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Abstract 

Background:  The prevalence of Type 2 Diabetes is rising in Low- and Middle-Income Countries (LMICs), affecting all 
age categories and resulting in huge socioeconomic implications. Mobile health (mHealth) is a potential high-impact 
approach to improve clinical and patient-centered outcomes despite the barriers of cost, language, literacy, and inter-
net connectivity. Therefore, it is valuable to examine the clinical and implementation outcomes of mHealth interven-
tions for Type 2 Diabetes in LMICs.

Methods:  The Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) guidelines were applied 
in framing and reporting the review criteria. A systematic search of Cochrane Library, Web of Science, PubMed, 
Scopus, and Ovid databases was performed through a combination of search terms. Randomized Controlled Trials 
(RCTs) and cohort studies published in English between January 2010 and August 2021 were included. Risk of bias for 
missing results in the included studies was assessed using the Cochrane risk-of-bias tool for randomized trials (RoB 2). 
Quantitative and qualitative methods were used to synthesize the results.

Results:  The search identified a total of 1161 articles. Thirty studies from 14 LMICs met the eligibility criteria. On clini-
cal outcomes, 12 and 9 studies reported on glycated hemoglobin (HbA1c )and fasting blood glucose (FBG) respec-
tively. Text messages was the most commonly applied mHealth approach, used in 19 out of the 30 studies. Ten out of 
the 12 studies (83.3%) that reported on HbA1c had a percentage difference of <0.3% between the mHealth inter-
vention and the comparison group. Additionally, studies with longer intervention periods had higher effect size and 
percentage difference on HbA1c (1.52 to 2.92%). Patient-centred implementation outcomes were reported variedly, 
where feasibility was reported in all studies. Acceptability was reported in nine studies, appropriateness in six studies 
and cost in four studies. mHealth evidence reporting and assessment (mERA) guidelines were not applied in all the 
studies in this review.  

Conclusion:  mHealth interventions in LMICs are associated with clinically significant effectiveness on HbA1 but have 
low effectiveness on FBG. The application of mERA guidelines may standardize reporting of patient-centered imple-
mentation outcomes in LMICs.

Trial registration:  PROSPERO: Registration ID 154209.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  christophe.matthys@uzleuven.be
3 Department of Endocrinology, University Hospitals Leuven, Leuven, 
Belgium
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-1770-6862
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-021-01238-0&domain=pdf


Page 2 of 20Mokaya et al. Int J Behav Nutr Phys Act            (2022) 19:1 

Introduction
Type 2 Diabetes is now a leading public health problem in 
Low-and Middle Income Countries (LMICs) [1] affecting 
all age categories and resulting in huge economic implica-
tions to healthcare [2, 3]. LMICs are home to 80 % of all 
people with type 2 diabetes (336 million) [4] and more 
than 80% of all undiagnosed people with diabetes [2]. It is 
projected that between 2019 and 2030, the prevalence of 
type 2 diabetes is likely to increase from 13.5% to 15.0% 
in LMICs compared to 10.4% to 11.4% in high-income 
countries [2]. Further, out of the total number of deaths 
related to diabetes globally, 41.8% and 58.2% occur in Low- 
and Middle- Income Countries, respectively [2]. The rising 
prevalence of type 2 diabetes in LMICs is attributed to the 
nutrition transition, and the increasing prevalence of over-
weight and obesity. The other factors include, urbanization, 
cultural and social changes, sedentary lifestyles, changes in 
diagnostic criteria and screening practices [5–7].

Optimal diabetes management requires a systematic 
approach, and the involvement of a coordinated, multi-
disciplinary team that is committed to patient-centered 
outcomes [8]. It is recommended that clinicians apply a 
patient-centered approach and minimum clinically impor-
tant difference (MCID) treatment models by consider-
ing the statistical significance and clinical significance of 
research findings [9]. Essential guidelines for the patient-
centered approach include individualized therapy and 
shared decision-making [10]. Additionally, effective patient-
centered diabetes self-management requires the support 
and promotion of essential self-care behaviors [11]. These 
behaviors include healthy eating, physical activity, medica-
tion usage, monitoring and usage of patient-generated data, 
prevention, detection and treatment of acute and chronic 
complications, healthy coping with psychosocial issues and 
problem solving [12]. These behaviors have been described 
as Diabetes Self-Management Education and Support 
(DSMES) domains. Self-management education is linked 
to clinically important benefits on glycated hemoglobin 
(HbA1c), and cost of treatment [13–18]. This notwithstand-
ing, self-care in most LMICs is not optimally attained due to 
disadvantaged access to healthacre and low-quality health-
care, poverty, low literacy levels and incorrect perceptions 
about diabetes [19–21].

The remarkable increase in ownership and use of mobile 
phones in LMICs provides a potential opportunity for the 
application of mobile health (mHealth) in self-care and 
behavior change interventions for type 2 diabetes [22–24]. 
mHealth is the medical and public health practice sup-
ported by mobile devices, such as mobile phones, patient 

monitoring devices, personal digital assistants (PDAs), 
and other wireless devices [25]. Evidence shows that 
mHealth has the potential to facilitate accessibility and 
coverage of healthcare services as well as positively influ-
encing clinical outcomes, compliance, self-care practices 
and quality of life for people with type 2 diabetes [26–29]. 
Whereas there is close similarity between mHealth and 
e-health, the later refers to an emerging field that links 
medical informatics, public health and business, that 
delivers or enhances health services and information via 
web-based technologies [30]. However, eHealth heavily 
relies on internet technology, which limits its applicability 
in LMICs, due to unreliable access to internet [31].

A recent metanalysis on mHealth interventions for 
diabetes in LMICs revealed promising but limited evi-
dence on the effectiveness of mHealth interventions 
on glycemic control [32]. Further, a pooled effect on 
HbA1c from three studies on mobile phone–based 
interventions showed a larger effect of 25.46 mmol/
mol or 20.50%; (95% CI 20.7 to 20.3%; I2 = 0%) [33]. 
mHealth interventions have also been found to be cost-
effective [34] despite being criticized for having meager 
user satisfaction ratings coupled with usability chal-
lenges [35]. In LMICs, a few studies on mHealth have 
shown changes in clinical outcomes, adherence and 
improved communication with providers, decreased 
travel time, ease to receive expert advice and cost-effec-
tive education [36].

Further, evidence from LMICs reveal unique patient cir-
cumstances that hinder optimal utilization of mHealth 
approaches. Inadequate resources, low digital literacy and 
low health literacy and limited inclusion of motivation tech-
niques hinder optimal utilization of mHealth in LMICs [37]. 
As such, distinguishing treatment effectiveness or clinical 
outcomes from implementation effectiveness is important 
for transferring interventions from experimental settings to 
the community [38, 39]. This distinction, to the best of our 
knowledge, has not been examined on mHealth interven-
tions for type 2 diabetes in LMICs.

The objective of this systematic review therefore was 
to examine the clinical outcomes and patient-centered 
implementation outcomes of mHealth interventions with 
a focus on type 2 diabetes in LMICs.

Methods
Data sources and registration
This review applied the Preferred Reporting Items 
for Systematic review and Meta-Analysis (PRISMA) 
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guidelines [40] with the PICOS framing. The review has 
been registered and amended in PROSPERO https://​
www.​crd.​york.​ac.​uk/​prosp​ero/#​recor​dDeta​ils (Registra-
tion ID 154209) and funded by VLIR-UOS

(Grant-number: KE2017IUC037A101)

Search strategy
The search strategy was applied on Cochrane and Web 
of Science Cochrane Library, Web of Science, Pub-
Med, Scopus, and  Ovid databases.  (Supplementary 
File 1). These databases were systematically searched 
with Boolean combinations of key words and MeSH 
headings. An electronic search was conducted using 
the following terms and Boolean Operators: ((mobile 
health OR mHealth) AND (type 2 diabetes) AND/OR 
(DSMES) AND/OR (acceptability) AND/OR (appropri-
ateness) AND/OR (feasibility) AND/OR (cost) AND/
OR (sustainability)). Acceptability, appropriateness, 
feasibility, cost and sustainability were based on the 
definitions in the conceptual framework for implemen-
tation outcomes by Proctor et al. [38]. We searched for 
articles published in English between January 2010 and 
August 2021. Additional records were searched through 
citations from relevant reviews given that online data 
bases can be incomplete [41].

Study selection
This review included randomized controlled trials 
(RCTs), cluster randomized controlled trials, feasibil-
ity studies and prospective observational cohort stud-
ies from LMICs. The search also included cohort and 
follow-up studies of intervention studies that have been 
published in peer-reviewed journals. Our review was 
limited to studies that are designed for adults diagnosed 
with type 2 diabetes. We included studies in which the 
mHealth intervention was designed to be an enabler 
for delivery of DSMES for patients with type 2 diabetes 
[1]. mHealth or mobile health are medical and public 
health practice supported by mobile devices, such as 
mobile phones, patient monitoring devices, personal 
digital assistants (PDAs), and other wireless devices as 
defined by WHO [25]. DSMES domains include dia-
betes pathophysiology and treatment options; healthy 
eating; physical activity; medication usage; monitoring 
and usage of patient generated health data; prevention, 
detection, and treatment of acute and chronic compli-
cations; healthy coping with psychosocial issues; and 
problem solving [42]. The selection of studies was con-
ducted by MM and independently reviewed by FK, CM 
and RV. We excluded studies on children and adoles-
cents, pregnant women, or any other forms of diabe-
tes besides type 2 diabetes such as pre-diabetes, type 1 
diabetes or gestational diabetes [43]. We also excluded 

studies where the mHealth intervention was designed 
for to support healthcare workers and those studies 
that did not target the patient.

Data collection process
Data from all eligible articles was summarized by the 
first author (MM) and reviewed by the second and third 
authors (FK & CM) using structured evidence tables 
(Table 1 & 2). A standardized criterion for data collec-
tion was designed by the authors to extract and tabu-
late relevant study characteristics. These characteristics 
include study location, study type, duration of study, 
clinical outcomes (HbA1c and FBG), mHealth inter-
vention and function, DSMES domains and patient-
centered implementation outcomes.

Quality of studies and risk of bias assessment
To assess quality of the articles, we applied the 2010 
CONSORT (Consolidated Standards of Reporting Tri-
als) guidelines [75] and the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
guidelines [76]. This approach has been used elsewhere 
to assess the quality of studies [77–79]. An analysis of the 
quality of the studies included in this review is presented 
as heat maps (Supplementary File 2). A percentage qual-
ity score of >66.6% is rated as high, 50-66.6% as fair and 
<50% as low. Assessment of quality was conducted by 
two independent researchers, MM and ES. Additionally, 
the risk of bias in the included studies was assessed using 
the Cochrane risk of bias tool for randomized trials (RoB 
2) (Supplementary File 3).

Summary measures
The primary outcome measures in this study are clini-
cal outcomes and patient-centered implementation 
outcomes for type 2 diabetes mHealth interventions. Spe-
cifically, clinical outcomes were synthesized using quan-
titative methods based on effect sizes of HbA1c and FBG. 
HbA1c and FBG measure the effectiveness of interven-
tions for the management of type 2 diabetes [80]. Addi-
tionally, the percentage difference between the mHealth 
intervention and the comparison group for HbA1c was 
analyzed. The patient centered implementation outcomes 
included acceptability, feasibility, appropriateness, cost 
and sustainability [38, 81–84]. Acceptability is the per-
ception amongst implementation stakeholders that a 
particular treatment, service is agreeable, palatable, or 
satisfactory [33]. Appropriateness is the perceived fit, 
relevance or compatibility of the innovation for a given 
practice setting, provider or consumer; and/or perceived 
fit of the innovation to address a particular issue [33]. 
Cost is defined as the incremental, implementation or 

https://www.crd.york.ac.uk/prospero/#recordDetails
https://www.crd.york.ac.uk/prospero/#recordDetails
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overall costs of delivery based on the settings [33]. Feasi-
bility is the extent to which a new treatment, or an inno-
vation, can be successfully applied or implemented in a 
specific setting [34]. Sustainability is the extent to which 
an implemented treatment is maintained within a service 
setting’s usual or stable operations, as defined by various 
authors [35–37].

Synthesis of results
To conduct a quantitative synthesis for clinical out-
comes, standardized effect sizes were calculated using 
two-stage process [85]. In the first stage the effect size 

of HbA1c and FBG was calculated separately for each 
study from means and standard deviations. In the sec-
ond stage, the combined effect size as a weighted aver-
age of the intervention effects was derived from the 
individual studies. The effect sizes were calculated 
using the formula d = (<post>-<pre>)/stdev to account 
for between group and within group comparisons. 
Cohen’s d was calculated to derive standardized effect 
sizes and then converted into Hedges’ g to correct for 
their upwards bias [86]. The magnitude of Hedges’ 
g was interpreted using Cohen’s convention where 
an effect size of < 0.20 is considered to be small, 0.50 
to 0.80 as medium, while scores > 0.80 as large [87]. 

Table 2  Clinical and patient-centred Implementation outcomes

AST aspartate transaminase; BG Blood Glucose; BMI Body Mass Index; BP Blood pressure; Cr Creatinine; DSME Diabetes Self-Management and Education; FBG Fasting 
Blood glucose; FBS Fasting Blood Glucose; FU follow-up; HbA1c Glycated Haemoglobin; HDL-c High Density Lipoprotein Cholesterol; I1 First Intervention Arm; 
I2 Second Intervention Arm; IPMF interactive personalized management framework; IVR Interactive Voice Response; LDL-c Low Density Lipoprotein Cholesterol; 
Med medication; Mos Months; NO Number of; NP Not Provided; OP outpatient; PA Physical Activity; PBG Post prandial Blood Glucose; PCHR Personally controlled health 
record; TC Total cholesterol; TG Triglycerides

Study Clinical Outcomes Patient-centred Implementation outcomes

Anzaldo et al. [44] HbA1c, TC, LDL-c, HDL-c, BMI, SBP, DBP Feasibility, Appropriateness, Acceptability

Chai et al. [45] FPG ≤ 7 mmol/l, PPG ≤ 10 mmol/l, HbA1c level ≤ 7%. Feasibility, Appropriateness

Chao et al. [46] Hb, HbA1c, weight, BMI Feasibility, Appropriateness

Dong et al. [47] FPG, 2hPG, HbA1c Feasibility

Doocy et al. [48] HbA1c, BP, FBG Feasibility

Fottrell et al. [49] PA, BP, HR, Waist Circumference, weight, Height, QoL, Urine Cotinine Feasibility, Acceptability, Cost

Goodarzi et al. [51] BMI, L-FBG, HbA1c, TC, TG, HDL-C, LDL-C, BUN, Cra, SE, SBP, DBP, Feasibility, Appropriateness

Gunawardena et al. [50] HbA1c Feasibility

Haddad et al. [52] Knowledge, HbA1c, cost Feasibility, Acceptability, Cost, Appropriateness

Huo et al. [53] Primary: HbA1c, Secondary: FBG, LDL, LDL-C, SBP, BMI, PA Feasibility, Appropriateness, Cost

Islam et al. [74] HbA1c Feasibility

Kumar et al. [55] FBG, TC, BMI, BP Feasibility

Li et al. [56] BMI, hemoglobin HbA1c, HOMA-IR, Resting heart rate (bpmc), Step test 
(bpm) Muscle strength

Feasibility

Liao et al. [57] Heart rate Acceptability, Feasibility, Appropriateness

Limaye et al. [58] BMI, weight, waist circumference, BP, FBG, LDL-C, HDL-C Acceptability, Feasibility, Cost, Sustainability

Owolabi et al. [60] Diet adherence, PA adherence Acceptability, Feasibility, Appropriateness

Owolabi et al. [61] RBS, BMI, SBP, DBP Acceptability, Feasibility

Patnaik et al. [62] HbA1c Feasibility, Appropriateness

Peimani et al. [63] HbA1c, FBG, LDL-C, HDL-C, SCI, BMI, DMSES Feasibility

Pichayapinyo et al. [64] HbA1c, FBG Feasibility, Acceptability

Pfammatter et al. [65] Fruit, vegetable and fat consumption; Exercises Feasibility, Acceptability

Rasoul et al [66] FBG, BMI, SBP, DBP Feasibility

Rotheram-Borus et al [67] HbA1c, BMI, BP Feasibility

Shahid et al. [68] HbA1c, LDL Feasibility

Steinman et al. [69] FBG, SBP, DBP Feasibility, Sustainability

Sun et al [70] HbA1c, PBG, FBG, BMI, TG, HDL-C, LDL-C Cr, AST Feasibility

Wang et al. [71] HbA1c, FPG Appropriateness, Feasibility

Yasmin et al. [72] FBS: < 7.0 mmol/L, and the PPG 2 h after breakfast < 11.1 mmol/L Feasibility

Zhou et al. [73] HbA1c, BP, LDL-C, weight, BG,
Satisfaction, T2DM knowledge

Feasibility
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The five patient-centered implementation outcomes 
were analyzed in an excel spreadsheet and presented 
descriptively.

Results
The search identified a total of 1,161 articles. After 
removal of duplicates, 1,116 titles of articles were 
screened and a total of 30 studies that met the eligibil-
ity criteria were included in this review (Fig. 1). The 30 
eligible studies include 21 randomized controlled trials 
[44, 46, 47, 50, 51, 53–56, 58–62, 66, 68, 70–74] two fea-
sibility randomized controlled trials [52, 63], three clus-
ter randomized control trials [49, 57, 69] and five cohort 
studies [45, 48, 64, 65, 67]. The studies were conducted 
in 14 LMICs including nine in China [45–47, 53, 56, 
57, 70, 73, 88], five in India [49, 58, 62, 65, 89], three in 
South Africa [60, 61, 67], three in Iran [51, 63, 66], two 

in Bangladesh [49, 54] and one each in Iraq [52], Leba-
non [48], Pakistan [68], Mexico [44], Cambodia [69] and 
Thailand [64]. One other study was multicentre, con-
ducted in Congo, Cambodia and Philippines [59].

Study quality
The overall mean rating based on these checklists for 
the randomized controlled trials and cohort studies was 
81.8% and 87.7% respectively and categorized as high 
quality (Supplementary Files 2).

Study and sample characteristics
The 30 studies included a total of 27,142 participants 
(Mean =904.7 SD=2548.6) published between 2010-
2021, with 66.7% published between 2017 to 2021. The 
mean duration of the studies was 8.9 months (SD=6.4 
min-max: 3-24 months).

Fig. 1  Study selection flow diagram
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mHealth interventions
Table  3 below categorizes mHealth interventions based 
on the WHO categorization [25]. In summary text mobile 
phone text messages (MPTMs) was the most applied 
mHealth approach, applied in 19 studies. Mobile apps 
were applied in 10 studies while four studies [50, 56, 57, 
70] applied wearable or portable monitoring devices to 
monitor blood glucose, physical activity or heartbeat rate.

Clinical outcomes of mHealth intervention
To examine clinical outcomes in this review, we exam-
ined changes in HbA1c and FBG. HbA1c (mean SD) 
was reported in 12 studies [44, 46, 47, 51, 53, 56, 63, 64, 
68, 70, 71, 73] (Table 4). As summarized in Table 4, one 
study [47] had a large effect size (Cohen’s d =1.15) while 
three studies [44, 46, 73] reported a medium effect size 
(Cohen’s d =0.57). Five of the 12 studies that reported 
HbA1c had a small effect size (Table  4). Ten out of the 

twelve studies (83.3%) that reported on HbA1c had a per-
centage difference of <0.3% between the mHealth inter-
vention and the comparison group. Pichayapinto et  al 
[64] only reported the  effect size (Cohen’s d= -0.5)  and 
hence the percentage difference was not calculated. This 
review found a correlation between studies that used 
mobile applications approach with medium effect sizes, 
including Zhou et  al. [73] (ES=0.57) Chao et  al. [82], 
(ES=0.58), Anzaldo et  al. [44] (ES=0.64). Three studies 
that used text messages had lower effect sizes, including 
Peimani et al. [63] (ES=0.28) Huo et al. [53] (ES=0.36) 
and Goodarzi et al. [51] (ES=0.40). The highest effect 
size (ES=1.16) in this review was reported by Dong et 
al. [47], a study that used a text messaging platform 
(WeChat). Studies that used wearable devices had mixed 
effect sizes, with Li et al. [56] reporting the least effect 
size (ES=0.12), while Sun et al. [70] had a medium effect 
size (ES=0.46).

Table 3  Categories and functions of mHealth

Category of mHealth Function Studies

Mobile technology and devices, including mobile 
phone text messages (MPTMs)

Knowledge and tips Dong et al. [47], Goodarzi et al. [51] Huo et al. [53] 
Islam et al. [90]

Suggestions Haddad et al. [52]; Limaye et al. [58] Owolabi et al. 
[61]; Owolabi et al. [60]; Peimani et al. [63]; Pfammat-
ter et al. [65]; Rotheram-Borus et al. [67]; Islam et al. 
[90]; Kumar et al. [55]

Reminder Huo et al. [53]

Medical consultations None

Feedback Huo et al. [53]; Haddad et al. [52]; Limaye et al. [58]; 
Peimani et al. [63]; Rotheram-Borus et al. [67]; Islam et 
al. [90]; Liao et al. [57]

Telemedicine Knowledge and tips Rasoul et al. [66]; Chai et al. [45]

Suggestions Limaye et al. [58] ; Rasoul et al. [66]

Reminder None

Medical consultations None

Feedback Liao et al. [57]

Mobile Phone Calls (MPCs) Knowledge and tips Fottrell et al. [49]

Suggestions Yasmin et al. [72]; Shahid et al. [68]; Pichayapinyo et 
al. [64]; Steinman et al. [69]

Reminder Yasmin et al. [72]; Shahid et al. [68]

Medical consultations None

Feedback Yasmin et al. [72]; Anzaldo-Campos et al. [64]

mHealth Apps Knowledge and tips Wang et al [71]; Li et al. [56]

Suggestions Chai et al. [45]; Sun et al [70]; Wang et al. [71]; Chao 
et al. [46]

Medical consultations Zhou et al. [73]; Anzaldo-Campos et al. [44]; Patnaik 
et al. [62]

Reminder Zhou et al. [73]; Gunawardena et al. [50]; Liao et al. 
[57]; Li et al. [56]; Wang et al. [71]

Data monitoring/ collection/ store/ transmit Doocy et al. [48] ; Patnaik et al. [62],

Feedback Zhou et al. [73]; Anzaldo-Campos et al. [44]

Wearable or Portable Monitoring Devices 
(WPMDs)

Data monitoring/ collection/ store/ transmit Sun et al. [70]; Gunawardena et al. [50]; Liao et al. [57]; 
Li et al. [56]
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Additionally, studies that had longer durations of the 
intervention [44, 46, 47] had higher effect size and per-
centage difference (2.83, 1.52 and 2.92) between the 
intervention group and the comparison group.

Table 5 shows FBG as reported in 9 studies [47, 51, 53, 55, 
63, 66, 70, 71, 73]. In summary, this review revealed a small 
effect size of FBG in eight out of the nine studies. The high-
est effect size for FBG was reported by Zhou et al. [73] with 
a medium effect (Cohen’s d and Hedge’s g= 0.60). Two stud-
ies [47, 55] that had longer intervention durations had lower 
effect size (Cohen’s d 0.08 and 0.01) for FBG.

Patient‑centred Implementation outcomes
Acceptability of mHealth
Acceptability was reported in nine studies [52, 53, 57, 
58, 61, 62, 65, 70]. Three studies [52, 53, 61] reported 
acceptability as the users’ preferred time to receive text 
messages. Chao et al. [46] conducted a pre- and post-
interventional assessments and used the interactive per-
sonalized management framework mobile application to 
assess the participants mental readiness to change behav-
iour. Fottrell et al. [49] used small group discussions prior 
to all interviews involving men and women attendees and 
with non-attenders to get consensus on desired commu-
nity changes. Table 6 below describes various aspects of 
user-satisfaction reported in these studies. Most of the 
studies that assessed and reported on user-satisfaction 
provided scanty details on the findings.

Only two studies  in this review [53, 61] assessed the 
usefulness of the messages with 94.1% and 90.7% of the 
participants respectively. Two studies [52, 53] showed 
that 90.5% and 97.1% of the  participants respectively, 
found the content of the intervention to be understand-
able. In general, only three studies had included measure-
ment of acceptability as a secondary outcome. Five [52, 
53, 58, 61, 70] of the nine studies that assessed accept-
ability measured the willingness to continue using the 
mHealth intervention after the study. Willingness to 
continue using mHealth after the intervention was 100% 
in Haddad et al. [52], 93.7% in Huo et al. [53], 98.0% in 
Limaye et al [58], 95.9% in Owolabi et al. [61]. In Limaye 
et al. [58], 96% of the participants also acknowledged 
willingness to recommend the intervention to friends.

Feasibility of mHealth interventions
Feasibility of mHealth intervention was examined by the 
application of any DSMES. Table  7 below summarizes 
the DSMES applied in the studies. In summary, the most 
applied DSMES was healthy eating, in 26 studies (86.7%) 
and physical activity, in 24  studies  (80.0%).  The most 
applied combination of DSMES was healthy eating, phys-
ical activity, and medication usage, applied in 26, 24 and 
23 studies respectively.

Appropriateness of mHealth interventions
Hermes et al. [91] describes objective measurement 
of appropriateness to be the perceived interventional 
technology fit with the specific context. Seven stud-
ies reported appropriateness variedly. As illustrated in 
Table 8 below.

Cost of mHealth interventions
Four studies [49, 52, 53, 58] analysed the cost of the 
mHealth intervention (Table  9). Various aspects of cost 
were reported targeting the patient, the program, or the 
general population.

Sustainability of mHealth intervention
As shown in Table 10 below, only two studies reported on 
sustainability of the mHealth interventions [58, 70]

Discussion
This systematic review found clinically significant effec-
tiveness of mHealth interventions on HbA1c in most 
interventions for type 2 diabetes in LMICs. Ten out of 
12 studies had a >0.3% difference for HbA1c between 
the mHealth intervention group and comparison group. 
There was however low effectiveness of mHealth on 
FBG in most interventions, with 8 out of 9 studies that 
reported FBG showing an effect size of <0.05. Mobile 
phone text messages (MPTMs) and mobile apps was the 
most common mHealth approach in 19 and 10 out of 
30 studies respectively. Voice calls and wearable devices 
were used in five and two studies respectively. Despite 
the popularity of MPTMs in most interventions in our 
review, this mode of mHealth was associated with lower 
effectiveness on HbA1c and FBG. Among the patient 
centered outcomes, feasibility, based on DSMES domains 
was reported in all studies. There was substantial het-
erogeneity in reporting of acceptability, appropriateness, 
cost, and sustainability.

A change of 0.3% (3 mmol/mol) in HbA1c denotes a 
clinically significant margin and is generally considered 
to be an acceptable change [92]. Although this change 
seems to be relatively small, this difference in HbA1c has 
been associated with clinically significant effects, includ-
ing reduction in the risk to diabetic complications, lower 
long-term risk to microvascular complications and all-
cause mortality [92–94]. Despite the heterogeneity, our 
findings indicate that mHeath can be an effective tool to 
improve HbA1c. On the contrary, studies in this review 
revealed low effectiveness of mHealth on FBG. These 
findings concur with a recent metanalysis consisting of 
nine studies drawn from LMICs and high-income coun-
tries that reported a pooled effect size of −0.39; (P<.001) 
despite the different populations targeted [95]. FBG is 
known to be affected by numerous factors, that could be 
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attributable to the low effectiveness found in our review 
[96]. Another interesting finding from this review is that 
studies with intervention durations of >10 months had a 
higher percentage change on HbA1c compared to those 
conducted for shorter periods of time. On the contrary, 
longer durations were associated with lower effect size 
for FBG. Longer interventions have been associated with 
increased engagement, and effectiveness of mHealth 
interventions [97]. The reasons for the lower effect sizes 
for FBG are unclear, but could equally be linked with 
intervening factors that cannot be controlled during the 
interventions [96].

Patient-centered implementation outcomes included 
in this review were acceptability, appropriateness, fea-
sibility, cost, and sustainability. Acceptability is associ-
ated with user-satisfaction [98]. Studies in our review 
hardly reported on most patient centered outcomes. 
Reporting of these outcomes was also widely varied. 
None of the studies in this review applied the mHealth 
evidence reporting and assessment (mERA) guidelines 

[99] in reporting its findings. mERA guidelines pro-
vide a criteria to identify minimum sets of information 
needed to the define the mHealth intervention, where it 
is implemented, and how it is implemented to facilitate 
a possible replication of an intervention. mERA guide-
lines recommend that interventions report on appropri-
ateness of the interventions, user opinions on content 
or user interface, perceptions about usability, access, 
cost assessment and connectivity. This review showed 
that only 4 out of the 30 studies (13.3%) reported on 
the cost aspects of the intervention. Further, six studies 
reported on various aspects of appropriateness includ-
ing assessments on appropriate timing of messages, 
satisfaction, and convenience of the intervention. In 
this review, we described feasibility of the intervention 
based on the DSMES domain applied. Three DSMES 
domains, including healthy eating, physical activity, 
and medication usage in this review were associated 
with a difference of >0.3% for HbA1c . Similar findings 
have been reported in a review or reviews that linked 

Table 6  Acceptability of mHealth Interventions

a Assessment of users’ satisfaction only included participants in the intervention arm; b Rating based on a 7-scale Likert score; c Total score: 5; d Total Score: 15

Study MHealth 
intervention

Point and method 
of measurement of 
satisfaction

Proportion of 
respondents

General perceived 
satisfaction rate

Messages/ 
content was 
understandable

Willingness to 
continue using 
the mHealth 
intervention

Haddad et al [52] Text messaging End of intervention:
Questionnaire 
survey

100% 100% 90.5% 100%

Huo et al. [53] Text Messaging Last follow-up visit
acceptability and 
utility survey

239 (96.8%) NR 97.1% 93.7%

Li et al. [57] Mobile app
Wearable Activity 
Trackers

End of intervention: 
5-point Likert scale
Acceptability ques-
tionnaire,

100% Intervention: 45.2%
Control:  40.4%

Limaye et al. [58] Text Messaging, 
email, Website, 
Facebook®

End of interven-
tion: Text messages 
and Facebook® or 
website

NR NR NR 98.0%

Owolabi et al. [61] Text Messaging Post-intervention:
Questionnaire 
Survey

98 (90.7%) a 98% NR 95.9%

Patnaik et al. [62] Mobile app Post-intervention :
Mobile Question-
naire Survey

Diet satisfaction c:  
3.21 ± 1.02
Treatment 
satisfactiond : 13.09 
± 1.01

Pfammater et al. [65] Text Messaging End of intervention:
Telephone survey

Intervention: 611 
(62.2%) Control:  632 
(67.0%)

NR NR NR

Sun et al. [70] Mobile app End of intervention
Likert scale

100% 90% (6.3/7) b NR NR

Zhou et al. [73] Mobile app Pre- and post-inter-
vention
App-based question

NR 84% NR NR
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the application of technology enabled DSME domains 
to significantly improvement of HbA1c [100]. Addition-
ally, Muller et al. [101]. Found that mHealth interven-
tions can be effective in promoting physical activity and 
healthy diets in low income settings.

Strengths and limitations
This review has the strength that we used clearly 
defined inclusion and exclusion criteria and conducted 
searches in two phases. However, this review has some 

limitations. First, most studies in this review did not 
report on HbA1c, which is considered as the gold 
standard clinical outcome in diabetes care. Secondly, 
patient centered implementation outcomes are mainly 
reported in grey literature, which were not included in 
our review. Thirdly, most of the studies in this review 
did not apply the mERA guidelines, hence reducing 
replication of the intervention. Finally, we only included 
articles published in the English language, which intro-
duced the language bias.

Table 7  DSMES domains applied in mHealth interventions

Study DSMES Domains

1. Diabetes 
pathophysiology 
and treatment 
options

2. 
Healthy 
eating

3. 
Physical 
activity

4. 
Medication 
usage

5. Monitoring 
and usage 
of patient 
generated health 
data

6. Preventing, 
detection and 
treatment 
of acute 
and chronic 
complications

7. Healthy 
coping with 
psychosocial 
issues

8. 
Problem 
solving

Anzaldo et al.  [44] • • • • •

Chai et al. [45] • • • • • •

Chao et al. [46] • • • • • •

Dong et al. [47] • • • • •

Doocy et al. [48] • • •

Fottrell et al. [49] • •

Gunawardena et 
al. [50]

• • • •

Goodarzi et al. [51] • • • •

Haddad et al. [52] • • • •

Huo et al. [53] • • • •

Islam et al. [54] • • • • • •

Kumar et al. [55] • •

Li et al. [56] • • •

Liao et al. [57] •

Limaye et al. [58] • • • •

Olmen et al. [59] • • • • • • • •

Owolabi et al. [60] • • •

Owolabi et al. [61] • • • • • • • •

Patnaik et al. [62] • • • • •

Peimani et al. [63] • • • •

Pichayapinyo et 
al. [64]

• •

Pfammatter et al. 
[65]

• • • • • • •

Rasoul et al. [66] • • • • • •

Rotheram-Borus et 
al. [67]

• • • •

Shahid et al. [68] • • • • •

Steinman et al. [69] • • • • •

Sun et al. [70] • •

Wang et al. [71] • • • • • •

Yasmin et al. [72] • • • • • •

Zhou et al. [73] • • • •
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Conclusion
mHealth interventions in LMICs are associated with 
clinically significant effectiveness on HbA1c but have low 
effectiveness on FBG. Interventions applying mobile apps 

have a high effect size on HbA1c compared to those that 
apply text messaging, voice calls or wearable devices. Per-
centage changes of >0.3% in HbA1c was correlated with 
three DSMES domains, including healthy eating, physical 

Table 8  Appropriateness of mHealth Interventions

Study MHealth intervention Messages/ content was 
understandable

Measures of appropriateness

Haddad et al. [52] Text messaging 90.5% • Received messages at appropriate times: 100%

Huo et al. [53] Text Messaging 97.1% • Text messaging useful: 94.1%
• Participants reported reading:  80% >75% of the messages,

Limaye et al.  [58] Text Messaging, email, Website, 
Facebook®

NR • Recommend approach to family or friends: 96%
• Average adherence at 1 year: 74.5%
(Mobile messages: 78.0% e-mails: 71.0%).
• Average e-mail opening rate at 6 months: 93%

Owolabi et al. [61] Text Messaging NR • Satisfied with the timing of the SMS delivery: 98%
• Messages were helpful: 100%
• Messages did not stress them in any way:  99%

Patnaik et al. [62] Mobile application • Treatment satisfaction: 12.94 ± 2.9 out of total score of 15 (86.2%)

Sun et al. [70] mHealth management app NR • Convenience for telemedical management: 81%
• Helpful in self-monitoring of glucose: 93%
• Helpful in glucose diabetes knowledge: 98%

Table 9  Cost of mHealth interventions

PLA Participatory Learning Activities

Study Cost description Cost Focus

Huo et al. [53] Cost per text message US$0.01 Patient

Haddad et al. [52] Cost per text message € 0.065 Patient

Fottrell et al. [49] Total annual costs of the PLA intervention $ 601,484 Program

Average annual costs of the PLA intervention $240,594 Program

Total annual costs of mHealth intervention $312,630 Program

Average annual costs of mHealth intervention $125,052 Program

Average annual costs of the PLA per beneficiary $14 Patient/ Program

Average annual costs of mHealth per beneficiary $7 Patient/ Program

Cost-effectiveness ratios for PLA per case of intermediate hyperglycaemia or 
type 2 diabetes

$316 ($124 per DALY averted) Population

Cost-effectiveness ratios per case of type 2 diabetes prevented $65,18 ($2,551 per DALY averted) Population

Limaye et al. [58] Annual direct medical cost per participant in the control group £23.30 Patient

Annual direct medical cost per participant in the intervention group £35.80 Patient

Incremental cost of treating or preventing one case of overweight/obesity in 
1 year

£112.30 Patient/ Program

Table 10  Sustainability of mHealth Interventions

Study Indicator Period of mearing Sustainability Indicators of sustainability

Limaye et al. [58] Weight, waist circumference, dias-
tolic blood pressure

After 1 year • Exercise ≥ 150mins/week
• Raw food Consumption ≥ 8 servings/week
• Energy Dense food consumption ≥ 4 servings/week
• Awareness score ≥ 75%

Sun et al. [70] mHealth and eHealth intervention After the intervention (6 months) • Cost of implementation and maintenance too high
• Low impact shown by the study
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activity, and medication usage. The use of the mHealth 
evidence reporting and assessment (mERA) guidelines 
may standardize and improve reporting of patient-cen-
tered implementation outcomes in LMICs.

Implications for future research
Clinical and patient centered implementation outcomes 
should be considered in the planning, implementation 
and monitoring of mHealth interventions. This approach 
optimizes the individualization of care, which is vital in 
diabetes care. Additionally, mERA guidelines need to 
be applied in reporting so as to standardize and provide 
rigor in mHealth intervention globally.
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