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Background: Gestational diabetes mellitus (GDM), a prevalent complication

during pregnancy, is closely associated with an elevated risk of adverse

maternal and neonatal outcomes. Mobile health (mHealth) technologies have

emerged as convenient tools for GDM management; however, their clinical

efficacy in improving maternal and neonatal outcomes among GDM-affected

pregnant individuals remains to be comprehensively evaluated.

Objective: The study aims to evaluate the effectiveness of mHealth interventions

in improving maternal and neonatal outcomes among pregnant individuals

with GDM.

Methods: This study systematically searched the PubMed, Web of Science,

Scopus, Cochrane Library, and EMBASE databases from their inception to July

23, 2025. Two researchers independently screened the studies, extracted data,

and assessed quality. All data analyses were performed using STATA

17.0 software.

Results: Compared with routine care, mHealth interventions significantly

reduced the risk of cesarean section (OR 0.76, 95% CI 0.63–0.91) and

emergency cesarean (OR 0.55, 95% CI 0.39–0.77) among women with GDM.

Additionally, a significant reduction in the risk of composite neonatal

complications was observed (OR 0.63, 95% CI 0.44–0.89). Furthermore,

mHealth interventions significantly improved 2-hour postprandial blood

glucose levels (SMD −0.36, 95% CI −0.53 to −0.19). A trend toward reduced

gestational weight gain was also noted in the mHealth intervention group (SMD

−0.37, 95% CI −0.83 to 0.08).

Conclusion: mHealth interventions can reduce the risk of cesarean section rate

and emergency cesarean section, as well as the risk of composite neonatal
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complications. mHealth interventions may also improve two-hour postprandial

blood glucose control in pregnant women with GDM and can effectively

supplement conventional clinical care for GDM.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD420251149505.
KEYWORDS

gestational diabetes mellitus, maternal and neonatal outcomes, mobile health
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1 Introduction

Gestational Diabetes Mellitus (GDM) is a common metabolic

disorder during pregnancy, defined as diabetes that is first

diagnosed or occurs during gestation, excluding women with pre-

existing diabetes mellitus (1). Its core pathological mechanism

involves increased insul in resistance and inadequate

compensatory function of pancreatic b-cells, which is closely

associated with hormonal changes and metabolic dysregulation

during pregnancy (2). Multiple studies have indicated that the

global prevalence of GDM is increasing annually, influenced by

rising obesity rates, lifestyle factors, and unhealthy dietary habits (3,

4). According to statistics, the global prevalence rate in 2021 was

13.4% (5) and continues to rise. GDM not only adversely affects

maternal health (1) but also poses risks to the newborn, including

macrosomia, dystocia, neonatal hypoglycemia, and respiratory

distress syndrome, among others (6). Although GDM typically

manifests transiently during the perinatal period and often

resolves postpartum, its potential complications extend well

beyond the gestational period. Studies have shown that women

with a history of GDM have a significantly increased risk of

recurrence in subsequent pregnancies (7). Furthermore, GDM has

been identified as an independent risk factor for various chronic

conditions, including cardiovascular disease and type 2 diabetes

mellitus (8, 9). These adverse effects include short-term

complications during gestation and the perinatal period.

However, they may extend for decades postpartum, leading to

long-term detrimental impacts on both maternal and infant

health (10, 11). Concurrently, the associated medical and nursing

costs and the consumption of social resources impose a substantial

economic burden on families and public health systems. Therefore,

it is essential to strengthen early screening, standardized

management, and long-term follow-up interventions for GDM,

which may help mitigate related health risks and improve

maternal and infant outcomes.

However, the traditional GDM management model has the

following limitations. In terms of blood glucose monitoring,

discrete sampling data fail to adequately capture dynamic

fluctuations, resulting in reduced timeliness of interventions (12,

13). Regarding patient compliance, self-management based on
02
paper records is significantly influenced by educational level and

cognitive differences, making it difficult to maintain adherence (14,

15). In the allocation of medical resources, resource-limited areas

face constraints in human and equipment capacity, hindering

comprehensive management of high-risk populations; moreover,

standardized protocols are unable to accommodate the clinical

heterogeneity of GDM (16). Regarding behavioral interventions,

static educational approaches (e.g., printed manuals) have limited

effectiveness in promoting long-term self-management behaviors

(17). Therefore, these limitations highlight the need for innovative

healthcare models in the management of GDM.

The rapid advancement of Mobile Health (mHealth)

technology offers the potential to overcome the limitations

of traditional interventions. The core of mHealth lies in

updating healthcare service models through mobile devices

(e.g., smartphones, wearable sensors), remote monitoring

platforms, and art ificial intel l igence algorithms (18).

This facilitates a shift in monitoring patterns from “intermittent”

to “continuous.” By integrating wearable glucose monitoring

devices with mHealth, key data such as postprandial

glucose peaks and nocturnal glucose fluctuations can be

captured in real-time, enabling healthcare providers to accurately

assess patients’ metabolic status and provide a scientific basis for

adjusting intervention strategies (19, 20). The patient-provider

interaction model is transformed from “passive follow-up” to

“active management.” mHealth platforms facilitate real-time

communication that transcends temporal and spatial constraints,

allowing pregnant women to report symptoms and seek

advice promptly. At the same time, healthcare providers deliver

proactive interventions through intelligent reminders and

personalized guidance, thereby enhancing patient adherence (21,

22). Furthermore, the intervention approach evolves from

“standardized” to “personalized.” Utilizing recommendation

algorithms based on big data analysis, and incorporating

individual characteristics such as blood glucose levels, body

weight, and dietary and exercise habits, enables the dynamic

optimization of dietary plans, physical activity, and insulin

regimens to accommodate the heterogeneous management needs

of GDM (23, 24). Numerous studies have demonstrated that

mHealth interventions can enhance and optimize patient-
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provider communication, improve healthcare accessibility, reduce

medical costs, rationalize the allocation of medical resources,

strengthen patients’ self-management capabilities, and promote

the realization of personalized medicine and long-term

management (25, 26).

In recent years, mHealth has garnered significant attention in

healthcare and has been widely integrated into health systems to

support self-symptom management for conditions such as cancer

and arthritis (27, 28). However, the conclusions of existing studies

regarding the effectiveness of mHealth interventions on maternal

and infant outcomes in women with GDM remain inconsistent.

Some studies have demonstrated that mHealth interventions

significantly reduce the risk of emergency cesarean section and

composite neonatal complications (29, 30). In contrast, others have

found no association between mHealth interventions and these

outcomes (31, 32). Furthermore, while certain studies have

confirmed that mHealth interventions effectively improve 2-hour

postprandial blood glucose levels and mitigate gestational weight

gain in women with GDM (32, 33), others have reported

inconsistent or non-significant results (34, 35). Therefore, given

that cesarean section, emergency cesarean section, 2-hour

postprandial blood glucose, gestational weight gain in pregnant

women with GDM, and composite neonatal complications in their

offspring are all core indicators for perinatal quality assessment.

Considering the substantial controversy in existing research

findings, we conducted a meta-analysis to comprehensively and

systematically evaluate the efficacy of mHealth interventions in

pregnant women with GDM and their offspring.
2 Methods

The study was reported in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) (36). This systematic review and meta-analysis were

registered in PROSPERO (CRD420251149505).
2.1 Search strategy

A comprehensive electronic literature search was conducted

across PubMed, Web of Science, Scopus, Cochrane Library, and

EMBASE from the inception of each database up to July 23, 2025.

The search strategy incorporated bothMeSH and free-text terms. The

search strategy for PubMed is shown in Supplementary Material

Table S1. It was adapted for the other databases. Search syntax was

adapted according to the specific indexing systems and query rules of

each database. A manual search of reference lists from relevant

articles was also performed to identify additional eligible studies.
2.2 Eligibility criteria

Literature retrieval was limited to published English-language

articles. Eligible studies were required to meet the following criteria:
Frontiers in Endocrinology 03
2.2.1 Study population
The target population consisted of pregnant women with GDM.

2.2.2 Study design
Randomized controlled trials (RCTs).

2.2.3 Intervention
The intervention group received mHealth interventions

delivered via mobile devices (e.g., smartphones) and digital

technologies (e.g., mobile apps, wearable sensors, website).

2.2.4 Control
The control group was subjected to conventional care

interventions, health education, usual care, or other non-mHealth

intervention measures.

2.2.5 Outcome measures
At least one of the following outcome indicators was required:

cesarean section, emergency cesarean section, composite neonatal

complications, 2-hour blood glucose level, and gestational

weight gain.

2.2.6 Data characteristics
Mean and standard deviation.

Studies meeting the above criteria were included.
2.3 Study selection

All retrieved records from the databases were imported into

EndNote X9 software for deduplication and literature management.

Two independent reviewers (QFY and YLY) initially screened titles

and abstracts based on predefined inclusion criteria. For studies that

preliminarily met the criteria, full texts were retrieved and further

screened to determine final inclusion. Any disagreements between

the two reviewers during the screening process were resolved

through discussion; when necessary, a third reviewer (JYL) was

consulted to provide arbitration.
2.4 Data extraction

This study strictly adhered to the PRISMA statement for data

extraction to ensure methodological systematicity. Two reviewers

(QFY and YLY) independently extracted data using a pre-tested

data extraction form, and a third author (JYL) cross-verified the

accuracy of the results. The extracted data included publication

details (authors, year of study, country), sample size, intervention

methods for both the intervention and control groups, duration of

intervention, and primary outcomes.
2.5 Quality assessment

Two authors (QFY and YLY) independently assessed the risk of

bias, methodological quality, and certainty of evidence for the
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included studies. Any assessment discrepancies were resolved

through discussion with a third reviewer (JYL) until consensus

was reached. The risk of bias was evaluated using the revised

Cochrane Risk of Bias tool (RoB 2), focusing on the following five

domains: the randomization process, deviations from intended

interventions, missing outcome data, outcome measurement, and

selection of the reported result (37).
2.6 Data synthesis and analysis

Given the anticipated heterogeneity among the included

studies, a random-effects model was employed to synthesize the

pooled estimates of post-intervention effects. Standardized mean

differences (SMDs) with 95% confidence intervals (CIs) were

calculated using the inverse variance method for continuous

variables. Following Cohen (38), effect sizes were interpreted as

small (0.2), moderate (0.5), or large (0.8). The degree of

heterogeneity was assessed using the I² statistic, with the

following thresholds: I² < 25% indicating low heterogeneity, 25%

≤ I² < 50% moderate heterogeneity, 50% ≤ I² < 75% high

heterogeneity, and I² ≥ 75% indicating very high heterogeneity

(39). Publication bias was evaluated through visual inspection of
Frontiers in Endocrinology 04
funnel plot symmetry and by calculating Begg’s and Egger’s test

values (40, 41). Sensitivity analysis was conducted using the leave-

one-out method to assess the robustness of the pooled results (42).

All statistical analyses were performed using STATA 17.0.
3 Results

3.1 Compliance with the registered
protocol

There were no other inconsistencies with the pre-

registration protocol.
3.2 Study selection

The study selection process and reasons for exclusion are

illustrated in Figure 1. A total of 6,279 records were retrieved

from five databases. After removing duplicates, 3,441 potentially

eligible studies were identified. Based on title and abstract screening,

106 studies were initially included. After full-text retrieval and

evaluation, 18 RCTs met the inclusion criteria. Among the 88
FIGURE 1

PRISMA flow chart for study selection.
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studies, 44 were excluded due to irrelevant research topics, 16 due to

mismatched intervention methods, 17 due to the absence of

relevant outcome measures, and 7 due to incomplete data.

Additionally, 10 studies were identified through tracking and

supplementary searches of relevant citations. After applying the

inclusion and exclusion criteria, one more study was included.

Ultimately, 19 studies were included in the meta-analysis (29–35,

43–54).
3.3 Study characteristics

This meta-analysis included 19 randomized controlled trials

conducted between 2007 and 2023, which investigated the effects of

mHealth interventions on maternal and neonatal outcomes in

pregnant women with GDM. The included studies were

conducted across multiple countries and regions, including Asia

(China), North America (the United States, Canada), and Europe

(Spain, the United Kingdom). 1821 pregnant women with GDM

were enrolled across these studies, with sample sizes ranging from

21 to 240 per study. All 19 included studies utilized usual care as the

control, while the experimental groups received remote

interventions based on mHealth tools such as smartphones and

applications. The intervention groups involved diverse types of

applications, including mobile phones, the Internet, smartphones

(e.g., WeChat), web-based telemedicine systems (e.g., DiabeTIC

website), and telehomecare (THCa) systems. Regarding

intervention duration, 15 studies continued the intervention until

delivery, one study lasted 6 months, one for 3.5 months (14 weeks),

and two did not report the duration. The primary outcome

measures in this analysis included cesarean section, composite

neonatal complications, 2-hour oral glucose tolerance test, and

gestational weight gain, among others. More detailed information

regarding the main results of each study is presented in Table 1.
3.4 Risk of bias

As shown in Figure 2, among the 19 included studies, 13 were

rated as having an overall low risk of bias, 5 studies were assessed to

have some concerns regarding the risk of bias (34, 43, 45, 48, 51),

and 1 study was rated as having a high risk of bias (35). Regarding

the randomization process, except for one study that was evaluated

as having some concerns (45), the remaining 18 studies reported

adequate randomization procedures. They were considered to have

a low risk of bias. Regarding deviations from intended

interventions, 16 studies were rated as having a low risk of bias,

while 3 studies were assessed to have some concerns (34, 48, 51).

Regarding missing outcome data, 17 studies were judged as having a

low risk of bias, one study raised some concerns (43), and another

was rated as having a high risk of bias (35). In the domains of

outcome measurement and selection of reported results, all 19

studies were evaluated as having a low risk of bias.
Frontiers in Endocrinology 05
3.5 Outcomes from included studies

A systematic review and meta-analysis of 19 eligible

randomized controlled trials was conducted to evaluate the

impact of mHealth interventions on maternal and infant

outcomes in pregnant women with GDM. The results

demonstrated that mHealth interventions significantly reduced

the incidence of cesarean section and emergency cesarean delivery

among women with GDM, as well as significantly lowering the risk

of composite neonatal complications. Additionally, mHealth

interventions markedly improved the 2-hour postprandial blood

glucose levels in GDM patients. Furthermore, a significant trend

toward reduced gestational weight gain was observed in the

mHealth intervention group. Detailed statistical results are

presented as follows:

3.5.1 Caesarean section
As shown in Figure 3, a meta-analysis of 17 studies indicated

that mHealth interventions significantly reduced the rate of

caesarean section in women with gestational diabetes mellitus

(GDM) compared with usual care (OR = 0.76, 95% CI = 0.63–

0.91, I² = 29.7%).

3.5.2 Emergency caesarean section
As shown in Figure 4, a meta-analysis of 6 studies demonstrated

that mHealth interventions significantly reduced the risk of

emergency caesarean section in women with GDM compared

with usual care (OR = 0.55, 95% CI = 0.39–0.77, I² = 44.5%).

3.5.3 Composite neonatal complications
A meta-analysis of 5 studies (Figure 5) revealed that mHealth

interventions significantly reduced the risk of composite neonatal

complications (OR = 0.63, 95% CI = 0.44–0.89, I² = 0%).

3.5.4 2-Hour postprandial blood glucose
As shown in Figure 6, a meta-analysis of 7 studies indicated that

mHealth interventions significantly improved 2-hour postprandial

blood glucose levels in women with GDM (SMD = –0.36, 95% CI =

–0.53 to –0.19, I² = 67%).

3.5.5 Gestational weight gain
A meta-analysis of 8 studies (Figure 7) suggested that gestational

weight gain tended to be significantly lower in the mHealth

intervention group than in the usual care group among women with

GDM (SMD = –0.37, 95% CI = –0.83 to 0.08, I² = 92.1%).
3.6 Sensitivity analysis

The sensitivity analysis results are presented in Supplementary

Figures S1–S5. The pooled effect estimates remained robust after the

sequential exclusion of each study.
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TABLE 1 Characteristics of the included studies.

Sample Intervention methods Duration of
intervention

Main outcomes
trol group

l care To birth
Cesarean section,
Emergency cesarean

l care To birth
Cesarean section,
Composite neonatal complication,
Gestational weight gain

l care To birth
Cesarean section,
h-OGTT,
Gestational weight gain

l care To birth Cesarean section

l care To birth
Cesarean section,
h-OGTT,
Gestational weight gain

l care To birth
Composite neonatal complication,
2-h-OGTT

l care To birth
Cesarean section,
2-h-OGTT

l care Not Available
Cesarean section,
Emergency cesarean

l care To birth
Cesarean section,
Emergency cesarean,
Gestational weight gain

l care To birth
Cesarean section,
Emergency cesarean,
Composite neonatal complication

l care To birth

Cesarean section,
Composite neonatal complication,
2-h-OGTT,
Gestational weight gain

l care To birth
Cesarean section,
Gestational weight gain

l care Not Available
Cesarean section,
2-h-OGTT

l care To birth
Cesarean section,
Emergency cesarean
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Author, year Country
Intervention group Control group Intervention group Con

Borgen et al., 2019 (29) Norway 115 123 Mobile phone Usua

Carral et al., 2015 (46) Spain 40 64
Web-based telemedicine
system(DiabeTIC website)

Usua

Durnwald et al., 2016 (35) United States 49 52 Telephone Usua

Given et al., 2015 (47) United Kingdom 24 26 Internet Usua

Guo et al., 2019 (33) China 64 60 Mobile phone Usua

Homko et al., 2007 (43) United States 32 25 Internet Usua

Homko et al., 2012 (45) United States 40 40 Internet Usua

Lemelin et al., 2020 (51) Canada 80 81 Telehomecare (THCa) system Usua

Mackillop et al., 2018 (48) United Kingdom 101 102 Mobile phone Usua

Miremberg et al., 2018 (31) Israel 60 60 Mobile phone Usua

Munda et al., 2023 (32) Slovenia 53 52
Telemedicine device and video
conferencing system

Usua

Pérez-Ferre et al., 2010 (44) Spain 49 48 Mobile phone Usua

Ping Yang et al., 2018 (50) China 57 50 smartphones/WeChat Usua

Rasekaba et al., 2018 (49) Australia 61 34 Internet Usua
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3.7 Publication bias

Both Begg’s test and Egger’s test (P > 0.05) indicated no

significant publication bias in the results of this meta-analysis

(Supplementary Table S2).
4 Discussion

GDM is a common metabolic disorder during pregnancy, and

its global occurrence rate continues to rise (4, 5). GDM not only

increases the risk of adverse pregnancy outcomes such as gestational

hypertension and cesarean delivery (55) but may also lead to a series

of complications, including macrosomia, neonatal hypoglycemia,

and respiratory distress syndrome (56), posing serious threats to

maternal and infant health. With the rapid development of digital

health technologies, mobile health (mHealth) interventions have

become a research focus in patient symptom management due to

their advantages of convenience, real-time monitoring, and

personalization (18). mHealth interventions offer multiple

functions such as remote blood glucose monitoring, dietary and

exercise guidance, health education delivery, and interactive

communication between patients and healthcare providers (25,

26). However, findings from individual studies on the

effectiveness of mHealth interventions in GDM management are

not entirely consistent (29–35). Therefore, this systematic review

and meta-analysis included 19 studies to evaluate the effects of

mHealth interventions on cesarean section, emergency cesarean

delivery, 2-hour postprandial blood glucose, gestational weight gain,

and composite neonatal complications. The results indicate that

mHealth interventions significantly improved maternal and

neonatal outcomes in women with GDM. Specifically, mHealth

interventions significantly reduced the rates of cesarean section and

emergency cesarean delivery, improved 2-hour postprandial blood

glucose levels, and resulted in significantly lower gestational weight

gain in the intervention group. Regarding neonatal outcomes,

mHealth interventions significantly reduced the risk of composite

neonatal complications. Furthermore, Begg’s and Egger’s tests

indicated no significant publication bias, and sensitivity analysis

demonstrated that the findings were robust.
4.1 Multidimensional mechanisms of
mHealth interventions on maternal and
neonatal outcomes in GDM

In relation to caesarean section-related circumstances, mobile

healthcare has played a multifaceted role. First, through wearable

devices and mobile applications, mHealth enables real-time and

continuous monitoring of maternal physiological indicators such as

blood glucose, providing continuous glucose profiles to capture

fluctuation patterns (13). If abnormal blood glucose levels are

detected, the system automatically triggers alerts, facilitating

immediate intervention (57). Healthcare providers can adjust

treatment plans based on real-time data (58), effectively
T
A
B
LE

1
C
o
n
ti
n
u
e
d

A
u
th
o
r,
ye

ar
C
o
u
n
tr
y

Sa
m
p
le

In
te
rv
e
n
ti
o
n
m
e
th
o
d
s

D
u
ra
ti
o
n
o
f

in
te
rv
e
n
ti
o
n

M
ai
n
o
u
tc
o
m
e
s

In
te
rv
e
n
ti
o
n
g
ro
u
p

C
o
n
tr
o
l
g
ro
u
p

In
te
rv
e
n
ti
o
n
g
ro
u
p

C
o
n
tr
o
l
g
ro
u
p

Su
et

al
.,
20
21

(5
2)

C
hi
na

56
56

In
te
rn
et

U
su
al
ca
re

6
m
on

th
s

C
es
ar
ea
n
se
ct
io
n

Su
ng

et
al
.,
20
19

(3
4)

So
ut
h
K
or
ea

11
10

M
ob
ile

ph
on

e
U
su
al
ca
re

T
o
bi
rt
h

C
es
ar
ea
n
se
ct
io
n,

G
es
ta
ti
on

al
w
ei
gh
t
ga
in

Su
n
yi
ng

et
al
.,
20
21

(5
3)

C
hi
na

40
40

M
ob
ile

ph
on

e
U
su
al
ca
re

T
o
bi
rt
h

C
es
ar
ea
n
se
ct
io
n

C
et
in
ka
ya

et
al
.,
20
22

T
ur
ke
y

23
22

Sm
ar
tp
ho

ne
U
su
al
ca
re

14
w
ee
ks

2-
h-
O
G
T
T

Y
ew

et
al
.,
20
21

(3
0)

Si
ng
ap
or
e

17
0

17
0

T
el
em

ed
ic
in
e
de
vi
ce

an
d

te
le
ph

on
e

U
su
al
ca
re

T
o
bi
rt
h

C
es
ar
ea
n
se
ct
io
n,

E
m
er
ge
nc
y
ce
sa
re
an
,

C
om

po
si
te

ne
on

at
al
co
m
pl
ic
at
io
n,

G
es
ta
ti
on

al
w
ei
gh
t
ga
in
frontiersin.org

https://doi.org/10.3389/fendo.2025.1707520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2025.1707520
preventing macrosomia due to uncontrolled blood glucose and

significantly reducing the associated risk of cesarean section (59).

Second, mHealth applications can provide personalized dietary and

exercise recommendations tailored to the individual condition of

pregnant women (23). These behavior intervention plans, tailored

to different risk levels, can enhance patient compliance and self-

management capabilities (23). Additionally, pregnant women can

use mHealth platforms to communicate with healthcare providers

in real time and report data (60), thereby enhancing their

confidence in self-management and enabling prompt resolution

of clinical issues (60), thus avoiding emergency cesarean sections

due to disease progression (61).

Regarding the improvement of neonatal outcomes, the real-

time monitoring mechanism enables continuous tracking of

maternal blood glucose levels, allowing for the timely detection

and correction of abnormalities (13), thereby reducing fetal

exposure to hyperglycemia (57) and preventing fetal metabolic

disorders and related complications. Personalized support, which

provides appropriate dietary and exercise plans based on the

specific conditions of pregnant women (23), optimizes nutrient

intake and energy expenditure (23), lowers the risk of intrauterine

hyperglycemia (59), and reduces the occurrence rate of

macrosomia, neonatal hypoglycemia, and respiratory distress

syndrome (62). The continuous monitoring provided by mHealth
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offers data support, enabling more precise interventions and

safeguarding neonatal health (57).

In terms of glycemic control, real-time monitoring enables

pregnant women and healthcare providers to dynamically track blood

glucose fluctuations via wearable devices (13). If abnormal postprandial

glucose levels are detected, the system provides immediate alerts,

prompting adjustments to dietary or physical activity regimens (63).

Personalized support involves the development of individualized

management plans based on the patient’s glucose profile and risk

factors (23, 60). For instance, individuals with suboptimal glycemic

control are advised to adopt high-fiber diets and engage in low-intensity

exercise, which has been shown to improve the rate of achieving target

glucose levels (59). Through mobile platforms, physicians and patients

engage in interactive consultations, facilitating the timely resolution of

patient concerns (60) and enhancing treatment adherence (23). Such

professional guidance reinforces glycemic management and helps

maintain glucose levels within a safe range (60).

Regarding gestational weight gain, mHealth interventions help

pregnant women achieve appropriate weight control through

personalized guidance on dietary and physical activity. These

individualized plans are designed based on maternal physiological

parameters to optimize energy balance (23) and are dynamically

adjusted using real-time feedback on behavioral data (23). For

example, when excessive weight gain is observed, the system or
FIGURE 2

Risk of bias summary: Review authors' judgments about the risk of bias item for each included study.
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healthcare providers prompt the patient to increase physical activity

or modify dietary intake, thereby mitigating risks associated with

excessive gestational weight gain (12). Successful weight

management has been associated with a reduced incidence of

macrosomia and cesarean delivery (12).

In summary, mHealth interventions positively influence

maternal and infant outcomes, including cesarean section rates,

neonatal outcomes, glycemic control, and gestational weight gain

among women with GDM through multidimensional mechanisms

such as real-time monitoring, personalized support, and enhanced

patient–provider interaction.
4.2 Comparison with the published
systematic review and meta-analysis

Additionally, one study has evaluated the association between

digital health interventions and maternal and neonatal outcomes

(64). We compared the present study with the aforementioned

research: Regarding literature search periods and databases, the

study by Wang et al. (64) covered publications up to August 2024

and searched four databases (PubMed, Embase, Cochrane Library,

and Web of Science). The current study, however, extended the

search up to July 2025 and included five databases: PubMed, Web of

Science, Scopus, Cochrane Library, and EMBASE. In terms of the
Frontiers in Endocrinology 09
number of included studies and study populations, Wang et al. (64)

incorporated 42 relevant RCTs involving 148,866 pregnant women,

whereas the present study included 19 RCTs involving 1,821

pregnant women with GDM. Regarding outcome measures, the

study by Wang et al. (64) evaluated outcomes such as gestational

weight gain, gestational hypertension or preeclampsia, gestational age

at delivery, miscarriage, shoulder dystocia, preterm birth, infant birth

weight, macrosomia, and neonatal hypoglycemia. In contrast, our

study focused on five specific outcomes: caesarean section, emergency

caesarean, composite neonatal complications, 2-hour postprandial

blood glucose, and gestational weight gain. Furthermore, this study

explored the potential mechanisms through which mHealth

interventions may improve maternal and infant outcomes in GDM,

thereby enriching both the research content and theoretical

foundation. Finally, the conclusions drawn in this study were based

on sensitivity analysis and publication bias detection, rendering them

more robust and persuasive.
4.3 Limitations and strengths

4.3.1 Limitations
Although this study employed rigorous methodological

approaches for data analysis, several limitations should be

considered when interpreting the results:
FIGURE 3

Forest plot for the efficacy of mHealth interventions on caesarean section.
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FIGURE 4

Forest plot for the efficacy of mHealth interventions on emergency cesarean.
FIGURE 5

Forest plot for the efficacy of mHealth interventions on composite neonatal complication.
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FIGURE 6

Forest plot for the efficacy of mHealth interventions on 2-hour postprandial blood glucose.
FIGURE 7

Forest plot for the efficacy of mHealth interventions on gestational weight gain.
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First, variations in the definition and diagnostic criteria for

GDM across different studies may affect the accuracy of the

findings. Second, due to the limited number of included studies

and their clinical characteristics, subgroup analyses based on

categories of mHealth interventions, specific intervention content,

or duration of intervention were not conducted. Third, while this

study focused on perinatal outcomes (such as cesarean delivery and

neonatal complications), GDM has long-term implications. Most

included studies only followed participants until delivery and did

not assess the impact of mHealth interventions on long-term

outcomes. Thus, whether such interventions can sustainably

improve long-term maternal and infant health remains uncertain.

Furthermore, given that the included studies span from 2007 to

2025, a considerable temporal gap exists during which digital

technology has evolved substantially. As a result, it is challenging

to clearly delineate the confounding effects of digital development

on the intervention outcomes.

4.3.2 Strengths
First, the study design enhances the strength of the evidence.

Only randomized controlled trials were included, which

significantly strengthens the evidence supporting the effect of

mHealth interventions on maternal and infant outcomes in

GDM. Second, the methodological design is rigorous, and the

quality of evidence is high. This study strictly adhered to the

PRISMA statement for reporting, registered the study protocol in

PROSPERO, and involved two independent reviewers in literature

screening, data extraction, and risk of bias assessment, thereby

reducing subjective bias. A random-effects model was employed to

address heterogeneity, and the robustness of the results was

confirmed through sensitivity analysis using the leave-one-out

method. Publication bias was ruled out via Begg’s test and Egger’s

test, ensuring the reliability of the pooled effect estimates. Third,

selecting outcome measures reflects both clinical relevance and

practical utility. The study focused on outcomes of high clinical

interest in GDM management, such as cesarean section, emergency

cesarean section, composite neonatal complications, 2-hour

postprandial blood glucose, and gestational weight gain. These

indicators are central to perinatal quality assessment and are

closely associated with short- and long-term maternal and infant

health. The findings can directly inform clinical decision-making.
4.4 Implications for clinical practice

This study demonstrates that mHealth interventions can

effectively optimize glycemic control and reduce the risks of

emergency cesarean delivery and composite neonatal

complications. These findings suggest that such interventions may

compensate for the limitations of traditional healthcare models in

follow-up management and real-time intervention, particularly

offering a feasible solution for resource-limited settings.

Healthcare providers should fully recognize the potential of
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mHealth in managing GDM. Through remote monitoring,

intelligent reminders, and behavioral interventions, mHealth

enhances patient compliance and self-management capabilities,

thereby reducing hospitalization needs and long-term healthcare

burdens. Furthermore, this study provides evidence-based support

for updating clinical guidelines and informing policy-making,

which may facilitate the integration of mHealth into standard

GDM care and promote the advancement of personalized

medicine and interdisciplinary collaboration. Future research

should further explore AI-driven precision interventions and the

long-term effects of mHealth on offspring health, thereby

establishing a more solid theoretical and practical foundation for

applying digital healthcare in the perinatal period.
5 Conclusion

This systematic review and meta-analysis incorporated 19 RCTs

to comprehensively evaluate the effectiveness of mHealth

interventions on maternal and infant outcomes in GDM. The

results demonstrated that mHealth interventions can reduce the

rates of cesarean section and emergency cesarean section, decrease

the risk of neonatal composite complications, and improve 2-hour

postprandial blood glucose levels in pregnant women with GDM.

These findings highlight the potential value of mHealth

interventions in GDM management, effectively supplementing

conventional clinical care for GDM. Further rigorous, high-

quality, and large-sample RCTs are warranted to validate

these findings.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

QY: Data curation, Formal analysis, Supervision, Visualization,

Writing – original draft, Writing – review & editing. YY: Data

curation, Validation, Writing – original draft, Writing – review &

editing. GN: Methodology, Software, Writing – original draft,

Writing – review & editing. JL: Conceptualization, Project

administration, Resources, Supervision, Writing – original draft,

Writing – review & editing.
Funding

The author(s) declared that financial support was not received

for this work and/or its publication.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1707520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2025.1707520
Conflict of interest

The authors declared that this work was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible.

If you identify any issues, please contact us.
Frontiers in Endocrinology 13
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2025.

1707520/full#supplementary-material
References
1. Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P, et al.
International association of diabetes and pregnancy study groups recommendations on
the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care. (2010)
33:676–82. doi: 10.2337/dc10-0719

2. Skajaa GO, Fuglsang J, Knorr S, Møller N, Ovesen P, Kampmann U. Changes in
insulin sensitivity and insulin secretion during pregnancy and post partum in women
with gestational diabetes. BMJ Open Diabetes Res Care. (2020) 8. doi: 10.1136/bmjdrc-
2020-001728

3. Eades CE, Cameron DM, Evans JMM. Prevalence of gestational diabetes mellitus
in Europe: A meta-analysis. Diabetes Res Clin Pract. (2017) 129:173–81. doi: 10.1016/
j.diabres.2017.03.030

4. McIntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P.
Gestational diabetes mellitus. Nat Rev Dis Primers. (2019) 5:47. doi: 10.1038/s41572-
019-0098-8

5. Kleinwechter HJ, Weber KS, Mingers N, Ramsauer B, Schaefer-Graf UM, Groten
T, et al. Gestational diabetes mellitus and COVID-19: results from the COVID-19-
Related Obstetric and Neonatal Outcome Study (CRONOS). Am J Obstet Gynecol.
(2022) 227:631.e1–.e19. doi: 10.1016/j.ajog.2022.05.027

6. Relph S, Patel T, Delaney L, Sobhy S, Thangaratinam S. Adverse pregnancy
outcomes in women with diabetes-related microvascular disease and risks of disease
progression in pregnancy: A systematic review and meta-analysis. PloS Med. (2021) 18:
e1003856. doi: 10.1371/journal.pmed.1003856

7. Kotzaeridi G, Blätter J, Eppel D, Rosicky I, Falcone V, Adamczyk G, et al.
Recurrence of gestational diabetes mellitus: to assess glucose metabolism and clinical
risk factors at the beginning of a subsequent pregnancy. J Clin Med. (2021) 10.
doi: 10.3390/jcm10204794

8. Echouffo-Tcheugui JB, Guan J, Retnakaran R, Shah BR. Gestational diabetes and
incident heart failure: A cohort study. Diabetes Care. (2021) 44:2346–52. doi: 10.2337/
dc21-0552

9. Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL. Progression
to type 2 diabetes in women with a known history of gestational diabetes: systematic
review and meta-analysis. Bmj. (2020) 369:m1361. doi: 10.1136/bmj.m1361

10. Guan J, Qiu J, Li L, Fu M, Zhang M, Wu Y, et al. A meta-analysis of adverse
offspring health outcomes in patients with gestational diabetes mellitus. Diabetes Obes
Metab. (2025) 27:3555–67. doi: 10.1111/dom.16341

11. Chen L, Zhu Y. Gestational diabetes mellitus and subsequent risks of diabetes
and cardiovascular diseases: the life course perspective and implications of racial
disparities. Curr Diabetes Rep. (2024) 24:244–55. doi: 10.1007/s11892-024-01552-4

12. Amylidi-Mohr S, Zennaro G, Schneider S, Raio L, Mosimann B, Surbek D.
Continuous glucose monitoring in the management of gestational diabetes in
Switzerland (DipGluMo): an open-label, single-centre, randomised, controlled trial.
Lancet Diabetes Endocrinol. (2025) 13:591–9. doi: 10.1016/S2213-8587(25)00063-4

13. Battarbee AN, Durnwald C, Yee LM, Valent AM. Continuous
glucose monitoring for diabetes management during pregnancy: evidence, practical
tips, and common pitfalls. Obstet Gynecol. (2024) 144:649–59. doi: 10.1097/
AOG.0000000000005669

14. Sahu B, Babu GR, Gurav KS, Karthik M, Ravi D, Lobo E, et al. Health care
professionals’ perspectives on screening and management of gestational diabetes
mellitus in public hospitals of South India - a qualitative study. BMC Health Serv
Res. (2021) 21:133. doi: 10.1186/s12913-021-06077-0

15. Guo S, Liu D, Bi X, Feng Y, Zhang K, Jiang J, et al. Barriers and facilitators to self-
management among women with gestational diabetes: A systematic review using the
COM-B model. Midwifery. (2024) 138:104141. doi: 10.1016/j.midw.2024.104141

16. Utz B, De Brouwere V. Why screen if we cannot follow-up and manage?”
Challenges for gestational diabetes screening and management in low and lower-
middle income countries: results of a cross-sectional survey. BMC Pregnancy
Childbirth. (2016) 16:341. doi: 10.1186/s12884-016-1143-1

17. Okely J, Mason C, Collier A, Dunnachie N, Swanson V. Diagnosis of gestational
diabetes: a ‘teachable moment’. Diabetes Med. (2019) 36:184–94. doi: 10.1111/
dme.13803

18. Li J, Silvera-Tawil D, Varnfield M, Hussain MS, Math V. Users’ Perceptions
toward mHealth technologies for health and well-being monitoring in pregnancy care:
qualitative interview study. JMIR Form Res. (2021) 5:e28628. doi: 10.2196/28628

19. Huang X, Yao C, Huang S, Zheng S, Liu Z, Liu J, et al. Technological advances of
wearable device for continuous monitoring of in vivo glucose. ACS Sens. (2024) 9:1065–
88. doi: 10.1021/acssensors.3c01947

20. Lopes V, Abreu T, Abrantes M, Nemala SS, De Boni F, Prato M, et al. Graphene-
based glucose sensors with an attomolar limit of detection. J Am Chem Soc. (2025)
147:13059–70. doi: 10.1021/jacs.5c03552

21. Kytö M, Hotta S, Niinistö S, Marttinen P, Korhonen TE, Markussen LT, et al.
Periodic mobile application (eMOM) with self-tracking of glucose and lifestyle
improves treatment of diet-controlled gestational diabetes without human guidance:
a randomized controlled trial. Am J Obstet Gynecol. (2024) 231:541.e1–.e16.
doi: 10.1016/j.ajog.2024.02.303

22. Wang Q, Zhang K, Zhang X, Fu J, Liu F, Gao Y, et al. WeChat mini-program, a
preliminary applied study of the gestational blood glucose management model for
pregnant women with gestational diabetes mellitus. Diabetes Res Clin Pract. (2025)
219:111943. doi: 10.1016/j.diabres.2024.111943

23. Duan B, Liu L, Ma C, Liu Z, Gou B, Liu W. Effects of mobile health management
model on the prevention of gestational diabetes mellitus in pregnant women at risk of
gestational diabetes: A randomized controlled trial. Int J Nurs Stud. (2025) 173:105252.
doi: 10.1016/j.ijnurstu.2025.105252

24. Potzel AL, Gar C, Seissler J, Lechner A. A smartphone app (TRIANGLE) to
change cardiometabolic risk behaviors in women following gestational diabetes
mellitus: intervention mapping approach. JMIR Mhealth Uhealth. (2021) 9:e26163.
doi: 10.2196/26163

25. Sakamoto JL, Carandang RR, Kharel M, Shibanuma A, Yarotskaya E, Basargina
M, et al. Effects of mHealth on the psychosocial health of pregnant women and
mothers: a systematic review. BMJ Open. (2022) 12:e056807. doi: 10.1136/bmjopen-
2021-056807

26. Hsieh MF, Slavin V, Huang MZ, Wang HH, Hsieh HF. mHealth use during
pregnancy: A systematic review. Int J Gynaecol Obstet. (2025). doi: 10.1002/ijgo.70205

27. Tian L, Wen Y, Li J, Guan J, Li T, Fan J. Effects of remote web-based
interventions on the physiological and psychological states of patients with cancer:
systematic review with meta-analysis. JMIR Mhealth Uhealth. (2025) 13:e71196.
doi: 10.2196/71196
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2025.1707520/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1707520/full#supplementary-material
https://doi.org/10.2337/dc10-0719
https://doi.org/10.1136/bmjdrc-2020-001728
https://doi.org/10.1136/bmjdrc-2020-001728
https://doi.org/10.1016/j.diabres.2017.03.030
https://doi.org/10.1016/j.diabres.2017.03.030
https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.1016/j.ajog.2022.05.027
https://doi.org/10.1371/journal.pmed.1003856
https://doi.org/10.3390/jcm10204794
https://doi.org/10.2337/dc21-0552
https://doi.org/10.2337/dc21-0552
https://doi.org/10.1136/bmj.m1361
https://doi.org/10.1111/dom.16341
https://doi.org/10.1007/s11892-024-01552-4
https://doi.org/10.1016/S2213-8587(25)00063-4
https://doi.org/10.1097/AOG.0000000000005669
https://doi.org/10.1097/AOG.0000000000005669
https://doi.org/10.1186/s12913-021-06077-0
https://doi.org/10.1016/j.midw.2024.104141
https://doi.org/10.1186/s12884-016-1143-1
https://doi.org/10.1111/dme.13803
https://doi.org/10.1111/dme.13803
https://doi.org/10.2196/28628
https://doi.org/10.1021/acssensors.3c01947
https://doi.org/10.1021/jacs.5c03552
https://doi.org/10.1016/j.ajog.2024.02.303
https://doi.org/10.1016/j.diabres.2024.111943
https://doi.org/10.1016/j.ijnurstu.2025.105252
https://doi.org/10.2196/26163
https://doi.org/10.1136/bmjopen-2021-056807
https://doi.org/10.1136/bmjopen-2021-056807
https://doi.org/10.1002/ijgo.70205
https://doi.org/10.2196/71196
https://doi.org/10.3389/fendo.2025.1707520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2025.1707520
28. Zhang Y, Ngai FW, Yang Q, Xie YJ. Effectiveness of digital health interventions
on sedentary behavior among patients with chronic diseases: systematic review and
meta-analysis. JMIR Mhealth Uhealth. (2025) 13:e59943. doi: 10.2196/59943

29. Borgen I, Småstuen MC, Jacobsen AF, Garnweidner-Holme LM, Fayyad S, Noll
J, et al. Effect of the Pregnant+ smartphone application in women with gestational
diabetes mellitus: a randomised controlled trial in Norway. BMJ Open. (2019) 9:
e030884. doi: 10.1136/bmjopen-2019-030884

30. Yew TW, Chi C, Chan SY, van Dam RM, Whitton C, Lim CS, et al. A
randomized controlled trial to evaluate the effects of a smartphone application-based
lifestyle coaching program on gestational weight gain, glycemic control, and maternal
and neonatal outcomes in women with gestational diabetes mellitus: the SMART-GDM
study. Diabetes Care. (2021) 44:456–63. doi: 10.2337/dc20-1216

31. Miremberg H, Ben-Ari T, Betzer T, Raphaeli H, Gasnier R, Barda G, et al. The impact
of a daily smartphone-based feedback system among women with gestational diabetes on
compliance, glycemic control, satisfaction, and pregnancy outcome: a randomized controlled
trial. Am J Obstet Gynecol. (2018) 218:453.e1–.e7. doi: 10.1016/j.ajog.2018.01.044

32. Munda A, Mlinaric Z, Jakin PA, Lunder M, Pongrac Barlovic D. Effectiveness of
a comprehensive telemedicine intervention replacing standard care in gestational
diabetes: a randomized controlled trial. Acta Diabetol. (2023) 60:1037–44.
doi: 10.1007/s00592-023-02099-8

33. Guo H, Zhang Y, Li P, Zhou P, Chen LM, Li SY. Evaluating the effects of mobile
health intervention on weight management, glycemic control and pregnancy outcomes
in patients with gestational diabetes mellitus. J Endocrinol Invest. (2019) 42:709–14.
doi: 10.1007/s40618-018-0975-0

34. Sung JH, Lee DY, Min KP, Park CY. Peripartum management of gestational
diabetes using a digital health care service: A pilot, randomized controlled study.
Clin Ther. (2019) 41:2426–34. doi: 10.1016/j.clinthera.2019.09.005

35. Durnwald CP, Kallan MJ, Allison KC, Sammel MD, Wisch S, Elovitz M, et al. A
randomized clinical trial of an intensive behavior education program in gestational
diabetes mellitus women designed to improve glucose levels on the 2-hour oral glucose
tolerance test. Am J Perinatol. (2016) 33:1145–51. doi: 10.1055/s-0036-1585085

36. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Syst Rev. (2021) 10:89. doi: 10.1186/s13643-021-01626-4
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based telemedicine system is useful for monitoring glucose control in pregnant women
with diabetes. Diabetes Technol Ther. (2015) 17:349–54. doi: 10.1089/dia.2014.0223
Frontiers in Endocrinology 14
47. Given JE, Bunting BP, O’Kane MJ, Dunne F, Coates VE. Tele-mum: A feasibility
study for a randomized controlled trial exploring the potential for telemedicine in the
diabetes care of those with gestational diabetes.Diabetes Technol Ther. (2015) 17:880–8.
doi: 10.1089/dia.2015.0147

48. Mackillop L, Hirst JE, Bartlett KJ, Birks JS, Clifton L, Farmer AJ, et al. Comparing
the efficacy of a mobile phone-based blood glucose management system with standard
clinic care in women with gestational diabetes: randomized controlled trial. JMIR
Mhealth Uhealth. (2018) 6:e71. doi: 10.2196/mhealth.9512

49. Rasekaba TM, Furler J, Young D, Liew D, Gray K, Blackberry I, et al. Using
technology to support care in gestational diabetes mellitus: Quantitative outcomes of an
exploratory randomised control trial of adjunct telemedicine for gestational diabetes
mellitus (TeleGDM). Diabetes Res Clin Pract. (2018) 142:276–85. doi: 10.1016/
j.diabres.2018.05.049

50. Yang P, Lo W, He ZL, Xiao XM. Medical nutrition treatment of women with
gestational diabetes mellitus by a telemedicine system based on smartphones. J Obstet
Gynaecol Res. (2018) 44:1228–34. doi: 10.1111/jog.13669
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