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Abstract
Background: Gestational diabetes mellitus (GDM) is associated with substantial risks of adverse maternal and neonatal
outcomes. Contemporary management approaches for GDM exhibit insufficient implementation, resulting in suboptimal
glycemic control and preventable perinatal complications. The rapid evolution of mobile health technologies offers potential to
enhance GDM care, yet evidence from large real-world studies remains limited.
Objective: This study aimed to evaluate the impact of a telemedicine-enhanced integrated management system on pregnancy
outcomes and glycemic control in women with GDM and to explore the dose-response relationship between telemedicine
engagement intensity and clinical outcomes.
Methods: In this real-world, prospective cohort study conducted at a provincial-level medical center in China, women with
GDM were categorized into a standard care group and a telemedicine-enhanced group receiving the TangMama smartphone
app in addition to standard care. We compared pregnancy outcomes and glycemic parameters between the 2 groups in an
inverse probability of treatment weighting population based on propensity scores. Mediation analyses and dose-response
analyses were additionally conducted to explore potential mechanisms and engagement effects.
Results: A total of 4621 women with GDM were included, with 1711 in the telemedicine-enhanced group and 2910 in the
standard care group. Upon inverse probability of treatment weighting analysis, the telemedicine-enhanced group demonstrated
significantly lower gestational weight gain (adjusted mean difference −1.49 kg, 95% CI −1.81 to −1.17), reduced rates of
excessive gestational weight gain (adjusted odds ratio [aOR] 0.61, 95% CI 0.54-0.69), cesarean section (aOR 0.80, 95%
CI 0.71-0.91), hypertensive disorders in pregnancy (aOR 0.76, 95% CI 0.64-0.90), and pre-eclampsia (aOR 0.64, 95% CI
0.49-0.83). Glycemic control in the third trimester was significantly improved, with lower glycated hemoglobin A1c (HbA1c)
levels (adjusted mean difference −0.05%, 95% CI −0.08 to −0.03) and higher HbA1c on-target rates. For neonatal outcomes,
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telemedicine-enhanced management was associated with lower rates of preterm birth (aOR 0.47, 95% CI 0.38-0.59), large-for-
gestational age (aOR 0.81, 95% CI 0.69-0.96), neonatal unit admission (aOR 0.80, 95% CI 0.71-0.91), neonatal hypoglycemia
(aOR 0.64, 95% CI 0.45-0.93), and neonatal hyperbilirubinemia (aOR 0.69, 95% CI 0.58-0.82). Mediation analyses identified
gestational weight gain and third-trimester fasting plasma glucose as significant mediators. Higher telemedicine engagement
was associated with improved glycemic control and reduced adverse outcomes in a dose-response manner.
Conclusions: Telemedicine-enhanced integrated management is associated with improved maternal glycemic control and
substantial reductions of adverse pregnancy outcomes among women with GDM. The observed dose-response relationship
between engagement intensity and outcomes underscores the importance of promoting active patient participation. These
findings support the broader integration of telemedicine into routine GDM care pathways to optimize maternal and neonatal
health.
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Introduction
Gestational diabetes mellitus (GDM) elevates short- and
long-term risks of adverse outcomes for both mothers and
infants [1-3]. While improved glycemic control and multidis-
ciplinary management during pregnancy have been shown to
be effective in reducing the risk of perinatal complications,
several barriers exist in conventional outpatient manage-
ment, including time and location constraints and restricted
doctor-patient communication [4,5].

Internet-based technologies hold transformative potential
for improving health care accessibility in GDM manage-
ment, with major guidelines explicitly endorsing telemedi-
cine to optimize pregnancy outcomes [6]. Evidence has
revealed that telemedicine interventions for GDM yield
superior glycemic control, enhanced patient adherence, and
reduced perinatal morbidity compared with conventional
in-person care [7-9]. However, telemedicine adoption among
pregnant women remains suboptimal, attributed to insuffi-
cient physician endorsement, limited awareness of benefits,
perceived increase in patient burden, and distrust in vir-
tual care efficacy [10,11]. Additionally, several limitations
remain in the extant telemedicine: (1) inadequate clinical
integration, where telemedicine tools operate as an isolated
part rather than systematically synergizing with prenatal
care protocols; (2) excessive dependence on patient-initiated
data entry without timely provider interaction, resulting in
incomplete clinical information and diminishing engagement;
and (3) algorithmic obsolescence, as some early management
approaches fail to adapt to advancing telemedicine capabili-
ties.

Besides, China’s vast geography and uneven distribution
of health care resources across its multitiered medical system
have prevented advanced disease management protocols from
fully reaching primary care facilities [12], posing signifi-
cant challenges in delivering consistent GDM management.
Despite these structural inequities, the country’s well-devel-
oped information technology infrastructure and widespread
mobile phone adoption present an opportunity to practice
telemedicine-based approaches that can optimize GDM
management. In response to these challenges, our research
team developed TangMama app, an internet-based multi-
functional management platform designed based on existing

evidence for women with hyperglycemia in pregnancy. This
innovative mobile health app integrates seamlessly with
our existing health care system. By leveraging high-quality
resources of large regional medical centers, the telemedi-
cine-enhanced integrated management synergizes hospital-
based care with remote care, enabling timely patient-provider
communication and continuous care delivery across hospital-
home settings to optimize maternal-fetal outcomes. In this
study, we evaluate the impact of this telemedicine-enhanced
integrated care model on pregnancy outcomes and maternal
glycemic control in women with GDM and further explore
the relationship between different levels of patient engage-
ment with the app and subsequent pregnancy outcomes.

Methods
Study Design and Participants
This study is a real-world, prospective cohort study con-
ducted at Anhui Provincial Hospital, a provincial-level
regional comprehensive medical center in East China. As
the headquarters, Anhui Provincial Hospital connects more
than 80 primary care facilities in an established medical
consortium and has capabilities in managing pregnancies
with complications. In addition, as the leading center, Anhui
Provincial Hospital and the other 65 hospitals have estab-
lished the Anhui Province Gestational Diabetes Specific
Alliance dedicated to improving perinatal care for women
with hyperglycemia [13].

Our study population was enrolled from women aged
18-55 years, with GDM, and singleton pregnancy, who
attended Anhui Provincial Hospital between January 1, 2022,
and August 1, 2025. GDM was diagnosed between 24 and 28
weeks of gestation using the World Health Organization 2013
criteria [14]. The exclusion criteria were pre-existing diabetes
and complications involving significant organ diseases. The
detailed eligibility criteria are described in “eMethods” in
Multimedia Appendix 1.
Telemedicine-Integrated GDM
Management
The telemedicine-based GDM care is implemented through
the TangMama app in addition to standard care, with the
connection of its cloud platform. TangMama app mainly
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offered the following modules of function: (1) patient
monitoring and data synchronization—continuous longitudi-
nal tracking of key health metrics, with physicians accessing
patients’ real-time out-of-hospital data via doctor terminal
platform; (2) automated data upload—besides manual entry,
monitoring data can be automatically collected and trans-
mitted to the system back end when using 5G-enabled
smart devices (including Bluetooth-connected glucometers,
weight scales, and blood pressure monitors) at patients’
disposal; (3) intelligent alerts and reminders based on input
or uploaded metrics—both the patient interface and the
TangMama care team portal automatically generated alerts
when abnormal data patterns were detected, assisting patients
in promptly identifying concerning indicators that required
medical attention, while also reminding them to schedule
timely in-person clinical visits when necessary; (4) interactive
care and personalized medicine support—one-to-one medical
consultations to receive timely personalized medical advice
regarding glycemic control, exercise, nutrition, and emotional

support from the TangMama care team; and (5) structured
education—59 educational courses inspected by endocrinol-
ogists and obstetricians tailored to the characteristics of
different gestational stages. Figures S1 and S2 in Multimedia
Appendix 1 show the screenshots of the TangMama platform.

The TangMama cloud platform connects hospital
information systems with an out-of-hospital diabetes care
web system, creating a unified network linking 3 essential
terminals: the patient interface (user terminal), the health
care provider interface (doctor terminal), and the special-
ized education team platform (diabetes care team termi-
nal). The TangMama care team comprises various health
care professionals, including endocrinologists, obstetricians,
gynecologists, diabetes education nurses, qualified dietitians,
yoga instructors, and psychological counselors, all collaborat-
ing to provide multidisciplinary GDM management through-
out pregnancy. Figure 1 illustrates the workflow of the
telemedicine-enhanced integrated care model for GDM.
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Figure 1. The workflow of the telemedicine-enhanced integrated care model for GDM. This figure depicts the integration of the telemedicine-
enhanced care for women with GDM into the Chinese nationwide standard clinical antenatal care pathway based on the guidance of the World
Health Organization. The left side shows the standard hospital-based obstetric care pathway throughout pregnancy, while the right side illustrates
the additional TangMama app-based remote monitoring, education, consultations, and multidisciplinary support that begin after GDM diagnosis.
A routine antenatal check includes measurement of maternal height, weight, blood pressure, uterus fundal height, and abdominal circumference;
assessment of edema; and measurement of fetal heart rate. BP: blood pressure; CBC: complete blood count; EKG: electrocardiogram; FPG: fasting
plasma glucose; GDM: gestational diabetes mellitus; NST: nonstress test; OGTT: oral glucose tolerance test; SMBG: self-monitoring of blood
glucose; STD: sexually transmitted disease; T2D: type 2 diabetes; UA: urinalysis; US: ultrasound.
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Although the TangMama platform was technically launched
in 2021 and has been designated as the standardized
management tool within the Anhui Province Gestational
Diabetes Specific Alliance, its actual uptake in routine care
remained low prior to this study. Telemedicine-enhanced
management had not been systematically integrated into
standard antenatal care pathways. Therefore, this study
evaluates the real-world impact of actively introducing and
integrating the TangMama app-based telemedicine-enhanced
care into routine clinical practice, rather than assessing an
already fully implemented routine intervention.
Patient Grouping
Group assignment was not randomized; instead, it was based
on patients’ voluntary self-selection to use the TangMama
app. Specifically, following GDM diagnosis, all patients were
promptly referred to a specialized outpatient diabetes care
clinic for diabetes evaluation and education. Moreover, health
care professionals would introduce and assist patients in
downloading the TangMama app for telemedicine-enhanced
management.

Eligible women with documented app usage data after
GDM diagnosis during their current pregnancy and who
were linked to a health care provider at Anhui Provincial
Hospital were regarded as the telemedicine-enhanced group.
Upon their use of the TangMama app, we collected their
app usage data from the TangMama back-end database,
which comprised 3 key behavioral indicators: the number of
self-monitoring of blood glucose (SMBG) records uploaded,
teleconsultation frequency, and completion rates of structured
educational courses. We collected their sociodemographic
information, clinical data, and pregnancy outcomes via
face-to-face interviews, the electronic health record system
in the centers of the Anhui Province Gestational Diabetes
Specific Alliance, and the Maternal and Child Health Care
Information System of China [15]. No participant in this
study had access to TangMama-based telemedicine care prior
to GDM diagnosis, and app usage data recorded before the
date of diagnosis were not included in the analysis.

Other eligible participants managed in the study center
during the same time period, who did not register with or
use the TangMama app for any reason, were considered as
the standard care group. We followed them in the outpatient
clinic and collected their information through face-to-face
interviews, as well as the electronic health record system and
the Maternal and Child Health Care Information System.

All the women studied received standard clinical prena-
tal care, which was implemented according to the Chinese
maternal health care infrastructure guidelines and developed
based on the World Health Organization recommendations
for routine maternity care [16]. During regularly scheduled
prenatal visits, health care providers conducted comprehen-
sive evaluations of these patients’ clinical status and disease
management while making necessary adjustments to their
management plans based on individual therapeutic responses
and pregnancy progression. And the women in the telemedi-
cine-enhanced group were provided with telemedicine-based

care implemented through the TangMama app in addition to
standard care.
Outcomes and Definitions
Outcome measures were categorized into maternal outcomes
and neonatal outcomes. Maternal outcomes encompassed
gestational weight gain (GWG), excessive gestational weight
gain (EGWG) [17], gestational age at delivery, mode of
delivery (cesarean section, normal vaginal, or forceps),
episiotomy, hypertensive disorders in pregnancy, pre-eclamp-
sia, shoulder dystocia, and pregnancy loss (including
miscarriage and stillbirth). Maternal glycemic control was
evaluated using mean fasting plasma glucose (FPG) in the
third trimester, glycated hemoglobin A1c (HbA1c) level in the
third trimester, and HbA1c on-target rate. Mean FPG in the
third trimester was defined as the mean value of at least 3
FPG measurements taken within 1 week prior to delivery.
HbA1c in the third trimester was measured within 1 month
prior to delivery. Neonatal outcomes were evaluated through
preterm birth, large-for-gestational age (LGA), macrosomia,
small-for-gestational age (SGA), low birth weight (LBW),
Apgar scores at 1 and 5 minutes, and neonatal unit admis-
sion. Complications monitored included neonatal hypogly-
cemia, hyperbilirubinemia, respiratory distress, congenital
heart defects, and neonatal death. Outcomes were defined
according to previous reports (Table S1 in Multimedia
Appendix 1) [18,19].

Ethical Considerations
This study was approved by the Ethics Committee of the
Anhui Provincial Hospital (number 2021-KY-LS [241]) and
registered on the Chinese Clinical Trial Registry (registration
number ChiCTR2000030972). The study has been performed
under the guidelines of the Declaration of Helsinki. Written
informed consent was obtained from all participants after
GDM diagnosis and prior to app introduction. No compensa-
tion was provided to participants for their participation in this
study.
Statistical Analysis
To address potential selection bias, inverse probability of
treatment weighting (IPTW) was implemented to balance
baseline characteristics between groups [20]. Maternal age,
education level, parity, prepregnancy BMI, 1-hour postload
glucose on the oral glucose tolerance test (OGTT), and
insulin treatment were included in the propensity score
(PS) calculation. Although insulin treatment is typically
initiated following GDM diagnosis, it was included as a
proxy for underlying GDM severity and clinical disease
burden to ensure adequate adjustment for baseline differen-
ces in metabolic status between groups. Standardized mean
differences were calculated for each covariate, with standar-
dized mean difference ≤0.1 after IPTW indicating adequate
balance between groups. Binary outcomes were analyzed
using IPTW-adjusted logistic regression models, yielding
odds ratios and 95% CIs, while continuous outcomes were
evaluated using IPTW-adjusted linear regression models to
obtain mean differences with 95% CIs.
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We conducted several sensitivity analyses to validate the
robustness of our findings. To minimize potential bias arising
from including insulin treatment as a postbaseline variable,
we conducted a sensitivity analysis using IPTW based on
a PS model excluding insulin treatment. We then implemen-
ted propensity score matching to create balanced compari-
son groups, with the standard care group matched 1:1 to
the telemedicine-enhanced group using a nearest neighbor
approach with a caliper width of 0.02. We also conduc-
ted analyses restricted to nulliparous participants to address
potential confounding effects of parity. To address poten-
tial timing bias, we performed an additional analysis that
excluded participants who registered with the TangMama app
after 28 weeks of gestation.

In exploratory analyses, we examined potential mech-
anistic pathways through which telemedicine influences
pregnancy outcomes. Using the bootstrap method, we
investigated whether GWG and mean FPG in the third
trimester mediated the relationship between telemedicine-
enhanced care and various pregnancy outcomes [21,22].
Moreover, we evaluated the dose-response relationship
between telemedicine engagement intensity and pregnancy
outcomes. Engagement intensity was quantified using a
composite score derived from the 3 behavioral indicators
of app engagement: the number of SMBG records uploa-
ded, teleconsultation frequency, and the completion rates
of structured educational courses. These indicators were
combined into a composite score using the Criteria Impor-
tance Through Intercriteria Correlation method [23], which
determines objective weights based on the contrast inten-
sity of each indicator (measured by standard deviation)
and the degree of conflict among indicators (measured
by their intercorrelations). SMBG records accounted for
32.86% of the total weight, teleconsultation frequency for
37.24%, and completion rates of structured educational

courses for 29.90%. The composite engagement score for
each participant was subsequently computed as the weigh-
ted sum of the 3 standardized indicator values, with higher
scores indicating greater engagement intensity. Within the
telemedicine-enhanced group, patients were stratified into
tertiles based on the generated composite engagement scores:
low (0‐7.819), moderate (7.820‐45.996), and high (46.050‐
723.297) engagement. Multivariate logistic regression was
used to examine gradient associations across engagement
groups. Multiple imputations were used to handle missing
values in all analyses. Statistical analyses were performed
using R software (version 4.4.2; R Foundation for Statistical
Computing). Statistical significance was taken at P<.05.

Results
Baseline Characteristics
The final analysis included 4621 pregnant women with
GDM, comprising 1711 (37.0%) patients in the telemedicine-
enhanced group and 2910 (63%) patients in the standard
care group (Figure S3 in Multimedia Appendix 1). Baseline
maternal characteristics before and after IPTW adjustment are
presented in Table 1. The IPTW population had a mean age
of 31.8 (SD 4.1) years and a mean prepregnancy BMI of 23.1
(SD 3.4) kg/m2. Prior to propensity adjustment, significant
differences between the telemedicine-enhanced and standard
care groups were observed in 3 characteristics: the preva-
lence of nulliparous women (63.1% vs 56.4%; P<.001),
metformin treatment (0.7% vs 0.2%; P=.02), and 1-hour
postload glucose on OGTT (10.05 mmol/L vs 9.92 mmol/L;
P=.02). All other baseline covariates showed no statistically
significant differences between groups (P>.05). Following
IPTW adjustment, an excellent balance of baseline character-
istics was achieved between the study groups.

Table 1. Baseline characteristics of study participantsa.

Characteristics

Before IPTWb After IPTW

Overall
(N=4621)

Telemedicine-
enhanced group
(n=1711)

Standard
care group
(n=2910)

P
value SMDc

Telemedicine-
enhanced group
(n=1709.7)

Standard
care group
(n=2910.6)

P
value SMD

Age (years), mean (SD) 31.8 (4.1) 32.0 (4.1) 31.8 (4.2) .17 0.042 31.9 (4.0) 31.9 (4.2) .83 0.006
Education level, n (%)
  High school or

lower
904 (19.6) 310 (18.1) 594 (20.4) .06 0.058 334.3 (19.6) 568.7 (19.5) .99 <0.001

  College or higher 3717 (80.4) 1401 (81.9) 2316 (79.6) 1375.5 (80.4) 2341.9 (80.5)
Nulliparous, n (%) 2720 (58.9) 1080 (63.1) 1640 (56.4) <.001 0.138 1010.4 (59.1) 1715.2 (58.9) .91 0.003
Anthropometric indices, mean (SD)
  Height, m 1.61 (0.05) 1.62 (0.05) 1.61 (0.05) .53 0.019 1.62 (0.05) 1.61 (0.05) .56 0.018
  Prepregnancy

weight, kg
60.3 (9.7) 60.6 (9.4) 60.1 (10.0) .10 0.051 60.3 (9.3) 60.3 (10.1) .81 0.007

  Prepregnancy BMI,
kg/m2

23.1 (3.4) 23.2 (3.3) 23.0 (3.5) .06 0.059 23.1 (3.3) 23.1 (3.5) .94 0.002

  Systolic BPd, mm
Hg

123.6
(13.3)

123.2 (12.4) 123.8 (13.8) .11 0.050 123.5 (12.4) 123.6 (13.7) .89 0.004

  Diastolic BP, mm
Hg

79.2 (10.4) 78.8 (9.7) 79.4 (10.7) .07 0.055 78.9 (9.8) 79.2 (10.6) .31 0.031
 

JOURNAL OF MEDICAL INTERNET RESEARCH Wang et al

https://www.jmir.org/2026/1/e90487 J Med Internet Res 2026 | vol. 28 | e90487 | p. 6
(page number not for citation purposes)

https://www.jmir.org/2026/1/e90487


 

Characteristics

Before IPTWb After IPTW

Overall
(N=4621)

Telemedicine-
enhanced group
(n=1711)

Standard
care group
(n=2910)

P
value SMDc

Telemedicine-
enhanced group
(n=1709.7)

Standard
care group
(n=2910.6)

P
value SMD

  FPGe in the first
trimester, mmol/L

4.85 (0.61) 4.85 (0.61) 4.85 (0.60) .72 0.011 4.85 (0.61) 4.85 (0.60) .83 0.007

Values on 75-g OGTTf, mmol/L, mean (SD)
  0 minutes 5.07 (0.66) 5.06 (0.63) 5.08 (0.68) .27 0.034 5.06 (0.63) 5.08 (0.68) .38 0.027
  60 minutes 9.97 (1.66) 10.05 (1.59) 9.92 (1.69) .02 0.075 9.97 (1.61) 9.97 (1.68) .99 <0.001
  120 minutes 8.41 (1.64) 8.45 (1.62) 8.38 (1.65) .19 0.040 8.41 (1.61) 8.39 (1.65) .75 0.010
Pre-existing
hypertension

42 (0.9) 14 (0.8) 28 (1.0) .74 0.015 13.7 (0.8) 28.2 (1.0) .56 0.018

Management of diagnosis, mean (SD)
  Lifestyle

intervention
4371 (94.6) 1622 (94.8) 2749 (94.5) .68 0.015 1614.2 (94.4) 2753.1 (94.6) .81 0.008

  Insulin injection 232 (5.0) 77 (4.5) 155 (5.3) .24 0.038 88.9 (5.2) 148.1 (5.1) .88 0.005
  Metformin 18 (0.4) 12 (0.7) 6 (0.2) .02 0.074 6.7 (0.4) 11.1 (0.4) .97 0.001

aContinuous variables are presented as the mean (SD), and categorical variables are expressed as n (%). Maternal age, education level, parity,
prepregnancy BMI, 1-hour postload glucose on the OGTT, and insulin treatment were included in the propensity score model for IPTW.
bIPTW: inverse probability of treatment weighting.
cSMD: standardized mean difference.
dBP: blood pressure.
eFPG: fasting plasma glucose.
fOGTT: oral glucose tolerance test.

Maternal and Neonatal Outcomes
Multivariable analyses indicated that significant differences in
maternal outcomes were observed between the telemedicine-
enhanced and standard care groups after IPTW adjustment
(Table 2). The telemedicine-enhanced group demonstrated
lower GWG (adjusted mean difference [aMD] −1.49 kg, 95%
CI −1.81 to −1.17; P<.001) and reduced rates of several
complications: EGWG (adjusted odds ratio [aOR] 0.61, 95%
CI 0.54-0.69; P<.001), cesarean section (aOR 0.80, 95%
CI 0.71-0.91; P<.001), hypertensive disorders in pregnancy
(aOR 0.76, 95% CI 0.64-0.90; P=.002), pre-eclampsia (aOR
0.64, 95% CI 0.49-0.83; P=.001), and pregnancy loss (aOR
0.22, 95% CI 0.08-0.63; P=.005). No significant differen-
ces were observed between groups in the rates of forceps
delivery, episiotomy, or shoulder dystocia. While modest
in absolute terms, the telemedicine-enhanced group showed
statistically significant improvements in glycemic control
parameters. After adjusting for maternal age, education
level, parity, prepregnancy BMI, 1-hour postload glucose on
OGTT, insulin treatment, and gestational age, the telemedi-
cine-enhanced group showed improved glycemic control in
the third trimester. Specifically, HbA1c levels were lower
(aMD −0.05%, 95% CI −0.08 to −0.03; P<.001), along with
reduced mean FPG values (aMD −0.07 mmol/L, 95% CI
−0.10 to −0.03; P<.001). The telemedicine-enhanced group
also achieved higher HbA1c on-target rates for both thresh-
olds (<6%, aOR 1.23, 95% CI 1.04-1.46; P=.02; <5.6%, aOR
1.27, 95% CI 1.12-1.44; P<.001).

Neonatal outcomes also showed substantial improvements
in the telemedicine-enhanced group compared with the
standard care group (Table 3). Significant reductions were
observed in the rates of multiple adverse outcomes: preterm
birth (aOR 0.47, 95% CI 0.38-0.59; P<.001), LGA (aOR

0.81, 95% CI 0.69-0.96; P=.02), LBW (aOR 0.39, 95% CI
0.29-0.52; P<.001), and compromised Apgar scores at both
1 minute (aOR 0.41, 95% CI 0.22-0.77; P=.006) and 5
minutes (aOR 0.17, 95% CI 0.04-0.71; P=.02). Lower risks
for neonatal unit admission (aOR 0.80, 95% CI 0.71-0.91;
P<.001) and neonatal complications including hypoglycemia
(aOR 0.64, 95% CI 0.45-0.93; P=.02), hyperbilirubinemia
(aOR 0.69, 95% CI 0.58-0.82; P<.001), respiratory distress
(aOR 0.34, 95% CI 0.20-0.56; P<.001), and congenital heart
defects (aOR 0.76, 95% CI 0.66-0.87; P<.001) were observed
in the telemedicine-enhanced group. No significant differen-
ces were found in the rates of macrosomia, SGA, or neonatal
death.
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Sensitivity Analyses
Across all supplementary analyses, including the alterna-
tive IPTW model excluding insulin treatment from the PS
(Table S2 in Multimedia Appendix 1), propensity score
matching population (Table S3 in Multimedia Appendix
1), nulliparous patients (Table S4 in Multimedia Appendix
1), and the population that excluded those who registered
with TangMama app after 28 weeks of gestation (Table
S5 in Multimedia Appendix 1), the beneficial associa-
tions between telemedicine-enhanced and maternal-neona-
tal outcomes remained largely consistent with our primary
findings, thereby strengthening the credibility of our main
analysis.
Mediation of Telemedicine-Enhanced
Care and Pregnancy Outcomes Through
GWG and Blood Glucose Levels
Figure S4 in Multimedia Appendix 1 summarizes the
potential mediating effects of GWG and mean FPG in
the third trimester between telemedicine-enhanced care
and various pregnancy outcomes. Telemedicine-enhanced
care exerted substantial mediating effects through GWG
on several key outcomes, with mediation proportions of
37.24% for cesarean section, 22.59% for pre-eclampsia, and
a particularly strong 81.01% for LGA births. Mean FPG
in the third trimester demonstrated significant but generally
smaller mediating effects between telemedicine-enhanced

care and multiple outcomes, including LGA (12.86%),
cesarean section (3.38%), preterm birth (1.92%), neonatal
hypoglycemia (5.06%), and congenital heart defects (5.12%).
These findings suggest that the beneficial effects of teleme-
dicine-enhanced care on pregnancy outcomes are partially
mediated through optimized GWG and improved glycemic
control.
Dose-Response Relationships Between
App Engagement Intensity and
Pregnancy Outcomes
After adjusting for confounding factors, higher telemedi-
cine engagement was significantly associated with improved
glycemic control and reduced adverse outcomes (Figure 2).
Enhanced telemedicine engagement correlated with increased
HbA1c on-target rates at both the 6% (aOR 2.18, 95% CI
1.54-3.12; P value for trend <.001) and the 5.6% threshold
(aOR 1.64, 95% CI 1.29-2.10; P value for trend <.001).
Moreover, higher engagement exhibited protective associa-
tions against EGWG (aOR 0.48, 95% CI 0.37-0.62; P value
for trend <.001), LGA (aOR 0.56, 95% CI 0.39-0.78; P
value for trend <.001), macrosomia (aOR 0.59, 95% CI
0.38-0.93; P value for trend=.03), and neonatal complica-
tions, specifically neonatal hyperbilirubinemia (aOR 0.63,
95% CI 0.44-0.91; P value for trend=.01) and congenital
heart defects (aOR 0.62, 95% CI 0.47-0.83; P value for
trend=.001).
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Figure 2. Multivariate logistic regression analysis for the association between telemedicine engagement levels and pregnancy outcomes. The
OR is estimated from a logistic regression model; in the adjusted analysis, the adjusted OR was adjusted for maternal age, education level,
parity, prepregnancy BMI, 1-hour postload glucose on oral glucose tolerance test, and insulin treatment. Four stillbirths were excluded from the
analysis. CI: confidence interval; EGWG: excessive gestational weight gain; HbA1c,: glycated hemoglobin A1c; LBW: low birth weight; LGA:
large-for-gestational age; OR: odds ratio; SGA: small-for-gestational age.

Discussion
Principal Findings
In this real-world study, we evaluated the impact of a
telemedicine-enhanced integrated management program that
combines hospital resources with efficient remote services,
offering a new workflow that strengthens remote communica-
tion and assistance between patients and health care providers
while promoting personalized management. In patients with
GDM, we observed that telemedicine-enhanced integrated
management was significantly associated with improved
various pregnancy outcomes: maternal outcomes including
GWG, cesarean section, pre-eclampsia, maternal glycemic
control, and neonatal outcomes including preterm birth, LGA,
LBW, neonatal hypoglycemia, hyperbilirubinemia, respira-
tory distress, and congenital heart defects. These findings
suggest that this approach can further optimize compre-
hensive prenatal care, offering important implications for
protecting reproductive health in the childbearing population
and enhancing overall birth outcomes.

Our results differ from those reported by Mackillop et al
[24], who found lower cesarean section rates in their app
intervention group but no significant differences in blood
glucose levels or other adverse pregnancy outcomes. This

discrepancy might be explained by their later intervention
initiation (mean gestational age of 31 weeks), which likely
provided insufficient time for the intervention to demonstrate
its full effects. Similarly, Miremberg et al [25] reported
no significant differences in adverse pregnancy outcomes
between groups. The inconsistency between these studies and
our findings may be attributed to their populations’ signif-
icantly higher baseline BMI and relatively smaller sample
sizes, which could have limited statistical power to detect
meaningful differences.

In our study, the telemedicine-enhanced integrated
management approach was significantly associated with
decreased GWG and lower risk of EGWG, with explor-
atory analyses demonstrating a pronounced dose-response
relationship between higher telemedicine-enhanced engage-
ment levels and reduced EGWG rate. Similar findings were
observed in 2 previous studies [26,27], although 1 contradic-
tory study reported no significant EGWG differences between
intervention and usual care groups [28], likely due to limited
patient engagement (only 49.4% receiving app education
and 68% maintaining weekly weight records). Given the
established association between EGWG and increased LGA
risk [29], we also observed lower LGA risk in the teleme-
dicine-enhanced group, with the protective effect strength-
ening as engagement levels increased. While the standard
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care group exhibited higher LGA risk and a trend toward
increased macrosomia, they paradoxically showed lower
overall birth weights. This contradiction may be explained
by their significantly higher preterm birth rate. Our obser-
vation of significant negative correlations between teleme-
dicine-enhanced engagement levels and risks of both LGA
and macrosomia in subgroup analyses further supports these
findings. Although the TangMama app was introduced after
GDM diagnosis, the exact timing of registration and intensity
of subsequent app use within the postdiagnosis window
varied among participants. Such variation in engagement
may have contributed to differences in the observed associ-
ations. Nevertheless, the primary findings remained robust
in sensitivity analyses addressing measured confounders and
potential selection bias.

Mediation analyses showed that optimized GWG and
glycemic control in the third trimester significantly mediated
telemedicine-enhanced care’s effects on pregnancy outcomes.
The substantial mediation effect of GWG, particularly for
LGA risk reduction, supports the role of EGWG in fetal
overgrowth [30], while the modest yet broad mediation effect
of mean FPG in the third trimester underscores glycemic
stability’s importance. These findings suggest that telemedi-
cine-enhanced management may improve GDM outcomes
through enhanced dietary and exercise supervision, optimiz-
ing both weight and glycemic control.

In this study, the telemedicine-enhanced group dem-
onstrated significant reductions across multiple neonatal
outcomes. While these findings are encouraging, they
should be interpreted with caution. The integrated telemedi-
cine-enhanced care model may strengthen overall disease
management, leading to improved glycemic control and
gestational weight management, which contribute to better
pregnancy outcomes. Improvements in these key metabolic
parameters may exert a disproportionate impact on certain
adverse outcomes. Additionally, for outcomes with relatively
low event rates, such as compromised Apgar scores at 1 and
5 minutes and respiratory distress, the observed ORs were
based on a limited number of events and were accompanied
by relatively wide CIs, indicating limited precision. As this
is a real-world observational study, residual confounding and
unmeasured differences in patient motivation or health care–
seeking behavior may have also played a role in the magni-
tude of these associations.

Our findings may also partly reflect baseline differen-
ces in patient engagement and self-management behaviors
due to self-selection. Women who voluntarily adopted the
TangMama app may have possessed higher health literacy,
stronger self-efficacy, and greater intrinsic motivation for
self-management than nonadopters [31]. These characteris-
tics are significantly associated with better glycemic control,
dietary adherence, and gestational weight management in
GDM [32,33]. Importantly, evidence from prior studies also
suggests that telemedicine-based interventions can actively
enhance patients’ disease knowledge, promote health-rela-
ted behaviors, and improve diabetes self-efficacy [34,35].
Thus, the observed associations in our study likely reflect
a combination of baseline differences in patient engagement

and the potential for telemedicine to further enhance self-
management capacity. Although direct measurement of these
behavioral factors was not feasible in this study, our findings
highlight the potential of integrated telemedicine approaches
to support health literacy and empower women in GDM
self-management.

GDM is highly prevalent, yet treatment efficacy is
frequently constrained by the limited window for optimal
glycemic control, suboptimal patient awareness, and the
insufficient communication of conventional management
approaches [35-37]. The number of smartphone mobile
network subscriptions worldwide reached almost 7.3 billion
in 2025, and is forecast to exceed 7.9 billion by 2028
[38]. The widespread adoption of smartphones creates a
robust foundation for telemedicine implementation. More-
over, digital health integration demonstrates tremendous
potential in addressing structural inequalities in health care
resource distribution. China’s Healthy China 2030 identifies
the advancement of digital health integration as one of
the key medical optimization strategies, aiming to estab-
lish a nationwide telemedicine service network that ena-
bles the redistribution of high-quality medical resources
to underserved regions [39,40]. As pivotal hubs for opti-
mizing health care resource utilization, regional compre-
hensive medical centers can consolidate resources, foster
network collaboration, leverage technological advancements,
and enforce rigorous quality control to establish an integrated
GDM management model spanning prevention, diagnosis,
and follow-up care [41]. Through data stream integration
between hospital systems and the digital app, the teleme-
dicine-enhanced integrated management enables multidisci-
plinary expert teams to develop precise, individualized
management protocols leveraging comprehensive hospital
resources and efficient telemedicine-based tools. Addition-
ally, formal hospital endorsement substantially enhances the
platform’s perceived credibility, improving patient compli-
ance and satisfaction while offering improved visit efficiency
and cost-effectiveness. However, translating these advantages
into real-world patient engagement remains challenging. In
our study, of the 4621 women with GDM, only 1711
(37.0%) women engaged with the TangMama app, indicating
substantial space for improvement of this strategy uptake.
Limitations
Our study has several limitations. First, this is a non-
randomized observational study in which participation in
the telemedicine-enhanced program was self-selected rather
than randomly assigned. Although IPTW was applied
to balance observed confounders between groups, unmeas-
ured confounding factors such as baseline health literacy
and socioeconomic status cannot be fully accounted for.
Women who voluntarily adopted the TangMama app may
inherently possess greater health awareness and adher-
ence capacity, which could contribute to the observed
improvements independently of the telemedicine intervention
itself. Therefore, while our findings demonstrate significant
associations between telemedicine-enhanced management
and improved maternal-neonatal outcomes, causal inference
should be made with caution. The single-center prospective
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cohort design may additionally limit the generalizability of
our findings due to population characteristics and institutional
practices. Future well-designed randomized controlled trials
are warranted to confirm causality and establish the efficacy
of this intervention. Furthermore, although the telemedicine-
enhanced model demonstrated short-term clinical effective-
ness, its long-term sustainability may be challenged by the
need for continuous algorithm updating. Future research
should focus on developing adaptive management systems
capable of dynamic algorithm optimization.
Conclusions
Our findings suggest that telemedicine-enhanced integrated
management effectively improves maternal glycemic control

and reduces adverse pregnancy outcomes among women
with GDM. This innovative approach enhances patient-pro-
vider communication while delivering personalized care
that increases patient engagement in self-management.
The successful practice of telemedicine-enhanced integrated
management carries broader implications for maternal-fetal
health, potentially reducing long-term metabolic risks and
advancing birth defect prevention strategies.
Prior Presentation
This work was presented at the 59th EASD Annual Meet-
ing of the European Association for the Study of Diabetes,
October 2‐6, 2023.
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