
Mallappa Shalavadi , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 10, 368-392 |Review 

*Corresponding Author: Mallappa Shalavadi 

Address: Department of Pharmacology, B.V.V Sangha’s Hanagal Shri Kumareshwar College of Pharmacy Bagalkote-

587101, Karnataka, India 

Email      :  mallu.sha007@gmail.com 

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 

any commercial or financial relationships that could be construed as a potential conflict of interest.   
                  
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                368 | P a g e  

Gestational diabetes mellitus (GDM) is a serious pregnancy-related illness marked by 

continuously elevated blood sugar levels. GDM is characterized by insulin resistance, 

poor glucose tolerance, and pancreatic β cell malfunction, resulting in inadequate insulin 

production to control glucose levels. Obesity, advanced age, and a genetic predisposition 

to GDM are all risk factors. GDM consequences may include gestational hypertension, 

birth difficulties, and preeclampsia. It also raises the risk of long-term problems such 

obesity, poor glucose metabolism, cardiovascular disease, and macrosomia. Both the 

mother and the infant are at risk of developing type 2 diabetes mellitus (T2DM) later in 

life. GDM affects approximately 16.5% of pregnancies worldwide, with around 18 

million births occurring each year, and this number is expected to rise due to the 

increasing prevalence of obesity. The growing incidence of GDM also poses a 

significant economic burden, emphasizing the importance of early detection as a risk 

factor for T2DM and cardiovascular disease. It is crucial to identify the long-term 

complications for both the mother and child, and investigate the underlying causes of 

GDM. While there are various treatment strategies available, including medication and 

lifestyle changes, there is currently no standardized approach for diagnosing, treating, 

or preventing GDM. Therefore, it is essential to develop strategies to optimize GDM 

management, reduce associated morbidity and complications, and minimize the 

economic impact. GDM provides a unique opportunity to enhance clinical care by 

providing an updated summary of its incidence, prevalence, epidemiology, risk factors, 

complication, diagnosis and management. 
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INTRODUCTION

Improving maternal health and reducing childhood 

mortality are two of the eight Millennium 

Development Goals (MDGs) established by the 

United Nations. These goals present a significant 

https://www.ijpsjournal.com/


Mallappa Shalavadi , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 10, 368-392 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               369 | P a g e  

and challenging task for healthcare providers 

worldwide [1, 2]. Various organizations, including 

the International Federation of Gynecology and 

Obstetrics (FIGO), actively support the MDGs. 

FIGO specifically focuses on reducing non-

communicable maternal diseases (NCDs) and 

minimizing exposure to risks during pregnancy to 

enhance the long-term health of women and their 

children. Their efforts target conditions such as 

hyperglycemia, obesity, hypertension, and poor 

nutrition during pregnancy, aiming to prevent the 

development of diseases like obesity and type 2 

diabetes mellitus (T2DM) later in life [2]. 

Recognizing pregnancy as a crucial period for 

assessing future health [3], it is often referred to as 

a "window" into one's well-being. The 

physiological changes that occur during pregnancy 

serve as a natural "stress test" for the body. As a 

result, many women seek medical care during this 

time, making it an opportune time to provide 

preventive healthcare guidance. In recent years, 

there has been a growing understanding of how the 

intrauterine environment, including maternal 

nutritional status, influences the health of 

offspring throughout their entire lives [4, 5]. The 

field of developmental origins of health and 

disease (DOHAD) suggests that the conditions 

experienced in the womb and early infancy have a 

lasting impact on an individual’s metabolism and 

overall health in the future. The importance of 

early intervention extends beyond improving 

maternal health and reducing disease prevalence in 

subsequent generations [2]. During pregnancy, 

women commonly experience a physiological 

change known as glucose intolerance, which leads 

to high blood sugar levels, a condition referred to 

as gestational diabetes mellitus (GDM) [6]. GDM 

is a temporary form of diabetes that occurs due to 

insulin resistance or dysfunction of the pancreatic 

β-cells during pregnancy, resulting in insufficient 

insulin production to regulate glucose levels. In 

order to maintain glucose balance despite 

resistance to insulin, the maternal β-cells 

compensate by increasing in number and by, 

synthesizing and secreting more insulin. However, 

if the β-cells are unable to adapt to the metabolic 

changes that occur during pregnancy, 

hyperglycemia associated with GDM can develop. 

GDM was first described as "elevated blood sugar 

levels similar to those seen in diabetes, occurring 

during pregnancy" by the World Health 

Organization (WHO) in 1965 [7]. As a result, in 

the past, the term "GDM" covered a wide range of 

maternal hyperglycemia during pregnancy, 

including hyperglycemia that is initially 

discovered during pregnancy as well as pre-

existing diabetes. GDM was characterized as 

"impaired glucose tolerance that is first recognized 

during pregnancy" by the National Diabetes Data 

Group (NDDG) in 1979 [8]. At the Second 

International Workshop-Conference on 

Gestational Diabetes in 1985, this description was 

later updated to read as follows: GDM is defined 

as "carbohydrate intolerance resulting in varying 

degrees of hyperglycemia, with onset or first 

recognition during pregnancy." Up until recently, 

this definition was commonly accepted [9]. 

According to the population under study and the 

diagnostic procedures used, GDM complicates 

about 7% of pregnancies overall or more than 

200,000 cases per year. The percentage of all 

pregnancies may range from 1% to 14%. 

Pregnancy-related GDM is a common medical 

complication that, if left untreated, can have major 

negative effects on the mother's and the child's 

health [10, 11]. There is compelling evidence that 

mild maternal hyperglycemia raises the risk of 

fetal morbidity even though it is uncommon [12]. 

Failing to identify and treat the condition can lead 

to unnecessary morbidity in some pregnancies. 

This condition is associated with unfavorable 

pregnancy outcomes, such as fetal macrosomia, 

stillbirth, neonatal metabolic disturbances, and 

related issues [13]. Children of women with GDM 
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are more likely to grow up with diabetes and 

obesity, and they also have a higher chance of 

developing diabetes themselves in the years after 

giving birth [14–17] The term GDM lacks clarity 

on whether dietary adjustments alone or treatment 

with diet, insulin, or oral medications is necessary 

for the patient. Therefore, it is imperative to 

implement strategies that enhance GDM 

management. Accurate diagnosis, suitable 

treatment, and proactive prevention of GDM are 

essential to mitigate the morbidity, complications, 

and economic impact of GDM on society, 

households, and individuals. Consequently, the 

growing number of GDM cases poses an 

additional strain on the healthcare system, 

necessitating a review of diagnostic methods and 

treatment approaches. GDM presents a valuable 

opportunity to examine and summarize current 

evidence on its impact on maternal and neonatal 

outcomes and, the potential health risks for future 

generations. To Address the existing challenges in 

GDM screening, diagnosis, and management, we 

delve into incidence, prevalence, epidemiology, 

risk factors, complication, diagnosis, management 

and the importance of expanding our scientific 

knowledge to develop preventive and therapeutic 

strategies for GDM, thereby enhancing clinical 

practice. 

CLASSIFICATION OF HYPERGLYCEMIA 

DURING PREGNANCY AND GDM: 

The current terminology and diagnostic criteria 

have made it easier to distinguish between women 

who had diabetes before pregnancy and those who 

developed hyperglycemia during pregnancy. 

Pregestational diabetes encompasses T1DM, 

T2DM, and other forms of diabetes like cystic 

fibrosis-related diabetes, steroid/medication-

induced diabetes, and monogenic diabetes. The 

International Association of the Diabetes and 

Pregnancy Study Groups (IADPSG) has divided 

hyperglycemia during pregnancy into two distinct 

categories: "overt diabetes mellitus during 

pregnancy" (overt diabetes) and gestational 

diabetes mellitus (GDM) [18] (figure 1). 

 
Fig. 1 Flowchart summarizing the contemporary nomenclature for hyperglycemia in pregnancy [18] 

INCIDENCE AND PREVALENCE OF GDM: 

Gestational diabetes mellitus (GDM) is a 

commonly encountered medical complication 

during pregnancy [19]. According to the 

International Diabetes Federation (IDF), in 2019, 

approximately 1 in 6 live births worldwide were 

affected by GDM [20]. The majority of cases of 

high blood sugar levels during pregnancy occur in 

low- and middle-income countries [21]. In these 

countries, the prevalence and severity of maternal 

and neonatal complications associated with GDM 

[20, 22] are in stark contrast to the favorable 

pregnancy outcomes seen in developed countries 

where GDM is well managed [23]. The prevalence 

of GDM varies significantly depending on the 

population and the specific screening and 

diagnostic criteria employed. A systematic review 

conducted in 2012 revealed that the worldwide 
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prevalence of GDM ranged from 2% to 24.5% 

according to the WHO criteria, 3.6% to 38% 

according to the Carpenter and Coustan criteria, 

1.4% to 50% according to the NDDG criteria, and 

2% to 19% according to the IADPSG criteria [24]. 

Irrespective of the diagnostic criteria or population 

being considered, the global incidence of GDM 

continues to rise and is influenced by various 

epidemiological factors such as the prevalence of 

type 2 diabetes mellitus, increasing rates of obesity 

among women of childbearing age, and advancing 

maternal age [25-32]. The implementation of the 

revised IADPSG diagnostic criteria has further 

contributed to more women diagnosed with GDM 

[33- 35]. In the original HAPO study cohort, the 

application of the IADPSG diagnostic criteria 

resulted in GDM incidence rates ranging from 

9.3% to 25.5% across different study sites [33]. 

Recent international prevalence data also highlight 

significant variations in the rate of GDM, ranging 

from 6.6% in Japan and Nepal to 45.3% in the 

United Arab Emirates [36]. 

EPIDEMIOLOGY:  

Previously reported findings indicate that the 

prevalence of gestational diabetes mellitus (GDM) 

in pregnant women is often reflective of the 

prevalence of type 2 diabetes mellitus (T2DM) 

within the same population [37]. The global trend 

toward a Western lifestyle characterized by 

excessive food consumption and sedentary habits 

has led to a widespread increase in T2DM 

worldwide [38]. Consequently, this has 

contributed to a significant rise in the incidence of 

GDM. 

However, the exact prevalence of GDM on a 

global scale remains uncertain because of the lack 

of systematically synthesized data. Currently 

available information suggests that the prevalence 

of GDM varies considerably among countries and 

even within regions of a single country. This 

variation can range from as low as 0.6% to as high 

as 15%, depending on factors such as 

race/ethnicity and socioeconomic status [37]. 

Notably, Aboriginal women in Australia, as well 

as Middle Eastern (Syrian, Lebanese, Iraqi, 

Iranian, or Afghan) and Pacific Islander women 

are identified as the major at-risk groups for GDM 

[37]. The escalating issue of overweight and 

obesity worldwide significantly contributes to the 

continuous increase in diabetes incidence, 

including GDM, among women of reproductive 

age [39]. According to the International Diabetes 

Federations 2019 report, approximately 20.4 

million women (14.0% of pregnancies) 

experienced disorders of carbohydrate 

metabolism, with approximately 80% of these 

cases being GDM. This means that approximately 

one in six births was affected by GDM [40]. For a 

detailed analysis of the geographical distribution 

of GDM, refer to Table 1 [40, 41]. 

Table 1. Geographical distribution of the GDM [40, 41] 

Middle East and North Africa (MENA) 27.6% (26.9–28.4%) 

Southeast Asia (SEA) (Brunei, Burma, Cambodia, Timor-Leste, 

Indonesia, Laos, Malaysia, the Philippines, Singapore, Thailand, Vietnam) 
20.8% (20.2–21.4%) 

Western Pacific (WP) 14.7% (14.7–14.8%) 

Africa (AFR) 14.2% (14.0–14.4%) 

South America and Central America (SACA) 10.4% (10.1–10.7%) 

Europe (EUR) 7.8% (7.2–8.4%) 

North America and the Caribbean (NAC) 7.1% (7.0–7.2%) 

 

ETIOLOGY: 

During pregnancy, the mother's metabolism 

undergoes significant modifications. While the 

changes in late pregnancy are primarily catabolic, 

with increased lipolysis, elevated glycemia, 

insulinemia, postprandial fatty acid levels, and 
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decreased maternal fat stores, the changes in the 

first phase are mostly anabolic, with a progressive 

increase in maternal adipose tissue. These changes 

are caused, at least in part, by hormones and other 

mediators secreted by the placenta. These 

substances promote the development of peripheral 

insulin resistance, a physiological condition that 

can deteriorate with advancing maternal age and 

pre-pregnancy obesity, and two conditions that 

have become common in Western nations. After 

the placenta is delivered, the effects of pregnancy 

on glucose homeostasis are typically mitigated, 

allowing glycemia to return to normal levels in 6–

12 months. The negative influence of pre-

pregnancy overweight or obesity on GDM is 

underlined by the observation that physical 

activity both before pregnancy and in early 

pregnancy by reducing body weight loss and 

insulin resistance is inversely associated with the 

risk of GDM [42]. Maternal glucose intolerance 

develops when insulin secretion is insufficient to 

counteract the insulin-resistant state in the second 

half of pregnancy, which may raise the chance of 

developing GDM (FIG 2). Therefore, β-cell 

secretory dysfunction is a crucial abnormality in 

the pathogenesis of GDM. Due to its progressive 

nature, the β-cell function deficiency is not unique 

to pregnancy; in fact, it can occur before or after 

conception and increases the chance of overt 

diabetes following the index pregnancy. As a 

result, GDM may be viewed as an early stage of 

gestational diabetes mellitus (T2DM). To date, 

there is much evidence pointing to a link between 

genetics and GDM (FIG 2). Among these are the 

fallowing: the fact that GDM recurs in at least 30% 

of women with a previous history of GDM; the 

growing body of epidemiological research 

showing some ethnic-group differences in the risk 

for GDM, independent of the place of residence; 

and the identification of numerous genetic variants 

in many genes that are involved in insulin 

secretion and insulin resistance, as well as in lipid 

and glucose metabolism, which have been 

associated with GDM risk. In particular, regarding 

this latter point, many of the variants identified are 

associated with increased risk for T2DM, thereby 

supporting the notion of a continuum between 

GDM and T2DM. However, research has 

indicated that, even in the absence of other 

established risk factors, placental DNA epigenetic 

alteration is relevant in GDM (FIG 2). 

Additionally, there is growing evidence that the 

pathophysiology of GDM may involve 

dysregulation of immunological and inflammatory 

activation (FIG 2), since women with GDM have 

been found to have reduced molecular oxygen and 

impaired antioxidant defense. Endocrine-

disrupting chemical use is also rising, which could 

be a risk factor for GDM [42]. 

RISK FACTORS FOR GDM: 

MODIFIABLE RISK FACTORS: 

BMI, obesity and overweight:  

During pregnancy, maternal dyslipidemia is a 

natural response that provides essential fuel and 

nutrients for the placenta and developing fetus. 

The accumulation and enlargement of fat cells in 

maternal adipose tissue leads to weight gain, 

which is a common occurrence. However, 

overweight and obesity pose significant risks for 

gestational diabetes mellitus (GDM) [43]. Pre-

pregnancy body mass index (BMI) plays a crucial 

role in determining the risk of GDM. The World 

Health Organization (WHO) defines overweight 

and obesity on the basis of BMI values greater than 

25 and 30 kg/m2, respectively. Given the global 

obesity epidemic and the increasing prevalence of 

obesity among women of childbearing age, it is 

estimated that there are 38.9 million overweight 

and 14.6 million obese pregnant women 

worldwide. In overweight and obese individuals, 

increased lipid production leads to the storage of 

lipids, particularly triglycerides, in adipose tissue 

and other organs like the liver. Pregnancy further 

intensifies obesity-induced hepatic insulin 



Mallappa Shalavadi , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 10, 368-392 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               373 | P a g e  

resistance, increasing the risk of developing GDM. 

Moreover, being overweight or obese during 

pregnancy can result in adverse outcomes such as 

metabolic disorders, hypertension, preterm birth, 

and stillbirth. Therefore, obstetricians regularly 

monitor the BMI and weight gain of pregnant 

women to minimize complications for both the 

mother and baby. Current strategies for preventing 

and managing weight gain during pregnancy 

involve nutritional interventions and 

improvements in dietary and lifestyle practices 

[44]. 

Nutritional diet and metabolic syndrome:  

The National Cholesterol Education Program 

Adult Treatment Panel III coined the term 

metabolic syndrome to describe the clustering of 

metabolic disorders, including obesity, 

dyslipidemia, hypertension, and abnormal glucose 

metabolism. This condition is often intensified by 

a Western-style diet that is high in sugars, fats, and 

processed foods, increasing the risk of gestational 

diabetes mellitus (GDM) [45]. In additionally, 

vitamin D deficiency and a high dietary acid load 

may contribute to the development of GDM. It is 

crucial to highlight that nutritional therapy is the 

primary approach for preventing or managing 

metabolic syndrome because, it plays a vital role 

in maintaining glucose regulation and overall 

physiological well-being. Dietary interventions, 

such as high-fiber and low-glycemic-index diets, 

have been scientifically proven to improve insulin 

sensitivity and glucose tolerance, thereby reducing 

the likelihood of GDM. Recent studies have also 

emphasized the benefits of probiotic treatment in 

controlling blood sugar levels by targeting the gut 

microbiota. In cases where lifestyle modifications 

alone are insufficient to achieve glycemic control, 

additional treatment options such as 

antihyperglycemic medications like insulin 

therapy and metformin may be considered [46]. 

Polycystic ovary syndrome (PCOS): GDM and 

PCOS are the two most prevalent endocrine 

disorders among women of reproductive age. 

PCOS is a complex disorder characterized by 

chronic oligomenorrhea, hyperandrogenism, and 

insulin resistance. Similar to GDM, PCOS is 

linked to insulin resistance and obesity [47]. 

Although the risk of developing GDM is higher for 

women with PCOS who also have other 

comorbidities like obesity and advanced maternal 

age, PCOS itself is not an independent risk factor 

for GDM. A prevalence study conducted in 

California revealed that pregnant women with 

PCOS have more than double the risk of 

developing GDM compared with women without 

PCOS or related symptoms. In fact, the prevalence 

of PCOS is higher in women with GDM than in 

non-diabetic women [48]. PCOS is often 

associated with metabolic syndrome, and common 

prevention strategies include lifestyle 

modifications and pharmacological treatments. 

Pre-eclampsia: Pre-eclampsia, a prevalent 

hypertensive condition, affects approximately 

2%–8% of pregnancies globally. Similar to GDM, 

pre-eclampsia is associated with glucose 

intolerance, hyperglycemia, and obesity. The 

presence of hyperglycemia increases the 

likelihood of developing pre-eclampsia. 

Furthermore, in subsequent pregnancies, pre-

eclampsia serves as an autonomous risk factor for 

GDM [49]. 

Additional modifiable risk factors for GDM:  

A few studies have found a link between extended 

exposure to psychological stress in the 

environment and maternal hyperglycemia during 

pregnancy, which may raise the risk of gestational 

diabetes mellitus (GDM) [50]. Similarly, it has 

been demonstrated that smoking, using 

psychotropic and antidepressant drugs, and having 

poor sleep hygiene are risk factors for GDM [51]. 

NON-MODIFIABLE RISK FACTORS: 

Maternal Age:  

Maternal age is a common risk factor for GDM. 

Studies have shown that maternal age ≥ 25–30 
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years increases the risk of developing GDM [52]. 

In a meta-analysis study investigating the 

relationship between maternal age and the risk of 

GDM, the authors identified a linear relationship 

between the risk of GDM and increasing maternal 

age. It was also indicated that for every successive 

year after the age of 18, the risk for GDM increases 

by 7.90%, 12.74%, and 6.52% in the general, 

Asian, and European populations, respectively. 

Gravity and Parity:  

Increasing gravidity, defined as the number of 

times a woman has been pregnant, and parity, i.e., 

the number of times she has given birth, may 

represent an additional risk for GDM [52]. This 

elevated risk of developing GDM has been linked 

to parity as low as two. The effect of gravidity on 

the risk of GDM has also been associated with 

increasing age because more pregnancies are 

observed in women of advanced maternal age [53]. 

Ethnicity: Numerous studies have established a 

connection between GDM development and 

ethnicity. Various ethnic and racial groups, 

including Hispanic, African American, and Asian 

women, have shown an increased risk of GDM 

[53]. Women of Korean, Chinese, and Filipino 

descent are more than twice more likely to develop 

GDM than Caucasian or African American 

women. The exact mechanisms underlying this 

association remain unclear, but potential 

explanations could be related to health 

predisposition, lifestyle, cultural factors, and 

socioeconomic stressors [53]. In T2DM studies, 

South Asians have been found to have reduced fat 

metabolism, muscle fitness, insulin sensitivity, and 

insulin secretion, all of which contribute to a 

higher likelihood of glucose intolerance [54]. 

Recognizing ethnicity as a risk factor for GDM, 

healthcare providers must acknowledge that 

certain ethnic groups may require specialized 

preventive and culturally sensitive care. 

Additionally, addressing structural changes, such 

as combating systemic racism and bias, is essential 

to address the disparities associated with these 

preventable NCDs. 

Genetics and Family History of 

Hyperglycemia:  

Gestational diabetes mellitus (GDM) is a complex 

condition influenced by genetic and environmental 

factors. A family history of diabetes is a significant 

independent risk factor for the development of 

GDM. A strong correlation between common gene 

polymorphisms associated with T2DM and GDM. 

Among the most commonly identified genes in 

GDM are transcription factor 7-like 2 (TCFL7L2), 

melatonin receptor 1B (MTNR1B), CDK5 

regulatory subunit-associated protein 1-like 1 

(CDKAL1), potassium voltage-gated channel, 

KQT-like subfamily, member 1 (KCNQ1), and 

insulin receptor substrate-1 (IRS1). Recent 

comprehensive studies on the genetic and 

epigenetic origins of GDM have been reported in 

various sources [55]. These epigenetic changes 

can lead to the inheritance of obesity and glucose 

intolerance across generations. In addition, 

different types of genetic variations and epigenetic 

mechanisms may influence the characteristics of 

various ethnic groups. For instance, research has 

shown that Asian women have the highest 

prevalence of GDM. Variation in the relationship 

between genetic polymorphisms and GDM risk is 

often linked to ethnicity or population variances, 

highlighting the importance of conducting 

population-specific studies on the impact of 

genetic variations on GDM risk. 

SOCIOECONOMIC AND GEOGRAPHIC 

RISK FACTORS: 

Climate and Geographical Location:  

The World Health Organization acknowledges the 

impact of different climates on human health, 

ranging from extreme winter temperatures to 

summer temperatures. Research indicates that 

temperature plays a significant role in various 

physiological processes, including the regulation 

of fats and lipids, energy expenditure, hormonal 
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balance, myocardial infarction, and mortality 

rates. Additionally, climate seems to have an effect 

on Gestational Diabetes Mellitus (GDM), with 

regions experiencing seasonal weather changes 

showing a higher prevalence of GDM compared 

with more temperate regions worldwide [56]. 

Education and Socioeconomic Status:  

Many women diagnosed with GDM lack 

awareness of the risk factors and complications 

associated with their diagnosis, as indicated by 

observational studies. Research conducted in 

Finland revealed a correlation between 

socioeconomic status and GDM, with lower status 

individuals being more at risk [57]. It has been 

noted that uninsured and underinsured patients 

tend to receive inadequate preventive healthcare or 

sometimes no healthcare at all. Enhancing the 

effectiveness of GDM treatment involves 

integrating health education and government 

assistance into prenatal care. Effective strategies 

for raising awareness about GDM and enhancing 

pregnancy outcomes include web-based education 

and educational sessions with healthcare providers 

or dieticians, either individually or in groups. 

COMPLICATIONS: 

Gestational diabetes mellitus (GDM) is identified 

by elevated blood sugar levels during pregnancy, 

which can be influenced by genetic factors, insulin 

resistance, and inflammation. Although GDM is 

typically temporary, it can increase the likelihood 

of developing Type 2 diabetes in the future and 

pose risks for both the mother and child. This 

segment outlines the potential metabolic and 

physical alterations associated with the 

progression of GDM. 

Maternal Complications:  

In gestational diabetes mellitus (GDM), elevated 

blood sugar levels can harm endothelial cells, 

leading to vascular issues linked with high blood 

pressure. This connection suggests that GDM can 

increase the likelihood of hypertension during 

pregnancy and after giving birth. Diabetes and 

hypertension are known risk factors for pre-

eclampsia, a condition affecting 3% to 5% of 

pregnancies globally and, characterized by 

elevated blood pressure and protein in the urine 

[58]. While hyperglycemia typically resolves post-

delivery, some patients with GDM may continue 

to experience insulin resistance and β-cell 

dysfunction beyond pregnancy. Consequently, 

women with a history of GDM face an increased 

risk of developing T2DM later in life, with a risk 

as high as 50%. Furthermore, those who had GDM 

in previous pregnancies may have a recurrence in 

subsequent pregnancies [59]. Therefore, it is 

recommended that all women diagnosed with 

GDM undergo a 2-h glucose tolerance test during 

their 6-week postpartum check-up. 

Fetal Complications:  

The developing fetus has a limited capacity to 

produce glucose; therefore, so it primarily relies on 

glucose from the mother’s blood. While maternal 

glucose can cross the placenta, maternal insulin 

cannot. According to the modified Pedersens 

hypothesis, if maternal glucose levels are high and 

uncontrolled, excess glucose that passes through 

the placenta can stimulate increased production of 

fetal insulin [60]. This phenomenon is supported 

by the observed increase in the expression of 

glucose transport proteins (GLUTs) in the placenta 

of pregnancies affected by insulin-dependent 

diabetes mellitus. Insulin can also activate mTOR, 

a powerful regulator of cell growth. When 

maternal insulin levels rise, placental mTOR 

activity increases, leading to enhanced cell 

proliferation and nutrient transport to the fetus 

through amino acid transporters in the placenta. In 

a review by Hart et al., the role of mTOR as a 

nutrient sensor in fetal growth was examined. In 

cases of gestational diabetes mellitus (GDM), the 

aforementioned factors, including maternal 

hyperglycemia and hyperinsulinemia, can result in 

similar changes in the fetus [60], contributing to 

increased neonatal adiposity. Excessive nutrient 
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storage can lead to macrosomia, or a larger size at 

birth, in neonates. Approximately 15% to 45% of 

pregnancies affected by GDM result in 

macrosomic infants [60], with the most of excess 

adiposity concentrated on the fetal abdomen and 

shoulders. This increases the risk of shoulder 

dystocia and birth trauma [61]. Additionally, the 

presence of GDM, along with other risk factors 

like hypertension and obesity during pregnancy, 

may also increase the likelihood of preterm labor 

and birth, with a global prevalence of 

approximately 10.6%. 

Neonatal Complications:  

Neonatal issues may involve potential risks such 

as asphyxia, hypoglycemia, kernicterus, jaundice, 

bacterial infections, neonatal respiratory distress 

syndrome (NRDS), and birth trauma like shoulder 

dystocia and brachial plexus injury [60]. Neonatal 

hypoglycemia arises from a sudden halt in the 

maternal glucose supply during birth, intensified 

by fetal hyperinsulinemia from GDM, 

necessitating thorough management and attention 

in cases of persistent hypoglycemia [62]. 

Childhood and Adulthood Complications:  

The link between gestational diabetes mellitus 

(GDM) and hyperglycemia in children is well 

established. A study conducted on Pima Indians in 

the United States provided initial evidence that 

maternal hyperglycemia could lead to adult 

diseases in offspring. Numerous epidemiological 

studies have shown that the Pima Indian 

population has the highest prevalence of type 2 

diabetes mellitus (T2DM) among both children 

and adults. In fact, children born to diabetic 

mothers are more susceptible to developing 

obesity, hypertension, and dyslipidemia later in 

life [63]. The Hyperglycemia and Adverse 

Pregnancy Outcome (HAPO) study, conducted in 

10 countries, revealed that maternal 

hyperglycemia during pregnancy was significantly 

associated with an increased risk of hyperglycemia 

and insulin resistance in the offspring during 

adulthood. Markers for insulin resistance, such as 

HOMA-IR, BMI, waist circumference, and 

triglyceride levels, were also found to be higher in 

the offspring of mothers with GDM than in those 

born to mothers with normal glucose levels. It is 

presumed that the development of insulin 

resistance increases the risk of the offspring 

developing diabetes, with approximately 20% of 

GDM offspring developing T2DM and 

prediabetes by the age of 22. Furthermore, the 

increased prevalence of obesity observed in the 

children of mothers with GDM is also linked to a 

higher risk of metabolic disorders, including 

cardiovascular diseases and insulin resistance. 

Children born to mothers with GDM were found 

to have significantly higher blood pressure, 

adiposity, hyperglycemia, and BMI. Due to the 

heightened cardiovascular risk, GDM offspring 

are more prone to developing cardiac arrhythmias 

and being hospitalized for cardiovascular diseases 

(CVDs). Additionally, GDM offspring have a 29% 

higher likelihood of developing early-onset CVDs 

such as heart failure, hypertensive disease, deep 

vein thrombosis, and pulmonary embolism [64]. 

Numerous studies have consistently highlighted 

the significant impact of the prenatal environment 

on the development of metabolic diseases in 

offspring. It is crucial to acknowledge this factor 

as it goes beyond the sole influence of 

overnutrition, physical inactivity, or genetic 

factors in explaining the alarming rise in cases of 

type 2 diabetes mellitus and obesity. In their study, 

Monterio et al. thoroughly examined the various 

mechanisms involved in fetal programing 

specifically in gestational diabetes mellitus. 

DIAGNOSIS:  

The prompt identification of pregnant women with 

gestational diabetes mellitus (GDM) is crucial 

because early and appropriate treatment can 

effectively reduce both mild and severe 

complications related to pregnancy. However, 

there is no universal consensus on various aspects 
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of GDM screening, such as the timing, diagnostic 

tests, and appropriate glycemic cut-offs. Until 

2010, the World Health Organization (WHO) and 

the American Diabetes Association (ADA) criteria 

were widely used for diagnosing GDM. The ADA 

recommended a 100-g oral glucose tolerance test 

(OGTT) during early pregnancy (14-18 weeks) for 

high-risk women and during late pregnancy (28-32 

weeks) for medium-risk women, using the 

Carpenter and Coustan cut-offs [65]. However, 

these criteria were revised after the Hyperglycemia 

and Adverse Pregnancy Outcome (HAPO) study 

demonstrated a linear association between 

maternal glycemia levels and adverse events for 

both the mother and the fetus. Consequently, the 

International Association of Diabetes Pregnancy 

Study Groups (IADPSG) [66] developed more 

stringent criteria, which recommend fasting 

plasma glucose (FPG), glycosylated hemoglobin 

(HbA1c), or random plasma glucose testing for all 

pregnant women during their first prenatal visit. 

According to the revised guidelines, a diagnosis of 

GDM is made if the results, not indicative of overt 

diabetes, show an FPG ≥92 mg/dL. Conversely, if 

FPG is <92 mg/dL, a 2-hour 75-g OGTT should be 

performed between 24-28 weeks of gestation 

(Table 4). The gestational glycemic cut-off values 

during OGTT are lower than those in previous 

guidelines [65], and a single abnormal glycemia 

value during OGTT is sufficient to diagnose GDM 

(Tables 4, 5). As a result, the IADPSG criteria 

significantly increased the number of GDM cases 

compared to the previously used criteria [67]. 

These recommendations were adopted by the 

ADA, WHO, and the American Association of 

Clinical Endocrinologists (AACE) (Table 4) [68]. 

Instead, the Canadian Diabetes Association (CDA) 

recommends that all women be screened with a 1-

h glucose measurement after a 50-g oral glucose 

load between 24 and 28 weeks of gestation, 

followed by the 2-h 75-g OGTT only if the 

threshold has been surpassed (Table 4) [69]. This 

two-step approach, commonly used in the USA, is 

supported by the American College of 

Obstetricians and Gynecologists (ACOG) [70] and 

recommended by the NIH Consensus 

Development Conference (Table 4). In contrast, 

selective screening based on individual risk 

assessment has been proposed by several 

international medical societies (Table 4). Because 

of this, a range of criteria are commonly used to 

diagnose GDM globally, with variations between 

and within nations. This is mostly because public 

funds must be balanced with the need to provide 

better healthcare for expectant mothers and their 

babies. In this respect, the adoption of the 

IADPSG’s recommendations has increased in the 

diagnosis of GDM [67], which has profoundly 

impacted the healthcare system. It has been 

calculated that the overall cost of care for a woman 

with GDM is ~35% greater than that for a woman 

without GDM. Overall, the one-step approach 

should be preferred because of its simplicity in 

execution with greater patient adherence, its 

accuracy in the diagnosis of GDM, and its 

closeness to international consensus. 

Alternatively, to contain the costs, selective 

screening could be performed only in women at 

risk for GDM (i.e. women who are overweight or 

obese, women of advanced maternal age, women 

with previous GDM or macrosomic infant, women 

of high-risk ethnic groups or those with a family 

history of diabetes among first-degree relatives), 

although studies have shown that selective 

screening would miss a significant proportion of 

cases of GDM with minimal cost saving. In order 

to address this issue, the International Diabetes 

Federation (IDF) recommends that selective 

screening be used only in specific clinical and 

epidemiological settings where it is locally cost-

effective [71]. Furthermore, questions have been 

raised regarding the threshold values provided by 

the IADPSG in order to establish globally 

recognized standards for the diagnosis of GDM. 
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The IADPSG criteria are mostly derived on the 

HAPO study, which focused primarily on 

Caucasian women; hence, the results may not be 

generalizable to other populations. As a result, 

regardless of the timing of the last meal, the Indian 

health care system still follows the Diabetes in 

Pregnancy Study Group India (DIPSI) guidelines, 

which suggest universal screening twice during 

pregnancy using the one-step 2-h 75-g OGTT 

(Table 4) [72]. However, challenging data have 

been reported on the cost-effectiveness of this 

approach compared with IADPSG. In addition, 

although several studies confirmed that the 

IADPSG criteria allow the identification of more 

at-risk women; the major efficacy of these criteria 

in identifying pregnancies at risk for severe 

adverse outcomes is still controversial compared 

with other guidelines, while 25% of pregnant 

women could be reclassified given the poor 

reproducibility of OGTT. Hence, although the 

IADPSG criteria are the only outcome-based 

criteria, some authors suggest a combined strategy 

that considers the ethnic and regional 

characteristics of women with GDM and, the 

different resources available. In this context, by 

adopting the OGTT thresholds recommended by 

the IADPSG, we recently proposed the new 

Capula index that increases the accuracy of 

selective screening by reducing both the number of 

potential false negatives and the number of women 

to be screened [73], thereby reducing the impact of 

GDM on pregnancy and health care costs. Based 

on universal predictors of GDM and pregnancy 

complications, Capula’s index allows a better 

correlation with the risk of maternal and neonatal 

adverse events [73]. 

Table 2: Current protocols for the diagnosis of GDM [42]

Current protocols for the diagnosis of GDM 

Step 1 

Society Women Time Test Fasting After 1hr After 2hr After 3hr 

ADA All 
24-28 

Weeks 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

AACE All 
24-28 

Weeks 

75 g 

OGTT 

92 mg/dL 

(5.1 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

WHO All 
24-28 

Weeks 

75 g 

OGTT 

92 mg/dL 

(5.1 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

ACOG All 
24-28 

Weeks 

75 g 

OGTT 
Not required ≥130–140 Not required Not required 

DIPSI All 
First 

Visit 

50  g 

OGTTc Not required Not required 
≥140 mg/dL 

(7.8 mmol/L) 
Not required 

CDA All 
24-28 

Weeks 

50 g 

OGTT 
Not required 

≥140 mg/dL 

(≥7.8 mmol/L) 
Not required Not required 

CDA All 
24-28 

Weeks 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

NICE 
At high 

riska 

As soon 

as 

possible 

75 g 

OGTTa 

≥101 mg/dL 

(≥5.6 mmol/L) 
Not required 

≥140 mg/dL 

(7.8 mmol/L) 
Not required 

ADIPS 
At high 

riska 

As soon 

as 

possible 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

Italian 

minister 

At high 

riska 

14-16 

Weeks 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

Step 2 

Society Women Time Test Fasting After 1hr After 2hr After 3hr 
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ADA 

-------------------------------------------------------------------- AACE 

WHO 

ACOG 
Positive 

women 

24-28 

Weeks 

100 g 

OGTTb 

≥95 mg/dL 

(5.3 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

155 mg/dL 

(8.6 mmol/L) 

≥140 mg/dL 

(7.8 mmol/L) 

DIPSI --- 
24-28 

Weeks 

75  g 

OGTTc Not required Not required 
≥140 mg/dL 

(7.8 mmol/L) 
Not required 

CDA 
Positive 

women 

24-28 

Weeks 

75 g 

OGTTb 

≥95 mg/dL 

(5.3 mmol/L) 

≥191 mg/dL 

(≥10.6 mmol/L) 

≥162 mg/dL 

(≥9.0 mmol/L) 
Not required 

CDA ------------------------------------------------------ 

NICE 

Step 1 

Negative 

and at-

risk 

womenb 

24-28 

Weeks 

75 g 

OGTTa 

≥101 mg/dL 

(≥5.6 mmol/L) 
Not required 

≥140 mg/dL 

(7.8 mmol/L) 
Not required 

ADIPS 

Step 1 

Negative 

and at-

risk 

womenb 

24-28 

Weeks 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 

92 mg/dL 

(5.1 mmol/L) 

Italian 

minister 

Step 1 

Negative 

and at-

risk 

womenb 

24-28 

Weeks 

75 g 

OGTTa 

92 mg/dL 

(5.1 mmol/L) 

≥180 mg/dL 

(≥10.0 mmol/L) 

153 mg/dL 

(8.5 mmol/L) 
Not required 

IADPSG, the International Association of the 

Diabetes and Pregnancy Study Groups; ADA, the 

American Diabetes Association; and AACE, the 

American Association of Clinical 

Endocrinologists WHO Diabetes in Pregnancy 

Study Group India (DIPSI), World Health 

Organization, ACOG (American Congress of 

Obstetricians and Gynecologists), and CDA 

ADIPS, NICE (National Institute for Health and 

Clinical Excellence), and the Canadian Diabetes 

Association Diabetes in Pregnancy Society of 

Australasia. aOne value is sufficient for diagnosis; 

OGTT oral glucose tolerance test, OCGT oral 

glucose challenge test, bTwo or more values are 

required for diagnosis, cIrrespective of the last 

meal 

Table 3 Glycemic targets for women with GDM [42] 

Glycemic targets for women with GDM 

Society Fasting 1 h after the food 2 h after food 

ADA221 90–99 mg/dL 

(5.0–5.5 mmol/L) 

<140 mg/dL 

(<7.8 mmol/L) 

<120–127 mg/dL 

(<6.7–7.1 mmol/L) 

NICE278 63 and 106 mg/dL 

(3.5 and 5.9 mmol/L) 

<140 mg/dL 

(<7.8 mmol/L) 

<120 mg/dL 

(<6.7 mmol/L) 

CDA239 95 mg/dL 

(<5.3 mmol/L) 

<140 mg/dL 

(<7.8 mmol/L) 

<120 mg/dL 

(<6.7 mmol/L) 

ADIPS 

[adips.org/] 

≤90 mg/dL 

(≤5.0 mmol/L) 

≤133 mg/dL 

(≤7.4 mmol/L) 

≤120 mg/dL 

(≤6.7 mmol/L) 
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ADA (American Diabetes Association), NICE 

(National Institute for Health and Clinical 

Excellence), CDA (Canadian Diabetes 

Association), and ADIPS (Australasian Diabetes 

in Pregnancy Society). 

TREATMENT: 

Untreated gestational diabetes mellitus increases 

the risk of numerous negative effects for the 

mother, fetus, and newborn [74]. In addition, a 

strong association between maternal glucose 

concentrations and perinatal complications has 

been reported in the HAPO study in, women with 

milder forms of GDM; at glucose levels below 

those usually considered diagnostic of GDM. 

Thus, early and effective treatment of these 

women is decisive in reducing perinatal and 

obstetrical complications [75]. Most women with 

GDM can be effectively managed with a lifestyle 

intervention program comprising dietary 

counseling and enhanced physical activity, 

together with self-monitoring of blood glucose 

[74], which is essential for verifying the 

effectiveness of treatment and reducing the risk of 

complications. Although no randomized trial has 

been conducted to define the optimal treatment 

targets, substantial uniformity exists in the 

importance of self-monitoring blood glucose 

(Table 4). Current general guidelines, in this 

regard, recommend assessing postprandial glucose 

levels at 1 and 2 h (Table 4), given that several 

studies have demonstrated that treatment decisions 

based on these parameters resulted in fewer 

complications [76], suggesting that postprandial 

glucose excursion is of major importance in 

pregnant women with less elevated HbA1c levels 

[77]. In order to improve pregnancy outcomes, 

appropriate nutrition therapy is helpful in meeting 

the nutritional needs of both the mother and the 

fetus as well as in achieving and maintaining 

glycemic control. This helps women with GDM 

save money on more intensive medical care, such 

as insulin treatment and other medications. This 

feature is especially important in light of the recent 

rise in GDM prevalence. In this regard, general 

guidelines stress the selection of nutrients that will 

support appropriate weight gain and euglycemia 

without causing ketonuria, as well as modest 

calorie restriction for obese pregnant women [74]. 

On the basis observation that elevated postprandial 

glucose concentrations are often associated with 

adverse pregnancy outcomes in GDM [76], diet 

therapy for GDM has historically been based on 

carbohydrate restriction to blunt postprandial 

hyperglycemia [74]. Nevertheless, as underlined 

elsewhere, a minimum of 175 g carbohydrate/day 

should be provided to avoid nutritional 

deficiencies and ketosis, which can lead to 

negative consequences for the neonate. However, 

although larger controlled randomized prospective 

studies are needed to define the best nutritional 

intervention for GDM, recent evidence indicates 

that diets containing greater amounts of complex 

carbohydrates and fiber and lower amounts of 

glycemic index carbohydrates and saturated fat 

can be effective in blunting postprandial glucose 

excursions and in improving maternal insulin 

resistance and fetal fat accumulation [78]. Similar 

to T2DM, with which GDM shares the same 

pathogenetic mechanisms, a sedentary lifestyle is 

a risk factor for GDM, whereas regular physical 

activity can help reduce this risk. The beneficial 

effect of exercise is mainly explained by the 

increase in insulin sensitivity that commonly 

occurs during exercise and its beneficial impact on 

body weight. Although specific guidelines on 

exercise prescription (the type, frequency, and 

intensity of exercise) are lacking, some practical 

recommendations are made concerning physical 

activity in women with GDM as an initial step in 

combination with diet [74]. In particular, a 

minimum of 30 min of moderate exercise per day 

is recommended for normal pregnancy, 

considering that preferable activities are those that 

avoid excessive and inappropriate abdominal 
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muscle contraction [74]. If these measures do not 

ensure optimal glycemic control, subcutaneous 

insulin injection therapy should be considered. 

Because insulin does not cross the placental 

barrier, it is considered harmless to the fetus. 

Nevertheless, as already reported, insulin therapy 

has many disadvantages, including initial fear and 

anxiety, the need for education and skills in 

injection and dose adjustment, and the risk of 

hypoglycemia and weight gain. In recent years, 

many studies have investigated the safety and 

effectiveness of oral hypoglycemic drugs for 

treating GDM. Recently, the results of a large 

randomized controlled trial demonstrated no 

significant increase in perinatal complications 

among women with GDM who were randomly 

treated with metformin compared with women 

with GDM who were treated with insulin. 

Accordingly, both the CDA and the National 

Institute for Health and Clinical Excellence 

(NICE) recommend metformin as an option for the 

treatment of GDM [69, 79], although caution 

should be exercised given the ability of metformin 

to cross the placenta and the lack of long-term 

follow-up data from both mother and child. In 

addition, metformin has not yet been approved for 

GDM treatment in all countries. Glyburide 

(glibenclamide) is a sulfonylurea that has been 

largely investigated in pregnant women with 

GDM. The safety and effectiveness of glyburide in 

GDM were recognized and confirmed [80]. 

However, according to more recent studies, 

glyburide is inferior to either insulin or metformin 

and therefore should not be employed for treating 

women with GDM if insulin or metformin is 

available [81]. The importance of vitamin D in 

GDM has been raised in recent studies showing a 

relationship between hypovitaminosis D and 

altered glucose homeostasis during pregnancy 

[82]. However, if there is evidence that the 

administration of vitamin D can improve insulin 

resistance and glucose tolerance by acting on 

pancreatic β-cells and attenuating insulin 

resistance-associated systemic inflammation [83], 

further randomized studies are necessary to 

determine whether vitamin D supplementation 

effectively improves glycemic control in women 

with GDM. 

PREVENTION: 

Given the information provided above regarding 

the negative effects of GDM on pregnancy and the 

healthcare system, it is crucial to implement 

strategies that aim to prevent or minimize GDM. 

Because being overweight or obese increases the 

likelihood of developing GDM, studies have 

primarily focused on the role of diet and exercise 

in preventing the disease. However, trials 

involving women with no known risk factors for 

GDM have not shown significant effects of diet or 

combined diet and exercise interventions. In 

overweight and obese pregnant women, one trial 

demonstrated a reduction in GDM risk, whereas 

another trial showed a decrease in macrosomia 

incidence without affecting GDM risk or 

gestational weight gain. A recent European 

multicenter trial involving pregnant women with a 

BMI≥29 kg/m2 found that a healthy eating 

intervention combined with physical exercise 

resulted in less gestational weight gain, but had no 

impact on reducing fasting plasma glucose levels. 

In contrast, a recent meta-analysis and a 

randomized controlled trial conducted in a Chinese 

population have shown the effectiveness of 

physical activity before and during early 

pregnancy in preventing GDM [84]. However, due 

to the heterogeneity of the studies examined, 

definitive conclusions cannot be drawn, and 

further trials with larger populations and longer 

follow-up periods are necessary. Metformin has 

been shown to reduce the incidence of T2DM in 

adults with impaired glucose homeostasis and in 

women with previous GDM [85]. However, its 

specific effect on GDM incidence remains unclear, 

except for women with PCOS. A prospective 
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cohort study on women with PCOS revealed that 

metformin use before conception was linked to a 

lower risk of developing GDM and pre-eclampsia 

[86]. On the other hand, a trial in which metformin 

was initiated during pregnancy did not confirm 

these findings. Alternative approaches, such as 

nutritional supplements and probiotics, have 

shown promise in reducing the risk of GDM [87]. 

For instance, trials on myoinositol, an insulin 

sensitizer from the vitamin B complex group, 

demonstrated a significant decrease in GDM, 

macrosomia, and neonatal hypoglycemia [88]. 

However, these studies were limited to Italy and 

had small sample sizes, necessitating further 

research in larger and more diverse populations. 

Probiotic supplements, which modify maternal gut 

microbiota, also show potential in improving 

insulin resistance and reducing GDM risk when 

combined with dietary interventions [89]. A 

growing concern in this field pertains to bariatric 

surgery and its efficacy in addressing obesity and 

related metabolic issues. Various studies have 

highlighted the positive impact of weight loss 

surgery in reducing the risk of GDM and its 

adverse outcomes in overweight women. Although 

these findings support the link between bariatric 

surgery and decreased chances of weight gain 

during pregnancy, GDM, and gestational 

hypertension, the potential benefits are offset by 

the potential for surgical complications as well as 

nutritional and vitamin deficiencies before and 

after pregnancy. Moreover, conflicting data 

regarding the advantages and disadvantages of 

bariatric surgery in pregnant women exist, 

underscoring the need for further extensive 

prospective studies to conclusively determine the 

effectiveness of bariatric surgery in managing 

GDM and its associated complications [90]. 

PRECLINICAL MODELS OF GDM: 

To break the cycle of diabetes, it is crucial to gain 

a deeper understanding of the pathophysiology of 

GDM and the fetal programing mechanisms 

triggered by GDM. As mentioned earlier, this is a 

vital pursuit because GDM poses both short-term 

and long-term health risks for both the mother and 

the fetus, potentially leading to long-term health 

consequences in childhood and adulthood [91]. 

However, establishing causality in human and 

epidemiological studies is challenging because of 

the presence of multiple confounding factors. 

Therefore, it is imperative to use experimental 

animal models to investigate the underlying 

mechanisms and pathophysiology of GDM. 

Various methods can be employed to generate 

animal models of GDM, including surgical 

removal of all or part of the pancreas, the use of 

pharmacological agents, diet-induced strategies, 

and genetic models [92]. 

Surgical Models:  

Surgical models encompass various procedures, 

such as partial or total pancreatectomy, which 

directly diminish the presence of pancreatic β-cells 

and significantly disrupt glucose homeostasis. In 

one particular study, pancreatectomy was 

performed on a rat model, reducing the pancreatic 

mass by 95% and leading to impaired uterine 

function in pregnant rats with mild GDM [93]. 

However, it is worth noting that this 

pancreatectomy was performed before pregnancy, 

which does not accurately replicate the 

progression of human GDM. Additionally, 

pancreatectomy has been observed to induce 

hyperglycemia and diabetes in healthy baboons, 

although these models are seldom using in the 

context of pregnancy [94]. While surgically 

removing the pancreas removes both its endocrine 

and exocrine components, it is an intrusive and 

nonspecific procedure that may cause diabetes in a 

pregnant woman. As such, this could have 

unintended consequences unrelated to GDM. 

Pharmacological Models:  

Pharmacological agents such as STZ and Alloxan 

are commonly used to target pancreatic β-cells and 

disrupt their function [95]. These chemical agents 
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provide a convenient method to induce maternal 

hyperglycemia and diabetes, but their effects can 

vary based on factors like drug delivery, dosage, 

species, age, diet, and timing of administration 

during gestation. While rodents are frequently use 

in studies on chemical-induced diabetes, 

nonhuman primates have also been employed, 

with STZ treatment in female rhesus monkeys 

resulting in hyperglycemia [96], glucose 

intolerance, larger placentas and neonates, and a 

higher rate of stillbirth [97]. However, it is 

important to note that animal models, whether 

surgical or chemical, cannot perfectly replicate 

human GDM. Procedures like pancreatectomy and 

the use of STZ and alloxan lead to permanent 

removal of pancreatic endocrine function, 

resulting in a sustained diabetic state, unlike the 

transient nature of GDM in humans. Additionally, 

differences in islet biology between rodents and 

humans, such as the debate over β-cell 

compensation during pregnancy, highlight the 

need for caution when extrapolating findings from 

animal studies to human conditions [98]. 

Diet-Induced Models:  

Various diet-induced models of gestational 

diabetes mellitus (GDM) have been studied, 

including high-fat feeding in animal models to 

trigger insulin resistance and diabetes. One study 

using a high-fat diet (HFD) found that non-

pregnant female rats, despite being obese, had 

normal glucose clearance. However, once these 

rats became pregnant and continued on the HFD, 

they developed hyperglycemia and glucose 

intolerance [99]. In a separate study, pregnant 

female rats were administered continuous glucose 

infusions in the final week of gestation, resulting 

in hyperglycemia and hyperinsulinemia [100]. The 

offspring of these rats exhibited characteristics 

similar to those of children born to mothers with 

GDM. Although these obesity-related GDM 

models may reflect some risk factors for human 

GDM, they do not account for the genetic and 

social elements that also play a role in the diseases 

development. 

Genetic Models:  

Various genetic models have been used to induce 

gestational diabetes mellitus (GDM) in animals. 

Among these models, the db/db mouse model, 

which is characterized by leptin deficiency, is 

widely employed to study type 2 diabetes mellitus 

(T2DM). Typically, female db/+ animals exhibit 

normal glucose homeostasis; however, during 

pregnancy, they develop spontaneous GDM, 

leading to offspring with characteristics similar to 

those of infants born to mothers with GDM [101]. 

For instance, offspring of db/+ dams with GDM 

manifest obesity and insulin resistance in the liver. 

Another model, the prolactin receptor-deficient 

(PrlR−/−) mouse, has been identified. PrlR−/− 

females are unable to sustain a full-term 

pregnancy, while Prl+/− dams display 

hyperglycemia and a failure to increase β-cell 

mass and proliferation during pregnancy, which 

are crucial for maintaining euglycemia [102]. In 

the non-pregnant state, these female mice 

exhibited euglycemia and reduced β-cell mass. 

Additional genetic models exploring transcription 

factors and key signaling pathways implicated in 

GDM have been discussed elsewhere [103]. 

Although genetic models offer insights into the 

mechanisms underlying GDM pathogenesis, their 

conclusions may be constrained by reliance on 

single gene mutations that do not fully replicate the 

polygenic and environmental factors contributing 

to human GDM.  

Fetal programing models:  

Various novel models of GDM have been 

established by using the first-generation offspring 

(F1) of dams (F0) subjected to different 

intrauterine programing techniques. For instance, 

in a rat model study, STZ, a toxin that triggers 

pancreatic β-cell death, was administered F0 

female pups to induce diabetes [104]. Following 

successful mating with non-diabetic males, female 
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F1 pups were examined to understand GDM 

during pregnancy. The results showed that non-

pregnant F1 pups had normal blood sugar levels 

but developed high blood sugar and insulin levels 

during pregnancy. This indicates that exposure to 

a diabetic intrauterine environment could lead to 

the development of GDM in female offspring 

during pregnancy. Another study used a rat model 

of uteroplacental insufficiency to produce 

intrauterine growth-restricted (IUGR) offspring 

[105]. After breeding IUGR female offspring with 

normal males, pregnant females displayed glucose 

abnormalities and insulin resistance. The offspring 

of these female rats exhibited increased body 

weight, insulin resistance, and impaired glucose 

metabolism, eventually leading to diabetes. In a 

separate mouse model, researchers used F1 

offspring born to dams fed a low-protein (LP) diet 

during pregnancy and lactation. F1 females 

showed glucose intolerance and reduced β-cell 

growth during pregnancy. These models highlight 

that exposure to GDM or glucose intolerance 

during pregnancy increases the risk of offspring 

(F1) developing GDM [106].  Animal models have 

also been instrumental in examining the impact of 

GDM on offspring health, showing that offspring 

born to mothers with GDM are more prone to 

obesity, glucose intolerance, and diabetes. In the 

study conducted by Gauguier et al., female rats 

were induced with gestational diabetes mellitus 

(GDM) through continuous glucose infusion 

during the final week of pregnancy [107]. The 

female offspring from this study exhibited glucose 

intolerance and impaired insulin secretion. When 

these female offspring were bred with control 

males, the newborn offspring displayed 

hyperglycemia, hyperinsulinemia, and increased 

body weight, which persisted into adulthood. 

These findings suggest that exposure to maternal 

diabetes during pregnancy can affect the health of 

multiple generations. Another study by Boloker et 

al. used an intrauterine programing model of 

maternal GDM in rats. The offspring in this study 

also developed glucose intolerance and impaired 

insulin secretion, which worsened with age. In 

additionally, the effects of a high-fat diet during 

pregnancy have been investigated in nonhuman 

primates. Female Japanese macaques fed a high-

fat diet exhibited increased liver triglycerides and 

an increased risk of nonalcoholic fatty liver 

disease in their offspring [108]. These studies 

provide compelling evidence that maternal GDM 

can have long-lasting effects on the health of the 

offspring. GDM is a complex disease influenced 

by genetic, environmental, and epigenetic factors. 

Therefore, it is unlikely that a single animal model 

can fully represent human GDM. A more realistic 

approach would involve animal models with 

various GDM causes, including both genetic and 

environmental factors. While larger animals and 

nonhuman primates may share more physiological 

similarities with humans, studies used these 

animal models are more limited due to feasibility 

and cost constraints compared with studies using 

mice and rat models. Nonetheless, animal models 

have significantly contributed to our 

understanding of maternal GDM, going beyond 

mere clinical observations. Furthermore, they 

offer a valuable platform for studying intervention 

strategies targeting GDM in pregnant women. 

CONCLUSION: 

Future directions in the study of GDM should 

focus on further understanding the complex 

mechanisms involved in its development and 

progression to diabetes after pregnancy. It is 

crucial to conduct large-scale screening studies to 

accurately define the clinical characteristics of 

evolving autoimmune diabetes and identify 

genetic factors that may affect insulin resistance 

and secretion. Additionally, investigating gene-

environment interactions and conducting more in-

depth studies will provide valuable insights into 

the pathophysiology of GDM. These efforts will 

contribute to the development of effective 
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prevention and treatment strategies, ultimately 

advancing clinical care for women with GDM. 
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