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Abstract 

Pregnancy is a highly vulnerable period in women’s life during which a little negligence can lead to  life threatening consequences 

for the mother as well as the child in long term. Diabetes mellitus, nowadays, is one of the leading reasons for other advanced 

diseases and mortality. Gestational diabetes mellitus (GDM) particularly is taking the lead of various further complications such 

as breast cancer, cardiovascular diseases and other reproductive disorders in mothers. It is the most frequently prevalent metabolic 

disease that can have a chance to adversely affect up to 25% of pregnant women. Also, India has long been recognized as the 

world’s diabetic capital and it is widely known that women during pregnancy and lactation are among the most affected by 

diabetes. In India, one-third (33%) of women with GDM had a history of maternal diabetes. Maternal and child health associated 

with GDM has been attracting researchers’ attention due to its severe risk and adverse health effects. Therefore, in the 21st 

century, management of GDM seems to be a major challenging task for healthcare professionals. The present study intends to 

explore the role of diabetes on female reproductive function throughout various stages of life in the perspective of prevalence, 

pathophysiology, complications and prevention of GDM. 
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I. INTRODUCTION 

 Diabetes is defined as high blood glucose levels caused by failure of insulin secretion or due to abnormalities of 

biological function (Xia et al., 2021). It is one of the most prevalent metabolic diseases in the world. Diabetes has become the 

world’s third "silent killer" after cancer and cardiovascular disease due to its increasing morbidity and fatality rates among the 

human race (Madhuri et al., 2017). Diabetes has previously been treated as a single disease, however, health care professionals 

today found that diabetes includes a variety of heterogeneous diseases and leading to a broader range of diseases (Anand et al., 

2017). International Diabetes Federation (IDF) estimates, over 425 million individuals worldwide were diagnosed with diabetes in 

2017, with the number projected to increase to 629 million by 2045 (World Health Organization, 2006) (Hong et al., 2020). 

Diabetes is categorized into three types: (1) Type 1 diabetes, (2) Type 2 diabetes (T2DM) and (3) Gestational Diabetes Mellitus 

(GDM) (Sole et al., 2021). About 90–95% of adult diabetes cases were identified as T2DM (Hong et al., 2020). 

Gestational diabetes mellitus (GDM) is defined as glucose intolerance of varying severity with onset or fist recognition during 

pregnancy. It is considered a medical complication of pregnancy that carries an increased risk of adverse obstetrical outcomes, 

including macrosomia, shoulder dystocia, birth injury, prematurity, perinatal mortality and need for Caesarian section (McIntyre 

et al., 2019). Worldwide, the prevalence of GDM ranges from 5% to 25.5% and is dependent on race, ethnicity, age, body 

composition as well as screening and diagnostic criteria (Kim et al., 2021). In the United States of American, around 1 in every 

10 pregnant women is affected and nearly 90% of diabetes occurrences during pregnancy are GDM (Venkatesh et al., 2021). The 

prevalence of GDM in Asian women is higher (Shen et al., 2020) than the US women (Li et al., 2017). In recent years, there has 

been growing recognition that GDM also predicts higher risks of other chronic conditions including cardiovascular disease (CVD) 

(Fu et al., 2022). Moreover, the risk factors and determinants of these conditions can be detected even before the pregnancy in 

which GDM is diagnosed. Indeed, the early underpinnings of these risk factors are already evident in the children of GDM 

pregnancies. As we shall explore in this review, various aspects regarding prevalence, causes, complications, treatment and 

overall management of prevention of GDM are reflected. 

I. PREVALENCE OF GDM 

As early as 1824, German researchers reported the first incidence of gestational diabetes occurring in a pregnant woman. Lambie 

reported for the first time about the signs of diabetes to appear in the fifth or sixth month of pregnancy in 1926 (Bogdanet et al., 

2020). However, the term "gestational diabetes" was coined by Carrington in 1957 however it further received attention in 1961 
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and 1964 after John O’Sullivan’s publications (McIntyre et al., 2019). GDM is defined as intolerance of glucose which starts or 

fist becomes detectable during pregnancy (Kim et al., 2019). GDM is the most common metabolic disease and it can affect up to 

25% of women during pregnancy (Tarry-Adkins et al., 2020; Hu et al., 2021). In 2017, the global prevalence of hyperglycemia in 

pregnancy adversely affected 16.2% of all live births, with GDM accounting for 86.4% (Yong et al., 2020). The World Health 

Organization (WHO) defines GDM as ‘‘any level of the early or fist detection of glucose intolerance in pregnancy" (Macaulay et 

al., 2014. In Europe, the prevalence of GDM reported varies significantly and in some populations, more than 20% of pregnancies 

have been documented (Egan et al., 2017). Prevalence rates for GDM climbed to 14% of the pregnancies among U.S. women 

(Tobias et al., 2016). The International Diabetes Federation (IDF) reports that the global prevalence of GDM ranges from 1% to 

14% in 2014 (Qiu et al., 2017). GDM affects 1–14% of all pregnancies, depending on the ethnicity of the patient population 

explored and the diagnostic criteria (Siddiqui et al., 2017). The American Diabetes Association describes gestational diabetes as 

“any degree of glucose sensitivity with onset or first detection during pregnancy,” while pre-gestational diabetes includes type 1 

and T2DM that occurs before pregnancy (Katra et al., 2016). 

II. PATHOPHYSIOLOGY OF GDM 

Normal pregnancy is associated with marked changes in glycemic physiology (Catalano, 2014). There is a progressive increase in 

insulin resistance, predominantly due to increased circulating placental hormones including growth hormone, corticotrophin-

releasing hormone, human placental lactogen, prolactin, estrogen and progesterone (Lain and Catalano, 2007). Increased maternal 

adiposity particularly in early pregnancy also promotes insulin resistance, contributing to facilitated lipolysis by late pregnancy 

(Barbour et al., 2007). The resultant increase in maternal free fatty acid (FFA) levels exacerbates maternal insulin resistance by 

inhibiting maternal glucose uptake and stimulating hepatic gluconeogenesis (Bomba-Opon et al., 2006). By late pregnancy, 

studies have reported decreases in maternal glucose sensitivity between 40% and 80% in women with normal or increased BMI 

(Catalano et al., 1999). Increased maternal insulin resistance results in higher maternal postprandial glucose levels and FFAs for 

maternal growth (Barbour  et al., 2007) and increased facilitated diffusion across the placenta, leading to greater availability of 

glucose for fetal growth (Lain and Catalano, 2007). This progressive rise in maternal insulin resistance underpins the delayed 

testing approach to GDM, aiming to maximize detection of GDM when insulin resistance is at its greatest in mid- to late 

gestation. In addition to increased insulin resistance and elevated postprandial glucose, adaptations in normal pregnancy include 

enhanced insulin secretion (Ryan and Enns, 1988). Maternal glucose levels are maintained at lower levels than in healthy non-

pregnant women (Hernandez et al., 2011) and euglycemia is maintained by a corresponding 200% to 250% increase in insulin 

secretion, most notable in early pregnancy (Kuhl, 1998). Human placental lactogen with to prolactin and growth hormone, 

primarily regulate increased maternal β-cell insulin secretion and proliferation during pregnancy (Nielsen et al., 2001). Rodent 

studies have demonstrated a 3- to 4-fold increase in β-cell mass during pregnancy, mediated via hypertrophy, hyperplasia, 

neogenesis and/or reduced apoptosis (Rieck et al., 2009). GDM is characterized by a relative insulin secretory deficiency, in 

which maternal β-cell insulin secretion is unable to compensate for the progressive rise in insulin resistance during pregnancy 

(Buchanan, 1994). This leads to decreased glucose uptake, increased hepatic gluconeogenesis and maternal hyperglycemia. It is 

hypothesized that this results from the failure of β-cell mass expansion (Rieck et al., 2009). Hyperlipidemia, characterized 

predominantly by higher serum triglycerides, may also cause lipotoxic β-cell injury, further impairing insulin secretion (Nolan et 

al., 2011). The pathogenesis of GDM therefore parallels that of type 2 diabetes, characterized by both increased insulin resistance 

and relative insulin deficiency arising from a reduction in β-cell function and mass (Halban et al., 2014). Serial studies of the 

insulin secretory response in women who develop GDM suggest that the abnormal insulin secretory response is present from pre-

pregnancy and increases in early pregnancy, prior to and independent of changes in insulin sensitivity (Powe et al., 2019). These 

data suggest that many women with GDM may have chronic or preexisting β-cell dysfunction, potentially mediated by circulating 

hormones including leptin (Powe et al., 2019). 

III. RISK FACTORS 

Epidemiological studies have identified a number of GDM risk factors such as advanced maternal age, ethnicity, previous history 

of gestational diabetes and family history of type 2 diabetes mellitus (T2DM). Although the traditional focus has been on risk 

factors detected during pregnancy, data support the important role of risk factors during the peri-conception and preconception 

periods in the development of GDM (Hedderson et al., 2015). 

3.1. Age: Advanced maternal age has been related to increased risk of GDM. In a large prospective study in the USA (>95% 

white ethnicity), women >40 years of age had a more than twofold increased risk of GDM compared with women <30 years of 

age (prevalence 9.8% versus 4.1%, respectively), even after adjustment for other major risk factors (Solomon, 1997). Women 

carrying a male fetus seem to have a higher risk of developing GDM and some reports suggest a higher risk of GDM in twin 

pregnancies, although this is not a universal finding (Morikawa, 2015). 

3.2. Geography and ethnicity: It should be noted that even when the same diagnostic criteria were applied, considerable 

variability in prevalence estimates of GDM was observed between different countries which indicates that variations in the 

distributions of inherent characteristics of study populations may contribute to the variability. Furthermore, in countries with 

multi-ethnic populations (such as Australia, the USA and Canada), notable differences in the prevalence of GDM between 

ethnicities have been observed. For example, in northern California, GDM prevalence was highest among women from the 

Philippines (10.9%) and Asians (10.2%) and lowest among non-Hispanic white (4.5%) and African, American (4.4%) women 

(Hedderson, 2012). In Australia, women of South Asian origin had more than fourfold higher risk of GDM than women of 

Australian or New Zealand origin, which is consistent with the higher prevalence of GDM among the general South-East Asian 

population (Anna et al., 2008). The reasons underlying the ethnic differences are likely to be multifactorial, including but not 

limited to the major risk factors for GDM (differences in body adiposity, lifestyle (diet and physical activity) and genetic 

susceptibility). 
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3.3. Modifiable lifestyle factors: Being overweight or obese before pregnancy (body mass index (BMI) ≥25 kg m–2) is the 

most significant GDM risk factor (Zhang and Ning, 2011). Cigarette smoking by pregnant women and whether their parents 

smoked are related to increased risk of GDM, independent of pre-pregnancy BMI and other risk factors (Bao, 2016). Physical 

activity both during and before pregnancy reportedly reduces GDM risk (Tobias et al., 2011). In addition, a number of dietary 

factors affect GDM risk. Large observational studies on pre-pregnancy diet identified various dietary factors that potentially 

increase GDM risk, independent of body adiposity and physical activity, including higher consumption of sugar sweetened 

beverages, potatoes, fried foods, haem iron and animal fat and protein. Furthermore, a diet low in carbohydrates but high in 

animal fat and protein, as well as an overall ‘western’ dietary pattern (high intake of red meat , processed meat, refined grain 

products, sweets, french fries and pizza) are associated with increased GDM risk. Potential healthful dietary factors include 

greater consumption of fibre (Looman, 2018) and nuts, a prudent dietary pattern characterized by a high intake of fruit, green 

leafy vegetables, poultry and fish and a ‘Mediterranean’ diet (Tobias et al., 2012). Overall, findings from observational studies 

suggest that approximately 45% of GDM cases might be preventable by the adoption of a healthy diet before pregnancy, 

maintaining a BMI <25 kg m–2, exercising for ≥30 minutes per day and avoiding cigarette smoking. However, owing to the lack 

of data on these risk factors both before pregnancy and during pregnancy before the time of a GDM diagnosis, it is unclear 

whether these behaviours have a chronic effect on insulin sensitivity and pancreatic β-cell function or an acute effect due to 

continuing these behaviours during pregnancy. If the effects of these risk factors are chronic rather than acute, then prevention of 

GDM would require starting lifestyle interventions before pregnancy. Indeed, preventive efforts may need to be made at the 

population level to prevent childhood overweight and obesity, reduce excess adolescent weight gain and promote an optimal 

lifestyle pattern in both parents before pregnancy (Zalbahar et al., 2017). 

3.4. Emerging risk factors: In addition to diet and lifestyle factors, emerging data indicate a possible contribution of 

environmental and psychosocial factors to the risk of developing GDM. For example, higher exposure to persistent organic 

pollutants and endocrine disruptors, such as polybrominated diphenyl ethers (Smarr, 2016) and perfluorooctanoic acid (Zhang, 

2015) has been associated with increased GDM risk. Furthermore, depression in the first and second trimester has been 

prospectively related to increased GDM risk (Hinkle, 2016).  

3.5. Genetic factors: Although genetic heritability is implicated in the etiology of GDM, studies that have examined 

associations of specific genetic factors with GDM are limited and findings are inconsistent. A systematic review and meta-

analysis suggested that the minor alleles of nine single-nucleotide polymorphisms (SNPs) in seven genes such as rs7903146 (in 

TCF7L2), rs12255372 (in TCF7L2), rs1799884 (−30G/A, in GCK) and rs5219 (E23K, in KCNJ11), most of which are involved in 

regulating insulin secretion, are associated with increased risk of GDM, which supports an important role of pancreatic islet  β-cell 

compensation in the pathogenesis of GDM (Zhang, 2013). In the only genome-wide association study of GDM in an Asian 

population, two genetic variants, rs10830962 (near MTNR1B) and rs7754840 (in CDKAL1) were associated with GDM (Kwak, 

2012). Subsequently, rs10830962 was associated with β-cell compensation for insulin resistance in Hispanic women with prior 

GDM (Ren, 2014).  

IV. COMPLICATIONS OF GDM 

4.1. NEONATAL COMPLICATIONS  

The Pedersen hypothesis describes the pathophysiology contributing to perinatal complications in GDM (Pedersen, 1977). 

Maternal hyperglycemia results in fetal hyperglycemia via facilitated diffusion of glucose by the glucose transporter 1 (GLUT1) 

(Illsley, 2000). Foetal hyperglycemia results in fetal hyperinsulinemia, promoting fetal anabolism, excessive fetal adiposity and 

accelerated growth leading to LGA and macrosomia (Yang et al., 2002; Vrijkotte et al., 2012). Maternal hyperlipidemia also 

contributes to excess fetal growth (Langer et al., 2005). Macrosomia and LGA increase the risk of cesarean section, birth trauma 

and perinatal complications including shoulder dystocia, brachial plexus injury and fracture and perinatal asphyxia (Henriksen, 

2008). Increased risk of perinatal asphyxia is associated with foetal death in utero, polycythemia and hyperbilirubinemia (Farrar et 

al., 2015). Fetal hyperinsulinemia can also increase the risk of metabolic abnormalities including neonatal hypoglycemia, hyper- 

bilirubinemia and respiratory distress syndrome postpartum (Reece et al., 2009). The risk appears to be greater among offspring 

of women with more severe hyperglycemia (Balsells et al. 2000). 

4.2. MATERNAL COMPLICATIONS 

Women with GDM are at an increased risk of obstetric intervention including IOL, cesarean section (Ju  et al., 2008) and 

complications associated with delivery including perineal lacerations and uterine rupture, predominantly relating to fetal 

macrosomia and polyhydramnios (Jastrow  et al., 2010). As demonstrated in HAPO and other studies, women with GDM also 

have an increased risk of gestational hypertension and preeclampsia (Dunne et al., 2012). Consistent with the association between 

diabetes and microvascular disease, abnormalities in glucose metabolism affect trophoblast invasion, leading to impaired 

placentation and greater risk for preeclampsia (Roberts et al., 1993). The mechanism likely relates to insulin resistance and 

inflammatory pathway activation with in vitro studies showing that elevated glucose concentrations inhibit trophoblast 

invasiveness by preventing uterine plasminogen activator activity (Belkacemi et al., 2005).  Women diagnosed with GDM based 

on pre-IADPSG diagnostic criteria are at increased risk of GDM in future pregnancies, with reported recurrence rates of 30% to 

84% (Kim et al., 2007). A diagnosis of GDM is also associated with up to a 20-fold greater lifetime risk of type 2 diabetes (Daly 

et al., 2018).  Previous GDM is also associated with cardiovascular risk factors such as obesity, hypertension and dyslipidemia 

(Gunderson et al., 2014). The lifetime risk of cardiovascular disease following GDM is almost 3-fold higher in women who 

develop type 2 diabetes and 1.5 fold higher even in women without type 2 diabetes (Retnakaran, 2009). Studies also report a 26% 

greater risk of hypertension and a 43% greater risk of myocardial infarction or stroke in women with previous GDM compared to 

normal lady. 
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V. SCREENING AND TREATMENT OF GDM 

The GDM screening determines if a pregnant woman is at a higher or lower risk of having GDM based on a predetermined 

glucose threshold. The American Diabetes Association recommends an OGTT for pregnant women during 24–28 weeks of 

gestation (Hu et al., 2021). According to the International Association of Diabetes and Pregnancy Study Groups (IADPSG) 

recommendations, GDM screening and diagnosis can be performed on a routine basis during the pregnancy between 24 and 28 

weeks of gestation (Qiu et al., 2017). The American College of Obstetricians and Gynecologists recommends that antenatal 

testing should be done at 32–34 weeks of gestation with twice-weekly non-stress tests or weekly modified biophysical profiles 

(Garrison, 2015). For decades, the OGTT has been the gold standard for diagnosing gestational diabetes (Bogdanet et al., 2020). 

OGTT has been used to detect GDM between the 24 and 28 weeks of pregnancy. Generally, during the second trimester, pregnant 

women should undertake an OGTT for the screening of GDM on a regular basis in accordance with risk factor screening 

guidelines. Moreover, IADPSG announced updated diagnostic criteria for GDM in 2010 based on risks of LGA. Fasting blood 

glucose (FBG), 1-h and 2-h OGTT plasma glucose concentrations of 4.5, 7.4 and 6.2 mmol/l have been used as standards 

respectively (Bequer et al., 2017). 

Insulin therapy has been the cornerstone of treating hyper-glycemic patients for the past 15 years (Pasquel et al., 2021). The 

standard therapy for women with gestational diabetes requiring drug treatment is insulin. However oral agents are more attractive 

than insulin to treat women with gestational diabetes (Affres et al., 2020). Metformin (N, N-dimethyl biguanide) is prescribed as a 

fist-line medication for GDM in various countries, along with insulin (Vanky et al., 2018). Metformin was discovered in 1922 and 

belongs to the biguanide family of drugs. It is developed from guanidine, which is abundant in Galega officinalis (Van Stee et al., 

2018). Plants including Momordica charantia and Eugenia jambolana have been identified to improve diabetes repercussions 

such as neuropathy, nephropathy, insulin-induced fructose resistance and cataracts using animals experiment methods (Anand et 

al., 2017). 

VI. PREVENTION AND MANAGEMENT OF GDM 

Early detection and treatment of GDM significantly decrease the potential impact on women and infants and it is economical in 

terms of better results such as reduced rates for pre-eclampsia, cesarean sections, newborn hypoglycemia (Wani et al., 2020). 

Proper GDM management in pregnant women, including glycemic monitoring, lifestyle adjustments, nutrition counseling, 

exercise and insulin administration can assist to reduce short-term maternal and neonatal complications (Liu et al., 2016). GDM is 

a type of diabetes that develops or is discovered during pregnancy due to abnormal glucose tolerance. It is one of the most 

prevalent metabolic problems during pregnancy. Moreover, due to lifestyle and diet pattern changes and lack of understanding of 

the complications associated with pregnancy have increased the incidence of GDM in pregnant women (Zhang et al., 2020). 

GDM-historical women should be screened for overt diabetes every three years (Garrison, 2015). Diet and exercise are the fist-

line treatments for T2DM and obesity and they can reduce the risk of developing T2DM by 58%. In fact, when compared to 

metformin, lifestyle modification was more successful in preventing the onset of T2DM (Arguello et al., 2020). Diet plays a 

major impact in preventing T2DM in women with GDM history and obesity. Changes in the quality of food have been strongly 

and independently associated with long-term changes in weight among women with GDM history (Tobias et al., 2016). Some of 

the lifestyle choices of mothers including smoking during the pregnancy and does not allowing breastfeed their infant after the 

first few months of delivery can have an impact on the health outcomes both of mothers and children (Nawabi  et al., 2021). 

Researchers in Germany have found that breastfeeding reduces diabetes risk by more than 40% and appears to delay the 

progression of T2DM for at least another decade (McIntyre et al., 2020). When compared to women without a GDM history, 

GDM-historic women have an extremely high chance of developing obesity-related chronic disorders such as T2DM and 

hypertension in their later life. Women with GDM are usually recommended to avoid gaining weight in order to reduce their risk 

of developing T2DM especially throughout the postpartum period. Therefore, a health-conscious dietary pattern in women with 

GDM may potentially minimize their offspring’s risk of developing overweight/obesity (Amissaah et al., 2020). Controlling 

(HbA1c) levels and maintaining optimal blood glucose levels are considered excellent diabetes management strategies 

(Kushnanto et al., 2020). GDM management is mostly focused on dietary improvements and increased physical exercise also 

patients can be educated for long-term self-management during the GDM patient training program (Hanne et al., 2017). Physical 

activity is beneficial to both the mother and the fetus during pregnancy. It promotes the prevention of GDM, excessive GWG, pre-

eclampsia, cesarean deliveries and the improvement of mental health. Regular cardiovascular exercise throughout pregnancy can 

help with postpartum recovery as well (Yong et al., 2020). The World Health Organization (WHO) emphasizes the importance of 

patient-centered education for the effective management of chronic diseases. In the field of diabetes awareness, diabetes self-

management education is a promising technique for reducing the burden of diabetes (Xia et al., 2021). Therefore, the importance 

of GDM management during pregnancy relies on lifestyle adjustments and/or proper medication to minimize unfavorable 

pregnancy outcomes. 

VII. CONCLUSION 

The overall good and optimum health status of both the mother as well as the offspring should be the primary goal of the medical 

and nutrition field so that the future generation will be healthy and of highest potential. GDM is more widespread in the Indian 

population than in other Asian countries. Changes in lifestyle and dietary patterns, as well as a lack of understanding of pregnancy 

complications, have increased the occurrence of GDM in pregnant women. Physical activity is beneficial to both the mother and 

the fetus during pregnancy. Since GDM diagnostic technique is not universally accepted, the World Health Organization (WHO) 

therefore emphasizes patient-centered education and which is a promising strategy for minimizing the burden of diabetes. Thus, 

free-of-cost GDM screening and proper treatment for maternal health care can be a significant step towards diabetes care as well 

as social prosperity. 
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