabetes self management support 
programme (SMS4BG): two arm, parallel randomised 
controlled trial. BMJ. 2018;361doi:10.1136/bmj.k1959.

44. Gatwood J, Balkrishnan R, Erickson SR, An LC, 
Piette JD, Faaris KB. The impact of tailored text mes-
sages on health beliefs and medication adherence in 
adults with diabetes: A randomized pilot study Research 
in Social and Administrative Pharmacy 2016;12(1):130-140 
doi:10.1016/j.sapharm.2015.04.007

45. Shetty AS, Chamukuttan S, Nanditha A. 
Reinforcement of adherence to prescription recommen-
dations in Asian Indian diabetes patients using short mes-
sage service (SMS)—a pilot study. J Assoc Physicians India 
2011;59(11):711-714.

46. Williams ED, Bird D, Forbes AW, et al. Randomised 
controlled trial of an automated, interactive telephone 
intervention (TLC Diabetes) to improve type 2 diabetes 
management: baseline findings and six-month outcomes. 
BMC Public Health. 2012;12(1).

47. Boels AM, Vos RC, Dijkhorst-Oei L-T, Rutten 
GEHM. Effectiveness of diabetes self-management 



      |  25 of 25VERSLUIS et al.

education and support via a smartphone application in 
insulin-treated patients with type 2 diabetes: results of 
a randomized controlled trial (TRIGGER study). BMJ 
Open Diabetes Research & Care. 2019;7(1)doi:10.1136/
bmjdrc-2019-000981.

48. Haider R, Hyun K, Cheung NW, Redfern J, 
Thiagalingam A, Chow CK. Effect of lifestyle focused text 
messaging on risk factor modification in patients with 
diabetes and coronary heart disease: A sub-analysis of the 
TEXT ME study. Diabetes Research and Clinical Practice 
2019;153:184-190.

49. Kumar D, Raina S, Sharma SB, Raina SK, Bhardwaj 
AK. Effectiveness of Randomized Control Trial of Mobile 
Phone Messages on Control of Fasting Blood Glucose in 
Patients with Type-2 Diabetes Mellitus in a Northern State 
of India. Indian Journal of Public Health 2018;62(3):224-227.

50. Farmer A, Bobrow K, Leon N, et al. Digital messag-
ing to support control for type 2 diabetes (StAR2D): a mul-
ticentre randomised controlled trial. BMC Public Health 
2021;21:1-14. doi:10.1186/s12889-021-11874-7.

51. Waller K, Furber S, Bauman A, et al. Effectiveness 
and acceptability of a text message intervention (DTEXT) 
on HbA1c and self-management for people with type 2 
diabetes. A randomized controlled trial. Patient Education 
and Counseling. 2021;104:1736-1744.

52. Lazo-Porras M, Bernabe-Ortiz A, Taype-Rondan 
A, et  al. Foot thermometry with mHeath-based 

supplementation to prevent diabetic foot ulcers: A rand-
omized controlled trial. Wellcome Open Research 2020;5.

53. Lee EY, Cha S-A, Yun J-S, et  al. Efficacy of 
Personalized Diabetes Self-care Using an Electronic 
Medical Record–Integrated Mobile App in Patients With 
Type 2 Diabetes: 6-Month Randomized Controlled Trial. 
Journal of Medical Internet Research. 2022;24(7).

54. Abaza H, Marschollek M. SMS education for the 
promotion of diabetes self-management in low & middle 
income countries: a pilot randomized controlled trial in 
Egypt. BMC Public Health. 2017 17(1).

55. Agboola S, Jethwani K, Lopez L, Searl M, O'Keefe 
S, Kvedar J. Text to Move: A Randomized Controlled 
Trial of a Text-Messaging Program to Improve Physical 
Activity Behaviors in Patients With Type 2 Diabetes 
Mellitus. Journal of Medical Internet Research. 2016;18(11)
doi:doi:10.2196/jmir.6439.

56. Chen T, Zhu W, Tang B, et  al. A Mobile Phone 
Informational Reminder to Improve Eye Care Adherence 
Among Diabetic Patients in Rural China: A Randomized 
Controlled Trial. American Journal of Ophthalmology. 
2018;194:54-62. doi:10.1016/j.ajo.2018.07.006.

57. Hsia J, Guthrie NL, Lupinacci P, et al. Randomized, 
Controlled Trial of a Digital Behavioral Therapeutic 
Application to Improve Glycemic Control in Adults 
With Type 2 Diabetes. Diabetes Care 2022;45:2976-2981. 
doi:10.2337/dc22-1099.


	Diabetes self-management education and support delivered by mobile health (mHealth) interventions for adults with type 2 diabetes—A systematic review and meta-analysis
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Search strategies
	2.2  |  Study selection
	2.3  |  Coding
	2.4  |  Assessment of risk of bias in included studies
	2.5  |  Data analyses

	3  |  RESULTS
	3.1  |  Description of studies
	3.2  |  Risk of bias in included studies
	3.3  |  Risk of bias in included studies
	3.3.1  |  mHealth interventions that provide DSME
	HbA1c
	Other outcomes

	3.3.2  |  mHealth interventions that provide DSMS
	HbA1c
	Other outcomes

	3.3.3  |  mHealth interventions that provide DSME/S
	HbA1c
	Other outcomes


	3.4  |  Assessment of publication bias

	4  |  DISCUSSION
	4.1  |  Summary of main results
	4.2  |  Overall completeness and applicability of evidence
	4.3  |  Quality of the evidence
	4.4  |  Agreements and disagreements with other studies or reviews
	4.5  |  Implications for practice
	4.6  |  Implications for research

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES
	 APPENDIX A
	 APPENDIX B
	 APPENDIX C
	 APPENDIX D


