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Abstract

Gestational diabetes mellitus (GDM) is one of the most common complica-
tions of pregnancy and has significant short- and long-term impacts on both
maternal and offspring health. GDM is associated with adverse pregnancy out-
comes and contributes to an increased risk of long-term metabolic and cardi-
ovascular disorders in mothers and their offspring. Current management strat-
egies for GDM are primarily based on lifestyle interventions, particularly med-
ical nutrition therapy and combined diet-exercise approaches, with pharma-
cological treatment as an adjunct when glycemic control is insufficient. Indi-
vidualized management is essential to optimize outcomes. In addition, grow-
ing evidence emphasizes the importance of continuous management across
the life course, including preconception screening, antenatal care, and post-
partum follow-up. This review summarizes the short- and long-term effects of
GDM and outlines recent advances in comprehensive management strategies,
providing a reference for clinical nursing practice and maternal health man-
agement.
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1. Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance first recog-
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nized during pregnancy in women with previously normal glucose metabolism,
and represents one of the most common complications of pregnancy [1]. Its path-
ogenesis is closely related to pregnancy-induced insulin resistance and relatively
insufficient insulin secretion [2]. The prevalence of GDM varies depending on
screening strategies, diagnostic criteria, and population characteristics. It should
be noted that the reported prevalence of GDM varies substantially depending on
the screening strategy and diagnostic criteria applied, including one-step versus
two-step screening approaches and diagnostic thresholds established by the
IADPSG, WHO, and ADA. According to the International Diabetes Federation
(IDF), the global prevalence of GDM was approximately 15.7% in 2024, affecting
nearly 23 million live births worldwide [3]. The prevalence rate of GDM in our
country is approximately 14.8% to 17.8%, and it has shown a significant upward
trend in recent years [4].

GDM not only affects perinatal outcomes, but is also closely associated with
long-term metabolic disorders in both mothers and their offspring, making it a
significant global public health concern. Therefore, early identification and ap-
propriate management are essential for improving both short- and long-term
health outcomes. This review aims to summarize the short- and long-term effects
of GDM on maternal and offspring health, and to discuss advances in compre-
hensive management strategies, in order to provide a reference for clinical nursing

practice and maternal health management.

2. Short- and Long-Term Effects of Gestational Diabetes
Mellitus on Maternal and Offspring Health

The clinical significance of GDM lies in its substantial short- and long-term im-
pacts on both maternal and offspring health. GDM not only increases the risk of
adverse pregnancy-related complications in mothers and neonates, but also con-
tributes to a markedly elevated risk of long-term metabolic disorders in both. For
mothers, GDM is associated with an increased risk of developing type 2 diabetes
mellitus, cardiovascular disease, and metabolic syndrome. For offspring, intrau-
terine exposure to hyperglycemia significantly increases the likelihood of obesity,

impaired glucose tolerance, and metabolic dysregulation later in life [5].

2.1. Effects of GDM on Short-Term Maternal Pregnancy Outcomes

A large body of evidence indicates that GDM is associated with an increased risk
of adverse pregnancy and delivery outcomes, including cesarean delivery, placen-
tal abruption, postpartum hemorrhage, and multi-organ dysfunction [6].

A systematic review and meta-analysis including over 200,000 women with
GDM demonstrated that fasting glucose levels and post-load glucose concentra-
tions measured by oral glucose challenge) test (OGCT) and oral glucose tolerance
test (OGTT) were linearly associated with adverse perinatal outcomes such as ce-
sarean delivery, labor induction, large-for-gestational-age infants, macrosomia,

and shoulder dystocia, without a clear threshold effect [7]. The Hyperglycemia
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and Adverse Pregnancy Outcome (HAPO) study further confirmed that even mild
hyperglycemia below the diagnostic threshold for diabetes is associated with a
continuous increase in adverse outcomes [8].

Mechanistically, maternal hyperglycemia stimulates fetal pancreatic S-cell hy-
perplasia and hyperinsulinemia, leading to excessive fetal growth and macro-
somia, which in turn increases the risk of preterm birth and cesarean delivery. In
addition, hyperglycemia creates a favorable environment for pathogen prolifera-
tion, thereby increasing the risk of puerperal infection [9].

Collectively, GDM adversely affects pregnancy outcomes through multiple
pathways, highlighting the importance of strict glycemic control and enhanced

perinatal monitoring.

2.2. Effects of GDM on Long-Term Maternal Cardiovascular and
Metabolic Risks

2.2.1. Cardiovascular Risk

In addition to long-term cardiovascular sequelae, GDM is also associated with

pregnancy-specific vascular complications such as hypertensive disorders and

preeclampsia during gestation.

Accumulating evidence suggests that GDM is strongly associated with an in-
creased long-term risk of cardiovascular disease. Persistent hyperglycemia during
pregnancy can induce inflammatory responses, endothelial dysfunction, and ar-
terial stiffness, thereby promoting the development of hypertension and vascular
injury [10] [11]. A large retrospective cohort study including over 1.07 million
pregnant women with a mean follow-up of 25 years reported that, compared with
women with normal glucose tolerance during pregnancy, those with GDM had a
higher cumulative incidence of hospitalization for cardiovascular disease (190.8%o
vs. 117.8%0). GDM was significantly associated with increased risks of ischemic
heart disease (adjusted OR = 1.23, 95% CI: 1.12 - 1.36), myocardial infarction (ad-
justed OR = 2.14, 95% CI: 1.15 - 2.47), coronary angioplasty (adjusted OR = 2.23,
95% CI: 1.87 - 2.65), and coronary artery bypass grafting (adjusted OR = 3.16, 95%
CI: 2.24 - 4.47) [12]. This risk is further amplified in women with additional risk
factors such as obesity and chronic hypertension [13].

Beyond pregnancy, women with prior GDM remain at increased long-term car-
diovascular risk. A large meta-analysis involving approximately 5.39 million women
demonstrated that GDM nearly doubles the risk of future cardiovascular events
(RR = 1.98), and even in women who do not develop type 2 diabetes, the risk
remains significantly elevated (RR = 1.56) [14]. Furthermore, GDM has been as-
sociated with a 2.3-fold increase in cardiovascular events within 10 years postpar-
tum. A study of the Chinese population has shown that the incidence of hyper-
tension in women with GDM 15 years after pregnancy is significantly higher than
that in women with normal glucose tolerance. The 10-year cardiovascular risk
odds ratio (OR) is 1.26. During the 10-year follow-up, the risk of cardiovascular

disease in women with a history of GDM increased, and the average onset time
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was 7 years earlier [13].

2.2.2. Metabolic Risk

GDM significantly increases the long-term risk of type 2 diabetes mellitus in
mothers. In China, women with a history of GDM have an annual conversion rate
of approximately 1.6% to type 2 diabetes, representing a sevenfold increased risk
compared with women with normoglycemic pregnancies [10].

More than 30% of cases of type 2 diabetes diagnosed after pregnancy occur in
women with a history of GDM [15], underscoring GDM as an important risk fac-
tor for later type 2 diabetes in adult women. In a secondary analysis of the National
Institutes of Health Maternal-Fetal Medicine Units (MFMU) Network, Battarbee
et al [11] included 642 women 5 - 10 years postpartum and found that both mild
GDM and maternal obesity during pregnancy were associated with a significantly
increased risk of insulin resistance. Notably, their long-term metabolic effects ap-
peared to be driven primarily by persistent insulin resistance, without significant
impairment of pancreatic S-cell secretory function or clear associations with other
cardiovascular biomarkers, thereby providing evidence to support more targeted
postpartum metabolic surveillance. In addition, an international multiethnic co-
hort study with a mean follow-up of 11.4 years in 4,697 women showed that 52.2%
of mothers with prior GDM developed glucose metabolism disorders, confirming
that untreated GDM substantially increases the risk of postpartum dysglycemia
10 - 14 years after delivery. Women diagnosed with GDM according to the
IADPSG criteria likewise remain at elevated risk of progressing to prediabetes and
type 2 diabetes [16]. More broadly, many pregnancy complications that affect fetal
growth and outcomes are also associated with an increased long-term risk of ma-
ternal metabolic complications, particularly cardiovascular disease. Taken to-
gether, these findings indicate that GDM is an important predictor of long-term
metabolic disease in both mothers and their offspring. Pregnancy outcomes may
serve as a useful window for identifying high-risk women and initiating early in-

tervention to reduce future metabolic and cardiovascular morbidity and mortal-
ity.

3. Effects of GDM on Offspring Outcomes

3.1. Perinatal Outcomes (Short-Term)

GDM is associated with a range of adverse short-term outcomes in offspring, in-
cluding preterm birth, premature rupture of membranes, macrosomia, fetal growth
restriction, neonatal asphyxia, intrauterine fetal death, and neonatal mortality.
Among these, macrosomia is the most common and clinically significant outcome,
closely linked to poor glycemic control during pregnancy.

Data from the HAPO study, involving over 23,000 women, showed that the
prevalence of macrosomia increased from 6.7% in non-obese women without
GDM to 10.2% in non-obese women with GDM, and further to 20.2% in obese
women with GDM, representing an approximately 50% higher risk overall in GDM
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pregnancies. Macrosomia substantially elevates the risk of birth trauma; neonates
weighing > 4500 g have a sixfold increased risk of birth injury and an approxi-
mately 20-fold increased risk of brachial plexus injury, as well as higher rates of
admission to neonatal intensive care units [17]. These findings indicate that GDM

poses significant threats to early neonatal health.

3.2. Long-Term Metabolic Outcomes (Obesity and Diabetes)

GDM significantly increases the risk of long-term metabolic disorders in offspring.
However, these associations should be interpreted cautiously, as offspring out-
comes may also be influenced by confounding factors including maternal pre-
pregnancy BMI, obesity, family history, adequacy of glycemic control, and shared
postnatal environmental exposures. Up to 20% of individuals exposed to GDM in
utero develop type 2 diabetes or prediabetes before the age of 22 years [18], and
the risk is further elevated when both parents have abnormal glucose metabolism
[19]. Although some early studies were limited by inadequate control of con-
founding factors, a meta-analysis by Guan et al [20] confirmed a significantly in-
creased risk of diabetes in offspring of mothers with GDM (OR = 4.50). Mecha-
nistically, maternal glucose readily crosses the placenta, whereas insulin does not.
Maternal hyperglycemia induces fetal hyperinsulinemia and activates the placen-
tal mTOR pathway, promoting nutrient transfer and excessive fat accumulation.
Persistent exposure to high glucose levels may contribute to long-term metabolic
dysregulation, potentially through epigenetic modifications that predispose off-
spring to obesity and diabetes [18]. In addition, approximately 15% - 45% of
women with GDM deliver macrosomic infants, who are themselves at increased

risk of developing type 2 diabetes later in life.

3.3. Neurodevelopmental and Behavioral Disorders

GDM-associated intrauterine metabolic disturbances may adversely affect fetal
brain development, and these effects may persist over time, thereby increasing the
risk of neurodevelopmental disorders in offspring. The underlying mechanisms
likely involve maternal hyperglycemia- and obesity-induced neuroinflammation
and abnormal microglial activation. These alterations may extend into adoles-
cence and adulthood; moreover, postnatal exposure to a high-fat diet may further
exacerbate neural injury, leading to structural and functional abnormalities in
hippocampal CA1 pyramidal neurons and ultimately resulting in cognitive im-
pairment [21].

In addition, metabolic abnormalities during pregnancy can adversely affect
neurobehavioral development and motor function in childhood, while intrauter-
ine hyperglycemia may directly disrupt normal brain development [22]. A large
systematic review and meta-analysis including 202 studies demonstrated that ma-
ternal diabetes is significantly associated with an increased risk of neurodevelop-
mental disorders and impaired neurodevelopmental function in offspring. Specif-
ically, children born to mothers with GDM had a 28% higher overall risk of neu-
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rodevelopmental disorders, including autism spectrum disorder (25%), attention-

deficit/hyperactivity disorder (30%), and intellectual disability (32%) [23].
Furthermore, macrosomia associated with GDM increases the risk of shoulder

dystocia, clavicle fracture, and brachial plexus injury [17], thereby contributing to

additional perinatal neurological damage.

3.4. Cardiovascular and Other Long-Term Risks

Offspring of mothers with GDM have been reported to have an approximately
29% higher risk of early-onset cardiovascular disease compared with those born to
normoglycemic mothers [18] and exhibit adverse cardiometabolic profiles. Studies
have shown that these individuals tend to have higher triglyceride and low-density
lipoprotein cholesterol levels, along with lower high-density lipoprotein choles-
terol levels [20].

The increased cardiovascular risk is multifactorial. Maternal hyperglycemia and
excessive gestational weight gain contribute to a higher prevalence of childhood
overweight and obesity, which are key risk factors for cardiovascular disease. In
addition, intrauterine hyperglycemia may impair renal development, increasing
the risk of chronic kidney disease in adulthood, which further exacerbates cardi-

ovascular risk [24].

4. Comprehensive Management Strategies for Gestational
Diabetes Mellitus

GDM is associated with an increased risk of adverse pregnancy outcomes, includ-
ing hypertensive disorders of pregnancy, preterm birth, polyhydramnios, urinary
tract infections, and macrosomia, and thus represents a major challenge to mater-
nal and neonatal health. In China alone, the annual economic burden related to
GDM is estimated to reach approximately USD 5.5 billion [25].

Current management of GDM aims to reduce both adverse perinatal outcomes
and long-term metabolic risks. The major strategies include lifestyle interven-
tions, pharmacological therapy, and continuous life-course management. Preven-
tion of progression to type 2 diabetes mellitus and reduction of GDM recurrence
are key priorities in maternal metabolic health management [26] [27]. In clinical
practice, a goal-oriented management model involving healthcare providers, pa-
tients, and family members is often adopted to develop individualized interven-

tion plans and improve adherence.

4.1. Lifestyle Interventions

Lifestyle intervention before or in early pregnancy has been shown to reduce the
incidence of GDM in high-risk women. Once GDM is diagnosed, lifestyle modi-
fication remains first-line therapy for glycemic control [28]. Diets rich in vegeta-
bles and fruits, together with increased physical activity during pregnancy, are also
associated with a lower risk of GDM [29]. In addition, appropriate dietary and

exercise programs can reduce the rates of cesarean delivery and macrosomia and
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promote vaginal delivery.

4.1.1. Medical Nutrition Therapy

Medical nutrition therapy (MNT) is the core component of lifestyle intervention
and the first-line treatment for GDM. It is based on individualized energy intake
and weight management, with a focus on appropriate regulation of carbohydrate
intake, combined with adequate high-quality protein and healthy fats. Essential
micronutrients, including folic acid, vitamin D, calcium, and iron, should be sup-
plemented as needed, while excessive caloric intake, added sugars, and inappro-
priate supplementation should be avoided. When combined with physical activity,
MNT contributes to glycemic control and improved maternal and neonatal out-
comes [30].

Dietary patterns emphasizing plant-based protein sources, such as legumes and
nuts, have been associated with a reduced risk of GDM [5]. In addition, low gly-
cemic index (GI), low glycemic load (GL), and DASH dietary patterns have been
shown to significantly improve glycemic control, limit gestational weight gain, re-
duce insulin use, and decrease the incidence of adverse pregnancy outcomes, in-
cluding cesarean delivery and macrosomia [31].

A randomized controlled trial by Zhang et al [32] demonstrated that a 12-week
comprehensive nutritional management program significantly reduced glycated
hemoglobin, fasting glucose, and 2-hour postprandial glucose levels, while de-
creasing the rate of adverse pregnancy outcomes from 38.0% to 7.8% and improv-
ing patient self-management. Although the central role of MNT in GDM manage-
ment has been well established, further large-scale, high-quality studies are needed
to evaluate the long-term effects of different dietary patterns and optimize indi-

vidualized nutritional strategies.

4.1.2. Combined Diet and Exercise Interventions

Exercise interventions are rarely applied alone in GDM management and are typ-
ically combined with dietary modification as part of an integrated lifestyle ap-
proach. However, recommendations for physical activity during pregnancy vary
across clinical guidelines.

A Cochrane systematic review by Martis et al [33] showed that combined diet
and physical activity interventions improved maternal and neonatal outcomes
and significantly reduced the incidence of macrosomia, though they were associ-
ated with an increased rate of labor induction. A randomized controlled trial in-
volving 360 women with GDM demonstrated that individualized exercise pre-
scriptions based on maternal age and body mass index were more effective than
standard exercise programs in controlling postprandial glucose levels and reduc-
ing the incidence of macrosomia, polyhydramnios, and hypertensive disorders of
pregnancy, without increasing the risk of preterm birth [34]. Furthermore, a
meta-analysis by Zhang ef al [35] confirmed that combined diet and exercise in-
terventions are effective strategies for GDM management. Approaches such as

aerobic exercise combined with resistance training, or low-GI diets combined with
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yoga, have been shown to significantly reduce 2-hour postprandial glucose levels.
Combined interventions appear to be more effective than single-modality ap-
proaches and may be particularly beneficial for patients with poor glycemic con-
trol or insulin dependence. Therefore, individualized diet-exercise programs
should be developed collaboratively by healthcare providers, patients, and their
families, with clearly defined intensity and frequency of physical activity, in order

to reduce long-term maternal and offspring complications.

4.1.3. Weight Management

Weight management is an essential component of lifestyle intervention and should
be maintained throughout pregnancy and extended into the postpartum period.
Gestational weight gain in women with GDM is closely associated with multiple
clinically important outcomes. He et al [36] demonstrated that timely weight
management after the diagnosis of GDM can improve pregnancy outcomes and
glycemic control. Remote health management combined with locally adapted
weight gain targets may better meet clinical needs and support the development
of population-specific intervention strategies. Similarly, Ferrara et al [37], in the
GLOW randomized controlled trial, applied a remote lifestyle intervention based
on the Diabetes Prevention Program, consisting of two in-person sessions and
eleven telephone-based sessions in addition to routine prenatal care. This ap-
proach effectively reduced excessive gestational weight gain in overweight and
obese women and was found to be feasible and cost-effective for clinical imple-
mentation.

For long-term weight management in women with a history of GDM, Yang
et al. [38] reported that both improved diet quality and increased physical activity
significantly reduced weight gain, with combined interventions showing greater ef-
fectiveness. Notably, the weight reduction effect was more pronounced in women
with prior GDM compared to those without. However, current studies are limited
by alack of standardized intervention protocols and insufficient long-term follow-
up data. Some evidence suggests that while weight management can limit gesta-
tional weight gain, it may not significantly reduce the incidence of GDM [39].
Therefore, further research is needed to clarify the effectiveness of weight man-

agement strategies in this population.

4.2. Pharmacological Interventions

Lifestyle intervention remains the first-line treatment for GDM. However, phar-
macological therapy is generally initiated when target glucose levels cannot be
achieved after 1 - 2 weeks of lifestyle intervention, typically defined as fasting glu-
cose = 95 mg/dL, 1-hour postprandial > 140 mg/dL, or 2-hour postprandial > 120
mg/dL. In clinical practice, insulin, metformin, and glyburide are the most com-
monly used agents. Insulin remains the preferred option when rapid or reliable
glycemic control is required. Metformin may be considered in women unwilling

to use insulin or with relatively mild hyperglycemia, whereas glyburide is now less
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favored because of less reassuring neonatal outcomes.

Among these agents, insulin has the most established efficacy and safety profile
and is therefore regarded as the standard pharmacological treatment for GDM.
Metformin, although it crosses the placenta, has been associated with reduced ma-
ternal weight gain and a lower risk of hypoglycemia compared with insulin, and
may also reduce the risks of hypertensive disorders of pregnancy, macrosomia,
and neonatal hypoglycemia [40]. By contrast, glyburide has been linked to a
higher risk of neonatal hypoglycemia and macrosomia, which has limited its use
in many settings. A study by Wu et al [41] showed that insulin combined with
exercise therapy was effective in improving treatment response and reducing fast-
ing and postprandial glucose levels, with potential benefits for pregnancy out-
comes.

In recent years, the combination of traditional Chinese medicine (TCM) with
conventional pharmacological therapy has also gained attention. For example,
formulations such as Huangqi Sijunzi Decoction, when combined with insulin
analogs or metformin, may enhance glycemic control and reduce adverse out-
comes, including preterm birth, macrosomia, and cesarean delivery rates [42]
[43]. However, evidence supporting TCM adjunctive therapy remains limited and
less robust than that for standard pharmacological agents. Overall, pharmacolog-
ical treatment should be individualized based on patient characteristics, with care-
ful consideration of both glycemic control and maternal-fetal safety to optimize

clinical outcomes.

4.3. Life-Course Management and Follow-Up Strategies

The management of GDM should extend beyond glycemic control during preg-
nancy and instead adopt a continuous life-course approach encompassing the pre-
conception, antenatal, and postpartum periods [44]. During the preconception
stage, screening and health education should be strengthened in high-risk popu-
lations, particularly among women with obesity, a family history of diabetes, or a
prior history of GDM. Early glucose assessment and lifestyle optimization may
help reduce the risk of GDM development [45].

Pregnancy management represents the core of intervention. On the basis of
standardized screening and diagnosis, individualized glucose monitoring should
be implemented, and comprehensive management strategies—including medical
nutrition therapy and appropriate physical activity—should be applied. Pharma-
cological therapy should be initiated when necessary to achieve adequate glycemic
control and reduce adverse pregnancy outcomes. In addition, frequent glucose
monitoring and dynamic assessment are essential to guide timely adjustment of
treatment plans. A multidisciplinary care model should also be adopted to en-
hance the continuity and effectiveness of interventions.

The postpartum period is equally critical. Women with a history of GDM are
at significantly increased risk of developing type 2 diabetes and cardiovascular

disease. Therefore, a 75-g OGTT is recommended at 6 - 12 weeks postpartum,
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followed by long-term follow-up to monitor metabolic status. Furthermore, health
education and lifestyle interventions should be continued to reduce recurrence
risk. Attention should also be given to the long-term metabolic and developmental
health of offspring, thereby promoting sustained improvements in maternal and

child health outcomes.

5. Conclusions

GDM is a major public health concern with significant short- and long-term im-
pacts on both maternal and offspring health. Its effects extend throughout preg-
nancy and persist into the postpartum period, encompassing maternal metabolic
dysregulation, increased cardiovascular risk, as well as neurodevelopmental and
metabolic abnormalities in offspring. Current management strategies for GDM
have established an individualized framework based on lifestyle intervention as
the foundation, with pharmacological therapy as an adjunct. This approach in-
cludes the implementation of medical nutrition therapy and personalized exercise
prescriptions, as well as the appropriate use of pharmacological agents such as
insulin and metformin, providing substantial benefits in improving maternal and
neonatal outcomes. However, existing interventions still face several challenges,
including optimization of dietary strategies for specific populations and the need
for further validation of the long-term safety of oral hypoglycemic agents.

Future research should focus on a deeper understanding of the underlying path-
ophysiological mechanisms and the identification of novel therapeutic targets. A
comprehensive life-course prevention and management model—integrating pre-
conception screening, antenatal care, and postpartum follow-up—should be fur-
ther developed. In addition, the integration of precision medicine with public
health strategies may offer more effective approaches to reducing the burden of
GDM and interrupting the intergenerational transmission of metabolic diseases.
Moreover, there is a need for large-scale, long-term, high-quality studies to
strengthen the evidence base. Enhancing public awareness through health educa-
tion and science communication is also essential to improve understanding and
management of GDM, ultimately achieving sustained improvements in maternal

and offspring metabolic health.
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