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1. SUMMARY 
Author name/surname: Hanna Hassen  

Research title: Gestational diabetes risk factor, outcome and long-term complications. 
Aim: The aim of this master's thesis is to comprehensively discuss the pathophysiology and 

risk factors associated with increased risk of gestational diabetes, evaluate methods and 

techniques for the diagnosis of gestational diabetes. Discuss the pregnancy and delivery and 

long-term complications of gestational diabetes for the woman and the fetus. 

Objectives:  
- Determine the risk factors of GDM. 

- To investigate the long-term risk for noncommunicable diseases (type 2 diabetes mellitus, 

cardiovascular diseases, obesity, metabolic syndrome) for women with history of gestational 

diabetes later in their life.  

- Determine pregnancy and delivery complications of GDM for the mother and the fetus  

- To investigate the long-term risk for noncommunicable diseases (, obesity, metabolic 

syndrome) for children of women with history of gestational diabetes. 

Methodology: To review current publication on gestational diabetes risk factors, outcome 

and long-term complications. A total of 45 sources were used.  

Result and discussion: The result of this research show multiple risk factors for developing 

gestational diabetes mellitus. There are non-modifiable and modifiable risk factor that 

influences the development of GDM. Based on several studies seen its found that with being 

diagnosed with GDM the risk of pregnancy and developing complications for both mother 

and offspring increases. Gestational diabetes also has a health effect on the mother long 

term. Studies shows that she is at increased risk of developing noncommunicable disease  

such as Diabetes mellites type 2, obesity and cardiovascular events etc. Studies also shows 

that the offspring is at risk of developing obesity and overweight in early years of their life. 

Conclusion: In conclusion gestational diabetes has a lot of risk factors such as obese and 

advance age for mothers. It’s a is common pregnancy complication which in its turn will lead 

to more complications during and after delivery for mother and offspring. It increases the risk 
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for the mother of developing mental health issues, DM2, CVD, and obesity for both mother 

and child.  
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5. ABBREVIATIONS 
 

ADA  - American Diabetes Association 

ARC - Arcuate nucleus 

BMI  - Body mass index 

CVD - Cardiovascular disease 

DM  - Diabetes mellitus 

DXA - Dual-energy X-ray absorptiometry 

GDM  - Gestational diabetes mellitus 

HDL - High-density lipoprotein 

IL-6 -  Interleukin 6 

JAK2 -  Janus kinase 2 

LGA -  Large for gestational age 

LDL -  Low-density lipoprotein 

MAPK -  Mitogen-activated protein kinase 

OGTT -  Oral glucose tolerance test 

PI3K -  Phosphatidylinositol 3-kinase 

POA -  Preoptic area 

POMC -  Proopiomelanocortin 

PTP1B - Protein tyrosine phosphatase 1B 

SOCS3 -  Suppressor of cytokine signaling 3 

STAT3 -  Signal transducer and activator of transcription 3 

TNF-α - Tumor necrosis factor alpha 
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WHR -  Waist-hip ratio 
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6. TERMS 
 
 
 
The author did not use any specific or rare terms.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



   
 
 

  12 
  
 

7. INTRODUCTION 
 

Worldwide the prevalence of gestational diabetes  (GDM) is increasing alongside 

with the epidemiology of obesity and increase in maternal age[1]. Gestational diabetes is 

abnormal glucose tolerance that is first detected during pregnancy. For women with GDM 

the risk for adverse outcome and complication is increased for both the mother and fetus.  

It’s important to screen and diagnose in early GDM, research have shown that depending on 

when GDM was diagnosis it brings different level of risk for more serious adverse outcome. 

Early gestational diabetes is related to worse pregnancy outcome comparing to late 

gestational diabetes [1].  

 

Several studies have looked at the long term and short-term risk factor for both 

mother and offspring. It’s important to know that it brings risk of developing for instance  

cardiovascular events and decrease mental health. It has been demonstrating women that 

had GDM during the pregnancy have a higher risk of developing Diabetes type 2. It shown 

that women have 10 higher risk of developing type 2 diabetes[2, 3] and  50% of women that 

were previous diagnose with GDM develops type 2 diabetes in less than 10 years[2, 4].  

 

Furthermore, it was seen that the offspring could also have a disadvantage of that 

the mother had GDM during the pregnancy. It revealed that children notable higher BMI, 

larger waist circumference, greater subcutaneous abdominal fat, and an increased 

subscapular-to-triceps skinfold thickness ratio compared to those unexposed[5]. 

It’s important to investigate the risk of developing GDM and the long- and short-term 

risk factor to be able to prevent the development for GDM and furthermore the risk it brings 

as well as prevent the adverse outcomes.  

In this review the aim is to discuss the pathophysiology and risk factors associated 

with increased risk of gestational diabetes, evaluate methods and techniques for the 

diagnosis of gestational diabetes. Discuss the pregnancy and delivery and long-term 

complications of gestational diabetes for the woman and the fetus. 
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8. AIM AND OBJECTIVES 
 

Aim: The aim of this master's thesis is to comprehensively discuss the pathophysiology and 

risk factors associated with increased risk of gestational diabetes, evaluate methods and 

techniques for the diagnosis of gestational diabetes. Discuss the pregnancy and delivery and 

long-term complications of gestational diabetes for the woman and the fetus. 

 

Objectives:  
- Determine the risk factors of GDM. 

- To investigate the long-term risk for noncommunicable diseases (type 2 diabetes 

mellitus, cardiovascular diseases, obesity, metabolic syndrome) for women with history of 

gestational diabetes later in their life.  

- Determine pregnancy and delivery complications of GDM for the mother and the fetus  

- To investigate the long-term risk for noncommunicable diseases (, obesity, metabolic 

syndrome) for children of women with history of gestational diabetes. 
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9. LITERATURE REVIEW 
 

Gestational diabetes (GDM) is defined as abnormal glucose tolerance, first detected 

during pregnancy. It’s a common complication that increases the risk of adverse outcome for 

both the mother and the child. Women with GDM face a higher likelihood of pregnancy-

related complications and post pregnancy complications, as well as increased risk for 

macrosomia, cardiovascular and metabolic risk factors for both the mother and the child. [6]. 

Around 14% of all the pregnancy worldwide is affected by GDM[1]. The prevalence of GDM 

has risen alongside with the epidemic of obesity and increased in maternal age  [6]. The 

proper screening and management of GDM significantly reduce perinatal complication and 

stillbirth risk. In most cases GDM is resolved after delivery [7]. It’s shown that early gestational 

diabetes is related to worse pregnancy outcome comparing to late gestational diabetes [1]. 

GDM can be treated with lifestyle modification and insulin that can in some cases be used. 

To use oral antidiabetic medication in GDM management remains controversial due to 

uncertainties about the long-term effect in both mother and fetus [7].  

 

 

9.1 Glucose regulation during a healthy pregnancy 

  
When the mother is pregnant and having a healthy pregnancy, she is experiencing 

a lot of different physiological changes in the body. These changes influence different 

systems in the body including the cardiovascular, metabolic, hormonal and anatomical 

systems. These adaptations are essential for supporting fetal growth and maintaining 

maternal health. All these change that the mother undergoes results in weight gain, 

decreased abdominal muscles strength and balance, postural balance. 

One key metabolic change that happens is the adaptation for insulin sensitivity. During the 

first weeks of gestation the sensitivity of insulin is increased which contributes to the uptake 

of glucose into the adipose tissue. This is happening to arrange the need for energy later in 

the pregnancy[7]. In a pregnant female body, there is an outstream of various hormones like 

placental growth hormone, estrogen, leptin, cortisol, progesterone and placental lactogen. 

Especially elevation in the hormones like progesterone, cortisol will cause a decreased in 
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insulin sensitivity in second and third trimester. The highest state of insulin resistant is during 

the third trimester[8] 

 

This process contributes to insulin resistant, gradually leading to slight increases 

blood glucose. The blood glucose can pass the placenta which will make the fetus grow[7] 

In the beginning of gestation the fasting blood glucose will decrease, this is because the 

blood volume will increase in the mother’s body. The blood glucose will dilute due to the 

increased amount of blood volume. The blood volume during second and third trimester will 

persist and remain the same[8] . The result of all the hormonal changes and decreased 

insulin sensitivity is necessary to maintain the normal glucose homeostasis that is 

appropriate for the mother and the fetus. A significant effect of the notable decrease in insulin 

sensitivity during pregnancy is an increase in circulating insulin levels. As a result, the 

secretory function of pancreatic β-cells intensifies throughout gestation to ensure sufficient 

nutrition for both the mother and the developing fetus[8].  

 

9.2 Pancreatic β-cells- function and dysfunction.  
 

Pancreatic β-cells are essential for the response of decline in the maternal insulin 

sensitivity. This is happening by maternal and placental hormones such as placenta 

lactogens and prolactin, which increase insulin secretion as well as expand and increase in 

number of β-cells. During the insulin resistant phase in pregnancy, the main glucose sensors 

in β-cells are increases and increase the glucose stimulated insulin secretion at lower-than-

normal blood glucose levels. [8] 

 

The main function of the β-cells is to keep in reserve and secrete insulin in response 

to glucose load. When the β-cells loses their efficacy of sense the blood glucose 

concentration or when loses their ability to release sufficient insulin response it’s called β-

cells dysfunction. The β-cells dysfunction is complex and is believed to be the outcome of 

prolonged, excessive insulin production in response to chronic fuel excess [7]  
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β-cell dysfunction worsens in the presence of insulin resistance. Reduced glucose uptake in 

response to insulin will cause hyperglycemia, placing additional strain on β-cells to increase 

insulin production. This glucose-driven damage to β-cells is referred to as glucotoxicity.  

Experimental evidences shows that women that had dysfunction metabolic pre-conception 

has a greater risk at having GDM. Through the time of pregnancy the combination of having 

hyperglycemia and increased demand on β-cells to regulate the glucose uptake will lead to 

decline insulin sensitivity. The outcome will cause that the insulin will become less effective 

and increase the resistance and is thereby inadequate to do cellular glucose through the 

peripheral skeletal muscle and adipose tissue. The dysfunction of the β-cell will eventually 

lead to insulin resistant in the maternal system. This can affect the mother and fetus such as 

hyperglycemia, hyperinsulinemia as well as fetal overgrowth and macrosomia. [9] 

 
Fig. 1.  Pathophysiology of gestational diabetes [9] 

 

9.3 Leptin effect on the female body and importancy during pregnancy.  
 

Leptin is an adipocyte-derived hormone, which is under hypothalamic regulation. Its 

part of metabolid feecback regulation, this system control food intake. If it cease to regulate 
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leptin it can lead to obesity and irregular food intake. Disruption and upregulation will promote 

severe metbaolic diseases and obesity[9, 10]. In a individual with a normal body weight there 

is an increase in leptin signaling to the brain will reduce the food intake and increase energy 

expenditure. This regulation primarly occurs in hypothalamus which intergrates metabolic 

signals to maintain energy homeostais. Specific regions involcved in this process includes 

the arcuteate nucleus (ARC), the lateral hypothalamus, ventromedial hypothalamus,and 

dorsomedial hypothalamus. 

Within these brain regions, leptin exerts its effects through the JAK2/STAT3 signaling 

pathway. Leptin binds to its receptors, which are highly expressed in areas such as the 

preoptic area (POA) and the ARC of the hypothalamus. Certain negative regulators of JAK2, 

such as SOCS3 and PTP1B, have been linked to development of obesity.  

 

 
Fig. 2.  Inhbition by bioactive food compounds, which cause leptin resistance  and its 

associated obesity and GDM[10] 
 

These findings suggest that JAK2 inhibitory molecules can increase the risk of leptin 

resistance and obesity. In diet-induced obesity, Increased leptin levels and hypothalamic 

inflammation may activate key negative regulators of leptin signaling such as SOCS3 or 
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PTP1B, that would leads to central leptin resistance. Notably, elevated SOCS3 expression 

in proopiomelanocortin (POMC) neurons has been shown to impair STAT3 signaling, leading 

to leptin resistance, obesity, and glucose intolerance. Obesity has also been associated with 

impaired sympathetic nerve transmission in adipose tissue, however the exact mechanisms 

behind this this connection remain unclear.  

 

Leptin not only regulates satiety and energy homostasis but also plays a critical role 

during pregnancy. It acts as a metabolic swith to ensure sufficient energy availabilty for fetal 

development. The placenta also produces leptin which helps maintain an optimal 

environment for fetal growth and viability[10]. Since leptin is under hypothalamic regulation. 

Its dysregulation could lead to severe metabolic disorder and obesity [9, 10]. A disruptured 

leptin feedback system may result in hyper insulinemeia, a condition in which the pancrease 

secretes excessive insulin into the bloodstream. Furthermore and excessive leptin levels 

have been associated with increased blood concentration of pro-inflammatory cytokines such 

as  TNF-alpha and IL-6, which will contribute to chronic inflammation and metabolic 

dysfunction [9].  

 

Leptin has also an impact of the placenta, its works as an autocrine/paracrine way. 

The combination is done of different signaling of the intracellular pathways such as MAPK, 

PI3K and JAK-STAT has been shown that to increase the size of the placenta and to affect 

placenta nutrient transport and fetal growth (macrosomia).[10]  

 

9.4 Screening and diagnose 
 

During the first prenatal visit, a risk assessment should be conducted. Women should 

be ask about personal and family history of GDM, type 2 diabetes, polycystic ovary 

syndrome, or obesity. Those with these risk factors are classified as high risk for developing 

GDM and should undergo glucose screening. If the initial screening is negative, they should 

repeat the test between the 24th and 28th weeks of gestation. The low-risk women do not 

require glucose screening test if she meets all the following criteria’s. [11] 

• Age <25   
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• She is from ethnic race with a low prevalence of GDM.  

• Normal weight before pregnancy   

• No known history of abnormal glucose tolerance.  

• No known history of diabetes in any first-degree relatives.  

• No history of any poor obstetric outcome. [11] 

 

Screen for GDM is typically done between 24th – 28th week of gestation. For high-

risk patient, screening should occur at the first prenatal visit as well as during week 24th – 

28th gestation.  Even if the first test is negative, high-risk patient should re-screened and still 

undergo screening during week 24th -28th because there are still some that gets first negative 

and later gets a positive screening test and develop GDM[12]. Theres is early onset 

gestational diabetes and late inset gestational diabetes. Early is diagnosed <20 week of 

gestation and late is diagnosed at 24-28 weeks of gestation [1] 

To diagnose GDM the 2-way approached is used and performed like this, when the 

mother is in week 24th – 28th week pregnant she will perform a 50g OGTT non fasting, then 

measure the blood glucose plasma after 1 hour. This is done in women who has not been 

diagnosed with overt diabetes previously. After 1 hour blood glucose is checked and if its ≥ 

140mg/dL then they should proceed to step 2. In step 2 the women should be in fasting and 

do a 100g OGTT. To diagnose GDM should 2/4 plasma glucose levels at least be reached.  

 
Fig.  3. Carpenter-Coustan Criteria for GDM, two step approach   [13] 

The one-step approach to screen GDM. It’s performed by a 75g OGTT, then 

measuring the plasma glucose in 3 steps, fasting, after 1 hour, after 2 hours. This 

screening tool is also done when the women 24th or 28th week of gestation and not previous 



   
 
 

  20 
  
 

diagnosed with overt diabetes. The diagnose when any of the plasma glucose is reached or 

exceeded[13] 

 
Fig. 4. Diagnosis of GDM [2] 

 

Fasting  ≥92 mg/dL  

1h ≥180 mg/dL  

 

2h 2 h: 153 mg/dL 

 

Tabel 1. The one-step approach. 

Women diagnosed with diabetes during first trimester are likely to have preexisting 

type 2 diabetes. GDM is more typical diagnosed during second or third semester [13].   

9.5 Risk factors  
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There is multiple risk factor for gestational diabetes, they are generally classified as 

non-modified and modified classifications. Risk factors that are modifiable includes Physical 

activity, Passive smoking, high BMI, overweight, obesity. One of the most abundant and one 

that can be modified risk factor is overweight. This risk factor is correlated with higher risk of 

macrosomia and( LGA) large for gestational age. Risk factor that includes non-modifiable are 

Age, family history of diabetes, multiparity, history of previous GDM, PCOS, hypothyroidism 

pregnancy induced hypertension, history of macrosomia[1].  

Obesity an overweight is a major risk factor for GDM [1, 14]. In a study done by Yeyi 

Z  et al conducted in Northen California 2019 it was found that central obesity in early 

pregnancy is a high risk of developing GDM despite if the women was overweight or not. 

Women that had central obesity and were in group high or low risk had a risk of 2.41- and 

6.22-times higher risk of developing GDM compared to those with low risk and no central 

obesity. In women that had obesity and overweight in low-risk group and high-risk group were 

2.8 times and 5.4 times higher risk at developing GDM. [14] 

9.6 Ethnicities and advance maternal age  

A study by Lee J et al 2025 conducted on Korean women its shown that a high BMI 

is associated with an increased risk of LGA (large for gestational age) infants. Although 

Korean women generally have lower BMI than Caucasian women, there are some studies 

that reported that the incident of having a macrosomia fetus was like both races, it showed 

that the incident was 3%-4%[15]. The study shows that those women who had insulin 

resistant had a greater risk of having LGA if compared to women whom hade insulin 

sensitivity[15, 16]. Another study it shown in Chinese women that if they have impaired insulin 

sensitivity and insulin secretion or an insufficient insulin secretion is connected to a higher 

risk of LGA and adverse outcomes[15, 17, 18]. Additional research is needed to explore how 

different subtypes of GDM relate to adverse outcomes in diverse racial and regional 

populations. 

A study by Y. Li et al 2020 [19], which was involving 127 275 067 participants. This 

study was done to see the correlation between advance maternal age and the risk of 

developing GDM. In this study it shows that there is a strong association between maternal 
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age and GDM. It’s shown that the risk of developing GDM increases steadily as women gets 

older rather than increase after a certain age.  

It also proposes that ethnicity place a role in the influence of developing GDM, from 

the age of 25 for Asian women they have a high risk than European women of developing 

GDM.  In one study it’s found that from the age of 20-24 the GDM rate in Asian women differ 

from women from other ethnicities (Australia, Europe, Oceania, the UK, Africa, the middle 

east). From the age 25 and onwards this risk becomes higher for Asian women. It’s found 

that it’s about 2.81 times more likely to develop GDM for Asian women than European 

women, even after adjusting factors like maternal age, pre-pregnancy BMI, number of 

previous pregnancies, smoking, past GDM, and income level, Asian women were still 2.81 

times more likely to develop GDM than Europid women. 

The reason to why Asian women have a higher risk of developing GDM is still 

unclear, more research should be done to determine this. One possibility is that it could 

Asians tends it have a higher percentage of body fat and more visceral adipose tissue 

compared with other ethnic groups.  

Asian is a wide category of people, different Asian subgroups have different levels 

of risk. -According to the study done South Central Asians (India, Pakistan, Bangladesh, Sri 

Lanka, etc.) – 4.7 times higher risk, South-East Asians (Thailand, Philippines, Indonesia, 

etc.) – 2.8 times higher risk, East Asians (China, Japan, Korea, etc.) – 2.3 times higher risk. 

Among these women South Central Asians had the highest risk of developing GDM.  

The reason for the risk to differ among Asian group can be due to different factors, 

genetic predisposition, screening methods, body composition, weigh gain during pregnancy, 

cultural and lifestyle factors. [19]  

9.6 Complication of gestational diabetes mellitus  
 

There is a lot of risk for both mother and fetus in GDM, the obstetrics should know 

about the risk related to GDM, they should monitor and surveillance the mother and fetal 

health, timing and planning of the delivery etc.  
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There are both short term complication and long-term complication for fetus and 

mother. Some of the short-term complications are large for gestational age infants and 

macrosomia, stillbirth, polyhydramnios, increased neonatal morbidity and preeclampsia. One 

of the long-term complications for the mother is to develop diabetes type 2 later in life. For 

the child it includes having childhood obesity, metabolic syndrome, impaired glucose 

tolerance etc. [13] 

9.7 Maternal complication  
Gestational diabetes is associated with higher rates of pregnancy and delivery 

complications. Early gestational diabetes was linked to worse outcome compared to those 

that got late gestational diabetes [1]. It’s shown that there was a correlation between 

increasing maternal glucose and perinatal complication as well as long term complication for 

maternal and offspring cardiometabolic risk in both early pregnancy and late pregnancy. 

There are studies that show that treating GDM decreases the risk of pregnancy complication 

[1, 20].  

Women who experience GDM during their pregnancy are 10 higher risk of 

developing type 2 diabetes [2, 3]. Study done by J. H. Moon et al published 2022 shows that 

more than 50% of women which were previous diagnose with GDM develops type 2 diabetes 

in less than 10 years[2, 4]. Women who were previous diagnosis of gestational diabetes are 

advised to undergo lifelong screenings for diabetes or prediabetes, with assessments 

recommended at least once every three years. The American Diabetes Association suggests 

that women who have had GDM should be evaluated both prediabetes and diabetes between 

4 to 12 weeks after childbirth using the 75-gram oral glucose tolerance test, following 

standard nonpregnancy diagnostic criteria[2, 21]  

A study published by C.K. Kramer et al  2019 [22] was done to see if GDM had any 

impact on risk of having increased CVD cardiovascular diseases overtime. This study 

followed 2 groups of women, the first being women that had GDM during their pregnancy 

and the 2nd that didn’t have GDM during pregnancy. It was found that the risk of developing 

CVD was different depending on how long they were followed up on. The biggest different 

between the 2 groups occurred when being followed up on 10 years after their pregnancy. It 
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was shown that 2.3 times higher of risk of CVD events. Women that had mild glucose 

intolerance in pregnancy was shown that they also had an increased risk of cardiovascular 

events over the median 12.3 years after delivery compared to group that were 

normoglycemic.  

Women compared with normoglycemic and  with GDM face not only higher risk of 

developing type 2 diabetes but also a greater risk for severe metabolic risk factors. It includes 

metabolic syndrome, hypertension, elevated C-reactive protein levels, and dyslipidemia. LDL 

cholesterol and small dense LDL particles. 

Research propose that these risk factors can come out as early as three months 

postpartum, which indicating that women with GDM can experience prolonged exposure to 

an increased cardiometabolic risk. There are also more studies that reveals that many 

women who develop GDM have had underlying metabolic dysfunction even before 

pregnancy. Which strengthen this concept and support the idea that GDM is not only a short-

term  pregnancy-related condition but also s sign of a long-term metabolic disorder that exists 

before, during, and after pregnancy 

Glucose screening during pregnancy is one of the few routine opportunities for a 

metabolic evaluation, a GDM diagnosis can help and be an early warning sign for women 

who might otherwise go undiagnosed during their reproductive years. Over time, prolonged 

exposure to these metabolic risk factors may contribute to the earlier onset of cardiovascular 

disease in women with GDM compared to those without a history of the condition.[22] 

9.8 Pregnancy  complications 

Gestational diabetes is associated with increased risk of pregnancy complication. In 

a study done by W. Ye et al 2022 it was shown women that had GDM and were not treated 

with insulin had a greater risk of c-section, pre-term delivery and LGA offspring. In women 

that was treated with insulin the offspring that needed neonatal intensive care unit as well as 
LGA, respiratory distress syndrome neonatal jaundice, was higher in comparison with those 

without GDM [23] 
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In another study by J. Immanuel, it was found that early gestational diabetes Is 

associated with increased risk of complication for both mother and the offspring. It showed 

increased, perinatal mortality, neonatal morbidity, and insulin use compared to the women 

that are diagnosed in late gestational diabetes[24]. In another study by W. Hannah published 

2021 did also concluded that adverse complication such as caesarean delivery , preterm 

delivery, LGA,  , congenital anomaly, hypertension, perinatal death, preeclampsia and 

shoulder dystocia was higher in early GDM compared to late GDM. It also shows that the 

prevalence in postpartum dysglycemia and insulin use  was higher early GDM (eGDM) 

compared to late GDM [25]. Interestingly study done by C. Crowther published 2005 was 

done to see the effect of treatment of GDM. They found out that those that got treated for 

GDM lower the risk of complication compared to the control group. It was seen that the 

amount of serios complication was 1 % compared to 4% in the control group. But it was 

shown that more infants were admitted to the neonatally department, 71% compared to 

61%[26]. 

 

9.9 Mental health complication  

Studies propose that there is a correlation between GDM and mental health. It’s seen 

that stress, depression and anxiety is more often in women with GDM than in women without 

[1]. In a study done by E. Davidsen published 2022 its found that a lot of women diagnosed 

with GDM are experiencing stigma and negative labeling. They feel like they are labeled with 

“risky pregnancy” and put in a group of women that can’t control their weight, lazy, eating 

unhealth etc. It’s a sensitive topic as they are being “bad mothers” or “having a unhealth 

baby”.  It’s also reported that they feel discriminated by both family members and healthcare 

professional, they  feel like they are undergoing judging, hunted to reach target glucose 

levels, forced to take treatment etc. Furthermore, studies found that women that were 

diagnosed with GDM feel accountable for the diagnosis, they feel like they failed, sham etc. 

The outcome of all the stigma and negative labeling it’s found out to be that the women is 

canceling appointment , avoiding to screening , stress and isolation[27] 
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In another study by H. Ouyang published 2021 that women with GDM are more 

susceptible to having anxiety and depression, it’s found that they have 2-4 times more 

change of antenatal or postnatal depression compared to women without GDM [28]. 

Interestedly a study done by A. M. Egan et al published 2017  comparing women with GDM, 

diabetes type 1 and women without diabetes during their pregnancy. Found out that that both 

groups of diabetes are at higher rate of complication compared to non-diabetic pregnancy. 

The study found that those that had diabetes had a higher chance of having depression and 

anxiety compared to those that were nondiabetic but the women that  had GDM had highest 

score in stress, depression and anxiety. Women that had diabetes type 1 had highest rate of 

medical complication [29] 

9.10 Offspring complications and outcome   
 

Complication of GDM that can happen for the fetus and mother is that the becomes 

large for the gestational age. It happens during the hyperglycemic state that happen middle 

and late stages of the pregnancy. This state will increase the concentration of amino acids 

and fatty acids in the blood of the mother. That would further allow excessive nutrients retch 

the fetus through the placenta[2]. That will cause the fetal pancreatic β-cells to speed up the 

insulin secretion. Due to the fetal hyperinsulinemia, it will induce proliferation and excessive 

growth of the insulin sensitive tissues like the heart, liver, adipose tissue. Fetal abdominal 

overgrowth can be discovered by using ultrasound. It can be shown on the ultrasound at 

week 24-28 week of gestation [2, 30]  

Metabolic disturbance has been seen in offspring of mother who were diagnosed 

with GDM, persisting beyond infancy and into childhood and early adulthood. A retrospective 

cohort study done in the United States T L Crume et al (2011) examinate 82 children that 

were exposed to maternal GDM and 379 unexposed children age 6 –13 years. It revealed 

that children with prenatal GDM exposure had notable higher BMI, larger waist 

circumference, greater subcutaneous abdominal fat, and an increased subscapular-to-

triceps skinfold thickness ratio compared to those unexposed[5]. 
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A subgroup analysis from the Hyperglycemia and Adverse Pregnancy Outcome 

(HAPO) study, conducted by W.H. Tam et al. (2017) in Hong Kong, found a slight increase 

in BMI among children age 7 exposed to maternal GDM. The average BMI for these children 

was 15.3 kg/m², compared to 15.0 kg/m² for those born to normoglycemic mothers[31]. 

In a study by H. R. Chung. Et al 2021 was done were they compared the body 

composition of offspring of GDM with offspring of normoglycemic mothers at 5 years of age 

using dual-energy X-ray absorptiometry (DXA). In addition, they also evaluated the 

correlation between intrauterine hyperglycemia and whole body or regional fat proportion in 

Offspring with GDM. 

The measurement BMI consists of both fat and lean mass, that’s why DXA 

measurements was used to compare body composition in offspring of GDM and with the 

control group. It was found that the total truncal and leg fat mas were higher in Offspring of 

GDM than in the offspring off normoglycemic mothers. It was also found that the higher the 

maternal glucose concentrations of a 100 g OGTT, the higher the fat mass of the offspring 

of GDM. the truncal fat mass was directly related with  the maternal glucose concentration of 

100g OGTT. Furthermore, it was seen that the insulin resistant of the offspring was  

connected with the mothers glucose value during her pregnancy, and for that reason the 

central obesity and insulin resistant in offspring of GDM is directly connected with intrauterine 

hypoglycemia [32] 

9.11 Treatment and management of GDM 
 

To treat GDM a lifestyle intervention is necessary, it would be needed to do dietary 

modification, physical activity and weight management. It’s evaluated that approximately 70-

85% will reach adequate blood glucose target with these strategy to women that was 

diagnosis with ADA criteria. Target of weight should be evaluate compared to pre-pregnancy 

weight, every target weight should be evaluated individually and to optimize maternal and 

fetal result.[33] A study by J. Yamamoto et al. published in 2018 did a controlled trials 

examining the impact of modified dietary interventions on maternal glucose control and 

neonatal birth weight. The study showed that with dietary intervention had correlation with 
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improvement in the maternal mean fasting glucose and postprandial glucose levels 

improved. As well as less need for pharmacological treatment. And for the offspring it was 

shown reduction of mean birthweight and amount of macrosomia were notices[34]. A study 

by J Brown et al published 2017 shows that with lifestyle intervention with usual care or diet 

alone found that intervention was associated with reduced risk of large for gestational age 

offspring. Additionally, women did lifestyle intervention met their postpartum weight goal one 

year after birth, as well as lifestyle intervention was associated with having a decreased risk 

of experiencing postnatal depression. For the infant it was shown to reduce the risk of being 

born large for gestational age, as well as decreased neonatal fat mass. [35].  

 

If lifestyle intervention is not enough to reach target blood glucose than 

pharmacological treatment is needed. First line pharmacological treatment for GDM may 

differ depending in the country[33] In US and in Canada the first line pharmacological therapy 

is insulin therapy, whereas oral therapy is preferred in the UK if not the blood glucose is really 

elevated. Insulin is given as multiple injection throughout the day or alternative continuous 

subcutaneous insulin infusion.  There is increasing evidence that propose that insulin 

analogues both short and long acting are a safe alternative to human insulin during 

pregnancy[36].  

For oral treatment of GDM, the two medication that is used for GDM is metformin 

and glibenclamide. A large study comparing metformin with insulin found that both groups 

had similar results in complications for the baby and the mother 32% vs 32,2%, with no major 

side effects[33]  

A study by comparing the safety and efficacy of metformin and glibenclamide have 

shown different conclusions. A study by Balsells M et al published 2015 suggested that 

metformin was associated with better outcomes when compared with glibenclamide, which 

including less maternal weight gain, reduced birth weight, and reduced rates of macrosomia 

[37] but this study was only done on 2 two randomized trials. A study done by Brown J et al 

2017 did a study on 11 trials to which was better as oral therapy for GDM, in this study it was 

concluded that there wasn’t enough evidence to draw a conclusion regarding which oral 
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therapy is superior. More research are needed to conclude which is the best oral treatment 

[38].  

The long-term effect of using metformin and glibenclamide during pregnancy are still 

unknown. While only small amounts pass through the placenta, there are concerns that it 

may alter the glucose transport in the placenta, that could increase insulin production in the 

fetus and contributing to pancreatic strain over time. 

Metformin crosses the placenta, with almost the same concentrations found in both 

maternal and fetal blood. A study analyzing data from 11 European databases found no 

overall increased risk of birth defects when metformin was taken during the first trimester. 

Concerns that may rise is that there might be a slightly higher risk of a rare heart defect 

(pulmonary valve atresia) that was noted in babies exposed to metformin, but researchers 

believe this may be a chance finding rather than a proven risk [39].  
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10. RESEARCH METHODOLOGY AND METHODS 
 

This research began first to understand the physiology behind gestational diabetes 

and get an understanding about the condition to be able to identify the risk and accesses 

current publications that are published. The information was mainly collected from PubMed. 

Relevant articles and publication used. Search terms that were “Gestational diabetes”, 

“complication of gestational diabetes”, “Gestational diabetes and neonates’ complication”, 

“risk factor of gestational diabetes”, Cardiovascular risk and gestational diabetes”, gestational 

diabetes and diabetes mellitus type 2”.  

Inclusion criteria were as follows: 
 

1. Articles in English 

2. 10 years or less from the publication of the article 

3. Free full text 

 

Exclusion criteria were as follows: 
1. Articles in other languages than English 

2. Duplicates 

3. More than 10 years from the publication of the article 

This study is suffering from severe limitations. It firstly is limited due to the study type, 

it’s a literature review and meta-analysis, it’s not sure that all relevant information is 

considered, which can lead to increased risk of bias result. It was sometimes hard to find the 

exact information that was wanted. Despite trying multiple searches with the inclusion criteria, 

the efforts to find more information on some of the topics yielded minimal results. For instance 

it was hard to find how the offspring is effect by the mother having GDM later in life, in teenage 

years and adolescents. Another challenge was also to find more information how GDM 

effects the mother long-term and if prevention is possible starting early before trying to 

conceive for a child.  It was also limitation in information how these women were followed up 

on long-term.  
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11. RESULT AND DISCUSSION 
 

This literature review shows by analyzing current publications about how gestational 

diabetes have its effects on the pregnancy, the mother and offspring. The consequence 

gestational diabetes has later in the mother’s life and offsprings life. Its 45 studies included 

In this review. This study includes various countries including USA, Germany, Australia, Iran, 

United kingdom, Greece. As increasing incidence of gestational diabetes mellitus (GDM) and 

its multifactorial impacts on maternal and fetal health, it’s important to screen for GDM and 

try to prevent it as well as follow up on the mother lifelong. As complication and adverse 

outcomes is shown to have a link with the diagnosis of GDM its extra important to follow up 

to screen for other disease and condition.   

 

11.1 Risk factors for developing GDM 
 

Table 2. The table shows the studies included in the review along with the author, year, 

countries, study type, what was studied, main findings in the study, and the conclusion. 

 

Author, 
year, 
country  

Study type Nr of 
patients 

What was 
studied  

Main finding & 
conclusion  

Yeyi Zhu et 

al 2019 [14] 

USA 

 

Prospective 

study cohort 

1750 Association 

between 

central 

obesity, 

WHR, and 

waist 

circumference 

and its 

It was found that for 

women with one or more 

known risk factors and 

WHR<0.85 had an 

increased risk 1.99 times 

higher. Women with WHR 

>0.85 and no known risk 

factors the risk of 
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relation to 

GDM.  

developing GDM increased 

to 2.41. WHR >0.85 with 

risk factor the risk 

increased 6.22 times 

higher than compared to 

control group.  

A Dietl et al 

(2015)[40] 

Germany 

A 

retrospective 

analysis  

405 women 

were 

included in 

this study 

To study 

pregnancy 

and its 

outcome in 

Women > 40 

years of age 

It was concluded an 

increased risk of adverse 

outcome for pregnant 

women above 40 years of 

age. 4 times higher overall 

c-section rate and longer 

stay at the hospital after 

delivery no matter if the 

delivery was by c section or 

vaginally.  

The risk for gestational 

diabetes was shown to be 

74% higher in the group of 

mother >40 years 

compared to women in age 

group <30-year-old. 

Women in the >40 years 

group experienced more 

often pregnancy induced 

hypertension as well as the 

risk of developing 

preeclampsia that was 
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twice as high compared to 

<30 years of age. 

Rebecca 

McDonald et 

al 2015 [41] 

Australia  

Retrospective 

analysis 

5260 

pregnant 

women, but 

4610 was 

included in 

the studies. 

The 

relationship 

between 

ethnicity, 

body mass 

index and the 

diagnosis of 

gestational 

diabetes in 

women.  

 

In the studies it was 

concluded that women 

born in East Asia, South 

Asia, Southeast Asia, 

and West and Central Asia 

had a higher risk of 

developing GDM. 

Especially those in east 

Asia, they had a 5x times 

higher risk of developing 

GDM compared to those 

from Australia or new 

Zeeland 

 

11.2 Complication and outcomes of GDM for mother and offspring. 
   

Table 3. The table shows the studies included in the review along with the author, year, 

countries, nr of participants, study type, what was studied, main findings in the study, and the 

conclusion. 

Author, year, 
country  

Study type Nr of 
patients 

What was studied  Main finding & 
conclusion  

Sonia 

Minooee et al  

2017 [42] 

Iran 

population-

based follow-up 

cohort  

 

2458 

women 
It was studied the 

incidence and 

influencing factors of 

women  having GDM 

and without GDM 

It was concluded that 

having family history 

of diabetes type 2 

and high BMI is 

increasing and 
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during a 15-year time 

period. 
having a major risk of 

developing GDM.  

Median years to 

develop diabetes is 

6.95 years for that 

had GDM.  

The chance 

developing DM was 

2.44 higher risk of 

developing for 

women with GDM 

compared to those 

that don’t. 

Barbara Daly 

et al 2018  [43] 

United 

kingdom 

Retrospective 

cohort study  
9 118 

women 
Increased risk of 

having Ischemic heart 

disease hypertension 

and type 2 diabetes in 

women that were 

diagnosis with GDM. 

It was found that in 

this study women that 

were diagnosed with 

GDM had increased 

risk of having 

noncommunicable 

disease later in life.   

Maria 

Mantzorou et 

al 2023 [44] 

Greece  

A cross-section 

study  
5348 

Children 
The impact GDM has 

on the risk of children 

developing 

overweight and 

obesity in pre-school 

children aged 2-5 

years. 

It was found that 

GDM has increased 

risk of children 

developing obesity 

and overweight. 

Women with GDM 

had a higher risk of 

deliver at preterm 
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then those without 

GDM.  

 

Women that smokes 

and were obesity was 

diagnosed more 

often than compared 

control group.  

 

11.3 Pregnancy and delivery complications of GDM for the mother and the 
fetus  
 

Table 4. The table show the studies included in the review along with the author, year, 

countries, study type, nr of participants, what was studied, main findings in the study, and the 

conclusion. 

Author, year, 
country  

Study type Nr of trial and 
patients 

What was 
studied  

Main finding & 
conclusion  

Rebecca 

Karkiaet et al 

2023 

United  kingdom 

[45] 

Prospective 

cohort study 
53,649 women The relationship 

between 

gestational 

diabetes with 

maternal and 

neonatal 

complications.  

Women with 

GDM is 

experiencing an 

increase rate of 

complication 

during 

pregnancy 

compared to 

women not 

having GDM.  
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11.4 Risk factor   

Multiple studies were analyses that show what is a risk factor of developing GDM as 

wells as the future complications off it. The increased risk of serious complication if 

developing early GDM comparing too late. A study done by Y. Li et al 2020 found out that 

there is a strong association between advance maternal age and risk of developing GDM. It 

was shown that  the risk of developing GDM increases steadily as women gets older rather 

than increase after a certain age. In this study it also suggests that ethnicity plays a role in 

development of GDM, its found that Asian women from age 25 and above have a 2.81 times 

higher changes of developing GDM. The reason to why Asian women have a higher risk of 

developing GDM is still unclear.  This conclusion is strengthened by study Dietl A et al 

published 2015 which included 405 women. They found out that GDM is 74% higher in 

mother above >40 years compared to the group < 30 of age. They also found that the risk of 

complications and adverse outcome was increased for women above >40  years. They had 

a 4 times higher risk of c-section and the need for longer hospital stay no matter if delivery 

was vaginaly or by c-section[40].  In a retrospective study done Rebecca McDonald et al 

published 2015, included 4610 women also that if the women are Asian, they have a higher 

risk of developing GDM. They had a 5 times higher risk of developing GDM compared to 

those from Australia and new Zeeland [41] 

In a study executed by Yeyi Zhu et al 2019 it was found that women that had a waist 

hip ratio over >0.85 had a higher risk of developing GDM compared to those who had lower. 

It was found that for women with one or more known risk factors and WHR<0.85 had an 

increased risk 1.99 times higher. Women with WHR >0.85 and no known risk factors the risk 

of developing GDM increased to 2.41. WHR >0.85 with risk factor the risk increased 6.22 

times higher than compared to control group. It was observed that not only overweight is an 

increased risk factor, in women that have a hip waist ratio >0.85 and not necessarily obese 

or overweight is at increased risk of developing GDM[14] 
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11.5 Complication and outcome of GDM 

Gestational diabetes has both long-term short them risk for both the mother and the 

offspring. In this review there are several studies have demonstrated the long-term impact 

on both mother and the offspring that had GDM. Study done by J. H. Moon et al published 

2022, found women previous diagnosed with GDM develops type 2 diabetes in less than 10 

years[2]. In another study done by C. K. Kramer et al published 2019 found that the risk of 

developing Cardiovascular diseases(CVD)  for women that were followed up on 10 years 

after their pregnancy had  2.3 times higher risk of developing CVD events. It also showed 

that even the women that had a mild glucose intolerance in pregnancy had also an increased 

risk of CVD events over the median of 12.3 years after delivery compared to the 

normoglycemic. There are multiple studies done its shown that the risk of developing future 

noncommunicable diseases increases. Study done by Barbara Daly et al published 2018 , 

found that women that were diagnosed with GDM had increased risk of developing 

noncommunicable disease later in life. Such as developing diabetes type 2 is 20 times more 

chance of developing, hypertension 2 times more likely and 2.8 time more likely to develop 

ischemic heart disease. The follow up in these women were bad. In the first year only 60% 

did a follow up and second year only 40% [43].  In a study done by Sonia Minooee et al  2017 

it was also found that having family history of DM 2 or high BMI it increases the risk of having 

GDM. In this study there was 2458  included, it was found that the chances of developing 

DM were 2.44-fold higher risk to develop DM for those that where previous diagnosed with 

GDM. It took a median of 6.95 years to develop DM[42]. These results are aligned with was 

found in this research.  

Interestedly in a study done by A. M. Egan et al published 2017 shows that women 

that are diagnosed with GDM can also be affected mentally. This study is done comparing 

between women with GDM, diabetes type1 and non-diabetic pregnant women. It showed 

that women with diabetes type 1 had higher chance of medical complication but those with 

GDM had higher level of stress, anxiety and depression. Women that  ended up with 

depression and anxiety could be since they are unsure of the future, they are scared that 

something can happen to their child or that they will have any complication. As soon as they 
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get the diagnosis of GDM they will be informed about the possible complication, the need for 

intervention and treatment. Many studies its shown that the women feel shame and labeled 

because they got the diagnose GDM. They feel like it’s their fault they got GDM and put them 

both at risk for future complication[29].  

In multiple studies its shown that the offspring of women that had GDM had higher 

BMI, larger waist circumference, more adipose tissue than offspring whose mother did not 

have GDM. A study done by T L Crume et al published 2011 revealed that children that were 

exposed to maternal GDM had for instance notable higher BMI and larger waist 

circumference[5]. Additionally, a study done by H. R. Chung. Et al 2021 where it was found 

that the total truncal and leg fat mas were higher in offspring of GDM than in the offspring of 

normoglycemic mothers. It was also found that the higher the maternal glucose 

concentrations of a 100 g OGTT, the higher the fat mass of the offspring of GDM. It was also 

concluded that the central obesity and insulin resistant in offspring of GDM is directly 

connected with intrauterine hypoglycemia [32]. In a study done by Maria Mantzorou et al 

published a cross-section study 2023 were the also could see a correlation between GDM 

and childhood obesity and overweight. It was a total of 5348 children in this study in ages 

between 2-5, a total of 24.6% were either overweight or obese.  It was found that GDM has 

increased risk of children developing obesity and overweight. Women with GDM had a higher 

risk of deliver at preterm then those without GDM[44] 

Women with GDM have an increased risk of neonatal complication as well as delivery 

complication. In a study done by Rebecca Karkia published 2023 it was concluded that GDM 

is a big risk factor for complication of the delivery for both mother and neonate. It was seen 

that women and child  with GDM have complications included preterm delivery <37 week of 

gestation(10.9 vs. 6.1%), delivery of LGA(25.3 vs. 10.7%), gestational hypertension(2.7 vs. 

1.6;) and preeclampsia(4.1 vs. 2.3%). Higher admission to NICU(25.8 vs. 14.5%), 

hypoglycemia (4.5 vs. 1.0%), jaundice(11.6 vs. 5.2%) compared to women and children that 

were not exposed to GDM[45]. 
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 These results are aligned with the literature review. It show that the women and 

neonates that have been experience GDM have a higher risk of developing complications 

and lifelong complications. Gestational diabetes is an important condition to diagnose and 

screen for to try to prevent complication in in the future for both mother and offspring. It’s also 

important to keep doing yearly controls on especially the mothers to help them navigate and 

hopefully try to prevent future noncommunicable diseases.  

Based on my review further research should be done on:  

- To investigate more on the long-term effects of children exposed to GDM.  

- To investigate and research possible ways to prevent GDM.  

- To do further investigations on women’s complications and long-term effects on their health.  
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11 CONCLUSION 
 

The increasing prevalence of GDM shows the importance of early screening for GDM 

and the risk factors. These results are aligned with the literature review . It shows that the 

women and neonates that have been experience GDM have a higher risk of developing 

complications and lifelong complications Gestational diabetes is an important condition to 

diagnose and screen for to try to prevent complication in in the future for both mother and 

offspring. It’s also important to keep doing yearly controls on especially the mothers to help 

them navigate and hopefully try to prevent future noncommunicable diseases 

Women with gestational diabetes have a notable increased risk for non-communicate 

diseases such as diabetes type 2,CVD and mental health issue and the offspring have 

increased risk of metabolic disturbance in adultescents and complication during delivery. 

Lifestyle intervention is still the main treatment and management for GDM but since in some 

cases it’s not enough with intervention its needed to use pharmacological therapy. Further 

research is needed to know the long-term effects on the fetus.  

- Main risk factor for developing GDM is obesity and increasing in maternal age  

- Women that are diagnosed in <20 weeks tends to have more severe complication compared 

to those that are diagnosed 24-28 weeks.  

- Should be better screening, especially women that have more advanced age and obese. As 

this condition gives an increased risk of developing other conditions and diseases it is 

important to have a follow up screening for women diagnosed with GDM .    

- Women that were diagnosed with GDM tends to be more exposed to mental health issues, 

CVD etc. during the pregnancy compared to those that didn’t have GDM.  

- Offspring of women with GDM is found to have complication during the pregnancy and after 

deliver and all the way up to adultescents.  
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12. Practical recommendation 
 

- It important to inform and educate both mothers and healthcare protectional about the 

modifiable risk factors and non-modifiable risk factors.  Obese and overweight is a modifiable 

risk factors of GDM and if reduce it can decrease the impact it can have on the mother and 

offspring, Try prevent developing GDM before trying to get pregnant.  

- To help the women and support the women that get the diagnosis of GDM and give them 

information about the condition, it will lead to more compliance and being able to treat and 

manage the condition in early state to prevent complications.  

- It should be standard to screening for GDM at the very first visit for pregnant women.   

- To research more about the long-term effect of the offspring exposed to GDM.  

- To do a yearly checkup on the mothers that had GDM to help them prevent CVD or DM2 etc.  
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