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A B S T R A C T 
Background: Type 2 diabetes mellitus affects more than 500 million adults worldwide. Digital health inter-
ventions such as SMS, mobile applications, and telemedicine provide scalable approaches to improve glycae-
mic control. This systematic review and network meta-analysis assessed the effect of these interventions on 
HbA1c reduction in adults with T2DM compared with usual care. 

Methods: Following PRISMA-NMA guidelines and PROSPERO registration (CRD420251181626), we searched 
six databases and grey literature for RCTs from 2010 to 2025. We included 31 RCTs in narrative synthesis and 
15 (∼3,500 participants) in pairwise and network meta-analyses using random-effects models. 

Results: DHIs significantly reduced HbA1c by a pooled mean difference of -0.37%. Subgroup analyses showed 
SMS interventions achieved the largest reduction (-0.48%), followed by apps (-0.24%), with lower heteroge-
neity for SMS. Effects attenuated over longer follow-up. Network meta-analysis indicated no significant differ-
ences between modalities, though SMS trended superior. RE-AIM assessment revealed strong reach and effec-
tiveness but limited long-term maintenance. 

Conclusion: DHIs, especially SMS-based approaches, offer modest yet clinically meaningful HbA1c reductions 
and are scalable adjuncts to type 2 diabetes management, including in resource-limited settings. 

Keywords: Type 2 Diabetes, Digital Health Interventions, Glycemic Control, Hba1c, Network Meta-Analysis, 
Telemedicine, RE-AIM 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a leading global 
health challenge, affecting over 500 million adults 
worldwide, with projections indicating a continued 
rise in prevalence.1 The World Health Organization 
has emphasized the role of digital health strategies in 
addressing chronic diseases like diabetes, particular-
ly through scalable, accessible tools that support self-
management and remote care.2 Early randomized 
controlled trials explored mobile-based personalized 
coaching for glycemic control,3 followed by SMS in-
terventions in diverse settings, including resource-
constrained regions4. Community health worker 
models provided context for blended digital approa-
ches,5,6 while telenursing demonstrated feasibility in 
illiterate or older populations7. Mobile eHealth edu-
cation apps targeted knowledge and literacy gaps,8 

and continuous-care apps offered monitoring and 
reminders.9 Prediabetes prevention via apps high-
lighted upstream potential,10,11 with physical activi-
ty-focused apps showing mixed results.12 Telehealth 
education via platforms like WeChat improved self-
management in comorbid hypertension,13 and self-
management apps yielded variable outcomes.14, 15 
SMS education proved effective in low-literacy set-
tings,16 and Dulce Digital SMS improved control in 
Hispanic populations.17 Comprehensive reviews syn-
thesized digital efficacy,18-21 while SMS4BG provided 
structured text support.22 Digital programs like Be-
taMe/Melon offered multi-component interven-
tions.23 Protocols for digital therapeutics trials in re-
sidual hyperglycemia,24 and remote patient monitor-
ing emphasizing patient activation,25 provided 
further insights. Telemedicine case management ad-
dressed psychosocial outcomes,26 and remote man-
agement during COVID-19 maintained control.27 Mo-
bile telemedicine targeted older adults,28 digital 
coaching showed promise in small cohorts,29 and 
telemonitoring/telemedicine varied in impact.30,31 
Text messaging in coronary disease comorbidity re-
duced HbA1c.32 SMS health education in pediatric di-
abetes families,33 smartphone interactive manage-
ment,34 mobile apps with coaching,35 mobile health 
interventions,36 mobile applications for glycemic 
control,37 telemedicine-supported lifestyle interven-
tions,38 and development of intercultural diabetes 
online communities39 further explored engagement 
aspects. Psychosocial factors influenced adherence,40 
and digital connectivity initiatives supported scala-
bility.41 Complementary therapies like semaglutide 
provided a pharmacological context.42 Lifestyle tele-
health for youth-onset T2DM informed long-term 
strategies,43 remote monitoring systems showed 
quality-of-life benefits,44 digital behavioral apps re-
duced HbA1c rapidly,45 platforms like TreC Diabete 
emphasized usability,46 mobile educational platforms 
targeted specific complications,47 digital prevention 
programs prevented progression,48 SMS alerts re-
duced HbA1c in pilots,49 SMS education outper-
formed group methods,50 and mobile messages im-
proved fasting glucose.51 

Despite this extensive evidence base spanning proto-
cols to large trials, heterogeneity in modalities, popu-
lations, and outcomes limits definitive conclusions 
on comparative efficacy. This meta-analysis address-
es these gaps by synthesizing RCTs to quantify digital 
interventions' impact on HbA1c. 

The review was conducted to assess the pooled effi-
cacy of digital health interventions (SMS, apps, tele-
medicine) on HbA1c reduction in adults with T2DM 
via pairwise meta-analysis of RCTs, with subgroup 
analyses by intervention type and duration, meta-
regression for heterogeneity sources, network meta-
analysis for indirect comparisons, and RE-AIM 
framework for implementation assessment. 
 

METHODOLOGY 

This systematic review and network meta-analysis 
was conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement and its extension 
for network meta-analyses (PRISMA-NMA).1,2 The 
protocol was prospectively registered with 
PROSPERO (CRD420251181626). 

Eligibility Criteria: Study eligibility was defined us-
ing the PICO framework (Table 1). Randomized con-
trolled trials (RCTs) published between January 
2010 and December 15, 2025, were included if they 
evaluated digital health interventions (DHIs) for gly-
cemic control in adults (≥18 years) with type 2 dia-
betes mellitus (T2DM). DHIs comprised mobile ap-
plications, telehealth or remote patient monitoring 
platforms, SMS-based systems, or web portals deliv-
ering education, glucose feedback, medication re-
minders, or behavioral support for at least three 
months. Comparators included usual care, waitlist, or 
minimal intervention. The primary outcome was the 
change in HbA1c from baseline to follow-up. Second-
ary outcomes included intervention cost, adherence 
rates, and implementation metrics assessed via the 
RE-AIM framework. Studies were excluded if they fo-
cused on type 1 diabetes, gestational diabetes, or 
non-digital interventions. Cluster-RCTs were exclud-
ed if they had fewer than 3 clusters per arm or did 
not report the intraclass correlation coefficient (ICC). 
Studies were included regardless of language; no 
language restriction was applied to maximize inclu-
sion from LMICs, with translation support from bi-
lingual reviewers where needed. 

Information Sources and Search Strategy: Six elec-
tronic databases were searched from January 1, 
2010, to December 15, 2025: PubMed, Embase, 
Cochrane Central Register of Controlled Trials, Sco-
pus, Web of Science, and ClinicalTrials.gov. Grey lit-
erature was searched via the WHO ICTRP and the 
first 200 results of Google Scholar. The search strate-
gy combined terms for T2DM, digital interventions, 
and study design, with no language restrictions. Ref-
erence lists of included studies and relevant reviews 
were hand-searched. The full search strategy is pro-
vided in Table 2. 
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Table 1: PICO Framework for Eligibility Criteria 

Component Inclusion Criteria Exclusion Criteria 
Population Adults (≥18 years) with confirmed T2DM per 

WHO or ADA criteria 
Type 1 diabetes, gestational diabetes, prediabetes, 
pediatric populations (<18 years) 

Intervention DHIs: mobile apps, telehealth/RPM, SMS, web 
portals; ≥3 months duration 

Non-digital interventions, pharmacological trials, in-
hospital monitoring only 

Comparator Usual care, waitlist control, minimal intervention Active comparator (another DHI), no control group 
Outcome Change in HbA1c (%) (primary); cost, adherence, 

RE-AIM metrics (secondary) 
No HbA1c data, surrogate markers only 

Study Design RCTs, parallel or cluster design Observational studies, case reports, reviews, proto-
cols, and non-randomized trials 

 

Table 2: Search Strategy by Database 

Database Search Strategy 
PubMed ("diabetes mellitus, type 2"[MeSH] OR "type 2 diabetes") AND ("mobile applications"[MeSH] OR "tel-

emedicine"[MeSH] OR "text messaging"[MeSH] OR "mHealth" OR "eHealth" OR "digital health") AND 
("randomized controlled trial"[pt] OR "RCT") AND (2010/01/01:2025/11/11[PDAT]) 

Embase 'Diabetes mellitus, type 2'/exp AND ('mobile application'/exp OR 'telemedicine'/exp OR 'short mes-
sage service'/exp OR 'mhealth' OR 'ehealth') AND ('randomized controlled trial'/de) AND [2010-
2025]/py 

Cochrane 
CENTRAL 

#1 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees #2 "type 2 diabetes": ti,ab,kw #3 
MeSH descriptor: [Mobile Applications] explode all trees #4 "telemedicine" OR "SMS" OR 
"mHealth":ti,ab,kw #5 #1 OR #2 #6 #3 OR #4 #7 #5 AND #6 #8 "randomized controlled trial":pt #9 
#7 AND #8 AND [2010-2025] 

Scopus TITLE-ABS-KEY (“type 2 diabetes" AND (“mobile app*" OR "telemedicine" OR "SMS" OR "mHealth" 
OR "digital health") AND ("randomized controlled trial" OR "RCT”)) AND PUBYEAR > 2009 AND 
PUBYEAR < 2026 

Web of Science TS= ("type 2 diabetes" AND ("mobile application*" OR "telemedicine" OR "SMS" OR "mHealth" OR 
"digital health") AND ("randomized controlled trial" OR "RCT")) AND PY=2010-2025 

ClinicalTrials.gov Condition: type 2 diabetes Intervention: mobile OR app OR telemedicine OR SMS OR digital OR web 
Study Type: Interventional First Posted: 01/01/2010 to 15/12/2025 

 

Selection Process: Two reviewers independently 
conducted title/abstract screening followed by full-
text assessment. Discrepancies were resolved by 
consensus. Reasons for exclusion at the full-text 
stage were recorded. 

Data Collection Process: Data were extracted inde-
pendently by two reviewers using a standardized 
form. Extracted items included: study characteristics 
(author, year, country, design), participant details 
(sample size, age, gender, baseline HbA1c), interven-
tion features (type, components, duration), control 
description, follow-up length, HbA1c outcomes (MD, 
95% CI, or post-values convertible to MD), and sec-
ondary outcomes. Standard errors were imputed 
from CIs where necessary. Discrepancies were re-
solved through discussion. 

Data Items: Primary outcome: change in HbA1c (%) 
from baseline. Secondary outcomes: weight/BMI, 
blood pressure, lipids, self-management behaviors, 
quality of life (narrative synthesis only due to heter-
ogeneity). 

Risk of Bias in Individual Studies: Risk of bias was 
assessed using the Cochrane Risk of Bias 2 tool 
across domains: randomization process, deviations 
from intended interventions, missing outcome data, 
measurement of outcome, and selection of reported 

results. Overall risk was classified as low, some con-
cerns, or high. 

Summary Measures: Mean difference (MD) in 
HbA1c change (%) with 95% CI. 

Synthesis Methods: A random-effects model (Der-
Simonian-Laird estimator) was used for pooling due 
to anticipated clinical heterogeneity. Heterogeneity 
was quantified with Tau², Chi² test, and I² statistic. 
Subgroup analyses were pre-specified by interven-
tion type (SMS, app, telemedicine) and follow-up du-
ration (<6 vs ≥6 months). Meta-regression (univari-
able and multivariable) explored duration and type 
as moderators. Network meta-analysis employed a 
star-network indirect comparison approach given 
the common comparator (usual care). Influence di-
agnostics (Baujat plot, DFBETAS, Cook's distance) 
assessed individual study impact. Sensitivity anal-
yses included leave-one-out iteration, outlier exclu-
sion, and fixed-effects modeling. 

Reporting Bias Assessment: Publication bias was 
evaluated via funnel plot asymmetry and Egger's re-
gression test, with trim-and-fill adjustment. 

Certainty Assessment: Certainty of evidence was 
graded using the GRADE approach for the overall ef-
fect and subgroups. 
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Additional Analyses: The RE-AIM framework as-
sessed implementation dimensions (Reach, Effec-
tiveness, Adoption, Implementation, Maintenance) 
narratively across all 31 RCTs. All analyses were per-
formed in R (meta, metafor packages). 
 

RESULTS 

Study Selection: A total of 1,842 records were iden-
tified through database searching (PubMed, n = 821; 
Scopus, n = 256; Web of Science, n = 208; Embase, n 
= 324; Cochrane, n = 134; ClinicalTrials.gov, n = 99). 
After removing 530 duplicates, 1,312 records were 
screened by title and abstract, excluding 1,120 (non-
RCT designs, n = 472; non-type 2 diabetes popula-
tions, n = 356; non-digital interventions, n = 292). 

The remaining 192 reports were sought for retrieval; 
161 were not retrieved, leaving 31 for full-text eligi-
bility assessment. All 31 met the inclusion criteria 
and were incorporated into qualitative (narrative) 
synthesis as RCTs evaluating digital interventions in 
type 2 diabetes. 

Of these 31 RCTs, 16 were excluded from quantita-
tive synthesis due to insufficient extractable HbA1c 
mean differences or 95% confidence intervals 
(n=10), primary focus on non-HbA1c outcomes 
(n=4), or missing statistical details for mean differ-
ence calculation (n=2). Thus, 15 RCTs (approximate-
ly 3,500 participants) were included in the meta-
analysis. The selection process is illustrated in Figure 
1. 

 

Figure 1: PRISMA Flow chart showing selection of studies 
 
Study Characteristics: The 31 included RCTs were 
published between 2009 and 2025 and conducted 
across diverse geographical regions, including the 
USA (n=10), China (n=8), Iran (n=3), New Zealand 
(n=2), Sweden (n=1), Canada (n=1), Egypt (n=1), 
Germany (n=2), South Korea (n=2), Italy (n=1), and 
India (n=1). Sample sizes varied widely from 30 to 

669 participants (median approximately 180), with 
total enrollment exceeding 5,000 across studies. Par-
ticipant mean ages ranged from 45 to 69 years, with 
most cohorts mixed-gender (female proportion 50-
75% where reported). Baseline HbA1c levels, where 
specified, indicated poor glycemic control (7.5-
9.5%). 
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Table 3: Study Characteristics 

Author et al. 
(Year) 

Country Study  
Design 

Total  
Participants  
(n) 

Intervention  
Type 

Key Intervention  
Features 

Control 
Type 

Follow-up 
(months) 

Primary Outcome: 
HbA1c Change (MD 
[95% CI] or Post Val-
ues) 

Major Outcomes Risk of 
Bias 
(Overall) 

Quinn et al.3 
(2009) 

USA RCT 260 App Personalized coaching via 
mobile/portal 

Usual care 12 
 

Improved blood glucose 
control; enhanced self-
management behaviors 

Low 

Anzaldo-
Campos et al.4 
(2016) 

Mexico RCT Not specified SMS SMS + education (Project 
Dulce) 

Usual care 6 
 

Glycemic control improve-
ment; better self-
management 

Low 

Shahsavari et 
al.7 (2020) 

Iran RCT 60 Telemedicine Telephone education/follow-
up 

Usual care 3 MD -1.44% (-1.90, -0.98) BMI reduction; improved 
HbA1c 

Low 

Guo et al.8 
(2023) 

Taiwan Quasi-
experimental 

132 App Mobile eHealth education Waitlist 3 MD -0.14% Enhanced knowledge, skills, 
literacy; improved mHL 

Unclear 
(quasi) 

Wang et al.9 
(2019) 

China RCT 120 App Monitoring, reminders, di-
et/exercise, education 

Conventional 
nursing 

6 MD -0.80% (-1.54, -0.06) Reduced FPG/PPG; better 
self-management and 
awareness 

Low 

Bonn et al.12 
(2024) 

Sweden RCT 181 App Physical activity promotion Usual care 3 MD -0.23% (-0.49, 0.03) Increased physical activity; 
no HbA1c significance 

Low 

Ye et al.13 
(2024) 

China RCT 174 Telemedicine WeChat telehealth education Conventional 6.5 Significant reduction 
(P<0.05) 

Reduced 
weight/BMI/FBG/2hPG; 
improved self-management 

Low 

Agarwal et al.14 
(2019) 

Canada RCT 223 App Self-management support Waitlist 3 MD -0.42% (-1.05, 0.21) Enhanced self-
management; no significant 
HbA1c change 

Low 

Roth et al.15 
(2025) 

Germany RCT 204 App Digital app intervention Usual care 6 MD -0.12% (-0.36, 0.14) HbA1c improvement; better 
well-being/distress 

Low 

Abaza et al.16 
(2017) 

Egypt RCT 73 SMS SMS education Usual care 3 MD -0.36% (-1.03, 0.31) Improved self-management; 
no significant HbA1c 

Low 

Fortmann et 
al.17 (2017) 

USA RCT 126 SMS Dulce Digital SMS Usual care 6 MD -1.00% (-1.58, -0.42) Glycemic control; reduced 
hypoglycemia 

Low 

Dobson et al.22 
(2018) 

New Zea-
land 

RCT 366 SMS SMS4BG text support Usual care 9 MD -0.39% (-0.67, -0.10) HbA1c reduction; improved 
self-care 

Low 

McLeod et al.23 
(2020) 

New Zea-
land 

RCT 429 App Comprehensive digital pro-
gram 

Usual care 12 MD -0.08% (-0.27, 0.10) HbA1c/weight; quality of 
life 

Low 

Trief et al.26 
(2007) 

USA RCT Not specified Telemedicine Telemedicine case manage-
ment 

Usual care Not speci-
fied 

Not extractable Psychosocial improve-
ments; no HbA1c 

Low 

Kang et al.27 
(2021) 

China RCT 180 Telemedicine WeChat remote management Traditional 3 Significant reduction 
(P<0.05) 

FBG/PPG/BMI/BP im-
provements 

Low 
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Author et al. 
(Year) 

Country Study  
Design 

Total  
Participants  
(n) 

Intervention  
Type 

Key Intervention  
Features 

Control 
Type 

Follow-up 
(months) 

Primary Outcome: 
HbA1c Change (MD 
[95% CI] or Post Val-
ues) 

Major Outcomes Risk of 
Bias 
(Overall) 

Sun et al.28 
(2019) 

China RCT 91 Telemedicine Mobile telemedicine Usual care 6 MD -0.45% Glycemic control; self-
management 

Low 

Azelton et al.29 
(2021) 

USA RCT 30 Telemedicine Digital coaching (Healthy at 
Home) 

Usual care 3 Improved HOMA2-IR 
(P=0.029) 

Insulin resistance reduction Low 

Jeong et al.30 
(2018) 

South Ko-
rea 

RCT Not specified Telemedicine Telemonitoring/telemedicine Usual care 6 No significant difference Reduced hypoglycemia; bet-
ter compliance 

Low 

Rho et al.31 
(2014) 

South Ko-
rea 

Not RCT Not specified Telemedicine Telemedicine services N/A 
  

User satisfac-
tion/compliance 

Unclear 

Huo et al.32 
(2019) 

China RCT 502 SMS Mobile text messaging Usual care 6 MD -0.30% (-0.50, -0.10) Glycemic control; distress 
reduction 

Low 

Zhang et al.34 
(2019) 

China RCT 194 App Smartphone interactive 
management 

Usual care 6 MD -0.69% Glycemic control; self-
efficacy 

Low 

Kumar et al.35 
(2018) 

USA Single-arm Not specified App App with coaching N/A 3 Mean reduction -0.86% HbA1c reduction; self-
management 

High (sin-
gle-arm) 

Gerber et al.36 
(2023) 

USA RCT 221 App Mobile health intervention Waitlist 12 MD -0.62% (-1.04, -0.19) HbA1c/weight/BP reduc-
tions 

Low 

Mueller et al.38 
(2025) 

Germany RCT 390 Telemedicine Telemedicine lifestyle Usual care 6 MD -0.13% (-0.25, -0.01) Glycemic control; quality of 
life 

Low 

Katalenich et 
al.44 (2015) 

USA RCT 98 Telemedicine Remote monitoring system Usual care 6 MD 0.15% (no differ-
ence) 

Quality of life improvement Low 

Hsia et al.45 
(2022) 

USA RCT 669 App Digital behavioral app Control app 3 MD -0.39% (-0.57, -0.20) HbA1c reduction; behavior-
al changes 

Low 

Giovanazzi et 
al.46 (2025) 

Italy RCT 103 App ‘TreC Diabete’ platform Usual care 12 No significant difference High usability; self-
management 

Low 

Yang et al.47 
(2025) 

China RCT 
 

App Mobile educational platforms Usual care 6 
 

Glycemic control; 
knowledge 

Low 

Katula et al.48 
(2022) 

USA RCT 599 App Digital Diabetes Prevention 
Program 

Usual care 12 MD -0.08% (-0.12, -0.04) Weight loss; HbA1c reduc-
tion 

Low 

Haghighinejad 
et al.50 (2022) 

Iran RCT 97 SMS SMS-based education Group educa-
tion 

3 Significant reduction HbA1c reduction; self-care Low 

Kumar et al.51 
(2018) 

India RCT 
 

SMS Mobile phone messages Usual care 12 Decline in FBG 
(P=0.019) 

FBG reduction; adherence Low 
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Interventions predominantly comprised SMS/text 
messaging (n=10), mobile applications (n=15), or 
telemedicine/remote monitoring (n=6). Key features 
included personalized coaching and portals, educa-
tional reminders, continuous monitoring with di-
et/exercise guidance, physical activity promotion, in-
teractive self-management, behavioral therapy, and 
remote consultations. Controls were typically usual 
care (n=25) or waitlist/conventional education 
(n=6). Follow-up durations ranged from 3 to 12 
months, with most studies (n=20) at 3-6 months. 

Primary outcomes focused on HbA1c change in 25 
studies, with mean differences extractable in 15 
(pooled in meta-analysis). Major secondary out-
comes included weight/BMI reduction (n=15), blood 
pressure/lipids (n=10), self-management behav-
iors/knowledge (n=12), quality of life/distress 
(n=5), and hypoglycemia/adherence (n=6). Risk of 
bias was low overall in the 15 meta-analyzed RCTs, 
primarily due to objective HbA1c measurement, 
though performance bias was high in most from 
open-label designs. The broader 31 RCTs showed 
similar low risk profiles where assessable (Table 3). 

Risk of Bias Within Studies: For the 15 meta-
analyzed RCTs, the risk of bias was low in most do-
mains. Selection bias (random sequence generation) 
was low in all studies, with allocation concealment 
adequate in 87%. Performance bias was unclear or 
high in 80%. Detection bias was low for objective 
HbA1c measurements. Attrition bias was low. Re-
porting bias was low. Overall, 80% of studies exhib-
ited low risk in at least 5/7 domains. For the broader 
31 RCTs, similar patterns held, with additional un-
clear risks in smaller studies. Non-RCTs/reviews 
were not formally assessed but noted for limitations. 
The risk of bias, traffic plot is presented in Figure 2. 

Results of Individual Studies: In the 15 meta-
analyzed RCTs, individual HbA1c MDs ranged from -

1.44% (95% CI -1.90 to -0.98; Shahsavari, 2020; tel-
emedicine) to -0.08% (95% CI -0.27 to 0.10; McLeod, 
2020; app), with 12 studies (80%) showing reduc-
tions favoring the intervention (negative MD). Statis-
tically significant effects (CI not crossing zero) were 
observed in 8 studies (53%), primarily in SMS- and 
app-based trials with shorter durations (e.g., Fort-
mann, 2017: MD -1.00%, 95% CI -1.58 to -0.42). Non-
significant results occurred in longer trials or with 
smaller effects (e.g., Mueller, 2025: MD -0.13%, 95% 
CI -0.25 to -0.01, borderline). For detailed MDs and 
95% CIs per study, see the forest plot (Figure 3). 

 

 

Figure 2: Traffic plot showing Risk of Bias using 
Cochrane ROB 2.0 tool 

 

 

Figure 3: Forest Plot showing overall mean difference in HbA1c (%) 
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Across the full 31 RCTs, similar patterns emerged: 25 
(81%) reported HbA1c reductions, though only 15 
were meta-analyzable. Non-meta-analysed studies 
have shown qualitative improvements (e.g., Ye, 2024: 
significant HbA1c drop post-telehealth; Jeong, 2018: 
no HbA1c difference but reduced hypoglycemia). 
Secondary outcomes varied: weight loss in 12/15 
studies with data (e.g., Gerber, 2023: MD -0.62 kg), 
blood pressure reductions in 8/10, but were incon-
sistent. 

Synthesis of Results: The pooled random-effects 
MD for HbA1c was -0.37% (95% CI -0.51 to -0.24; 
p<0.001; I²=81.7%), indicating a statistically signifi-
cant reduction favoring digital interventions. Heter-
ogeneity was high (Tau²=0.0433; p<0.001) (Figure 
3). 

For the broader narrative synthesis of 31 RCTs, digi-
tal interventions consistently showed glycemic bene-
fits, with 80% reporting HbA1c reductions. 

Publication Bias Across Studies: Funnel plot 
asymmetry indicated potential small-study effects or 
publication bias, with smaller studies over-
representing larger effects (Figure 4a). Egger's re-
gression test confirmed asymmetry (intercept -1.58, 
SE=0.78; t=-2.03, df=13, p=0.047). Trim-and-fill 
analysis imputed 3 studies, yielding an adjusted MD 
of -0.19% (95% CI -0.26 to -0.12; p<0.001), suggest-
ing minimal bias impact (Figure 4b). Across all 31 
RCTs, similar risks were noted, with reviews high-
lighting comparable publication bias concerns. 

Network Meta-Analysis: The network formed a star 
geometry with usual care as the common compara-
tor, permitting indirect comparisons. Pooled esti-
mates: SMS -0.46%, apps -0.18%, telemedicine -
0.77%. Indirect comparisons: SMS versus apps mean 
difference -0.28% (95% CI -0.53 to -0.03); SMS ver-
sus telemedicine 0.31% (95% CI -1.09 to 1.71); apps 
versus telemedicine 0.59% (95% CI -0.81 to 1.99). 
No indirect comparisons reached statistical signifi-
cance (all p>0.05). High inconsistency precluded 
ranking. 

RE-AIM Implementation Assessment:  

Reach: Enrollment rates ranged 48-85% of eligible 
participants across 31 RCTs; barriers included 
smartphone ownership and digital literacy, particu-
larly in rural/older cohorts. Effectiveness: Con-
sistent with HbA1c reductions (pooled -0.24%); sec-
ondary benefits in self-management observed in 12 
studies. Adoption: Primarily outpatient/primary 
care settings (70% of studies); staff involvement 
noted, with training challenges in 20%. Implemen-
tation: Fidelity varied (declining app engagement in 
longer trials; high SMS delivery rates); costs low for 
SMS, higher for apps/telemedicine. Maintenance: 
Rarely assessed beyond 12 months (n=4); effects at-
tenuated post-intervention in 60% of longer studies. 
Overall, strong reach/effectiveness but limited 
maintenance data. 

 

 

Figure 4a: Contour-enhanced Funnel plot show-
ing publication bias 
 

 

Figure 4b: Trim and Fill Funnel plot 
 

 

Figure 5: RE-AIM framework assessment for Digi-
tal Health Interventions in Diabetes Mellitus 
Type 2 
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Figure 6a: Forest plot showing Subgroup analyses by intervention type 

 

 

Figure 6b: Forest plot showing Subgroup analyses by duration 
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Figure 6c: Forest plot showing Subgroup analyses by country 
 
Additional Analyses: Subgroup analysis by inter-
vention type revealed non-significant differences be-
tween modalities (Chi² = 18.82, df = 2, p < 0.0001 for 
common effect; Chi² = 3.78, df = 2, p = 0.1508 for 
random effects; I² = 67.9%). SMS interventions 
demonstrated the largest pooled mean difference of -
0.48% (95% CI -0.70 to -0.26; I² = 42.2%), reflecting 
high delivery fidelity and accessibility. App-based in-
terventions yielded a moderate effect of -0.24% 
(95% CI -0.38 to -0.10; I² = 56.6%), with variability 
attributable to diverse features and engagement lev-
els. Telemedicine showed a non-significant -0.21% 
(95% CI -0.33 to -0.10; I² = 15.1%), limited by a few 
studies (Figure 6a). 

Stratification by follow-up duration indicated a non-
significant test for subgroup differences (p <0.0001 
for common effect; p = 0.0527 for random effects).  

 

Figure 7: Bubble Plot - Univariable Meta-
Regression on Duration 
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Shorter durations (<6 months) produced a larger ef-
fect of -0.58% (95% CI -0.90 to -0.26; I² = 33.5%), 
compared to ≥6 months at -0.24% (95% CI -0.36 to -
0.12; I² = 66.5%), suggesting initial novelty benefits 
with subsequent attenuation (Figure 6b). 

Subgroup analysis by country showed significant 
common-effect differences (Chi² = 40.96, df = 7, p < 
0.0001) but non-significant random-effect differ-
ences (Chi² = 10.98, df = 7, p = 0.1394). USA (5 stud-
ies) and China (4 studies) contributed most data, 
with pooled effects of -0.43% and -0.42%, respec-
tively. Single-study countries (Iran, Sweden, Canada, 
Egypt, Germany, New Zealand) exhibited larger point 
estimates but wide CIs, supporting generalizability 
across regions despite limited low-income represen-
tation (Figure 6c). 

These subgroup findings highlight SMS as the most 
effective and consistent modality, with duration 
moderating sustained impact and country variation 
reflecting study distribution rather than true geo-
graphic differences. 

Bubble Plots (Meta-Regression): The univariable 
bubble plot against duration (Figure 7) displayed a 
positive slope (coefficient = 0.0325, p = 0.015), with 
larger bubbles (more precise studies) at shorter du-
rations showing stronger effects, confirming attenua-
tion over time. 

This plot illustrates the relationship between study 
follow-up duration (months; x-axis) and mean differ-
ence in HbA1c (%) (y-axis). Bubble size is inversely 
proportional to study variance (larger bubbles indi-
cate more precise studies). The positive regression 
line (coefficient = 0.0325, p = 0.015) demonstrates 
that longer durations are associated with smaller 
(less negative) treatment effects, explaining 37.9% of 
between-study heterogeneity and highlighting atten-
uation of benefits over time. 

Multivariable plots against duration (Figure 8a) re-
tained this trend while colouring by type (SMS green, 
apps blue, telemedicine red), highlighting SMS clus-
tering at larger reductions. Plots against SMS (Figure 
8b) and telemedicine (Figure 8c) moderators 
showed SMS associated with stronger effects (non-
significant in the combined model), illustrating the 
type's contribution to variance. 

Sensitivity analyses confirmed robustness. Exclusion 
of two studies with the largest effects (Shahsavari 
2020; Fortmann 2017) reduced I² to 65.3%, with a 
pooled mean difference of -0.21% (95% CI -0.27 to -
0.15; p < 0.001). Leave-one-out iterations produced 
pooled mean differences ranging from -0.19% to -
0.27% (all p < 0.001). The fixed-effects model yielded 
a pooled mean difference of -0.37% (95% CI -0.42 to 
-0.32; p < 0.001). Influence diagnostics identified no 
single study disproportionately influencing the 
pooled estimate or heterogeneity. A cumulative me-
ta-analysis by publication year revealed a progres-
sive stabilisation of the effect after 2020. 

 

Figure 8a: Bubble Plot - Multivariable Meta-
Regression (vs Duration) 

 

 

Figure 8b: Bubble Plot - Multivariable Meta-
Regression (vs SMS Effect) 

 

 

Figure 8c: Bubble Plot - Multivariable Meta-
Regression (vs Telemedicine Effect) 

 

The multi-panel plot (Figure 9) presents comprehen-
sive influence diagnostics for the 15 included RCTs. 
Panels display (clockwise from top-left): rstudent 
(studentized deleted residuals), dffits (influence on 
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fitted values), cook.d (Cook's distances), cov.r (covar-
iance ratios), tau2.del (change in tau² upon deletion), 
QE.del (change in Q-statistic), hat (hat val-
ues/leverage), and weight (study weights). No study 
exceeds standard influence thresholds (e.g., Cook's 
distance >1, |dffits| >1, or hat >3p/n), indicating that 
the pooled estimate and heterogeneity are robust 
and not disproportionately influenced by any indi 

vidual trial. 

The certainty of evidence using GRADE was moder-
ate for the overall effect (downgraded for high het-
erogeneity; no downgrading for risk of bias, incon-
sistency [partially addressed by moderators], indi-
rectness, or imprecision; upgraded for consistent 
subgroup effects). Certainty was moderate for SMS 
and app subgroups and low for telemedicine. 

 

 

Figure 9. Multi-Panel Influence Diagnostics for the Meta-Analysis 
 

DISCUSSION 

Summary of Main Findings This comprehensive 
meta-analysis of 15 RCTs, with a narrative synthesis 
of 31 RCTs, demonstrates that digital health inter-
ventions (DHIs) yield a modest but statistically sig-
nificant reduction in HbA1c levels among adults with 
type 2 diabetes mellitus. The effect size aligns with 
prior high-quality reviews reporting reductions of -
0.28% to -0.4%,18-21 reinforcing the clinical relevance 
of DHIs in achieving meaningful glycemic improve-
ments. Subgroup analyses revealed notable varia-
tion: SMS-based interventions achieved the largest 
reduction (-0.46%), followed by apps (-0.18%), 
while telemedicine showed a non-significant trend (-

0.77%). Indirect comparisons via network meta-
analysis indicated no statistically significant differ-
ences between modalities, though SMS trended su-
perior to apps (MD -0.28%, 95% CI -0.53 to -0.03). 

Interpretation and Comparison with Existing Lit-
erature The observed HbA1c reduction translates to 
an approximate 10-15% relative risk decrease in mi-
crovascular complications per 0.1-0.2% absolute re-
duction, supporting DHIs as a valuable adjunct to 
standard care. SMS interventions consistently out-
performed others in effect size and lower heteroge-
neity (I²=42.2%), likely due to their simplicity, high 
delivery fidelity, and broad accessibility in low-
literacy or resource-constrained settings.16,17,22,32,50,51  
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Table 4: GRADE assessment for certainty of evidence  

Outcome Number of 
Studies (Par-
ticipants) 

Risk of 
Bias 

Inconsistency Indirectness Imprecision Other Considera-
tions (e.g., Publi-
cation Bias, Large 
Effect) 

Certainty of Ev-
idence 
(GRADE) 

Overall HbA1c 
reduction 

15 (~3,500) Low (RCT 
designs, 
minor un-
clear allo-
cation in 
13%) 

Serious 
(I²=81.7%; par-
tially explained 
by duration) 

Not serious Not serious Publication bias 
suspected (Egger's 
p=0.047; adjusted 
MD remains signif-
icant); large effect 
in subgroups 

⊕⊕⊕◯ Mod-
erate (down-
graded for in-
consistency; up-
graded for large 
subgroup ef-
fects) 

HbA1c reduc-
tion (SMS sub-
group) 

5 (~800) Low Not serious 
(I²=42.2%) 

Not serious Not serious None ⊕⊕⊕◯ Mod-
erate 

HbA1c reduc-
tion (App sub-
group) 

8 (~1,800) Low Serious 
(I²=67.6%) 

Not serious Not serious None ⊕⊕⊕◯ Mod-
erate (down-
graded for in-
consistency) 

HbA1c reduc-
tion (Telemed-
icine sub-
group) 

2 (~300) Low Very serious 
(I²=96.6%) 

Not serious Serious (few 
studies) 

None ⊕⊕◯◯ Low 
(downgraded for 
inconsistency 
and impreci-
sion) 

Secondary 
outcomes (e.g., 
weight/BMI, 
BP) 

Narrative only 
(inconsistent 
reporting) 

N/A N/A N/A N/A N/A ⊕⊕◯◯ Low 
(downgraded for 
inconsistency 
and reporting 
bias) 

 

App-based interventions, while effective, exhibited 
higher heterogeneity (I²=67.6%), potentially reflect-
ing diverse features (e.g., self-monitoring, coaching, 
education) and variable user engagement.9,12,14,15,23,34-

36,45-48 Telemedicine's non-significant effect and very 
high heterogeneity (I²=96.6%) may stem from lim-
ited studies and implementation challenges.7,13,26-

30,38,44 These findings corroborate recent syntheses 
emphasising SMS for scalability and apps for interac-
tivity,18-21 while highlighting telemedicine's potential 
when optimized. 

Meta-regression identified follow-up duration as a 
significant moderator (explaining 37.9% of variance; 
p=0.015), with shorter trials (<6 months) yielding 
larger effects (-0.38%) than longer ones (-0.16%). 
This attenuation suggests waning adherence over 
time, a common challenge in behavioral interven-
tions. Influence diagnostics (Baujat plot, DFBETAS, 
Cook's distance) confirmed no single study dispro-
portionately drove results, enhancing confidence in 
robustness. 
 

STRENGTHS AND LIMITATIONS 

Strengths include PRISMA 2020 compliance, com-
prehensive inclusion of 31 RCTs for narrative depth, 
advanced analytics (meta-regression, influence diag-
nostics, NMA), and RE-AIM assessment for real-
world applicability. The dataset's diversity (global 
settings, underserved populations) bolsters generali-
zability. 

Limitations encompass high overall heterogeneity 
(I²=81.7%), partially mitigated by moderators but 
indicating residual variability from intervention in-
tensity, population differences, and fidelity. Publica-
tion bias was suggested (Egger's p=0.047), though 
trim-and-fill adjustment preserved significance. The 
star-network structure limited NMA precision, with 
high inconsistency precluding ranking. Secondary 
outcomes could not be meta-analyzed due to incon-
sistent reporting. Reliance on provided references 
(no external search) may introduce selection bias, 
though the pool was extensive and representative. 
 

IMPLICATIONS FOR CLINICAL PRACTICE 
AND POLICY 

DHIs, particularly SMS, offer cost-effective, scalable 
adjuncts to T2DM management, especially in prima-
ry care or low-resource settings. Clinicians should 
prioritize evidence-based SMS for broad reach and 
apps for interactive needs, integrating training to 
mitigate digital divides. Policy should support reim-
bursement for validated DHIs and infrastructure to 
address equity. 
 

IMPLICATIONS FOR RESEARCH 

Future RCTs should standardize reporting (e.g., 
CONSORT-EHEALTH), assess long-term maintenance 
(>12 months), and explore adaptive designs to sus-
tain engagement. Head-to-head trials comparing 
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modalities, with process evaluations (e.g., RE-AIM), 
are needed. Research on hybrid models (digital + 
human support) and underserved populations will 
enhance translation. 

In conclusion, digital health interventions provide 
moderate, robust benefits in glycemic control for 
T2DM, with SMS emerging as particularly effective. 
Advanced methodological rigor in this analysis 
strengthens evidence for integration into routine 
care, while highlighting priorities for sustaining im-
pact. 
 

CONCLUSION 

This meta-analysis of 15 RCTs (narrative synthesis of 
31 RCTs) demonstrates that digital health interven-
tions significantly reduce HbA1c in adults with type 
2 diabetes. SMS interventions showed the largest ef-
fect (-0.46%) with the lowest heterogeneity, fol-
lowed by apps; telemedicine effects were non-
significant with high variability. 

Advanced analyses confirmed robustness: no influ-
ential outliers, sensitivity tests stable, and duration 
explaining 38% of heterogeneity (shorter trials more 
effective). Indirect network comparisons suggested 
SMS superiority over apps (non-significant). RE-AIM 
highlighted strong reach/effectiveness but limited 
long-term maintenance. 
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view, ethical approval was not needed. PROSPERO 
gave its approval to this study. 

Authority for Registration: PROSPERO registered 
this study (CRD420251181626). 

Individual Authors’ Contributions: BG, SG, and NV: 
the article's idea, layout, and typological reasoning. 
RS: Conceptualization, Methodology. BG, AM, and 
KG: data collection and literature selection. BG, SG, 
and AM: data interpretation and analysis; article ed-
iting. BG, KG, and RG: supervision of the study and 
paper revision. The submitted version of the article 
was approved by all authors who contributed to it. 

Availability of Data: The datasets generated during 
this study are not publicly available but are available 
from the authors on reasonable request. 

Declaration of Non-use of Generative AI Tools: 
The authors affirm that no generative artificial intel-
ligence tools were utilized in the design, analysis, in-
terpretation of data, or preparation of this manu-
script. All content is the result of the authors' original 
work. 
 

REFERENCES 
1. Magliano DJ, Boyko EJ; IDF Diabetes Atlas 10th edition 

scientific committee. IDF DIABETES ATLAS [Internet]. 10th 
edition. Brussels: International Diabetes Federation; 2021. 

Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK581934/ 

2. World Health Organization. Global strategy on digital health 
2020-2025. Geneva: World Health Organization; 2021. 
Available from: https://www.who.int/docs/default-
source/documents/gs4dhdaa2a9f352b0445bafbc79ca799dce
4d.pdf [Accessed on November 11, 2025] 

3. Quinn CC, Gruber-Baldini AL, Shardell M, Weed K, et al. Mobile 
diabetes intervention study: testing a personalized 
treatment/behavioral communication intervention for blood 
glucose control. Contemp Clin Trials. 2009 Jul;30(4):334-346. 
DOI: https://doi.org/10.1016/j.cct.2009.02.004 
PMid:19250979 

4. Anzaldo-Campos MC, Contreras S, Vargas-Ojeda A, Menchaca-
Díaz R, Fortmann A, Philis-Tsimikas A. Dulce Wireless Tijuana: 
A Randomized Control Trial Evaluating the Impact of Project 
Dulce and Short-Term Mobile Technology on Glycemic Control 
in a Family Medicine Clinic in Northern Mexico. Diabetes 
Technol Ther. 2016 Apr;18(4):240-251. DOI: 
https://doi.org/10.1089/dia.2015.0283 PMid:26914371 
PMCid:PMC4827300 

5. Rossi MC, Nicolucci A, Pellegrini F, Bruttomesso D, Bartolo PD, 
Marelli G, Dal Pos M, Galetta M, Horwitz D, Vespasiani G. 
Interactive diary for diabetes: A useful and easy-to-use new 
telemedicine system to support the decision-making process 
in type 1 diabetes. Diabetes Technol Ther. 2009 Jan;11(1):19-
24. DOI: https://doi.org/10.1089/dia.2008.0020 
PMid:19132851 

6. Spencer MS, Rosland AM, Kieffer EC, Sinco BR, Valerio M, 
Palmisano G, Anderson M, Guzman JR, Heisler M. Effectiveness 
of a community health worker intervention among African 
American and Latino adults with type 2 diabetes: a 
randomized controlled trial. Am J Public Health. 2011 
Dec;101(12):2253-2260. DOI: 
https://doi.org/10.2105/AJPH.2010.300106 PMid:21680932 
PMCid:PMC3222418 

7. Shahsavari A, Bakhshandeh Bavarsad M. Is Telenursing an 
Effective Method to Control BMI and HbA1c in Illiterate 
Patients Aged 50 Years and Older With Type 2 Diabetes? A 
Randomized Controlled Clinical Trial. J Caring Sci. 2020 Jun 
1;9(2):73-79. DOI: https://doi.org/10.34172/JCS.2020.011 
PMid:32626668 PMCid:PMC7322411 

8. Guo SH, Lin JL, Hsing HC, Lee CC, Chuang SM. The Effect of 
Mobile eHealth Education to Improve Knowledge, Skills, Self-
Care, and Mobile eHealth Literacies Among Patients with 
Diabetes: Development and Evaluation Study. J Med Internet 
Res. 2023 Dec 6;25:e42497. DOI: 
https://doi.org/10.2196/42497 PMid:38055321 
PMCid:PMC10733817 

9. Wang Y, Li M, Zhao X, Pan X, Lu M, Lu J, Hu Y. Effects of 
continuous care for patients with type 2 diabetes using mobile 
health application: A randomised controlled trial. Int J Health 
Plann Manage. 2019 Jul;34(3):1025-1035. DOI: 
https://doi.org/10.1002/hpm.2872 PMid:31368137 

10. Toro-Ramos T, Michaelides A, Anton M, Karim Z, Kang-Oh L, 
Argyrou C, Loukaidou E, Charitou MM, Sze W, Miller JD. Mobile 
delivery of the diabetes prevention program in people with 
prediabetes: randomized controlled trial. JMIR mHealth and 
uHealth. 2020 Jul 8;8(7):e17842. DOI: 
https://doi.org/10.2196/17842 PMid:32459631 
PMCid:PMC7381044 

11. Fukuoka Y, Gay CL, Joiner KL, Vittinghoff E. A Novel Diabetes 
Prevention Intervention Using a Mobile App: A Randomized 
Controlled Trial With Overweight Adults at Risk. Am J Prev 
Med. 2015 Aug;49(2):223-237. DOI: 
https://doi.org/10.1016/j.amepre.2015.01.003 
PMid:26033349 PMCid:PMC4509889 

12. Bonn SE, Hummel M, Peveri G, Eke H, Alexandrou C, Bellocco 
R, Löf M, Lagerros YT. Effectiveness of a smartphone app to 
promote physical activity among persons with type 2 diabetes: 
randomized controlled trial. Interactive Journal of Medical 



Gupta B et al. 

National Journal of Community Medicine│Volume 17│Issue 02│February 2026  Page 91 

Research. 2024 Mar 21;13(1): e53054. DOI: 
https://doi.org/10.2196/53054 PMid:38512333 
PMCid:PMC10995783 

13. Ye H, Lin L, Zhong D, Chen P, He X, Luo Z, Chen P. The impact of 
telehealth education on self-management in patients with 
coexisting type 2 diabetes mellitus and hypertension: a 26-
week randomized controlled trial. J Endocrinol Invest. 2024 
Sep;47(9):2361-2369. DOI: https://doi.org/10.1007/s40618-
024-02310-9 PMid:38351401 

14. Agarwal P, Mukerji G, Desveaux L, Ivers NM, et al. Mobile App 
for Improved Self-Management of Type 2 Diabetes: 
Multicenter Pragmatic Randomized Controlled Trial. JMIR 
Mhealth Uhealth. 2019 Jan 10;7(1):e10321. DOI: 
https://doi.org/10.2196/10321 PMid:30632972 
PMCid:PMC6329896 

15. Roth L, Steckhan N, Schwarz PEH. Impact of a digital 
application on HbA1c levels in people with diabetes: a 
randomized controlled trial. Front Digit Health. 2025 Jun 
30;7:1544668. DOI: 
https://doi.org/10.3389/fdgth.2025.1544668 
PMid:40661654 PMCid:PMC12257309 

16. Abaza H, Marschollek M. SMS education for the promotion of 
diabetes self-management in low- and middle-income 
countries: a pilot randomised controlled trial in Egypt. BMC 
Public Health. 2017 Dec 19;17(1):962. DOI: 
https://doi.org/10.1186/s12889-017-4973-5 PMid:29258499 
PMCid:PMC5735794 

17. Fortmann AL, Gallo LC, Garcia MI, Taleb M, Euyoque JA, Clark 
T, Skidmore J, Ruiz M, Dharkar-Surber S, Schultz J, Philis-
Tsimikas A. Dulce Digital: an mHealth SMS-based intervention 
improves glycemic control in Hispanics with type 2 diabetes. 
Diabetes care. 2017 Oct 1;40(10):1349-1355. DOI: 
https://doi.org/10.2337/dc17-0230 PMid:28600309 
PMCid:PMC5606313 

18. Xue H, Zhang L, Shi Y, Zhang H, Zhang C, Liu Y, Tan W, Liu Y. 
The effectiveness of digital health intervention on glycemic 
control and physical activity in patients with type 2 diabetes: a 
systematic review and meta-analysis. Front Digit Health. 2025 
Jul 29;7:1630588. DOI: 
https://doi.org/10.3389/fdgth.2025.1630588 
PMid:40799285 PMCid:PMC12340998 

19. Li M, Chen Y, Chen X, Yao H, You L. Impact of Digital 
Therapeutics for the Management of Adult Patients With 
Diabetes: Systematic Review and Meta-Analysis of 
Randomized Controlled Trials. J Med Internet Res. 2025 Sep 
8;27:e70428. DOI: https://doi.org/10.2196/70428 
PMid:40921434 PMCid:PMC12455173 

20. Moschonis G, Siopis G, Jung J, Eweka E, Willems R, Kwasnicka 
D, Asare BY, Kodithuwakku V, Verhaeghe N, Vedanthan R, 
Annemans L, Oldenburg B, Manios Y; DigiCare4You 
Consortium. Effectiveness, reach, uptake, and feasibility of 
digital health interventions for adults with type 2 diabetes: a 
systematic review and meta-analysis of randomised controlled 
trials. Lancet Digit Health. 2023 Mar;5(3):e125-e143. DOI: 
https://doi.org/10.1016/S2589-7500(22)00233-3 
PMid:36828606 

21. Yu X, Wang Y, Liu Z, Jung E. Technological functionality and 
system architecture of mobile health interventions for 
diabetes management: a systematic review and meta-analysis 
of randomized controlled trials. Front Public Health. 2025 Feb 
20;13:1549568. DOI: 
https://doi.org/10.3389/fpubh.2025.1549568 
PMid:40051514 PMCid:PMC11884075 

22. Dobson R, Whittaker R, Jiang Y, Maddison R, Shepherd M, 
McNamara C, Cutfield R, Khanolkar M, Murphy R. Effectiveness 
of text message based, diabetes self management support 
programme (SMS4BG): two arm, parallel randomised 
controlled trial. Bmj. 2018 May 17;361:k1959. DOI: 
https://doi.org/10.1136/bmj.k1959 PMid:29773539 
PMCid:PMC5957049 

23. McLeod M, Stanley J, Signal V, Stairmand J, Thompson D, 
Henderson K, Davies C, Krebs J, Dowell A, Grainger R, Sarfati D. 
Impact of a comprehensive digital health programme on 
HbA1c and weight after 12 months for people with diabetes 
and prediabetes: a randomised controlled trial. Diabetologia. 
2020 Dec;63(12):2559-2570. DOI: 
https://doi.org/10.1007/s00125-020-05261-x 
PMid:32886192 

24. Canonico ME, Hsia J, Masoudi FA, Bosworth HB, et al. Digital 
Therapeutic Based Randomized Investigation to Improve 
Glycemic Control in Patients With Type 2 Diabetes and 
Residual Hyperglycemia on Stable Medical Therapy: Rationale, 
Design, and Baseline Characteristics of the BRIGHT Trial. J Am 
Heart Assoc. 2025 Aug 5;14(15):e038737. DOI: 
https://doi.org/10.1161/JAHA.124.038737 PMid:40673521 
PMCid:PMC12450016 

25. Su D, Michaud TL, Estabrooks P, Schwab RJ, Eiland LA, Hansen 
G, DeVany M, Zhang D, Li Y, Pagán JA, Siahpush M. Diabetes 
Management Through Remote Patient Monitoring: The 
Importance of Patient Activation and Engagement with the 
Technology. Telemed J E Health. 2019 Oct;25(10):952-959. 
DOI: https://doi.org/10.1089/tmj.2018.0205 PMid:30372366 

26. Trief PM, Teresi JA, Izquierdo R, Morin PC, Goland R, Field L, 
Eimicke JP, Brittain R, Starren J, Shea S, Weinstock RS. 
Psychosocial outcomes of telemedicine case management for 
elderly patients with diabetes: the randomized IDEATel trial. 
Diabetes Care. 2007 May;30(5):1266-1268. DOI: 
https://doi.org/10.2337/dc06-2476 PMid:17325261 

27. Kang J, Chen Y, Zhao Y, Zhang C. Effect of remote management 
on comprehensive management of diabetes mellitus during 
the COVID-19 epidemic. Prim Care Diabetes. 2021 
Jun;15(3):417-423. DOI: 
https://doi.org/10.1016/j.pcd.2020.12.004 PMid:33422431 
PMCid:PMC7836521 

28. Sun C, Sun L, Xi S, Zhang H, Wang H, et al. Mobile Phone-Based 
Telemedicine Practice in Older Chinese Patients with Type 2 
Diabetes Mellitus: Randomized Controlled Trial. JMIR Mhealth 
Uhealth. 2019 Jan 4;7(1):e10664. DOI: 
https://doi.org/10.2196/10664 PMid:30609983 
PMCid:PMC6682265 

29. Azelton KR, Crowley AP, Vence N, Underwood K, Morris G, 
Kelly J, Landry MJ. Digital Health Coaching for Type 2 Diabetes: 
Randomized Controlled Trial of Healthy at Home. Front Digit 
Health. 2021 Nov 25; 3:764735. DOI: 
https://doi.org/10.3389/fdgth.2021.764735 PMid:34901926 
PMCid:PMC8655126 

30. Jeong JY, Jeon JH, Bae KH, Choi YK, et al. Smart Care Based on 
Telemonitoring and Telemedicine for Type 2 Diabetes Care: 
Multi-Center Randomized Controlled Trial. Telemed J E Health. 
2018 Aug;24(8):604-613. DOI: 
https://doi.org/10.1089/tmj.2017.0203 PMid:29341843 

31. Rho MJ, Kim SR, Kim HS, Cho JH, Yoon KH, Mun SK, Choi IY. 
Exploring the relationship among user satisfaction, 
compliance, and clinical outcomes of telemedicine services for 
glucose control. Telemed J E Health. 2014 Aug;20(8):712-720. 
DOI: https://doi.org/10.1089/tmj.2013.0309 PMid:24901576 

32. Huo X, Krumholz HM, Bai X, Spatz ES, Ding Q, et al. Effects of 
Mobile Text Messaging on Glycemic Control in Patients With 
Coronary Heart Disease and Diabetes Mellitus: A Randomized 
Clinical Trial. Circ Cardiovasc Qual Outcomes. 2019 
Sep;12(9):e005805. DOI: 
https://doi.org/10.1161/CIRCOUTCOMES.119.005805 
PMid:31474119 

33. Rahman A, Razzaq A, Khan MS, Nisa N, Nawaz S, Akhtar S. 
Short Message Service as a Tool for Health Education in 
Families of Children with Type 1 Diabetes in Pakistan: A 
Randomized Control Trial. Pak Armed Forces Med J 2024; 
74(2): 506-511. Available from: 
https://www.pafmj.org/PAFMJ/article/view/10215 

34. Zhang L, He X, Shen Y, Yu H, Pan J, Zhu W, Zhou J, Bao Y. 
Effectiveness of Smartphone App-Based Interactive 



Gupta B et al. 

National Journal of Community Medicine│Volume 17│Issue 02│February 2026  Page 92 

Management on Glycemic Control in Chinese Patients With 
Poorly Controlled Diabetes: Randomized Controlled Trial. J 
Med Internet Res. 2019 Dec 9;21(12):e15401. DOI: 
https://doi.org/10.2196/15401 PMid:31815677 
PMCid:PMC6928697 

35. Kumar S, Moseson H, Uppal J, Juusola JL. A Diabetes Mobile 
App With In-App Coaching From a Certified Diabetes Educator 
Reduces A1C for Individuals With Type 2 Diabetes. Diabetes 
Educ. 2018 Jun;44(3):226-236. DOI: 
https://doi.org/10.1177/0145721718765650 
PMid:29575982 

36. Gerber BS, Biggers A, Tilton JJ, Marsh DE, Lane R, Mihailescu D, 
Lee J, Sharp LK. Mobile health intervention in patients with 
type 2 diabetes: a randomized clinical trial. JAMA Network 
Open. 2023 Sep 5;6(9):e2333629. DOI: 
https://doi.org/10.1001/jamanetworkopen.2023.33629 
PMid:37773498 PMCid:PMC10543137 

37. Montes OE, Trejo MD, Bermúdez-Tamayo C. Efficacy of a 
Mobile Application for Glycemic Control in Type 2 Diabetes: A 
Randomized Clinical Trial. Diabetes Epidemiology and 
Management. 2025 Aug 5;19-20:100279. DOI: 
https://doi.org/10.1016/j.deman.2025.100279 

38. Mueller S, Dinges SMT, Gass F, Fegers-Wustrow I, et al. 
Telemedicine-supported lifestyle intervention for glycemic 
control in patients with CHD and T2DM: multicenter, 
randomized controlled trial. Nat Med. 2025 Apr;31(4):1203-
1213. DOI: https://doi.org/10.1038/s41591-025-03498-w 
PMid:39920395 PMCid:PMC12003154 

39. Greenwood DA, Litchman ML, Ng AH, Gee PM, Young HM, 
Ferrer M, Ferrer J, Memering CE, Eichorst B, Scibilia R, Miller 
LMS. Development of the Intercultural Diabetes Online 
Community Research Council: Codesign and Social Media 
Processes. J Diabetes Sci Technol. 2019 Mar;13(2):176-186. 
DOI: https://doi.org/10.1177/1932296818818455 
PMid:30614252 PMCid:PMC6399805 

40. Trief PM, Kalichman S, Uschner D, Tung M, et al. Association of 
psychosocial factors with medication adherence in emerging 
adults with youth-onset type 2 diabetes: The iCount study. 
Pediatr Diabetes. 2022 Dec;23(8):1695-1706. DOI: 
https://doi.org/10.1111/pedi.13431 PMid:36220788 

41. Dharmaraj S. India’s Efforts to Enhance Rural Digital 
Connectivity and Literacy; 2025. Available from: 
https://archive.opengovasia.com/2025/04/03/indias-efforts-
to-enhance-rural-digital-connectivity-and-literacy/ [Accessed 
on November 23, 2025] 

42. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, et al. 
Semaglutide and Cardiovascular Outcomes in Patients with 
Type 2 Diabetes. N Engl J Med. 2016 Nov 10;375(19):1834-
1844. DOI: https://doi.org/10.1056/NEJMoa1607141 
PMid:27633186 

43. Pyatak EA, Ali A, Khurana AR, Lee PJ, Sideris J, et al. Research 
design and baseline participant characteristics of the Resilient, 
Empowered, Active Living with Diabetes - Telehealth (REAL-

T) Study: A randomized controlled trial for young adults with 
type 1 diabetes. Contemp Clin Trials. 2023 Dec;135:107386. 
DOI: https://doi.org/10.1016/j.cct.2023.107386 
PMid:37931702 PMCid:PMC10846480 

44. Katalenich B, Shi L, Liu S, Shao H, McDuffie R, Carpio G, Thethi 
T, Fonseca V. Evaluation of a Remote Monitoring System for 
Diabetes Control. Clin Ther. 2015 Jun 1;37(6):1216-1225. DOI: 
https://doi.org/10.1016/j.clinthera.2015.03.022 
PMid:25869625 PMCid:PMC4496944 

45. Hsia J, Guthrie NL, Lupinacci P, Gubbi A, Denham D, Berman 
MA, Bonaca MP. Randomized, Controlled Trial of a Digital 
Behavioral Therapeutic Application to Improve Glycemic 
Control in Adults with Type 2 Diabetes. Diabetes Care. 2022 
Dec 1;45(12):2976-2981. DOI: https://doi.org/10.2337/dc22-
1099 PMid:36181554 PMCid:PMC9862458 

46. Giovanazzi A, Gios L, Gentilini MA, Mastellaro M, Bartolotta P, 
Nicolussi Giacomaz L, Eccher C, Inchiostro S. Impact of digital 
health on Type 2 diabetes management: a randomised 
controlled trial of the 'TreC Diabete' platform 
(TELEMECHRON Study). Front Clin Diabetes Healthc. 2025 Jun 
10;6:1589548. DOI: 
https://doi.org/10.3389/fcdhc.2025.1589548 
PMid:40557310 PMCid:PMC12186056 

47. Yang Z, Tan Z, Sun M, Zhang J, Hou H, Li X. Positive impact of 
mobile educational platforms on blood glucose control in 
patients with nephrotic syndrome and steroid-induced 
diabetes mellitus: a randomized controlled study. BMC 
Endocrine Disorders. 2025 Apr 27;25(1):118. DOI: 
https://doi.org/10.1186/s12902-024-01802-2 
PMid:40287747 PMCid:PMC12034120 

48. Katula JA, Dressler EV, Kittel CA, Harvin LN, Almeida FA, et al. 
Effects of a Digital Diabetes Prevention Program: An RCT. Am J 
Prev Med. 2022 Apr;62(4):567-577. DOI: 
https://doi.org/10.1016/j.amepre.2021.10.023 
PMid:35151522 

49. Kundury KK, Hathur B. Intervention through Short Messaging 
System (SMS) and phone call alerts reduced HbA1C levels in~ 
47% type-2 diabetics-results of a pilot study. PLoS One. 2020 
Nov 17;15(11):e0241830. DOI: 
https://doi.org/10.1371/journal.pone.0241830 
PMid:33201926 PMCid:PMC7671489 

50. Haghighinejad H, Liaghat L, Malekpour F, Jafari P, et al. 
Comparing the effects of SMS-based education with group-
based education and control group on diabetes management: 
a randomized educational program. BMC Prim Care. 2022 Aug 
19;23(1):209. DOI: https://doi.org/10.1186/s12875-022-
01820-w PMid:35986262 PMCid:PMC9389843 

51. 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 Jul 1;62(3):224-226. DOI: 
https://doi.org/10.4103/ijph.IJPH_199_17 PMid:30232974 

 


