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Abstract 
Introduction: Gestational diabetes mellitus (GDM) affects 1 in 7 pregnancies globally. 

Development of GDM can be influenced by antenatal factors, such as maternal BMI, metabolic 

syndrome and poor mental health. Furthermore, previous research suggests that GDM increases 

the risk of diabetes and coronary heart disease to the mother and child and is associated with 

impaired neurodevelopment in the child. Therefore, greater understanding of the lifestyle 

factors which influence GDM development, the trajectory of cardiovascular risk factor 

appearance in women and children and assessing neurodevelopment in the child will aid 

intervention strategies that can significantly reduce the risk of chronic disease later in life. 

Methods: This thesis includes a comprehensive series of systematic reviews and meta-analyses 

to identify the cardiovascular risk factors seen in women with a history of GDM and their 

offspring exposed to GDM in utero. To complement the review series, an observational follow-

up study of the Screening Tests to Predict Poor Outcomes of Pregnancy (STOP) cohort was 

undertaken with women and children being recruited at 3 years postpartum. The original STOP 

study recruited 1,363 nulliparous women from 2015 to 2018 primarily from the Lyell McEwin 

Hospital in South Australia. This hospital services patients from the Northern Adelaide region 

which statistically has some of the worst chronic health outcomes in metropolitan Australia 

due to significant socioeconomic disadvantage in the community. The follow-up study 

consisted of hemodynamic and metabolic assessments that were undertaken to determine the 

prevalence of cardiometabolic risk factors three years postpartum in women with a history of 

GDM 3 years later, and to determine whether the children also exhibited any cardiovascular 

risk factors or measures of poor neurodevelopment at 3 years of age.  

Results: The systematic review and meta-analysis series identified that women who have a 

history of GDM have an increase in blood pressure, BMI lipids, serum glucose, and serum 

insulin and are at a higher risk of metabolic syndrome than those without a history of GDM. 
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Children exposed to GDM in utero exhibited higher blood pressure, BMI z-score, blood 

glucose and risk of metabolic syndrome than those who were not exposed to GDM in utero. 

Women with a history of GDM who breastfed had reduced serum glucose and reduced risk of 

type II diabetes mellitus than those who did not.   

In the original STOP study, there was no difference in history of depression in women who 

developed GDM compared to those who did not. The latter comprised women with 

uncomplicated pregnancies, and one or more of the following complications: gestational 

hypertension, preeclampsia, and delivery of a preterm infant and/or a small for gestational age 

infant. A total of 281 women-children dyads attended a 3 year follow-up appointment. There 

were no significant differences in cardiometabolic variables between women with a history of 

GDM and those without a history of GDM at 3 years postpartum, nor in their offspring exposed 

to GDM in utero compared to unexposed offspring, when adjusted for BMI and socioeconomic 

index (SEI). Breastfeeding for at least 6 months postpartum provided some protection against 

cardiovascular risk factors in all women in the cohort at 3 years postpartum but this was 

attenuated by maternal BMI in first trimester and socioeconomic index. Anthropometric and 

hemodynamic outcomes were not different between children who were breastfed for at least 6 

months compared to those who were not. Within the group of women with at least one 

pregnancy complication in their index pregnancy and their in utero exposed children, 

breastfeeding or being breastfed until at least 6 months old, was some protection against 

cardiovascular risk factors. Children who were exposed to GDM in utero had significantly 

reduced communication, gross motor and problem-solving skills than those who were not 

exposed to GDM in utero, even after adjustment for maternal history of depression during 

pregnancy. Three year old females who were exposed to GDM in utero appeared to be less 

able at problem solving than exposed males.  
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Conclusion: Based on the systematic review and meta-analyses conducted, women with a 

history of GDM are likely to exhibit an increase in conventional cardiovascular risk factors 

later in life. However, in our smaller cohort, this was not completely evident in women with a 

history of GDM at 3 years postpartum. Much of this association is largely mediated by 

covariates including SEI in this socioeconomically disadvantaged community. Breastfeeding 

may confer some protection to women with GDM but further studies are warranted to assess 

this association. Exposure to GDM in utero promotes an increase in some cardiovascular risk 

factors in the literature but this was not evident in our cohort. However, children who were 

exposed to GDM in utero appear to have impaired neurodevelopment. Interventions in pre-

conception and in early pregnancy that target obesity may significantly reduce the risk of GDM 

and associated cardiovascular risk factors in the early years after delivery for both women and 

their children. 
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1.1. Summary  

 

This introduction is a literature review of gestational diabetes mellitus (GDM) and how it 

affects maternal and child health postpartum. This review covers prevalence and 

pathophysiology of GDM and its relation with maternal metabolic syndrome, cardiovascular 

disease and antenatal mental health. This is followed by a review of on the developmental 

origins of health and disease (DOHaD), which underpins the association between GDM 

exposure in utero and subsequent poor chronic health in offspring later in life. There is 

discussion of exposure to GDM in utero and the risk of cardiovascular disease later in life, 

followed by a review of the literature on how breastfeeding may confer as a protective measure 

for both women with a history of GDM and their children exposed in utero. This is followed 

by discussion of the association between exposure to GDM in utero and poor 

neurodevelopment in offspring, and the literature spanning whether there are sex specific 

differences seen in these offspring. Following this is an explanation of the context of this thesis, 

introducing the Screening Tests to Predict Poor Outcomes of Pregnancy 1 study and the 

observational 3 year follow-up of the women and children in this study to explore the gaps in 

literature underpinning the review. 

1.2.  Prevalence and definition of gestational diabetes mellitus 

 

Gestational diabetes mellitus (GDM) is the fastest growing diabetes condition in Australia, 

affecting 15% of all pregnancies2. It is defined as diabetes first diagnosed during pregnancy 3. 

It is thought that 1 in 7 pregnancies globally are affected by GDM4. In Australia, GDM is 

diagnosed between 24-28 weeks’ gestation. However, prior risk factors in women such as 

obesity, known impaired glucose metabolism, history of gestational diabetes, Asian/Hispanic 

ethnicity and familial history of T2DM or having a mother or sister with a history of GDM 

warrant early screening5. 
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The prevalence of GDM in Australia has grown significantly between 1994-1996 and 2000-

2002 by approximately 12% each year. In 2008, an observational multicentre study of over 

25,000 pregnant women with GDM was conducted (the Hyperglycaemia and Adverse 

Pregnancy Outcomes, HAPO study) 6. This study observed that maternal glucose levels in third 

trimester that were below the diagnostic threshold for GDM were associated with adverse 

maternal and neonatal outcomes, including primary caesarean delivery, neonatal 

hypoglycaemia and elevated cord blood serum c-peptide levels6. This led to a change in the 

diagnostic criteria for GDM (Table 1.2.1), which is expected to result in an increase in the 

number of women diagnosed with GDM.  

 

Table 1.2-1 Plasma glucose values (75g oral glucose tolerance test) used in the diagnosis of GDM in 

the Australian Diabetes in Pregnancy Study (2011) and International Association of Diabetes in 

Pregnancy study (IADPSG). 

OGTT test ADIPS 2011 criteria  IADPSG criteria 

Fasting >5.5mmol/L >5.1mmol/L 

1-h - >10.0mmol/L 

2-h >7.8mmol/L >8.5mmol/L 

*ADIPS - Australian Diabetes in Pregnancy Study; IADPSG – International Association of Diabetes in Pregnancy Study Group 

1.3. Pathophysiology  

 

GDM represents glucose intolerance first diagnosed in pregnancy, and the underlying 

mechanism is elevated insulin resistance without sufficient compensatory insulin secretion 7. 

Placental hormones in pregnancy promote a diabetogenic state, whereby relative insulin 

resistance enables sufficient glucose transfer from the mother via the placenta to the growing 

fetus. The placenta and decidua secrete prolactin and promotes β-cell expansion8. If a 

woman’s pancreatic function cannot adjust to this diabetogenic state, it leads to elevated blood 

glucose levels and thus development of GDM7. The inability of the pancreas to compensate 
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by increasing insulin secretion reflects an individual’s pre-disposition to impaired β-cell 

function that was not apparent pre-pregnancy9. Differences in β-cell function may also dictate 

the severity of GDM. Other factors may also contribute to the pathogenesis of GDM. Insulin 

resistance is regulated by placental hormones such as placental growth hormone, and human 

placental lactogen10 .Within normal physiological levels, these hormones stimulate insulin 

resistance and pancreatic β-cell expansion, particularly in the second half of pregnancy. 

However, aberrant secretion of these hormones may promote cellular insulin resistance and 

thus maternal hyperglycaemia10, 11. 

1.4. Inflammatory markers of insulin resistance 

 

Insulin resistance is the key inflammatory process that underpins GDM, and it is influenced by 

different inflammatory markers that are highly involved in obese, pre-diabetic and diabetic 

states. Tumour necrosis factor alpha (TNF-α) is a pro-inflammatory mediator which induces 

tissue specific inflammation through activation of oxidative stress12. It is heavily involved in 

reduction of glucose transporter type 4 (GLUT4), which is involved in insulin regulated 

glucose transfer in tissues such as adipocytes and skeletal muscle13. It decreases oxidation of 

fatty acids and elevation in plasma free fatty acid levels14. In individuals with obesity, TNF-α 

is elevated in the hepatocytes and adipocytes and is thought to promote obesity induced insulin 

resistance12, 15. TNF-α causes inflammation of the pancreatic islets and subsequent apoptosis 

of the β-cells16. 

Leptin is an adipo-cytokine involved in satiety and energy expenditure through direct signalling 

to the hypothalamus12. It has a major role in insulin and glucose regulation, maintaining normal 

triglyceride levels in adipocytes 17, and influences pancreatic β-cell secretion18. In individuals 

with obesity, leptin resistance causes dysregulation of insulin leading to excess secretion of 

triglycerides into the bloodstream 19.  
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Adiponectin is an adipose specific protein, with a myriad of roles involving insulin sensitisation 

20. It is thought that adiponectin increases fatty acid oxidation and decreases triglyceride build 

up in skeletal muscle. Through AMP-kinase activated protein (AMPK), adiponectin is able to 

stimulate β-cell function and promote glucose uptake21. Women who are obese and overweight 

in pregnancy have reduced adiponectin levels, inversely correlating with insulin resistance22, 

which is in contrast to the inflammatory markers previously mentioned.  

Dysregulation of the above inflammatory markers is associated with development of both 

GDM and insulin resistance 23 24, 25. During pregnancy, there is placental and systemic 

regulation of adipokines in order to promote insulin resistance and increased glucose transfer 

to the fetus via the placenta7. It has been shown that genes regulating lipid transport and 

inflammation are highly expressed in the placenta of women with GDM26. Therefore, obesity, 

in conjunction with regulatory placental hormones, can contribute to inflammation and 

increasing insulin resistance. If β-cell function is already impaired, then this can result in 

increased blood glucose and GDM 9. In some cases, glucose levels will return to prenatal levels 

after delivery and the diabetogenic state is alleviated. However, due to the impairment of β-

cell function, there may be long-lasting effects on maternal metabolic health27.  

1.5. Cardiovascular disease and metabolic syndrome 

 

Cardiovascular disease (CVD) is a significant health problem and leading cause of mortality 

due to non-communicable diseases. In Australia, it is one of the most prevalent diseases and 

has caused approximately 26% of all deaths28. There are many modifiable risk factors for CVD, 

including smoking, unhealthy diet, being overweight/obese and lack of exercise29. All of these 

risk factors increase the risk of developing metabolic syndrome (MetS), a cluster of metabolic 

conditions that increases the risk of CVD, stroke and diabetes. The International Diabetes 

Federation (IDF)30 has defined MetS as the presence of central adiposity (defined by waist 
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circumference which are ethnic specific (for women of all ethnicities, this is ≥80cm) and/or an 

obese BMI ≥30kg/m2) and at least two of the following: 

 Raised systolic blood pressure ≥130mmHg or diastolic blood pressure >80mmHg or 

the treatment of previously diagnosed hypertension 

 Raised serum triglycerides ≥1.7mmol/L or being on treatment for increased 

triglycerides 

 Raised fasting plasma glucose ≥5.6mmol/L or previously diagnosed type 2 diabetes 

mellitus 

 Reduced HDL cholesterol ≤1.29mmol/L  

Obesity is a risk factor for both GDM and CVD. There is an established relationship between 

weight gain and insulin resistance, which has been demonstrated by studies that have assessed 

increased adipose tissue growth and subsequent insulin resistance. Adipocyte hypertrophy as 

occurs with weight gain promotes insulin resistance 31. This is due to elevated blood sugar and 

dyslipidaemia in obesity that promotes an increase of free fatty acids and inflammatory markers 

(i.e. leptin, TNF-a) and a significant decrease in anti-inflammatory markers such as 

adiponectin32. These pro-inflammatory markers induce tissue specific inflammation, leading to 

development of insulin resistance and β-cell dysfunction. Metabolic syndrome is promoted by 

the same dysregulation of inflammatory and anti-inflammatory markers and is associated with 

insulin resistance33. 

1.6. GDM and cardiovascular disease 

 

A study by Bellamy et al. (2014) has shown that women with previous GDM have a 7.5-fold 

increased risk of developing Type 2 Diabetes Mellitus (T2DM) after pregnancy. 

Approximately 50% of women with GDM will develop T2DM within one year postpartum34. 

This is due to damage to pancreatic β-cells after a GDM pregnancy7. In a meta-analysis by 



 

 

Chapter 1   19 

Kramer at al. (2019) based on more than one million participants, women with GDM have a 2-

fold increased risk of developing CVD, and this is irrespective of disease progression to 

T2DM35. We conducted a comprehensive systematic review and meta-analyses (published in 

2020) on cardiovascular risk factors in women with a history of GDM, which demonstrated 

that there is an increase in all conventional cardiovascular risk factors (i.e. systolic and diastolic 

blood pressure, BMI, lipids, serum glucose, serum insulin) in these women36. This review 

comprises chapter 3 of this thesis.  

1.7.    Depression and anxiety  

 

Major depressive disorder (MDD) is defined as at least a two week period of low mood or loss 

of interest or pleasure, associated with at least five main symptoms: appetite or weight change, 

psychomotor changes (i.e. slowed speech, thought, movement), fatigue or decrease in energy, 

sense of worthlessness or guilt, helplessness or hopelessness, inability to make decisions or 

concentrate, recurrent thoughts of death or suicide37. Generalized anxiety disorder 38 is often 

seen in parallel with other chronic and mental health disorders, and is associated with recurring 

intrusive thoughts or concerns and physical symptoms that may also be present such as 

sweating, trembling, dizziness or a rapid heart beat37.  

1.7.1.  Perinatal depression and anxiety and the effect on pregnancy 

Depression affects 20% of young mothers in Australia, while 50% of women report 

being diagnosed with depression in the perinatal period (i.e. during pregnancy and up 

to their child’s first birthday)39. Significant predictors of antenatal depression include 

stressful life events (e.g. history of abuse), low social support and low income 39, 40. 

Risk factors for antenatal depression (i.e. depression in pregnancy) include 

psychological disorders/current depression, stress and/or low social support during 

pregnancy 41. These risk factors are seen commonly in communities with low 

socioeconomic status 42. Psychosocial risk factors, along with metabolic risk factors 
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seen in such populations including poor diet, drug and alcohol use will promote 

inflammation and stress in the mother.  

1.7.2. Antenatal depression and the risk of GDM  

There is a known bi-directional association between T2DM and MDD, which is thought 

to be mediated by hyperactivity of the hypothalamic-pituitary-adrenal axis (HPA). The 

HPA promotes an increase in cortisol and inflammatory markers that lead to systemic 

insulin resistance 43. Therefore, pre-disposition to depression may increase insulin 

resistance during pregnancy and further increase the risk of GDM.  

1.8.    The fetal origins of adult disease hypothesis  

 

Pregnancy complications, such as GDM, are now known to have significant health implications 

for the offspring. The fetal origins of adult disease (FOAD) was first conceptualised by David 

Barker who, when assessing midwifery records of 16,000 individuals born in Hertfordshire 

from 1911 to 1930, found that that low weight, head circumference and ponderal index 

recorded at birth were associated with increased risk of coronary heart disease in adulthood44. 

The data from this cohort revealed that poor fetal growth was associated with hypertension, 

CAD and insulin resistance in adulthood. Analysis of data from the Dutch Famine in 1944-

1945, which recorded a nutritional intake of pregnant women being reduced to 1000 calories 

or less, found that offspring in utero that were exposed to calorie restriction in mid or late 

gestation were lighter than those who were exposed in early gestation45. The mothers who were 

malnourished in mid or late pregnancy had reduced glucose tolerance, and those exposed to 

famine during early pregnancy had dyslipidaemia and higher BMI later45. Barker proposed that 

those “starved” in utero were more likely to become overweight and therefore develop diabetes 

and cardiovascular problems later in life45. This association has been shown in generational 

and biobank studies of middle aged adults, such as the Birth Gene 46 study with data from over 

180,000 participants in 49 studies, whereby those who were born with a low birth weight were 
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at greater risk of T2DM and coronary artery disease38, 47. This work underpins the 

developmental origins of health and disease (DOHAD) hypothesis, which states that external 

influences on the intrauterine environment at critical stages of fetal growth have significant 

consequences on later life health, from infancy and throughout life48. The FOAD theory 

evolved to DoHAD allowing a broader focus on preconception and the first 1000, sometimes 

2000 days of development rather than purely the prenatal period. 

1.8.1. Gestational diabetes mellitus in the context of DoHAD 

 

The concept of DoHAD has transitioned from the effect of undernutrition in 

utero on later life health and expanded to consider all intrauterine exposures, 

including the effect of GDM and obesity on offspring health later in life. 

Elevated maternal insulin resistance during GDM allows for increased 

transplacental transfer of glucose to the growing fetus49. Based on the DOHaD 

hypothesis, exposure to an adverse intrauterine environment (i.e. excess 

nutrients) promotes activation of genes as a compensatory mechanism.48.  In 

studies of Native American Pima populations, children who were exposed to a 

hyperglycaemic environment in utero have elevated blood glucose comparative 

to their siblings who were exposed to a normoglycemic environment50. A study 

by Coles et al. (2020) found that children as young as 3 years of age who were 

exposed to GDM in utero were more likely to be insulin resistant based on the 

Homeostatic Model of Insulin Resistance (HOMA-IR), than those who were not 

51. Therefore, while increased fetal β-cell activity was advantageous in utero, it 

may promote reduced β-cell capacity compared to those born to a 

normoglycemic pregnancy, which could lead to development of chronic 

metabolic diseases later in life.  
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1.9. Exposure to GDM in utero and risk of cardiovascular disease later in life 

 

In a systematic review and meta-analysis from 2012, Aceti et al. showed that systolic blood 

pressure was 1.88mmHg higher in offspring exposed to GDM in utero compared to controls 

(95% CI 0.00-2.77)52. This finding is particularly important, as it has been shown in the Avon 

Longitudinal Study of Parents and Children (ALSPAC) cohort, that having arterial stiffness 

during adolescence (17-24 years old) tracks into adulthood 7 years later53. It is important to 

assess whether elevated blood pressure and increased stiffness are detected within a few years 

after birth and if this influences elevated blood pressure during this adolescent period and later 

in life. Children who are born to mothers who are diabetic are more likely to have impaired 

glucose tolerance and develop type II diabetes mellitus in early adolescence54. Furthermore, 

obesity has been seen in children as early as 2 years of age in those exposed to GDM in utero55. 

This is likely to contribute to poor metabolic health later in life and increase the risk of 

developing metabolic syndrome and CVD. Data from the PREOBE cohort have shown that 

maternal diabetic disorders have a significant effect on maternal cord blood metabolites such 

as elevated hexoses (primarily glucose) and L-asparagine and L-aspartic acid, which are 

associated with insulin resistance and hyperglycaemia during pregnancy56.  

We conducted a comprehensive systematic review and meta-analysis (published in 2020) on 

cardiovascular risk factors in children exposed to GDM in utero. This review showed that 

systolic blood pressure, BMI z-score and serum glucose are significantly higher in those 

exposed to GDM in utero than those who were not. This paper comprises chapter 4. The fifth 

chapter of this thesis is a comprehensive systematic review and meta-analysis on metabolic 

syndrome in women with a history of GDM and among children exposed to GDM in utero. 

This review found that children who are exposed to GDM in utero are more likely to develop 

metabolic syndrome.  
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1.10. Breastfeeding as a protective measure for cardiovascular disease in 

mothers and children 

 

Breastfeeding is considered the best form of infant nutrition, whereby World Health 

Organization recommends at least 6 months of exclusive breastfeeding from the baby’s birth57. 

Breastmilk is composed of macronutrients, micronutrients, hormones, digestive enzymes and 

immune cells that support all facets of infant growth58. It has been shown that breastfeeding 

reduces the risk of chronic diseases in women such as type II diabetes mellitus, obesity and 

cardiovascular disease59. Furthermore, children who are exclusively breastfed as early as <3 

months postpartum are less likely to be obese60. Therefore, breastfeeding may affect the risk of 

developing type II diabetes and cardiovascular disease in mothers and offspring exposed to 

GDM in utero, later in life. Our systematic review and meta-analysis was published in 2021 

assessing the effect of breastfeeding on cardiovascular risk factors in both women and children. 

It was found that women with a history of GDM who breastfed had significantly lower serum 

glucose and lower risk of developing T2DM than women who did not breastfeed. This paper 

comprises chapter 7 of this thesis.  

1.11.   Exposure to GDM in utero and neurodevelopment in the offspring 

 

During late gestation, major fetal neural networks affecting behaviour, emotion, structural 

development of neurons, dendritic arborisation and synaptogenesis develop. During normal 

gestation, docosahexaenoic acid, a major component of brain cell membranes and myelin, is 

taken up by the placenta and transferred for fetal neural development61. In a healthy pregnancy, 

cord blood DHA is elevated while maternal DHA is decreased. However, in a diabetic 

pregnancy, maternal-fetal transfer of DHA is altered, as it is significantly lower in cord blood 

of the babies exposed to GDM in utero compared to those who are not 62, 63. This is thought to 

be due to down regulation of peroxisome proliferator activated receptor (PPAR)-alpha in the 

placenta in a GDM pregnancy, a nuclear receptor that promotes fatty acid metabolism such as 
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omega-3 fatty acids64. Therefore reduced PPAR- α may contribute to reduced placental transfer 

of DHA63. Furthermore, a hyperglycaemic environment in utero is thought to inhibit dendritic 

arborisation in the fetal brain 65, 66. There is evidence to suggest that those exposed to GDM in 

utero are at a higher risk of having poor neurodevelopment, impaired brain function and mental 

disorders later in life than those who were not exposed67, 68 

There is emerging, but scant, evidence on the effect of fetal sex on different cognitive areas in 

the brain in those exposed to GDM in utero. Alves et al. (2020) found evidence that pre-

pregnancy BMI was associated with total hippocampal volume in boys, but not girls, at age 7-

11 years old69. There is evidence from one study showing that children exposed to GDM in 

utero had reduced radial thickness in a small region of the hippocampus corresponding to the 

CA1 subfield. This association between GDM and reduced volume in this region was seen in 

boys only, but attenuated after controlling for age70.
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Chapter 2 

2. Context of thesis  
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2.1.    The STOP study cohort 
 

The Screening Tests to Predict Poor Outcomes of Pregnancy 1 study began recruitment in 

March 2015 at the Lyell McEwin Hospital and the Women’s and Children’s Hospital in South 

Australia. Majority of participants were recruited at the Lyell McEwin Hospital, which serves 

a population with one of the lowest socioeconomic status scores in metropolitan Australia71. It 

has high rates of chronic disease, such as of obesity, cardiovascular disease and mental health 

disorders 72. Recruitment ended in December 2017, with a total of 1,383 nulliparous pregnant 

women, their partners and babies recruited. Detailed information was collected at 9-16 weeks’ 

and 34 weeks’ gestation and following delivery of the baby. The maternal data includes 

demography, medical history, fertility history, information on previous pregnancies, diet, 

exercise, work, smoking, intake of alcohol and recreational drugs, measures of stress, anxiety 

and depression. Physical measurements including height, weight, waist and hip circumference, 

BMI and haemodynamic measurements were performed. Women were screened for gestational 

diabetes at 28 weeks’ gestation by a 75g Oral Glucose Tolerance Test (OGTT).  Data collected 

at birth included newborn weight, length, arm circumference, birthweight centile, and 

complications during the neonatal period and type of feeding at discharge from hospital. A 

sample of cord blood and/or saliva was collected at birth.  

The STOP study complements the Screening Outcomes of Pregnancy Endpoints (SCOPE) 

study, an international multicentre prospective cohort study aimed to develop screening tests 

to predict the development of pregnancy complications. The Adelaide arm of the SCOPE 

cohort was also recruited at the Lyell McEwin Hospital. The data collected reflected the 

socioeconomic status of the population, showing higher rates of obesity, smoking, poor quality 

diet and pregnancy complications compared to the national average. This cohort has been 
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described previously73. Women in Adelaide were followed up 8-10 years after delivery of their 

SCOPE baby, showing that those with hypertensive disorder of pregnancy (HDP) had higher 

BMI and blood pressure compared to controls. The children of these pregnancies also showed 

significantly higher augmentation indices (i.e. a marker of arterial stiffness) compared to those 

born to controls74. Children who were born after a preeclamptic pregnancy had poorer 

executive functioning, and those born small for gestational age had poorer working memory 

compared to controls of uncomplicated pregnancies75. The SCOPE follow-up showed evidence 

of impaired cardiovascular function in women who developed pregnancy complications, and 

poorer metabolic health and neurodevelopmental outcomes in their offspring. However, 

SCOPE and many other prospective cohort studies did not examine the associations between 

pregnancy and health parameters at an earlier follow-up. Information collected earlier may be 

particularly useful because it may identify women and children who could benefit from early 

intervention and changes in lifestyle and health management. 

In this thesis, systematic reviews and meta-analyses on long term consequences of GDM in 

women and their children were performed. In addition, STOP women and children were 

followed up at 3 years after the STOP pregnancy. 

2.2.    Hypothesis and aims 

Based on evidence in the literature, we hypothesise that:  

 Risk factors for CVD and metabolic disease will be increased within a few years 

after pregnancy among women who experienced GDM compared to those who 

did not.  

 Women with poor mental health status (i.e. depression, anxiety, high perceived 

stress) are more likely to develop GDM 

 Offspring of GDM pregnancies will demonstrate an adverse anthropometric and 

hemodynamic profile compared to those who were not exposed to GDM in utero  
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 Offspring of women who experience GDM will demonstrate poorer 

neurodevelopment and cognitive function compared to those who were born to a 

non-GDM pregnancy 

 Breastfeeding will result in reductions in cardiovascular disease risk factors in 

both the mother and children exposed to pregnancy complications, including 

GDM.  

The aims of this thesis are:  

1. To investigate the association between gestational diabetes mellitus and risk of 

cardiovascular disease in women with previous GDM; 

2. To determine if there is an association between poor mental health outcomes (i.e. 

depression, anxiety, perceived stress on the risk of developing GDM; 

3. To investigate the association between exposure to GDM in utero and poor 

anthropometric and hemodynamic outcomes, as early as age 3 years; 

4. To determine if exposure to GDM in utero influences cognition, behaviour and 

neurodevelopment in offspring at 3 years of age; 

5. To ascertain if there is a protective effect of breastfeeding on cardiovascular risk factors 

in both women and children exposed to pregnancy complications in utero
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This section encompasses the series of systematic reviews and meta-analyses completed 

investigating cardiovascular risk factors in women with a history of GDM and children exposed 

to GDM in utero. All reviews have been published, therefore the methodology sections across 

chapters may be repetitive.
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3.2. Abstract  

Aims: This systematic review and meta-analysis aimed to synthesize evidence on conventional 

cardiovascular disease (CVD) risk factors among women with previous Gestational Diabetes 

Mellitus (GDM).  

Methods: The review protocol is registered with PROSPERO (CRD42019118149). PubMed, 

CINAHL, SCOPUS, and EMBASE databases were searched. Studies reporting on CVD risk 

factors in women with previous GDM compared to women without previous GDM were 

selected.  

Results: A total of 139 studies were eligible, of which 93 were included in the meta-analyses. 

Women with previous GDM have significantly higher systolic blood pressure (2.47mmHg 95% 

CI 1.74 to 3.40, n=48, 50,118 participants) diastolic blood pressure (1.89mmHg 95% CI 1.32 

to 2.46, n=48, 49,495 participants), BMI (1.54 kg/m2 95% CI 1.32 to 2.46, n=78, 255,308 

participants), total cholesterol (0.26 SMD 95% CI 0.15 to 0.37, n=48, 38,561 participants), 

LDL cholesterol (0.19 SMD 95% CI 0.08 to 0.30, n=44, 16,980 participants), triglycerides 

(0.56 SMD 95% CI 0.42 to 0.70, n=46 , 13,175 participants), glucose (0.69 SMD 95% CI 0.56 

to 0.81, n=55, 127,900 participants), insulin (0.41 SMD 95% CI 0.23 to 0.59, n=32, 8,881 

participants) and significantly lower HDL cholesterol (-0.28 SMD 95% CI -0.39 to -0.16, n=56, 

35,882 participants), compared to women without previous GDM. The increased blood 

pressure, total cholesterol, triglycerides and glucose are seen as early as <1 year postpartum. 

Conclusions/interpretation: Women with previous GDM have a higher risk of CVD based 

on significant increases in conventional risk factors. Some risk factors are seen as early as <1 

year postpartum. Women with GDM may benefit from early screening to identify modifiable 

CVD risk factors. 
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3.3. Introduction 

Cardiovascular disease (CVD) is a major global health burden. There are 17.9 million deaths 

annually, accounting for 31% of global mortality76. CVD is also a leading cause of death in 

women77. Research over the past decade has shown an association between the major 

pregnancy complications including preeclampsia, intrauterine growth restriction, preterm birth 

and gestational diabetes mellitus and increased risk of CVD, with each pregnancy complication 

incurring a 2-fold increased risk of developing CVD later in life78. 

Gestational diabetes mellitus (GDM) is defined as glucose intolerance, which is first recognised 

in pregnancy, hence different from both type I and type II diabetes mellitus. GDM is estimated 

to affect one in seven pregnancies79. Women with previous GDM are more likely to be obese, 

have dyslipidaemia and hypertension postpartum78. These women have an approximately 

seven-fold increased risk of developing type II diabetes mellitus (T2DM) later in life34. The 

definition of GDM changed in 2013, following a study by the Hyperglycaemia Adverse 

Pregnancy Outcomes (HAPO) cohort, which showed that adverse perinatal outcomes were 

seen even in women whose glycaemic levels were below the conventional GDM criteria 80. 

This meant that women, who were not diagnosed with GDM based on previous guidelines, 

were still at risk for these adverse outcomes. With the implication of the new international 

guidelines for GDM, the rate of women classified as having GDM is expected to increase. 

A recent meta-analysis by Kramer et al. (2019) based on more than a million participants, 

showed that women with GDM have a 2-fold increased risk of developing CVD, irrespective 

of the disease progression of T2DM35. Thus, impaired glucose tolerance postpartum does not 

appear to be the only cardiovascular risk factor in women who experience GDM to warrant 

screening for CVD. A major mechanism that underlies the risk of CVD is metabolic syndrome, 

which is a collection of vascular derangements including obesity, dyslipidaemia, insulin 

resistance and hypertension81. Therefore, early identification of these modifiable risk factors is 
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pertinent in order to offer targeted interventions/lifestyle modification advice to reduce the 

subsequent risk for CVD. It has been shown that minimal decreases in risk factors including 

systolic blood pressure, total cholesterol and adiposity can significantly reduce the risk of 

ischemic heart disease later in life 82, 83.  

There has not been a systematic review and meta-analysis that has comprehensively evaluated 

all conventional CVD risk factors simultaneously in women with previous GDM, and none that 

has assessed the timeline of development of risk factors for CVD.  This is particularly important 

as Kramer et al. (2019) showed an association between previous GDM and increased risk of 

CVD events as early as one year postpartum81. 

Therefore, our primary aim was to conduct a systematic review and meta-analysis on the 

association between GDM and major risk factors for CVD including blood pressure (BP), body 

mass index (BMI), fasting glucose, insulin and lipids using data from all eligible studies. Our 

secondary aim was to assess the risk factor profile based on the time elapsed postpartum at 

which assessments were conducted.  
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3.4. Methods 

3.4.1. Search strategy 
 

All studies describing the association between GDM and risk factors for CVD in 

women were identified by searching the following electronic databases: PubMed, 

CINAHL, SCOPUS and EMBASE with an end of search date of 5th November 2018. 

Subsequently, we updated the literature search to include all relevant articles published 

until 10th Jan 2020. The search was conducted by ZL. The review protocol is registered 

in PROSPERO (CRD42019118149).  

The review was undertaken with reference to the Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA) guidelines84. The search strategy 

was as follows: (“gestational diabetes*” OR “pregnancy induced diabetes” OR 

“diabetic pregnancy”) AND (pregnan* OR mother OR women OR woman) AND 

(“blood pressure” OR diabetes OR cardiovascular OR metabolic OR hypertension OR 

BMI or “body mass index” OR obesity OR overweight OR lipids OR lipid OR 

cholesterol OR triglyceride* OR glucose OR insulin OR vascular). 

We included case-control studies, cross-sectional and cohort studies. Previous 

systematic reviews and meta-analyses on closely related topics, and references from 

eligible studies were checked for additional studies. All identified studies were assessed 

for relevance by four authors (MP, PA, AA, ZL). Data were independently extracted 

by two authors (MP, AA). Discrepancies were resolved by discussion with ZL and PA. 

3.4.2. Inclusion criteria 

 

Studies were selected if they compared CVD risk factors in women with a previous 

history of GDM compared to women with no history of GDM. We included studies that 

defined GDM based on the International Association of Diabetes and Pregnancy Study 
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Groups (IADPSG)85. However, since the diagnostic criteria have been revised recently, 

we included studies that used prior recommended diagnostic criteria of GDM including 

the 1999 World Health Organization definition, and other regional definitions. The 

definitions of GDM of included studies are detailed in Table 1. Studies that did not 

include a definition of GDM, those that did not define the case and control groups and 

those that compared women with GDM to another risk group were excluded. 

Data were extracted independently and in duplicate for outcomes, systolic blood 

pressure (SBP), diastolic blood pressure (DBP), body mass index (BMI), lipid levels 

(total cholesterol, low density lipoprotein (LDL) high density lipoprotein (HDL), and 

triglycerides), blood glucose, and fasting insulin. We analysed all studies collectively 

as an overall analysis, and subsequently stratified into subgroups based on the time of 

follow up postpartum as: <1 year, 1-5 years, 5-10 years and 10+ years from the index 

pregnancy. Studies that did not provide details on when the follow up assessment was 

conducted, were only included in the overall analysis. When the same cohort was 

assessed at multiple times postpartum, the study with the largest sample size was used 

in the overall analysis and in the relevant subgroup analyses. When outcome measures 

of the same cohort at one follow up time point were reported in multiple publications, 

the one with the largest sample size was used in the overall analysis. 

We considered studies published in English, and studies that could be translated to 

English. We contacted authors via email to obtain missing data and clarifications when 

required. We included abstracts of cohort studies, but only abstracts which provided 

data for relevant outcomes were included in the meta-analysis and non-meta-analysis 

table (Supplementary Table 3.8.1). 
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3.4.3. Statistical analysis 

The following data were collected from each included study: definition of GDM, time 

of postpartum follow up (number of years since index pregnancy), number of cases 

(those who experienced GDM) and controls (those who did not experience GDM), child 

birthweight, and gestational age at delivery of cases and controls, and data on the 

variables considered in any adjusted analyses/variables used to match cases with 

controls. 

The meta-analysis was performed using RevMan software (Review Manager Version 

5.3) based on an inverse variance method. As per protocol, the random-effects model 

was selected to account for the differences in diagnostic criteria of GDM. For each 

outcome measure, unadjusted mean and standard deviation (SD) were used in meta-

analyses. When mean and SD were not reported, Standard Error of Mean (SEM) was 

converted to SD using RevMan software. The Standard Mean Difference (SMD) was 

used when the outcome was measured in different units across studies and Mean 

Difference (MD) when units were consistent.  

Substantial heterogeneity was considered when I² statistic exceeded 50%, and the Chi² 

P value was less than 0.1. The studies that reported on outcome measures using median 

and IQR are detailed in Supplementary Table 3.1. To assess publication bias, funnel 

plots were used for the primary outcomes. The methodological quality was assessed 

using the Newcastle - Ottawa Quality Assessment Scale (NOS) and graphically 

illustrated in the supplementary data (Supplementary Figure 1)86. Sensitivity analyses 

were performed to evaluate heterogeneity for outcomes after excluding low quality 

studies (i.e. scored 1-3 on the NOS) and excluding abstracts that were included in the 

meta-analyses.   
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3.5. Results 
 

3.5.1. Search results 

The literature search identified 12,248 articles. Four hundred and thirteen (413) articles 

were eligible for full text review. Of these, 139 were included in the review and 93 were 

included in the meta-analyses. The reasons for excluding 274 studies are detailed in 

Figure 3.5.1-1. We contacted 24 authors for additional data; we received a 17% 

response rate (n=4 studies). Of the included studies, 33 were of high quality (scored 7-

8), 79 were of moderate quality (scored 4-6), and 28 were of low quality (scored 1-3) 

(Supplementary Table 3.8-2). The results of the overall meta-analyses for all CVD risk 

factors in women with previous GDM compared to those without previous GDM are 

shown in Table 3.5.7-2.  
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CVD risk factors among women exposed to GDM 
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Figure 3.5.1.1 Flow Chart of Study Selection

12,248 titles were identified from PubMed, EMBASE 

and CINAHL 

12,239 excluded on abstract review  

 

 

413 papers retrieved for full text review 

274 studies were excluded  

4= reviews; 5 = duplicate; 7 = didn’t 

differentiate pre-gestational and gestational 

diabetes; 2 = GDM and another risk group 

assessed collectively; 35 = outcomes not of 

interest; 188 = no comparison group; 4= non-

english papers, 24 = not following-up GDM 

women 4=other 

 

 

 

143 were found eligible 

 

93 included in the meta-analysis 

 

50 studies reported systematically due to  

incompatible statistics  
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Table 3.5.1-1 Included Studies in Systematic Review and Meta-Analysis 

Author and 

year 

Study design Country Exposed/ 

Definition of 

GDM (n=) 

Non-exposed 

(n=) 

Birthweight of 

offspring 

cases/controls (g) 

Parity cases/ 

controls 

Gestational 

age of 

delivery 

cases/control 

Years follow 

up 

postpartum 

Outcome 

measure 

considered 

Adjusted 

analysis CVD 

outcomes 

< 1 year postpartum  

Albareda 

2004 

 

Prospective Spain 

 

696/50g, 

1h GCT- 

 

70 

 

NR 446/694 

(64.3) 

 

NR 6 weeks and 5 

year 

 

Blood pressure 

BMI,  

Serum Lipids  

Blood Glucose 

Insulin 

Independent 

predictors of 

GDM: previous 

hyperglycaemi

a, 4 abnormal 

values in 

diagnostic 

OGTT or overt 

diabetes 

during 

pregnancy, 2h 

blood glucose 
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in diagnostic 

OGTT 

11/7mmol/L, 

gestational age 

at diagnosis, 

pre-pregnancy 

BMI. 

Accumulates 

to 49.3% risk 

of diabetes in 

GDM women  

Anastasiou 

1998 

 

Case-control 

 

Greece 

 

33/ADA 19 

 

NR  Mean (SD) 

Normal: 1.6 

±0.6, Non-

obese: 1.4 

±0.6, 

Obese:1.7 

±0.8 

 

NR  3-6 months  Serum Lipids 

 

Endothelium 

dependant 

dilation not 

associated 

with diagnosis 

of GDM 
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Berglund 

2016 

Cohort Spain 331/ NDDG or 

IDF 

132 NR  Parity>1 (n=):  

Normal 

weight: 55 

Overweight: 

24  

Obese: 28 

GDM:35 

 

NR  At birth BMI NR 

Bowes 1996 

 

Prospective 

 

UK 

 

 

7/75g OGTT 

2h blood 

glucose 

> 9 mmol/1. 

 

5 

 

NR NR Mean (SD) 

30.9 + 0.8  

 

2-3 months 

 

BMI 

Blood glucose 

Fasting Plasma 

Insulin  

NR 

Bozkurt 

2010 - 

abstract (2)  

 

Cross-

sectional 

 

Italy 

 

62/ 4th 

International 

Workshop 

conference on 

GDM 

29 

 

 

 

NR NR NR 3–6 

months  

BMI, 

Triglycerides  

 

NR 
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Bozkurt 

2012 (2)  

 

Cross-

sectional 

 

Vienna 

 

54/4th 

International 

Workshop 

conference on 

GDM 

29 NR NR NR 3–6 

months  

Blood pressure, 

Triglycerides, 

Blood Glucose 

 

NR  

Cellina 1983  Observational 

Cohort 

Italy 20/ O’Sullivan 

and Mahan 

15 NR NR NR 5 weeks   Blood pressure NR 

Chan 1992  Retrospective 

 

UK 

 

15/ 75g OGTT: 

120 minutes 

venous plasma 

glucose >7.8 

mmol/l. 

15 

 

NR NR NR 60 and 120 

minutes after 

delivery 

 

Serum insulin 

Glucose  

 

NR  

Davis 1999 

 

Cross-

sectional 

 

USA 

 

21/medical 

records 

39 

 

 

NR NR NR 3-18 months 

 

Blood pressure 

 BMI 

Serum Lipids  

Blood glucose 

Fasting Insulin  

MANOVA 

adjusting for 

insulin 

metabolic 

syndrome 

variables - all 

significant for 
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glucose sum, 

triglycerides, 

BMI and 

diastolic BP. 

 

Eroglu 2006 

 

Prospective 

 

Turkey 36/ Abnormal 

3h 100g OGTT 

at 24–28 

weeks’ 

gestation 

33 

 

Cases: 3308±401, 

Control:3334 

± 

373 

Parity: Cases: 

1.3±0.7 

Control: 

1.4±0. 

NR 10–15 months 

after delivery 

 

BMI,  

Serum Lipids 

 Blood glucose, 

Fasting insulin  

NR 

Ferrada 

2007 

 

Case-control 

 

Chile 

 

58/GDM 

definition not 

explained 

58 

 

NR NR NR End of 

puerperal 

period 

 

Blood pressure, 

BMI  

Serum Lipids 

NR  

Friere 2006 

 

Cross-

sectional 

 

Brazil 

 

13/ Carpenter 

and Coustan.  

13 

 

NR NR NR 8 weeks 

 

 

Blood pressure 

BMI 

 

NR  

Homko 

2001 

 

Cross-

sectional 

 

USA 

 

7/ Carpenter 

and Coustan 

8 NR NR NR 3 months 

postpartum 

 

Blood Glucose 

Fasting insulin  

 

NR  
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Kjos 1991 

 

Prospective 

 

USA 

 

6-12 weeks 

(n=1340), 1 

year (n=157)/ 

NDDG (1979) 

 

6-12 week 

(n=43) 1 year 

(n=36) 

 

NR 

 

Mean (SD): 

GDM 3 (2)/  

Control: 3 (2) 

 

NR 

 

6-12 weeks,  

 

BMI 

Serum Lipids 

 

Women with 

DM had 

significantly 

elevated TG 

and reduced 

HDL than 

those who 

remained non-

diabetic. 

Ko 1999 

 

Case-control 

 

Hong 

Kong  

 

19/ 75g OGTT  

 

10 

 

NR NR NR 6 weeks 

 

Blood pressure 

BMI, SBP, DBP, 

Serum Lipids 

 Blood Glucose 

Fasting Plasma 

Insulin (uU/mL) 

 

GDM women 

had 

significantly 

higher risk of 

developing 

obesity, 

hypertension, 

hypercholester

olemia, 

dyslipidaemia, 
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diabetes, and 

IGT (after 

excluding 

those with DM)  

Lee 2008 

 

Cross-

sectional 

 

Korea 

 

620/ NDDG 

after two step 

OGTT 

868 NR NR NR Median 2.1 

years  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

Logistic 

regression: 

T2DM risk 

higher for 

women with 

GDM risk 

compared to 

general 

population 

(stratified by 

race status). 

GDM status 

interpedently 

and 

significantly 
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associated 

with diabetes 

development 

(3.7-fold 

increase risk)  

Lee 2015  

 

Cross-

sectional 

 

Korea 

 

36/75g oral 

glucose 

tolerance 

test (OGTT)  

19 NR NR NR 6–8 weeks 

after delivery, 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting Insulin  

 

Multiple 

regression: b-

cell function 

significantly 

associated 

with parental 

diabetes 

history and 

waist-hip ratio 

after 

adjustment for 

age, BMI, BP 

and visceral 

adiposity in 
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previous GDM 

women  

Maghbooli 

2010 

 

Case-control 

 

Iran 

 

92/50g 

O’Sullivan and 

Mahan criteria 

after two step 

OGCT 

100 

 

NR  

 

1.4 +/- 0.03  

0.38 +/- 0.59 

 

NR 6-12 weeks  

 

Serum Lipids 

Blood glucose  

NR 

McLachlan 

2005 

 

Case-control 

 

Australia 

 

19/  75-g 

OGTT  

(ADIPS)  

19 NR NR NR 3–6 weeks 

 

BMI,  

Blood glucose 

NR 

Morbiducci 

2009 (1)  

 

Methodology 

study 

Italy 

 

122/ Not 

specified  

19 

 

NR NR NR 4-6 months BMI  

 

NR 

Noujah 

2017 

 

Population 

Based Cohort 

Study 

 

Iran 

 

176/  IADPSG 

criteria, or 

medical 

records 

 

86 

 

NR NR NR 6-12 weeks 

 

Serum Lipids  

 

Univariate 

analysis – pre-

pregnancy BMI 

> 35 and GDM 

history in first 

relatives 
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associated 

with 

dyslipidaemia 

in GDM 

women. 

Multivariate 

analysis 

showed 

significance for 

BMI > 25 only 

Noujah 

2018 

 

Population 

Based 

Prospective 

Cohort Study 

 

Iran 

 

176/  IADPSG 

criteria, or 

medical 

records 

86 

 

NR NR NR 6-12 weeks  

 

Blood pressure 

BMI, 

Blood Glucose  

 

Backward 

linear 

regression - 

gravidity > 2, 

pre-pregnancy 

overweight or 

obesity, 

systolic BP, 

and metformin 
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or insulin use 

in pregnancy 

risk factors for 

MetS in 

univariate 

analysis.  

Pacini 2012 

(2)  

 

Retrospective 

 

Austria 

 

104/Not 

specified 

 

35 

 

NR NR NR 6 months 

 

BMI (kg/m2),  

Blood Glucose 

Fasting Plasma 

Insulin 

NR  

Retnakaran 

2009* 

 

Observational 

Study 

 

Canada 

 

137/NDDG 

(1979) 

 

259 

 

NR  Nulliparous: 

(GDM 

50.4%/CON: 

46.7% ) 

Median (IQR) 

29 (28-

31)/30(28-32) 

3 months 

 

BMI 

Blood Glucose 

Meta-

regression 

analysis –IR 

postpartum 

associated 

with 

adiponectin 

levels in 

pregnancy 
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after 

adjustment for 

various 

covariates 

Retnakaran 

2010* 

 

Observational 

Study 

 

Canada 

 

107/NDDG 

(1979) 

 

73 

 

NR NR NR 3 months 

 

Blood Pressure 

BMI 

 Blood Glucose 

 

AUC 

associated 

with total 

cholesterol, 

LDL, HDL, 

triglycerides in 

adjusted model 

for age 

ethnicity and 

diabetes 

history 

Retnakaran 

2010* 

 

Prospective 

observational 

Study 

 

Canada 

 

136/NDDG 

(1979) 

 

87 

 

NR NR 34.4 

(4.3)/ 

34.0 

(4.4) 

3 months 

 

Blood Pressure 

BMI 

 

Multiple linear 

regression: 

GDM was 

negative 
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 predictor of 

change in beta 

cell function 

between 3-12 

months 

postpartum, 

after 

adjustment for 

age, ethnicity, 

familial history 

of diabetes, 

breastfeeding 

and b-cell 

function.  

Retnakaran 

2011* 

 

Observational 

Study 

 

Canada 

 

137/NDDG 

(1979) 

 

259 

 

NR NR NR 3 months 

 

Blood Pressure 

BMI 

Serum Lipids  

Multiple linear 

regression 

performed for 

effect on 

adiponectin in 
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metabolic 

status in GDM 

women 

adjusted for 

various 

covariates.  

Roca-

Rodrigeuz 

2012* 

 

Case-control Spain 

 

41/NDDG 

(1979) 

 

21 

 

NR NR NR ≤1 year   

Blood Pressure 

BMI,  

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Changes at 3 

and 12 months 

postpartum not 

significant after 

adjusting for 

waist 

circumference, 

weight, insulin 

sensitivity and 

b-cell function 

adjusted for 

baseline 

values. 
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Roca-

Rodrigeuz 

2014* 

 

Case-control Spain 

 

41/NDDG 

(1979) 

 

21 

 

NR NR NR ≤1 year  

 

Blood Pressure 

BMI  

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Relationship 

between AUC 

glucose and 

lipids adjusted 

for age, 

ethnicity and 

familial 

diabetes.  

Sartore 

2011  

Retrospective 

cohort 

Italy 

 

21/Carpenter 

and Coustan 

(1982) 

 

21 

 

NR NR NR 6 months 

 

Serum Lipids, 

Blood Glucose  

Adjusted p-

value reported, 

specified for 

age and waist 

circumference 

(based on 

Kruskall Wallis 

test) 

Seck 2018 Case-control 

 

Sengal 20/ Not 

specified 

20 NR NR NR After delivery Serum Lipids 

Blood Glucose  

NA 
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Sokup 

2012* 

 

Prospective 

cohort 

 

Poland 

 

85/ WHO 1999 

 

40 

 

NR NR NR 2-24 months 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR  

Sokup 

2012* 

 

Prospective 

cohort 

 

Poland 

 

125/WHO 1999 

 

40 

 

NR NR NR 2-24 months 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR 

Shen 2018 Observational 

Study 

 

China 1263/WHO 

1999 

705 

 

NR NR NR 3.65 Serum Lipids, 

Blood Glucose 

NR 

Shen 2019 Observational 

Study 

 

China 1263/WHO 

1999 

 

705 

 

NR NR NR 3.65 Serum Lipids, 

Blood Glucose  

Women with 

GDM had 

higher risk of 

postpartum 

metabolic 

syndrome by 
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NCEP ATPIII 

criteria (2.79, 

95% CI 2.00 to 

3.89) even with 

adjustment for 

various 

covariates: 

 (central 

obesity 

hypertriglycerid

emia, high 

blood 

pressure, 

low HDL 

cholesterol 

hyperglycaemi

a 
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Sung 2008 

 

Cohort 

 

South 

Korea 

 

140/ Third 

International 

Workshop 

Conference on 

GDM 

17 

 

NR NR NR 2 months 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR  

Todoric 

2012 

 

Retrospective 

 

Austria 

 

10/Universal 

GDM 

Screening  

 

6 

 

NR NR NR 6-12 weeks 

 

Blood Pressure 

BMI  

Serum Lipids 

Fasting plasma 

insulin  

Adjusted p-

values for BMI: 

Fasting plasma 

glucose 

(mmol/L): 

p=0.000; TC 

(mmol/L): 

p=0.9940; 

HDL-C 

(mmol/L) 

p=0.0027, 

LDL-C 

p=0.4022; TG 

p=0.0006 
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Fasting plasma 

glucose: HDL-

C p=0.0049, 

TG p= <0.0001 

Tura 2006 

(2)  

 

Prospective 

cohort 

 

Austria 

 

24/4th 

Workshop 

Conference on 

GDM 

 

23 

 

NR  Mean (SE) 

1.26 

(0.11)/1.48 

(0.18) 

NR  4-6 months 

 

BMI,  

Blood glucose 

Fasting plasma 

insulin 

NR  

Ueland 

2018 

Population 

based 

prospective 

cohort study 

 

Norway 

48/ IADPSG 

2010 

225 NR NR NR 5 years Blood Pressure 

BMI 

 

Adiponectin 

significantly 

lower in 

women with 

GDM than 

controls even 

after 

adjustment for 

BMI, age, 

parity, diabetes 
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in family and 

C- Reactive 

Protein 

Vitoratos 

2001 

 

Retrospective 

 

Greece 

 

24/ Carpenter 

and Coustan 

(1982) 

19 

 

NR NR Case: 38.6 

(38-39.5)/ 

Control39.4 

(39-40) 

 

6 weeks 

 

BMI  

 

NR 

Wang 2019 Retrospective China 30/ 75g OGTT  15 3,445.67/ 

3,362.85 

NR NR After delivery BMI NA 

Weisnagel 

2013 

abstract 

 

Abstract 

 

Canada 

 

20/ Not 

reported 

 

27 

 

NR NR NR 2 months 

 

Total cholesterol, 

HDL, 

Triglyceride, 

Fasting glucose, 

Fasting Insulin 

(not specified)  

NR 

Winzer 

2004 (1)  

 

Cross-

sectional 

 

Austria 

 

89/4th 

Workshop 

Conference of 

19 NR NR NR 3 months 

 

BMI 

Serum Lipids 

Adiponectin 

unadjusted is 

negatively 
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Gestational 

Diabetes 

 

Blood glucose 

Fasting plasma 

insulin  

associated 

with fasting 

glucose, 

triglycerides 

and positively 

associated 

with HDL 

cholesterol in 

pGDM and 

healthy control 

subjects, this 

correlation 

stays after 

adjustment for 

BFM, WHR 

and SI 

Zajdenverg 

2014 

 

Cross- 

sectional 

analysis 

Brazil 

 

25/ADA criteria 

 

20 

 

NR   2.3 (1.22)/ 

2.4 (1.4) 

 

NR  ≤ 1 year 

 

Blood Pressure 

BMI 

Serum Lipids 

NR  
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 Blood glucose  

1-5 years postpartum 

Akinci 2008 

 

Cross-

sectional 

 

Turkey 

 

46/  50g-

OGTT, ADA  

 

30 

 

NR NR NR 3 years Blood Pressure 

BMI 

Serum Lipids 

Fasting plasma 

insulin  

Multiple 

regression 

analysis: 

Plasma PAI-1 

antigen 

significantly 

correlated with 

BMI fasting 

and post load 

glucose, total 

cholesterol, 

triglyceride, 

HDL and LDL.  

Akinci 2011* 

 

Cross-

sectional 

 

Turkey 

 

195/  50g-

OGTT, ADA  

 

71 

 

NR NR NR 3 years 

 

Blood Pressure 

BMI 

Serum Lipids 

No association 

was seen 

between pre-

pregnancy 



 

 

Chapter 3    49 

Blood glucose 

Fasting plasma 

insulin  

obesity (BMI 

>30 kg/m2) 

and 

postpartum 

diabetes 

association 

was 

weak, 

controlled for 

age, parity and 

gestational 

week at the 

diagnosis of 

GDM.  

Akini 2011* 

 

Cross-

sectional 

case–control 

study 

 

Turkey 

 

 

 

128/  50g 

OGTT, ADA  

67 

 

NR NR NR 3 years Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

NR  
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Akini 2013* 

 

Prospective 

 

Turkey 

 

141/ 50 g 

OGTT, ADA  

49 

 

NR NR NR 3 years Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Fasting 

glucose, post-

load glucose - 

separate 

models run 

along with age, 

postpartum 

duration, 

smoking, BMI, 

waist 

circumference 

and HOMA 

index.    

Albareda 

2003 (3)  

 

Prospective 

 

Spain 

 

696/ 50g, 1h 

glucose 

challenge test 

 

70 

 

NR NR NR 6 weeks and 5 

year 

 

Blood Glucose 

 

Independent 

predictors of 

GDM: previous 

hyperglycaemi

a, 4 abnormal 

values in 
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diagnostic 

OGTT or overt 

diabetes 

during 

pregnancy, 2h 

blood glucose 

in diagnostic 

OGTT 

11/7mmol/L, 

gestational age 

at diagnosis, 

pre-pregnancy 

BMI. 

Accumulates 

to 49.3% risk 

of diabetes in 

GDM women 
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Albareda (3)  

 

Prospective 

 

Spain 

 

262/50-g, 

1h glucose 

challenge test 

 

66 

 

NR NR NR 5 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Logistic 

regression: 

Metabolic 

syndrome 

significantly 

associated 

with all 

independent 

variables age, 

GDM/control 

status, obesity 

were 

independent 

variables. 

Second model 

included 

HOMA-IR, 

insulin 
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secretion and 

resistance  

Banerjee 

2012 

 

Prospective 

 

UK 

 

8/75g OGTT at 

28 weeks 

pregnancy - 

WHO defined 

GDM (Fasting 

glucose 

>7mmol/L or 

2h >7.8 

mmol/L) 

8 

 

NR NR NR 2 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

BMI directly 

correlated with 

arterial 

stiffness, 

inversely 

related to 

maximum 

endothelium 

dependant and 

independent 

dilation 

Bently 

Lewis 2015* 

 

Cohort 

 

USA 

 

96/ Carpenter 

Coustan 

criteria  

 

96 

 

Normal GT: 

3455±464, 

GDM:3571±525 

 

Nulliparous: 

GDM: 245 

(47.0).  

Multiparous 

GDM: 273 

(52.4) 

≥37 weeks 

 

4.1 years 

 

Blood Pressure 

BMI 

Serum Lipids 

 

NR  
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Bently 

Lewis 

2016^^* 

 

Cohort 

 

USA 

 

51/ Carpenter 

Coustan 

criteria 

 

1810 

 

Same as 2015 

 

Same as 2015 ≥37 weeks 

 

4.1 years 

 

Blood Pressure 

BMI 

 

 

Risk of 

essential 

hypertension 

higher in 

women with 

GDM adjusted 

for 

demographic 

(age, race 

gravidity, 

parity) + 

clinical 

features (SBP, 

BMI, GWG, 

BW and GA 

percentile) + 

SES (smoking 

status, 

breastfeeding 
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as discharge, 

marital status, 

education 

years) 

Cocilovo 

1990  

 

Cohort 

 

Italy 

 

41/ 3h OGTT 

O'Sullivan 

criteria.  

25 

 

NR NR NR 1 year 

 

BMI 

 

NR 

Davenport 

201 

 

Prospective 

 

Canada 

 

10/ Canadian 

Diabetes 

Association 

10 

 

NR NR NR 2 months 

postpartum 

Blood Pressure 

BMI 

Serum Lipids 

NR 

Davis 1999 

 

Cross-

sectional 

 

USA 

 

21/medical 

records 

 

39 

 

NR NR NR 3-18 months 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

 MANOVA 2: 

Insulin and 

metabolic 

syndrome 

variables - all 

significant 

adjusting for 

glucose sum, 

triglycerides, 
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BMI and 

diastolic BP. 

MACOVA: 

Insulin 

metabolic 

variables, 

significant for 

glucose, 

triglycerides, 

BMI and 

diastolic blood 

pressure 

Demir 2016 

 

Cohort study 

 

Turkey  

 

80/Carpenter 

Coustan 

criteria; 

 

40 

 

NR NR NR 3-4 years Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR 

Eroglu 2006 

 

Prospective 

 

Turkey 

 

36/  3h 100g 

OGTT 

33 

 

3308±401/ 

3334±373 

1.3±0.7/ 

1.4±0. 

 

NR 10–15 months 

after delivery 

 

BMI 

Serum Lipids 

NR  
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O’Sullivan and 

Mahan 

 

Blood glucose 

Fasting plasma 

insulin 

Fakhrzadeh 

2012 

 

Retrospective 

 

Iran 

 

O’Sullivan and 

Mahan 

 

20 

 

NR  1.45±0.76/ 

1.95 ± 1.05 

 

NR 4 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Fasting plasma 

insulin  

Logistic 

regression -. 

Stratified 

analysis 

showed 

association of 

CVD with GDM 

was only seen 

among women 

with BMI > 25, 

but only 

women with 

BMI < 30 

accounted for 

the increased 

risk.  
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Hakkariaine

n 2015** 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ 

Fasting, 1h, 2h 

capillary whole 

blood glucose 

values 4.8, 

10.0 and 

8.7mmol/L 

respectively 

before Sept 

2001.   

Values 

changed to 

11.2 and 9.9 

mmol/l for 1h 

and 2h 

respectively 

after Sept 2001 

385 

 

NR NR NR ≤5  

 

BMI 

Blood glucose 

Fasting plasma 

insulin  

NR 
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Hakkariaine

n 2016** 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ 

Fasting, 1h, 2h 

capillary whole 

blood glucose 

values 4.8, 

10.0 and 

8.7mmol/L 

respectively 

before Sept 

2001.   

Values 

changed to 

11.2 and 9.9 

mmol/l for 1h 

and 2h 

respectively 

after Sept 2001 

385 

 

GDM (1) 3637±571, 

GDM (2) 3671±531/  

Control: 

3581±571 

 

Primiparity 

(%):  

GDM (1) 35.9 

(2) 37.9/ 54.7 

 

Days: GDM 

(1) 278±10 (2) 

278±10/ 

Control279±1

1   

 

≤5  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR 
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Hu 1998 

 

Cross-

sectional 

 

Sweden 

 

17/ 75g OGTT 

capillary blood 

glucose 

> 9 mmol/UL  

20 NR NR NR 2 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR 

Kjos 1991 

 

Prospective 

cohort 

 

USA 

 

6-12 weeks 

(n=1340), 1 

year (n=157)/ 

NDDG (1979) 

6-12 week 

(n=43) 1 year 

(n=36) 

 

Not reported 

 

3 (2)/ 

3 (2) 

 

Not reported 

 

1 

 

BMI 

Serum Lipids,  

N/A 

 

Kousta 

2003 

 

Retrospective 

 

UK 

 

34/  75g- 

OGTT, WHO 

(1999) 

 

44 

 

NR  

 

Median (IQR)  

2 (1-3)/  

2 (1-3) 

NR 2 years 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR  

Krishnaveni 

2007 

 

Prospective 

cohort 

 

India 

 

35/ Diagnosis 

made based on 

Carpenter and 

Coustan 

criteria  

 

489 

 

NR Parity 2+ 

:GDM: NGT: 1 

(9%) IGT: 2 

(18%) DM:3 

(23%) 

30  weeks 

 

>5 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR  
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 No GDM: 

NGT:65 (16%) 

IGT:14 

(19%)DM: 4 

(50%) 

Levka 2015* 

 

Prospective 

Cohort 

 

Norway 

 

50(IADPSG) 

and 31 (WHO) 

/IADPSG and 

WHO 1999 

 

234 (IADPSG) 

and 253 (WHO) 

 

Mean (SD): 

IADPSG: 3832 

(530)/ 3588 (502) 

WHO: 3740 (455)/ 

3640 (520) 

 

Primipara (%) 

IADPSG: 

44%/60% 

WHO: 

60.0%/48.6 

 

Median (IQR): 

IADPSG: 40.4 

(39.0-41.3)/ 

40.4 (39.3-

41.1)  

 

5 

 

Blood Pressure 

Serum Lipids 

 

Adjusted p-

value for age, 

smoking 

frequency and 

BMI 

HDL-C 

(mmol/L) 

p=0.058 

LDL-C 

(mmol/L)  

p=0.405 

TG (mmol/L)  

p=0.261 

Multivariate 
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analysis: Pulse 

Wave Velocity 

at 5 years is 

associated 

with age, GDM 

systolic blood 

pressure. 

TG/HDL-C 

ratio is 

associated 

with BMI, GDM 

status, SBP  

Levka 2016* 

 

Prospective 

Cohort 

 

Norway 

 

50(IADPSG) 

and 31 (WHO) 

/IADPSG and 

WHO 1999 

 

234 (IADPSG) 

and 253 (WHO) 

 

NR  IADPSG: 6 

(12.0)/26 

(11.1)  

WHO:  6 

(19.3)/26 

(10.3) 

 

 

 

  

NR  

5 

 

Blood Pressure 

BMI 

 

NR  
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Levka 2017* 

 

Prospective 

Cohort 

 

Norway 

 

50(IADPSG) 

and 31 (WHO) 

/IADPSG and 

WHO 1999 

234 (IADPSG) 

and 253 (WHO) 

 

NR  IADPSG: 6 

(12.0)/26 

(11.1)  

WHO:  6 

(19.3)/26 

(10.3)  

 

 

 

  

NR  

5 Blood Pressure 

BMI 

Serum Lipids 

Fasting plasma 

insulin 

Univariate 

analysis 

showed LDL at 

5 years 

postpartum 

negatively 

associated 

with insulin 

sensitivity and 

resistance, b-

cell function 

Lim 2007 

 

Cohort 

 

Korea 

 

81/ Third 

International 

Workshop-

Conference on 

GDM 

17 NR NR NR 1 year 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 
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Madarasz 

2009  

 

Retrospective 

 

Hungary 

 

68/WHO 1985 

 

39 

 

NR NR NR 3.5 Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Adjusted p-

value specified 

for age and 

BMI: 

Systolic blood 

pressure p= 

0.40 

Diastolic blood 

pressure 

p=0.017 

HDL-C: p=0.68 

LDL-C: p=0.18 

Magenheim 

(2010) - 

Abstract 

 

Prospective 

 

Germany 

 

66/Not 

specified 

 

26 

 

NR  Cases with 

Normal 

Glucose: 2.5 

± 1.4, Cases 

with IGT: 2.7 

± 1.3 

NR  38.2(5.4) 

 

BMI NR 
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Control 2.3 ± 

1.2, 

Mai 2014  

 

Case-control 

 

China 

 

190/ ADA 2004 

 

80 

 

NR  Mean (SD) 

2.5 (1.8)/2.6 

(1.9) 

 

NR  2.5 

 

Blood Pressure 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR 

Noctor 

2015** 

 

Prospective 

Cohort study 

(Based on 

Noctor 2013) 

 

Ireland 

 

265/ modified 

WHO 1999 

(based on 

Noctor 2016) 

 

378 

 

NR NR NR ≤3  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

BMI > 30, first 

degree relative 

with GDM, 

macrosomic 

baby in 

previous 

pregnancy 

associated 

with GDM 
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Noctor 

2016** 

 

Prospective 

Cohort study 

(Based on 

Noctor 2013) 

 

Ireland 

 

270/WHO 1999 

 

388 

 

NR NR NR ≤3  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

Abnormal 

glucose 

tolerance at 

any time 5 

years 

postpartum 

associated 

with fasting 

glucose, 1-h 

glucose values 

on pregnancy 

OGTT, and 

family history 

of diabetes. 

BMI >30 at 

follow-up 

associated 

with abnormal 
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glucose 

tolerance 

Ozuguz 

2011 

 

Prospective 

case control 

 

Turkey 

 

61/Carpenter 

and Coustan 

(1982) 

 

40 

 

NR  Mean (SD) 

2.63 (1.36)/ 

2.64 (1.13) 

 

Mean (SD) 

26.23 

(1.73)/26.54 

(1.81) 

1 

 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

 

Perrson 

2015 

 

Retrospective  

 

Sweden 

 

111/Not 

reported 

 

333 

 

NR  Mean (SD) 

1.3 (0.8)/1.3 

(1.3) 

NR  4 

 

BMI 

 

NR  

Pimenta 

2004 

Prospective 

 

Brazil 

 

20/ NDDG 

(1979) 

 

20 

 

NR  Median (IQR): 

2 (1)/ 2 (2) 

 

NR  5 

 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR  

Prikoszovic

h 2011 

 

Retrospective 

 

Austria 

 

23/Fourth 

Workshop 

Conference of 

Gestational 

Diabetes 

8 

 

NR NR NR 3 to 5  

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Adjustment for 

Body Fat Mass 

attenuated 

after adjusting 

for HDL-C in 

pGDM 
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compared to 

control  

Rauito 2014 

 

Multicentre 

Prospective 

cohort 

Finland 

 

115/Medical 

records 

150 

 

NR NR NR 1 Blood Pressure 

BMI 

Serum Lipids 

Adjusted p-

value for age, 

outcome 

variable and 

BMI at 

baseline 

Retnakaran 

2010*  

Observational 

Study 

Canada 

 

 

 

 

107/NDDG 

(1979) 

Not reported NR NR NR 3 months Blood Pressure 

BMI 

Blood glucose 

Area under 

curve 

associated 

with total 

cholesterol, 

LDL, HDL, 

triglycerides in 

adjusted model 

for age 

ethnicity and 



 

 

Chapter 3    69 

diabetes 

history 

Ruksasakul 

2016 

 

Case control 

 

Thailand 

 

56/Carpenter 

and Coustan 

(2007) 

51 

 

NR NR NR ≤3  

 

Blood Pressure 

BMI 

Serum Lipids 

Fasting plasma 

insulin 

Metabolic 

syndrome 

associated 

significantly 

with BMI >25 

and age > 35, 

but not 

previous GDM 

Ryan 1995 Cross-

sectional 

 

Canada 

 

14/ Hospital 

based 

definition  

14 

 

NR NR NR ≤4.9  

 

BMI 

 Blood glucose 

NR  

Shen 2018 

 

Observational 

Study 

 

China 

 

1263/WHO 

1999 

 

705 

 

NR NR NR 3 

 

BMI 

Blood Glucose 

pGDM women 

have 13.fold 

multivariable 

adjusted risk 

for diabetes 
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Sokup 

2012^ 

 

Prospective 

cohort 

 

Poland 85/ WHO 1999 

 

40 

 

NR NR NR 2-24 months 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Adjusted p-

values for BMI 

reported 

Sokup 

2012^ 

 

Prospective 

cohort 

 

Poland 125/WHO 1999 

 

40 

 

NR NR NR 2-24 months 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

hsCRP 

associated 

with BMI, 

serum e-

selectin 

associated 

with TG, 

Serum TC and 

HDL 

associated 

with LDL 

Stuebe 

2011  

 

Longitudinal 

cohort 

 

USA 

 

16/ Carpenter 

and Coustan 

 

461 

 

NR  (n=)GDM P1= 

7; P2= 6, P3= 

3/ CON: 

NR  3 

 

BMI 

Serum Lipids 

Adjusted 

analyses 

performed for 
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P1=131; 

P2=227; P3+= 

112  

Blood glucose 

Fasting plasma 

insulin 

age, parity, 

race, parental 

history of 

diabetes and 

maternal BMI 

at 3 years 

postpartum 

Verma 2002 

 

Prospective 

cohort  

USA 

 

58/Carpenter 

and Coustan 

modification of 

NDDG 

51 

 

NR  P1 (n=) 42/49 

P2 (n=) 64/52 

>= P3 (n=) 23 

(22)/16 (16) 

NR  4 to 5 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Risk of 

developing 

MetS in 

subsequent 2 

years was 26 

times higher in 

women with 

GDM with PPO 

(cumulative 

HR: 1.3) 

compared to 

controls 
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without PPO 

(cumulative 

HR: 0.05) 

 

Vigneault 

2015 

 

Retrospective 

 

Canada 

 

216/Medical 

Records 

 

83 

 

NR  Normal 

Weight (Mean 

(SD)) 

2.14 

(0.89)/2.12 

(0.13) 

Overweight 

1.93 

(0.11)/2.38 

(0.17) 

Obese: 

3.57 

(0.25)/2.85 

(0.51) 

NR  ≤4  

 

BMI 

Blood glucose 

Fasting plasma 

insulin  

 

NR  
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Vilmi-Kerala 

2016 

 

Cross-

sectional 

 

Finland 

 

120/ Finnish 

Current 

Guidelines 

(2013) 

 

120 

 

NR  Nulliparous: 

(GDM 23 

(19.2%)/CON: 

23 (19.2% ) 

NR  ≤4  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Previous GDM 

is not an 

important 

influencing 

factor for the 

primary 

outcome 

measurements 

in study.  

Wang 2015 Cross-

sectional 

China 

 

48/ ADA (2013) 48 

 

NR NR NR 1 Blood Pressure 

BMI 

Serum Lipids 

NR  

Winhofer 

2013* (1)  

 

Prospective 

Longitudinal 

Follow-Up 

 

Austria 

 

62/ ADA 

(based on Tura 

2008) 

 

10 

 

NR NR NR 5 

 

Blood Pressure 

BMI 

Serum Lipids 

 

pGDM group 

had increased 

waist 

circumference 

, HBA1C and 

increased 

fasting glucose 
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but was 

attenuated 

after adjusting 

for BMI 

(Values not 

shown) 

Winhofer 

2013 

abstract* (1)  

Longitudinal 

Follow-Up 

Austria 

 

43/ADA (based 

on Tura 2008) 

10 

 

NR NR NR 5 

 

HDL-C (mg/dl), NR 

Winhofer 

2014* (1)  

 

Prospective 

longitudinal 

follow-up 

Austria 

 

45/ (ADA 

based on Tura 

2008)  

18 

 

NR NR NR 5 

 

BMI 

Blood Glucose 

NR 

Winzer 

2004 (1)  

 

Cross 

sectional 

 

Austria 

 

89/4th 

Workshop 

Conference of 

Gestational 

Diabetes 

19 

 

NR NR NR 1 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Fasting 

glucose 

adjusted 

Mean: 

89.00/82.33 -

adjusted for 

waist 
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circumference 

Mean: 

89.93/81.36 - 

adjusted for 

body fat mass 

Xiang 2012 

 

Abstract 

Longitudinal 

 

USA 

 

76/Based on 

medical 

records 

(Watanabe 

2007) 

 

88 

 

NR NR NR ≤5   

 

BMI 

 

Plasma 

glucose and 

insulin not 

significantly 

different 

between GDM 

and controls 

for adjusted 

values 

(Adjusted age, 

age at first 

pregnancy, 

baseline 

percentage 
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body fat, 

baseline 

calorie intake 

and physical 

activity, 

additional 

pregnancy).  

Xiong 2013 

 

Case control 

 

USA 

 

19/ACOG 

 

20 

 

NR  Nulliparous 

(n=):  

2 (10.5%)/ 

4(20%) 

Multiparous(n

=): 

17 (89.5%) 16 

(80.0%) 

NR  1.9 

 

Blood glucose 

Fasting plasma 

insulin  

 

NR 

Xiang 2013 

 

Observational 

longitudinal 

 

USA 

 

93/ Based on 

medical 

records 

 

142 

 

NR  Mean (SD) 

3.1(1.3)/2.9 

(1.2) 

 

NR  >10  

 

BMI  

Fasting plasma 

glucose  

NR 
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Fasting plasma 

insulin  

5-10 years postpartum  

Ajala 2011 

(abstract)  

 

Cohort 

 

UK 

 

n=95/ GDM 

diagnosis not 

specified 

 

Not specified 

(total n=95) 

NR NR NR 10 

 

Blood Pressure 

BMI 

Serum Lipids 

NR  

Ajala 2015  

 

Cohort 

 

Canada 

 

90/ Canadian 

Diabetes 

Association 

59 

 

NR NR NR 4 to 10 year 

 

BMI 

Serum Lipids 

Blood glucose  

After 

controlling for 

adiposity, BP, 

lipids, CRP 

glycaemic 

status did not 

contribute to 

vascular 

function.  

Benjamin 

1993 

 

Case-control 

 

India 

 

47/O'Sullivan 

and Mahan 

47 

 

NR  Mean: 

GDM, 3.2 Non 

GDM: 3.4   

NR  9 years 

 

BMI 

 

NR  
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Bian 2000 

 

Retrospective  

 

China 

 

45/ >2 

abnormal 

FPG > 5.8 

mmol/L, at 1 

hour > 10.6 

mmol/L, at 2 

hours > 9.2 

mmol/L, at 3 

hours > 8. 1 

mmol/L.  

39 NR NR NR 5-10 years 

 

Rate of T2DM T2DM is higher 

in GDM 

women with 

antepartum 

BMI < 25kgm/2 

and >25kg/m2 

 

Bo 2007  Cohort 

 

Italy 

 

82/ 50g GCT 

Carpenter and 

Coustan 

113 

 

NR Mean: 

Control: 1.6  

GDM: 1.9  

 

NR  6.5year 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Multiple 

regression 

analysis 

showed e-

selectin, ICAM-

1, IL-6 and 

hsCRP 

associated 

with Mean IMT 
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after 

adjustment for 

BMI, waist 

circumference, 

blood pressure 

and blood 

glucose 

Caliskan 

2014 

 

Case-control 

 

Turkey 

 

62/ Medical 

history 

 

33 

 

NR NR NR 6 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

Carotid intima 

medial 

thickness 

(cIMT), total 

cholesterol, 

BMI, HBA1C, 

and HOMA-IR 

independently 

correlated with 

epicardial fat 

thickness 
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Da 2016 

(Abstract)  

 

Retrospective 

 

Poland 

 

199/ Based on 

OGTT values 

(not specified 

further) 

50 

 

NR NR NR 5-12 years 

 

BMI 

Serum Lipids 

Blood glucose  

NR  

Donhorst 

1990 

 

 

Cohort 

 

UK 

 

56/ 

modification of 

O'Sullivan and 

Mahan 

23 

 

NR  Recurrent 

GDM:1-4.  

Known 

diabetics 

DM:2-8, 

IGT:2-6, 

NGT:1-5 

NR  6-12 years 

 

BMI 

 

NR 

Ferraz 2007 

 

Cohort 

 

Brazil 

 

70/ 75-g 

OGTT, (WHO)  

108 

 

NR NR NR 6.2 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Average of 

CRP levels 

were 

statistically 

high in 

subjects with 

previous GDM 

and abdominal 
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obesity and 

elevated 

fasting 

glucose.  

Hakkariaine

n 2015** 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ Fasting, 

1h, 2h capillary 

whole blood 

glucose values 

4.8, 10.0 and 

8.7mmol/L 

respectively 

before Sept 

2001.   

Values 

changed to 

11.2 and 9.9 

mmol/l for 1h 

and 2h 

385 

 

NR NR NR ≤5  

 

BMI 

Blood glucose 

Fasting plasma 

insulin  

NR 
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respectively 

after Sept 2001 

Hakkariaine

n 2016** 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ Fasting, 

1h, 2h capillary 

whole blood 

glucose values 

4.8, 10.0 and 

8.7mmol/L 

respectively 

before Sept 

2001.   

Values 

changed to 

11.2 and 9.9 

mmol/l for 1h 

and 2h 

respectively 

after Sept 2001 

385 

 

Mean (SD) 

GDM (1) 3637±571, 

GDM (2) 3671±531/ 

3581±571 

 

Primiparity 

(%): GDM (1) 

35.9 (2) 37.9/ 

54.7 

 

Days: GDM 

(1) 278±10 (2) 

278±10/ 

279±11   

 

≤5  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR 
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Hunger 

Dathe 2006 

 

Cohort 

 

Germany 

 

132/medical 

history 

50 NR NR NR 6 years Blood Pressure 

BMI 

Blood glucose  

NR 

Lauenborg 

2005 

Long term 

follow-up 

 

Denmark 

 

481/Based on 

3h 75g OGTT -  

Damm et al. 

(1993) 

1,000 

 

NR NR Median (IQR) 

227 (197-

249)/ 227 

(197-249) 

9.8  

 

Blood Pressure 

BMI 

Fasting plasma 

insulin  

NR 

Meier 

(2005).  

Case-

control/experi

mental  

Germany  15/ OGTT 

based on 

fasting glucose 

20 Mean (SD) 

3,615±661/ 

3,165±289 

NR 26±6 

(mean±SD). 

 

4.1±6.5  Blood pressure 

Blood glucose  

Multivariate 

analysis 

adjusted for 

age and BMI  

Modela 

2016* 

 

Retrospective 

cohort study  

 

Poland 

 

199/OGTT 50 

 

NR 

 

NR 

 

Not reported 

 

7 Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR 
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Osei 1998 

 

Case-control 

 

USA 

 

15/ O'Sullivan 

criteria adapted 

by NDDG 

15 

 

Not reported 

 

Parity similar 

between 

groups 

 

NR 

 

7  

 

BMI 

Blood glucose 

Fasting plasma 

insulin 

NR 

Pimenta 

2004 

 

 

Prospective 

 

Brazil 

 

20/NDDG 

(1979) 

 

20 

 

Not reported 

 

Mean (SD): 

2(1)/2(2) 

 

NR 

 

5-8 

 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR 

Ryan 2013 

 

Case-control 

 

USA 

 

20/History 

confirmed by 

health care 

provider 

 

26 

 

NR NR NR ≤5  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR 

Seghiri 

2007 

 

Retrospective 

 

Italy 

 

43/Carptenter 

and Coustan 

(1992) 

22 

 

NR  Mean (SD): 2 

(1)/ 1.6 (0.8) 

NR  7.5 

 

BMI  NR 
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Sriharan 

2002 

 

Retrospective Brazil 

 

46/1999 WHO  

 

50 

 

NR  Mean (SD): 

1.8 (2.2)/2.2 

(1.8) 

 

NR  6.8 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

Multiple logistic 

analysis 

adjusted for 

age, time from 

previous 

pregnancy, 

BMI, and 

family history 

of diabetes 

 

Tam 2007* 

 

Prospective 

cohort 

 

Hong 

Kong 

 

67/1999 WHO 

 

136 

 

Mean (SD): 3230 ± 

485/3272 ± 429 

 

 

Nulliparous 

(n=) 40/74 

 

Mean (SD): 

39.3 ± 2.1 

/39.5 ± 1.6 

8 

 

Blood Pressure 

BMI 

Serum Lipids 

 

Triglyceride in 

linear 

regression 

model adjusted 

for age, race, 

school years, 

metabolic 

syndrome 

 



 

 

Chapter 3    86 

Tam 2012** Prospective 

cohort 

 

 

Hong 

Kong 

 

94/WHO 1999 

 

44 

 

Mean (SD): 3230 

(485)/ 3272(429)  

 

NR Mean (SD): 

39.3 (2.1) 

/39.5 (1.6) 

8 

 

BMI 

Serum Lipids 

 

NR  

Tam 2013** 

 

Prospective 

cohort 

 

 

Hong 

Kong 

 

94/WHO 1999 

 

45 

 

Mean (SD): 3230 

(485)/ 3272(429)  

 

NR Mean (SD): 

39.3 (2.1) 

/39.5 (1.6) 

8 

 

BMI Serum 

Lipids 

Relative and 

absolute risk 

for subgroups 

of various 

glycaemic 

indices mid-

gestation - 

adjusted for 

various factors 

Tehrani 

2012 

 

Nested 

longitudinal 

case control 

study 

 

Iran 

 

29/WHO 1999 

 

n=58 (Group 1) 

n=570 (Group 

2) 

 

NR  Mean (SD) 

30.0 (1.7)/ 

Control 1  2.8 

(1.5) Control 2 

4.6 (2.3) 

 

NR  9 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

Relative and 

absolute risk 

for subgroups 

of various 

glycaemic 

indices mid-



 

 

Chapter 3    87 

gestation - 

adjusted for 

various factors 

Tobias 2017 

 

Prospective 

cohort 

analysis 

 

USA 

 

5292/Self-

reported GDM 

(validated 

method) 

84,187 

 

NR  Mean (SD) 

1.9 (1.2)/ 1.8 

(1.1) 

 

NR  6 to 8 ^ 

 

BMI 

 

Adjusted 

analysis for 

baseline 

parameters 

 

Tutino 2014  

 

Nested Case 

Control - 

Abstract 

 

Hong 

Kong 

 

124/ Self- 

reported GDM 

 

372 

 

NR NR NR 8 

 

Blood Glucose 

 

Multivariable 

models for 

CVD risk: 

Adjusted for 

age, years 

since 

pregnancy, 

menopausal 

status, 

hormone use, 

white 
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race/ethnicity, 

family history 

of MI, or 

stroke, history 

of pregnancy 

hypertensive 

disorders, BMI 

and parity 

Verma 2002 

 

Prospective 

cohort  

USA 

 

58/Carpenter 

and Coustan 

modification of 

NDDG 

 

51 

 

NR  P1 (n=) 42/49 

P2 (n=) 64/52 

>= P3 (n=) 23 

(22)/16 (16) 

NR  6, 7, 8, 9  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin 

NR  

Wender-

Ozegowska 

2007 

 

Prospective 

cohort  

 

Poland 

 

153/Hospital 

records 

 

155 

 

NR 

 

NR 

 

NR 6 

 

Blood Pressure 

BMI 

Serum Lipids 

NR  

>10 years postpartum 
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Behboudi- 

Gandevani 

2019 

Long term 

longitudinal 

follow-up 

Iran 801/WHO 

(1998) 

2594 NR NR NR 13 years Serum Lipids  NA 

Carr 2006 

 

Cross-

sectional 

 

US 

 

662/ Self-

reported 

 

332 

 

NR NR NR 29.9 years 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

CVD and 

coronary heart 

disease 

specifically 

higher in 

women with 

prior GDM 

compared to 

no GDM. 

Adjusted for 

age, 

menopausal 

status and 

proband 

clustering. 
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Charwat-

Resl 2017 

 

Cross-

sectional 

 

Vienna 

 

55/ WHO 

(1998) 

32 

 

NR NR  Mean (SD) 

16.2 ± 5.2/  

14.2 ± 4.8  

 

16 years  Blood Pressure 

BMI 

Serum Lipids 

 

NR  

 

Gobl 2011 

(1)  

 

Prospective 

 

Austria 

 

120/ 75g 

OGTT, Fourth 

International 

Workshop 

conference on 

GDM 

 

 

40 

 

NR NR NR 10 years 

 

Serum Lipids 

Blood Glucose 

 

Fasting 

glucose, 

fasting insulin: 

Various 

models 

adjusted for 

age, age at 

first 

pregnancy, 

baseline 

percentage 

body fat 

baseline 

calorie intake 

and physical 
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activity, % 

body fat and 

additional 

pregnancy  

during follow-

up 

Gobl 2014 

(1)  

 

Cross-

sectional 

 

Austria 

 

108/75g 

OGTT, Fourth 

International 

Workshop 

conference on 

GDM 

41 NR NR NR 10 years BMI 

 

2-hour OGTT 

>140mg/dL, 

age >35 and 

HDL 

cholesterol 

<50mg/dL 

were best 

predictors of 

metabolic 

syndrome up 

to 10 years 

follow-up 
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Gobl 2014 

(1)  

Cross-

sectional, 

prospective 

 

Austria 

 

77/75g OGTT, 

Fourth 

International 

Workshop 

conference on 

GDM 

41 NR NR NR 10 years BMI 

Fasting plasma 

insulin 

Moderate 

associations of 

HbA1c with 

measurements 

of 

plasma 

glucose during 

the OGTT.   

Gunderson 

2014^  

 

Longitudinal 

observational 

study 

 

Canada 

 

119/ Self- 

reported GDM: 

confirmed by 

OGTT results 

from  

prenatal 

records to 

match 

definition by 

Diabetes Care 

1997 

364 

 

NR 

 

Mean (SD): 

2.3 (0.95)/ 2.2 

(1.1) 

 

NR 

 

20 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

Adjusted and 

unadjusted 

mean (95% CI) 

for cIMT by 

GDM history 

stratified by 

women with 

diabetes or 

metabolic 

syndrome. No 

significant 
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 differences 

seen in 

adjusted 

models.  

Hakkariaine

n 2015** 87 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ abnormal 

fasting, 1h, 2h 

capillary whole 

blood glucose 

values 4,8, 

10.0 and 

8.7mmol/l 

respectively 

(Until Sept 

2001)  

Values 

changed to 

11.2 and 

9.9mmol/l for 

1h and 2h 

385 

 

NR NR NR ≤5  

 

BMI 

Blood glucose 

Fasting plasma 

insulin  

NR 
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respectively 

after Sept 2001 

Hakkariaine

n 2016** 88 

 

Hospital 

register base 

cohort study 

 

Finland 

 

489/ Fasting, 

1h, 2h capillary 

whole blood 

glucose values 

4.8, 10.0 and 

8.7mmol/L 

respectively 

before Sept 

2001.   

Values 

changed to 

11.2 and 9.9 

mmol/l for 1h 

and 2h 

respectively 

after Sept 

20019.9mmol/l 

385 

 

GDM (1) 3637±571, 

GDM (2) 3671±531/ 

3581±571 

 

Primiparity 

(%): GDM (1) 

35.9 (2) 37.9/ 

54.7 

 

Days: GDM 

(1) 278±10 (2) 

278±10/ 

279±11   

 

≤5  

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR 
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for 1h and 2h 

respectively 

after Sept 2001 

Heida 2015 

89 

 

Prospective 

cohort study 

 

Dutch 1089/ Self- 

reported 

questionnaire 

15,560 NR No of 

pregnancy: 1: 

Not exposed: 

1781 (11.5) 

HDP: 572 

(9.3)GDM: 

106 (9.7). 2: 

5977 (38.4) 

2226 (36.2) 

360 (33.1), 

3/>:7802 

(50.1) 3359 

(54.5) 623 

(57.2) 

NR  Mean 29 years 

since index 

pregnancy  

Blood Pressure 

Serum Lipids 

 

GDM 

associated 

with increased 

OR of having 

CVD, IHD, 

stroke or T2D. 

Model III 

adjusted for 

cohort, HDP, 

age, BMI, 

current 

smoking and 

alcohol 

consumption at 

study 

enrolment, 
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total 

cholesterol/HD

L ratio, 

prevalent 

hypertension, 

and T2D (for 

stroke, IHD 

and CVD 

outcomes 

only).  

King 2009  Case-control 

 

USA 

 

20/Self-report 

of having GDM 

and OGTT 

 

20 

 

NR 

 

GDM: 2.45 

(0.9) No 

GDM: 

2.25(0.6) 

 

NR 15 years 

(based on 

child’s index 

age) 

 

BMI 

Blood Pressure 

Serum Lipids 

  

Adjusted 

results shown 

for age, current 

use of 

estrogen, BMI 

before first 

child, current 

BMI  
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Lee 2007) 

 

Retrospective 

 

Australia 

 

5,740/  

75g OGTT and 

50g 

OGTT. FPG: 

5.5 mmol/l 

and/or a 2h 

plasma 

glucose> 8.0 

mmol/  

783 

 

NR  GDM: 2 (2–3) 

Control :3 (2–

3), 

 

 

GDM 38.4   

(2.7) 

Control39.2 

(3.4) 

 

 

15 years 

 

BMI, fasting 

glucose 

 

NR 

Linne 2002  

 

Retrospective 

 

Stockhol

m 

 

28/ 2- hour oral 

glucose 

tolerance test 

(OGTT) with 75 

g glucose, 2h 

value over 

>9.0mmol/L 

52 

 

NR NR NR 15 years  BMI 

 

NR  

Minoee 

2017^  

 

Prospective 

population 

follow-up 

Iran 

 

476/ WHO 

(1998) 

 

1982 

 

NR  Mean (SD): 

2.7 ± 

NR  15 

 

Blood Pressure 

BMI 

Blood glucose  

T2DM 

progression is 

2.15-fold 
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  1.45/2.25 ± 

1.24 

 

higher in GDM 

women than 

controls after 

adjustment for 

age, BMI and 

family history 

of diabetes.  

Minoee 

2017^ 

 

Prospective 

population 

follow-up 

 

Iran 

 

476/ WHO 

(1998) 

 

 

1982 

 

NR  Mean (SD): 

2.7 ± 

1.45/2.25 ± 

1.24 

 

NR  15 

 

Serum Lipids NR  

Pirkola 2010 

 

Population 

based study 

 

Finland 

 

124/ 2h 75g 

OGTT one 

abnormal value 

-  

Fasting > 

5.5mmol/l, 1h 

5342 

 

NR NR NR 20 

 

BMI  GDM causes 

increased risk 

of diabetes in 

normal weight 

and overweight 

women, and 

hypertension in 
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>11.0mmol/ 2h 

> 8mmol/l 

women who 

are overweight 

pre-pregnancy. 

In women with 

normal OGTT 

during 

pregnancy, 

hypertension 

and diabetes 

risk didn’t differ 

between GDM 

women 

compared to 

women with no 

risk factors for 

GDM 

Tam 2012^ 

 

Prospective 

follow-up 

 

Hong 

Kong 

 

45/ WHO 1999 

(Tam 2007) 

 

94 

 

NR  P1 (n=) 10/9, 

>=P2 

(n=)84/36 

NR  15 

 

Total cholesterol 

(mmol/L) 

 

Insulin 

sensitivity 

indices are 
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 independent 

predictors of 

diabetes and 

metabolic 

syndrome at 

15 years 

postpartum 

even with 

adjustment for 

b-cell function 

or abnormal 

glucose 

tolerance 

status at 8 

years 

postpartum. 

History of GDM 

at index 

pregnancy 
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increased the 

odds of 

progression to 

abnormal 

glucose 

tolerance, 

T2DM and 

hypertension.   

Tam 2013^^ 

 

Prospective 

follow-up 

 

Hong 

Kong 

 

67/WHO 1999 

 

136 

 

Baseline: 

Mean (SD): 3230 

(485)/ 3272(429)  

 

NR  Mean (SD): 

39.3 (2.1) 

/39.5 (1.6) 

 

15 

 

BMI  

Serum Lipids  

 

All glycaemic 

indices were 

predicative of 

abnormal 

glucose 

tolerance, 

diabetes 

mellitus and 

hypertension, 

but 2-h plasma 

glucose and 
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glucose 

challenge 

tolerance are 

predictive of 

hypertension 

at 8 and 15 

years 

postpartum. 

Metabolic 

syndrome at 

15 years 

postpartum 

risk predicted 

by fasting 

plasma 

glucose 

Verma 2002  

 

Longitudinal 

follow-up 

study 

USA 

 

58/Carpenter 

and Coustan 

51 

 

NR  P1 (n=) 42/49 

P2 (n=) 64/52 

NR  11 

 

Blood Pressure 

BMI 

Serum Lipids 

Fasting plasma 

glucose risk 

adjusted for 
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 modification of 

NDDG 

 

>= P3 (n=) 23 

(22)/16 (16) 

 

Blood glucose 

Fasting plasma 

insulin  

maternal age, 

BMI at 

booking, AGT 

at 8 years, 

familial history 

of DM, 

gestational 

hypertension, 

preeclampsia 

during index 

pregnancy and 

subsequent 

term 

pregnancy (n=) 

Wang 2012  

 

Longitudinal 

database 

 

USA 

 

1142/ICD-9  18,856 

 

NR  Parity > 1: 

GDM 

53.5%/Non 

GDM: 36.1% 

 

NR  13-50 

 

Blood Pressure 

BMI 

 

Metabolic 

syndrome 

increased in 

women with 
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GDM with 

increasing age. 

Winhofer 

2014 (1)  

 

Prospective 

follow-up 

 

Austria 

 

35/4th 

Workshop 

Conference of 

Gestational 

Diabetes 

(Based on 

Winzer 2004) 

 

14 

 

NR NR NR 10 

 

Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR  

Xiang 2013  

 

Observational 

longitudinal 

 

USA 

 

93/ Based on 

medical 

records 

 

142 

 

NR  Mean (SD) 

3.1(1.3)/2.9 

(1.2) 

 

NR  >10  

 

BMI 

Blood glucose 

Fasting plasma 

insulin 

NR  

No specified postpartum follow-up  

Couch 1998 

 

Cross-

sectional 

 

Ohio 

 

20/ O’Sullivan 

and NDDG 

criteria used  

20 

 

NR NR NR NR Serum Lipids 

 

NR  
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Gadgil 2017 

 

Cross-

sectional 

 

USA 

 

13/ Self-

reported 

13 

 

NR GDM: 2.2 

(0.6), no 

GDM:2.1 (0.8) 

 

NR NR Blood Pressure 

BMI 

Serum Lipids 

 

Adjustment for 

age and weight 

at 40. Women 

with GDM 

history have 

3.3-fold 

increased risk 

of having 

diabetes  

Gunderson 

2010 

 

Longitudinal 

observational 

 

Canada 

 

154/ Self-

reported 

confirmed with 

OGTT  

 

1,655 

 

NR NR NR NR Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Pre-pregnancy 

cardiometaboli

c risk factors 

adjusted for 

familial 

diabetes parity 

at conception, 

births during 

interval, time to 

first 
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conception, 

smoking age at 

preconception 

examination 

and race 

Han 2018 Retrospective 

cohort study 

South 

Korea 

4,970/ 

diagnosed 

based on ICD-

10 codes 

97,930 NR NR NR NR BMI  

Blood Glucose 

NA 

Shostrom 

2017 

 

Population 

base study  

 

USA 

 

555/Self-

reported 

 

7,572 

 

NR NR NR NR BMI  

 

GDM is 

associated 

with higher risk 

of CVD 

compared to 

women without 

CVD as a 

reference for 

all models 

(Adjusted for 
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age, 

race/ethnicity, 

education,  

family income-

poverty ratio, 

smoking/drinki

ng, physical 

activity, total 

energy, BMI).  

Simmons 

2017 

 

Follow-up 

study 

 

New 

Zealand 

 

52/ Self-

reported  

 

2582 

 

NR NR NR NR Blood Pressure 

BMI 

Serum Lipids 

Blood glucose  

NR  

Thomann 

200890 

 

Case control 

 

Switzerla

nd 

 

18/ ADA (2004) 

 

19 

 

NR NR NR NR Blood Pressure 

BMI 

Serum Lipids 

Blood glucose 

Fasting plasma 

insulin  

Difference 

shown 

between 

groups in fat 

distribution, 

estimates of 
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insulin 

resistance, 

serum levels of 

lipids and 

parameters of 

low-grade 

chronic 

inflammation 

after adjusting 

for age and 

percent body 

fat.  

Abbreviations = OGTT = oral glucose tolerance test, GCT = glucose challenge test, OGCT = oral glucose tolerance test. FPG: Fasting plasma glucose. BMI (body mass index), SBP 

(Systolic blood pressure), DBP (diastolic blood pressure), TC (total cholesterol), HDL (high density lipoprotein-cholesterol), LDL (low density lipoprotein-cholesterol), TG 

(triglycerides) 

ADA: American Diabetes Association, ADIPS: Australian Diabetes in Pregnancy Society, IADPSG – International Association of Diabetes in Pregnancy Society   

(+)BMI kg/m2, SBP/DBP mmHg units , all other units specified each study 

Lipids collectively refers to study including total cholesterol, HDL, LDL and triglycerides.  

a - abstract 

* - papers of same author are the same study 

** - paper looked at two different time points 
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 (1) Studies with this subscript part of the same cohort but Winzer 2004 was used in overall meta-analysis ,Winzer <1 year postpartum, Winhofer +10 years 

(2) Studies with this subscript part of the same cohort but Bozkurt 2012 used in overall meta-analysis and <1-year postpartum subgroup 
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Table 3.5.1-2 Findings of meta-analyses 

Outcome Odds Ratio 

MD/SMD  

95% CI  n= (studies) n= (GDM/control) n= (total) Heterogeneity 

Systolic Blood 

Pressure (mmHg) 

MD 2.47 1.74, 3.40 48 7,332/42,786 50,118 I2 = 79% 

P< 0.00001 

Diastolic Blood 

Pressure (mmHg) 

MD 1.89 1.32, 2.46 48 7,025/42,470 49,495 I2 = 83% 

P< 0.00001 

BMI (kg/m2) 

 

MD 1.54 1.17, 1.91 78 26,689/ 228,619 255,308 I2 = 97% 

P< 0.00001 

Total cholesterol 

(SMD) 

SMD 0.26 0.15, 0.37 48 6,817/31,744 38,561 I2 = 89% 

P< 0.00001 
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Abbreviations: MD – mean difference, 95% CI – 95% Confidence Interval  

Bold MD (95% CI) highlights significant result 

 

 

Low density 

Lipoprotein (SMD) 

SMD 0.19 0.08, 0.30 44 5,846/11,134 16,980 I2 = 83% 

P< 0.00001 

High density 

lipoprotein (SMD)  

 

SMD  

-0.28 

-0.39, -0.16 56 

 

7,203/28,679 35,882 I2 = 89% 

P< 0.00001 

Triglycerides 

(SMD) 

SMD 0.56 0.42, 0.70 45 4,110/9,065 13,175 I2 = 88% 

P< 0.00001 

Glucose 

(SMD) 

SMD 0.69 0.56, 0.81 55 17,180/110,720 127,900 I2 = 94% 

P< 0.00001 

Insulin 

(SMD) 

SMD 0.41 0.23, 0.59 32 2,994/5,887 8,881 I2 = 90% 

P< 0.00001 



 

 

Chapter 3    112 

3.5.2. Blood Pressure 

 

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) data were 

available from 60 studies, of which 48 were included in the overall meta-analysis. 

Quantitative summary measures showed that women with previous GDM have 2.47 

mmHg (95% CI 1.74 to 3.40) higher mean SBP compared to controls (n 

(total)=50,118; heterogeneity: Chi2 P<0.00001, I2=80%) (Table 3.5.1-1) 

(Supplementary Figure 3.8 1)88-130. Of the 12 studies with data not included in the 

meta-analysis126, 131-141, eight reported higher SBP in women with previous GDM 

compared to the control group126, 131-134, 137, 138, 141, with five studies showing 

statistical significance126, 131, 134, 138, 140 (Supplementary Table 3.8.1). Sensitivity 

analysis after excluding the low-quality studies showed a marginal increase in 

heterogeneity (Chi2 P< 0.00001, I2=82%). (Supplementary Table 3.8.3) 

Women with previous GDM have 1.89 mmHg (95% CI 1.32 to 2.46) higher DBP 

compared to women without previous GDM (n=49,495, heterogeneity: Chi2 

P<0.00001, I2=83%) (Table 3.5.1-1) (Supplementary Figure 3.8.2)88-130. Of the 12 

studies not included in the meta-analysis77, 126, 131-141, six reported higher DBP in 

women with previous GDM compared to the control group126, 131, 132, 134, 137, with 

three studies showing statistical significance 131, 134, 135. Sensitivity analysis after 

excluding low quality studies showed a marginal increase in heterogeneity (Chi2 

P<0.00001, I2=85%). (Supplementary Table 3.8.4) 

3.5.3. Body Mass Index 

 

Body Mass Index (BMI) data were available from 102 studies, of which 78 were 

included in the overall meta-analysis. BMI was 1.54kg/m2 higher in women with 

previous GDM compared to women without previous GDM (95% CI 1.17 to 1.91; 

n=255,308, heterogeneity: Chi2 P<0.00001, I2=97%)90, 91, 93, 95-97, 99, 100, 102, 103, 105, 106, 



 

 

Chapter 3    113 

113, 114, 116-118, 120, 121, 123-127, 129, 130, 132, 142-178 (Table 3.5.1-1) (Supplementary Figure 

3.8.3). Of the 24 studies not included in the meta-analysis112, 126, 131, 133-135, 137-141, 174, 

179-191, 12 studies reported that women with previous GDM had significantly higher 

BMI or were more obese than women without previous GDM112, 126, 134, 135, 138, 140, 141, 

143, 174, 180, 182-185, 188-191 (Supplementary Table 3.8.1). Sensitivity analysis after 

excluding low quality studies showed a decrease in heterogeneity (Chi2 P<0.00001, 

I2=95%) (Supplementary Table 3.8.5)  

3.5.4. Lipids 

 

3.5.4.1. Total Cholesterol 

 

Total cholesterol data were available from 59 studies, 48 studies were included in 

the overall meta-analysis. Women with previous GDM had 0.26 SMD higher total 

cholesterol compared to women without previous GDM, (95% CI 0.15 to 0.37; 

n=38,561, heterogeneity: Chi2 P<0.00001, I2=89%)89, 91, 93, 96, 97, 99-102, 106, 108, 110, 111, 

113, 116, 117, 119, 121, 122, 124, 126, 127, 129, 130, 138, 143, 144, 149, 151, 152, 160, 171, 174, 175, 192-196 (Table 

3.5.1-1) (Supplementary Figure 3.8.4). Of the 11 studies not included in the meta-

analysis126, 131, 133, 134, 139, 148, 174, 187, 189, 190, 197, three reported that women with 

previous GDM had significantly higher total cholesterol compared to the control 

group126, 174, 190. Sensitivity analysis after excluding low quality studies showed a 

marginal increase in heterogeneity (Chi2 P<0.00001, I2=90%). (Supplementary 

Table 3.8.6) 

3.5.4.2. LDL 

 

Low density lipoprotein (LDL) cholesterol data were available from 57 studies, of 

which 44 were included in the overall meta-analysis. Women with previous GDM 

had 0.19 SMD higher LDL compared to women without previous GDM (95% CI 

0.08 to 0.30; n=16,980, heterogeneity: Chi2  P<0.00001, I2=83%)(Table 3.5.1-1) 
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(Supplementary Figure 3.8.5). 81, 91, 92, 95-97, 99-102, 105, 106, 108, 111-114, 116-120, 122, 124, 126, 

128, 130, 132, 138, 142, 144, 149, 152, 160, 171, 174, 192, 194-196, 198. Of the 13 studies not included in 

the meta-analysis 126, 131, 133, 136, 139, 148, 174, 187, 189, 190, 196, 197, 199, four reported that 

women with previous GDM had significantly higher LDL compared to the control 

group126, 136, 174, 190. Sensitivity analysis after excluding low quality studies showed 

an increase in heterogeneity (Chi2 P<0.00001, I2=85%). (Supplementary Table 

3.8.7) 

3.5.4.3. HDL  

 

High density lipoprotein (HDL) cholesterol data were available from 70 studies, of 

which 56 were included in the overall meta-analysis. Women with previous GDM 

had lower HDL compared to those without previous GDM, a -0.28 SMD (95% CI -

0.39 to -0.16; n=35,882, heterogeneity: Chi2 P<0.00001, I2=89%)88, 89, 92, 93, 95-97, 99-

103, 106, 108, 110-114, 116-123, 126, 129, 132, 138, 144, 149, 151-153, 160, 161, 173-175, 192, 194-196 (Table 3.5.1-

1) (Supplementary Figure 3.8.6). Of the 14 studies not included in the meta-

analysis109, 124, 126, 131, 133, 135, 136, 139, 148, 158, 174, 187, 189, 196, five reported that women with 

previous GDM had significantly lower HDL than the control group91, 126, 135, 189, 190, 

196. Sensitivity analysis after excluding low quality studies showed a marginal 

increase in heterogeneity (Chi2 P<0.0001, I2=90%). (Supplementary Table 3.8.8) 

3.5.4.4. Triglycerides 

 

Triglyceride data were available from 64 studies, of which 45 were included in the 

overall meta-analysis. Women with previous GDM had 0.56 SMD higher 

triglycerides compared to those without previous GDM (95% CI 0.42 to 0.70; 

n=13,175, heterogeneity: Chi2 p<0.00001, I2=88%)88, 91-93, 96, 97, 99-102, 106, 110, 111, 114, 

116, 117, 119-122, 129, 132, 142, 144, 146, 149, 151-153, 160, 161, 173-175, 177, 192, 194 (Table 3.5.1-1) 

(Supplementary Figure 3.8.7). Of the 19 studies not included in the meta-analysis 90, 
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109, 126, 131, 133-136, 139, 148, 171, 174, 187, 189, 190, 195-197, seven studies reported that women 

with previous GDM had significantly higher triglycerides than those without 

previous GDM90, 126, 135, 174, 182, 189, 190. Sensitivity analysis after excluding low quality 

studies showed no difference in heterogeneity (Chi2 P<0.00001, I2=88%). 

(Supplementary Table 3.8.9) 

3.5.5. Blood glucose 

 

Blood glucose data were available from 72 studies, of which 55 were included in the 

overall meta-analysis. Women with previous GDM had 0.69 SMD higher blood 

glucose compared to those without previous GDM (95% CI 0.56 to 0.81; n=127,900, 

heterogeneity: Chi2  P<0.00001, I2=94%) 81, 88, 90, 93, 95-97, 99, 101, 102, 105-108, 110, 111, 113, 

116-124, 126-128, 130, 142, 145, 146, 149, 151, 153, 154, 157, 159, 166, 169, 175, 192-195, 198, 200-203(Table 3.5.1-

1) (Supplementary Figure 3.8.8). Of the 17 studies not included in the meta-

analysis109, 112, 126, 131, 133-135, 137, 152, 165, 180, 187, 189, 190, 196, 204, 205, 10 studies reported that 

women with previous GDM had significantly higher glucose than those without 

previous GDM109, 126, 131, 135, 138, 189, 190, 196, 204, 205. Sensitivity analysis after excluding 

low quality studies showed no difference in heterogeneity (Chi2 P<0.00001, 

I2=94%). (Supplementary Table 3.8.10) 

3.5.6. Serum insulin 

 

Serum insulin data were available from 44 studies, of which 32 were included in the 

overall meta-analysis. Women with previous GDM had 0.41 SMD higher insulin 

compared to those without previous GDM (95% CI 0.23 to 0.59; n=8,881, 

heterogeneity: Chi2  P<0.00001, I2=90%)88, 92, 99, 101, 102, 106, 111, 113, 116, 120, 121, 127, 130, 144, 

145, 149, 151, 159, 169, 173, 175, 192, 193, 198, 200-202. (Table 3.5.1-1) (Supplementary Figure 

3.8.9). Of the 12 studies not included in the meta-analysis90, 97, 107, 112, 124, 126, 135, 138, 
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160, 187, 189, 190, five studies reported that women with previous GDM had significantly 

higher glucose than those without previous GDM97, 107, 112, 126, 135, 181. Sensitivity 

analysis after excluding low quality studies showed no difference in heterogeneity 

(Chi2 P<0.00001, I2=90%). (Supplementary Table 3.8.11) 

3.5.7. Subgroup analysis 

 

We conducted subgroup analyses based on the time of postpartum follow up (<1 

year postpartum, 1-5 years postpartum, 5-10 years postpartum and >10 years 

postpartum). The results are shown in Table 3. Systolic blood pressure, diastolic 

blood pressure, triglycerides and blood glucose were higher in women with previous 

GDM compared to those without previous GDM as early as <1 year postpartum. 

Triglycerides and blood glucose remained significantly elevated at 1-5 years, 5-10 

years and >10 years postpartum (Table 3.5.7.1).
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 Table 3.5.7-1 Subgroup analysis for all cardiovascular outcomes in women with previous GDM compared to those with no previous GDM 

Outcome <1 year postpartum 

(95% CI) 

1-5 years postpartum 

(95% CI) 

5-10 years postpartum 

(95% CI) 

>10 years postpartum 

(95% CI) 

Systolic Blood Pressure 

(mmHg) 

3.47 (1.26-5.68) 

n(total)=1,826 

n=1,237 I2= 50%, p=0.02 

2.26  (0.27, 4.25) 

n(total)=19,701; n=2,567 I2= 

93%, p<0.00001 

3.96  (2.36, 5.56) 

n(total)=1,965; n(exposed)=805 

 I2= 17%, p=0.27 

2.58  (1.05, 4.11) 

n(total)=4,941; 

n(exposed)=1,157 

 I2= 23%, p=0.23 

Diastolic Blood Pressure 

(mmHg) 

2.48 (0.58-4.37) 

n(total)=1,749 

n(exposed)= 1,137 

 I2= 64%, p=0.01 

1.37 (0.20-2.54) 

n(total)=19,676 

n(exposed)=2,428 I2= 89%, 

p<0.0001 

7.17 (-1.69-16.03) 

n(total)=2,184 

n(exposed)=916 

 I2= 99%, p<0.00001 

1.23 (1.03-1.96) 

n(total)=4,948 

n(exposed)=1,122 

 I2= 97%, p<0.00001 

BMI (kg/m2) 1.56 (-0.28-3.41) 

n(total)=2,534 

n(exposed)=1,640 I2= 98%, 

p<0.00001 

2.01 (1.24, 2.79) 

n(total)=22,326; n(exposed)=,4,329 

I2= 96%, p<0.00001 

0.73  (0.22, 1.27) 

n(total)=91,844 n(exposed)=6,161 

 I2= 91%, p<0.00001 

1.39  (1.05, 1.73) 

n(total)=13,989;  

n(exposed)=8,015 

 I2= 0%, p=0.64 
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Total Cholesterol  (SMD) 0.41 (-0.02,0.84) 

n(total)=1,722 

n(exposed)=1,149 I2= 84%, 

p<0.00001 

0.42 (0.21,0.64) 

n(total)=3,836; n(exposed)=1,886 

I2= 86%, p<0.00001 

0.04 (-0.13, 0.20) 

n(total)=907; n(exposed)=485 

 I2= 24%, p=0.24 

0.04  (-0.09, 0.17) 

n(total)=6,469; n(exposed)=1,555 

 I2= 51%, p=0.02 

LDL (SMD) 0.33 (0.06-0.60) 

n(total)=2,458 

n(exposed)= 1,534 

 I2= 84%, p<0.0001 

0.25 (-0.05,0.55) 

n(total)=1,780 

n(exposed)=1062 I2= 87%, 

p<0.00001 

0.05  (-0.08-0.19) 

n(total)=989 

n(exposed)=520 

 I2=0%, p=0.47 

0.09 (-0.02, 0.19) 

n(total)=5,546 

n(exposed)=1,383 

 I2= 28%, p=0.10 

HDL (SMD) -0.18 (-0.23-0.59) 

n(total)=1,788 

n(exposed)= 1,146 

 I2= 87%, p=<0.00001 

-0.49 (-0.73, -0.24) 

n(total)=4,506 

n(exposed)=2,327 I2= 92%, 

p<0.00001 

-0.40  (-0.80-0.01) 

n(total)=2164 

n(exposed)=810 

 I2=93%, p=<0.00001 

-0.14 (-0.25, -0.03) 

n(total)=6,805 

n(exposed)=1,647 

 I2= 49%, p=0.02 

Triglycerides (SMD) 0.53 (0.16-0.91) 

n(total)=706 

n(exposed)= 459 

 I2= 76%, p<0.00001 

0.65 (0.42,0.89) 

n(total)=4,334 

n(exposed)=2,234 

 I2= 90%, p<0.00001 

0.56  (0.04-1.08) 

n(total)=1,086 

n(exposed)=561 

 I2=94%, p<0.00001 

0.31 (0.16, 0.46) 

n(total)=3,520 

n(exposed)=865 

 I2= 53%, p-0.02 

Glucose (SMD) 1.12 (0.62,1.62) 

n(total)=2,187 

0.67  (0.45, 0.90) 

n(total)=6,233; n(exposed)=3,457 

I2= 92%, p<0.00001 

0.75  (0.20, 1.30) 

n(total)=1,152 

0.58 (0.44, 0.72) 

n(total)=8,807 n(exposed)=6,234 

 I2= 62%, p=0.002 
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Units as specified in above table  

Abbreviations: 95% CI – 95% Confidence Interval  

Bold value highlights significant result 

 

n(exposed)=1,461 I2= 93%, 

p<0.00001 

n(exposed)=606 

 I2= 94%, p<0.00001 

Insulin (SMD) 1.10 (-0.37, 2.57) 

n(total)=293 

n(exposed)=191 

 I2= 95%, p<0.00001 

0.53 (0.08-0.99) 

n(total)=1762 n(exposed)=1,073 

 I2= 94%, p<0.00001 

0.22  (0.06, 0.37) 

n(total)=1,036 

n(exposed)=542 

 I2= 24%, p=0.24 

0.28 (0.07, 0.50) 

n(total)=817 n(exposed)=308 

 I2= 45%, p=0.10 
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3.6. Discussion 

 

CVD is a global concern and contributes to the majority of deaths due to non-communicable 

disease (NCDs) (approximately 17.9 million deaths annually) 206. Early detection, prevention 

and treatment of risk factors are critical in reducing the incidence of CVD. Pregnancy 

complications, such as preeclampsia and GDM are now identified as risk factors for NCDs 

including T2DM and CVD78. Women may be susceptible to long-life CVD, due to a genetic 

predisposition or poor lifestyle choices or a combination. Thus, pregnancy may act as a second 

hit for CVD in these women who already have a predisposition to metabolic syndrome, before 

phenotypic expression78. Furthermore, it is known that exposure to gestational diabetes 

mellitus in utero increases the risk of cardiovascular risk factors in offspring207. Therefore, we 

sought to determine the CVD risk factors and well as the timeline for manifestation of risk 

factors among women with previous GDM. Synthesizing the published evidence on 

conventional CVD risk factors in women with previous GDM and assessing the timeline for 

manifestation of risk factors, thus, provide strong evidence to plan screening strategies to 

identify those at risk for CVD. This review also signifies the importance of considering 

pregnancy complications in CVD risk stratification, thus providing an opportunity for 

primordial prevention. Women with previous GDM have an increase in all conventional CVD 

risk factors. Blood pressure (both systolic and diastolic), serum triglycerides and blood glucose 

are also higher in women with GDM compared to those without GDM as early as <1 year 

postpartum. 

Our meta-analysis showed that women with previous GDM have an increase in systolic and 

diastolic blood pressure. It has been shown that GDM increases the risk of developing 

hypertension in different populations 185, 208, 209.  Daly et al. (2018) showed that the cumulative 

incidence of hypertension and ischemic heart disease was higher in women with previous GDM 

compared with controls, and that this difference persisted over a 25-year study period183.  
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Our analysis showed that BMI was 1.57kg/m2 higher in women with previous GDM compared 

to controls based on a sample size of nearly 300,000 women. While we do not know whether 

the women with previous GDM were obese prior to pregnancy and during pregnancy, it is 

likely the case for many of these women. A large scale meta-analysis showed that the 

unadjusted ORs of developing GDM were 2.14  (CI% 1.82 to 2.53), 3.56 (3.05-4.21) and 8.56 

(5.07-16.04) for overweight, obese and severely obese women respectively, compared to 

normal weight pregnant women 210.Obese women have substantially higher liver fat content, 

and this is consistent with the impairment of fat sequestration by adipocytes in individuals 

developing GDM 7.  

Women with previous GDM were also demonstrated to have higher total cholesterol, LDL, 

triglycerides and a decrease in HDL demonstrating an “at risk phenotype” compared to women 

without previous GDM. During the third trimester of pregnancy, women with GDM show an 

exaggerated elevation in serum lipids, and this may result in transient metabolic disease. 7, 211. 

Studies have shown that triglycerides are significantly elevated in women with GDM compared 

to controls across each trimester. It has also been shown that elevated first trimester maternal 

triglyceride level (adjusted for BMI) is a strong predictor for future GDM 211. Consistent with 

these finding, our study showed that triglycerides were elevated as early as <1 year postpartum.  

We also observed a significant increase in glucose and insulin in women with previous GDM 

compared to controls. GDM results in a dysregulation of cytokines (particularly a reduction in 

adiponectin, and elevation in interleukin-6 and tumour necrosis factor-alpha) and an increase 

in free fatty acids which promote insulin resistance (IR) and a state of metabolic dysfunction 7. 

The study by Daly et al. (2018) also showed that women with GDM are more likely to develop 

T2DM later in life over a 25-year period.  In some populations, 50% of women with GDM 

progress to T2DM212, and approximately one third of women with T2DM have had previous 

GDM213. 
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This systematic review and meta-analyses are the first to observe all conventional CVD risk 

factors in women who experienced GDM. Our study provides robust evidence that women who 

experience GDM have an increase in all CVD risk factors compared to controls, based on 

evidence from 139 studies. Furthermore, subgroup analysis demonstrated that blood pressure, 

glucose and triglycerides are already elevated as early as <1 year postpartum, thereby 

highlighting the importance of early screening for CVD  risk factors after a pregnancy 

complicated by GDM. 

There are limitations to our findings that need acknowledgement. Firstly, GDM is a 

multifactorial disease, with many environmental and genetic components contributing to 

disease risk. Both obesity and GDM share the same causal pathway of elevated FFAs and 

dysregulation of cytokines leading to insulin resistance 7, 214. Common risk factors such as 

advanced maternal age, familial history of T2DM or GDM in a first-degree relative (mother or 

sister) and Asian ethnicity contribute to a higher risk of GDM 215. There are certain candidate 

genes that are associated with type II diabetes mellitus and GDM, mainly influencing insulin 

secretion216. Therefore, it is difficult to elucidate whether CVD in obese/overweight women 

with previous GDM is attributed to GDM alone or other pre-existing predispositions. Another 

limitation was the inability to adjust for important confounders such as BMI, age, and sex. Due 

to non-availability of data on adjusted mean values and the differences in the confounders used 

in studies, we were not able to use adjusted values in our meta-analyses. However, our 

supplementary data demonstrates various regression analyses used in studies that are adjusted 

for these important covariates.  Secondly, substantial heterogeneity was seen for most overall 

outcomes, based on I2 and Chi2 P values. Observational studies may be subject to publication 

bias, although visual analysis of funnel plots showed no heterogeneity (Supplementary Figure 

9A-9I). Heterogeneity was further explored through subgroup analysis, however for some 

subgroups heterogeneity was still evident. After sensitivity analysis of overall outcomes after 
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excluding low quality studies, heterogeneity was increased for most outcomes (Supplementary 

Table 3A, 3B, 3D, 3E, 3F). It is difficult to elucidate the reasons for heterogeneity for aggregate 

data. It is conventionally explained by significant differences between studies, which in our 

study can include definition of GDM, time of postpartum screening, methodology and study 

design. We can only attribute the heterogeneity seen due to genetic and environmental factors 

that could not be adjusted for, and recommend that more longitudinal, large scale studies are 

conducted to contribute to this evidence and reduce the overall heterogeneity.  

Our findings signify the importance of early postpartum CVD risk screening for women who 

experience GDM. Metabolic syndrome is defined as a cluster of conditions including 

hypertension, dyslipidaemia, dysglycemia and obesity that significantly increases the risk of 

type II diabetes and cardiovascular disease. Our study demonstrates that women with GDM in 

pregnancy show clinical phenotypes that can contribute to metabolic syndrome and type II 

diabetes as early as within one year postpartum. Approximately 10% of women with GDM are 

known to develop diabetes soon after delivery. Therefore, it is necessary to implement 

interventions and treatment strategies as early as practical in these women in order to 

significantly reduce the risk of CVD later in life. A study in the UK in 2013, showed that risk 

factors such as SBP and total cholesterol decreased in those who attended such CVD screening, 

with an overall CVD risk reduction of 6.8%217.  

While the values seen in our meta-analysis for blood pressure are within a normal range, 

increase in blood pressure poses a continuous risk of CVD. It has been shown that a 10 mmHg 

increase in systolic blood pressure is associated with a 30% higher risk of ischemic heart 

disease83. We demonstrated that at <1 year postpartum, SBP in women with previous GDM 

was nearly 4mmHg higher than in controls. This suggests that women with previous GDM may 

benefit from monitoring of blood pressure as early as <1 year postpartum to reduce the risk of 

subsequent hypertension.  
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Persistence of high BMI in women with previous GDM is likely due to postpartum behaviours, 

and it may be beneficial to target reduction of obesity prior to gestation. A meta-analysis by 

Baptise-Roberts et al. showed that for every 1kg increase in pre-pregnancy weight, the 

increased odds of developing type II diabetes mellitus increased by 40%218. The Diabetes 

Prevention Program, a multi-centre randomized controlled trial, showed that intensive lifestyle 

changes, targeting a 7% reduction in enrolment weight, and increased physical activity in 

women with previous GDM, reduced the risk of diabetes incidence by 50% at 12 years 

postpartum 219.  Interestingly, it was shown that women with GDM lost the most amount of 

weight at 6 months post randomization, and increased weight again afterwards. These weight 

patterns correlated with a decrease in physical activity (women in the active GDM group were 

achieving 1.5 hours of exercise from baseline in the first year, but by the third year, they were 

reporting less than 30 minutes of physical activity a week, correlating with a mean weight loss 

of only 1.6kg). In our subgroup analysis, there was no difference in BMI between women with 

previous GDM and controls at <1 year postpartum, and then for the subsequent subgroups, 

there were significant differences in BMI219. Therefore, it appears that lifestyle guidance during 

pregnancy promotes weight loss in the first year postpartum, and compliance decreases beyond 

this point. Strategies to maintain a healthy weight in women with previous GDM beyond the 

first postpartum year, may significantly reduce their overall CVD risk.  

Women with GDM experience insulin resistance (IR) and hypertriglyceridemia, which are both 

promoted by elevated free fatty acids (FFAs) in response to increased adiposity 7. IR is a marker 

of essential hypertension, as it promotes a pro-atherogenic state through marked dyslipidaemia 

and elevation in inflammatory markers 220. Atherosclerosis is also promoted by elevations in 

any non-HDL cholesterols. 221 The higher total cholesterol and triglycerides and the lower HDL 

cholesterol evident in women with previous GDM suggest an adverse serum lipid profile and 

as such, women with previous GDM may be at higher risk for CVD. While the values seen in 
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this meta-analysis are minimal, it is important to recognize that serum lipids are strong 

predictors of hypertension and  IHD mortality, with total cholesterol/HDL ratio being the 

strongest predictor of IHD mortality overall 222, 223.  In our meta-analysis we observed a 

minimal but significant increase in non-HDL cholesterols and a decrease in HDL cholesterol, 

therefore suggesting that women with GDM are likely to exhibit a poor lipid profile and may 

benefit from regular monitoring of serum lipids.  

Women with previous GDM will also benefit from regular screening of blood glucose and 

insulin. Towards the end of the second trimester, insulin resistance is elevated to facilitate the 

delivery of glucose to the fetus down a concentration gradient via placental transfer. Women 

who are normoglycemic during this period, have adequate β-cell function through 

compensatory hyperplasia of the beta cells, which causes increased insulin release upon 

glucose stimulation 214. However, in women with GDM, there is a failure of β-cell 

compensation to protect against the increased insulin resistance and as such blood glucose is 

significantly elevated. This insulin resistance may not resolve after delivery and blood glucose 

remains elevated postpartum 214. Therefore, monitoring and screening women for type II 

diabetes mellitus is very important. 

3.7. Conclusion  

Women with previous GDM have a higher risk for CVD as evidenced by an increase in risk 

factor profile compared to women with no history of GDM. Most of these risk factors are seen 

as early as <1 year postpartum. Therefore, women who experience GDM may benefit from 

CVD risk screening commencing in the early postpartum period to enable detection of 

modifiable risk factors.
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3.8. Supplementary Data 

 

Supplementary Table 3.8 1 Summary of studies not included in meta-analysis 

Study GDM group Control group Significance (p-value) 

Systolic Blood Pressure (mmHg)    

Alberada 2004 (Median IQR)  120 (85-180) 110 (80-140) <0.05 

Bently-Lewis 2015 (Mean SD) 116±11  115±9  0.29 

Hannemann 2002  118 (109–144) 113 (99–133) NS 

Hu 1998 (Median IQR)  116 (95-128) 108 (97-120) 0.04 

Laurenborg 2005 (Median IQR) 119 (111–126)  120 (110–125)  0.206 

Levka 2015 (Reported in 2016, 2017) 

 (Median IQR)  

IADSPG criteria: 110 (110-130) 

WHO criteria: 110 (110-130) 

IADSPG criteria: 110 (110-120) 

WHO criteria: 110 (110-120) 

NS 

Retnakaran 2010 (Median [IQR]) 

(Similarly reported in 2011)  

3 months: 111 (105-118)  

12 months: 110 (103-119) 

3 months: 108 (101–113) 

12 months: 109 (100-115)  

NR 

Rukasaskul 2016 (Median [IQR])  120 (100-155) 110 (100-140) 0.002 

Todoric 2012 (Median IQR)  106 (95–120)  118 (110–125) NS 

Ueland 2018 (Median IQR) 120 (100, 130) 110 (100, 120) NS 

Verma 2002 (Mean SD)  5 years:  121.6 ± 10.8 (88) 

6 years:  121.8 ± 11.8 (87) 

9 years:  122.2 ± 11.9  (57) 

5 years: 119.2 ± 9.7 (79) 

6 years: 117.9 ± 10.4  (79) 

9 years: 117.5 ± 13.2 (50) 

0.10 

0.03 

0.06 

Wang 2012 (Mean SD) (adjusted for age) 131 (0.6)  128 (0.1) < 0.001 

Diastolic Blood Pressure (mmHg)    
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Albereda 2004 (Median IQR) 78 (50-100) 70 (50-100) <0.05 

Bently Lewis 2015 (Mean SD) 73±8  71±7 0.09 

Hanneemann 2002 (median IQR)  74 (64–92) 74 (53–92) NS 

Hu 1998 (Median IQR)  78 (55-84) 68 (56-81) 0.02 

Laurenborg 2005 (Median IQR) 73 (66–78)  75 (70–80)  <0.0005 

Levka 2015 (Reported in 2016, 2017) 

 (Median IQR)  

IADPSG: 70 (65-75) 

WHO: 70 (65-80) 

IADPSG: 70 (60-75) 

 IADPSG: 70 (65-75) 

NS 

Retnakaran 2010 (Median [IQR] 

(Similarly reported in 2011)  

3 months: 66 [60–72] 

12 months: 66 (60–71)   

3 months: 66 (60–70)  

12 Months: 64 (59–70)  

 

Rukasaskul 2016 (Median [IQR])  70 (50-91) 60 (60-80) 0.092 

Todoric 2012 (Median IQR)  65 (60–70)  73 (65–80) NS 

Ueland 2018 (Median IQR) 70 (65, 74) 70 (65,75) NS 

Verma 2002 (Mean SD) 5 years:  72.3 ±10.6  (88) 

6 years: 72.0 ± 11.1 (87) 

9 years: 72.4 ± 8.8  (57) 

5 years: 70.8 ± 10.4 (79) 

6 years: 68.9 ± 9.3  (79) 

9 years: 69.9 ± 11.2 (50) 

0.36 

0.07 

0.20 

Wang 2012 (Mean SD) (Adjusted for age)  76 (0.4)  76 (0.1) 0.2 

BMI (kg/m2)    

Albereda 2004 (Median IQR)  24.8 (17.9-40.2) 24.4 (18.3-38.4) NS 

Benjamin 1993 (units unknown)  30.2 (21-44) 30.1 (23-42)  

Bently Lewis 2014  28.2±6.3  28.5±4.7  0.70 

Cheung 2015 (median IQR)  32.8 (28.9–37.1)  27.8 (24.7–35.7) 0.04 

Daly 2018 (Subgroups) (n) (%) 

(Normal <25kg/m2, Overweight 25-

30kg/m2 , Obese >30kg/m2)  

 

Normal: 2,338 (26%) 

Overweight: 2,220 (24%) 

Obese: 3,458 (39%) 

 

 

Normal: 18,514 (50%) 

Overweight: 7,943 (21%) 

Obese: 5,217 (14%) 

<0.001 for all subgroups 

Hannemann 2002 (Median IQR)  25 (21–46) 25 (19–38) NS 

Hu 1998 (Median IQR)  24.6 (20.0-36.1) 22.0 (18.7-26.6) 0.002 
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Kjos 1991 (Mean SD)  6-12 weeks: 30.7 ± 5.8 

3-11 months: 32 ± 7* 

12-23 months: 32 ± 6* 

26.8 ± 3.7 NS 

<0.001 compared to 6-12 week 

<0.001 compared to 6-12 week 

Laurenborg 2005 (Median IQR)  27.9 (24.1–32.9)  24.6 (22.2–27.9)  <0.0005 

Madarasz 2009 (Median IQR)  26.1 [7.7]  22.9 (4.8) Crude: 0.001 

Perrson 2015 (%)   Underweight:  2 (1.9%) 

Normal weight:  48 (45.7%) 

Overweight: 26 (24.8%) 

Obesity: 29 (27.6%) 

Underweight: 4 (1.3%) 

Normal weight: 229 (72.0%) 

Overweight: 62 (19.5%) 

Obesity: 23 (7.2%) 

<0.001 

Pirkola 2010 (Geometric Mean, 95% CI)  Normal Weight:  21.2  (20.8, 21.7) 

Overweight: 30.2  (29.0, 31.4) 

Normal Weight:    21.2 (21.1, 21.3)  

Overweight: 28.8 (28.4, 29.2) 

<0.001 

Stuebe 2011 (n= unknown) (Mean (SD))  27 (7) 25 (5) NR 

Retnakaran 2010 (Median [IQR])  26.6 (23.7-31.1) 25.4 (23.0-28.9) 0.0701 

Retnakaran 2010 (Median [IQR]) 

(Similarly reported in 2011)  

3 months: 26.7 (23.5–30.7)  

12 months: 26.4 (22.5–30.5) 

3 months: 25.1 (22.6–28.5) 

12 months: 24.2 (21.5–27.8)  

NR 

Ruksasakul 2016 (Median [IQR])  35.5 (17.0-35.0) 22.4 (18.3-31.7) 0.003 

Shostrom 2017 (weighted SE)  31.7 (0.36) 29.1 (0.12) <0.001 

Sokup 2012 (Median IQR)   23.68 (20.96, 27.54) 22.00 (20.31, 24.33) 0.00098 

Sokup 2012 (Median IQR) 24.45 (21.48–27.61)  22.00 (20.31–24.33) 0.001 

Tam 2013  23.7 ± 3.5  24.4 ± 4.6 0.24 

Todoric 2012 (8 years) (Median IQR)  27.9 (26.1–31.2) 26.6 (25–29.6) NS 

Tura 2006 (Mean 

(SE)

  

22.3 (0.4) 22.0 (0.5)  

Ueland 2018 (Median IQR) 24.8 (22.6, 27.9)* 22.6 (20.8, 24.5) <0.05 

Verma 2002 (Mean SD)  5 years: 27.2 ± 6.7 (88) 

6 years: 26.3 ± 5.8 (87) 

9 years:  27.5 ± 5.8 (57) 

5 years: 25.0 ± 5.5 (79) 

6 years: 25.4 _±5.6  (79) 

9 years:  27.4 ± 8.4 (50) 

0.02 

0.31 

0.90 

Wang 2019 (Mean only) 28.97  27.27 0.21 

Wang 2012 (Mean SD) adjusted for age  48.2 (1.7)  41.1 (0.4) < 0.001 
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Cholesterol    

Serum    

Albereda 2004 (Median IQR) 5.2 (3.8-8.2) 5.1 (3.7-7.0)  

Couch 1998 (Mean SD) (adjusted values*)  221.50 (44.93) 232.46 (76.58) NS 

Hannemann 2002 (Median IQR)  4.4 (3.0–5.8) 4.8 (3.1–6.1) NS 

Hu 1998 (Median IQR)  5.1 (3.7-8.1) 5.0 (3.6-6.8) 0.6 

Kjos 1991 (Mean SD)  6-12 weeks: 5.82 ± 1.27 

3-11 months: 5.12 ± 0.99 

12-23 months: 5.04 ± 0.75 

5.10 ± 0.99 <0.001 compared to 6-12 week 

<0.001 compared to 6-12 week 

<0.001 compared to 6-12 week 

Retnakaran 2011 (mmol/L)  5.31 [4.78-5.87] 4.92 [4.35-5.61] NR 

Sokup 2012 (Median IQR) (mmol/L)  5.04 (4.55–5.51)  4.56 (4.27–5.09)  0.9940 (adjusted for BMI) 

Sokup 2012 (Median IQR) (mmol/L)  5.06 (4.53–5.53)  4.56 (4.27–5.09)  0.001 

Steube 2011 (n= unknown) (Mean (95% 

CI)) (mg/dL)  

Unadjusted: 164.0 (138.1-189.9 

Adjusted: 165.9 (136-194.9) 

Unadjusted: 176.8 (171.9-181.6) 

Adjusted: 175.8 (166.6-185.0) 

NR 

Todoric 2012 (Median IQR) (mg/dl)  203 (183–215)  204 (175–235) NS 

Verma 2002  6 years:4.90 ± 1.23(87) 

9 years: 5.31 ± 0.83 (57) 

6 years: 4.33 ± 0.94  

9 years 4.93 ± 1.01  

0.0006 

0.04 

LDL    

Serum    

Albereda 2004 (Median IQR)  3.4 (2.1-6.4) 3.2 (2.2-5.3) NS 

Couch 1998 (adjusted values*)  96.46 (45.59) 101.28 (49.72) NS 

Hannemann 2002 (median IQR)  2.46 (1.43–3.60) 2.94 (1.29–4.30) NS 

Kjos 1991 (Mean SD) 6-12 weeks: 3.61 ± 1.12 

3-11 months: 3.12 ± 0.65* 

12-23 months: 2.94 ± 0.68* 

6-12 weeks:  

3-11 months: 

12-23 months: 

P < 0.001, vs. paired 6- to 12-wk  

 P < 0.001, vs. paired 6- to 12-wk 

 P < 0.001, vs. paired 6- to 12-wk 

Levka 2015 (Reported in 2017) 

 (Median IQR) (mmol/L) 

IADPSG: 2.66 (2.15, 3.20) 

WHO: 2.61 (2.10, 3.11) 

IADPSG: 2.50 (2.09, 3.00) 

WHO: 2.52 (2.10, 3.02) 

Crude=0.007, Adjusted=0.058 

Crude <0.001, Adjusted 0.001 

Retnakaran 2011  (Median IQR) (mmol/L)  3.85 [3.36-4.64] 3.47 [2.88-4.18]  

Sokup 2012 (Median IQR) (mmol/L) 3.10 (2.79–3.54)  2.57 (2.30–3.05)  0.4022 (adjusted for BMI) 

Sokup 2012 (Median IQR) (mmol/L)  3.17 (2.77–3.62)  2.57 (2.30–3.05)  0.001 
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Steube 2011 (n= unknown) (Mean (95% 

CI)) (mg/dL) 

Unadjusted: 90.9 (67.1-114.8) 

Adjusted: 92.8 (66.6-119) 

Unadjusted: 106.2 (101.7-110) 

Adjusted: 102.7 (94.4-111) 

NR 

Tam et al. 2013 (8 year)  2.75 ± 0.64 2.74 ± 0.78 0.94 

Todoric 2012 (Median IQR)(mg/dl)  110 (100–144)  129 (113.4–136) NS 

Verma 2002 (mean SD)  6 years: 3.15 _ 0.98 (87) 

9 years:3.44 _ 0.77   (57)_ 

6 years: 2.76 _ 0.77 (79) 

9 years 3.15 _ 0.76 (50) 

0.03 

0.07 

HDL    

Serum    

Albereda 2004 (Median IQR) 1.4 (0.8-2.6) 1.5 (0.8-2.2)  

Couch 1998   70.65 (16.96) 69.88 (21.31) NS 

Hannemann 2002 (Median IQR)  1.27 (0.93–3.03) 1.40 (1.08–2.29) NS 

Kjos 1991 (Mean SD) 6-12 weeks:  1.22 ± 0.31 

3-11 months:  1.14 ± 0.26 

12-23 months:  1.20 ±0.26 

1.22 ±0.26 NS 

NS 

NS 

Krishnaveni 2007 (Median IQR)  NGT: 1.15 (0.1) IGT/IFG: 1.14 (0.2) 

DM:0.98 (0.2) 

 

 

NGT: 1.14 (0.2)  

IGT/IFG: 1.0.9 (0.2)  

DM:1.11 (0.2) 

 

0.7 

Laurenborg 2005 (Median IQR)  1.4 (1.2–1.7)  1.5 (1.3–1.8)  <0.0005 

Levka 2015 (Reported in 2017) 

 (Median IQR) (mmol/L) 

IADPSG: 1.40 (1.20, 1.73) 

WHO:  1.30 (1.08, 1.52) 

IADPSG: 1.54 (1.36, 1.82) 

WHO: 1.54 (1.36, 1.83) 

Crude= 0.123 Adjusted=0.405 

Crude=0.614, Adjusted 0.909 

Retnakaran 2011 (Median IQR) (mmol/L)  1.35 [1.15-1.54] 1.43 [1.24-1.65]  

Sokup 2012 (Median IQR) (mmol/L)  1.53 (1.28–1.73)  

 

1.73 (1.56–1.82) 

 

0.0027 (adjusted for BMI) 

0.0449 (adjusted for fasting glucose) 

Sokup 2012 (Median IQR) (mmol/L)  1.53 (1.27–1.73)  1.73 (1.56–1.82)  0.001 

Steube 2011 (n= unknown) (Mean (95% 

CI)) (mg/dL)  

Unadjusted: 41.8 (31.3-52.3)-54.5 

(52.5-56.4) 

Adjusted: 44.7 (33.6-55.8) 

Unadjusted: 54.5 (52.5-56.4) 

Adjusted: 55.8 (52.2-59.3) 

NR 

Sung 2008 (Median IQR) (mmol/L)  pGDM-NGT1.22, 0.80–2.12 

pGDM-IGT 1.17, 0.75–5.18  

1.30, 1.17–2.05 NR 
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pGDM-DM 1.19, 0.75–5.18 

Tam et al. 2013 (8 Years)  1.43  (0.29) 1.64  (0.36) 0.001 

Todoric 2012 (Median IQR) (mg/dl)  62 (46–72)  65 (51–71) NS 

Verma 2002 (mean SD)   6 years: 1.23 ± 0.36 (87) 

9 years:  1.37 ± 0.32 (57) 

6 years: 1.15 ± 0.32  

9 years 1.31 ± 0.32  

 

0.03 

0.41 

Cord Blood    

Couch 1998   19.47 (8.78) 15.06 (5.87) NS 

Triglycerides    

Serum    

Albereda 2004 (Median IQR)  0.85 (0.4-4.0) 0.69 (0.33-2.17) NS 

Behboodi-Gandevani 2019 (Mean SD) 0.51 (0.55)  0.33 (0.53) 0.001 

Couch 1998 (adjusted values)  236.38 (73.37) 177.96 (50.61) NS 

Hannemann 2002 (median IQR)  0.92 (0.50–1.70) 1.10 (0.40–1.75) NS 

Hu 1998 (Median IQR)  1.1 (042.5) 0.9 (044.3) 0.22 

Kjos 1991 (Mean SD) 6-12 weeks:  2.12 ± 1.15 

3-11 months:  1.86 ± 0.95 

12-23 months: 1.81 ± 1.22§ 

1.32 ±0.73 <0.03 compared to control 

<0.03 compared to control 

<0.03 compared to control 

Laurenborg 2005 (Median IQR)  1.3 (0.9 –1.9)  1.0 (0.7–1.3)  <0.0005 

Krishnaveni 2007 (Median IQR)  NGT: 0.9 (0.8, 1.4) IGT/IFG:1.3 (0.7, 

1.8)  

DM:1.8 (1.2, 3.4) 

 

NGT: 1.0 (0.7, 1.4)  

IGT/IFG: 1.1 (0.8, 1.5) 

DM:1.5 (0.9, 2.2) 

0.8 

Levka 2015 (reported in 2017)  

  

IADPSG: 0.78 (0.66, 0.95) 

WHO: 0.87 (0.67, 1.17) 

IADPSG:0.72 (0.58, 0.91) 

WHO: 0.73 (0.58, 0.91) 

Crude: 0.012, Adjusted 0.109 

Crude 0.001, Adjusted 0.004 

Retnakaran 2011 (Median IQR) (mmol/L)  1.12 [0.74-1.63] 0.90 [0.66-1.26]  

Sokup 2012 (Median IQR) (mmol/L)  0.97 (0.78–12.83)  

 

0.86 (0.67–1.05) 

 

0.0006 (Adjusted for BMI) 

<0.0001 (Adjusted for Fasting 

Glucose) 

Sokup 2012 (Median IQR) (mmol/L)  1.02 (0.78–1.50)  0.86 (0.67–1.05)  0.012 
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Steube 2011 (n= unknown) (Mean (95% 

CI)) (mg/dL2) 

Unadjusted: 133.3 (92.0-193.2) 

Adjusted: 136.1 (90.3-205.2) 

Unadjusted: 73.6 (68.6-78.9) 

Adjusted: 78.3 (68.7-89.2) 

NR 

Tam et al. (2013) (8-year follow-up)  1.17 ± 1.16  0.96 ± 0.49 0.08 

Tehrani et al. (Median IQR)  137.2 (95–173.1)  130.5 (99–167.2) NS 

Thomann 2008 (Median IQR)  0.8 (0.6–1.3)  0.8 (0.6–1.0)  0.01 

Todoric 2012 (Median IQR)  111 (56–182)  77 (68–91) NS 

Wang 2015 (Median IOR) 1.5 (1.2–2.0)  1.3 (1.2–1.8) 0.442 

Verma 2002 (mean SD)   6 years: 1.60 ± 1.46 (87) 

9 years: 1.11 ± 0.81 (57) 

6 years: 1.04 ± 0.85 (79) 

9 years 0.89 ± 0.50 (50) 

0.01 

0.11 

Insulin    

Serum    

Carr et al. 2006 (Median IQR) 102 (15–1656.7)   83.5 (7.6–566.4) 0.005  

Adjusted:0.001 

Hunger Dathe 2006  7.5 (3.0-70) 6.0(1.5-21.9) <0.03 

Lauenborg 2005 (Median IQR)  53.8 (34.9 –78.3) 31.0 (23.0–48.0)  <0.0005 

Madarasz 2009 (Median IQR) (uIU/mL) 229 (111) 111 (97) Crude: 0.0001, adjusted 0.001 

Pimenta (Median IQR semi-range)  66 (30)  48 (24)  0.27 

Ruksasakul (2016)  (Median IQR)  

(uIU/mL)  

5.4 (2.0-46.6) 4.4 (2.0-28.8) 0.495 

Sokup 2012 (Median IQR) (pmol/L)  54.87 (41.67–80,56)  63.20 (54.87–71.53)  0.1755(adjusted for BMI) 

Sokup 2012 (Median IQR) (pmol/L)  48.00 (36.00–69.60)  54.60 (47.40–61.80)  0.260 

Steube 2011 (n= unknown) (Mean (95% 

CI)) (u/mL2)  

Unadjusted: 15.3 (8.8-26.7) 

Adjusted: 12.1 (7.1 -20.8) 

Unadjusted: 7.5 (6.8-8.4) 

Adjusted: 6.8 (5.8-8.1) 

NR 

Sung 2008 (Median IQR) (pmol/L)  pGDM-NGT:0.99 (0.41–3.49) 

pGDM-IGT:1.15, (0.42–6.69) 

pGDM-DM: 1.27, (0.61–2.16) 

0.80, (0.50–1.68) NR 

Thomann 2009 (Median IQR)  51.7 (33.4–61.5)  45.4 (34.6–60.5) 0.1 

Verma 2002 (Mean SD) (n=)  Postprandial 4 years:  288.91 ±148.62 

(n=106) 

Postprandial 5 years: 219.46 ± 205.57 

Postprandial 4 years:236.82 ± 93.06 

(101) 

Postprandial 5 years:164.60 ± 92.37 

0.004 

0.05 

0.71 
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(88) 

Postprandial 6 years: 122.93 ± 110.43 

(87)  

Fasting 9 years: 4.51 ±2.13 (57)  

 

(79) 

Postprandial 6 years:116.68 ± 86.81 

(79) 

Fasting 9 years:3.63 ± 0.37 (50)  

 

0.005 

 

Glucose    

Serum    

Akinci 2011 (n=, % IFG)  57 (29.3%)  2 (2.8%) 0.001 

Adjusted for prepregnancy BMI and 

history of T2D :0.02 

Albereda 2004 (% IFG)  6.5%  0% 0.048 

Gadgil 2017 (%)  Normal 37.5  

Prediabetes (IFG) 27.5  

Diabetes 35.0  

 

Normal 49.7 

Prediabetes 30.8 

Diabetes 19.5 

 

Hannemann 2002 (Median IQR)   4.5 (4.0–5.0) 4.4 (3.9–5.0) NS 

Hu 1998 (Median IQR) 4.5 (3.8-5.7)  4.2 (1.8-6.4) 0.46 

Krishnaveni 2007 (Median IQR) NGT:5.3 (5.2, 5.8) 

IGT/IFG:6.0 (5.8, 6.1) 

DM:10.6 (7.2, 14.3) 

 

 

NGT:5.2 (4.9, 5.6) 

IGT/IFG:6.1 (5.8, 6.4) 

DM:7.5 (6.0, 9.5) 0.02 

 

 

0.02 

Laurenborg 2005 (% (n= case/control)  11.0% (53/481)  4.3% (39/910)  <0.0005 

Madarasz 2009 (% impaired FG)  5.9% 0  

Retnakaran 2010 (Median [IQR] mmol/L)  4.7 (4.4-5.0) 4.4 (4.2-4.7)  

Retnakaran 2010 (Median [IQR]mmol/L) 3 months: 4.7 (4.3–5.0)  

12 months: 4.8 (4.5–5.2)  

3 months: 4.4 (4.1–4.6)  

12 months: 4.5 (4.4–4.7)  

NR 

Rukasaskul 2016 (Median [IQR] mg/dL) 90.5 (69-306) 73.6 (65-107) <0.001 

Seghieri (C-Peptide/FPG) (Mean (SD)  0.08 ± 0.04 0.12 ± 0.04 0.009 

Sokup 2012 (Median IQR) (mmol/L)  4.50 (4.61–5.33) 4.72 (4.50–4.78)  0.0001 (adjusted for BMI) 
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Sokup 2012 (Median IQR) (mmol/L)  4.83 (4.61–5.27)  4.72 (4.50–4.78)  0.015 

Steube 2011 (n= unknown) (Mean (95% 

CI)) (mg/dL) 

Unadjusted: 82.8 (70.8-94.8) 

Adjusted: 89.0 (75.8-102.3) 

Unadjusted: 72.6 (70.3-74.8) 

Adjusted: 76.5 (72.3-80.6) 

NR 

Tam et al. 2013 (8 year and 15 year) (n= 

(%))  

8 year: 

NGT:  40 (59.7) 

IFG and/or IGT:  21 (31.3) 

DM:  6 (9.0) 

15 year:  

 NGT:  22 (48.9) 

IFG and/or IGT:  12 (26.6 

DM:  11 (24.4) 

8 year: 

NGT: 112 (82.3) 

IFG and/or IGT:21 (15.4) 

DM:3 (2.2) 

15 years: 

 NGT: 75 (79.8) 

IFG and/or IGT:14 (14.9) 

DM:5 (5.3) 

 

 0.001 

 

 

0.001 

Tutino (sample size unknown) (Mean (SD)  8.6±2.9 mmol/L vs 

 

7.9±2.6 mmol/L , p = 0.014 

Verma 2002 (Mean SD) Postprandial 4 years: 5.85 ± 2.08  

(n=106) 

Postprandial 5 years: 5.20 ± 1.27 (88) 

Postprandial 6 years: 4.96 ± 1.84 (87)  

Fasting 9 years: 4.51 ± 2.13 (57)  

 

Postprandial 4 years: 4.95 ± 0.72 (101) 

Postprandial 5 years:4.36 ± 0.73 (79) 

Postprandial 6 years: 4.39 ± 0.70 (79) 

Fasting 9 years: 3.63 ± 0.37  (50)  

 

0.0001 

0.0001 

0.02 

0.005 
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Supplementary Table 3.8 2 Quality assessment of included studies using Newcastle Ottowa-Scale 

Quality assessment  Selection  Comparability  Exposure  Total Score  

  1 2 3 4 1 1 2 3   

Ajala 2011 c a c a NA d a c 3 

Ajala 2015 a a b a age-matched d a c 4 

Akini 2008 a b b a 30 age-matched d a c 4 

Akini 2010 a a b a age-matched, had a pregnancy at the same 

period 

d a c 5 

Akini 2011 (A) a a b a age-matched, had a pregnancy at the same 

period 

d a c 5 

Akini 2011 (B) a a b a age-matched, had a pregnancy at the same 

period 

d a c 5 

Akini 2013 a a b a age and BMI d a b 5 

Albareda 2003 a a b a NA d a b 4 

Albareda 2004 a a b a NA b a c 4 

Anastasiou 1998 a b b a NA d a c 3 

Anastasiou 2015 a a N

A 

N

A 

NA d N

A 

N

A 

2 

Banerjee 2012 a a b a NA d a c 4 

Behboodi 2019 a a a a *  e a c 6 

Benjamin 1993 a a b a delivered during the same time period d a c 5 

Bently Lewis 2015 a a b a matched 1:1 to women with NGT 

(n=96) by age, BMI, gravidity and parity 

d b c 4 

Bently Lewis 2016 a a b a NA d a c 4 

Bian 2000 a a b a NA d a b 4 

Bo 2006 a a b a NA d a b 4 
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Bowes 1996 a b b a NA d a c 3 

Bozcurt 2010 a a b a NA d a c 4 

Bozcurt 2012 a a b a NA d a c 4 

Caliskan 2014 b a b a age- and sex-matched controls d a c 4 

Carpenter 1988 a a b a NA d a c 4 

Carr 2006 a a b a NA c a c 4 

Chan 1992 a b b a individually matched for race age 

and body mass index were Included 

d a c 4 

Charwat-Resl 2017 a a b a NA d a b 3 

Cheung 2015 b b b a NA d a c 2 

Cocilovo 1989 a b b a NA d a c 3 

Couch 1998 a b b a NA e a c 3 

Crowe 2012 a b b a not adjusted d a c 3 

Da 2016  a b b a NA d a c 3 

Daly 2018 a a b a age and timing 

of pregnancy (up to 3 months 

d a c 5 

Davenport 2012 a a b a NA d a c 4 

Davis, 1999 a b b a NA d a c 3 

Dinglas 2017  a a b a NA d a b 4 

Donhorst 1990 a a b a NA d a b 4 

Egeland 2010 a a b a age and geographic d a b 5 

Eroglu 2006 a a b a age- and gravidity matched 

patients with 

d a c 5 
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Fakhrzadeh 2012 a a b a body 

mass index (BMI), age and follow-up period 

from the 

index pregnancy 

d a c 5 

Ferrada 2007 a a b a NA e a c 4 

Ferraz 2007 a a b a NA d a c 4 

Friere 2006 a b b a NA d a c 3 

Gadgil 2017 a a a a NA d a c 5 

Gobl 2011 a a c a NA e b c 3 

Gobl 2013 a a c a NA d b c 3 

Gobl 2014 (A) a a c a NA d b c 3 

Göbl 2014 (B) a a c a NA d b c 3 

Goueslard 2016 b b b a NA d a c 1 

Gunderson 2010 b a a b   a a c 3 

Gunderson 2014 b a a b   a a b 4 

Han 2018 b a a b  b b a 4 

Hakkariainen 2015 a a a a   a a a 7 

Hakkariainen 2016 a a a a   a a a 7 

Heida 2015 a a a a NA d a b 4 

Homko 2001 a b b a age- and weight-matched nondiabetic pregnant 

women 

d a c 4 

Hu 1998 a b b a age d a c 4 

Hunger Dathe 2006 a b b a NA c/d a c 3 

Kessous 2013 b a b a NA d a c 3 
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King 2009 a b b a age, body mass index, and time since GDM-

affected pregnancy 

c a c 4 

Kjos 1991 a a a a   a a c 6 

Ko 1999 a a b a age-matched d a c 5 

Kousta 2003 a a b a ethnicity, parity and time 

since delivery 

d a c 5 

Krishnaveni 2007 a a b a NA d a c 4 

Lauenborg 2005 a a a b ** a b b 5 

Lee, A. J., et al. (2007) a a b a NA d a c 4 

Lee, H., et al. (2008) a a b a age-matched d a c 5 

Lee, Y. P., et al. (2015) a a b a age and weight d a c 5 

Levka 2015 a a a b   a a c 5 

Levka 2016 a a a b   a a c 5 

Levka 2017 a a a b   a a b 5 

Lim 2007 a a b a age- and BMI-matched women d a b 5 

Linn 2002 a a b a NA d a c 4 

Ma, Y., et al. (2018). a b b a NA d a c 3 

Madarasz 2009 a a b a ** a a b 5 

Magenheim, R., et al. (2010). a b b a NA d a c 3 

Maghbooli, Z., et al. (2010). a b b a NA d a c 3 

Mai 2014 a a a a   a a c 5 
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McKenzie- Sampson 2018 b a b a NA d a c 3 

McLachlan 2005 a b b a 19 age- and BMI-matched d a c 4 

Meier, J. J., et al. (2005). a b b a NA d a c 3 

Minoee 2017 a a a a  * e a c 5 

Minoee 2017 a a a a   e a c 5 

Modela 2016 a b a a ** e a a 6 

Morbiducci 2009 c a a a 
 

e a a 5 

Noctor 2015 a a a a   a a c 5 

Noctor 2016 a a a a   a a c 5 

Noujah 2017 a a a b   a a c 5 

Noujah 2018 a a a b   a a c 5 

Osei 1998 a a a a ** a a a 8 

Ozuguz 2011 a a a a   a a c 5 

Pacini 2012 c c e a   e a a 3 

Perrson 2015 b a a a   a b c 4 

Pimenta 2004 a a a a ** a a c 7 

Pirkola 2010 a a a a ** a a c 7 

Prikoszovich 2011 a a a a ** a a a 8 

Rauito 2014 a a a a   d b a 5 

Rawal 2018 b a a a   a a c 5 

Retnakaran 2009 a a a a   a a a 7 

Retnakaran 2010 a a a a   a a a 7 

Retnakaran 2010 a a a a   a a a 7 

Retnakaran 2011 a a a a   a a a 7 

Rivas 2010 a a a a   a a a 7 
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Roca-Rodrigeuz 2012 a a a a ** a a a 8 

Roca-Rodrigeuz 2014 a a a a ** a a a 8 

Ruksasakul 2016 a a a a ** a a a 8 

Ryan 1995 c a c a   e a a 4 

Ryan 2013 a a a a   d a a 5 

Sartore 2011 a a a a   a a a 7 

Seck 2019 a a a a  a a a 7 

Seghiri 2007 a a a a   a a c 6 

Shen 2018 a a a a   a a c 6 

Shen 2019 a a a a   a a c 6 

Shostrom 2017 b b a a   e a c 3 

Simmons 2017 b a a a   d a a 5 

Sokup 2012 a a a a ** a a a 8 

Sokup 2012 a a a a ** a a a 8 

Sriharan 2002 a a a a   a a a 6 

Steube 2011 a a a a   a a c 6 

Sung 2008 a  a a a ** a a c 7 

Tam 2007 a  a a a ** a a a 7 

Tam 2012 a  a a a ** a a a 8 

Tam 2013 a  a a a ** a a a 8 

Tehrani 2012 a a a a ** a a c 7 

Ueland 2018 a a a b * a a a 6 

Thomann 2008 a a a a ** a a a 8 

Tobias 2007 b a a b   d a c 3 

Todoric 2012 a a a a ** a a c 7 

Tura 2006 a a a a ** a a c 7 

Verma 2002 a a a a * a a c 7 
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Vigneault 2015 b a a a   d a c 4 

Vilmi-Kerala 2016 a a a a ** a a a 8 

Vitoratos 2001 a b a a   a a a 6 

Wang 2012 a b b a   a a a 5 

Wang 2015 a a a a ** a a a 8 

Wang 2019 c a b a  a a d 4 

Wender-Ozegowska 2007 b a a a   d a c 4 

Winhofer 2013 a a a a ** a a a 8 

Winhofer 2014 a a a a ** a a a 8 

Winofer 2014 a a a a ** a a a 8 

Winzer 2004 a a a a ** a a a 8 
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Supplementary Figure 3.8 1 Meta-analysis of systolic blood pressure (mmHg) in women with previous gestational 

diabetes mellitus compared to women without a history of GDM  
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Supplementary Figure 3.8 2 Meta-analysis of diastolic blood pressure (mmHg) in women with previous gestational 

diabetes mellitus compared to women without a history of GDM. 



 

 

Chapter 3    144 

 
Supplementary Figure 3.8 3 Meta-analysis of body mass index (kg/m2) in women with previous gestational diabetes 

mellitus compared to women without a history of GDM. 
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Supplementary Figure 3.8 4 Meta-analysis of total cholesterol in women with previous gestational diabetes mellitus 

compared to women without a history of GDM 
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Supplementary Figure 3.8 5 Meta-analysis of low-density lipoprotein in women with previous gestational diabetes 

mellitus compared to women without a history of GDM 
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Supplementary Figure 3.8 6 Meta-analysis of high-density lipoprotein in women with previous gestational diabetes 

mellitus compared to women without a history of GDM 
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Figure 

Supplementary Figure 3.8 7 Meta-analysis of triglycerides in women with previous gestational diabetes mellitus 

compared to women without a history of GDM 
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Supplementary Figure 3.8 8 Meta-analysis of blood glucose in women with previous gestational diabetes mellitus 

compared to women without a history of GDM 
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Supplementary Figure 3.8 9 Meta-analysis of insulin in women with previous gestational diabetes mellitus compared 

to women without a history of GDM 
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Supplementary Table 3.8 3 Sensitivity analysis for SBP (mmHg) 

 

 

 

 

 

Supplementary Table 3.8 4 Sensitivity analysis for DBP (mmHg) 

 

 

 

 

 

Supplementary Table 3.8 5 Sensitivity analysis for BMI (kg/m2) 

 

 

 

 

 

 

 

 

 

Supplementary Table 3.8 6 Sensitivity analysis for total cholesterol 

Analysis Studies  Participants MD 95% CI Chi2 P= I2 (%) 

All Studies 46 49,963 2.47 1.61, 3.32  

P< 0.00001 

80% 

After 

Sensitivity 

analysis 

39 47,687 2.53 1.61, 3.44 P< 0.00001 82% 

Analysis Studies Participants MD 95% CI Chi2 P= I2 (%) 

All Studies 46 49,580 1.87 1.30, 2.44  

P< 0.00001 

83% 

After 

Sensitivity 

analysis 

39 47,064 1.83 1.22, 2.44 P< 0.00001 85% 

Analysis Studies Participants MD 95% CI Chi2 P= I2 (%) 

All Studies 78 255,308 1.54 1.17, 1.91  

P< 0.00001 

97% 

After 

Sensitivity 

analysis 

65 163,156 1.52 1.14, 1.90  

P< 0.00001 

95% 
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Supplementary Table 3.8 7 Sensitivity analysis for low-density lipoprotein 

 

 

 

 

 

 

Supplementary Table 3.8 8 Sensitivity analysis for high-density lipoprotein 

 

 

 

 

 

 

 

 

 

 

 

  

Analysis Studies Participants SMD 95% CI Chi2 P= I2  (%) 

All Studies 48 38,561 0.26 0.15, 0.37 P< 0.00001 89% 

 

After 

Sensitivity 

analysis 

43 36,534 0.26 0.14, 0.39 P< 0.00001 90% 

Analysis Studies Participants SMD 95% CI Chi2 P= I2  (%) 

All Studies 44 16,980 0.19 0.08, 0.30  

P< 0.00001 

83% 

After 

Sensitivity 

analysis 

39 14,957 0.19 0.07, 0.31 P< 0.00001 85% 

Analysis Studies Participants SMD 95% CI Chi2 P= I2  (%) 

All Studies 56 35,882 -0.28 -0.39, -0.16  

P< 0.00001 

89% 

After 

Sensitivity 

analysis 

51 33,859 -0.28 -0.405,-0.17  

P< 0.00001 

90% 
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Supplementary Table 3.8 9 Sensitivity analysis for triglycerides 

 

 

 

  

 

 

 

 

Supplementary Table 3.8 10 Sensitivity analysis for glucose 

 

 

 

 

 

 

 

Supplementary Table 3.8 11 Sensitivity analysis for insulin 

 

 

 

 

  

Analysis Studies Participants  SMD 95% CI Chi2 P= I2  (%) 

All Studies 46 13,175 0.56 0.42, 0.70  

P< 0.00001 

88% 

After 

Sensitivity 

analysis 

43 13,045 0.56 0.41, 0.70 P< 0.00001 88% 

Analysis Studies Participants SMD 95% CI Chi2 P= I2  (%) 

All Studies 55 127,900 0.69 0.56, 0.82  

P< 0.00001 

94% 

After 

Sensitivity 

analysis 

49 125,632 0.62 0.50, 0.75 P< 0.00001 94% 

Analysis Studies Participants SMD 95% CI Chi2 P= I2  (%) 

All Studies 32 8,881 0.41 0.23, 0.59  

P< 0.00001 

90% 

After 

Sensitivity 

analysis 

27 6,795 0.41 0.20, 0.61 P< 0.00001 90% 



 

 

Chapter 3    154 

 

 

 

(A)                     (B)          

   

 

 

 

(C)                                       (D) 

 

 

(E)                     (F)     

 

  

 

 

(G)                (H)  
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Supplementary Figure 3.8 10 Funnel plots for meta-analyses of 

cardiovascular risk factors in women with previous gestational diabetes 

mellitus compared to women without a history of GDM(A) systolic blood 

pressure; (B) diastolic blood pressure; (C) body mass index; (D) total 

cholesterol; (E) low density lipoprotein; (F) high density lipoprotein; (G) 

triglycerides; (H) blood glucose; (I) blood insulin 

 (I)                   
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4.2. Abstract 

 

Gestational diabetes mellitus is a pregnancy complication that affects 1 in 7 pregnancies. 

Emerging evidence demonstrates that children born of pregnancies complicated by GDM may 

be at increased risk of cardiovascular disease (CVD) in adulthood. Therefore, the aim of this 

study was to determine cardiovascular  factors in offspring exposed to GDM in utero. PubMed, 

CINAHL, SCOPUS, and EMBASE databases were searched. Information was extracted on 

established CVD risk factors including blood pressure, lipids, blood glucose, fasting insulin, 

body mass index (BMI) and endothelial/microvascular function. The review protocol is 

registered in PROSPERO (CRD42018094983).Prospective and retrospective studies 

comparing offspring exposed to GDM compared to controls (non-GDM pregnancies) were 

considered. We included studies which defined GDM based on the IADPSG definition, or prior 

definitions. The PRISMA guidelines were followed in conducting this systematic review. 

Methodological quality was assessed using the Newcastle – Ottawa Quality Assessment Scale. 

Study selection, data extraction and quality assessment were done by two independent 

reviewers. The data were pooled using a random-effects model.  Of 59 eligible studies, 24 were 

included in the meta-analysis. Offspring exposed to GDM had higher systolic blood pressure 

(mean difference (MD): 1.75 mmHg, 95% CI 0.57-2.94; eight studies, 7,264 participants), BMI 

z-score (MD: 0.11 (95% CI 0.02- 0.20; 9 studies, 8,759 participants) and glucose (standard MD 

(SMD) 0.43, 95%CI 0.08-0.77; 11 studies, 6,423 participants) than control participants. In 

conclusion, offspring exposed to GDM have elevated systolic blood pressure, BMI and 

glucose. Those exposed to GDM in utero may benefit from early childhood blood pressure 

measurements 
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4.3. Introduction 

 

The incidence of cardiovascular disease (CVD) has shown a rapid increase over the last decade. 

In 2012, there were an estimated 17.6 million deaths from CVD, accounting for 31.43% of 

global mortality 224. Emerging evidence demonstrates an association between gestational 

diabetes mellitus (GDM) and CVD  with risk factors for CVD being  more prevalent among 

women who experienced gestational diabetes (GDM) compared to those who did not34, 224  

Prevalence of GDM varies between populations, but it is estimated to affect 1 in 7 

pregnancies79. The definition of GDM has changed over recent years, as it has become apparent 

that mild glucose intolerance in pregnancy which was not formerly considered as GDM 

increases the risk of developing type 2 diabetes mellitus (T2DM) and CVD in later life225. A 

recent meta-analysis showed a 7.5-fold increase in the risk of T2DM among women who 

experience  GDM34. 

Emerging evidence also suggests that children born after pregnancies complicated by GDM 

may also be at increased risk of CVD in adult life. Tam et al. (2017) showed that for every 1-

SD (standard deviation) increase in maternal glycaemic level, there was an increase in the 

adjusted Odds Ratio for impaired glucose tolerance in the offspring226. A meta-analysis 

conducted by Aceti et al. and colleagues demonstrated that systolic blood pressure was higher 

in offspring of women who experienced GDM than controls52.  

At present there is no systematic review comparing the main conventional CVD risk factors 

between offspring exposed to GDM in utero compared to controls. Both vascular and metabolic 

CVD risk factors constitute metabolic syndrome which is a well-established risk factor for 

CVD227 . Therefore, synthesising evidence on all CVD risk factors will provide important 

information that can guide preventive strategies to reduce the global burden of CVD.  
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The primary objective of this study was to conduct a comprehensive systematic review and 

meta-analyses of all relevant studies published until October 2018 to assess conventional CVD 

risk factors including systolic and diastolic blood pressure, body mass index, lipids, blood 

glucose and insulin levels. As a secondary objective, we aimed to assess all relevant studies 

that assessed microvascular function.  
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4.4. Methods 

 

4.4.1. Search strategy 

 

All studies describing the association between GDM and offspring cardiovascular 

disease risks were identified by searching the following electronic databases: PubMed 

CINAHL, SCOPUS and EMBASE with an end of search date of April 18, 2018. 

Subsequently we updated the literature search to include all relevant articles published 

until October 17, 2018. The review protocol is registered in PROSPERO 

(CRD42018094983). No amendments have been made to the current protocol.  

The review was undertaken with reference to the PRISMA guidelines228. The search 

strategy is as follows: (“gestational diabetes*” OR “pregnancy induced 

diabetes” OR “diabetic pregnancy”) AND (offspring OR newborn OR baby OR babies 

OR children OR infant OR neonat* OR adolescen* OR adult) AND (“blood pressure” 

OR diabetes OR cardiovascular OR metabolic OR hypertension OR BMI or “body mass 

index” OR obesity OR overweight OR lipids OR lipid OR cholesterol OR triglyceride* 

OR glucose OR insulin OR vascular). We included case-control studies, cohort studies 

and clinical trials. Conference abstracts were also screened. Previous systematic 

reviews and meta-analyses on relevant topics were identified, and references from 

eligible reviews were checked for additional studies. All identified studies were 

assessed for relevance by two independent authors (MP, PA). Data were independently 

extracted by two authors (MP, PA). Discrepancies were resolved by discussion. 

4.4.2. Inclusion criteria 

 

The population of interest and exposure were offspring at any follow up visit born to 

women who experienced GDM during pregnancy. We selected studies that assessed 

conventional CVD risk factors in offspring exposed to GDM in utero compared to 



 

 

Chapter 4   163 

offspring not exposed to GDM in utero. The CVD risk factor outcomes were blood 

pressure, BMI, serum and cord blood lipids, and serum and cord blood insulin and 

glucose.  

We included studies that defined GDM based on the International Association of 

Diabetes and Pregnancy Study Groups (IADPSG). However, as diagnostic criteria have 

recently changed, we included studies that used prior diagnostic criteria of GDM 

including the 1999 World Health Organization definition, and other regional 

definitions. The definitions of GDM of included studies are detailed in Table 1. Studies 

that did not have the above definition/s of GDM, those that did not define study groups 

and those that compared GDM and another risk group collectively were excluded. 

Studies that compared offspring exposed to GDM with offspring exposed to impaired 

glucose tolerance in utero were included, in the review but were not included in the 

meta-analysis. The data from these studies are presented in Table 2.  

Data were extracted independently and in duplicate for outcomes systolic blood 

pressure, diastolic blood pressure, body mass index (BMI), serum and cord lipid levels 

(total cholesterol, low density lipoprotein (LDL) high density lipoprotein (HDL), non-

HDL and triglycerides), blood glucose, fasting insulin and measures of 

vascular/endothelial function. When the same cohort was reported in multiple 

publications at different ages, the study reporting on the older age group was included 

in the meta-analysis. We considered both studies published in English, and studies that 

could be translated to English. We contacted authors via email for missing information 

or data clarification if necessary, and if authors did not respond then any relevant data 

from their respective studies were included in Supplementary Table S1. 
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4.4.3. Statistical analysis 

 

The following data were collected from each included study: definition of 

GDM, age of offspring at follow-up, number of cases/exposed to GDM in utero 

and controls/not-exposed to GDM in utero, birthweight and gestational age at 

birth of cases and controls. For each outcome measure, mean and standard 

deviation (SD) were used in meta-analyses. When mean and SD were not 

reported, Standard Error of Mean (SEM) and 95% CI was converted to SD via 

statistical software229. For studies reporting using Median and IQR, the results 

are detailed in Supplementary Table S1. The Standard Mean Difference (SMD) 

or Mean Difference (MD) and the 95% CI were calculated using a random-

effects model. SMD was used when the outcome was measured in different 

units across trials and MD when units were consistent.  

The meta-analysis was performed using Cochrane Collaborations RevMan 

software (Review Manager Version 5.1.1) based on an inverse variance method. 

As per protocol, the random-effects model was selected to account for the 

variation in different criteria used to diagnose GDM among the studies.  

However, to ensure that the results were not influenced by the choice of model, 

each analysis was repeated using a fixed-effects model. No difference in results 

was seen between the two models (results not shown). Substantial heterogeneity 

was considered when I² statistic exceeded 50%, and the Chi² P value was less 

than 0.1. To assess publication bias, funnel plots were used. The methodological 

quality and risk of bias was assessed using Newcastle - Ottawa Quality 

Assessment Scale (Supplementary Table S2) 230. Sensitivity analyses were 

performed to evaluate heterogeneity for outcomes when omitting low quality 
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studies. Two authors (MP, PA) independently assessed the quality of each study 

included in the review. The discrepancies were resolved through discussions.  
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4.5. Results  

 

4.5.1. Search Results 

 

A total of 4,359 articles were identified from the literature search. One hundred and 

twelve articles were eligible for full text review. Of these, 59 were included in the review 

and 25 were included in the meta-analyses. The reasons for excluding 53 studies are 

detailed in Figure 4.5.1.1. We contacted nine authors for additional data, with  responses 

from four authors (44.4% response), however the authors of these four studies did not 

have data that could be used in the meta-analyses and hence are included in 

Supplementary Table 4.8.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 4   167 

 

CVD risk factors among those exposed to GDM in utero 

Id
en

ti
fi

ca
ti

o
n

 

 

 

 

 

E
lig

ib
ili

ty
 a

n
d

 S
cr

ee
n

in
g

 

 

 

 

 

 

 

 

 

In
cl

u
d

ed
 

     

 

 

 

Figure 4.5.1.1 PRISMA Flow diagram of study selection 

 

 

4,359 titles were identified from PubMed, EMBASE 

and CINAHL 

4,247 excluded on abstract review  

 

112 papers retrieved for full text review 

53 studies were excluded  

2 = reviews; 2 = non-English papers; 8 = 

didn’t differentiate pre-gestational and 

gestational diabetes; 19 = outcomes not 

of interest; 19 = no comparison group; 

3=other 

 

 

 

 59 were found eligible 

 

25 included in the meta-analysis 
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Table 4.5.1-1 Characteristics of the included studies 

Author Year Study 

design 

Country Definition of GDM Exposed/N

on-

exposed 

(n=) 

Birthweight 

cases/Control(g) 

Gestational age 

cases/control 

(weeks) 

Follow up 

(years) 

Outcome 

measure 

considered 

Kaseva  2018 Multi-

cohort 

study 

Finland 

 

(Both cohorts):  

OGTT at 26-28 weeks: Indications for screening: 

glycosuria, prior GDM, suspected fetal macrosomia, 

previous macrosomic infant (birth weight 44500 g), 

maternal pre-pregnancy BMI ⩾25 kg m− 2, and 

maternal age ⩾40 years. 

Overnight fasting by using a 75-g oral glucose load. 

Cutoff limits for GDM were used for venous blood 

glucose: 45.5 mmol l − 1 at fasting, 411.0 mmol l − 

1 and 48.0 mmol l − 1, 1 and 2 h after the glucose 

load, respectively. A diagnosis of GDM was made 

with one abnormal value in the OGTT.  

191/547 ESTER cohort:  

3651 (601)/ 3519 

(466) 

ALYS cohort:  

3881 (648)/ 3555 

(462) 

ESTER cohort:  

39.0 (1.8)/ 39.8 

(1.5) 

ALYS cohort:  

39.0 (1.5)/ 40.0 

(1.3) 

23-25 

years after 

delivery 

BMI (kg/m2) 
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Kearny  2018 Cohort 

study 

USA Based on hospital records from two major hospitals 

with a neonatal care unit in the metropolitan area of 

Quebec City (Hospital Saint-François d’Assise, 

Centre Hospitalier de l’Université Laval – CHUL) or 

according to administrative data from the provincial 

health plan registry (Régie de l’assurance maladie du 

Québec) 

56/ 30 3346  ± 442/ 3267  ± 

558 

38.8 ± 1.4/ 39.5 

± 1.2 

Between 

3-12 years 

after 

delivery 

BMI (kg/m2) 

BMI-z score 

 

Le 

Moullec  

2018 Cohort 

study  

France Confirmed based on hospital, medical records with 

following criteria: 

Positive screening for GDM based on a OGTT (1-hr 

post load 50-g plasma glucose, 11.1 mmol/l), had a 

diagnosis of GDM based on a 100-g OGTT (OGTT 

with at least two pathologic values defined as: 

fasting, _ 5.3 mmol/l; 1-hr, 10.0 mmol/l; 2-hr, 8.6 

mmol/l; 3-hr, 7.8 mmol/l), and/or had received 

insulin treatment during pregnancy. A small number 

of participants (< 0.5%; n = 6) with no available data 

600/600 3183 ± 563/ 3047 ± 

500 

Not reported  Average 6 

years after 

delivery  

BMI centile   
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were also classified into the GDM group if they 

combined high fasting (or postprandial) glycaemic 

values with intense medical monitoring during 

pregnancy. 

Mietten  2018 Cohort 

study 

Finland An oral 75 g 2-hr glucose tolerance test 

(OGTT)was performed for all subjects at weeks 22-

29 of pregnancy, with the exception of 3 subjects 

with OGTT performed at weeks 31- 33. OGTT was 

considered diagnostic for GDM if any of the 

measures were pathological. The following 

diagnostic thresholds were used: fasting plasma 

glucose >5.3 mmol/L, 1 h plasma glucose (10.0 

mmol/L) or 2 h plasma glucose (8.6 mmol/L) 

15/13 3500 ± 120/ 3540 ± 

130 

 

39.8 ± 0.33/ 

40.54.7 ± 0.32 

After birth Cord blood 

total 

cholesterol, 

Lipids 

(mmol/L)  

Wang  2018 Popula-

tion 

based 

China Based on American diabetes association  1,500/ 23, 

471 

Not reported 39.1 ± 1.1/ 39.3 ± 1.1 6 years  BMI z-score  
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cohort 

study  

Hammou

-nd  

2017 Cohort 

study 

The 

Netherla

nds 

75-gram oral glucose tolerance test or elevated 

fasting glucose (exact cut offs not shown)  

24/ 

T1D: 27 

T2D: 22 

3,582±576/ 

T1D: 3,506±556, T2D: 

3,701±509 

39±2.0/  

T1D: 37±1.3, 

T2D: 38±1.7 

5 years 

after 

delivery  

Overweight/o

bese 

Li  2017 Prospecti

ve cohort 

study 

USA Self-reported questionnaire 756/14,253 No mean reported Not reported 11 years 

after 

delivery 

BMI 

Tam  2017 Longitudi

nal cohort 

study 

Hong 

Kong 

All women underwent a standard 75-g oral glucose 

tolerance test (OGTT) between 24 and 32 weeks of 

gestation, GDM diagnosed based on HAPO criteria 

132/ 794 Not reported Not reported 7 years 

after 

delivery 

BMI (kg/m2)  

BMI 

Percentile 

SBP (mmHg)  

DBP (mmHg)  

Glucose 

(mmol/L)  

Lipids 

(mmol/L). 
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Bozkurt  

Ω  

2016 Descripti

ve Study 

Austria 4th International Workshop Conference on GDM 

criteria  

32/ 

DM (26)  

Control: 

(18) 

63.0 ± 24.0/  

DM: 71.3 ± 29.3) 

Control:66.6 ± 22.1)+ 

not reported Average 6 

years after 

birth 

BMI-SDS,  

Insulin 

(μU/ml) 

 

Hakanen  2016 Longitudi

nal study 

Finland Diagnosed by hospital records 520/  

T1D: 67, 

Ctrl:6316  

3600 (600)/  

Control 3500 (500) 

T1D 3700 (700) 

  

39.4 (2.5)/ 

Control: 39.7 

(2.4) 

T1D: 38.5 (2.0) 

Average 1-

12 after 

delivery  

BMI Peak 

(kg/m2) 

Lopez 

Morales  

2016 Cross 

Sectional  

Spain Diagnosed in medical records 38/ Women 

with normal 

gestation 

(still 

pregnant) 

=38 

not reported not reported Infant 

(after birth) 

Cord blood 

glucose 

(mg/dl) 

Cord blood 

insulin (U/ml) 

Cord blood 

lipids (mg/dl) 
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Zhao  2016 Cross 

Sectional  

Multicent

re(Austra

lia, Brazil, 

Canada, 

China 

Colombia

-a, 

Finland, 

India, 

Kenya, 

Portugal, 

South 

Africa, 

UK, 

USA).  

 Varied between international centres but included 

WHO, ADA, modified ADA and modified WHO 

definitions – women would self-report GDM and the 

research team confirmed the diagnostic criteria at the 

time of diagnosis 

206/4.354 3,415 (623)/  3,274 

(576) 

38.3 (2.1)/ 38.6 

(2.2) 

9-11 years 

after 

delivery 

BMI 

Chang  2015 Retrospe

ctive 

China American Diabetes Association: Women with 

abnormal 50g OGTT (>7.8mmol/L) underwent further 

356/ 500 3700 ±120 / 3200 ± 

800 

Not reported 6 years 

after birth  

BMI (kg/m2)  

SBP (mmHg) 
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cohort 

study 

fasting 3h 75g OGTT. GDM diagnosed with criteria: 

(BG > 5.3mmol/L at baseline, > 10mmol/L at 1h, 

>8.6mmol/L at 2h, 7.8mmol/L at 3h.  

Krishnav

eni  

2015 Cohort 

study 

India  Carpenter and Coustan: two or more plasma 

glucose concentrations 5.3 (fasting),  10.0 (60 min),  

8.7 (120 min), and  7.8 mmol/l (180 min) (reported in 

2005 study) 

26/ CTRL: 

165 

Offspring of 

diabetic 

fathers: 22 

not reported not reported 13.5 years 

after 

delivery  

BMI (kg/m2) 

SBP and DBP 

(mmHg) 

Glucose 

(mmol/L)  

Insulin 

(pmol/L) 

Lipids 

(mmol/L) 

Page ^ 2015 Cohort 

study  

USA Based on protocol Page 2012 10/ 9 not reported not reported Average 9-

10 years 

after 

delivery 

BMI (kg/m2)  

BMI 

percentile 
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Rutowsk

a ^ 

2015 Prospecti

ve Cohort 

Poland Not specified 261/ 153 3330 ± 53/ 3420 ± 54 not reported Approx. 3 

years after 

delivery 

BMI 

percentile 

Wilk  2015 cohort 

study 

Poland Hospital records  50/ 46 not reported not reported 7-15 years 

after 

delivery 

BMI SDS  

BMI 

percentile 

Glucose 

(mg/dL),  

Insulin 

(mg/dL) 

 

Zhao  2015 cohort 

study 

China Women with risk factors for GDM underwent 85-g 

OGTT at <12 weeks gestation, OGTT repeated at 24-

28 weeks if normal results. All women with low risk 

for GDM did normal 24-32 weeks gestation. 1999 

WHO diagnostic criteria for GDM since January 1 

2003. GDM diagnosis based on IGT (fasting blood 

LGA: 

149/284 

AGA: 

771/1401 

SGA: 

148/180 

GDM (followed) 3256 ± 

405, GDM (not 

followed) 3172 ± 509/ 

Control followed: 3261 

± 391, Control not 

followed: 3254 ± 417 

GDM (followed) 

38.9 ± 0.9 (not 

followed) 38.4 ± 

1.5/ Control 

followed:39.5 ± 

1.0, Control not 

5-10 years 

after 

delivery 

BMI 

percentile 
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glucose <7.0 mmol/l and 2-h postprandial blood 

glucose ⩾7.8–11.0 mmol/l) or DM (fasting blood 

glucose ⩾7.0 mmol/l or 2-h postprandial blood 

glucose ⩾11.1 mmol/l) positive results 

 

 

 

followed:39.1 ± 

0.7 

Holder 2014 Cohort 

study 

USA Self-reported 45/ 210 3,242.54±959.59/3,29

7.93±603.99 

not reported Average 

15 years 

after 

delivery 

BMI (kg/m2) 

BMI-Z Score 

Plasma 

glucose 

(mmol/L) 

Koing  2014 Retrospe

ctive 

case-

control 

Germany Three women were diagnosed with Hesse Diabetes 

Society diagnosis: Fasting: ≥ 90 mg/dl, 1 h 

postprandial: ≥ 160 mg/dl, 2 h postprandial ≥ 140 

mg/dl in venous plasma. Some women were 

diagnosed who exceeded only one of these 3 

threshold values in a venous blood specimen.  Other 

women referred to by clinicians, based on DDG and 

AGA values: GDM was diagnosed if at least 2 

130/77 3 406.62 ± 463.69/3 

456.09 ± 463.25 

not reported 6 months 

after 

delivery 

BMI (kg/m2) 

BMI 

percentile 
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measured values exceeded the limits of Carpenter 

and Coustan after ingestion of 75 g glucose, only 

one exceeded value was declared as impaired 

glucose tolerance. GDM can also be diagnosed if 

only one of the predetermined cut-offs is exceeded, 

whereas these values – based on the results of the 

HAPO-Study – differ slightly from the former criteria: 

Fasting: ≥ 92 mg/dl, 1 h postprandial: ≥ 180 mg/ dl, 

2 h postprandial ≥ 153 mg/dl. 

Page  2014 Cohort 

study 

USA Based on protocol Page 2012 37/ 25 3186 ± 113/ 3454 ± 79 not reported 5-16 years 

old 

(average 

7-9 years 

after 

delivery) 

BMI (kg/m2)  

BMI-z score 

BMI 

percentile 
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Davis 2013 Longitudi

nal 

Cohort 

USA Self-reported 47/163 3900 (800)/3700 (600) not reported Average 

10-11 

years after 

birth 

BMI (kg/m2) 

BMI 

percentile 

BMI z-score 

Glucose 

(mg/dl) 

Insulin 

(μU/ml) 

Eslamain  2013 Cohort 

study 

Iran World Health Organization, diagnosed as either:  

Fasting plasma glucose 5.1–6.9 mmol/L or: 1-hour 

plasma glucose 10.0 mmol/L. Following a 75 g oral 

glucose load 2-hour plasma glucose 8.5–11.0 

mmol/L following a 75 g oral glucose load 

112/ 159 3336.07±630/3259.75

±490 

37.72±1.7/39.1.3

3 

Infant 

(after birth) 

BMI (kg/m2) 

Cord blood 

glucose 

(mg/dL) 

Cord blood 

insulin 

(μU/ml) 

Cord blood 
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Lipids 

(mg/dL) 

Farfel^ 2013 Cohort 

study 

Israel 159 males, 113 females/ Diagnosed by hospital 

records 

Female 

(113)  

Male (159)/ 

PDGM, 

Male (34) 

Female (23) 

Control, 

Male (198) 

Control 

(147) 

 

 

Male 3423±537 

Female 3230±510/ 

PGDM Male 

3451±535, Female 

3210±364.  

CTRL Male 3344±372, 

Female 3228±324 

Not reported 17 years 

after 

delivery 

BMI >85th 

percentile 

Nehring  2013 Retrospe

ctive 

Germany GDM cases found from medical records  195/ 7,160 3479 (3417–3540)/ 

3413 (3403–3424) 

3413 (3403–

3424)/ 39.4 

(39.3–39.4) 

Average 

5.8 years 

BMI (kg/m2) 
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cohort 

study 

after 

delivery 

Nielsen  2013 Populatio

n based 

cohort 

study 

Denmark Rigshospitalet University Hospital modification 

of the White classification: Oral glucose challenge 

test (OGTT) in gestational weeks 24–26 if they met 

one of the following criteria: (1) previous birth of a 

baby with birthweight >4500 g; (2) maternal 

overweight >130%; (3) family history of diabetes; (4) 

glycosuria or (5) previous obstetrical complications 

or late miscarriage. (Diagnostic values not 

specified)  

34/ 

PreGDM 

(185), 

control 

(737) 

3803 (780) / PreGDM: 

3327 (648), control:  

3482 (551) 

38.9 (1.9)/ 

PREGDM: 36.5 

(1.8) control: 

38.8 (2.0) 

18-20 

years after 

delivery 

BMI (kg/m2) 

Page^ 2013 Cohort 

study 

USA Based on protocol Page 2012 10/ 19 not reported not reported Average 9 

years after 

delivery 

BMI-z score  

SBP(mmHg) 

Glucose 

(mg/dL) 

Insulin 

(uLu/ml) 



 

 

Chapter 4   181 

Pham  2013 Retrospe

ctive 

cohort 

study 

USA Normal screening at 24-28 weeks (unless considered 

at risk, tested in first trimester).  50g- 1-hour glucose 

challenge test of greater/equal to 140 mg/dL, then 

given a 100-g 3-hour glucose tolerance test if 1-h 

challenge was positive. Needed 1/4 of the possible 

measurements to be diagnosed. Diagnosis followed 

National Diabetes Data Group prior to April 2007, 

then changed to Carpenter and Coustan criteria 

after April 2007.  

459/ 2,185 3,406 ±496 /3,404 

±442 

39.3 ±1.0/ 39.6 

±0.9 

2-4 years 

after 

delivery 

BMI 

percentile 

Retnakar

-an Ω 

2013 Sub 

study of 

prospecti

ve 

observati

onal 

study  

Canada Those with and without an abnormal 50g glucose 

challenge screening test undergo 3-h 100g OGTT for 

ascertainment of antepartum glucose intolerance 

status (i.e. either GDM or non-GDM) based on 

National Diabetes Data Group (NDDG), 

measurements at 20 minutes- 1h, 2h and 3h.  

36/ 68 3411 [3110-3635]/ 

3415 [3144-3628] 

not reported 1 year after 

delivery 

BMI z-score 

Fasting 

glucose 

(mmol/L) 

Lipids 

(mmol/L) 
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Baptise-

Roberts  

2012 Prospecti

ve Cohort 

USA All women provided fasting blood specimen if it was 

120 mg/dL or higher, or if it rose to over 175 mg/dL 

at the end of 1 h and did not return to normal in the 

2- and 3-h specimens. GDM diagnosed based on 

these criteria: (1) she was newly diagnosed with 

diabetes during pregnancy; (2) she initiated insulin 

during pregnancy; (3) she displayed an abnormal 

glucose tolerance test result; or (4) she had a blood 

glucose level of 200 mg/dL or more at any time during 

pregnancy. 

484/ 27,874 3302 ± 584/3190 ± 

484 

not reported 7 years 

after birth 

BMI (kg/m2) 

BMI z-score 

BMI 

Percentile 

Borogon-

o 

2012 Prospecti

ve Cohort 

Canada National Diabetes Data Group criteria 36/68 3,411 [3,110–3,635]/ 

3,415 [3,144–3,628] 

not included 1 year after 

birth 

Fasting 

glucose 

(mmol/L) 

Fasting 

insulin 

(pmol/L) 
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Chandler 

Laney  

2012 Cohort 

study 

USA Self-reported, confirmed with hospital records Normal 

weight: 

(11), 

Overweigh-t 

(13)/ 

Normal 

weight (19) 

Overweigh-t 

(8) 

not reported not reported Average 7-

8 years 

after birth 

BMI 

percentile 

Glucose 

(mg/dL)2,  

Insulin 

(mg/dL)2 

Page ^ 2012 Cohort 

study 

USA Not reported in abstract (Based on protocol): Fasting 

glucose <126 mg/dl (7 mM) from families of a 

proband with GDM diagnosed within the previous 5 

years) 

35/ 14 not reported not reported Average 8 

years after 

delivery 

BMI (kg/m2) 

BMI z-score 

Patel  2012 prospecti

ve 

populatio

n-based 

England GDM was defined as any record of a diagnosis of 

gestational diabetes at any time during the 

pregnancy in women without existing diabetes at the 

start of pregnancy. (At time of study recruitment: all 

27/Control: 

(4384), 

existing 

diabetes 

1.45 (1.28)/ Control: 

0.038 (0.97), existing 

diabetes: 0.28 (1.32), 

glycosuria: 0.18 (1.04) 

38.6 (1.48)/ 

Control: 39.4 

(1.85), existing 

diabetes: 37.5 

15 years 

after 

delivery 

BMI z-score 

SBP and 

DBP(mmHg) 

Glucose 
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cohort 

study 

pregnant women to have urine tested for glycosuria 

and proteinuria at every antenatal clinic visit. 

Glycosuria was defined as a record of at least ++ 

(equal to 13.9 mmol/l or 250 mg/100 ml) on at least 

two occasions at any time during the pregnancy.) 

GDM was tested further to these results, diagnosed 

in the medical records as GDM with no history of 

existing diabetes.   

(23), 

glycosuria 

(154) 

(1.86), 

glycosuria: 39.7 

(1.63) 

(mmol/L) 

Insulin (IU/L) 

Lipids 

(mmol/L) 

 

Jahan  2011 Cohort 

study 

Banglade

sh  

Diagnosed with fasting blood glucose, and 2 h after 

75 g oral glucose tolerance test (OGTT). Women 

who had repeatedly elevated fasting (>7.0 mmo1/L) 

or postprandial (9 mmol/L) blood glucose values. 

30/ DM 

(n=45) 

control 

(n=30) 

3000 (2100-4500)/ DM: 

3100 (1700-4800), 

NDM: 2700 (2000-

3800) 

not reported Infant  

(after birth) 

Insulin 

(mmol/L) 

Tsadok  2011 Populatio

n based 

cohort 

Israel Reported on hospital records 293/ 59,499 3411 ± 616/ 3301 ± 

483 

not reported 17 years 

after 

delivery 

BMI (kg/m2) 

SBP and DBP  
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Boersch-

mann 

2010 

2010 Prospecti

ve cohort 

Germany German Diabetes Association - an oral glucose 

tolerance test (OGTT) with a 75-g glucose load. 

Women were considered to have GDM if two of three 

capillary blood glucose values exceeded the 

following limits: _5 mmol/l (fasting) before an oral 

glucose tolerance test,_10.0 mmol/l after 60 min, and 

8.6 mmol/l after 120 min. 

77/148 Not reported Not reported 11 BMI 

percentile 

Krishnav-

eni  

2010 Cohort 

study 

India  Carpenter and Coustan: two or more plasma 

glucose concentrations  5.3 (fasting),  10.0 (60 min),  

8.7 (120 min), and 7.8 mmol/l (180 min) 

Female (23) 

Male (12)/ 

Control: 

Female 

(191) male 

(190), 

Offspring of 

diabetic 

fathers 

not reported not reported 9.5 years 

after 

delivery 

BMI (kg/m2) 

BMI 

percentile 

SBP and DBP 

(mmHg) 

Glucose 

(mmol/l) 

Insulin 

(pmol/l)   
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Male: (20), 

Female (19) 

Lipids 

(mmol/l) 

Lawlor  2010 Longitudi

nal 

Cohort 

England GDM was defined as any record of a diagnosis of 

gestational diabetes at any time during the 

pregnancy in women without existing diabetes at the 

start of pregnancy. (At time of study recruitment: all 

pregnant women to have urine tested for glycosuria 

and proteinuria at every antenatal clinic visit. 

Glycosuria was defined as a record of at least ++ 

(equal to 13.9 mmol/l or 250 mg/100 ml) on at least 

two occasions at any time during the pregnancy.) 

GDM was tested further to these results, diagnosed 

in the medical records as GDM with no history of 

existing diabetes.   

53/ 

Control: 

(10,126) 

Existing 

diabetes 

(40)  

Glycosuria 

(372) 

3,711 (655)/ Control: 

3,416 (536), existing 

diabetes: 3,248 (787), 

glycosuria: 3,511 (534) 

38.2 (1.9)/ 

Control: 39.5 

(1.9) Existing 

diabetes: 37.5 

(2.6), Glycosuria: 

39.5 (1.8) 

Average 9-

11 years 

after 

delivery 

BMI z-score 

Pirokla  2010 Longitudi

nal cohort 

study 

Finland GDM risk factors; 40 years, BMI 25 kg/m2, prior 

GDM, previous delivery of a macrosomia infant (birth 

weight 4,500 g), glycosuria, and suspected fetal 

Normal 

weight 

(n=49), 

Overweight: 

3700 (3490–3920) 

Normal 3670 (3530–

Overweight: 38.5 

(37.8–39.1), 

Normal 39.0 

16 years 

after 

delivery 

BMI (kg/m2) 
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macrosomia in the current pregnancy. 

Glucose tolerance testing, performed after an 

overnight fast, conducted by administering a 2-h, 75-

g oral glucose tolerance test (OGTT): 5.5, 11.0, and 

8.0 mmol/l at fasting and at 1 h and 2 h after the 

glucose load, respectively. Diagnosis of GDM was 

set after one abnormal value in the OGTT, according 

to prevailing national guidelines 

Overweight 

(n=35)/ 

Control total 

(??) Normal 

weight: 

(503), 

Overweight 

(n=154) 

3820)/ 

Overweight=3780 

(3680–3880), Normal 

weight: 3690 (3640-

3740), Total: 

3480(3460-3500). 

(38.6–39.5)/ 

Overweight 39.4 

(39.1–39.6), 

Normal weight 

39.5 (39.4–39.7) 

Total 39.5(39.4-

39.5) 

 

Tam  2010 Longitudi

nal cohort 

Hong 

Kong 

GDM defined based on WHO criteria: Gestational 

impaired glucose tolerance (IGT) (i.e., fasting PG 

level of  7.0 mmol/L and 2-hour PG level of  7.8–11.1 

mmol/L, and GDM (i.e., fasting PG level of  7.0 

mmol/L and/or 2-hour PG level of  11.1 mmol/L). 

WHO criteria states that "pregnant women who meet 

WHO criteria for diabetes mellitus of IGT are 

classified as having GDM." 

42/87 3,248 (351)/3,273 

(454) 

Based on Tam et 

al. 2008 with 

larger (n=): 

39.6±0.2/ 

39.5±0.2 

15 years 

after 

delivery 

BMI (kg/m2) 

SBP and DBP 

(mmHg) 

Glucose 

(mmol/L),  

Lipids 

(mmol/L) 
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Catalano  2009 Prospecti

ve Cohort 

USA National Diabetes Data Group (NDDG) 25/38 3,373 ± 532/3,376 ± 

496 

38.7  ± 1.3/ 39.4  

± 1.2 

Average 

8.8 years 

after birth  

BMI(kg/m2) 

BMI z-score 

SBP and DBP 

(mmHg) 

Glucose 

(mmol/L)  

Insulin 

(pmol/L)  

HOMA-IR 

Lipids 

(mmol/L) 

Vaarasm

-aki  

2009 Prospecti

ve cohort 

study 

England Risk factors: glycosuria, prior gestational diabetes, 

suspected foetal macrosomia (birth weight 4500 g) in 

the current pregnancy, previous delivery of a 

macrosomic infant, body mass index (BMI) 25 kg/m2 

and age more than 40 yr. A history of prior gestational 

diabetes or glycosuria in the current pregnancy 

96/ 3,909 3,727 (577)/ 3,517 

(471) 

38.8 (1.7)/ 39.5 

(1.5) 

16 years 

after 

delivery 

BMI 

SBP and DBP 

(mmHg), 

Glucose 

(mmol/L) 

Insulin 
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warrants an earlier OGTT. Diagnosed with  2-h, 75-g 

oral glucose tolerance test (OGTT) usually at 26–28 

week of gestation:  one or more abnormal OGTT 

values (cut-off values for venous blood samples are 

4.8 mmol/L at 0 min, 10.0 mmol/L at 60 min and 8.7 

mmol/L at 120 min). 

(milliunits/L) 

Lipids 

(mmol/L),  

Wright  2009 Cohort 

study 

USA Screening at 26-28 weeks with non-fasting 50-g 1h 

oral glucose challenge. If test result was abnormal 

(i.e. blood glucose value of >140 mg/dl) then women 

were referred for fasting 3-h 100 OGTT. Two or more 

abnormal results were a diagnosis for GDM: a blood 

glucose>95 mg/dl at baseline, >180 mg/dl at 1 h, 

>155 mg/dl at 2 h, or >140 mg/dl at 3 h. 

51/ Control 

n=1035, 

IGT n=152 

3510 (52)/ control= 

3510/52, IGT 3600 (52) 

not reported 3 years 

after 

delivery 

BMI (kg/m2) 

BMI 

percentile 

BMI z-score 

SBP (mmHg) 

Buzinaro  2008 Cohort 

study 

Brazil  Based on OGTT Values (cut-offs not specified)  23/ 

Control (17) 

Hyperglyca

emia (23) 

not reported not reported average 

12- 16 

years after 

birth 

BMI (kg/m2),  

SBP and DBP 

(mmHg) 

Glucose 
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(mg/dL) 

Lipids 

(mg/dL) 

Clausen  2008 Retrospe

ctive 

cohort 

study 

Denmark OGTT - GDM was based on risk indicators: family 

history of diabetes, overweight (20%) prepregnancy, 

prior GDM, delivery of macrosomic baby, glycosuria. 

Women with these risk indicators and two capillary 

blood glucose measurements > 4.1 mmol/L were 

offered a 3h 50g OGTT. OGTT was abnormal if more 

than two of seven values during the test exceeded 

mean 3 SDs for a reference group of normal weight 

non-pregnant women without family history of 

diabetes (Until Sep 1982 venous plasma used for 

OGTT, after then capillary whole blood) 

168/128 3410 (530)/ 3474 (481) 273 (247–284)// 

280 (253–298) 

18-27 

years after 

delivery 

Glucose 

(mmol/L) 

Pirokla  2008 Cohort 

Study 

Finland Risk factors for diagnosis: glycosuria, prior 

gestational diabetes, suspected foetal macrosomia 

(birth weight .4500 g) in the current pregnancy, 

22/ T1D: 16, 

control: 25 

3.708 (3.538–3.886)/ 

T1D: 3.818 (3.482–

39.2 (38.7–39.7)/ 

T1D: 37.5 (36.8–

Mean 4.9 

years after 

delivery 

SBP and DBP 

(mmHg)  

Cord blood 
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previous delivery of a macrosomic infant, body mass 

index (BMI)  25 kg/m2 and age more than 40 yr. A 

history of prior gestational diabetes or glycosuria in 

the current pregnancy warrants an earlier OGTT.  

Diagnosed with 2-h, 75-g oral glucose tolerance test 

(OGTT) usually at 26–28 week of gestation:  one or 

more abnormal OGTT values (cut-off values for 

venous blood samples are 4.8 mmol/L at 0 min, 10.0 

mmol/L at 60 min and 8.7 mmol/L at 120 min). 

 

4.185), Control: 3.666 

(3.452–3.893) 

38.2), 39.3 

(38.8–39.8) 

insulin 

(pmol/L) 

Tam  2008 Longitudi

nal cohort 

study 

Hong 

Kong 

DM defined based on WHO criteria: Gestational 

impaired glucose tolerance (IGT) (i.e., fasting PG 

level of  7.0 mmol/L and 2-hour PG level of  7.8–11.1 

mmol/L, and GDM (i.e., fasting PG level of  7.0 

mmol/L and/or 2-hour PG level of  11.1 mmol/L). 

WHO criteria states that "pregnant women who meet 

63/ 101 3292±52/ 3245±45 39.6±0.2/ 

39.5±0.2 

Average 7-

8 years 

after 

delivery 

BMI (kg/m2) 

BMI 

percentile 

SBP (mmHg) 

and DBP 

(mmHg)  

Glucose 
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WHO criteria for diabetes mellitus of IGT are 

classified as having GDM." 

(mmol/L) 

Insulin 

(pmol/L) 

Lipids 

(mmol/L) 

Lee  2007 Cohort 

study 

South 

Korea 

National Diabetes Data Group: 50 g glucose 

challenge test was performed; if the 1 h plasma 

glucose value was  130 mg/dL (7.2 mmol/L), a 3 h 

oral glucose tolerance test (OGTT) was performed 

during 28–32 weeks of gestation. 

202 / 96 3344.6 ± 585.0/ 3286.6  

± 612.4 

38.6 ±  1.5/ 38.7  

± 2.2 

Average 4 

years after 

delivery 

BMI (kg/m2)  

SBP and DBP 

(mmHg)  

Lipids 

(mmol/L)  

Glucose 

(mmol/L)  

Insulin 

(mg/mL). 

Boney  2005 Longitudi

nal 

Cohort 

USA National Diabetes Data Group criteria described by 

Carpenter and Coustan 

LGA: 42/43 

AGA: 52/42 

LGA: 4107 (386)/ 4132 

(285)  

not reported 11 years 

after birth  

BMI  

percentile 

BP >90th 
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AGA: 3316 (310)/ 

3370 (282) 

percentile (BP 

Is either SBP 

or DBP) 

(mmHg) 

Glucose 

(mmol/L) 

Lipids 

(mmol/L) 

Jaber  2005 Cohort 

study 

Saudi 

Arabia  

Venous fasting glucose concentration of >5.5 mol/L 

or of >8.0 mmol/L 2 hours after a 75g oral glucose 

load or both. 

26/ Control 

(n=32), 

FDM (n=21) 

3640 ± 690/ CTRL: 

3.30 ± 0.59 FDM: 3.18 

± 0.86 

37.38 ± 0.64/ 

CTRL:37.28 ± 

0.73, FDM: 37.48 

± 0.60 

Approxima

tely 2 

weeks 

after 

delivery 

BMI (kg/m2) 

Glucose 

range(mmol/L

) 

Insulin range 

(pmoL/L) 

Krishnav-

eni  

2005 Cohort 

study 

India  Carpenter and Coustan: two or more plasma 

glucose concentrations  5.3 (fasting),  10.0 (60 min),  

8.7 (120 min), and  7.8 mmol/l (180 min) 

41/ Control: 

588 

Offspring of 

3344  ± 421/ CTRL:   

2973 ±  408,  ODF: 

2869 ±  305  

39.1 ±1.2/CTRL 

39.0  ± 1.8, 

ODF:39.1 ±  1.2   

1 and 5 

years after 

delivery 

Fasting 

plasma 

glucose 
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diabetic 

fathers: 41 

(pmol/l)  

 

Gillman  2003 Prospecti

ve Cohort 

USA Self-reported questionnaire Female 

(246), Male 

(219)/ 

Female 

(n=7735), 

Male 

(n=6681), 

Female: 3.55 (0.56) 

Male  3.68 (0.61)/ 

Female 3.44 (0.48) 

Male 3.58 (0.51) 

Not reported Average 9-

14 years 

after 

delivery 

BMI 

Percentile 

Vohr  1999 Prospecti

ve 

observati

onal 

study  

USA 24-28 weeks screening, GDM diagnosis made on 

initial 1h 50-g glucose screen >130 mg/dl, followed 

by two abnormal values in a 100-g oral glucose 

tolerance test. Criteria of O'Sullivan et al. modified 

by Carpenter and Coustan (recent 1999): fasting 

plasma glucose >95 mg/dl and 1-h >180 mg/dl, 2-h 

>155 mg/dl, and 3-h ^140 mg/dl. 

LGA: 47/46 

AGA: 59/55 

 

 

LGA: 4100 ±  3800/ 

4200 ±  2900 

AGA: 3300 ±  300/  

3400 ± 3000 

LGA: 39.4 ± 1/ 

40.0± 1, AGA: 

39.4 ±  1/ 39.7 ± 

1 

4-7 years 

after 

delivery 

BMI (kg/m2)   



 

 

Chapter 4   195 

Silverma-

n †  

1998 long term 

prospecti

ve cohort 

USA Unclear - from hospital records (From Silverman et 

al. 1995) 

Unclear not reported not reported 14-17 

years after 

delivery 

BMI (kg/m2) 

Whitaker  1998 Cohort 

study 

USA 24-32 weeks screening, 1-h 50-g oral glucose load - 

glucose screening values >7.77mmol/L (140mg/dL) 

called back for 3-h 100-g OGTT. GDM diagnosed 

based on calculations Carpenter and Coustan 

(recent 1998) 

63/ 

Control=25

7, Normal 

OGTT=159,  

No 

OGTT=45 

not reported Not reported 5-10 years 

after 

delivery 

BMI z-score 

BMI 

percentile 

Plagema-

nn  

1997 Retrospe

ctive 

study  

Germany  Diagnosed 26-28 weeks gestation by Furmann:  a 

50-g OGTT using the following criteria (two or more 

abnormal values): fasting venous blood glucose over 

5.55 mmol/l, 1-h value over 8.88 mmol/l, 2-h value 

over 7.22 mmol/l 

57/ 156 3500.8 ±50.8 (117)/ 

3443.5 ± 45.5 (200)  

not reported Average 1-

9 years 

delivery  

Plasma 

insulin 

(mIU/ml) 

Plagema-

nn  

1997 Cohort 

study 

Germany Diagnosed 26-28 weeks gestation by Furmann:  a 

50-g OGTT using the following criteria (two or more 

abnormal values): fasting venous blood glucose over 

69/ 129 3460.1 ± 50.7/ 3411.2 

± 56.8 

not reported Average 1-

9 years 

Glucose 

(mmol/l),   
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5.55 mmol/l, 1-h value over 8.88 mmol/l, 2-h value 

over 7.22 mmol/l 

after 

delivery 

Insulin  

(pmol/l) 

Vohr 1995 Prospecti

ve cohort 

study 

USA Screening 24-28 weeks, GDM diagnosis made on 

initial 1h 50-g glucose screen >130 mg/dl, followed 

by two abnormal values in a 100-g oral glucose 

tolerance test. Criteria of O'Sullivan et al. modified 

by Carpenter and Coustan: fasting plasma glucose 

>95mg/dl and 1-h >180 mg/dl, 2-h >155 mg/dl, and 

3-h ^140 mg/dl. 

LGA: 57/74 

AGA: 62/69 

 

LGA: 4,064 ± 

305/:4,095 ± 267 

AGA: 3,301 ± 280/ 

3,282 ± 238 

LGA: 39 ± 1/40 ± 

1  AGA: 39 ± 1/ 

39 ± 1 

20 hours 

after 

delivery 

BMI (kg/m2) 

 

Teng 

2017 

 Longitudi

nal cohort 

India  IADPSG criteria: 75 g Oral Glucose Tolerance Test 

(OGTT) and if serum glucose level was over 1mmol/l 

at 0 h, or 10.0 mmol/l at 1 h, or 8.5 mmol/l at 2 h, 

GDM was diagnosed 

123/ 80 not reported not reported 14 years 

after 

delivery 

Glucose 

(mmol/L) 

Lipids(mmol/L

) 

^ - abstract only  

+ - birthweight centiles used rather than birthweight  

† - (n=) not known for GDM or non-GDM group
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The assessment of methodological quality identified 25 studies of high quality (scored 

7-8), 25 studies of moderate quality (scored 4-6), and 9 studies of low quality (scored 

1-3) (Supplementary Table 4.8.2). No publication bias was evident for relevant 

outcomes. Studies were found for all relevant outcomes, except microvascular function 

and therefore we could not report on this outcome in the review.  

4.5.2. Systolic Blood Pressure:  

 

Systolic blood pressure (SBP) data were available from 15 studies, of which eight were 

included in the meta-analysis. The age of follow-up of offspring ranged from three 

years to 16 years of age. Based on quantitative summary measures, the meta-analysis 

demonstrated that offspring exposed to GDM in utero have 1.75mmHg (95% CI 0.57-

2.94) higher SBP compared to controls (n(total)=7,309, n(exposed to GDM)=584; 

p=0.33, I2 = 13%) (Figure 4.5.2-1)231-238 . Sensitivity analyses was not performed as no 

low-quality studies were included in the analysis.   Of the seven studies not included in 

the meta-analysis 226, 239-244 four reported a significant increase in SBP among offspring 

exposed to GDM compared to controls. (Supplementary Table 4.8.1). 226, 239, 242, 243 

Figure 4.5.2.1 Mean difference in systolic blood pressure (mmHg) in those exposed to GDM in utero 

and controls 
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4.5.3. Diastolic Blood Pressure 

 

Diastolic blood pressure (DBP) data were available from 13 studies of which six were 

included in the meta-analysis. The age at follow-up ranged between eight to 16 years 

of age. The meta-analysis demonstrated no difference in DBP among GDM-exposed 

offspring and controls (MD: -0.24 (95% CI -2.33-1.85; (n(total)= 5,367, n(exposed to 

GDM)=177; p=0.08, I2 = 50%231, 232, 234-236; (Figure 4.5.3.1).  Sensitivity analyses was 

not performed as no low-quality studies were included in the analysis. Seven studies 

were not included in the meta-analysis226, 238-244, of which two reported a significantly 

higher DBP in GDM offspring compared to controls (Supplementary Table 4.8.1)242, 

243.   

Figure 4.5.3.1 Mean difference in diastolic blood pressure (mm Hg) in those exposed to GDM in 

utero and controls 

4.5.4. BMI  

 

BMI data (i.e. BMI-z score, BMI (kg/m2), and/or BMI-percentile, BMI peak, BMI SD) 

were available from 48 studies. BMI z-score and BMI (kg/m2) are reported in the meta-

analysis and other BMI data are reported in the non-meta-analysis (Supplementary 

Table 4.8.1) 
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BMI z-score data were reported in 14 studies, of which nine were included in the meta-

analysis. The age at follow-up ranged from three years to 15 years of age. Offspring 

exposed to GDM in utero showed an increase in BMI z-score compared to controls 

(MD 0.11 95% CI 0.02-0.20; n(total)= 31,485, n(exposed to GDM)=1,858; p=0.14, I2 

= 34%)232, 235, 237, 245-249 (Figure 4.5.4.1). Five studies were not included in the meta-

analysis241, 250-253, with two reporting  significantly higher BMI z-scores in GDM-

exposed offspring compared to controls250, 252 (Supplementary Table 4.8.1). 

Figure 4.5.4.1 Mean difference in BMI z-score in those exposed to GDM in utero and controls. 

Sensitivity analysis showed no difference in heterogeneity when removing low quality 

studies (Table 4.5.4.1). 

 

Table 4.5.4-1 Sensitivity analysis for BMI Z-Score 

 

 

BMI (kg/m2) data were available from 31 studies. Sixteen studies were included in the 

meta-analysis, with the age at follow up ranging broadly from <48 hours after birth to 

25 years of age. Quantitative summary measures obtained through meta-analysis 

showed a 1.06 kg/m2 increase in BMI among those exposed to GDM in utero compared 

Analysis Studies N= SMD 95% CI Chi2 P= I2 (%) 

Normal 9 31,485 0.11 0.02,0.20 0.15 34 

Sensitivity 8 31,275 0.13 0.01,0.25 0.10 42 
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to controls (95% CI 0.40- 1.73; n(total)= 23,864, n(exposed to GDM)=2,154; 

p<0.00001, I2 = 95%; Figure 4.5.2)231-234, 236, 237, 245-248, 254-258. Sensitivity analysis 

showed no difference in heterogeneity when removing low quality studies (Table 4.3). 

Fifteen studies were not included in the meta-analysis226, 239, 240, 242, 244, 250, 252, 257, 259-265, 

of which seven studies showed significantly higher BMI among offspring exposed to 

GDM compared to controls 239, 243, 250, 252, 257, 259, 263 (Supplementary Table 

4.8.1).Krishnaveni et al. (2010) reported a significant association between females 

exposed to GDM in utero compared to female controls (p<0.001)239. One study which 

showed statistical significance did not report on the sample size for either GDM or 

control groups263. 

 

Figure 4.5.4.2 Mean difference in BMI (kg/m2) in those exposed to GDM in utero and controls 
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Table 4.5.4-2 Sensitivity analysis for BMI (kg/m2) 

 

BMI percentiles were reported in 21 studies, of these, five reported a higher BMI within 

obese/overweight BMI percentiles among those exposed to GDM in utero compared to  

controls (i.e ≥85th centile) 226, 250, 266-268 (Supplementary Table 4.8.1.). 

 

4.5.5. Lipids 

Studies on cord blood and serum lipids (i.e. total cholesterol, LDL, HDL and 

triglycerides) were included.   

 

4.5.5.1. Total cholesterol 
 

Total cholesterol data were available from 12 studies (nine serum cholesterol, three 

cord blood cholesterol).  Five studies on total serum cholesterol were included in 

the meta-analysis. The age of follow-up ranged from 8 to 16 years. There was no 

significant difference in total serum cholesterol between GDM and control groups. 

(SMD -0.01 95% CI -0.28-0.25; n(total)= 662 n(exposed to GDM)=251; p=0.07, I2 

= 54%; Figure 4.5A) 231, 232, 234, 236, 269.The four studies that were not included in the 

meta-analysis showed no difference in total cholesterol between those exposed to 

GDM and controls (Supplementary Table 4.8.1).226, 240, 242, 244.  Sensitivity analyses 

was not performed as no low-quality studies were included in the analysis.   

Analysis Studies  N= SMD 95% CI Chi2 P= I2 (%) 

Normal 16 23,768 1.15 0.46,1.83 <0.00001 95 

Sensitivity 15 23,654 1.10 0.42, 1.78 <0.00001 95 
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Three studies on cord blood total cholesterol were included in the meta-analysis. 

Quantitative summary measures did not show a significant difference in total cord 

blood cholesterol between GDM and control groups. (SMD -0.90 95% CI -2.41-

0.61, n(total)= 374, n(exposed to GDM)=164; p<0.00001, I2 = 96%;  Figure 

4.5.5.1.1B)254, 270. Sensitivity analyses was not performed as no low-quality studies 

were included in the analysis.  

 

(A) 

(B) 

Figure 4.5.5.1.1 (A) Standard mean difference in serum blood total cholesterol in those exposed to 

GDM in utero and controls (B) Standard mean difference in cord blood total cholesterol in those 

exposed to GDM in utero and controls 

4.5.5.2. LDL 

 

LDL cholesterol data were available from 10 studies (eight serum LDL 

cholesterol, two cord blood cholesterol).  

Four studies on serum LDL cholesterol were included in the meta-analysis. 

The age of follow-up ranged from eight to 16 years of age. There was no 

difference in serum LDL cholesterol between those exposed to GDM and 

controls (SMD -0.03 95% CI -0.44-0.38; n(total)= 5,129, n(exposed to 
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GDM)=129; p=0.01, I2 = 73%; Figure 4.5.5.2.1A)231, 232, 235, 236. Four studies 

that were not included in the meta-analysis showed no difference in LDL 

between GDM and control groups226, 242, 244, 253 (Supplementary Table 4.8.1). 

Sensitivity analyses was not performed as no low-quality studies were 

included in the analysis.   

Two studies on cord blood LDL were included in the meta-analysis. 

Quantitative summary measures did not show a significant difference in cord 

blood LDL between GDM and control groups (SMD -0.60 95% CI -1.57-

0.38; n(total)= 298, n(exposed to GDM)=126; p=0.01, I2 = 84%; Figure 

4.5.5.2.1B)270, 271. Sensitivity analyses was not performed as no low-quality 

studies were included in the analysis.   

A: 

 

B: 

Figure 4.5.5.2.1(A) Standard mean difference in serum blood total cholesterol in those exposed to 

GDM in utero and controls (B) Standard mean difference in cord blood total cholesterol in those 

exposed to GDM in utero and controls 
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4.5.5.3. HDL 

 

HDL cholesterol data were available from 15 studies (12 serum HDL 

cholesterol, three cord blood HDL cholesterol). 

Six studies on serum HDL cholesterol were included in the meta-analysis. 

The age of follow-up ranged from eight to 16 years. Quantitative summary 

measures showed no significant difference in serum HDL cholesterol 

between those exposed to GDM and controls (SMD 0.08 95% CI (-0.07-

0.24); n(total)= 5,073 n(exposed to GDM)=278; p=0.77, I2 = 0%;  

Supplementary Figure 4.5.5.3.1B)231, 232, 234-236, 269. Sensitivity analyses was 

not performed as no low-quality studies were included in the analysis.  Six 

studies were not included in the meta-analysis226, 239, 240, 242, 244, 253. Of these, 

one reported lower serum HDL cholesterol in the GDM group compared to 

controls (Supplementary Table 4.8.1).242. Three studies on cord blood HDL 

were included in the meta-analysis. Quantitative summary measures showed 

no difference in cord blood HDL between GDM and controls groups. (SMD 

-0.13 95% CI -0.84-0.59; n(total)= 374 n(exposed to GDM)=164; p=0.0006, 

I2 = 87%; Supplementary Figure 4.5.5.3.1B)254, 270, 271. Sensitivity analyses 

was not performed as no low-quality studies were included in the analysis.   
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7A:  

7B:  

Figure 4.5.5.3.1: (A) Standard mean difference in serum blood HDL cholesterol in those exposed to 

GDM in utero and controls (B) Standard mean difference in cord blood HDL cholesterol in those 

exposed to GDM in utero and controls 

4.5.5.4. Triglycerides 

 

Triglyceride data were available from 14 studies (11 serum triglycerides, three cord 

blood triglycerides). Six studies on serum triglycerides were included in the meta-

analysis. The age at follow-up ranged from seven to 16 years of age. Quantitative 

summary measures showed no difference in the level of serum triglycerides 

between GDM and control groups (SMD 0.50 95% CI -0.14-1.14; n(total)= 5,523 

n(exposed to GDM)=278; p<0.00001, I2 = 93%; Figure 4.5.5.4.1A231, 232, 234-236, 269. 

Sensitivity analyses was not performed as no low-quality studies were included in 

the analysis.  Five studies that were not included in the meta-analysis also showed 

no significant difference in serum triglycerides in GDM and control groups 

(Supplementary Table 4.8.1).226, 239, 240, 242, 244. Three studies on cord blood 

triglycerides were included in the meta-analysis. There was no difference in cord 

blood triglycerides in the GDM group compared to controls. (SMD 0.02 95% CI -
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0.67- -0.71; n(total)= 374 n(exposed to GDM)=164; p=0.001, I2 = 86%; Figure 

4.5.5.4.1B)254, 270, 271. Sensitivity analyses was not performed as no low-quality 

studies were included in the analysis.   

8A: 

 

8B: 

 

Figure 4.5.5.4.1 (A) Standard mean difference in serum triglycerides in those exposed to GDM in 

utero and controls (B) Standard mean difference in cord blood triglycerides in those exposed to GDM 

in utero and controls 

 

4.5.6. Serum Insulin  
 

Data for fasting serum insulin were collected for 20 studies (16 serum insulin, four cord 

blood insulin). 

Four studies on serum insulin were included in the meta-analysis. The age at follow-up 

ranged from eight to 15 years of age. The meta-analysis showed no difference in insulin 

between the two groups (SMD -0.02 95% CI -0.70-0.67, n(total)= 5,136 n(exposed to 

GDM)=131; p<0.00001, I2 = 89%; Figure 4.5.6.1A)232, 235, 245, 272. Sensitivity analyses 

showed no difference in heterogeneity when poor quality studies were omitted (Table 

4.5.6.1)  



 

 

Chapter 4   207 

Twelve studies were not included in the meta-analysis226, 234, 239-242, 244, 255, 272-276, of 

which five reported significantly elevated insulin levels in the GDM group compared 

to controls 234, 239, 255, 275, 276 (Supplementary Table 4.8.1). Two of these studies showed 

a significant difference in fasting insulin between offspring exposed to pre-GDM (i.e. 

diabetes diagnosed before pregnancy) and GDM275, 276. Two studies were included in a 

meta-analysis on cord blood insulin, however there was no difference between GDM 

and control groups (SMD -4.74 95% CI (-14.99-5.51), n(total)= 123 n(exposed to 

GDM)=60; p<0.00001, I2 = 99%; 4.5.6.1B)238, 270. Sensitivity analyses was not 

performed as no low-quality studies were included in the analysis.  

A: 

B: 

Figure 4.5.6.1 A) Standard mean difference in serum insulin in those exposed to GDM in utero and 

controls  (B) Standard mean difference in cord blood insulin in those exposed to GDM in utero and 

controls 
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Table 4.5.6-1 Sensitivity analysis for serum insulin 

 

4.5.7. Blood Glucose 

 

Glucose data were available from 25 studies (23 serum glucose, two cord blood 

glucose). Eleven studies on serum glucose were included in the meta-analysis, in which 

the age at follow-up ranged from eight to 27 years of age. Based on quantitative 

summary measures, the meta-analysis showed an increase in glucose in offspring 

exposed to GDM in utero compared to controls, demonstrating a 0.43 standard mean 

difference (95% CI 0.08-0.77; n(total)= 6,423 n(exposed to GDM)=608; p=0.00001, I2 

= 89% (Figure 4.5.7.1A)231, 232, 234-236, 245, 246, 269, 272, 277, 278 Sensitivity analysis showed 

no difference in heterogeneity when removing low quality studies (Table 4.5.7.1). 

Twelve studies were not included in the meta-analysis226, 239-242, 244, 253, 255, 259, 265, 273. 

One study reported significantly higher serum glucose in the GDM group than 

controls241. One study reported a significantly lower serum glucose value in those 

exposed to GDM compared to controls255. Two studies assessed cord blood glucose 

with both newborn cohorts254, 270 however no difference was seen between GDM and 

non-GDM groups (MD: -2.69 95% CI -5.80-0.42; n(total)= 346 n(exposed to 

GDM)=149; p=0.19, I2 = 42%; Figure 4.5.7.1B)254, 270. Sensitivity analyses was not 

performed as no low-quality studies were included in the analysis. 

 

 

 

 

  

 

Analysis Studies N= SMD 95% CI Chi2 P= I2 (%) 

Normal 4 5136 -0.02 -0.70,0.67 <0.00001 89 

Sensitivity 3 5093 -0.24 -1.11,0.63 <0.00001 94 
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A 

 

B 

 

 

Figure 4.5.7.1 (A) Standard mean difference in fasting glucose in those exposed to GDM in utero and 

controls (B) Standard mean difference in cord blood glucose in those exposed to GDM in utero and 

controls  

 

 

Table 4.5.7-1 Sensitivity analysis for serum glucose 

 

 

 

 

 

Analysis Studies N= SMD 95% CI Chi2 P= I2  (%) 

Normal 11 6,423 0.43 0.08,0.77 <0.00001 89 

Sensitivity 9 6,380 0.47 0.09,0.84 <0.00001 91 
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4.6. Discussion 1 

 2 

This systematic review aimed to assess the prevalence of conventional cardiovascular 3 

risk factors in those exposed to GDM in utero compared to those not exposed to GDM. 4 

There is an established link between pregnancy complications and vascular outcomes 5 

such as elevated markers of inflammation and impaired fetal aortic intimal media 6 

thickness (aim)279, 280. Many reviews on GDM focus on cardiovascular endpoints 7 

including myocardial infarction and coronary heart disease. Identifying risk factors for 8 

CVD is vital in planning screening strategies to identify those at risk of future CVD 9 

with the aim of targeting preventive interventions. Hence, this review is a 10 

comprehensive synthesis of evidence from published studies comparing the main 11 

conventional cardiovascular risk factors in those born after pregnancies complicated by 12 

GDM compared to controls and includes outcomes that have not been recently reviewed 13 

in the literature such as serum and cord blood lipids.  14 

Our meta-analysis showed that offspring exposed to GDM in utero have 1.75 mmHg 15 

higher systolic blood pressure than controls (95% CI 0.57-2.94, n=7,309, eight studies). 16 

Aceti et al. (2012) showed a similar association for offspring of GDM pregnancies (1.39 17 

mmHg 95% CI, 0.00-2.77); 10 studies p=0.05)52. They also showed a smaller, non-18 

significant increase in diastolic blood pressure for GDM offspring (0.75 mmHg (95% CI 19 

−0.47, 1.97); 9 studies p=0.23)52.  20 

This meta-analysis primarily consists of adolescent cohorts (i.e 10-19 years) with one 3 21 

year old cohort. Therefore, the existing literature is not sufficient to show the trend in 22 

blood pressure throughout childhood and adolescence. These trends have been 23 

previously reported in a few large cohort studies. Krishnaveni et al., demonstrated that 24 

systolic blood pressure remains elevated in those exposed to GDM compared to 25 
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unexposed controls throughout ages 5, 9.5 and 13.5 years234, 239, 259. A similar association 26 

was seen in another cohort at ages 8 and 15. 236, 242. Therefore, it is important to assess 27 

childhood cohorts to affirm any trends seen in long term cohort studies.  28 

Blood pressure that is elevated in childhood and adolescence is predictive of adult 29 

hypertension281. Raitakari et al. found a positive correlation between  systolic blood 30 

pressure at 12-16 years  with carotid artery intima medial thickness (C-IMT), which is a 31 

predictive factor of future CVD282. The association was weaker in males at 3-9 years age, 32 

but not among females. In a study by Oikonen et al.., two abnormal child or youth blood 33 

pressure observations were shown to predict risk for hypertension in adulthood283.  While 34 

the effect size is our meta-analysis is small and blood pressure for all studies is generally 35 

within normal reference range, it is known that even a 2mmHg increase in systolic blood 36 

pressure is associated with 10% higher mortality from stroke, and 7% higher mortality 37 

from ischemic heart disease in middle age284. Therefore, offspring exposed to GDM may 38 

benefit from frequent blood pressure monitoring throughout childhood and adolescence. 39 

Dietary interventions during gestation, such as implication of a low GI diet, may benefit 40 

offspring and reduce the risk of high blood pressure. It has been demonstrated that 41 

children at 12 months old born to mothers at risk of GDM with a low GI diet have 42 

significantly thinner aortic IMT than those children whose mothers had a standard high 43 

fibre diet285. 44 

Among 31,485 participants it was shown that BMI Z-score is marginally higher in those 45 

exposed to GDM offspring compared to controls (MD: 0.11 95% CI 0.02-0.20, n=31,485, 46 

nine studies). We also observed a higher BMI in those exposed to GDM compared to 47 

controls (Supplementary Figure S2), however BMI is not an accurate predictor of 48 

childhood obesity. As an indicator of adiposity, BMI varies greatly based on fat and 49 

muscle mass, hence it may be accurate for fatter children but not those who are lean286. 50 
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The findings of this meta-analysis on BMI z-scores are consistent with the findings 51 

reported in the review by Kawasaki et al. (pooled MD: 0.14 95% CI: 0.04–0.24, seven 52 

studies)287.  53 

Higher BMI in youth is associated with dyslipidaemia, hypertension and reduced insulin 54 

sensitivity288. Jago et al. showed that a change in BMI z-score at ages 11-14  was 55 

associated in a change in cardiovascular risk factors including an  increase in  systolic 56 

and diastolic blood pressure, HDL-C, LDL-C and triglycerides at the same age288.  The 57 

results of this meta-analysis, support previous findings of higher BMI in those exposed 58 

to GDM in utero compared to controls.226, 245, 266 Gestational diabetes mellitus is 59 

associated with newborn fat mass, indicative of the intrauterine environment in the final 60 

trimester of pregnancy. 289, 290 Higher birthweight is associated with markers of 61 

subclinical atherosclerosis such as mean carotid IMT. 291 Therefore, those who are 62 

exposed to GDM in utero appear to have risk factors for CVD very early in life. We 63 

could not assess the age distribution in very young children as majority of published 64 

studies were in adolescence. Hence, more studies among young children are required to 65 

support the association between gestational diabetes and increasing BMI z-score in 66 

offspring.  67 

Our meta-analysis demonstrated that those exposed to GDM in utero have marginally 68 

higher fasting blood glucose levels (SMD 0.43 95% CI 0.08-0.77, n=6,423, 11 studies), 69 

but not fasting insulin compared to controls.  Kawasaki et al. (2018) showed no 70 

difference in fasting plasma glucose among 7-10 and 15 year olds exposed to GDM 71 

compared to controls 287. Plasma glucose was significantly higher at age 20 years among 72 

those exposed to GDM compared to controls (MD: 0.4 mmol/L; 95% CI: 0.25–0.55 73 

seven studies) 287. Our meta-analysis showed a similar association in predominantly 74 

childhood-adolescent cohorts, with one cohort during adulthood. We can support an 75 



 

 

Chapter 4   213 

association between exposure to GDM in utero and impaired glucose tolerance in 76 

offspring, however as the effect size is minimal, further studies are required to support 77 

this association.  78 

Abnormal plasma glucose is a requisite for pre-diabetes, and if untreated and coupled 79 

with increasing obesity may lead to early onset T2DM, which progresses at a faster rate  80 

in children and adolescence than in adults292. Adolescents diagnosed with T2DM are 81 

predicted to lose 15 years from their life expectancy compared to those without T2DM293. 82 

Hence, frequent fasting blood glucose monitoring in those exposed to GDM in utero may 83 

reduce the risk of T2DM in the future. Also, interventions during pregnancy may be 84 

beneficial as evidenced by studies showing that infants born to mothers with diet or 85 

insulin controlled GDM have lower fasting blood glucose than controls255.  86 

We acknowledge some limitations of our analyses. Both GDM and CVD are 87 

multifactorial diseases, influenced by genetic and environmental factors. Smoking during 88 

pregnancy is shown to have significant effects on childhood adiposity and elevated blood 89 

pressure294, 295. High pre-pregnancy BMI is associated with elevated systolic and diastolic 90 

blood pressure in offspring296. GDM is shown to cluster in families, and variants of 91 

different genes are associated with increased risk of GDM297. We could not adjust for 92 

such important covariates due to limitations in the data that was available.  We were 93 

unable to examine female and male subgroups due to lack of power, however it may be 94 

of interest for future studies to consider this as Li et al. (2017) showed that male offspring 95 

of GDM pregnancy had higher BMI than male controls and an increased risk of obesity, 96 

while there was no significant association in the cohort of females exposed to GDM 97 

compared to female controls258. 98 
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We did not identify any studies that looked at microvascular function in offspring of 99 

GDM. West and colleagues (2011) found offspring of diabetic pregnancies had increased 100 

levels of circulating cellular adhesion molecules such as E-selectin and VCAM1, even 101 

when adjusted for maternal pre-pregnancy BMI298. Therefore, further studies on this 102 

topic are required. 103 

Most of the studies that we assessed in the meta-analysis are follow-up at adolescence, 104 

there were few studies that conducted follow-up during early childhood as well as in 105 

adulthood, therefore, we are unable to show age distributions in outcomes assessed. 106 

Observational studies may be subject to publication bias, although visual analysis of 107 

funnel plots for BMI and glucose showed a low chance of publication bias 108 

(Supplementary Figure S9). However, these outcomes showed high heterogeneity based 109 

on I2, and hence need to be interpreted with caution. We performed sensitivity analysis 110 

for relevant outcomes, however we observed no difference in heterogeneity for the 111 

outcomes assessed (Supplementary Table S3, S4, S5).  112 

4.7. Conclusion 113 

 114 

Offspring exposed to gestational diabetes mellitus in utero, demonstrate risk factors for 115 

cardiovascular disease in childhood and adolescence, including elevated systolic blood 116 

pressure, BMI z-score and fasting plasma glucose that are evident from early life. These 117 

outcomes at a young age, if not monitored, can lead to adverse vascular and metabolic 118 

health parameters resulting in CVD in adulthood. Regular blood pressure monitoring 119 

and weight control from a young age may benefit offspring exposed to GDM. Further 120 

long-term cohort studies also need to be established, which can adjust for important 121 

covariates and allow for affirmation of effect size.122 
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4.8. Supplementary data  
 

Supplementary Table 4.8 1 Studies not included in the meta-analysis 

Study Results in GDM group Results in control group P 

SBP (mmHg)     
 

Krishnaveni 2010☨ 5 years (Girls): Mean (99.0) 

SD (8.2)  

5 years (Girls): Mean (95.0) 

SD (8.1) 

0.08 

 5 years (Boys): Mean (95.4) 

SD (9.4) 

5 years (Boys): 97.2 SD (8.9) 0.1 

 9.5 years (Girls): Mean (103.8) 

SD (8.0) 

9.5 years (Girls): Girls: Mean 

(99.4) SD (8.5) 

0.02 

 
9.5 years (Boys): Mean (106) 

SD (12) 

9.5 years (Boys): Mean 

(101.9) SD (8.9) 

0.2 

Lee 2007 Mean (93.3) SD (9.3) IGT: Mean (92.3) SD (8.7) NS 

Page 2013⁘ Ω Mean (105.0) SEM (10.0) Mean (100.0) SEM (10.0) 0.15 

Tam 2008☨ Mean (94) SD (9.5) Mean (88) SD (8.9) <0.001 

Tam 2017Ω Mean (104) SD (8.7) Mean (102) SD (8.9)  0.01 

Tsadok 2011 Ω  Mean (121.56) SD (12.30) Mean (119.84) SD (12.06) <0.05 

Vaarasmaki 2009 Median 117 IQR (111–125) Median 115 IQR (106–123) NS 

DBP (mmHg)     
 

Krishnaveni 2010☨ Girls: Mean (59.8)  SD (4.8) Girls: Mean (57.9)  SD (6.6) 0.09 
 

Boys: Mean (60.3) SD (7.6) Boys: Mean (58.6) SD (6.9) 0.4 

Lee 2007 Mean (59.6) SD (8.5) IGT: Mean (59.0) SD (7.5) NS 

Page 2013⁘ Ω Mean (60) SEM (6)  Mean (60) SEM (9) 0.62 

Tam 2008☨ Mean (62) SD (6.3) Mean (57) SD (6.0) <0.001 

Tam 2017 Ω  Mean (63) SD (8.1)  Mean (62)  SD (7.9) 0.06 

Tsadok 2011 Ω  Mean (75.12) SD (7.44)  Mean (73.47) SD (8.30) <0.05 

Vaarasmaki 2009 Median (68) IQR (65-73) 67 (62-72) NS 

BMI (kg/m2)     
 

Baptise-Roberts 2012# Age 3: Mean (15.5) SD (1.65) Age 3: Mean (15.4) SD (3.0) 0.721 
 

Age 4 Mean (15.67) SD (1.91) Age 4: Mean (15.36) SD 

(3.54) 

0.31 

 
Age 7: Mean (16.35) SD 

(2.57) 

Age 7: Mean (15.64) SD 

(1.99) 

<0.001 

Krishnaveni 2005 * 1  year: Mean (15.6) SD (1.7) 1 year: Mean (15.7) SD (1.4) 0.9 
 

5 years: (14.0) SD (1.2) 5 years: Mean (13.6) SD 

(1.2) 

0.03 

Krishnaveni 2010 * Girls: Median (16.4) IQR 

(14.8-17.8) 

Girls: 14.3 (13.13-15.4) <0.001 

 
Boys: Median (15.2) IQR 

(13.8-16.6) 

Boys: Median (14.2) IQR 

(13.4-15.4) 

0.07 

Lee 2007 Mean (16.1) SD (1.9) IGT: Mean (16.1) SD (1.7) NS 

Nehring 2013 Ω Mean (16.1) 95% CI (15.8-

16.4) 

Mean (15.5) 95% CI (15.5-

15.5) 

NS 

Nielsen Ω Mean (26.2) SD (5.6) Mean (23.3) SD (4) NR 

Page 2012⁘ Ω Mean (20.8) SD (1.3)  Mean (16.1) SD (1.4) 0.004 
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Pirokla 2010 Normal weight:  Mean (24.3) 

95% CI (23.4-25.1) 

Control: Mean (23.7) 95% CI 

(23.6-23.8) 

NR 

 
Overweight: Mean (26.7) 95% 

CI (25.3-28.1) 

  

Silverman 1998# Mean (26.0) SD (5.5) Mean (20.9) SD (3.4) <0.001 

Tam 2008☨ Mean (16.2) SD (3.1) Mean (16.2) SD (3.0) 0.86 

Tam 2017 Ω Mean (15.3) SD (2.1)  Mean (15.0) SD (2.3) 0.04 

Tsadok 2011 Ω Mean (22.47)  SD (3.86) Mean (21.18) SD (3.11) <0.05 

Vaarasmaki 2009 Median (20.8) IQR (19.4-23.8) Mean (20.2) (18.8-22.1) NS 

Vohr 1995 AGA: Mean (12.5) SD (0.9) AGA: Mean (12.6) SD (0.9) NS 
 

LGA: Mean (14.1) SD (1.2) LGA: Mean (14.2) SD (1.0) NS 

Vohr 1999 AGA: Mean (12.8) SD (1) AGA: Mean (13.0) SD (1) NS 
 

LGA: Mean (14.7) SD (1) LGA: Mean (14.8) SD (1) NS 

BMI percentiles (Centiles highlighted next to author name)    
 

Boney 2005 (>85th) LGA: 13/39 (33%) LGA: 11/41 (27%) NS 
 

AGA: 7/49 (14%)  AGA: 9/41 (22%) NS 

Baptise-Roberts 2012 

(>85th) 

Age 3:  Mean (15) SD (11.7)  Age 3: Mean (724) SD (7.0) 0.041 

 
Age 4:  Mean (29) SD  (21.2)  Age 4: Mean (1063) SD (9.0) <0.001 

 
Age 7: Mean (90) SD (23.3) Age 7:  Mean (2795) SD 

(12.6) 

<0.001 

Boerschmann 2010 (≥ 

90th) 

Pre-pregnancy BMI 

Overweight (BMI 25-29.9 

kg/m2): 18/49 

Pre-pregnancy BMI Obese (≥ 

BMI 30 kg/m2): 24/57 

24/71 NR 

 

Chandler Laney 2012  

(≥ 95th) 

Normal weight: Mean (55.3) 

SEM (5.3) 

Normal weight: Mean (49.1) 

SEM (4.0) 

NS 

 
Overweight: Mean (96.1) SEM 

(4.9) 

Normal weight: Mean (94.2) 

SEM (6.2) 

NS 

Davis 2013 (≥85th) Mean (97.3) SD (3.0) Mean (97.3) SD (3.4) NS 

Gillman 2003(85th-95th) Female: 35 (15.2%) Female: 966 (13.1%) NR 
 

Male: 37 (19.5%) Male: 951 (15.6%) NR 

Farfel 2013 (≥85th)  Female (15.9%) Female (15.6%) <0.01 
 

Male (27.0%) Male (16.1%) 0.01 

Koing 2014 (>50th)  Female 40 (67.8%) Female: 17 (53%) 0.18 

Hammound 2017 (based 

on International Obesity 

Task Force cut-offs) 

4/24 (17%) T1D: 2/27 (7%) 

T2D: 8/22 (36%) 

NR 

 
Male: 20 (55.56%) Male: 13 (50%) 0.8 

Lee 2007 (≥ 95th) 17 (8.5%) 4 (4.3%) NS 

Le Moullec 2018 (based 

on International Obesity 

Task Force cut-offs) 

25.5  14.2 <0.001 

Page 2014✝ (NR) Mean (73.7) SEM (5) Mean (52.5) SEM (6) 0.61 

Page 2015✝ (NR) Mean (63) SD (30) Mean (61) SD (36) 0.87 

Pham 2013 (>85th or >95th)  Mean (51.8) SD (33.1) Mean (55.2) SD (30.6)  0.12 

Rutwoska 2015 (>90th)  54.80% 29.00% 0.04 
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Tam 2008☨ (≥85th) Mean (19) SEM (30.2) Mean (26) SEM (25.5) 0.86 

Tam 2017   (≥85th) 30 (22.7%) 121 (15.3%) 0.03 

Wilk 2015 (≥85th) 38% 41% 0.19 

Whitaker 1998 (≥85th) 11/58 (19%) 62/257 (24%) NR 

Wright 2009 (>95th obese,  

>85th-95th overweight )  

Obese: 7 (14%) 

Overweight: 9 (18%) 

Obese: 91 (9%) 

Overweight: 169 (17%) 

 

NR 

Zhao 2015Boys: Obese 

(⩾82nd) Overweight 

(⩾96.3) 

Girls: Obese (⩾87.4) 

Obese (⩾98th) 

 

Obese: 115 (10.7%) 

Overweight: 178 (16.6%) 

 

Obese: 212 (12.0%) 

Overweight: 222 (12.6%) 

 

 

NR 

BMI Z-Scores     
 

Baptise-Roberts 2012 Age 3: Mean (-0.51) SD (1.30) Age 3: Mean (-1.29) SD 

(65.11) 

0.892 

 
Age 4 Mean (-0.13) SD (1.44) Age 4: Mean (-0.42) SD 

(1.71) 

0.05 

 
Age 7: Mean (0.16) SD (1.16) Age 7: Mean (-0.17) SD 

(1.16) 

<0.001 

Lawlor 2010^ Mean (0.302) SD (1.225) Mean (-0.006) SD (0.991) NR 

Page 2012✝  Mean (0.9) SD (0.4)  Mean (0.3) SD (0.4) 0.04 

Page 2013✝ Mean (0.7) SD (1)  Mean (0.4) SD (1) 0.37 

Retnakaran 2013 Median (0.28) IQR (-0.37- 

0.75) 

Median (-0.08) IQR (-0.58-

0.55) 

0.2 

BMI SDS     
 

Bozkurt 2016 Mean (0.05) SD (1.1) Mean (0.32) SD (1.0) NR 

BMI Peak      
 

Hakanen 2016 417 (17.9) 5688 (17.7) NR 

Total Cholesterol      
 

Serum 
   

Lee 2007 Mean (4.4) SD (0.7) IGT: Mean (4.2) SD (0.8) NS 

Tam 2008☨ Mean (0.83) SD (0.48) Mean (4.6) SD (0.8) 0.62 

Vaarasmaki 2009 Median (4.20) IQR (3.90–

4.75)  

Median (4.20) IQR (3.70–

4.70) 

NS 

Tam 2017 Ω Mean (4.52) 238-244, 250SD (0.68) Mean (4.47) SD (0.74) 0.41 

LDL      
 

Cord Blood  
   

Elsamain 2013 Ω Mean (2.3) SD (0.18)  Mean (2.6) SD (0.3) 0.08 

Serum  
   

Retnakaran 2013 Median (2.60) IQR (2.15-3.15) Median (2.60) IQR (2.30-

3.20) 

0.58 

Tam 2008☨ Mean (2.7) SD (0.8) Mean (2.5) SD (0.8) 0.08 

Tam 2017 Ω Mean (2.53) SD (0.61) Mean (2.47) SD (0.64) 0.33 

Vaarasmaki 2009 Median (2.20) IQR (2.00–

2.70)  

Median (2.20) IQR (1.90–

2.60) 

NS 

HDL      
 

Serum 
   

Krishnaveni 2010☨ Girls: Mean (1.0) SD (0.2) Girls: Mean (1.1) SD (0.1) 0.2 
 

Boys: Mean (1.2) SD (0.3) Boys: Mean (1.1) SD (0.2) 0.4 
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Lee 2007 Mean (1.4) SD (0.3) IGT: Mean (1.4) SD (0.3) NS 

Retnakaran 2013 Median (1.10) IQR (1.00-1.30) Median (1.10) IQR (0.90-

1.30) 

0.54 

Tam 2008☨ Mean (1.58) SD (0.32) Mean (1.71) SD (0.30) 0.019 

Tam 2017 Ω Mean (1.65) SD (0.31) Mean (1.66) SD 0.35  0.73 

Vaarasmaki 2009 Median (1.33) IQR  (1.17–

1.56) 

 Median (1.39) IQR (1.20–

1.60) 

NS 

Triglycerides (mmol/L)      
 

Serum 
   

Krishnaveni 2010☨ Girls: Mean (1.1) SD (0.5) Girls: Mean (1.0) SD (0.4) 0.2 
 

Boys: Mean (0.8) SD (0.3) Boys: Mean (0.8) SD (0.3) 0.6 

Lee 2007 Mean (0.8) SD (0.3) Mean (0.9) SD (0.4) NS 

Tam 2008☨ Mean (0.83) SD (0.48) Mean (0.92) Mean (0.4) 0.27 

Tam 2017 Ω Mean (0.78) SD (0.34) Mean (0.74) SD  (0.33) 0.24 

Vaarasmaki 2009 Median (0.79) IQR (0.63–

0.97) 

Median (0.72) IQR (0.57–

0.96) 

NS 

Glucose     
 

Cord blood 
   

Lopez Morales 2016 Mean (74.28) SD (12.58)  Mean (79.28) SD (7.68) 0.04 

Serum  
   

Borgono 2012 ∞ Median (4.5) IQR (4.2–4.8) Median (4.5) IQR (4.3–4.8) 0.67 

Jaber 2006 Diet: Mean (2.82) SD (0.92) Control: Mean (4.03) SD 

(0.35) 

<0.001 

 
Insulin: Mean (3.23) SD (1.00) 

 
<0.05 

Krishnaveni 2005 *☨ Mean (4.8) SD (0.5)  Mean (4.8) SD (0.5) 0.8 

Krishnaveni 2010 *☨ Girls: Mean (4.6) SD (0.4) Girls: Mean (4.7) SD (0.4) 0.7 
 

Boys: Mean (4.7) SD  (0.4) Boys: Mean (4.7)  SD  (0.4) 0.6 

Lee 2007 Mean (4.8) SD (0.5)  IGT: Mean (4.7) SD (0.5) NS 

Plagermann 1997 Mean (4.90) SD (0.20) PreGDM:  Mean (4.57) SD 

(0.09) 

NS 

Page 2013⁘ Ω Mean (93) SEM (6) Mean (86) SEM (5) <0.001 

Retnakaran 2013 ∞ Median  (4.5) IQR (4.2-4.8) Median (4.5) IQR (4.3-4.8) 0.67 

Tam 2008☨ Mean (4.7) SD (0.48) Mean (4.7) SD (0.4) 0.78 

Tam 2017 Ω Mean (4.64) SD (0.49)  Mean (4.57) SD (0.35)  0.12 

Vaarasmaki 2009 Median (5.30) IQR (5.00–

5.50) 

 Median (5.10) IQR (4.90–

5.40) 

NS 

Vohr 1999 LGA: 95 ± 11 NR NR 
 

AGA: 96 ± 15 NR NR 

Insulin      
 

Cord blood 
   

Jahan 2011 Mean (21) IQR (2.6-67.0) Mean (8.03) IQR (2.1-29.7) NR 

Serum 
   

Borgono 2012 Median (7.5) IQR (5.0–14.0) Median (7.5) IQR (3.5–13.5) 0.67 

Bozkurt 2016 Median (4.1) IQR (2.1-5.9) Median (3.15) IQR (1.0-4.7) NR 

Jaber 2006 Diet: Mean (6.23) SD (5.98) Mean (4.65) SD (4.72) <0.05 
 

Insulin: Mean (7.84) SD (5.45) 
 

<0.05 
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Krishnaveni 2010 * Girls: Median (35) IQR 

(25048) 

Girls: Median (25) IQR (18-

37) 

0.003 

 
Boys: Median (25) IQR (18-

37)  

Boys: Median (26) IQR (18-

34) 

0.95 

Krishnaveni 2015 * Median (54.3) IQR (37.0, 

73.3) 

Median (42.5) IQR (30.7, 

53.2) 

0.02 

Lee 2007 Mean (4.2) SD (1.1) IGT: Mean (6.8) SD (3.5) NS 

Page 2013⁘ Ω Mean (10) SEM (7) Mean (12) SEM (10) 0.78 

Plagermann 1997 Mean (64.2) SD (19.2) PreGDM: Mean (118.3) SD 

(15.4) 

<0.005 

Plagermann 1997 Mean (40.3) SD (5.47) PreGDM: Mean (78.1) SD 

(5.95) 

<0.001 

Tam 2008☨ Mean (66.4) SD (52.5) Mean (64.7) SD (51.2) 0.84 

Tam 2017 Ω Mean (3.77) SD (3.57)  Mean (4.07) SD (5.33) 0.53 

Vaarasmaki 2009 Median (10.20) IQR (8.45–

14.30)  

Median (9.30) IQR (7.30–

11.90) 

NR 

 

^- Lawlor and Patel studies of same cohort 

NR - not reported for a direct comparison between GDM and  

non-GDM exposed offspring 

*- Krishnaveni studies of same cohort  NS - not significant  

⁘ - Page studies of the same cohort  
☨ - the study with the oldest cohort was included in the meta-analysis 

# - sample size unknown for outcome  
Ω - adjusted values  

∞ - Retnakaran study is a substudy of Borgono study 
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Supplementary Table 4.8 2 Quality assessment of studies included in systematic review 

Quality assessment  Selection  Comparability  Exposure  Total Score  

 1 2 3 4 1 1 2 3  

Baptise-Roberts a a a a a a a b 7 

Boney a b b a a a b b 3 

Borgono a a a a a a a c 7 

Bozkurt a a b a a a a a 7 

Boerschermann a a c b a  a a c 5 

Buzinaro a a c b a a a b 5 

Catalano a a a a a a a a 8 

Chandler-Laney b b c b b d a c 1 

Chang a a a a a a a c 6 

Clausen a a a a a a a b 7 

Davis b b a b not adjusted d a a 3 

Elsamian a a b a a a a a 7 

Farfel a a a a a a a a 7 

Gilliman b a c a a+b d a c 4 

Hakanen a b b a a a a a 5 
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Supplementary Figure 4.8 1 Funnel plots for (A) BMI (B) Blood glucose



 

 

Chapter 5   223 

Chapter 5 

5. Author response: Cardiovascular risk factors in 

offspring exposed to gestational diabetes mellitus: a 

systematic review and meta-analysis (2020) 
 

Maleesa M Pathirana, Zohra Lassi , Claire T Roberts , Prabha H Andraweera 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 5   224 

5.1. Statement of Authorship 
  

Title of Paper  Author Response: Cardiovascular risk factors in offspring exposed to 

gestational diabetes mellitus in utero: A systematic review and meta-

analysis   

Publication Status Published – 2020 

Publication Details  Pathirana MM, Lassi ZS, Roberts CT, Andraweera PH. Author response: 

cardiovascular risk factors in offspring exposed to gestational diabetes 

mellitus in utero: systematic review and meta-analysis. J Dev Orig Health 

Dis. 2020 Jun;11(3):244-245. doi: 10.1017/S2040174420000185. Epub 

2020 Apr 13. PMID: 32279699. 

 

Principal Author 

Name of Principal Author 

(Candidate) 

Maleesa Pathirana 

Contribution to the Paper 

 

 

Knowledge, drafting  

Overall Percentage (%) 70% 

Certification This paper reports on original research I conducted 

during the period of my Higher Degree by Research 

candidature and is not subject to any obligations or 

contractual agreements with a third party that would 

constrain its inclusion in this thesis. I am the primary 

author of this paper. 

Signature 

 

Date 14 Feb 2022  

 

Co-author Contributions  
By signing the Statement of Authorship, each author certifies that: 

i. The candidate’s stated contribution to the publication is accurate (as detailed above); 

ii. Permission is granted for the candidate to include the publication in the thesis; and 

iii. The sum of all co-author contributions is equal to 100% less the candidate’s stated contribution 

 

  



 

 

Chapter 5   225 

Name of Co-Author Zohra S Lassi 

Contribution to the Paper 

 

 

 

Knowledge, drafting  

Signature 

 

Date 14 Feb 2022 

 

 

Name of Co-Author Claire Roberts 

Contribution to the Paper 

 

 

 

Conception, knowledge, drafting  

Signature Date 28/02/2022 

 

Name of Co-Author Prabha Andraweera 

Contribution to the Paper 

 

 

 

Conception, knowledge, drafting  

Signature Date 28/02/2022 

 

 

 

 

 

 

 

 

 



 

 

Chapter 5   226 

Abstract 

 

This commentary is an author response to Lu and Wang, regarding the manuscript entitled 

“Cardiovascular risk factors in offspring exposed to gestational diabetes mellitus in utero: 

Systematic review and meta-analysis”. We address their concern regarding duplication of 

studies in the meta-analysis and the quality of included studies 
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Letter 
 

Dear editor, 

We thank Dr. Lu and Dr. Wang for their comments regarding our systematic review and meta-

analysis on cardiovascular disease in offspring exposed to gestational diabetes mellitus in 

utero207. Their comments highlight important considerations regarding study quality in 

systematic review and meta-analyses, and statistical methods put in place to address low quality 

studies.  

Although we have already specified our methodology regarding including publications of 

multiple cohorts in the meta-analysis, we appreciate the opportunity to provide further clarity. 

There has been the understanding that the cohort publications published by Krishnaveni et al., 

Tam et al., and Vohr et al. that we have included in our systematic review, have been doubly 

reported in the meta-analysis226, 234, 236, 239, 242, 259, 264, 265. In our methods under the ‘included 

studies’ header, it states that “when the same cohort was reported in multiple publications at 

different ages, the study reporting on the older age group was included in the meta-analysis.” 

We only used the publications of Krishnaveni et al. (2015) and Tam et al. (2010) in our meta-

analysis as these studies have data on the most recent follow-up (i.e. 15 years of age for both 

cohorts)236, 239. The publications that have been mentioned in the previous commentary are only 

reported as supplementary data (Supplementary Table 1) but not in the meta analyses. The 

Vohr et al. studies are also only reported in the supplementary data. We included 59 studies 

from 54 cohorts in our systematic review, and only 25 studies were used in the meta-analysis 

(Figure 1). The reasons for not including 34 studies in the meta-analysis include but are not 

limited to; 1) reporting the cohort at an earlier follow-up and thus not being the most recent 

publication with the oldest follow-up age (in the case of Krishnaveni and Tam studies); 2) some 

studies not reporting a control group value (in the case of Vohr et al. 1999); 3) studies only 

including adjusted mean values that we could not incorporate in a meta-analysis due to 
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limitation in the number of studies; 4) being unable to include median and interquartile range 

values in the analysis. While we endeavoured to contact authors for unadjusted and unknown 

values in the meta-analysis, we received a 44% response rate. It would be counterintuitive to 

exclude these studies all together after trying to contact the authors for appropriate data, it 

seemed best to report this data in a supplementary table if it was not suitable for the analysis, 

thereby providing readers a more comprehensive review of the literature. Furthermore, in our 

protocol we were interested in subgroup analyses stratified by childhood, adolescence, and 

adulthood to determine if any of the cardiovascular risk factors appeared at certain points 

during the lifecourse in offspring exposed to GDM in utero. However, we did not have 

sufficient number of studies to complete any subgroup analyses. We have addressed this in our 

discussion.  

The second point mentioned by Lu and Wang regarding using only high quality studies in a 

meta-analysis is an important one to address. While we have included studies of varying study 

quality, we must emphasize that our methods address how we handle low quality studies. All 

59 included studies have been verified by two authors, and underwent quality assessment using 

the Newcastle-Ottawa Scale (NOS), which is a recommended quality assessment tool used for 

observational studies. The NOS broadly assesses study quality, including study selection, 

definition and comparability of cases and controls, assessment and reporting of outcome. We 

only found nine studies of low quality. We performed sensitivity analyses to omit all low 

quality studies from the meta-analysis, thereby assessing whether these studies would have 

influenced the effect size of the outcomes. Performing a quality assessment of studies and 

performing sensitivity analyses are common protocol for many meta-analyses 34, 52. Sensitivity 

analyses were done for only four outcomes, as these were the only outcomes that included low 

quality studies. Our sensitivity analysis tables reported as supplementary data show that there 

was no significant difference between the effect estimates when removing the low quality 
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studies, based on I2 and chi-square value. Therefore, the effect size of our meta-analysis are 

unaffected by these low quality studies. Henceforth, the heterogeneity in these analyses needs 

to be explored in other avenues, including through visual analysis of funnel plots for 

heterogeneity (which in our analysis were all standard), through performing analyses with 

values adjusted for important covariates, and subgroup analysis (both actions that we were 

unable to do).  

Including all relevant studies and reporting them allows for an extensive scope of the literature, 

and it is important to assess and report which of this literature is high, moderate and low quality 

to ensure that clinical decision-making is based on the best quality evidence. 
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Abstract 

 

This commentary is an author response to Yu and colleagues regarding the manuscript entitled 

“Cardiovascular risk factors in offspring exposed to gestational diabetes mellitus in utero: 

Systematic review and meta-analysis”. We address their concern regarding minor errors in 

our manuscript, our search strategy and assessment of heterogeneity.  
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Letter 

Dear editor: 

We thank Yu and colleagues for their comments regarding our systematic review and meta-

analysis on cardiovascular disease in offspring exposed to gestational diabetes mellitus in utero 

299. Their comments highlight important considerations regarding study quality, statistical 

analyses, and search strategy for systematic reviews and meta-analyses. 

Thank you for the recommendation on databases that can be used in the process of literature 

retrieval in the future update of this review. We used PubMed CINAHL, SCOPUS, and 

EMBASE with an end of search date of April 18, 2018. Subsequently, we updated the literature 

search to include all relevant articles published until October 17, 2018. Our systematic review 

only had peer-reviewed full-text published papers. However, we will search the recommended 

databases, particularly grey literature databases, in our future update of this systematic review.  

We thank Yu and colleagues for identifying two typographical errors, and we acknowledge 

that the total number of participants in the BMI Z score analysis is 31485 instead of 8759 as 

stated in the manuscript and that the chi-squared p-value in figure 4 is <0.00001 instead of 

0.00001. 

The heterogeneity of the analyses was indeed significantly high, and we did report this in our 

discussion section as a significant limitation. We could not perform subgroup analyses based 

on age in this review as there were not enough studies with varying follow-up times to assess 

this. However, we did plan a subgroup analysis of time to follow-up at <1 year postpartum, 1-

5 years postpartum, 5-10 years postpartum, and 10+ years postpartum to assess heterogeneity. 

We proposed to perform subgroup analyses in our PROSPERO registration 

(CRD42018094983). However, these analyses were also not undertaken as there were 

insufficient publications to conduct meaningful comparisons. It would be beneficial to 

complete other subgroup analyses for future updates of this review. Other meta-analyses 
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completed by our research group with a greater number of studies and sample size included 

subgroup analyses stratified by age, ethnicity, the definition of GDM, and metabolic syndrome 

36, 300. We have planned for meta-regression in our next update of this systematic review.  

We did perform sensitivity analyses for all the outcomes in which we removed low-quality 

studies and reported the outcomes before and after the sensitivity analyses in Supplementary 

Tables S3 to S5. We found no significant difference based on the sensitivity analyses, and 

heterogeneity remained high but the effect size of the outcomes remained unaffected. In our 

future update of this systematic review, we will consider other avenues, including meta-

regression to explore heterogeneity in the data, as mentioned in a previous letter to the editor301. 

We appreciate the comment from Yu et al. regarding the use of “Begg’s Test” or “Egger’s 

Test” for publication bias. We assessed publication bias using Egger’s test and prepared funnel 

plots for all of our outcomes and they are provided in the supplementary file.  
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7.2. Abstract 

  

Objective: The primary aim of this systematic review and meta-analysis was to determine the 

association between gestational diabetes mellitus (GDM) and metabolic syndrome (MetS) in 

women and children. Our secondary aim was to assess the development of MetS with respect 

to the elapsed time postpartum at which MetS was diagnosed.  

Methods: This review is registered with PROSPERO (CRD42020173319). PubMed, 

CINHAL, SCOPUS, and EMBASE databases were searched. Studies reporting on the rate of 

MetS in pregnant women with GDM, the rate of MetS in women with a history of GDM, and 

the rate of MetS in offspring exposed to GDM in utero compared to healthy controls were 

selected.  

Results: We identified 588 articles from the literature search. Fifty-one studies were included 

in the review and of those 35 were included in the meta-analysis. Quantitative summary 

measures showed that women with a history of GDM have an increased risk of developing 

MetS compared to those without a history of GDM (RR 2.36, 95% CI 1.77 to 3.14, 29 studies, 

13,390 participants; heterogeneity: Chi2 P < 0.00001; I2 = 93%). Those exposed to GDM in 

utero have an increased risk of developing MetS compared to those not exposed to GDM in 

utero. (RR 2.07, 95% CI 1.26 to 3.42, three studies, 4,421 participants; heterogeneity: Chi2 P = 

0.33; I2 = 12%). Women diagnosed with GDM have an increased risk of developing MetS 

during pregnancy (RR 20.51, 95% CI 5.04 to 83.55; three studies, 406 participants; 

heterogeneity: Chi2 P =0.96; I2 = 0%). Subgroup analysis revealed that MetS is diagnosed as 

early as <1 year postpartum in women with a history of GDM.  

Conclusions/interpretation 

Women with GDM in pregnancy have an increased risk of developing MetS during pregnancy. 

Women with a history of GDM and offspring exposed to GDM in utero have a higher risk of 
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developing MetS compared to those with no history of GDM. Metabolic syndrome in women 

with a history of GDM is seen as early as <1 year postpartum.  
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7.3. Introduction 

Gestational diabetes mellitus (GDM) is impairment of glucose that is first diagnosed during 

pregnancy, hence different from both type I and II diabetes mellitus. GDM is estimated to affect 

one in seven pregnancies 79. Women with a history of GDM are more likely to be obese,  have 

dyslipidaemia and hypertension during the postpartum period 78. These women also have an 

approximately seven-fold increased risk of developing type II diabetes mellitus (T2DM) later 

in life 34. The diagnostic criteria for GDM have changed as of recent, being defined as fasting 

glycaemia  ≥5.1mmol/L, or 1-h plasma glucose  ≥10.0mmol/L and  2-hour plasma 

glucose:  ≥8.5mmol/L with a 75g oral glucose tolerance test 302. 

Metabolic syndrome (MetS) is defined as a cluster of metabolic disorders, conventionally 

defined as three or more of the following: central obesity, reduced high-density lipoprotein 

cholesterol, hypertriglyceridemia, hyperglycaemia and hypertension. However, the  cut-offs 

for these individual components of MetS  are different between definitions 303, 304. Both GDM 

and MetS share a similar aetiology and both increase the risk of chronic diseases such as T2DM 

and cardiovascular disease (CVD) 34, 35, 305, 306.  

GDM is promoted by an inability of β-cells to undergo expansion. Therefore, β-cells are unable 

to compensate for the highly insulin resistant state leading to the  subsequent elevation of 

glucose during pregnancy 214. Development of pregnancy complications, such as GDM is 

influenced by pre-pregnancy lifestyle and metabolic characteristics 307. Women with MetS are 

already in a state of pro-inflammation and insulin resistance 308, therefore it is possible that 

when they become pregnant, they are more susceptible to developing GDM 309. This 

association has not been explored in a systematic review and meta-analysis. Furthermore, 

GDM increases the risk of developing cardiovascular disease in later life and approximately 

50% of women who develop GDM go on to develop T2DM later in life 212. Therefore, women 

who may not have MetS in pregnancy or only present with one or two components of MetS 
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may be at risk of developing MetS postpartum. A meta-analysis in 2014, showed that women 

who experience GDM have a higher risk of developing MetS than women with a normal 

pregnancy 310. However, the studies included in the above meta-analysis were conducted before 

the implementation of the new International Association of  Diabetes in Pregnancy Study 

Group (IADPSG) guidelines that recommended a lowering of the glucose threshold for the 

diagnosis of GDM 80. As the new guidelines are known to increase the number of women 

diagnosed with GDM, it is possible that the number of metabolic risk factors in women who 

had GDM will also increase. Children exposed to GDM in utero may also be more susceptible 

to developing MetS, as it has been shown that they have higher systolic blood pressure (SBP), 

body mass index (BMI), and blood glucose than those not exposed to GDM in utero 207. To our 

knowledge, no systematic review has assessed the risk for MetS among children born to 

pregnancies complicated by GDM. Even small improvements  in the components of metabolic 

syndrome such as hypertension and dyslipidaemia can significantly reduce the risk of ischemic 

heart disease in young and middle age adults 222, 311, 312 and reducing childhood adiposity can 

reduce the risk of CVD later in life 313. 

Therefore, the objective of our systematic review and meta-analysis was to evaluate the 

association between GDM and MetS by determining 1) the risk of MetS in pregnancy among 

women who are diagnosed with GDM, 2) the risk for postpartum MetS among women who 

experienced GDM, and 3) the risk of developing MetS in children born to pregnancies 

complicated by GDM 
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7.4. Methods 

The review protocol is registered in PROSPERO (CRD42020173319). The review was 

undertaken with reference to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guideline 84.  

7.4.1. Search strategy 

 

All studies describing the association between GDM and MetS were identified by 

searching the following electronic databases: PubMed, CINAHL, SCOPUS and 

EMBASE with an end  search date of February 18th 2020. The search was conducted 

by ZL. The search strategy included the terms (“gestational diabetes*” OR “pregnancy 

induced diabetes”) AND (“metabolic syndrome” OR “insulin resistance syndrome” OR 

“syndrome X”) and is detailed in Appendix S1. We included observational studies 

(case-control, cross-sectional and cohort). Bibliographies of previously conducted 

systematic reviews and meta-analyses on closely related topics, and eligible studies 

were checked for additional studies. All identified studies were independently assessed 

for relevance by two authors (MP, AA). Two authors (MP, AA) independently 

extracted data, and discrepancies were resolved by discussion with ZL and PA. 

7.4.2. Inclusion criteria 

 

Studies were eligible for inclusion if they reported the number of cases of MetS in 1) 

pregnant women diagnosed with GDM, 2) women with a history of GDM, compared 

to women who did not experience/have a history of GDM 3) those exposed to GDM in 

utero compared to those not exposed to GDM in utero. We included studies that defined 

GDM based on the IADPSG guidelines 85. However, since the diagnostic criteria have 

been revised recently, we included studies that used prior recommended diagnostic 
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criteria of GDM including the 1999 World Health Organization (WHO) definition 303, 

and other regional and study specific definitions  as detailed in Table S1 303, 314-321. MetS 

was defined based on the definitions of the National Cholesterol Education Program – 

Adult Treatment Panel III (NCEP-ATP-III) 304, International Diabetes Federation 322 

323, the WHO 303, or the American Heart Association 324. Because there is no validated 

definition of MetS in children and pregnant women, we accepted variations of current 

guidelines and study-specific definitions. The definitions of GDM and MetS of 

included studies are detailed in Table S1. Studies that did not include a definition of 

GDM or MetS, those that did not define the case and control groups, and those that 

compared women with GDM in pregnancy/postpartum, and those exposed to GDM in 

utero to another risk group were excluded. 

7.4.3. Statistical analysis 

 

Data were extracted independently and in duplicate for the number of MetS cases. We 

analysed all studies collectively as an overall analysis, and subsequently stratified into 

subgroups based on the time of follow up postpartum as: <1 year, 1-5 years, 5-10 years, 

and 10+ years from the index pregnancy. Some studies analysed the rate of MetS based 

on t multiple definitions. Therefore, when assessing data from  those studies, the NCEP-

ATP-III definition was used in the overall analysis as the majority of studies used this 

definition. However, we conducted subgroup analyses based on the rate of MetS 

defined according to the NCEP-ATP-III, IDF, and WHO guidelines. We performed an 

ad-hoc analysis based on ethnicity, but only for Asian and Caucasian ethnicities, as 

these were the most commonly reported ethnicities. When the same cohort was assessed 

multiple times during the postpartum period, the study with the largest sample size was 

used in the overall analysis. For the analysis on offspring exposed to GDM in utero, the 
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oldest cohort was used in the meta-analysis. We considered studies published in 

English. We did not need to contact any authors for additional information, as only  one 

dichotomous outcome was evaluated, and only studies reporting on the outcome were 

eligible. 

The following data were collected from each included study: definition of GDM, 

definition of MetS, time of postpartum follow up (number of years since index 

pregnancy for both women and children) or gestational age (week) at which MetS and 

GDM were diagnosed during pregnancy, number of cases (those who experienced 

GDM) and controls (those who did not experience GDM), birthweight of offspring and 

gestational age at delivery for both cases and controls. 

The meta-analysis was performed using RevMan software (Review Manager Version 

5.3) based on an inverse variance method. As per protocol, the random-effects model 

was selected to account for the differences in diagnostic criteria of GDM. For each 

outcome measure, the number of events and the total number of participants were used 

in the meta-analysis to analyse the risk difference. If the number was only reported as 

a percentage, then the number of participants/events was calculated based on the total 

sample size for each group. The analysis was cross-checked and discrepancies were 

resolved by discussion (PA, MP).  

Substantial heterogeneity was considered when I² statistic exceeded 50%, and the Chi² 

P value was less than 0.1. Data from eligible studies that could not be included in the 

meta-analysis  are included in Table S2. To assess publication bias, funnel plots were 

used for the primary outcome. The methodological quality was assessed using the 

National Heart, Lung and Blood Institute (NHLBI) Quality Assessment Tool for 

Observational Cohort and Cross-Sectional Studies and are presented in the 
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supplementary data (Table S3) 325. Sensitivity analysis was performed to evaluate 

heterogeneity for outcomes after excluding low-moderate quality studies (i.e. studies 

that were considered of low-moderate quality in the NHLBI Quality assessment tool 

after discussion with authors). 
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7.5.  Results 

 

7.5.1. Search results 

The literature search identified 588 articles. One hundred and ninety articles were 

eligible for full text review. Of these, 51 were included in the review and 35 were 

included in the meta-analyses (Figure 7.5.1.1) (Table 7.5.1.1). The reasons for 

excluding 139 studies are detailed in Figure 1. The quality assessment showed that all 

studies were of moderate to high quality (Supplementary Table 7.8.2) 
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Figure 7.5.1.1 Flow Chart of selected studies for systematic review and meta-analysis of metabolic 

syndrome in women with a history of gestational diabetes mellitus and their children. 

588 titles were identified from PubMed, EMBASE, 

SCOPUS, and CINAHL 

398 excluded on abstract review  

 

 

190 papers retrieved for full text review 

139 studies were excluded  

55 = irrelevant abstract, review or non-cohort 

study; 42 = did not directly assess metabolic 

syndrome in GDM; 13= duplicate; 11 = no 

control group; 5= non-English; 9= unable to 

access; 4= other 

 

 

35 included in the meta-analysis 

- 29 studies analysing MetS in women with previous GDM  

-3 studies analysing MetS in children exposed to GDM in utero 

-3 studies analysing prevalence of GDM in pregnant women with 

MetS 

 

51 were found eligible 

 
16 studies with 

incompatible 

statistics 
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Table 7.5.1-1 Studies included in systematic review and meta-analyses 

Study Study 
design 

Country  Exposed/Definition of GDM (n=) Definition of MetS Non exposed 
(n=) 

Birthweight Time of  
assessment  

 

   Risk of Gestational Diabetes Mellitus in pregnant women with MetS 

Bo 2004  Cross 
Sectional  
 

Italy 
 

150/ 50g OGTT - positive result 
followed by 3h OGTT 100g - Carpenter 
and Coustan 
 

One abnormal value or GDM or 
hyperinsulinemia  ( 2 SD above the 
mean for the 100 women with  negative 
OGCTs, used as controls)], plus at least  
two of the following secondary criteria:  
arterial blood pressure 140/90; plasma 
triglycerides  2 SD above the mean of 
the controls and/or low HDL-cholesterol 
(<1.0 mmol/l);  
BMI>30 kg/m2 or waist  2 SD above the 
mean of the controls. 

100 
 

3174 
(0.51)/3319 
(0.48) 

24-28 
weeks 

Chatzi 2009  ✝ Abstract - 
Prospective 
cohort 

Greece 508 pregnant women without GDM 
diagnosis 

NHLBI/AHA criteria NA Not reported 24-28 
weeks 
gestation 

Dane 2011  Prospective Turkey 20/ 2 or more high values in 100g 
OGTT 

NCEP-ATP III, WHO  40 Not reported 32-33 
weeks 

Grieger 2018 ✝ Prospective Australia 
and New 
Zealand 

410/WHO  IDF 681 39.6 ± 2.5 
/39.3 ± 2.8 
stratified by 
MetS status 

MetS 
assessed at 
15 weeks 
gestation 

Midga 2016 ✝ Prospective Poland 124 (MetS)/ Polish Gynecology Society 
Recommendations 

IDF 30 Not reported 11-13 
weeks 
gestation 

Negrato 2008** ✝ Prospective Brazil 50/ 100g OGTT - Carpenter and 
Coustan 

Any one of the two primary criteria: 
Impaired glycemic profile and/or impaired 
OGTT, plus at least two of the following 
secondary criteria: hypertension 
(systolic blood pressure > 140 mmHg or 
a diastolic blood pressure > 90 mmHg on 
at least two occasions at least six hours 
apart); dyslipidaemia (plasma 

46 Not reported 24-28 
weeks 
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Study Study design Country  Exposed/Definitio
n of GDM (n=) 

Definition of 
MetS 

Non exposed 
(n=) 

Birthweight 
cases/Controls (g) 

Gestational 
age 
cases/control
s (weeks) 

Follow up 
(years) 

 Risk of MetS in women with previous GDM 

Akinci 2010* ✝ Prospective Turkey 165/ 50g 1h OGTT 
- Carpenter and 
Coustan  

NCE-PATP III 
and IDF 

65 3426(664)/3228(590
) stratified by MetS 
status 

Not reported 40.54 months  

Akinci 2011*  Prospective Turkey 195/ 50g 1h OGTT 
- Carpenter and 
Coustan  

NCE-PATP III 
and IDF 

71 Not reported Not reported 3 years 

Akinci 2011* ✝ Prospective Turkey  128/ 50g 1h GCT, 
then 100g OGTT - 
Carpenter and 
Coustan 

AHA 67 Not reported Not reported 3 years  

Albareda 2004  Prospective Spain 262/50-g, 1h GCT NCEP 2001 66 Not reported Not reported 5 years 

Bo 2006  Prospective Italy 182/ 50g Oral 
Glucose Test - 
positive result 
followed by 3h 
OGTT 100g - 

NCEP-ATP III 161 Not reported Not reported 6 years 

triglycerides ≥ 2 SD 
above the mean of the control group 
and/or low HDL-C 
< 39 mg/dl) and obesity (BMI ≥ 30 Kg/m2 
and/or waist ≥ 2 SD above the mean of 
pregnant women in the control group 

Negrato 2009** Prospective Brazil 50/ 100g OGTT - Carpenter and 
Coustain 

Same as Negrato 2008 46 Not reported 24-28 
weeks 

Retnakaran 2019 ✝ Abstract Canada 49 (MetS)/Not specified Not specified 1134 (No 
MetS) 

Not reported Not 
specified 

Zaman 2018 ✝ Case control Iran 260/IADPSG NCEP-ATP-III 260 Not reported First visit of 
pregnancy 

 



 

 

Chapter 7           251 

Carpenter and 
Coustan 

Carr 2006  Cross Sectional USA 332/Self -reported NCEP-ATP III 662 Not reported Not reported 29.9 years 

Costacou 2008  Prospective USA 22/American 
Diabetes 
Association  

NCEP-ATP III 29 Not reported Not reported 1-2 years 

Dehmer 2018✝ Prospective USA 101/ Self report of 
GDM validated by 
medical record 

Any of the 
following three: 
waist 
circumference 
> 88 cm, TG ≥ 
150 mg/dl, HDL 
cholesterol < 
50 mg/dl, SBP 
≥ 130 mm Hg 
or DBP ≥ 85 
mm Hg or use 
of 
antihypertensiv
e medications, 
and fasting 
glucose ≥ 100 
mg/dl. 

719 Not reported Not reported Over a period 
25 years from 
baseline 

Derbent 2011 Cross Sectional Turkey 36/1979 NDDG NCEP-ATP III 40 Not reported Not reported 1-5 years 

Di Canni 2007  Prospective Italy 166/ Carpenter and 
Coustan 

NCEP-ATPIII 98 Not reported Not reported 16 months 
postpartum  

Edalat 2013  Retrospective Iran 77/ WHO ATP III  67 Not reported Not reported 2-3 years  

Ferraz 2007 ✝ Prospective Brazil 70/WHO ATP III  108 Not reported Not reported 6 years 

Gunderson 2009^** ✝ Longitudinal  USA 259 (MetS)/Self 
report validated by 
medical records 

NCEP-ATP III 1192 (non-
cases) 

Not reported Not reported 0-7, 7-10, 10-
15, 15-20 
years 

Gunderson 2010**  Longitudinal  USA 120 (cases of 
MetS)/Self report 
validated by 
medical records 

NCEP-ATP III 584 (non-
cases) 

Not reported Not reported 0-7, 7-10, 10-
15, 15-20 
years 
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Gunderson 2014*  Longitudinal  USA 119/ Self report 
validated by 
medical records 

NCEP-ATP III 779 Not reported Not reported 20 years 

Hakkarainen 2016*  Cohort Finland 489/ 2h OGTT (75g 
glucose after 
overnight fast) 
fasting, 1h, 2h 
capillary plasma 
glucose 4.8, 11.2 
and 9.9 mmol/L 

IDF 385 GDM 1 Abnormal 
OGTT 3637±571 
GDM 2 Abnormal 
OGTT 3671±531/ 
3581±571  

GDM1 278±10 
GDM 2 
278±10/ 
279±11  

<5 years, 5-
10 years, 10 
years 

Hakkarainen 2018*  Cohort Finland AGA (376) LGA 
(68)/ 75g-2h OGTT 
Fasting, 1h, 2h 
capillary plasma 
glucose 4.8, 11.2 
and 9.9 mmol/L 

IDF AGA (286), 
LGA (48) 

AGA  3596 ± 406/ 
3595 ± 385, LGA 
4421 ± 370/4365 ± 
424 

AGA 279 ± 
9/280 ± 11  
LGA  278 ± 
8/279 ± 11 

Mean 7 years  

Iljas 2013  Prospective Finland 61/ At risk women 
performed 75g 
OGTT 2h -  one or 
more abnormal 
values: Fasting, 1h, 
2h capillary - 4.8, 
10.0, 8.7 mmol/L  

NCEP-ATP III 55 Not reported Not reported 18 years 

Kousta 2005  Retrospective UK 368/WHO IDF 482 Not reported Not reported 20 years 

Krishnaveni 2007  Prospective India 35/100g 3h OGTT - 
Carpenter and 
Coustan  

IDF criteria 
recommended 
for South Asian 
women 

489 Not reported Not reported 5 years 

Lauenborg 2005  Prospective Denmark 481/Danish Criteria WHO, ATP III, 
EGIR 

100 Not reported Not reported 9.8 years 

Li 2018  Prospective  Singapor
e 

123/1999 WHO ATP-III 119 Not reported Not reported 5 years 

Madarasz 2009  Prospective Hungary 68/ WHO ATP III, WHO, 
IDF 

39 Not reported Not reported 4 years 

Maghbooli 2010  Case Control Iran 92/ Abnormal 50g 
OGCT prompting 
100g OGTT, 

WHO 100 Not reported Not reported 6-12 weeks 
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O'Sullivan and 
Mahan 

Mai 2014** ✝ Prospective China 190/ADA WHO 80 Not reported Not reported 2.5 years 

Mai 2015**  Prospective China 453/ADA WHO 1180 Not reported Not reported 1.3 years 
postpartum 

Noctor 2014  Prospective Ireland 265/ 2h 75g OGTT 
IADPSG (WHO 
definition before 
2010) 

NCEP-ATP III  378 Not reported Not reported 2-3 years  

Noujah 2018  Population based 
prospective  

Iran 176/IADPSG NCEP-ATP-III, 
IDF 

86 Not reported Not reportd 6-12 weeks 

Rukusakul 2016  Case Control  Thailand 56  AHA/NHLBI 51 Not reported Not reported 3 years 

Retnakaran 2010  Prospective Canada 137/ NDDG  AHA/NHLBI, 
IDF 

259 Not reported Not reported 3 months 
postpartum  

Roca-Rodriguez 2012  Case control  Spain 41/NDDG WHO NCEP-
ATP III 

21 Not reported Not reported 1 year  

Shen 2019  Multi-centre China  1263/ WHO NCEP-ATP III, 
IDF 

1263 Not reported Not reported 3 years 

Tam 2007 * Prospective Hong 
Kong 

67/WHO IDF 136 3230 ± 485 3272 ± 
429 

39.3 ± 2.1 
39.5 ± 1.6 

8 years 

Tam 2012* ✝ Prospective  Hong 
Kong 

45/WHO IDF 94 3230 ± 485 3272 ± 
429 

39.3 ± 2.1 
39.5 ± 1.6 

15 years 
postpartum  

Wender-Ozegowska 2007  Prospective Poland 153/Polish Diabetic 
Society  

NCEP-ATP-III 155 Not reported Not reported 6 years study 
group 5.1 
years control 

Wijeyaratne 2006  Prospective Sri-Lanka 274/ ACOG IDF 168 Not reported Not reported 3 years 
postpartum  

Verma 2002  Longitudinal follow-up 
study 

USA 58/Carpenter and 
Coustan 
modification of 
NDDG 

NCEP-ATP-III 51 Not reported Not specified 11 years 

Vilmi- Kerala 2015 Hospital based cohort 
study 

Finland 120/ Finnish 
Criteria  

NCEP-ATP-III 120 Not reported Not reported 2-6 years 
postpartum 

Risk of MetS in those born to women with GDM 

Boney 2005 Observational Cohort USA LGA GDM (n=42) 
AGA GDM (n= 52)/ 
NDDG 

NCEP-ATP III LGA Control 
(n=43) AGA 
Control (n=42) 

(LGA) 4107 (386)*† 
/4132 (285)*, (AGA) 

Not reported 6, 7, 9, 11 
years 
postpartum 
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3316 (310)† 3370 
(282) 

Clausen 2009  Cohort Denmark 168/ At risk women 
performed 3h 50g 
OGTT. Two 
consecutive fasting 
blood glucose 
values of at least 
4.1mmol/L tested  

IDF 2006 141 3410 (530)/3492 
(497) 

273 (247–
284)b,c 281 
(254–302) 

20 years 
postpartum  

Maslova 2019 ✝ Prospective Norway 608/ ICD 
classification and 
self-reported 

MetS z score 
based on BMI, 
waist 
circumference, 
fasting blood 
glucose, 
insulin, 
triglycerides, 
HDL, systolic 
blood pressure 

626 Not reported Not reported 9-16 years 

Vaarasmaki 2009  Population-Based Finland 95/75g OGTT – 
one or more 
values: Fasting, 1h, 
2h: 5.5, 11.0, 
8.0mmol/L 

IDF 3,909 Not reported Not reported 16 years 
postpartum 

 

*- studies are part of same cohort  

** - studies report the same data, only one is included in meta-analysis 

✝ - results included in the non-meta-analysis table (Supplementary Table 1) 

OGTT – Oral Glucose Tolerance Test  

GCT – Glucose Challenge Test 

IADPSG – International Association of Diabetes in Pregnancy Study group  

NDDG – National Diabetes Data Group  

WHO – World Health Organization 

LGA – large for gestational age AGA – average for gestational age 

ICD - International Statistical Classification of Diseases and Related Health Problems 

AHA/NHLBI – American Heart Association/National Heart Lung Blood Institute 
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ACOG – American College of Obstetrics and Gynaecology 

NCEP-ATP-III - National Cholesterol Education Program expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III  

IDF – International Diabetes Federation
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7.5.2. Risk of MetS during pregnancy in women with GDM 

Eight studies were included in the assessment of this outcome 309, 326-332, of which three studies were 

included in the meta-analysis 326-328. All three studies assessed GDM and MetS at the same time (i.e. 

approximately 24-32 weeks gestation). Pooled analysis showed that women diagnosed with GDM 

had an increased risk of MetS in pregnancy (RR 20.51, 95% CI 5.04 to 83.55; three studies, 406 

participants; heterogeneity: Chi2 P=0.96; I2=0%) (Figure 7.5.2.1). Five studies were not included in 

the meta-analysis 309, 329-332, with four showing an increased risk of developing GDM in women who 

are diagnosed with MetS during pregnancy 330, 331, 333, 334 (Supplementary Table 7.8.1).  

 
Figure 7.5.2.1 Meta-analysis showing the risk of developing MetS during pregnancy in women with GDM 

 

7.5.3. Risk of MetS in women with a history of GDM 

Thirty-five studies were included in the assessment of this outcome 97, 118, 135, 322, 333, 335-365, of which 

29 studies were included in the meta-analysis 97, 118, 135, 320, 322, 333, 335-358. Pooled analysis showed that 

women with a history of GDM had a significantly increased risk of developing MetS (RR 2.36, 95% 

CI 1.77 to 3.14; 29 studies, 13,390 participants; heterogeneity: Chi2 P <0.00001; I2=93%)(Figure 

7.5.3.1).  Of the six studies that were not included in the meta-analysis 359-365, one showed an increase 

in prevalence of MetS among women with a history of GDM compared to controls 341(Supplementary 

Table 7.8.1). Sensitivity analysis after excluding the studies of moderate quality resulted in a slight 

reduction in heterogeneity (Chi2 P <0.00001; I2=78%) (Supplementary Figure 7.8.1).  Assessment of 

the funnel plot of the meta-analysis revealed moderate publication bias (Supplementary Figure 7.8.2).  
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Figure 7.5.3.1 Meta-analysis showing the risk of developing metabolic syndrome in women with previous GDM 

7.5.4. Risk of MetS in children exposed to GDM in utero  

Four studies were included in the assessment of this outcome 366-369, of which three studies were 

included in the meta-analysis 366-368. Pooled analysis showed that offspring exposed to GDM in utero 

had  a significantly increased risk of developing MetS (RR 2.07, 95% CI 1.26 to 3.42; three studies, 

4,421 participants; heterogeneity: Chi2 P 0.33; I2=12%) (Figure 7.5.4.1). The study that was not 

included in the meta-analysis showed an increased MetS severity Z-score in those exposed to GDM in 

utero compared to controls 369. (Supplementary Table 7.8.1). 
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Figure 7.5.4.1 Meta-analysis showing the risk of developing GDM in those born to women with GDM 

7.5.5. Subgroup analyses  

 

We conducted subgroup analyses based on the time of postpartum follow up among women with a 

history of GDM. The results are shown in Table 7.5.5.1. The risk of developing MetS was significantly 

increased in women with a history of GDM at <1 year postpartum (RR 1.95, 95% CI 1.15 to 3.28, 

three studies, 850 participants; heterogeneity Chi2 P=0.09 I2=59%), 1-5 years postpartum (RR 2.99, 

95% CI 2.14 to 4.18, eighteen studies, 7.328 participants; heterogeneity Chi2 P <0.00001  I2 = 70%), 

5-10 years postpartum (RR 2.29, 95% CI 1.62 to 3.25, nine studies, 4,518  participants; heterogeneity 

Chi2 P< 0.0001 I2=79%), and >10 years postpartum (RR 2.07 95% CI 1.22 to 3.50, six studies, 3,037 

participants; heterogeneity Chi2 P<0.00001 I2=94%).  

Table 7.5.5-1 Subgroup analysis for metabolic syndrome in women with previous GDM stratified by time of MetS 

assessment. 

 

We conducted a subgroup analysis to evaluate the risk of developing MetS in women with a history of 

GDM based on the three most common definitions of MetS (i.e. NCEP-ATP-III, IDF, and WHO). A 

significantly increased risk of MetS was demonstrated for women with a history of GDM compared to 

women without a history of GDM, irrespective of the definition used to diagnose MetS (NCEP-ATP-

Time of MetS 
assessment 

RISK 
DIFFERENCE 
(RR M-H, 95% 

CI) 

(N=) 
Studies 

(N=) GDM (N=) TOTAL HETEROGENEITY 

<1 YEAR  1.95 (1.15-3.28) 3 405 850 P= 0.09 I2 = 59% 

1-5 YEARS 2.99 (2.14-4.18) 18 3,716 7,328 P<0.00001  I2 = 70% 

5-10 YEARS 2.29 (1.62-3.25) 9 1,595 4,518 P<0.00001  I2 = 79% 

10+ YEARS 2.07 (1.22-3.50) 6 966 3,037 P<0.00001  I2 = 94% 
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III: RR 2.58 95% CI 1.72 to 3.87, 20 studies, 8,768 participants; heterogeneity Chi2 P <0.00001 

I2=94%; IDF: RR 2.15 95% CI 1.60 to 2.90, 11 studies, 5,615 participants; heterogeneity Chi2 P 

<0.00001 I2=79%; WHO: RR 2.99 95% CI 2.51 to 3.57, 5 studies, 3,433 participants; heterogeneity 

Chi2 P=0.69 I2 =0%) (Table 7.5.5.2).  

Table 7.5.5-2 Subgroup analysis for metabolic syndrome in women with previous GDM stratified by MetS definition. 

 

 

  

  

  

  

We performed ad-hoc analysis based on ethnicity (Asian and Caucasian) and found that there was a similar 

increased risk of MetS for women with a history of GDM for both ethnicities. (Table 7.5.5.3). 

 

Table 7.5.5-3 Ad-hoc analysis for metabolic syndrome in women with previous GDM stratified by ethnicity. 

Ethnicity RISK DIFFERENCE 
(RR M-H, 95% CI) 

(N=) 
Studies 

(N=) GDM (N=) TOTAL HETEROGENEITY 

Asian 2.15 (1.32-3.51) 7 2,144 4,891 P<0.0001 I2 =81% 

Caucasian  2.72 (2.04-3.63) 11 2,232 4,549 P<0.0001 I2 = 70% 

 

Definition of MetS RISK 
DIFFERENCE 
(RR M-H, 95% 

CI) 

(N=) 
Studies 

(N=) GDM (N=) TOTAL HETEROGENEITY 

NCEP-ATP-III 2.58 (1.72-
3.87) 

20 4,145 8,768 P<0.00001 I2 = 
94% 

IDF 2.15 (1.60-
2.90) 

11 2,922 5,615 P<0.00001 I2 = 
79% 

WHO 2.99 (2.51-
3.57) 

5 1,107 3,433 P=0.69 I2 = 0% 
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7.6. Discussion 

 

Our meta-analysis revealed that women with a history of GDM are at a significantly increased 

risk of developing MetS later in life, and that this risk is seen as early as <1 year postpartum. 

Our results also demonstrate that the risk for MetS in pregnancy is higher among women 

diagnosed with GDM and that children born to women who experience GDM have an increased 

risk of developing metabolic syndrome in later life.  

This systematic review and meta-analysis was a comprehensive review of the literature on the 

association between gestational diabetes mellitus and metabolic syndrome, among women and 

their offspring. There has not been a systematic review and meta-analysis that investigated the 

association between GDM and MetS in pregnant women and offspring, and no review has 

evaluated  the association between GDM and MetS in women  with a history of GDM after the 

change of guidelines in 2013310.  

Many  environmental and genetic factors contribute to the risk for GDM. There are certain 

candidate genes that are associated with T2DM and GDM, that mainly influence insulin 

secretion 216. Obesity and GDM share the same causal pathway, through elevation of free fatty 

acids and dysregulation of cytokines to promote insulin resistance 7, 370. Common risk factors 

such as advanced maternal age, familial history of T2DM or GDM in a first-degree relative 

(either mother or sister) also contribute to a higher risk for GDM 371. Therefore, it is unclear 

whether MetS in overweight/obese women with a history of GDM is due to the disease 

phenotype, or due to a pre-existing predisposition. Asian ethnicity is a significant risk factor 

for GDM 371 and diagnosis of MetS can also vary based on ethnicity. Therefore, we assessed 

the influence of ethnicity through an ad-hoc analysis and found that both Caucasian and Asian 

ethnicities conferred similar increased risks for MetS in women with a history of GDM. 

Women and men have different CVD risks, particularly with regard to obesity, as men 

generally have greater muscle mass and women have higher fat mass. Research into a modified 
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female definition of metabolic syndrome may be important, considering the differences in body 

composition and conventional risk factors between males and females and the higher risk of 

CVD among women who experience major  pregnancy complications 372.  

Our results on the risk for MetS among women with a history of GDM showed substantial 

heterogeneity However, when we performed subgroup analyses based on the time of diagnosis 

of MetS, definition of MetS and ethnicity, heterogeneity was substantially reduced. Sensitivity 

analysis also showed a reduction in heterogeneity after removing studies of moderate quality. 

Funnel plot assessment revealed a moderate degree of publication bias. It is difficult to 

elucidate the reason for heterogeneity in aggregate data, but it is typically due to differences in 

study design, differences in  definitions (i.e. MetS and GDM definitions), years of postpartum 

follow-up and study populations. The heterogeneity that was observed in our analysis could 

also be attributed to genetic and environmental factors . Large, well characterised  longitudinal 

cohort studies will contribute to further evidence and help reduce overall heterogeneity.  

Our meta-analysis revealed that women with a history of GDM are at significantly increased 

risk for developing MetS later in life (RR 2.48). Women who experience GDM have a 

reduction in insulin sensitivity in the third trimester, to support an increase in glucose transfer 

to the fetus. This is promoted by an increase in fetal and placental factors 7, 373. However, if 

women are insulin resistant prior to pregnancy and fail to increase β-cell capacity during 

pregnancy, maternal glucose levels are unlikely to return to normal after pregnancy 374. 

Considering the increased risk for cardiovascular risk factors and T2DM in women with a 

history of GDM 34, 307, it is not surprising that these women are at a higher risk for developing 

MetS later in life. Intervention trials to reduce the development of T2DM are known to be 

successful during the early period after pregnancy, but compliance in exercise and weight loss 

are shown to decrease over time 219, 375, 376. This is likely due to the difficulty in changing 

behavioural patterns and individual circumstances. It may be more beneficial to intervene 
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before a diagnosis of GDM, as both diet and physical activity changes have been shown to 

result in an 18% reduction in the risk for GDM among women with a pre-pregnancy BMI 

<25kgm2 as well as ≥ 25kgm2; and this intervention was shown to be most effective before 15 

weeks’ gestation 377. The prevalence of obesity in women of reproductive age is around 15-

18% in Australian women 378. Therefore, it is necessary to identify women who are at increased 

risk of developing GDM and implement interventions as soon as practical (either during pre-

conception planning or in early pregnancy) with the aim of reducing  the risk of development 

of  GDM. This is especially  important, as our results showed that women who experience 

GDM are at increased risk of being diagnosed with MetS, as early as <1 year postpartum.  

Our study also demonstrated that  offspring exposed to GDM in utero have a two-fold increased 

risk of developing MetS. GDM promotes a hyperinsulinemic environment to allow increased 

nutrient delivery to the fetus, thereby increasing fetal growth and body mass resulting in 

macrosomia which may persist as obesity throughout childhood and adolescence 373. This idea 

pertains to “The Barker Hypothesis” which states that adverse nutrition in early life increases 

the likelihood of developing metabolic risk factors 379. We have recently shown in a meta-

analysis that those exposed to GDM in utero have higher SBP, BMI z-score, and blood glucose 

compared to those not exposed to GDM in utero 207. Previous studies have also shown that 

juvenile T2DM is significantly associated with exposure to GDM in utero 380, 381, therefore 

highlighting the need for weight management and lifestyle guidance throughout childhood and 

adolescence for this group. It is important to note that there were only four eligible studies for 

the meta-analysis on offspring of pregnancies complicated by GDM. We believe this is 

influenced by the lack of consensus on a definition of MetS in childhood.  An IDF 

recommended definition for the diagnosis of MetS  in children older than six years of age does 

exist, but this definition is not universally used 382. Furthermore, obesity as measured by BMI 

is not an accurate measure, as BMI varies greatly based on the muscle mass and fat mass, hence 

it is accurate for fatter children but not for those who are lean. BMI z-score is a more 
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appropriate measure as it adjusts for age and gender286. Only one study assessed the metabolic 

syndrome z-score, which adjusts for age and gender369. Considering the increasing rate of 

childhood obesity, a clear definition of MetS is required that can accurately account for 

childhood adiposity and adjust for important factors such as age, gender, weight distribution, 

and puberty.  

We also observed that the risk for MetS in pregnancy was increased among women who were 

diagnosed with GDM compared to normoglycaemic women (RR 20.51). There are studies that 

have investigated the association between individual components of MetS including 

dyslipidaemia and obesity and the risk of developing GDM 383-385. Gunderson et al.. (2010) 

showed that BMI and waist circumference were associated with increased risks for GDM  after 

adjusting for lipids, fasting glucose and insulin 385. Studies by Grieger and Chatzi showed a 3-

fold increased risk of GDM for women diagnosed with MetS in early pregnancy 309, 330. It is 

difficult to diagnose metabolic syndrome in pregnancy due to hemodynamic and inflammatory 

changes that occur during the first trimester of pregnancy, as SBP and maternal lipids decrease 

during this time 334, 386 Furthermore, placental and maternal hormones during pregnancy 

promote weight gain and also result in altered fat distribution in both  healthy pregnancies and 

those complicated by GDM387. Therefore, these results signify a need for further research in 

large pregnancy cohorts.   

7.7. Conclusion 

  

Pregnant women with GDM are at a higher risk of developing MetS during pregnancy. 

Furthermore, women who experience GDM have an increased risk of developing MetS later in 

life. They may develop MetS as early as <1 year postpartum. Children born to pregnancies 

complicated by GDM are also at increased risk of developing MetS in later life. This review 

signifies the importance of considering GDM in CVD risk stratification, thus allowing an 

opportunity for primordial prevention. Based on our findings,, pre-conceptional management 



 

 

Chapter 7      

     264 

of cardio-metabolic risk factors may be useful to reduce the risk of both GDM and MetS. 

Furthermore, it will be beneficial to screen women who experience GDM and children born to 

pregnancies complicated by GDM to detect modifiable CVD risk factors
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7.8. Supplementary Data 
Supplementary Table 7.8 1 Studies not included in meta-analysis 

Study Case Control Significance 

MetS and risk of GDM 

Chatzi 2009 (abstract) (GDM risk in MetS women) 388 Risk of GDM in MetS women – RR: 3.17, 

(95% CI: 1.06, 9.50) 

- - 

Migda  2016  

(Rate of GDM in MetS participants) 331 

12/124 with MetS (9.6%) 0/30 without MetS 0.019 

Grieger 2018 (MetS assessed at 15 weeks, GDM 

assessed at 24-28 weeks) 309 

50/410 

Risk for GDM in women with MetS (RR 

3.71 (95% 2.42 to 5.67) 

314/681 - 

Zaman (MetS assessed at first pregnancy visit, GDM 

assessed at 24-32 weeks) 329 

44/260 

aOR: 2.34 (95% CI 1.03 to 5.30) p = 0.04 

18/260 <0.001 

Retnakaran 2019 (abstract) 

(Rate of GDM in MetS participants) 332 

2.0% (MetS n=49) 2.1% ( No MetS n=1134) 0.99 

MetS in women with GDM postpartum 

Akinci 2010 (Rate of GDM in MetS participants) 359  6/43  GDM with MetS 

 

11/121 GDM without MetS 0.389 

Akinci 2011 360 43 (33.59%) 0 -  

Dehmer 2018 (Metabolic Syndrome in GDM 

participants (HR 95%) 361 

Yes: 1.55 (0.55-4.35) No: 2.50 (1.15-5.43) 0.5 

Ferraz 2007 (Mean SD) 362 1.71 (0.12) 1.50  (0.11)  0.1747 
Gunderson 2009 (Rate of GDM in MetS participants) 363 24/ 259 (9.3%)  64/1192 (5.4%)  .02 
Mai 2014 364 38/ 190 (20%)  0/80 - 
Tam 2012 365 10/45 (22.2%)  14/94 (14.9%)  

 

0.41 

 
Verma 2002 355 5 years postpartum: 3/88 (4.8%) 

6 years postpartum: 8/87 (11.6%) 

 

9 years postpartum: 8/57 (14.6%)  

 

5 years postpartum: 1/79 (1.8%) 

6 years postpartum:1/79 (1.8%) 

 

9 years postpartum: 2/50 (4.1%) 

 

0.11 
 
0.03 
 
 
0.007 
 
 

 

 

   

MetS in offspring exposed to GDM in utero 

Maslova 2018 (Mets z-score) 369 1.3 (7.7) -0.7 (3.7) - 
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Supplementary Table 7.8 2 Quality assessment of included studies using the National Institute of Health Quality Assessment for cohort and case-control studies 

Quality assessment  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 TOTAL 

Akinci 2010* 359 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ NR ✘ 9 

Akinci 2011* 335 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ NR ✔ 10 

Akinci 2011* 360 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ NR ✔ 10 

Albareda 2004 336 ✔ ✔ ✘ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ NR ✔ 9 

Bo et al. 2004 326 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✔ ✔ ✘ 9 

Bo et al.. 2006 338 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ ✔ ✔ ✔ ✔ ✔ 12 

Boney 2005 366 ✔ ✔ ✔ ✘ ✔ ✔ ✔ NA ✔ NA ✔ ✘ ✘ ✔ 9 

Carr 2006 97 ✔ ✔ ✔ ✘ ✔ ✘ ✘ NA ✔ NA ✔ ✘ NR ✔ 7 

Clausen 2009 367 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✘ ✔ 9 

Costacou 2008 333 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✘ ✔ 9 

Dane 2011 327 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ NR ✘ 7 

Dehmer 2018 361 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Derbent 2010 339 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ NR ✔ 8 

Di Canni 2007 340 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Edalat 2013 337 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Ferraz 2007 362 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Grieger 2018 309 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ NA ✔ 8 

Gunderson 2010* 341 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Gunderson 2014* 389 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Hakkarainen 2016* 390 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✘ ✔ 8 

Hakkarainen 2018* 342 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✘ ✔ 8 

Iljas 2013 343 ✔ ✔ ✘ ✔ ✘ ✔ ✔ ✔ ✔ NA ✔ ✘ ✘ ✔ 9 

Kousta 2005 344 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Krishnaveni 2007 345 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Lauenborg 2005 135 ✔ ✘ ✔ ✘ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 8 
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Li 2018 346 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Madarasz 2009 347 ✔ ✘ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 8 

Maghbooli 2010 322 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Mai 2014* 364 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Mai 2015* 348 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Maslova 2019 369 ✔ ✔ ✘ ✘ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 8 

Midga 2016 331 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✘ 9 

Negrato 2008** 391 ✔ ✔ ✔ ✔ ✘ ✘ ✔ NA ✔ NA ✔ ✘ NR ✘ 7 

Negrato 2009** 328 ✔ ✔ ✔ ✔ ✔ ✘ ✔ NA ✔ NA ✔ ✘ ✔ ✘ 8 

Noctor 2014* 349 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Noujah 2018 118 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Retnakaran 2010 350 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Roca-Rodriguez 2012 351 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Shen 2019 353 ✔ ✔ ✘ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Tam 2007 * 354 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Tam 2012* 365 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Vaarasmaki 2009 368 ✔ ✔ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 10 

Vilmi Kerala 2015 356 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 11 

Verma 2002 355 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ ✔ ✔ ✘ ✘ ✔ 11 

Wender-Ozegowska 2007 392 ✔ ✘ ✔ ✔ ✘ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 9 

Wijeyaratne 2006 358 ✔ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ NA ✔ ✘ ✔ ✔ 11 

Zaman 2018 329 ✔ ✔ ✔ ✔ ✘ ✘ ✘ NA ✔ NA ✔ ✘ ✔ ✔ 8 
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Supplementary Figure 7.8 1 Sensitivity analysis of MetS after a GDM pregnancy omitting moderate quality studies 



 

 

Chapter 7           269 

 

  

 

 

 Supplementary Figure 7.8 2 Funnel plot analysis 
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8.2. Abstract 

Background:  There is evidence that breastfeeding may provide protection against 

cardiovascular risk factors in mothers with a history of gestational diabetes mellitus and their 

children who were exposed in utero. We aimed to perform a systematic review and meta-

analysis of observational studies to ascertain the effects of breastfeeding on cardiovascular risk 

factors in women with previous gestational diabetes mellitus and their children exposed in 

utero. 

Methods: Studies assessing conventional cardiovascular risk factors in women with previous 

gestational diabetes mellitus and children exposed in utero stratified by breastfeeding/no 

breastfeeding or breastfed/not breastfed were included. Gestational diabetes mellitus was 

defined based on the International Association of Diabetes in Pregnancy Study Group 

definition or previous accepted definitions. Breastfeeding was defined as reported in each 

study.  

Results: The literature search yielded 260 titles, of which 17 studies were selected to be in the 

review. Women with previous gestational diabetes mellitus who did not breastfeed had higher 

blood glucose (SMD: 0.32, 95% CI 0.12, 0.53) and a greater risk of developing type 2 diabetes 

mellitus (RR: 2.08 95% CI 1.44 to 3.00) compared to women with no history. There were not 

enough studies to conduct a meta-analysis on the effects of breastfeeding on risk factors for 

cardiovascular disease among children exposed to gestational diabetes mellitus in utero.  

Conclusion: Breastfeeding appears to be protective against cardiovascular risk factors among 

women who experience gestational diabetes mellitus.  
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8.3. Introduction 

 

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is initially diagnosed during 

pregnancy and affects one in seven pregnancies globally 393. Women with previous GDM have an 

approximately seven-fold increased risk of developing type II diabetes mellitus (T2DM) later in life 34. 

Furthermore, women with previous GDM are more likely to be hypertensive, obese, and have dyslipidaemia 

postpartum300. These metabolic and vascular morbidities promote the development of metabolic syndrome, 

which is a significant global concern and important risk factor for CVD 394. It has been reported in a previous 

systematic review and meta-analysis, that women with a history of GDM are at a higher risk of developing 

metabolic syndrome later in life 395. Furthermore, women with a GDM history have a 2-fold- increased risk 

of developing cardiovascular disease (CVD), irrespective of disease progression to T2DM 396. It has also been 

reported that children exposed to GDM in utero also exhibit higher systolic blood pressure, obesity, and higher 

blood glucose throughout life compared to children born to non-GDM pregnancies; thereby significantly 

increasing their risk of T2DM and CVD at an earlier age 207. Therefore, preventative strategies are necessary 

to reduce CVD risk in both mothers and children exposed to GDM. 

Human milk is “the gold standard for infant feeding”, with lactation being mutually beneficial for both mother 

and child 397. Breastfeeding over 12 months promotes a significant reduction in both chronic hypertension and 

T2DM in women 59. Furthermore, children who are breastfed are less likely to  develop obesity and T2DM 

compared to those who are not breastfed 60. Breastfeeding for 6 months exclusively, and for up to 2 years as 

complementary to other nutritional sources is encouraged in women 397. Two reviews have assessed 

breastfeeding and metabolic risk factor reduction in women with previous GDM 398, 399 but these studies have 

not reported on all conventional cardiovascular risk factors, such as blood pressure and lipids. Having a 

comprehensive assessment of the effects of breastfeeding on all major cardiovascular risk factors can aid 

treatment strategies and disease mitigation. These reviews also did not assess the effects of breast-feeding on 

all major CVD risk factors in children exposed to GDM in utero. Therefore, our aim was to perform a 

systematic review and meta-analysis to determine the effects of breastfeeding on cardiovascular risk factors 

in women with previous GDM and their exposed children.   
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8.4. Methods 

8.4.1. Search strategy 

We undertook a systematic review of the literature and meta-analysis of observational studies 

in order to assess the effects of breastfeeding on cardiovascular risk factors in mothers with 

previous GDM and  children exposed to GDM in utero.  The review was undertaken with 

reference to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guideline 84. The protocol of this review is registered in PROSPERO 

(CRD42020190529) 

Studies eligible for the meta-analyses included women who had a history of GDM/those 

exposed to GDM in utero, the intervention assessed was breastfeeding/being breastfed 

compared to not breastfeeding/not being breastfed, and the outcomes of interest were 

conventional cardiovascular risk factors. Observational studies (i.e. cross-sectional, case-

control and cohort) were included. Studies that did not include a definition of GDM, those that 

did not define the breastfeeding and non-breastfeeding groups or did not include participants 

with GDM, were excluded. We assessed the following in our review (1) CVD risk factors in 

women with previous GDM who breastfed compared to women with previous  GDM who did 

not breastfeed (2) CVD risk factors in those exposed to GDM in utero who were breastfed 

compared to those exposed to GDM in utero who were not breastfed. We included studies of 

CVD risk assessment at any point in the postpartum period. Key search terms included 

(gestational diabetes OR pregnancy-induced diabetes) AND (breast feeding OR breastfeeding 

OR breastmilk OR human milk OR lactat*) AND (formula fed OR infant formula) AND (blood 

pressure OR hypertension OR cholesterol OR lipids OR body mass index OR glucose OR 

diabetes OR metabolic syndrome).  

As different definitions of breastfeeding were used among studies, breastfeeding was 

considered as exposure to human milk (either exclusive or mostly breastfed), as defined in the 

study or feeding at hospital discharge, and not breastfeeding was considered as feeding 

predominantly or exclusively using other sources (i.e. formula, animal milk, solids and other 
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liquids) that were not human milk, as well as those reporting on “not breastfeeding at hospital 

discharge”. The definitions of breastfeeding that were reported in the studies are specified in 

Table 1. GDM is currently defined based on the International Association of Diabetes in 

Pregnancy Study Group (IADPSG) guidelines400. However, since GDM diagnosis has been 

revised recently, we included studies defining GDM based on prior recommended diagnostic 

criteria such as the 1999 World Health Organization (WHO) definition 303, and other regional 

and study specific definitions. All GDM definitions reported for each study are detailed in table 

1. The literature search generated 260 titles, of which 233 were identified through electronic 

search and 27 were found through bibliographic search of similar reviews 398, 399. Of these, 39 

papers were assessed in full text and 18 were found to be eligible. Figure 1 describes the reasons 

for excluding studies. Overall, nine studies were included in the meta-analysis. The 10 studies 

that were not included in the meta-analysis are reported in Table 8.4.4.1.  

8.4.2. Inclusion criteria 

All studies describing the effects of breastfeeding on conventional CVD risk factors in women 

with previous GDM and those exposed to GDM in utero were identified by searching electronic 

databases PubMed Medical Subject Headings 401, CINAHL, and EMBASE, including all 

studies up until May 26th 2020. MP conducted the search. The complete search strategy is 

included in Appendix 1. Bibliographic search of previous observational studies, and systematic 

reviews and meta-analyses on similar topics were cross-checked for additional studies. All 

identified studies were independently assessed for relevance by two authors (MP, AA). Data 

was independently extracted by two authors (MP, AA) and discrepancies were resolved by 

discussion with ZL and PA.  

For each study, the following data were extracted: author’s last name, study year, country, 

study design, definition of GDM, assessment of breastfeeding (i.e. how breastfeeding was 

assessed and how breastfeeding and not breastfeeding were defined), number of women 
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breastfeeding/non-breastfeeding or children who were breastfed/not breastfed, years of 

postpartum follow-up/age at assessment, outcome measures, and significant findings. 

Data extraction was completed independently and in duplicate for the following cardiovascular 

outcomes: systolic (SBP) and diastolic blood pressure (DBP), body mass index (BMI), serum 

lipid levels (low density lipoprotein (LDL) high density lipoprotein (HDL), total cholesterol, 

and triglycerides), blood glucose, fasting insulin and incidence of T2DM. If the same cohort 

was assessed in different studies, the meta-analysis would include the study with the largest 

sample size. The oldest cohort was used for the analysis of children born to pregnancies 

complicated by GDM. We considered studies published in English. Authors of studies were 

contacted for data clarification (i.e. any missing data) and additional data, when required. If 

missing or unclear data could be not clarified, these studies were included in the review and 

reported in Table 1 but not the meta-analysis.  

The National Heart, Lung and Blood Institute 402 Quality Assessment Tool for Observational 

Cohort and Cross-Sectional Studies was used to assess the methodological quality of each 

study402. Studies were assessed for internal validity and study quality was decided between 

authors. Two authors (MP and AA) assessed all eligible studies based on this criteria. Study 

quality (i.e. high, medium and low quality) was ascertained based on the authors scoring and 

after discussion. The quality assessment is graphically illustrated in the supplementary data. 

8.4.3. Statistical analysis 

All conventional cardiovascular risk factors were assessed including blood pressure, serum 

lipids, blood glucose, insulin, and type II diabetes mellitus. The random-effects model was 

selected as per protocol, in order to account for variability in GDM diagnosis, and differences 

in breastfeeding practices. For continuous outcomes, mean and standard deviation (SD) were 

reported in the meta-analyses. Standard Error of Mean 403 was converted to SD on RevMan 

software if Mean and SD were not reported. The Standardized Mean Difference (SMD) was 

used when individual studies reported outcome in different units, and Mean Difference 404 was 
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used when units were consistent. For dichotomous outcomes, the (n=) of events and (n=) of 

participants were used in the meta-analysis to analyse the Risk Ratio (RR) and the associated 

95% confidence intervals (CI). The number of participants/events would be calculated based 

on the total sample size for breastfeeding and not breastfeeding groups, if the numbers were 

only reported as a percentage. All analyses were cross-checked and discrepancies were 

resolved by discussion (ZL, MP). The effects of breastfeeding compared to not breastfeeding 

for all outcomes were considered significant if there was a difference of p<0.05. All test values 

were two-tailed.  

When the I² statistic exceeded 50%, and the Chi² P value was less than 0.1, substantial 

heterogeneity was considered. Data that was unable to be reported in the meta-analyses, but 

still reported an association between breastfeeding and CVD risk in women with GDM history 

and exposed children were included in Table 1 under significant findings. The meta-analysis 

was performed using Review Manager Version 5.3, based on inverse variance. Sensitivity 

analyses were conducted to ascertain heterogeneity for each outcome after excluding studies 

classified as of low to moderate quality in the NHLBI Quality assessment, as determined after 

author discussion. Five authors were contacted for additional data, of whom one responded 

(20% author response rate). Assessment of publication bias by funnel plot analysis was not 

required for any of the meta-analysis, as there was an inadequate amount of studies in the meta-

analysis to perform a sufficient assessment.  
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8.5. Results  

8.5.1. Search results 

Table 8.4.4.1 highlights the details of each study. Overall, majority of studies defined GDM based 

on the previous criteria, only three studies in the review defined GDM based on definitions 

influenced by IADPSG guidelines. Most studies were conducted in Caucasian populations, with 

two studies conducted in Asian populations. The age range of participants across studies was wide, 

with participants as young as <25 years to >40 years of age. Follow-up assessment varied between 

less than one month postpartum to 24 years postpartum.  

Quality assessment of studies based on the NHLBI tool revealed that nine studies were of high 

quality, ten studies were of moderate quality, and none of the studies were of poor quality 

(Supplementary Table 8.8.1).  
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Table 8.5.1-1 Published studies of the effects of breastfeeding on cardiovascular disease risk factors among women with previous GDM and children exposed to GDM in 

utero 

Study  Study Design Definition of 
GDM 

Assessment and definition of 
breastfeeding 

(n=) breastfed/not 
breastfed or did not 
breastfeed 

Follow-up 
assessment 
time or age at 
follow up 

Outcomes 
of interest 

Significant findings 

Studies assessing offspring of mothers with previous GDM  

Hui 2018 
Hong 
Kong405 

Prospective 
cohort 

Self-reported 
(WHO 1999 
definition at 
time) 

Self-administered questionnaire 
assessing formula feeding, mix 
feeding or breastfeeding only 

464/4,143 

 
0-3 months BMI Z-

Score, 
Glucose 

Those exposed to GDM in utero 
who were breastfed had 
significantly lower BMI than those 
who were not breastfed at 3 months 
only.  Infant glucose levels were 
lower in those who were breastfed 
than those who were not 
(3.17mmol/L (0.65) vs. 2.86 (0.57) 
p=0.03). Breastfed infants had 
higher mean blood glucose 
compared to those who were 
formula fed for their first feed 
(3.20(0.63) vs. 2.68mmol/L (0.58), 
p=0.002 

Martens  
2016** 
Canada406 

Retrospective 
database 
linkage 

Hospital 
diagnosis at 
21 weeks 
gestation 

Medical records on breastfeeding 42,332/208,060 24 years Type II 
Diabetes  

Unadjusted pooled analysis 
showed that breastfeeding initiation 
was associated with a 17% reduced 
risk of youth onset type 2 diabetes 
in all offspring, including those 
exposed to GDM in utero  (HR 
0.83, CI 0.69–0.99, P5.038).  

Studies assessing mothers with previous GDM 

Chamberlain 
2015 
Australia407 

Retrospective 
database 
linkage 

ADIPS 
definition  

Discharge medical records on 
breastfeeding fully, partially or never  

Fully: 217 (75%) 
Partial: 51 (18%) 
Never: 17 (6%) 

3, 5, 8 years 
postpartum 

Type II 
Diabetes  

Combined analysis (i.e. indigenous 
and non-indigenous women) 
showed that there was an 
increased rate of progression to 
type 2 diabetes among women who 
partially breastfed compared to 
those who fully breastfed at 
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discharge from hospital (HR 2.34 
95% CI 1.23–4.47 p=0.009) 

Corrado 
2019 
Italy408 

Retrospective 
cohort 

Italian Institute 
of Health  

 

Interviewed at OGTT about 
frequency of breastfeeding 
 

81/16 3 months BMI,  
Lipids,  
Glucose 
Insulin 
 

HOMA-IR is significantly associated 
with breastfeeding (OR 0.370 95% 
CI 0.170-0.805 p <0.01) 
 

Chouinard-
Castonguay 
2013409 

Retrospective 
follow-up 

Medical 
records 

Self-reported through 
questionnaires. Total duration of 
lactation was sum of months of 
lactation, either exclusive or mixed.  

116/28 4 years BMI 
Glucose  
Insulin  

Women who lactated had higher 
HOMA-IS than those who did not 
lactate (Mean (SD)) 0.064(0.044) 
vs. 0.045(0.021), p=0.01) 
Lactation duration is an 
independent predictor of insulin 
sensitivity indices (i.e. HOMA and 
Matsuda index (beta coefficient -
0.02 p=0.03 for both). However, it 
was not a predictor of fasting and 2-
h post OGTT glucose 
concentrations, 2-h post OGTT 
insulin concentrations, AUC for 
insulin and secretion of insulin.  

Dijigow 
2015410 

Retrospective 
cohort 

IADPSG Medical records – yes/no to 
breastfeeding 

114/18 40 days 
postpartum 

Glucose Breastfeeding was a protective 
factor against development of 
glucose intolerance in the 
postpartum OGTT (OR: 0.27) 

Gunderson 
2011** 
USA411 

Prospective 
Observational 
Cohort 

Carpenter 
and Coustan  

Self-reported at 6-9 weeks 
postpartum and based on previous 
telephone interaction and monthly 
questionnaires. Exclusive lactation: 
no formula food or liquid, mostly 
lactation, (0-6 oz of formula per 24h) 
Mostly formula: >17oz per 24 hours 
Mixed: (7-17 oz of formula per 24h) 
Exclusive formula: formula only, no 
breastfeeding or breastfeeding <3 
weeks since birth 

Exclusively BF: 211  
Mostly: 99 Mixed: 77 
Exclusively FF: 135   
 

6-9 weeks  BMI, 
Glucose 

Plasma glucose and insulin in 
unadjusted and fully adjusted 
means (95% CI) were significantly 
lower among exclusive 
breastfeeding compared to formula 
feeding. 
Glucose (Mean Difference -6.1 (-
9.0 to -3.1) p<0.001).  
Insulin (Mean Difference -6.3 (-10.1 
to -2.4) p<0.001) 
Fully adjusted for race, baseline 
parity, age, BMI, education, weeks’ 
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postpartum and hours of fasting 
before test.  

Gunderson 
2015** 
USA412 

Prospective 
Observational 
Cohort 

Carpenter 
and Coustan 

Same as 2011 Exclusively BF: 205 
Mostly: 387 Mixed: 214 
Exclusively FF: 153 

Same as 2011 Same as 
2011 

Multivariable regression showed 
that higher lactation intensity and 
longer duration of lactation is 
associated with lower adjusted 
rates of incident diabetes. 
Exclusive lactation (HR 0.47 (95% 
CI 0.23-0.82) 
Exclusive formula (HR 0.72 (0.41-
1.28)  
 
Lactating 0-2 months (HR 0.48 95% 
CI (0.25-0.90), >2-5 months (HR 
0.65 95% CI (0.33-1.24), >5-10 
months (HR 0.65 95% CI (0.33-
1.24), > 10 months (HR  0.47 95% 
CI ( 0.24-0.91) 
Adjusted for age, maternal and 
perinatal risk factors, newborn 
outcomes and postpartum lifestyle 
behaviours 

Kim 2011 
South 
Korea413 

Prospective 
Observational  

Carpenter 
and Coustan 

Self-reported GDM-NGT: 52% BF 
32.3% Mixed 
15.6 Not BF GDM- 
prediabetes: 
47% BF 
44% mixed 8.3 % not 
BF 
GDM-T2DM: 50% BF 
50% mixed 0% not 

6-12 weeks  Type II 
diabetes 

Lactation and duration of lactation 
have no significant effect on 
postpartum glucose status (beta 
coefficient -0.016 p=0.25)  
 

Kjos 1993  
U.S.A414 

Prospective 
Observational  

NDDG 1979 Self-reported 4-12 weeks after 
delivery "Are you nursing your 
infant?" (yes or no) 

 

404/405 44-45 days 
postpartum 

 

BMI,  
Lipids,  
Glucose 
Type II 
Diabetes 
mellitus 

When stratified for diet and insulin 
treated GDM, women who lactated 
with either diet or insulin therapy 
had significantly lower fasting 
serum glucose and higher HDL 
cholesterol.  
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Martens  
2016** 
Canada406 

Retrospective 
database 
linkage 

Hospital 
diagnosis at 
21 weeks 
gestation 

Medical records on breastfeeding 7,510/3,040 5, 10, 15, 20, 
24 years 

Type II 
Diabetes  

Initiating breastfeeding was 
inversely related to postpartum 
T2DM among mothers with and 
without GDM 

McManus 
2011 
Canada415 

Prospective 
Observational 

ADA Not specified Lactation for 3 
months: 14 
Did not lactate past 
discharge: 12 

3 months Blood 
pressure 
BMI  
Lipids 
Glucose  
Insulin 

Women with previous GDM who 

were lactating had higher β-cell 

function for the degree of insulin 
resistance based on disposition 
index (129.9 (SD 26.0) vs. 53.4 (SD 
18.0 x 10^4 min^1 (p=0.03) 
 

Nelson 2007  
Niger416 

Retrospective 
cohort 

Not specified Self-reported 36% of n=193 women 
in cohort were 
breastfeeding at 1 year 

1 year 
postpartum  

Blood 
glucose 

Women who had normal glucose 
tolerance postpartum were more 
likely to be breastfeeding (p=0.005) 
but breastfeeding did not protect 
women from deteriorating glucose 
tolerance  

Saucedo 
2014 
Mexico417 

Prospective 
Observational 

ADA Not specified Lactation < 6 weeks 
Lactation >6 weeks- 
6 months 

6 months 
postpartum: 

Lipids,  
Glucose,  
Insulin  

Women who lactated longer than 6 
weeks had greater weight loss 
postpartum and lower leptin levels, 
even after adjustment for weight. 
 

Shub 2019  
Australia418 

Secondary 
analysis of 
cohort study 

ADIPS Women were asked whether they 
exclusively BF, exclusively 
formula fed or a mixture of both 
methods. 

GDM group:  
Exclusively BF: 106 
Non-BF: 53 
Controls: 
BF: 65 
Non BF: 19 

6-10 weeks 
postpartum 

Lipids,  
Glucose 

After adjusting for BMI, age and 
ethnicity, women with GDM that 
were breastfeeding had significantly 
lower fasting glucose 0.22 (95% CI 
0.39 to 0.05, p=0.12).  
No difference was seen in fasting 
lipids (i.e. HDL, LDL, triglycerides) 
between women with previous GDM 
who breastfeed and those who did 
not. 

Yashui  2017 
Japan419 

Retrospective  Japan Society 
of Obstetrics 
and 
Gynaecology 

 

Posted questionnaire or telephone 
interview asking about breastfeeding 
practices at 6-8 weeks, 6 months 
and 12 months postpartum. High 
intensity breastfeeding defined as 

High intensity: 70, non 
high intensity: 18 

 

6-8 weeks, 6-8 
months, 12-14 
months 

 

BMI,  
Glucose,  
Insulin 

 

High intensity breastfeeding was 
significantly associated with 
abnormal glucose tolerance (crude 
OR 0.24, 95% CI 0.06 to 0.75; 
p=0.013). HOMA-IR is significantly 
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infants being fed by breastfeeding 
alone or roughly 80% of volume at 
6-8 weeks and 6 months 
postpartum, and if mothers 
continued to breastfeed at 12 
months regardless of the volume. 
Non-high intensity was classified as 
not following this criterion. 

lower in high intensity breastfeeding 
group than non-high-intensity 
breastfeeding group (unadjusted 
Mean (SD): 1.41 ± 1.02 vs. 2.28 ± 
1.05, p = 0.035). The difference 
was the same after adjusted for 
maternal age, pre-pregnancy BMI, 
familial diabetes history, 2-h plasma 
glucose at diagnosis of gestational 
diabetes, pregnancy weight gain 
and postpartum weight loss. 
 

Ziegler 2012 
Germany420 

Prospective 
Observational 

 

German 
Diabetes 
Association 

 

Self-reported questionnaire asking 
on lactation (yes/no) duration and 
full lactation at 9 months postpartum 

 

201 women breastfed 
their child, 109 
continued 
breastfeeding >3 
months postpartum. 
Full breastfeeding was 
practiced by 62% of 
mothers 

15 years 
postpartum  

Type II 
diabetes 

Lactation was associated with a 
marked delay in diabetes 
development in women who did 
lactate compared to those who did 
not breastfeed. Duration of lactation 
is inversely associated with 
postpartum diabetes risk (p=0.002) 
and longer diabetes free duration. 
However, lactation did not 
significantly affect the trend of post-
pregnancy BMI.  
 

Abbreviations: BMI – Body Mass Index; WHO – World Health Organisation IADPSG – International Association of Diabetes in Pregnancy Study Group; ADIPS – Australian 
Diabetes in pregnancy study; ADA – American Diabetes Association; NDDG – National Diabetes Data Group 
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Figure 8.5.1.1 Flow chart of study selection 

 

233 titles were identified from PubMed, EMBASE 

and CINAHL 

27 studies found through bibliographic search 

221 excluded on abstract review  

 

 
39 papers retrieved for full text review 

22 studies were excluded  

5 =Abstract; 2= no control group 7= 

wrong comparison 4= no outcomes of 

interest; 4= other 

 

 

 

17 were found eligible 

 

7 included in the meta-analysis 

 

10 only reported systematically 

due to incompatible statistics 
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8.5.2. Breastfeeding in women with a history of GDM  

 

8.5.2.1. Blood pressure 

 Blood pressure data was reported in one study 415, 421. The study   showed that 

systolic and diastolic blood pressure was lower in women with a history of GDM  

that breastfed compared to those who did not (Table 8.4.41). 

8.5.2.2. Body Mass Index 

Body Mass Index (BMI) data was reported in five studies 408, 409, 411, 414, 415, 419, 421. 

BMI was not different in women with previous GDM who did not breastfeed 

compared to those who breastfed based on quantitative summary measures (Figure 

8.4.2.2.1).  

 

Figure 8.5.2.2.1 Mean difference in BMI (kg/m2) in women with previous GDM who did not 

breastfeed compared to those who breastfed. 

8.5.2.3. Lipids 

8.5.2.3.1. Total cholesterol 

 Total cholesterol data was reported in five studies 408, 414, 415, 421. Total cholesterol 

levels were not different between women with previous GDM who did not 

breastfeed in comparison to those who did breastfed (Figure 8.4.2.3.1).  

 

Figure 8.5.2.3.1.1 Standard mean difference in total cholesterol in women with previous GDM who 

did not breastfeed compared to those who breastfed. 
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8.5.2.3.2. Triglycerides  

 

Serum triglyceride data were available from five studies 408, 414, 415, 417, 418, 421, Four 

studies were reported in the meta-analysis 408, 414, 415, 417, 421.Serum triglycerides were 

not different between women who have a history of GDM who did not breastfeed 

compared to those who did breastfeed(SMD 0.23 95% CI  -0.01 to 0.47, p=.06 I2 = 

26%)  (Figure 8.5.2.3.2.1). The authors of the one study not reported in the meta-

analysis found that serum triglycerides were not significantly different between 

women who had a history of GDM who breastfed compared to women with 

previous GDM who did not breastfeed 418. 

 

 

Figure 8.5.2.3.2.1 Standard mean difference in serum triglycerides in women with previous GDM 

who did not breastfeed compared to those who breastfed. 
 

8.5.2.3.3. HDL and LDL cholesterol  

 

Two studies reported on LDL and HDL cholesterol 414, 418, 421. Both studies showed 

that serum LDL-C levels were not different between women who had a history of 

GDM who did not breastfeed compared to those who breastfed. However the study 

by Kjos et al.. 1993 demonstrated that HDL-C was lower in those with a history of 

GDM that were non-lactating compared to those were lactating (Table 8.5.1). 
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8.5.2.4. Serum Insulin  

 

Fasting insulin data were available from five studies 408, 409, 415, 417, 419. There was no 

significant difference in fasting insulin between women with previous GDM who 

did not breastfeed compared to those who breastfed, based on quantitative summary 

measures (Figure 8.5.2.4.1).  

 

Figure 8.5.2.4.1 Standard mean difference in insulin in women with previous GDM who did not 

breastfeed compared to those who breastfed. 

8.5.2.5. Glucose 

 Serum glucose data were available from eleven studies 408-412, 414-419, 421, of which 

eight were included in the meta-analysis 408-410, 412, 414, 415, 417, 419, 421. Based on 

quantitative summary measures, there was a 0.34 SMD higher serum glucose level 

among women with previous GDM who did not breastfeed compared to those who 

breastfed (SMD 0.32 95% CI 0.12 to 0.57, p=.003 I2 = 66%) (Figure 8.5.2.5.1). The 

authors of two studies that were not included in the meta-analysis reported that 

women with previous GDM who breastfed had significantly lower blood glucose 

compared to those who did not breastfeed in both unadjusted and adjusted models 

411, 418. However, Nelson et al. (2008) reported that breastfeeding was not protective 

against deteriorating glucose tolerance in women with previous GDM 416. 
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Figure 8.5.2.5.1 Standard mean difference in insulin in women with previous GDM who did not 

breastfeed compared to those who breastfed. 

 

8.5.2.6. Incidence of type II diabetes mellitus  

Type II diabetes mellitus incidence was reported in seven studies 406, 407, 412-415, 420, 

of which four were reported in the meta-analysis 407, 412, 414, 415. Based on quantitative 

summary measures, women with previous GDM who did not breastfeed were at a 

significantly higher risk of developing T2DM compared to women who breastfed 

(RR 2.21 95% CI 1.50 to 3.27, p<.0001 I2 = 0%) (Figure 8.4.2.5.1). From the results 

of the three studies that were not reported in the meta-analysis, authors of two 

studies reported that breastfeeding was associated with a reduction in T2DM 406, 407, 

420. However, Kim et al. reported that lactation and duration of lactation had no 

significant effect on postpartum glucose status, including progression to T2DM 413.  

 

Figure 8.5.2.6.1 Difference in risk of developing type II diabetes mellitus in women with previous 

GDM who did not breastfeed compared to those who breastfed. 
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8.5.2.7. Sensitivity analyses 

 The results of sensitivity analyses including moderate quality studies showed a 

significant decrease in heterogeneity for outcomes BMI, triglycerides and total 

cholesterol. However, there was an increase in heterogeneity for outcomes blood 

glucose and insulin. (Supplementary Table 8.8.1).  

 

8.5.3. Effect of breastfeeding on cardiovascular risk factors among children 

exposed to GDM in utero:  

Two studies were eligible for inclusion 405, 406. The details for both studies are included 

in Table 1.  

8.5.3.1. BMI: One study reported on BMI z-score. Hui et al.. in a prospective birth cohort 

reported that breastfeeding does not attenuate the association between GDM 

exposure in utero and BMI in the offspring at 3 months of age (Table 8.4.1.1)405. 

8.5.3.2. Type II diabetes mellitus:   Martens et al. reported that breastfeeding initiation 

before hospital discharge was associated with a reduced risk of T2DM at a 24 year 

follow up  in those who were exposed to GDM in utero, (overall HR: 0.83, 95% CI 

0.69–0.99, P=.038)406. 
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8.6. Discussion 

 

This systematic review comprehensively assessed the effects of breastfeeding on all 

conventional risk factors for CVD in women with previous GDM, and among children born to 

pregnancies complicated by GDM. The results of the meta-analysis demonstrated that women 

with previous GDM who breastfed their infants at any stage had a decrease in some 

cardiovascular risk factors compared to those who did not breastfeed. There were not enough 

studies to conduct meta-analyses on the effects of breastfeeding on cardiovascular risk factors 

in children exposed to GDM in utero. Longitudinal studies with sufficient power are required 

to ascertain the effects of breastfeeding on cardiovascular risk factors in children exposed to  

GDM in utero. 

Pregnancy complications, including GDM, may confer risk for development of CVD in women 

with a predisposition to poor life-long cardiovascular health, due to either genetics or poor 

lifestyle (or both) 396. GDM occurs when β-cells fail to undergo sufficient expansion resulting 

in inadequate compensation for placental induction of a hyperinsulinemic state, which 

promotes elevation of blood glucose 7. This may lead to long-lasting β-cell damage following 

pregnancy. The growing fetus is also affected as GDM causes an excess of nutrient transport 

from the maternal to fetal circulation via the placenta. The fetus adapts epigenetically in 

response to this adverse intrauterine environment and is said to be programmed, which affects 

growth and long term metabolic health 422. Therefore, mothers and their children are at higher 

risk of metabolic and cardiovascular diseases later in life. Preventive strategies and treatments 

to reduce development of obesity are required to significantly reduce development of CVD in 

women with a history of GDM and their offspring. 

Evidence strongly suggests that changes in body adipose tissue content and reducing 

hyperglycaemia can promote disease mitigation 413. While lifestyle changes can promote a 
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significant risk reduction, compliance drops after one year postpartum 219. Physiological 

preparation for breastfeeding occurs during pregnancy and initiation of breastfeeding after birth 

aids maternal recovery and is mutually beneficial for both mother and baby 423. Authors of 

various studies have reported that mothers who breastfeed for a period of 6-12 months are 

leaner with a lower BMI than those who do not424. Those who are breastfed are also less likely 

to be overweight or obese than those who are formula fed 60, 425. Therefore, good quality 

evidence on the effects of breastfeeding on women with a history of GDM and their children 

is necessary to support updates to guidelines regarding breastfeeding in women with previous 

GDM and the benefits for long-term cardiovascular health. 

Overall, women with previous GDM have a higher cumulative incidence of hypertension and 

ischemic heart disease compared with controls 426. Breastfeeding may mitigate the risk of 

hypertension in all mothers, as it has been reported that women who breastfed are less likely to 

be hypertensive in comparison to those who did not 59. It is  thought that the increase in oxytocin 

and prolactin in breastfeeding mothers influences blood pressure regulation and furthermore 

promote positive changes to vascular remodelling 427. This concept supports the hypothesis that 

breastfeeding may cause a physiological reset to the adverse effects that occur due to pregnancy 

397. While our values are within a healthy range, it is important to note that a 1-2mmHg decrease 

in blood pressure is linked with a clinically relevant lower mortality from stroke and coronary 

heart disease 284. Further research are required to understand the effects of breastfeeding on 

systolic and diastolic blood pressure in women with a history of GDM 

Women who breastfeed have a higher metabolic expenditure and increased rate of lipolysis 

than those who do not breastfeed 428. Previous studies have reported that breastfeeding duration 

is associated with a reduction of dyslipidaemia in young women, including a reduction in the 

level of serum triglycerides. Furthermore, triglycerides make up the majority of fats in human 
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milk 58. Therefore, more research may be needed to investigate an association between 

breastfeeding and reduction in serum triglycerides in mothers. 

There is strong evidence to suggesting that breastfeeding reduces the risk of T2DM 59, 429. It 

has been reported that women who have never breastfed have a 50% higher risk for developing 

T2DM than women who breastfed for as little as 1-3 months postpartum 430. Our results support 

an association between breastfeeding and a reduced risk of T2DM in women with previous 

GDM. Considering the significantly higher risk of developing T2DM among women with 

previous GDM, many of who also exhibit a pre-diabetic phenotype 431, breastfeeding should 

be highly encouraged in this population to reduce the risk of T2DM later in life. 

The literature suggests that breastfeeding can reduce the risk of non-communicable disease in 

children. Human milk is composed of long-chain polyunsaturated fatty acids, which can 

promote blood pressure reduction, and changes in skeletal muscle allowing for protection 

against insulin resistance and development of T2DM 429. Whereas, formula fed or mixed fed 

infants are reported to present with higher levels of insulin resistance and atherosclerotic 

markers, and exhibit poor β -cell function 432, 433. Breastfeeding may also promote a healthier 

diet, as those who are breastfed are more likely to have a higher intake of fruits and vegetables 

than those who are not 434. This may be also influenced by the fact that women who choose to 

breastfeed may be more likely to have a high quality diet and promote this lifestyle in their 

children. As obesity and metabolic risk factors manifest as young as 3 years old  in offspring 

exposed to GDM in utero 207, breastfeeding may be protective  against early life obesity. Only 

two studies in the review assessed cardiovascular risk factors in those exposed to GDM in utero 

who were and were not breastfeed. Based on current literature longitudinal studies that assess 

long-term cardiovascular benefits of breastfeeding among children exposed to GDM in utero 

are warranted 
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Based on the qualitative assessment, many of the studies were of high to moderate quality. Due 

to the observational and retrospective design of the studies included in the review, it was not 

possible for majority of authors of studies to assess the frequency and volume of human milk 

fed to infants exposed to GDM in utero. A qualitative study design renders it difficult to assess 

outcomes continuously; rather a randomised control trial design would be more effective to 

account for variables in a controlled manner. However, studies by Gunderson and Yashui 

utilized a design in which women were contacted via telephone over the study period and 

interviewed about their current breastfeeding routine, therefore enabling less change of recall 

bias.  

Some outcomes in the meta-analysis exhibited higher heterogeneity. However, sensitivity 

analysis resulted in reduced heterogeneity on outcomes of BMI, total cholesterol and 

triglycerides but a moderate increase in heterogeneity for the other outcomes. Funnel plot 

analysis was not required, as the number of studies for each outcome did not exceed ten. 

Heterogeneity in aggregate data is hard to ascertain. It can be due to study specific differences, 

such as diversity in population, age of assessment, definition of disease etc. We attribute some 

heterogeneity in these analyses to the different definitions of breastfeeding, particularly as 

lactation was defined in some studies as >=6 months of exclusive breastfeeding, and in some 

others it was defined as breastfeeding at hospital discharge. Majority of the studies used 

definitions of GDM that were prior to the new IADPSG definition, which has a lower cut-off 

for GDM diagnosis, and thereby is thought to increase the number of women being diagnosed 

with GDM. Therefore this may affect the assessment of cardiovascular outcomes and 

representation of women with GDM as studies with the old definition were used primarily in 

the meta-analysis. Presentation of CVD risk factors in these women may be affected by the 

time of postpartum assessment. We were unable to complete subgroup analyses stratified by 

time of risk factor assessment due to the low number of available studies. However, previous 
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reviews we have completed have demonstrated that cardiovascular risk factors are seen as early 

as<1 year postpartum in women with previous GDM36, 395.  

8.7. Conclusion 

 

Women with previous GDM should be encouraged to breastfeed to reduce their risk of CVD 

later in life. More research in this area is required in order to integrate it fully for clinical use 

and disease mitigation strategies. Lactation specialists should promote breastfeeding in 

women with previous GDM through integrating what is known about the benefits of 

breastfeeding on cardiovascular disease risk factors. More research is needed to determine the 

effects of breastfeeding on cardiovascular risk factors in children exposed to GDM in utero, 

but the limited literature reports protective effects 
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8.8 Supplementary data 

 
Supplementary Table 8.8 1 Quality assessment of studies included in the systematic review and 

meta-analyses 

Quality assessment  Q
1 

Q
2 

Q
3 

Q
4 

Q
5 

Q
6 

Q
7 

Q
8 

Q
9 

Q1
0 

Q1
1 

Q1
2 

Q1
3 

Q1
4 

TOT
AL 

Chamberlain 2015 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✖ ✔ NA NA ✔ 10 

Chouinard-
Castonguay 2013 

✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Corrado 2019 ✔ ✔ ✖ ✔ ✖ ✔ ✔ ✖ ✔ ✖ ✔ NA ✔ ✔ 9 

Dijigow 2015  ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Gunderson 2011 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ ✔ 12 

Gunderson 2015 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✔ ✔ ✔ ✔ NA ✔ ✔ 12 

Hui 2018 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Kim 2011 ✔ ✔ ✖ ✔ ✖ ✔ ✔ ✔ ✔ ✖ ✔ NA ✔ ✔ 10 

Kjos 1998 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✖ ✔ NA ✔ ✔ 10 

Martens 2016 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✖ ✔ NA NA ✔ 9 

McManus 2001 ✔ ✔ N
R 
✔ ✖ ✔ ✔ ✖ ✔ ✖ ✔ NA N

R 
✔ 8 

Nelson 2008 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✖ ✔ 10 

Saucedo 2014 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Shub 2019 ✔ ✔ ✖ ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Yasuhi 2017 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✔ ✔ ✔ NA ✔ ✔ 11 

Ziegler 2012 ✔ ✔ ✔ ✔ ✖ ✔ ✔ ✔ ✔ ✔ ✔ NA ✖ ✔ 11 
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Supplementary Table 8.8 2 Sensitivity analysis for the meta-analyses that assessed  cardiovascular risk factors in 

women with previous GDM who did not breastfeed compared to those who breastfed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis Studies  N= MD 95% CI Chi2 P= I2 (%) 

BMI  

Normal 7 1,580 1.11 -0.13, 2.35 0.0009 65 

Sensitivity 4 593 2.14 0.73, 3.55 0.0003 29 

TC  

Normal 5 1,056 -0.00 -0.30, 0.29 0.09 51 

Sensitivity 2 69 -0.34 -0.81, 0.14 0.91 0 

TG  

Normal 5 1,056 0.33 0.06, 0.61 0.12 45 

Sensitivity 2 69 0.33 -0.14, 0.81 0.37 0 

Insulin  

Normal 5 387 0.19 -0.19, 0.56 0.05 59 

Sensitivity 4 290 0.21 -0.25, 0.68 0.03 65 

Glucose  

Normal 9 1,767 0.32 0.12, 0.53 0.006 63 

Sensitivity 6 780 0.27 -0.08, 0.63 0.002 74 
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The findings of the systematic review and meta-analyses series have 

demonstrated an association between GDM and development of cardiovascular 

risk factors in both mothers and their offspring exposed to GDM in utero.  

Women who are exposed to GDM are at an increased risk of developing high 

blood pressure, high BMI, impaired lipid profile, elevated blood glucose and 

elevated serum insulin. The risk of developing elevated blood pressure, 

impaired triglycerides, elevated blood glucose and overall risk of developing 

metabolic syndrome (MetS) is seen as early as <1 year postpartum. This finding 

is in line with research that suggests that 50% of women develop type II diabetes 

mellitus and are at risk of experiencing cardiovascular events within one year 

postpartum34, 35. The elevation in systolic blood pressure seen as early as <1 

year postpartum reflects the vascular modifications that occur during gestation 

to women who experience GDM. Osman et al. have demonstrated that pregnant 

women at risk of GDM demonstrate increased augmentation index, which is an 

indicator of early arterial stiffness435. Therefore, investigation of supra-systolic 

vascular markers during early and late gestation may be important to ascertain 

what vascular changes during pregnancy promote ongoing vascular dysfunction 

in women during the postpartum period. Furthermore, while it is clear that 

peripheral blood pressure is elevated in women with a history of GDM 

throughout various timepoints, it is less understood whether these supra-systolic 

vascular markers are also seen during the postpartum as well. Mean arterial 

pressure is the average pressure through one cardiac cycle. Women with GDM 

during pregnancy have higher mean arterial pressure compared to women 

without GDM in pregnancy436, however there is less evidence on whether it 

remains after pregnancy. In individuals with type II diabetes mellitus, there is 
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an increased in arterial stiffness due to vascular damage from pro-inflammatory 

markers insulin growth factor-1 (IGF-1) and a reduction in adiponectin437. 

Furthermore, a study by Yu and colleagues in 2016 found that mean arterial 

pressure was a predictive marker of CVD hospitalisation in patients with 

T2DM. There is inflammation of these markers in women with GDM, and 

therefore it may be likely that vascular damaging is occurring during gestation 

that leads to long-term arterial stiffness in the postpartum.438  

The systematic review and meta-analyses of offspring risk for cardiovascular 

disease in those exposed to GDM in utero revealed that GDM exposed offspring 

present with higher blood pressure, BMI z-score, and blood glucose compared 

to those who were not exposed. Offspring who are exposed to GDM in utero 

are also more likely to develop childhood metabolic syndrome compared to 

children who were not exposed to GDM in utero.  

An elevation in blood pressure throughout childhood may indicate vascular 

changes in utero. It has been shown that those born large for gestational age to 

diabetic mothers demonstrate a higher aortic intima medial thickness (aIMT) to 

birthweight ratio than those born both large for gestational age to uncomplicated 

pregnancies, and those born a normal birth weight439. It has been shown that 

children aged 5-16 who are obese have higher aIMT than non-obese controls. 

Covariates such as serum glucose, BMI and systolic blood pressure influenced 

this association440. As offspring exposed to GDM in utero are already at a higher 

risk of developing MetS at a younger age, and have been shown to have higher 

systolic blood pressure, it will be necessary to understand whether there are any 

markers of vascular dysfunction, particularly at a young age. This may indicate 

that exposure to GDM in utero could cause intrauterine changes providing a 
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structural vascular foundation for early onset atherosclerosis and heart disease 

later in life.  

It has been established that offspring born to mothers with GDM are more likely 

to exhibit neonatal outcomes such as hyperglycaemia and hyperinsulinemia at 

birth. These offspring are more susceptible to juvenile type II diabetes and 

obesity441. Furthermore, an elevation in BMI z-score is indicative of changes in 

adiposity, however BMI as a measure in children and adolescence may not be 

as predicative of changes in total body fat286. Abdominal obesity, measured by 

waist circumference, can indicate many markers of poor metabolic health, such 

as poor physical inactivity, insulin resistance, elevation in cytokines etc442. 

Therefore, assessing abdominal obesity in tie with adjusted BMI may provide a 

clearer indication of risk of metabolic disorders and insulin resistance in 

offspring exposed to GDM in utero, later in life.  

The findings of the systematic review and meta-analysis on the effect of 

breastfeeding on cardiovascular risk factors in women with a history of GDM 

and offspring exposed to GDM in utero revealed that breastfeeding in women 

with a history of GDM reduced the risk of developing both elevated serum 

glucose and T2DM. However, there was not enough evidence throughout the 

literature to support an association for other cardiovascular risk factors, and 

there were no observational studies seen that showed an association between 

better metabolic health in children who were exposed to GDM in utero who 

were breastfed.  

Therefore, the findings of these systematic reviews and meta-analysis will form 

a basis into investigating the effect of gestational diabetes mellitus on vascular 
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and metabolic health at 3 years postpartum in the STOP cohort of women and 

their children.  

  



 

 

   304 

SECTION 3:  The  STOP study and 3 year follow-up 
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This section begins with observational analysis of anxiety and depression in women in the STOP cohort during 

pregnancy. The following chapters have been written on the STOP 3 year follow-up study in women and 

children. All of the papers have been submitted for consideration of publication. Therefore, there may be 

repetition in the methodology sections across chapters.  
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9.2.  Abstract 

 

Objective: Evaluate the association between poor mental health and risk of developing 

gestational diabetes mellitus (GDM) in a cohort of women from a socioeconomically 

disadvantaged community.  

Methods: This is a cohort study of nulliparous women with singleton pregnancies recruited to 

the Screening Tests to Predict Poor Outcomes of Pregnancy study in Adelaide, Australia. 

Women were assessed for mental health in the first trimester, including likelihood of 

depression, high functioning anxiety, perceived stress and risk of developing a mental health 

disorder. GDM was diagnosed based on the International Association of Diabetes in Pregnancy 

Study Group (IADPSG) criteria. Socioeconomic status of women was measured using the New 

Zealand Socioeconomic Index (SEI).  

Results: There were 1,363 participants in the STOP study, with complete mental health data 

for 1,281 participants. There were 196 women diagnosed with GDM and 1,085 women who 

experienced a non-GDM pregnancy, encompassing women with an uncomplicated pregnancy 

and participants experiencing other major pregnancy complications. Over a quarter of women 

in the cohort had a history of depression, and nearly 50% were at high risk of developing a 

mental health disorder during pregnancy. There was no statistically significant difference in 

SEI, depression, risk of mental health issues, high functioning anxiety and perceived stress 

between women who developed GDM and those who did not. There was no difference in 

history of depression nor risk of developing a high mental health disorder in first trimester after 

adjusting for SEI, BMI in first trimester, smoking status in first trimester and maternal age 

between women with a GDM pregnancy and those who did not.   

Conclusion: There was no difference in markers of poor mental health in early pregnancy 

between women who subsequently did or did not develop GDM.  Cohort participants were 
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socioeconomically disadvantaged, potentially contributing to the lack of apparent differences 

in depression observed between groups.  
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9.3. Introduction  

 

Gestational diabetes mellitus (GDM) is defined as hyperglycaemia in pregnancy, which is first 

diagnosed during pregnancy and affects 1 in 7 pregnancies in Australia307, 443. GDM poses a 

myriad of risks to both mother and child both during the perinatal period (macrosomia, birth 

injury, caesarean section, neonatal hypoglycaemia) and later in life when it is associated with 

poor metabolic and cardiovascular health36, 207, 300, 307. Women with previous GDM are at a 7.5 

fold increased risk of developing type 2 diabetes mellitus compared to those with no history of 

GDM34. Conventional risk factors for GDM include, but are not limited to, family history, age 

and ethnicity215. While these risk factors are not modifiable, other conventional risk factors 

such as obesity and hypertension are primary targets for GDM prevention strategies. 

Common mental disorders (CMD) including anxiety and depression are significant maternal 

health problems. It has previously been shown that 7-20% of women in high-income countries 

experience antenatal depression, and 20-25% of women have an anxiety disorder during 

pregnancy 444. Previous systematic reviews and meta-analyses have demonstrated a bi-

directional association between type 2 diabetes mellitus and major depressive disorder445, 446. 

This association is thought to be instigated by hyperactivity of the hypothalamic-pituitary-

adrenal axis (HPA), which causes an increase in circulating cortisol and insulin resistance 43, 

447. However, evidence in the literature is inconsistent regarding an association between CMD 

and development of GDM448-450. Furthermore, pertinent studies have not assessed this 

association against important covariates such as obesity and low socioeconomic status (SES), 

which contribute to both depression and diabetes 451. Socioeconomic status is important in the 

context of understanding the association between maternal depression and GDM. In Australia 

SES significantly impacts burden of mental health disorders, and those who are disadvantaged 

often experience difficulty finding effective help for their mental health problems which may 

lead to poor physical health outcomes overall452. Hence, understanding whether there is an 
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association between depression and pregnancy complications may aid in improving access to 

clinical services for disadvantaged pregnant women.   

Therefore, the aim of our study was to determine the association between markers of poor 

mental health and subsequent development of GDM in a cohort of pregnant women from a 

metropolitan socioeconomically disadvantaged community. 
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9.4. Methods 

 

9.4.1. Study population  

 
The Screening Tests to predict poor Outcomes of Pregnancy 1 study was a prospective 

cohort study, where 1,383 nulliparous women with singleton pregnancies were 

recruited from three major hospitals in Adelaide, Australia. Ethics approval was 

obtained from the Women’s and Children’s Hospital Human Research Ethics 

Committee (HREC/14/WCHN/90). Majority of the participants were recruited from 

the Lyell McEwin Hospital, which serves one of the lowest socioeconomic regions in 

urban Australia. Residents in this region experience some of the highest levels of 

chronic disease and mental illness across urban Australia453. Women were excluded if 

they were at high risk for preeclampsia or delivering a small for gestational age baby 

or delivering preterm due to gynaecological history or underlying medical conditions 

(including known pre-existing chronic hypertension, being on hypertensive 

medication or having blood pressure >160/100 mmHg at 15 weeks’ gestation) or if 

they had three or more miscarriages or terminations. Couples who received medical or 

surgical interventions that could modify pregnancy outcome were also excluded. 

These exclusions enabled assessment of novel risk factors for pregnancy 

complications in a cohort of healthy, young women without known predisposing risk 

factors.  

Consenting pregnant women were recruited into the STOP study between 2015 and 

2017. Research and clinical midwives collected information from women including 

demographics, smoking status, and family, medical and gynaecological history. At the 

first antenatal visit (between 9-16 weeks’ gestation) anthropometric data including 

height, weight and waist circumference were collected. Socioeconomic status was 

ascertained using the New Zealand Socioeconomic Index (SEI), calculated based on 
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the participant’s occupation, producing a score between 10 and 90, with a lower score 

reflecting greater disadvantage. Smoking status was classified as a binary variable both 

in the 3 months prior to pregnancy and in the first trimester (yes/no). 

As part of routine clinical care, women completed the following questionnaires to ascertain 

their mental health status at the first trimester visit: 

 Antenatal (psychosocial) Risk Questionnaire (ANRQ)454 

 Edinburgh Postnatal Depression Score (EPDS)455 

 Perceived Stress Questionnaire (PSS) 456 

 State and Trait Anxiety score-6 (STAI-6) 457 

GDM was diagnosed at 24-28 weeks of gestation according to the International 

Association of Diabetes in Pregnancy Study Group (IADPSG) criteria (i.e. one or more 

values equal to or exceeding: fasting plasma glucose of 5.1mmol/L, and/or a 2h plasma 

glucose level of 8.5mmol/l following a 75g Oral Glucose Tolerance Test (OGTT)400. We 

also included women who, due to pre-existing risk factors, were diagnosed with GDM at 

12 weeks’ gestation. This decision was made as descriptive analysis showed no difference 

in baseline parameters and mental health markers when excluding women diagnosed with 

GDM earlier than 24 weeks’ (data not shown). 

9.4.2. Statistical analysis 

 

Anxiety in pregnancy was defined using the STAI-6 score, where a score below 30 was 

defined as “low to no anxiety”, 31-49 “normal level of anxiety” and a score of 45-80 

was defined as a participant having an “elevated state of anxiety”. Likelihood of 

depression was assessed using the EPDS, where “low risk” of depression was scored 

0-9, “moderate risk” of depression in the following year score 10-12, and “likely 

depressed” score 13-30. Risk of perinatal mental health morbidity was assessed using 

the ANRQ, with a score >22. Women were considered at high risk when answering yes 
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to any of the following questions: 2A (“have you ever had 2 weeks or more where you 

felt particularly worried, miserable or depressed?), 2B (do you have any other history 

of mental health problems?) 8 (were you emotionally abused growing up?), 9 (have you 

ever been sexually or physically abused?). Stress was assessed using the PSS, whereby 

a score between 0-13 was considered “low” stress, 14-26 “moderate” stress and 27-40 

“high” perceived stress. History of depression was defined as variable coded ‘yes’ to 

the question “do you have a history of depression?”. Medication history was reported 

and data was analysed according to which participants were taking antidepressants. 

Data were analysed using IBM SPSS Version 26. Univariate analyses were undertaken 

to assess women with GDM compared to women with non-GDM pregnancies for 

baseline variables, using Chi-squared test for categorical variables and t-test for 

continuous variables.  Logistic regression analyses assessed the effect of having a 

history of depression (dichotomous grouping i.e. yes or no) on the risk of GDM, and 

having a high risk of having a mental health disorder (i.e. scoring high risk on the 

ANRQ) controlling for maternal age, BMI in first trimester, smoking status in first 

trimester and SEI, with data presented as odds ratio (95% CI). Variables were selected 

for logistic regression based on stepwise regression analysis and whether the variable 

was clinically associated with both depression and GDM. Data are presented as Mean 

(SD) or N (%). 
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9.5. Results 

 

9.5.1. Participant demographics 

 

The STOP study recruited 1,383 pregnant women from 2015 to 2018. Some 

women were excluded from this analysis due to miscarriage, loss to follow-up, 

or twin pregnancy. Of those recruited, there are data available and analysed for 

1,300 with known pregnancy and birth outcomes. (Figure 9.5.1.1). Of these, 

198 women were diagnosed with GDM and 1,102 experienced a non-GDM 

pregnancy. The participants in the latter group were women with an 

uncomplicated pregnancy and those who experienced pregnancy complications 

(but not including GDM) such as gestational hypertension, preeclampsia, 

spontaneous preterm birth and delivery of a small for gestational age (SGA) 

baby.  

Descriptive statistics are highlighted in Table 9.5.1.1. Caucasian ethnicity was 

lower in women diagnosed with GDM than those with a non-GDM pregnancy. 

Furthermore, BMI in first trimester was significantly higher in women later 

diagnosed with GDM compared to women with a non-GDM pregnancy. There 

was no significant difference in maternal age, SEI nor smoking status between 

women diagnosed with GDM and those with a non-GDM pregnancy. The mean 

age, BMI and SEI score were similar for the cohort overall (Table 9.5.1.1). 

There was no significant difference in history of depression nor use of 

antidepressants between women diagnosed with GDM compared to those with 

a non-GDM pregnancy. History of depression was reported in 27.3% of the 

whole cohort, and antidepressant use was recorded for 13.5% (Table 9.5.1.1).  
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Figure 9.5.1.1 Flow chart of STOP study participants  

 

 

 

  

1, 373 women recruited 

1364 women eligible 

8 women had twin pregnancies  

1 woman on hypertensive 

medication  

1,300 data assessed in analysis 

38 women had a miscarriage 

7 women terminated 

pregnancy  

3 women lost to follow-up  

12 women withdrew from the 

study  

3 unable to access medical 

records  
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Table 9.5.1-1 Characteristics of participants in early pregnancy 

 

**NZSEI a scale of 10-90 based on occupation. A lower score indicates increasing disadvantage. 

***Pregnancy complications are not mutually exclusive and one woman can experience more than one 

pregnancy complication. Missing data for 10 participants.  

  

 Total  
(n=1300) 

GDM  
(n=198) 

Non-GDM 
(n=1102) 

P-value 

Caucasian ethnicity (N (%)) 1077 
(82.8%) 

142 (71.9%) 935 (84.8%) 0.000 

Maternal age (Median years 
range) 

30 (15-45) 26.1 (5.1) 26.1 (5.1) 0.627 

Maternal Education (N (%))* 
Did not complete year 10 
Year 10 
Year 12 
Certificate 
Bachelor 
Higher degree 

 
27 (2.1%) 
247 (19%) 
295 (22.7%) 
462 (35.5%) 
193 (14.8%) 
72 (5.5%) 

 
4 (2.0%) 
27 (13.6%) 
42 (21.1%) 
76 (38.2%) 
20 (20.1%) 
10 (5%) 

 
23 (2.1%) 
220 (20%) 
253 (23.0%) 
386 (35.0%) 
153 (13.9%) 
62 (5.6%) 

0.127 

*NZSEI (Median and IQR) 29 (24) 34.1 (13.5) 32.4 (13.6) 0.262 

BMI in first trimester (Median 
and range) 

26.3 (15.8-
61.4) 

31.7 (8.7) 27.3 (6.6) 0.000 

***Other pregnancy 
complications (n=) (%) 
Preeclampsia 
Gestational Hypertension 
Small for gestational age 

 
 
121 (9.4%) 
88 (6.8%) 
153 (11.9%) 

 
 
18 (9.1%) 
21 (10.7%) 
20 (10.1%) 

 
 
103 (9.4%) 
67 (6.1%) 
133 (12.2%) 

 
 
0905 
0.020 
0.420 

Maternal tobacco smoking (N 
(%)) 
First trimester 

 
 
265 (20.4%) 

 
 
38 (19.1%) 

 
 
227 (20.6%) 

 
 
0.923 

History of depression (N (%)) 
Yes 

 
357 (27.5%) 

 
62 (31.3%) 

 
295 (26.8%) 

 
0.187 

History of antidepressant use 
for CMD (N (%)) 
Yes 

175 (13.5%) 37 (18.7%) 138 (12.5%) 0.065 
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9.5.2. Mental health in women in pregnancy 

 

Associations of mental health markers in early pregnancy between women later 

diagnosed with GDM and those with a non-GDM pregnancy are shown in Table 

9.5.2.1. More women had a high risk of mental health disorder assessed by 

ANRQ and later developed GDM than those who did not (47.2% vs. 42.3%) but 

this was not statistically significant. Of the total cohort, 42.2% were at high risk 

of developing a mental health disorder. There was no statistically significant 

difference between groups for a higher likelihood of depression and perception 

of stress as assessed by PSS. There was a greater proportion of women in the 

GDM group who experienced an elevated state of anxiety in early pregnancy 

(14.4%) compared to those with a non-GDM pregnancy (10%) but this was not 

statistically significant.  
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Table 9.5.2-1 Association of mental health, likelihood of depression, stress perception and anxiety 

status in women with gestational diabetes in pregnancy compared to women with a non-GDM 

pregnancy 

*High risk of mental health disorder was based on an ANRQ score > 22 or answering yes to questions 2A, 2B, 8 or 9 

(specified in methods). Low risk of depression was scored 0-9, moderate risk of depression was scored 10-12, likely to be 

depressed scored 13-30. Low perceived stress was scored as 0-13, moderate perceived stress was scored 14-26 and high 

perceived stress was scored 27-40. A score below 30 denotes “low to no anxiety”, 31-49 “normal level of anxiety” and 48-80 

an “elevated state of anxiety” 

^ANRQ assessed as high or low risk only.  

** EPDS missing data for 13 participants  

*** PSS missing for 15 participants, STAI missing for 15 participants 

 

We performed a logistic regression analysis to determine the association 

between having a history of depression or having a high risk of developing a 

mental health disorder in first trimester and the risk of subsequent development 

of GDM, adjusting for SEI, BMI in first trimester, smoking status in first 

trimester, and maternal age. There was no significant association between 

having a history of depression and GDM after adjusting for covariates [aOR 

0.15 (-0.2 to 0.5)]. Having a high risk for a mental health disorder in first 

trimester was not associated with GDM after adjustment for covariates [aOR -

0.4 (-1.5 to 0.6))] (Table 9.5.2.2). 

 Whole 
cohort 
N (%) 

Gestational Diabetes 
N (%) 

Non-GDM 
N (%) 

P-value 

 High Low Moderate High Low Moderate High  

Risk of 
mental 
health 
disorder 
(ANRQ)*^ 

548 
(42.2%) 

103 
(52.3%) 

- 94 
(47.5%) 

638 
(57.9%) 

- 455 (41.3%) 0.243 

Likelihood 
of 
depression 
(EPDS)* ** 

101 
(7.8%) 

170 
(85.9%) 

13 (6.6%) 14 (7%) 910 
(82.6%) 

93 (8.4%) 87 (7.9%) 0.646 

Stress 
perception  
(PSS)* ***  

38 (3.1%) 91 
(48.9%) 

89 
(47.7%) 

6 (3.2%) 573 
(54.1%) 

454 
(42.9%) 

32 (3%) 0.424 

  None-low 
anxiety 

Normal 
level of 
anxiety 

Elevated 
state of 
anxiety 

None-low 
anxiety 

Normal 
level of 
anxiety 

Elevated state 
of anxiety 

 

Anxiety 
Status 
(STAI)* *** 

139 (10.8) 129 
(66.2%) 

38 
(19.5%) 

28 (14.4) 783 
(71.8%) 

197 
(18.1%) 

111 (10.2%) 0.165 
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Table 9.5.2-2 Association between history of depression and high risk of mental health disorder with 

risk of GDM 

 Unadjusted Adjusted# 

History of depression -1.0 (-1.1 to -0.9) 0.15 (-0.2 to 0.5) 

High risk of mental health 
disorder 

-0.14 (-0.42 to 0.71) -0.4 (-1.5 to 0.6) 

#Adjusted for SEI, BMI in first trimester, smoking status in first trimester, and maternal age  
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9.6. Discussion 

 

In this cohort study in a socioeconomically disadvantaged population, we did not find a 

statistically significant association between parameters of women’s mental health during 

pregnancy and development of GDM. Furthermore, the prevalence of a history of depression, 

and that of being at high risk for mental health disorders, were not significantly different 

between women in the GDM and non-GDM groups after adjustment for covariates.  

Approximately 50% of women with GDM in pregnancy scored at high risk of developing a 

mental health disorder in their first trimester. This was also similar in the non-GDM group. 

The ANRQ assesses an individual’s psychosocial risk. A score of 23 or more is considered to 

be a clinically significant predictor of postpartum depression 458. We sought to determine if 

there was an association between a high ANRQ score and risk of developing GDM. However, 

after adjusting for covariates such as age, BMI, smoking status and SEI there was no difference 

between groups.  

Women from the STOP cohort were recruited from a community that is among the most 

severely disadvantaged in urban Australia452. Mean SEI, as assessed on the basis of occupation, 

confirmed the high level of deprivation among many women in the cohort. Reports of 

psychological distress in the northern Adelaide region (i.e. a score of >= 10 or more on the K10 

depression scale) are 20% higher than the national average, and mental health and behavioural 

problems are 5% higher than the national average72. Women in this community predominantly 

have low levels of formal education, social support and income which all contribute to a higher 

risk of mental health disorders. Individuals with low social support and low SES have been 

shown to have a higher EPDS score, and higher rates of antepartum and postpartum depression 

than those who received adequate social support in a community of higher SES459. The majority 

of the literature that has found an association between antenatal depression and risk of GDM 
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assessed women from communities with an average or high SES. This is likely due to the 

difficulty in engaging those from low SES populations in clinical research. However, a very 

pertinent study that assessed women from an area of severe disadvantage found that depression 

was not associated with GDM. Therefore, it is likely that any association between depression 

and subsequent GDM in a low SES community is masked due to the high risk of mental health 

disorders across all pregnant women in that community. Furthermore, associations between 

depression and GDM may be more confounded in our cohort because rates of obesity and other 

factors such as smoking, alcohol consumption, reduced exercise and diabetes are higher than 

the state and national averages72. 

The northern Adelaide region experiences higher rates of domestic violence and other offences 

than other regions of Adelaide460. The ANRQ assesses health history and social determinants 

of health such as physical, sexual and/or emotional abuse, and emotional and or practical 

support from a partner. It is quite likely that an association between mental health risk status 

and GDM could be masked in our cohort due to the high rate of poor social support seen in 

both GDM and non-GDM groups. Furthermore, psychosocial risk affects both physical health 

and diet, which would place these women at risk of obesity and development of diabetes 461.  

Reports in the literature are inconsistent regarding the association between depression and 

subsequent GDM. Depression alters metabolism, specifically by elevating oxidative stress and 

cortisol which drive insulin resistance and elevations in blood glucose462. Similar to depression, 

anxiety and stress can promote increased HPA activity, thereby promoting higher cortisol and 

arginine vasopressin secretion which subsequently impact insulin levels in the body and 

promote insulin resistance 463. Some studies suggest an association, while others do not. Hinkle 

et al. assessed depression scores based on the EPDS in first trimester and found that depression 

in early pregnancy was associated with a two-fold increased risk of developing GDM after 

adjusting for relevant covariates 464. Wilson et al. found no evidence of an association between 
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common mental disorders in the pre-natal period and GDM, for which depression and anxiety 

were diagnosed based on ICD diagnostic scoring 450. However, Byrn et al. (2015) showed a 

significant association between depression/mood disorder and subsequent GDM in 

multivariate analyses 465. A very recent meta-analysis also showed that GDM is associated with 

depressive symptoms. However, the analysis was highly heterogeneous due to variation of how 

depression and anxiety were diagnosed466.  In our study, depression was self-reported and not 

clinically assessed. Therefore, the severity of depression between participants may vary. Other 

studies assessed depression in different ways including retrospective data linkage and EPDS 

465, 467, 468. It may be important to consider severity of depression for future studies, as this may 

influence the severity of maternal metabolic dysfunction and insulin resistance and thereby 

influence glucose tolerance in pregnancy. 

There is still discrepancy in the literature regarding the association between anxiety and GDM. 

Our study showed that high functioning anxiety was more common, but not statistically 

significant, in women with GDM compared to non-GDM. Mishra et al., found a significant 

association between high-perceived stress and GDM463 while Silveria et al. showed no 

association between perceived stress during early or mid-pregnancy and subsequent GDM 469. 

However, these studies did not find a direct correlation between perceived stress and diagnostic 

OGTT glucose levels. Therefore, it may be important to examine glycaemic levels and 

perceived stress, particularly as the HAPO study has shown that glucose levels below 

conventional diagnostic criteria at the time for GDM were associated with poor antenatal 

maternal and neonatal outcomes225. 

The strengths of our study include the large cohort with 15% of women with GDM, which is 

comparable to the national average of approximately 15% of pregnant women470. Our study 

also captures one of the lowest socioeconomic urban regions of Australia, where chronic 

diseases such as type 2 diabetes and cardiovascular disease are highly prevalent. We assessed 
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many risk factors, such as stress perception, anxiety and risk of common mental disorders. Our 

limitations include not having a clinical diagnosis of depression. In our cohort, nearly half of 

the participants were considered at high risk of developing a mental health disorder at their 

antenatal booking visit. Furthermore, the prevalence of antenatal depression is significantly 

higher in disadvantaged communities. In this cohort, we report low social support, lower 

education status and psychological factors such as stigma attached to mental health disorders 

that impact maternal mental health.  

Furthermore, as this population is very disadvantaged (median SEI score of 29) it may be 

difficult to detect differences between GDM and non-GDM participants regarding mental 

health outcomes. Our population was primarily Caucasian. Therefore, our results may not be 

generalizable to women of other ethnicities. 

9.7. Conclusion 

 

We did not find a significant difference between women with GDM in pregnancy and women 

with a non-GDM pregnancy for history of depression and markers of depression, anxiety and 

stress in early pregnancy. This may be due in part to the low SES in our cohort. Future research 

should aim to assess risk of GDM in women with clinically diagnosed depression and assess 

different levels of obesity and socioeconomic disadvantage to explore these associations further 
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10.2. Abstract  

 

Introduction: Gestational diabetes mellitus (GDM) is thought to be associated with future 

development of cardio-metabolic risk factors in women and their children, with evidence of 

these risk factors seen in the early postpartum period and early childhood. We hypothesized 

that women with a history of GDM, and their children exposed to GDM in utero, would exhibit 

an increase in persistent abnormal cardiovascular and metabolic risk factors three years after 

the pregnancy, compared to women with normoglycemic pregnancies and those with 

uncomplicated pregnancies within the same cohort. 

Methods: Women from the Screening Tests to Predict Poor Outcomes of Pregnancy study 

were invited to attend a follow-up with the child from their index pregnancy at 3 years 

postpartum. Women and children were assessed for anthropometric measures and 

haemodynamic function non-invasively with the USCOM BP+ device. Fasting blood samples 

were obtained from women to assess lipid and glucose status.  

Results: Of the 1,363 STOP study participants recruited in pregnancy from 2015 to 2017 with 

complete pregnancy data, 281 woman-child dyads participated in the 3 year follow-up, of 

whom 40 women had developed GDM during their index pregnancy. At 3 years postpartum, 

fasting serum insulin was significantly higher in women with a history of GDM compared to 

those with an uncomplicated pregnancy. However, this association was mediated by BMI in 

early index pregnancy and socioeconomic index 471. The rate of metabolic syndrome at 3 years 

postpartum was significantly higher in the GDM group than in those who had an uncomplicated 

pregnancy (65% vs 2% p=0.000). A history of GDM was associated with elevated maternal 

fasting serum triglycerides at 3 years after adjustment for BMI in index pregnancy and SEI 

[aMD 0.30 (0.07 to 0.6)]. At age 3 years, children exposed to GDM in utero had higher waist 
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circumference compared to children born after an uncomplicated pregnancy. However, this 

was also mediated by maternal early pregnancy BMI and SEI. 

Conclusion: Exposure to GDM is associated with elevated serum triglycerides in women at 3 

years postpartum but other perturbed cardiometabolic outcomes in women and their offspring 

at this time appear to be mediated largely by early pregnancy BMI and SEI. 
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10.3. Introduction 

 

Cardiovascular disease (CVD) is the number one cause of global mortality, with 17.9 million 

deaths in 2016, representing 31% of all global deaths in that year472. The Australian Institute 

of Health and Welfare reported that 78% of CVD burden for females in 2015 was considered 

‘fatal’ death  due to premature death470. Therefore, it is important to understand causes and risk 

factors for CVD that put women at an increased risk.  

Gestational diabetes mellitus (GDM) is defined as de novo diagnosis of diabetes during 

pregnancy473. It is commonly diagnosed at 24-28 weeks’ gestation but prior risk factors 

including family history and obesity can qualify a woman to be tested earlier3. Having GDM 

increases risk of developing type 2 diabetes mellitus (T2DM) by 50% within five years post 

pregnancy, placing young women at increased risk of premature coronary heart disease34. 

Understanding the absolute cardiovascular risk (where T2DM is one of these risk factors) for 

this group of women allows for early intervention and merits further research. A recent meta-

analysis showed that women with a history of GDM have an increased risk of developing 

cardiovascular risk factors in the future. Elevated blood pressure, serum triglycerides, blood 

glucose, which together are part of the diagnostic criteria for metabolic syndrome, have been 

detected within the first 12 months postpartum36. Furthermore, metabolic syndrome (MetS), 

which is a risk factor for CVD is seen in women and children exposed to GDM300.  Elevated 

peripheral blood pressure very early after pregnancy, may indicate that permanent 

physiological and vascular changes have already occurred, thereby increasing the risk of 

hypertension and premature atherosclerosis. 

Offspring who are exposed to GDM in utero exhibit higher systolic blood pressure than their 

counterparts who were not exposed299. Staley et al. demonstrated blood pressure differences 

between offspring of women who developed hypertensive disorders of pregnancy compared to 
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those from normotensive mothers consistently throughout childhood and adolescence474. 

Therefore, offspring exposed to GDM in utero may exhibit anthropometric and/or 

cardiovascular changes at an earlier age. 

Our primary aim was to assess cardiovascular risk factors in women with and without a history 

of GDM recruited from a socioeconomically disadvantaged community. Our secondary aim 

was to assess these risk factors in their children at age 3. As an exploratory aim, we assessed 

the effect of maternal early pregnancy obesity on these cardiovascular risk factors in both 

women with a history of GDM and their children at 3 years postpartum.  
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10.4. Methods 
 

10.4.1. Study population  

 

The study participants included women and their children from the Screening 

Tests to Predict Poor Outcomes of Pregnancy 1 study recruited in pregnancy in 

2015 to 20171. The STOP study was a prospective cohort study that aimed to 

assess and predict the risk for pregnancy complications. A total of 1,363 

nulliparous women, their partners and babies were originally recruited. Majority 

of the participants were recruited from the Northern Adelaide Local Health 

Network which serves a community resident in one of the most 

socioeconomically disadvantaged regions in metropolitan Australia452. This 

community harbours some of the highest rates of chronic disease including 

diabetes, heart disease and mental illness. Women of the STOP follow-up study 

were contacted using phone numbers provided during the STOP study, or from 

hospital records. If women could not physically attend an appointment, an 

external participation package was posted to their address and returned via pre-

paid postage. Ethics approval was granted by the Central Adelaide Local Health 

Network, and site-specific ethics approval was received by the Northern 

Adelaide Local Health Network (STOP study: (HREC/14/WCHN/90) 

(ACTRN12614000985684), STOP follow-up study: HREC 18/CAHLN/318).  

STOP study included data of only nulliparous women collected at 9-16 and 32-

36 (mean 34) weeks’ gestation and following delivery of the baby. The maternal 

data included demography, medical history, fertility history, information on 

previous pregnancies, diet, exercise, work, smoking, intake of alcohol and 

recreational drugs, measures of stress, anxiety and depression. Socioeconomic 

index (SEI) was assessed using the New Zealand Socioeconomic Index 
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(NZSEI)475. Physical measurements including height, weight, waist and hip 

circumference, BMI and haemodynamic measurements were performed. GDM 

was diagnosed at 24-28 weeks’ gestation according to the International 

Association of Diabetes in Pregnancy Study Group (IADPSG) criteria [i.e. one 

or more values equal to or exceeding: fasting plasma glucose of 5.1mmol/L, 

and/or a 2h plasma glucose level of 8.5mmol/l following a 75g Oral Glucose 

Tolerance Test (OGTT)]400. Women who were at high risk of GDM also 

completed a 75g OGTT in their first trimester. Data collected at birth included 

newborn weight, length, arm circumference, birthweight centile, and data on 

complications during the neonatal period and type of feeding at discharge from 

hospital.  

Women were recruited into the STOP follow-up study within 3 months (either 

side) of when their first child turned 3 years old. Women who lived regionally 

or interstate were able to consent remotely to participating in the follow-up 

study, with the option to complete anthropometric, haemodynamic and serum 

biochemistry through their general practitioner. Appointments were completed 

at the Clinical Trials Unit at the Lyell McEwin Hospital. Height of women and 

children was measured with a stadiometer to the nearest 0.1cm. Children’s 

weight was measured with a standard balance beam scale to the nearest 100g. 

Body composition in women was assessed using the TANITA SC-330 

bioimpedance scale (Tokyo, Japan) which measured fat mass to the nearest 

0.1kg, fat percentage, fat mass, fat free mass and BMI. Body composition in 

children was assessed by standardized BMI score based on the Centre for 

Disease Control (CDC) growth charts for children and teenagers aged 2 to 19 

years of age476. Waist circumference was measured in both women and children 
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to the nearest 0.5cm477. Peripheral systolic, diastolic and mean arterial blood 

pressure was assessed using the USCOM BP+ (USCOM, Sydney, Australia) 

using appropriately sized cuffs for arm circumference, while participants were 

rested for at least 20 minutes and seated. The USCOM BP+ was used to perform 

several non-invasive measures of cardiovascular function, including pulse rate, 

peripheral systolic and diastolic blood pressures, central systolic and diastolic 

blood pressures, which reflect blood pressure in the aorta and functionality of 

the heart, and augmentation index (AIx) which is an indicator of arterial 

stiffness and tone.  The USCOM BP+ has been validated for use in adults, 

pregnant women, and children478-480. Recruited participants were excluded if the 

signal to noise ratio, a quality control measure of cuff reading quality was <6479. 

Women provided fasting blood samples to assess blood glucose, insulin, non-

HDL lipids, HDL-cholesterol, and C-reactive protein. Insulin resistance was 

calculated using the Homeostatic Model Assessment for Insulin Resistance 

(HOMA-IR) using fasting blood glucose and fasting insulin values481.  

Metabolic syndrome status at 3 years postpartum was defined based on the 

International Diabetes Federation (IDF) definition30, which requires presence of 

central adiposity (defined by waist circumference which are ethnicity specific 

(for women of all ethnicities, this is ≥80cm) and/or an obese BMI ≥30kg/m2) 

and at least two of the following: 

 Raised systolic blood pressure ≥130mmHg or diastolic blood pressure ≥80mmHg or 

treatment of previously diagnosed hypertension 

 Raised serum triglycerides ≥1.7mmol/L or being on medication for increased 

triglycerides 
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 Raised fasting plasma glucose ≥5.6mmol/L or previously diagnosed type 2 diabetes 

mellitus 

 Reduced HDL cholesterol ≤ 1.29mmol/L  

10.4.2.  Statistical analysis 

 

Data was analysed using IBM SPSS Version 26. Women who were diagnosed with GDM 

in their index pregnancy were compared to those who were not (normoglycemic). 

Similarly, children who were born to mothers with GDM were compared for CVD risk 

factors with children who were born to mothers without GDM. Univariate analysis was 

used to compare anthropometric and baseline variables between GDM and normoglycemic 

pregnancies, with data presented as mean (SD) or n (%). Child variables were adjusted for 

child age, with the exception of BMI SDS as this has been adjusted for child age and sex 

already. As obesity is a significant predictor of both GDM and CVD27, 482, secondary 

subgroup analysis was undertaken and both GDM and normoglycemic groups were 

stratified by obesity in early pregnancy (i.e. BMI ≥30kg/m2) or non-obese (i.e. BMI 

≤29.9kg/m2). As the normoglycemic group includes women with other pregnancy 

complications that influence cardiovascular and metabolic health, to rule out any effect of 

these complications on the outcomes, exploratory analyses of cardiometabolic outcomes in 

pregnancy and 3 years postpartum were also performed in women with uncomplicated 

index pregnancies and their offspring.  

For hemodynamic measures, blood pressure was measured in pregnant women who 

attended the study as per protocol. A proportion of women (n=22, 7.8%) were pregnant at 

the time of follow-up and these women were excluded from the descriptive analysis of 

hemodynamic outcomes at 3 years postpartum. Linear regression analysis was undertaken 

to assess the association between developing GDM in the index pregnancy, and exposure 
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to GDM in utero, and hemodynamic measurements compared to those with an 

uncomplicated pregnancy, with data presented as mean difference (95% CI). Adjustment 

was made for SEI and BMI in early pregnancy as both of these parameters influence both 

GDM and CVD development.  
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10.5. Results  

 

10.5.1. Participant demographics 

 

There were 1,363 women who participated in the STOP study. Figure 10.5.1.1. 

demonstrates the flow chart of participation in the follow-up study. There were 281 

woman-child dyads who consented and participated in the follow-up study from 

January 2019 until June 2021. In the index pregnancy, 241 participants had a 

normoglycemic pregnancy and 40 participants experienced GDM. The participants who 

did not experience GDM (i.e. had a normoglycemic pregnancy) were comprised of 

women who had an uncomplicated pregnancy, or evidence of a maternal placental 

syndrome manifest as hypertensive disorder of pregnancy (i.e. preeclampsia or 

gestational hypertension), delivered preterm (<37 weeks’ gestation) and/or delivered a 

small-for-gestational-age infant (below 10th customised percentile).  

There was no significant difference in BMI at 9-16 weeks’ gestation nor in percentage 

GDM during the index pregnancy between women who participated in the follow-up 

study compared to those who did not. Socioeconomic index during index pregnancy 

was also not significantly different between all participants in the follow-up study 

compared to those who did not participate. However, those who attended the follow-up 

study who had GDM in their index pregnancy had significantly higher SEI than those 

with GDM who did not attend (37.1 ± 16.8 vs. 33.4 ± 12.5 p=0.001, on a scale of 10-

90) (Supplementary Table 10.8.1).  

Demographics of the participants who attended the 3 year follow-up are presented in 

Table 10.5.1.1. Of these women, those who had developed GDM had significantly 

higher SEI than those who did not have GDM in the index pregnancy (37.1 ± 16.8 vs. 

33.3 ± 13.6 p=0.016). More women with a history of GDM had a bachelor’s degree 

than those without GDM (p=0.001). BMI in early pregnancy was significantly higher 
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in the GDM participants than normoglycemic participants (30.8 ± 8.2 vs. 27.4 ± 6.8 

p=0.013) (Table 10.5.1.1).  
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Figure 10.5.1.1 Flow chart of participant recruitment 

1, 363 women recruited into the STOP study  

1,007 women agreed to be contacted 

674 women were contactable 

281 woman-child dyads consented and 

participated in 3Y follow-up  

326 women were not 

contactable 

 63 women lost to 

follow-up or with 

pregnancy loss 

1,000 women with data available and consented 

to contact 
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Table 10.5.1-1 Participant Demographics at 3 year follow-up in women who  

participated in the STOP study and STOP  3 year Follow-Up Study  

Characteristic* GDM  (n=40) Non-GDM 
(n=241) 

p-value 

Index pregnancy 

Mean BMI (kg/m2) 30.8 (8.2) 27.4 (6.8) 0.013 

Gravidity 1.85 (0.8) 2.05 (1.0) 0.924 

SEI**  37.1 (16.8) 33.3 (13.6) 0.016 

Caucasian ethnicity (n=) 35 (87.5%) 217 (89.3%) 0.731 

Education Status (n=) 
Did not complete year 10 
Year 10 
Year 12 
Certificate 
Bachelor 
Higher degree 

 
2 (5%) 
2 (5%) 
9 (22.5%) 
15 (37.5%) 
10 (25%) 
2 (5%) 

 
3 (1.2%) 
17 (7%) 
31 (12.8%) 
92 (37.9%) 
41 (16.9%) 
7 (10%) 

0.001 

Pregnancy complications 
experienced 
Uncomplicated 
Gestational hypertension 
Preeclampsia 
Preterm Birth 
Small for gestational age 

 
 
0 
5 (12.5%) 
4 (10%) 
4 (10%) 
8 (20%) 

 
 
151 (62.1%) 
13 (5.3%) 
25 (10.3%) 
10 (4.1%) 
29 (11.9%) 

 
 
0.000 
0.086 
0.956 
0.112 
0.161 

Child gestational age (weeks) 38.6 (2.1) 39.5 (1.7) 0.621 

Child birthweight (g) 3202.8 (600) 3364.6 (501) 0.221 

3 years postpartum 

Maternal age (years) 33 (5.6) 31 (4.9) 0.164 

BMI (kg/m2)  29.7 (7.4) 29.1 (8.5) 0.891 

Waist circumference(cm) 95 (21.1) 90 (19.4) 0.463 

*data are presented as Mean (SD) or n= (%) 

**SEI is the New Zealand Socioeconomic Index on a scale of 10-90 with the lowest score indicating the 

person lives with the greatest disadvantage 

^pregnancy complications are not mutually exclusive and participants may have experienced more than 

one pregnancy complication in index pregnancy
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10.5.2. Cardiovascular risk factors during gestation and at 3 years postpartum:  
 

10.5.2.1. Baseline (9-16 weeks’ gestation) 

 

Women with GDM during their pregnancy, had higher mean systolic blood pressure, 

diastolic blood pressure, mean arterial pressure, central systolic blood pressure and 

central diastolic blood pressure at 9-16 weeks’ gestation compared to those who did not 

develop GDM in the index pregnancy (Table 10.5.2.3-1) (Supplementary Figure 

10.8.1). Exploratory analysis of GDM vs. uncomplicated pregnancy showed that at 9-

16 weeks’ gestation, mean systolic blood pressure diastolic blood pressure mean arterial 

pressure central systolic blood pressure and central diastolic blood pressure were higher 

in those with GDM in index pregnancy compared to those with uncomplicated 

pregnancies (Table 10.5.2.3-1). As per protocol, fasting glucose at 28 weeks’ gestation 

was significantly higher in women with GDM compared to those with a normoglycemic 

pregnancy and those with an uncomplicated pregnancy (Table 10.5.2.3-1). Metabolic 

syndrome was more common in women with an uncomplicated pregnancy in early 

pregnancy than those who developed GDM (Table 10.5.2.3-1). 

10.5.2.2. 34 weeks’ gestation 

 

At 34 weeks’ gestation, compared to women with uncomplicated pregnancies, women 

with GDM in their index pregnancy had significantly higher mean diastolic blood 

pressure, mean arterial pressure, central systolic blood pressure and central diastolic 

blood pressure  (Table 10.5.2.3-1).  

10.5.2.3. 3 years postpartum 

 

Central systolic blood pressure was higher in women with a history of GDM than in 

those with a normoglycemic pregnancy. There were only 126 participants who 

completed blood collection in the follow-up study. Circulating insulin was significantly 
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higher in those with a history of GDM in pregnancy than those with an uncomplicated 

pregnancy (Table 10.5.2.3-1). There were more women with a history of GDM with 

elevated triglycerides (i.e. >=1.7mmol/L) compared to those without a history of GDM 

but this difference was not statistically significant. The percentage with metabolic 

syndrome was significantly higher in women with a history of GDM compared to those 

with an uncomplicated index pregnancy. Only one participant who had hypertension at 

the time of the follow-up was taking antihypertensive medication.  A history of GDM 

was associated with a 0.3mmol/L increase in serum triglycerides at 3 years postpartum 

compared to history of uncomplicated pregnancy, after adjustment for covariates (Table 

10.5.2.3-2). 
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Table 10.5.2.3-1 Cardiovascular risk factors in women at baseline (9-16 weeks’), 34 weeks’ gestation 

and at 3 years postpartum. 

Baseline visit (9-16 weeks’ gestation) 

Variable GDM (n=40) Normoglycemic 
pregnancy 

(n=241) 

p-value Uncomplicated 
pregnancy 
(n=149) 

 

Peripheral systolic 
blood pressure 
(mmHg) 

120.9 (14.8) 114.6 (12.2) 0.056 112.3 (11.3) 0.013 

Peripheral diastolic 
blood pressure 
(mmHg) 

72.4 (10.9) 67.7 (8.2) 0.012 66.3 (7.7) 0.004 

Mean arterial 
pressure (mmHg) 

85.9 (12.1) 80.7 (9.0) 0.002 79 (8.2) 0.000 

Augmentation Index 
(%) 

36.5 (20.2) 32.0 (14.5) 0.125 47.6 (18.1) 0.160 

Central systolic blood 
pressure (mmHg) 

111.2 (13.7) 105.5 (11.2) 0.051 103.9 (11) 0.036 

Central diastolic blood 
pressure (mmHg) 

76.4 (9.7) 70.7 (7.6) 0.030 69.1 (7.8) 0.009 

 GDM (n= 38) Normoglycemic 
pregnancy (n= 

219) 

p-value Uncomplicated 
pregnancy 
(n=142) 

p-value 

Total cholesterol 
(mmol/L) 

4.5 (0.7) 4.6 (0.7) 0.864 4.6 (0.7) 0.811 

Triglycerides(mmol/L) 1.3 (0.5) 1.2 (0.4) 0.282 1.2 (0.5) 0.778 

HDL-C(mmol/L) 1.6 (0.3) 1.6 (0.3) 0.890 1.6 (0.3) 0.784 

CRP 4.8 (4.1) 5.2 (8.3) 0.383 4.3 (4.4) 0.895 

Metabolic Syndrome 
rate 

13 (35%) 48 (78.7%) 0.084 24 (64.9%) 0.024 

Third trimester (34 weeks’ gestation) 

 GDM (n=18) Normoglycemic 
pregnancy 

(n=130) 

p-value Uncomplicated 
pregnancy 
(n=77) 

p-value 

Peripheral systolic 
blood pressure 
(mmHg) 

125.9 (11.8) 117.8 (11.1) 0.519 114.3 (9.5) 0.117 

Peripheral diastolic 
blood pressure 
(mmHg) 

76.4 (9.7) 70.7 (7.6) 0.251 68.7 (6.1) 0.030 

Mean arterial 
pressure (mmHg) 

90.9 (10.1) 83.3 (8.3) 0.271 80.9 (6.7) 0.032 

Augmentation Index 
(%) 

49.6 (15.4) 48.0 (17.7) 0.065 30.5 (15.4) 0.091 



 

 

348 

Chapter 10 

Central systolic blood 
pressure (mmHg) 

113.8 (13) 106.0 (10.2) 0.168 102.9 (8.9) 0.028 

Central diastolic blood 
pressure (mmHg) 

79.6 (9.8) 73.9 (7.8) 0.260 71.9 (6.4) 0.045 

3 years postpartum 

 GDM (n=34) Normoglycemic 
pregnancy 
(n=202) 

p-value Uncomplicated 
pregnancy 
(n=138) 

p-value 

Peripheral systolic 
blood pressure 
(mmHg) 

121.2 (15.3) 120.6 (13.2) 0.270 119.4 (13.8) 0.487 

Peripheral diastolic 
blood pressure 
(mmHg) 

70.6 (12.3) 67.3 (11.2) 0.428 66.8 (12.3) 0.947 

Mean arterial 
pressure (mmHg) 

85 (14.4)  82.5 (11.7) 0.078 81.6 (12.3) 0.250 

Augmentation Index 
(%) 

52.5 (15.1) 55.3 (23.1) 0.076 53.5 (24.1) 0.078 

Central systolic blood 
pressure (mmHg) 

110.2 (16.6) 110.6 (12.4) 0.046 109.5 (13.2) 0.174 

Central diastolic blood 
pressure (mmHg) 

73.3 (12.7) 70.7 (10.6) 0.231 70 (11.5) 0.714 

      

 GDM (n= 16) Normoglycemic 
pregnancy (n= 66) 

p-value Uncomplicated 
(n=44) 

p-value 

Fasting 
glucose(mmol/L) 

4.8 (0.4) 4.6 (0.4) 0.995 4.4 (0.9) 0.686 

Insulin (mU/L) 13.2 (9.5) 9.4 (6.1) 0.660 8.6 (5.0) 0.022 

HOMA-IR 2.80 (2.2) 1.97 (1.3) 0.065 2.7 (6.4) 0.692 

Triglycerides(mmol/L) 1.2 (0.6) 1.1 (0.6) 0.851 0.89 (0.4) 0.055 

HDL-C(mmol/L) 1.4 (0.4) 1.4 (0.4) 0.638 2.6 (0.5) 0.722 

LDL-C(mmol/L) 2.7 (0.5) 2.7 (0.7) 0.141 2.6 (0.5) 0.085 

Total Cholesterol/HDL 
ratio 

3.6 (1.0) 4.0 (3.9) 0.400 3.2 (0.7) 0.115 

Non-HDL Cholesterol 3.3 (0.5) 3.1 (0.8) 0.067 3.1 (0.9) 0.686 

Total 
Cholesterol(mmol/L) 

4.7 (0.6) 5.2 (0.5) 0.367 4.5 (0.9) 0.174 

CRP (mmol/L) 4.02 (3.6) 6.52 (19.1) 0.311 6.7 (20.9) 0.323 

Assessment of metabolic syndrome components in women at 3 years postpartum 

 GDM (n=16) Normoglycemic 
pregnancy (n=66) 

p-value Uncomplicated 
(n=44) 

p-value 

Abdominal obesity** 25 (62.5%) 128 (54%) 0.270 75 (53.1%) 0.738 

Hypertension*** 13 (32.5%) 53 (22.3%) 0.147 32 (21.9%) 0.137 

Dysglycaemia^ 1 (2.5%) 2 (0.8%) 0.341 0 0.159 

Triglycerides >= 
1.7mmol/L 

3 (7.5%) 6 (2.5%) 0.096 4 (2.7%) 0.721 

Reduced HDL < 
1.29mmol/L  

6 (15%) 
 

28 (11.8%) 0.487 16 (10.9%) 0.759 
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NB: Postpartum numbers for blood results and metabolic syndrome cases are reduced due to non-

compliance or being pregnant during follow-up. 

*results are reported as mean (SD) unless stated otherwise  

**Abdominal obesity was waist circumference >=80cm and/or obese BMI >=30kg/m2) 

***Hypertension was defined as raised systolic blood pressure >=130mmHg or diastolic blood pressure 

or treatment of previously diagnosed hypertension) 

^Dysglycaemia was defined as raised fasting plasma glucose >=5.6mmol/L or previously  

diagnosed type 2 diabetes mellitus 

Normoglycemic pregnancy includes those with other pregnancy complications including preeclampsia, 

gestational hypertension, spontaneous preterm birth and small for gestational age  

 

Table 10.5.2.3-2 Linear regression to assess association between GDM in pregnancy compared to 

uncomplicated pregnancy and subsequent cardiometabolic risk factors in mothers and children at 3 

years post-pregnancy 

Outcomes  Adjusted Mean Difference (95% CI)* 

Child waist circumference at 3 years** 1.9 (0.41 to 3.3) 

Maternal Serum triglycerides at 3 years 
postpartum 

0.3 (0.07 to 0.6) 

Maternal Serum insulin at 3 years postpartum 1.9 (-1.5 to 5.2) 

*adjusted for maternal BMI at booking and SEI 

**also adjusted for child age 

Bold indicates statistical significance  

 

 

 

  

Metabolic syndrome 
rate  

26 (61%) 130 (50.1%) 0.192 3 (6%) 0.000 
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10.5.3. Cardiovascular risk factors in children aged 3 years  

Waist circumference was significantly greater in children exposed to GDM in utero 

compared to those who were born to mothers with a normoglycemic pregnancy and 

those born to mothers with an uncomplicated pregnancy. However, this was attenuated 

by maternal BMI and SEI at early pregnancy. Peripheral and central blood pressures 

and vascular stiffness were similar in all groups of children (Table 10.5.3.1). 

Table 10.5.3-1 Cardiometabolic differences between children born to mothers with gestational 

diabetes mellitus compared to those who were not at 3 years postpartum 

3 years follow-up 

 Children 
born to 
mothers 
with GDM  
(n=33) 

Children born to 
mothers with 
normoglycemic 
pregnancy 
(n=198) 

p-value* Children born to 
mothers with 
uncomplicated 
pregnancies 
(n=144) 

p-
value* 

BMI SDS^ 67 (28.7) 56.5 (30.7) 0.192 50.8 (32.6) 0.097 

Waist circumference 
(cm) 

53.6 (5) 51 (3.7) 0.001 51.2 (3.5) 0.02 

 (n=18) (n=107)  (n=94)  

Systolic blood 
pressure (mmHg)  

96.3 
(18.6) 

99.4 (14.0) 0.649 101.2 (13.1) 0.521 

Diastolic blood 
pressure (mmHg) 

56.1 
(10.9) 

57.7 (12) 0.905 57.0 (12.4) 0.826 

Mean arterial pressure 
(mmHg) 

69.0 
(14.1) 

71.3 (14.9) 0.842 72 (15.2) 0.889 

Augmentation Index 
(AIx) (%) 

89.6 
(56.9) 

82.5 (30.7) 0.979 89.1 (45) 0.914 

Central systolic blood 
pressure (mmHg) 

89.6 
(15.3) 

92.5 (15.2) 0.521 95.1 (15.6) 0.329 

Central diastolic blood 
pressure (mmHg) 

61.3 
(10.4) 

60.8 (11.1) 0.430 61.2 (12.0) 0.318 

Reduced numbers for hemodynamic assessment due to non-compliance 

Results are mean (SD) unless reported otherwise 

*all outcomes except BMI SDS are corrected for child age 

^BMI SDS is adjusted for child age and sex  
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10.5.4. Effect of obesity in early pregnancy on CVD risk factors in women and 

children  

 

10.5.4.1. 9-16 weeks’ gestation  

 

Amongst those who had a normoglycemic pregnancy, obese women had higher 

systolic blood pressure and mean arterial pressure than those who were not obese 

(Supplementary Table 10.8.2). 

10.5.4.2. 34 weeks’ gestation  

 

Augmentation Index was significantly higher at 34 weeks’ gestation in the obese 

women in the GDM group than in non-obese women with GDM. For those with a 

normoglycemic pregnancy, women who were obese had significantly higher 

systolic blood pressure, diastolic blood pressure, and mean arterial pressure, than 

those who were non-obese (Supplementary Table 10.8.2). 

10.5.4.3. 3 years postpartum  

 

Augmentation index at 3 years postpartum in women with uncomplicated 

pregnancies was higher in those who were obese in early pregnancy compared to 

those who were not obese at the same timepoint. Those who were obese in the GDM 

group had significantly higher serum insulin, insulin resistance (HOMA-IR), LDL-

C, and CRP, than those who were not obese. For those with a normoglycemic 

pregnancy, women who were obese in early pregnancy had significantly higher 

serum insulin, insulin resistance, total cholesterol/HDL ratio, and CRP than those 

who were not obese in early pregnancy. For women with an uncomplicated index 

pregnancy, those who were obese had significantly higher serum insulin, insulin 

resistance, and CRP levels at 3 years postpartum than women who were not obese 

in early pregnancy (Supplementary Table 10.8.2). 
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10.5.4.4. Children aged 3 

 

Children born to obese mothers with a normoglycemic pregnancy had higher 

diastolic blood pressure than those who were born to non-obese mothers. Children 

born to obese mothers with a normoglycemic pregnancy had a significantly higher 

waist circumference than children born to non-obese mothers with a 

normoglycemic pregnancy. Children born to obese mothers with an uncomplicated 

pregnancy had significantly higher BMI-SDS and waist circumference than those 

children born to non-obese mothers with an uncomplicated pregnancy at 3 years of 

age (Supplementary Table 10.8.2). 

  



 

 

353 

Chapter 10 

10.6. Discussion 

 

Our observational follow up study revealed that women with a history of GDM had higher 

serum insulin and triglycerides at 3 years postpartum compared to those with no history of 

GDM. However, the association between GDM and insulin was attenuated by maternal BMI 

and SEI in early pregnancy. Children exposed to GDM in utero had significantly higher waist 

circumference than children born to women with uncomplicated pregnancies but this was 

attenuated for the same covariates. There were more women with a history of GDM who had 

metabolic syndrome at 3 years postpartum than those with uncomplicated pregnancy. Our 

subgroup analysis showed differences in hemodynamic and serum values between participants 

who were and were not obese in pregnancy at 3 years postpartum in women with a history of 

GDM, a history of normoglycemic pregnancy and a history of uncomplicated pregnancy.  

Obesity promotes development of insulin resistance and increases in free fatty acids and 

inflammatory markers 7, 483. In mid to late pregnancy, placental inflammatory hormones 

together with inflammation due to obesity, increase oxidative stress in pancreatic beta cells 

which impairs compensatory insulin secretion that counteracts elevated insulin resistance 

leading to GDM 7, 483. There is discrepancy between studies regarding whether serum insulin 

levels are higher in women with previous GDM 471, 484 or if it is similar to controls 485, 486 487. 

A previous study assessed obese and non-obese women at 1 year postpartum and found that 

the relationship between GDM and serum insulin postpartum was mediated by obesity484. Our 

subgroup analysis showed that obese women in GDM, normoglycemic and uncomplicated 

groups had elevated CRP, an inflammatory marker and insulin resistance. Therefore, being 

obese, together with history of GDM, may actually worsen metabolic health at an earlier time 

postpartum.  
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The elevation of serum triglycerides at 3 years postpartum in women with a history of GDM 

supports that found in other studies. It has previously been shown that women at 3.5 years 

postpartum following GDM, had increased adjusted odds ratios for hypertriglyceridemia 

compared to those without a history of GDM488. Furthermore, our 2020 systematic review 

found that serum triglycerides were elevated as early as <1 year postpartum in women who had 

been diagnosed with GDM36. Elevated serum triglycerides can be apparent 10 years before 

diagnosis of T2DM489 and therefore may identify women who will develop T2DM later as 

glucose intolerance is associated with altered uptake of fatty acids. Our data support the need 

for early follow-up of metabolic health including serum lipids and glucose tolerance in women 

with a history of GDM. 

We found that 3 year old children who were exposed to GDM in utero exhibit higher waist 

circumference than those whose mothers had an uncomplicated pregnancy; however, this was 

mediated by maternal BMI and SEI during early pregnancy. Previous literature has shown an 

association between maternal GDM and childhood obesity. A recent report showed that 

maternal glucose levels and BMI during pregnancy were independently associated with BMI, 

body fat and waist circumference in their exposed children at 11 years of age 490. However, 

combined exposure in utero increased the risk of obesity in the offspring further. If there is an 

effect of GDM on childhood adiposity at 3 years of age, it is likely that our study was 

underpowered to assess this and further studies are required to look at this association.   

This observational follow-up study has some strengths. The inclusion and exclusion criteria of 

the original STOP study were quite strict. Including only nulliparous women in the cohort 

allowed us to assess the effect of pregnancy complications without confounding by greater 

parity. Furthermore, women with serious medical conditions or at high risk for pregnancy 

complications due to underlying conditions were also excluded. Therefore, the effect of 

pregnancy complications on maternal health could be assessed in young women. This cohort 
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of women is generally overlooked in cardiovascular risk assessment. Risk for heart attack 

statistical models are usually targeted to an older age group and based primarily on risk factors 

common in men. We were able to assess haemodynamic and metabolic risk factors non-

invasively in women in both early and late pregnancy and at 3 years postpartum, allowing a 

complete assessment of cardio-metabolic health from conception to the early postpartum 

period. Furthermore, we were able to assess haemodynamics in their children at 3 years of age. 

These non-conventional vascular assessments have seldom been reported in the literature for 

women, and particularly in early childhood. Our data, despite coming from a small cohort, 

contribute to the growing evidence on vascular health, and how it can be perturbed by 

pregnancy complications, in young mothers and their children.  

Cohort studies often include participants with moderate to high SES. Our study assessed 

women and children from a hospital servicing a disadvantaged population. As for all 

populations studied, elevated BMI reduces cardio-metabolic health. Our study has highlighted 

the impact of socioeconomic disadvantage on cardiovascular risk factors in young women and 

their children. The high incidence of obesity in early pregnancy in participants in the STOP 

Study makes it possible that many of these women may have entered pregnancy with 

undiagnosed insulin resistance and glucose intolerance making a diagnosis of GDM more 

likely. We recommend future larger studies in women and young children in disadvantaged 

communities to confirm or refute our findings. If socioeconomically disadvantaged women 

with GDM are shown to be at higher risk of cardio-metabolic disorders in the early postpartum 

period, non-invasive haemodynamic and simple biochemical screening could be a means to 

identify those who would benefit from early intervention. 

Our study has some limitations. Approximately one quarter of participants from the original 

STOP study attended the 3-year follow-up. Majority of this loss is due to loss of contact. Indeed 

42% of the women who were contactable agreed to participate. The difficulties associated with 
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living with disadvantage, reduce the likelihood that such a population will participate in clinical 

research491. Therefore, there may be risk of selection bias in our study. Although we have 

shown statistically significant differences in some parameters these are relatively small. This 

may simply reflect the fact that 3 years postpartum may be very early in the progression to 

CVD. Nevertheless, these small metabolic changes may amplify over time. 

We were unable to assess any potential paternal effects on child development and metabolic 

health. It is well established that paternal obesity mediates epigenetic programming through 

transmission of epigenetic factors through sperm492. It has been shown that high fat diets in 

mice promoted hyperglycaemia in female pups, due to epigenetic changes in germ cells, 

specifically of methylation of insulin growth factor 2 (IGF-2)/H19 loci and imprinting. 

Therefore, future studies should assess both epigenetic and lifestyle factors from both parents 

to ascertain child metabolic health493.  

Furthermore, the observational nature of the study means that we cannot infer causality. 

Although we recruited 281 participants, there were only 82 women who completed a fasting 

blood test, and some data are missing for anthropometric and hemodynamic measures in the 

offspring due to non-compliance. Missing data for fasting serum parameters may mean that the 

rate of metabolic syndrome in the cohort could be underreported. Some women who attended 

the follow-up were pregnant (n=22, 7.8%) and therefore 3 years postpartum data were missing 

for these participants. We recommend further longitudinal assessments in a larger, better 

powered cohort to determine whether anthropometric, haemodynamic and metabolic changes 

exacerbate in the long term. 

10.7. Conclusion 

 

Cardiovascular risk factors in women with a history of GDM and their offspring are present at 

3 years after delivery, with maternal BMI and SEI in early pregnancy either mediating or 
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attenuating these associations. Our data warrant larger, more highly powered and longitudinal 

studies of cardiometabolic health in women and children exposed to GDM. Our study suggests 

that early interventions for socioeconomically disadvantaged young women and children may 

be important to improving long term health in communities that are known to have high rates 

of chronic diseases. 
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10.8. Supplementary Data 
 

Supplementary Table 10.8 1 Differences in attendees and non-attendees for STOP 3 year follow-up 

All participants 

 Mean (SD) P value 

NZSEI Attended: 33.8 (14.0) 

Did not attend: 32.7 (13.9) 

0.172 

Age (years) Attended: 31.2 (5.0) 

Non attendee: 29.6 (6.7) 

0.387 

Booking BMI (kg/m2) Attended: 27.8 (7.2) 

Did not attend: 28 (7.1) 

0.648 

GDM participants only 

NZSEI Attended: 36.9 17.3 

Non attendee:  33.4 12.5 

0.002 

Booking BMI (kg/m2) Attended  31 8.3 

Did not attend: 32.1 8.8 

0.697 
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Supplementary Table 10.8 2 Subgroup analysis of obesity at index pregnancy on cardiovascular risk factors in women and children 

Baseline visit (9-16 weeks’ gestation) 
Variable GDM (n=40) Normoglycemic pregnancy (n=241) Uncomplicated (n=151) 

 Obese 
(n=21) 

Non-obese 
(n=19) 

p-value Obese 
(n=62) 

Non-obese 
(n=179) 

p-
value 

Obese 
(n=27) 

Non-obese 
(n=124) 

p-value 

Peripheral systolic 
blood pressure 
(mmHg) 

127.5 
(13.8) 

113.6 (12.6) 0.173 122.4 (12.8) 111.8 (10.8) 0.034 119.0 (11.7) 110.9 (10.6) 0.425 

Peripheral diastolic 
blood pressure 
(mmHg) 

77.5 (11.1) 66.9 (7.7) 0.124 72.5 (9.3) 66.1 (7.2) 0.052 71 (8.5) 65.3 (7.1) 0.512 

Mean arterial 
pressure (mmHg) 

91.6 (11.8) 79.5 (9.0) 0.214 86.6 (10.2) 78.6 (7.7) 0.014 85 (8.3) 77.7 (7.6) 0.463 

Augmentation Index 
(%) 

50.1 (16.7) 49.2 (14.3) 0.344 43.8 (16.1) 49.5 (18) 0.101 43.2 (18.1) 48.6 (17.9) 0.584 

Central systolic blood 
pressure (mmHg) 

117.2 
(12.7) 

104.5 (11.6) 0.610 111.6 (11.4) 103.4 (10.4) 0.161 109 (10.9) 102.2 (10.7) 0.696 

Central diastolic blood 
pressure (mmHg) 

80.4 (10.9) 69.8 (7.6) 0.148 75.7 (9.4) 69 (7.4) 0.106 73.4 (8.5) 67.8 (7.2) 0.557 

 Obese 
(n=20) 

Non-obese 
(n=17) 

p-value Obese 
(n=25) 

Non-Obese (n=117) p-
value 

Obese 
(n=25) 

Non-obese 
(n=117) 

p-value 

Total cholesterol 
(mmol/L) 

4.7 (0.8) 4.4 (0.6) 0.446 4.7 (0.5) 4.6 (0.8) 0.055 4.7 (0.5) 4.6 (0.8) 0.055 

Triglycerides(mmol/L) 1.4 (0.6) 1.3 (0.4) 0.119 1.2 (0.4) 1.2 (0.5) 0.509 1.2 (0.4) 1.2 (0.5) 0.509 

HDL-C(mmol/L) 1.5 (0.3) 1.7 (0.3) 0.671 1.5 (0.3) 1.6 (0.3) 0.537 1.5 (0.3) 1.6 (0.3) 0.537 

Third trimester (34 weeks’ gestation) 
 GDM (n=18) Normoglycemic pregnancy (n=130) Uncomplicated (n=77) 

 Obese 
(n=11) 

Non-obese 
(n=7) 

p-value Obese 
(n=35) 

Non obese 
(n=95) 

p-
value 

Obese 
(n=14) 

Non-obese 
(n=63) 

p-value 
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Peripheral systolic 
blood pressure 
(mmHg) 

129.8 (9.6) 119.9 (13) 0.699 126.4 (11.1) 114.6 (9.3) 0.042 122.3 (9.3) 112.6 (8.7) 0.595 

Peripheral diastolic 
blood pressure 
(mmHg) 

77.6 (7.8) 74.6 (12.6) 0.350 74.5 (9.3) 69.3 (6.4) 0.004 71.6 (6.5) 68.1 (5.9) 0.483 

Mean arterial 
pressure (mmHg) 

92.4 (8.2) 88.7 (13) 0.589 88.5 (9.8) 81.4 (6.9) 0.012 84.9 (7.5) 80 (6.3) 0.322 

Augmentation Index 
(%) 

34.9 (14.2) 39 (28.5) 0.049 33.9 (16.1) 31.3 (14) 0.674 28.4 (14.5) (31 (14.7) 0.844 

Central systolic blood 
pressure (mmHg) 

117.3 (10) 108.6 (15.9) 0.673 113.6 (10.3) 103.3 (8.8) 0.065 109.9 (8.7) 101.4 (8.2) 0.841 

Central diastolic blood 
pressure (mmHg) 

81.0 (8.1) 77.4 (12.3) 0.483 78.1 (9.3) 72.3 (6.6) 0.006 75.2 (6.8) 71.1 (6.2) 0.496 

3 years postpartum (women) 
 GDM (n=38) Normoglycemic pregnancy (n=202) Uncomplicated (n=137) 

 Obese 
(n=20) 

Non-obese 
(n=14) 

p-value Obese 
(n=53) 

Non-obese 
(n=149) 

p-
value 

Obese 
(n=26) 

Non-obese 
(n=111) 

p-value 

Peripheral systolic 
blood pressure 
(mmHg) 

127.0 
(15.7) 

113 (10.6) 0.251 125.9 (14.8) 118.7 (12.2) 0.268 125.8 (16.3) 117.3 (12.1) 0.127 

Peripheral diastolic 
blood pressure 
(mmHg) 

74.5 (13.1) 65.5 (8.9) 0.203 72 (12.1) 66.2 (10.5) 0.217 71.5 (12.8) 65.3 (11.4) 0.562 

Mean arterial 
pressure (mmHg) 

91.2 (14.6) 76.3 (8.9) 0.090 88 (12.8) 80.5 (10.6) 0.135 88.6 (12.1) 79.5 (11.3) 0.691 

Augmentation Index 
(%) 

56.1 (13.1) 47.2 (16.7) 0.511 58.9 (29.3) 54.0 (20.5) 0.150 59.4 (35.7) 52.1 (20.5) 0.040 

Central systolic blood 
pressure (mmHg) 

115.7 
(18.2) 

102.8 (10.7) 0.274 115.5 (13.5) 108.9 (11.6) 0.356 115.1 (15.3) 107 (11.9) 0.280 

Central diastolic blood 
pressure (mmHg) 

77.3 (14) 68.2 (8.8) 0.083 74.9 (12.1) 69.2 (9.6) 0.093 74.8 (13.4) 68.4 (10.5) 0.182 
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 GDM (n= 16) Normoglycemic pregnancy n= 69) Uncomplicated (n=41) 

Characteristic Obese 
(n=10) 

Non-obese 
(n=6) 

p-value Obese 
(n=24) 

Non-Obese 
(n=45) 

p-
value 

Obese 
(n=9) 

Non-obese 
(n=32) 

p-value 

Insulin (mU/L) 16.7 (10.9) 7.9 (2.8) 0.022 13.5 (7.11) 7.4 (3.9) 0.004 14.3 (7.2) 7.1 26 0.000 

HOMA-IR 3.6 (2.5) 1.7 (0.6) 0.032 4.7 (8.8) 1.5 (0.9) 0.009 7.4 (13.3) 1.4 (0.6) 0.000 

Triglycerides(mmol/L) 1.4 (0.4) 1.3 (0.6) 0.385 1.4 (0.8) 0.87 (0.4) 0.000 1.2 (0.4) 0.8 (0.3) 0.815 

HDL-C(mmol/L) 1.3 (0.4) 1.5 (0.4) 0.968 1.3 (0.8) 1.4 (0.3) 0.238 1.3 (0.3) 1.4 (0.3) 0.803 

LDL-C(mmol/L) 2.7 (0.6) 2.7 (0.1) 0.046 2.9 (0.6) 2.6 (0.7) 0.476 3.1 (0.9) 2.5 (0.7) 0.640 

Total Cholesterol/HDL 
ratio 

3.8 (1.1) 3.3 (0.7) 0.437 5.1 (5.8) 3.3 (0.8) 0.015 3.6 (0.6) 3.1 (0.7) 0.631 

Non-HDL Cholesterol 3.4 (0.7) 3.2 (0.2) 0.071 3.6 (0.9) 3.0 (0.8) 0.676 3.8 (1) 2.9 (0.8) 0.329 

Total 
Cholesterol(mmol/L) 

4.7 (0.6) 4.8 (0.4) 0.396 5.1 (5.8) 3.2 (0.9) 0.634 5.0 (1.2) 4.3 (0.8) 0.389 

CRP (mmol/L) 5.4 (4) 1.9 (1.2) 0.048 11.7 (29.8) 3.4 (5.5) 0.026 19.5 (43) 2.5 (2.6) 0.001 

3 years post pregnancy (children) 
 Children born to mothers with GDM  

(n=33) 
Children born to mothers with 
normoglycemic pregnancy (n=220) 

Children born to mothers with uncomplicated 
pregnancy (n=121) 

 Obese 
(n=18) 

Non-obese 
(n=18) 

p-value* Obese 
(n=56) 

Non-obese 
(n=164) 

p-
value* 

Obese 
(n=22) 

Non-obese 
(n=99) 

p-value* 

BMI SDS ^ 70.5 (32.4) 58.3 (27.4) 0.221 64.7 (30) 50.8 (31.3) 0.209 65.2 (32.3) 48 (32.1) 0.005 

Waist circumference  55.4 (5.4) 52.1 (4.1) 0.079 52.5 (3.8) 50.6 (3.7) 0.01 53.4 (3.7) 50.7 (3.3) 0.001 

 (n=8) (n=14)  (n=43) (n=113)  (n=16) (n=73)  

Systolic blood 
pressure (mmHg)  

100.3 
hi(14.3) 

98.2 (18.3) 0.929 101.6 (14.2) 100.1 (14.6) 0.666 102.50 
(12.4) 

100.7 (13.4) 0.579 

Diastolic blood 
pressure (mmHg) 

59 (7.6) 58 (14) 0.739 60.3 (13) 57.1 (16.2) 0.171 58.2 (10.5) 57.7 (12.8) 0.836 

Mean arterial 
pressure (mmHg) 

79.3 (19.1) 68.9 (15) 0.152 75.1 (15.6) 70.4 (15) 0.108 73.6 (12.8)  71.6 (15) 0.575 

Augmentation Index 
(%) 

86.4 (33.6) 89.7 (62.5) 0.934 84.4 (46.1) 90.1 (39.7) 0.540 91.9 (61.8) 59.4 (41.6) 0.756 
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Central systolic blood 
pressure (mmHg) 

91.2 (12.8) 92.1 (15.2) 0.894 95.3 (15.2) 93.3 (15.2) 0.512 98.8 (22.5) 94.3 (13.8) 0.294 

Central diastolic blood 
pressure (mmHg) 

65.8 (15.2) 63.3 (13.3) 0.986 
 

66.2 (14.5) 60 (11.8) 0.010 63.2 (13.4) 60.7 (11.8) 0.482 

Results are mean (SD) unless otherwise stated 
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Supplementary Figure 10.8 1 Means of peripheral and central measures at 12 weeks’ gestation, 34 weeks’ gestation and 3 years postpartum for women with 

a history of gestational diabetes mellitus (GDM) and those without a history of gestational diabetes mellitus (nGDM). SBP – systolic blood pressure, DBP – 

diastolic blood pressure, cSBP – central systolic blood pressure, cDBP – central diastolic blood pressure  
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11.2. Abstract 

 

Introduction: Breastfeeding has mutual benefits for both mother and child in reducing risk of 

future cardiovascular disease. Pregnancy complications, which affect nearly 1/3 of Australian 

pregnancies, increase the risk of type 2 diabetes mellitus and cardiovascular disease in both 

mothers and children. The aim of this study was to assess the influence of breastfeeding for at 

least 6 months on cardiovascular and metabolic risk among women and their children 3 years 

postpartum.  A secondary aim was to assess whether there was a difference in these 

cardiometabolic outcomes in women who experienced at least one pregnancy complication in 

their index pregnancy.  

Methods: Women were recruited to the Screening Tests to Predict Poor Outcomes of 

Pregnancy study from 2015 to 2017. These women and their children were invited to attend a 

health check-up at 3 years postpartum. Women’s breastfeeding status for at least 6 months 

postpartum was ascertained through their child health record.  Anthropometric measurements 

were taken from women and children. USCOM BP+ was used to assess haemodynamic 

parameters non-invasively in women and children. A fasting blood sample was taken from 

women to measure blood glucose and lipids.  

Results: A total of 160 woman-child dyads were assessed in this study.  Women in their index 

pregnancy experienced an uncomplicated pregnancy or a complicated pregnancy (comprised 

of complications including gestational diabetes mellitus, preeclampsia, and gestational 

hypertension, delivering preterm or delivery of a small for gestational age baby). Data from 

160 women who had an adequate child health record were analysed for this study. Women who 

breastfed for at least 6 months had significantly lower serum insulin (8.1 mU/L ± 6.6 vs. 

13.2mU/L ±7 p=0.001), insulin resistance (HOMA-IR 1.7 ± 0.6 vs. 2.8 ±02.1 p=0.000) 

compared to those who did not breastfeed for at least 6 months. However, this association was 
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attenuated for BMI and socioeconomic index in early pregnancy. There were no differences in 

child anthropometric or hemodynamic variables at 3 years of age between those children who 

had been breastfed for at least 6 months and those who had not been. Subgroup analysis on 

women who had one or more pregnancy complications during the index pregnancy 

demonstrated that women who breastfed for at least 6 months had significantly lower insulin 

(7.5mmol/L ± 2.1 vs. 16.5 ± 10.2 p=0.001), insulin resistance (1.6 ± 0.5 vs. 3.5 ± 2.2 p=0.001) 

and triglycerides (1.0mmol/L ± 0.5 vs. 1.6mmol/L ± 0.8 p=0.004) than those who did not. 

Among children exposed to at least one pregnancy complication in utero, those who were 

breastfed for at least 6 months had significantly lower standardized BMI score (BMI-SDS) than 

those who were not (58.8 ± 27.3 vs. 56.2 ± 32, p=0.046). 

Conclusion: Breastfeeding for at least 6 months may reduce some cardiovascular risk factors 

in women at 3 years postpartum, in particular in those who have experienced a complication 

of pregnancy. Breastfeeding for at least 6 months may be beneficial for offspring of mothers 

who experienced a pregnancy complication.  
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11.3. Introduction 

 

Pregnancy complications, such as gestational diabetes mellitus (GDM), preeclampsia, 

gestational hypertension, spontaneous preterm birth (sPTB), and small-for-gestational-age 

delivery, affect approximately 30% of all pregnancies in Australia. There is ample evidence 

suggesting that major pregnancy complications, including preeclampsia and gestational 

diabetes, confer increased risk for later life cardiovascular disease (CVD) 35, 227, 494. Pregnancy 

complications also have long lasting implications for the offspring, likely through epigenetic 

changes in response to an adverse intrauterine environment 495-497. These changes, which may 

be protective in utero, confer risk in the postnatal environment, and increase risk for 

development of components of the metabolic syndrome at an earlier age in offspring 48. 

Breastfeeding is mutually beneficial for both mother and child, with human milk considered  

“the gold standard for infant feeding” 397. The World Health Organisation recommends 

breastfeeding exclusively for up to 6 months 498. It has been shown that breastfeeding for over 

12 months promotes a significant reduction in both chronic hypertension and diabetes in 

women 59. Breastfeeding also provides adequate nutrition to children and decreases the risk of 

developing obesity and T2DM compared to those who are not breastfed 429.  

A recent systematic review and meta-analysis demonstrates that women with a history of GDM 

who breastfeed have reduced blood glucose and decreased risk of developing type 2 diabetes 

mellitus 499. Despite the benefits shown for women with a history of GDM, there were not 

enough studies that directly assessed cardiovascular risk factors in offspring exposed to GDM 

in utero who were breastfed compared to those that were not breastfed. Furthermore, there is 

still minimal evidence on whether breastfeeding is beneficial for both women and children who 

have been exposed to other pregnancy complications such as hypertensive disorders of 
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pregnancy. One systematic review in 2019 found that breastfeeding was beneficial in reducing 

metabolic and cardiovascular risk in offspring born small for gestational age 500.   

Therefore, the aim of this study is to assess the influence of breastfeeding for at least 6 months 

on cardiovascular and metabolic risk factors in mothers and their children at 3 years 

postpartum. Our secondary aim is to assess the same cardiometabolic outcomes and the 

influence of breastfeeding in a subgroup of women who experienced at least one pregnancy 

complication in their index pregnancy.  
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11.4. Methods 
 

11.4.1. Study population  

 

The study participants included women and their children from the Screening Tests to 

Predict Poor Outcomes of Pregnancy 1 study. The STOP study was a prospective cohort 

study that aimed to assess women’s risk for pregnancy complications.  A total of 1,383 

nulliparous women, their partners and babies were originally recruited during the period 

2015-2017. Majority of the participants were recruited from The Lyell McEwin 

Hospital in northern Adelaide, which services one of the most socioeconomically 

disadvantaged regions in metropolitan Australia. This area harbours some of the highest 

rates of chronic disease, diabetes, heart disease and mental illness in Australia/South 

Australia 72, 452. For the STOP follow-up study, women were contacted using phone 

numbers provided during the STOP study, or from hospital records. If women could 

not physically attend an appointment, an external participation package was posted to 

their address and returned via paid postage. Ethics approval was granted by the Central 

Adelaide Local Health Network (STOP study: HREC/14/WCHN/90; STOP follow-up: 

HREC 18/CAHLN/318) (ACTRN12614000985684). 

In the original STOP study, detailed information was collected at 9-16 weeks’ (average 

11 weeks’), and 34 weeks’ gestation and after delivery of the baby. Gestational 

hypertension was defined as systolic blood pressure ≥ 140 mm Hg and/or diastolic 

blood pressure ≥ 90 mm Hg on two or more measurements 6 hours apart after 20 weeks’ 

gestation. Preeclampsia was defined using the revised International Society for the 

Study of Hypertension in Pregnancy definition of gestational hypertension or 

postpartum hypertension with proteinuria (24-hour urinary protein of 300 mg or spot 

urine protein/creatinine ratio of ≥ 30 mmol/L creatinine or urine dipstick protein ≥ ++) 
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or any multisystem complication of preeclampsia or utero-placental dysfunction as 

evidenced by intrauterine growth restriction (9). Small-for-gestational-age-delivery 

was defined as a birth weight below the 10th customized centile adjusted for maternal 

height, weight, parity and ethnicity, gestational age at delivery, and infant sex. sPTB 

was defined as spontaneous preterm labour or preterm premature rupture of membranes 

resulting in a preterm birth at < 37 weeks of gestation. Gestational diabetes mellitus is 

screened at 24-28 weeks’ gestation in Australia. GDM was diagnosed at 24-28 weeks’ 

gestation according to the International Association of Diabetes in Pregnancy Study 

Group (IADPSG) criteria (i.e. one or more values equal to or exceeding: fasting plasma 

glucose of 5.1mmol/L, and/or a 2h plasma glucose level of 8.5mmol/l following a 75g 

Oral Glucose Tolerance Test (OGTT)400. Women who were at high risk of GDM 

completed a 75g OGTT in their first trimester and, if normal, the OGTT was repeated 

at 24-28 weeks’ gestation. Data collected after delivery included newborn weight, 

length, arm circumference, birthweight centile, and data on complications during the 

neonatal period and type of feeding at discharge from hospital.  

Women were recruited into the STOP follow-up study within 3 months of when their 

first child reached 3 years of age. Appointments were completed at the Clinical Trials 

Unit at the Lyell McEwin Hospital or completed externally as a postage paid package. 

Heights of women and children were measured with a stadiometer to the nearest 0.1cm. 

Children’s weights were measured with a standard balance beam scale to the nearest 

100g. Body composition in women was assessed using the TANITA SC-330 

bioimpedance scale (Tokyo, Japan), which measured fat to the nearest 0.1kg, fat 

percentage, fat mass, fat free mass and body mass index (BMI). Those who participated 

in the study externally, self-reported weight and height only. Body composition in 

children was assessed by standardized BMI score (BMI-SDS) based on the centre for 
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disease control (CDC) growth charts for children and teenagers aged 2 to 19 years of 

age 501. Waist circumference was measured in both women and children to the nearest 

0.1cm, based on the World Health Organisation guidelines 502. Peripheral systolic and 

diastolic blood pressures were assessed using the USCOM BP+ (USCOM, Sydney, 

Australia) using appropriately sized cuffs for arm circumference while participants 

were seated. The USCOM BP+ was also used to perform a non-invasive measure of 

cardiovascular function, such as central systolic and diastolic blood pressure, peripheral 

blood pressure, arterial stiffness and tone [assessed as augmentation index (AIx)], pulse 

rate variability and ventricular contractility (assessed as dP/dt max) 480. The USCOM 

BP+ has been validated for use in children 478. Cases were excluded if the signal to 

noise ratio, an indicator of blood pressure recording quality, was < 6. Fasting blood 

samples were collected from women to assess glucose, HbA1C, insulin, non-HDL 

lipids, HDL-cholesterol, and C-reactive protein. Insulin resistance was calculated using 

the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) using fasting 

blood glucose and fasting insulin values 481.  Some fasting blood data are missing due 

to some participants being pregnant or due to non-compliance. These numbers are 

reported in the results. Some children’s data are missing due to non-compliance and 

numbers are reported accordingly in the results.  

11.4.2. Breastfeeding status 

 

Duration of breastfeeding was ascertained by collecting information on breastfeeding 

at 1-4 weeks, 6-8 weeks, 6-9 months, and 18-24 months of age from the child’s “blue 

book” (i.e. Child Health record) which is given to all parents of newborns in South 

Australia. This data is collected by a child health nurse or their GP who record the self-

report of the mother at the time of assessment.  
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11.4.3. Statistical analysis 

 

Data were analysed using IBM SPSS Version 26. Women who breastfed for at least 6 

months were compared to those who did not. Similarly, children who had been 

breastfed for at least 6 months were compared to those who had not. The justification 

to select this time point for breastfeeding status is based on the World Health 

Organisation recommendation that children should be exclusively breastfed up until 6 

months postpartum.  

Subgroup analysis was undertaken assessing women who experienced a complicated 

index pregnancy (i.e. diagnosis of one or more of the following: preeclampsia, 

gestational hypertension, GDM, delivery of a small for gestational age infant, delivery 

of a preterm infant, sPTB). Univariate analysis was used to compare anthropometric 

and haemodynamic variables between the two groups with data presented as mean 

(SD), n (%) or median (IQR). Associations between breastfeeding/being breastfed for 

at least 6 months postpartum and maternal or child metabolic risk factors were analysed 

using linear regression, adjusted for BMI and socioeconomic index (SEI), which was 

defined by the New Zealand Socioeconomic Index (NZSEI)  at index pregnancy.  SEI 

is scored between a value of 10 to 90; with a lower score reflecting greater 

socioeconomic disadvantage.  
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11.5. Results 

 

11.5.1. Participant demographics 

 

A total of 1,373 women were recruited to the STOP pregnancy study. Figure 1 

demonstrates the flow chart of participant selection. Of these women, 1,007 agreed to 

be contacted for future studies at the time of their index pregnancy. However, only 674 

were contactable at the time of follow-up. Of these, 257 woman-child dyads consented 

and participated in the follow-up study from January 2019 until June 2021. Of these 

participants, 160 women had adequate child health data with information on 

breastfeeding, therefore data for these participants were analysed in this study (Figure 

11.1). Seventy  women (46.9%), reported breastfeeding at 1-4 weeks postpartum, 56 

women (35%) reported breastfeeding at 6-9 weeks’ postpartum, 38 women (23.8%) 

reported breastfeeding at 6-9 months postpartum and 13 women (8.1%) reported 

breastfeeding at 12-18 months postpartum. Educational status at baseline was 

significantly different between those who breastfed and those who did not (p=0.001). 

There was no significant difference in BMI in early pregnancy between women who 

participated in the follow-up study compared to those who did not. Socioeconomic 

status (SES) during index pregnancy was also not significantly different between the 

participants in the follow-up study compared to those who did not participate (data not 

shown). 
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Figure 11.5.1.1 Flow chart of follow-up participant recruitment 

 

1, 363 women recruited 

1,000 women agreed to be contacted 

674 women contactable 

257 woman-child dyads consented and 

participated in 3Y follow-up  

326 women who were unable 

to be contacted further 

160 participants with child health data 

available 

 63 women lost to 

follow-up or with 

pregnancy loss 
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Demographics of the participants who attended the 3-year follow-up are presented in 

Table 11.5.1.1. There were no differences in baseline parameters such as maternal age, 

SEI, BMI at booking, child birthweight, gestational age at delivery, nor waist 

circumference at 3 years postpartum between women who breastfed for at least 6 

months and those who did not.  

 

Table 11.5.1-1 Baseline data from the woman-child dyads who participated in the STOP 3Y follow-

up study 

*pregnancy complications are not mutually exclusive and one woman can have multiple pregnancy 

complications 

 

 

 

 

Variable Breastfed for at 
least 6 months 
(n= 74) 

Did not breastfeed for 
at least 6 months 
(n= 86) 

p-value 

Socioeconomic Index (Mean (SD)) 33.2 (13.7) 34.3 (15) 0.141 

Caucasian ethnicity 61 (82.4%) 80 (93.0%) 0.144 

Education Status 
Did not complete year 10 
Year 10 
Year 12 
Certificate 
Bachelor 
Higher Degree 

 
0 
4 (5.4%) 
14 (18.9%) 
30 (40.5%) 
23 (31.1%) 
3 (4.1%) 

 
1 (1.2%) 
12 (14.0%) 
25 (29.1%) 
33 (38.4%) 
11 (12.8%) 
4 (4.7%) 

0.001 
 

BMI at 9-16 weeks’ gestation 27.4 (7.3)  29.1 (8.0) 0.332 

Pregnancy Complications*  
Gestational Diabetes  
Gestational Hypertension  
Preeclampsia 
Small for gestational age baby  
Spontaneous preterm birth  

 
14 (18.9%) 
5 (6.8%) 
6 (8.1%) 
12 (16.2%)  
4 (5.4%) 

 
14 (16.3%) 
7 (8.1%) 
9 (10.5%) 
9 (10.5%) 
3 (3.5%) 

 
0.077 
0.741 
0.610 
0.283 
0.554 

Gestational age (weeks) 39.5 (1.7) 39.4 (1.7) 0.754 

Child birthweight (g) 3265.3 (491.2) 3360 (531.9) 0.612 

Current Maternal Age (Mean (SD)) 31.8 (5.0) 31.4 (5.2) 0.655 
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11.5.2. Women 

Data for fasting blood sample were available for 61 women (Table 11.5.2.1). At 3 years 

postpartum, women who breastfed for at least 6 months postpartum had significantly 

lower serum insulin and insulin resistance compared to those who did not breastfeed 

for at least 6 months. When adjusting for BMI and SEI in early pregnancy, the 

association between both serum insulin and insulin resistance at 3 years with 

breastfeeding for at least 6 months was attenuated (Table 11.5.2.2). At 3 years 

postpartum, there was no significant difference in BMI, fat mass and waist 

circumference in those who breastfed for at least 6 months vs those who did not. There 

were no differences in hemodynamic parameters including peripheral systolic and 

diastolic blood pressures, mean arterial pressure, augmentation index, pulse rate and 

central systolic and diastolic blood pressures between the two groups (Table 11.5.2.1).  
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Table 11.5.2-1 Cardiovascular risk factors at 3 years postpartum in women who breastfed for at least 

6 months compared to those who did not with subgroup analysis of those who had at least one 

complication of pregnancy during index pregnancy 

Data reported as mean (SD) 

*reduction in serum blood results due to noncompliance  

  

 

 Breastfed 
for at least 
6 months 
(n=70) 

Did not 
breastfeed 
for at least 
6 months 
(n=74) 

p-
value 

Women with 
complicated 
pregnancies 
who 
breastfed for 
at least 6 
months 
(n=34) 

Women with 
complicated 
pregnancies 
who did not 
breastfeed 
for at least 6 
months 
(n=35) 

p-
value 

BMI (kg/m2) 28.4 (8) 31.6 (10.2) 0.116 28.4 (7.8) 33.0 (8.9) 0.909 

Fat mass (kg) 29.1 (17.3) 36.4 (19.3) 0.213 27.6 (16.3) 40.2 (20.3) 0.312 

Waist circumference 
(cm)  

88.6 (20.6) 95.9 (20.5) 0.175 89.2 (21.5) 102.8 (23.4) 0.484 

Systolic blood 
pressure (mmHg) 

119.0 
(12.7) 

122.5 
(14.6) 

0.336 121.2 (12.1) 124.5 (15.6) 0.141 

Diastolic blood 
pressure (mmHg) 

66.9 (9.3)  70.2 (11.3) 0.370 67.7 (9.5) 72.5 (11.1) 0.503 

Mean arterial 
pressure (mmHg) 

80.8 (9.8)  85.1 (14.1) 0.101 81.6 (9.8) 88.3 (14.5) 0.106 

Augmentation Index 
(%) 

53.1 (18) 56.7 (22.8) 0.118 52.2 (16.6) 61 (22.1) 0.205 

Central systolic blood 
pressure (mmHg) 

109.4 
(11.9) 

111.9 
(13.9) 

0.476 111.2 (12) 115.4 (14.7) 0.211 

Central diastolic 
blood pressure 
(mmHg) 

69.6 (9.4)  73.1 (11.8) 0.215 70.9 (9.5) 75.3 (11.4) 0.407 

  (n=24)  (n=30) p-
value 

 (n=13)  (n=19) 
 

p-
value 

Fasting glucose 
(mmol/L) 

4.7 (0.5) 4.7 (0.5) 0.168 4.8 (0.5) 4.7 (0.5) 0.677 

Insulin (mU/L) 8.1 (3.1) 13.2 (9.2) 0.001 7.5 (2.1) 16.5 (10.2) 0.001 

HOMA-IR  1.7 (0.6) 2.8 (2.1) 0.000 1.6 (0.5) 3.5 (2.2) 0.001 

Triglycerides(mmol/L) 0.9 (0.4) 1.3 (7.5) 0.006 1.0 (0.5) 1.6 (0.8) 0.04 

HDL-C(mmol/L) 1.4 (0.8) 1.4 (0.4) 0.605 1.3 (0.3) 1.2 (0.3) 0.404 

LDL-C(mmol/L) 1.2 (0.3) 2.6 (0.7) 0.974 2.7 (0.5) 2.7 (0.5) 0.870 

Total 
Cholesterol/HDL ratio 

3.2 (0.8) 4.8 (5.3) 0.100 3.4 (0.8) 6.2 (7.2) 0.091 

Non-HDL Cholesterol 3.1 (0.8) 3.2 (0.8) 0.761 3.1 (0.6) 2.5 (0.6) 0.849 

Total 
Cholesterol(mmol/L) 

4.3 (0.9) 4.4 (0.8) 0.935 4.4 (0.5) 4.6 (0.6) 0.308 

C-Reactive Protein  3.8 (4.8) 3.4 (2.5) 0.080 3.0 (4) 3.8 (2.5) 0.687 
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Table 11.5.2-2 Mean differences in maternal cardiovascular risk factors at 3 years postpartum in 

women who breastfed for at least 6 months compared to those who did not, assessed by linear 

regression. 

 *Adjusted Mean Difference (95% CI) 

Insulin (mg/dL) -1.7 (-4.6 to 1.2) 

HOMA-IR^ -1.4 (-7.7 to 4.8)  

*adjusted for BMI at booking, SEI at booking.  

^log transformed variable 

 

11.5.3. Children 

 Of the 160 children who attended for follow-up, anthropometric data were available 

for 139 children at 3 years of age. Hemodynamic data were available for just 72 children 

due to poor USCOM BP+ readings or non-compliance of children. There was no 

difference in anthropometric or hemodynamic parameters between children who were 

breastfed for at least 6 months compared to those who were not (Table 11.5.3.1). 

Subgroup analysis demonstrated that children who were exposed to a pregnancy 

complication in utero had significantly higher BMI-SDS compared to those born to an 

uncomplicated pregnancy.  
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 Table 11.5.3-1 Cardio metabolic outcomes for offspring who were breastfed for at least 6 months 

compared to those who were not with subgroup analysis for those exposed to at least one complication 

of pregnancy in utero.  

*BMI SDS is adjusted for age and sex501, all other outcomes are adjusted for child age.  

^^ The sample size for hemodynamic variables is smaller due to noncompliance with the USCOM BP+ 

 

 

 

 

 

 

  

3 years of age  

 Offspring who 
were breastfed 
for at least 6 
months (n=68) 

Those who 
were not 
breastfed 
for at least 
6 months 
(n=71) 

p-value Offspring 
exposed to 
pregnancy 
complication(s) 
in utero that 
were breastfed 
for at least 6 
months (n=34) 

Offspring 
exposed to 
uncomplicated 
pregnancy in 
utero that were 
breastfed for at 
least 6 months 
(n=35) 

p-value 

BMI SDS* 55.6 (29.8) 58.4 (31.7) 0.314 58.8 (27.3)  56.2 (32) 0.046 

Waist 
circumference* 

51.1 (3.5) 51.8 (4.5) 0.378 52 (2.7) 50.9 (2.8) 0.918 

^^ (n=38)* (n=34)*  (n=20)* (n-15)*  

Systolic blood 
pressure 
(mmHg)  

101.9 (12.1) 96.1 (18.5) 0.097 99.6 (11.0) 91.9 (24.6) 0.169 

Diastolic blood 
pressure 
(mmHg) 

58.8 (10.5)  58.1 (15.8) 0.833 58.7 (11.8) 55.8 (17.5) 0.421 

Mean arterial 
pressure 
(mmHg) 

73.1 (13.3) 71.1 (18.3) 0.584 73.1 (14.9) 67.2 (18.8)  0.220 

Augmentation 
Index (%) 

87.2 (38.4) 98.3 (52.5) 0.643 97.8 (45.9) 81.9 (28.7) 0.179 

Central systolic 
blood pressure 
(mmHg) 

94.2 (12.4) 91.6 (20.3) 0.471 91.2 (13.1) 85.2 (21.2) 0.181 

Central diastolic 
blood pressure 
(mmHg) 

62.6 (10.1) 61.2 (13.0) 0.616 62.1 (11.8) 60 (17.8) 0.506 
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11.6. Discussion 

 

The primary aim of this observational study was to assess whether breastfeeding for at least 6 

months promotes a reduction in cardiovascular risk factors in women and their children at 3 

years postpartum. Women who breastfed for at least 6 months demonstrated a reduction in 

serum insulin and insulin resistance at 3 years postpartum compared to those who did not. This 

association was attenuated by maternal BMI and SEI early in the index pregnancy. 

Subgroup analysis of women with at least one pregnancy complication during the index 

pregnancy revealed that serum insulin, insulin resistance and serum triglycerides were 

significantly higher in those who did not breastfeed for at least 6 months postpartum. There 

was no difference in cardio metabolic outcomes at 3 years of age between children who were 

breastfed for at least 6 months and those who were not. However, when stratifying by exposure 

in utero to at least one pregnancy complication, children who were breastfed for at least 6 

months had significantly lower BMI-SDS than those who were not.  

Our previous systematic review and meta-analysis on breastfeeding after a GDM pregnancy 

did not show a difference in serum insulin between women with a history of GDM who 

breastfed compared to those who did not but there was a reduction in the risk of developing 

T2DM later 503. Women who are diagnosed with pregnancy complications such as 

preeclampsia and GDM are generally more likely to be insulin resistant in the postpartum 

period compared to those with an uncomplicated pregnancy 487, 504.  

In our study, breastfeeding for at least 6 months reduced serum triglyceride levels in women 

who experienced at least one pregnancy complication.  A study by Blair et al. (2021) found 

that among those with a history of GDM, breastfeeding for as little as 8 weeks had significantly 

lower triglycerides at 8 weeks than those who were not breastfeeding 505. Yu and colleagues 

found the same association in a cohort of women with a history of pregnancy complications 
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who were breastfeeding at 6 months postpartum 506. Both studies found that the risk of 

metabolic syndrome was also significantly reduced. Therefore, breastfeeding could be 

encouraged in women diagnosed with a pregnancy complication to reduce their risk of 

developing cardiovascular risk factors and metabolic syndrome. 

Our study showed that there was no difference in anthropometric or hemodynamic parameters 

in children who were breastfed until at least 6 months of age compared to those who were not. 

However, when stratified by children who were or were not exposed to at least one pregnancy 

complication, BMI SDS score was significantly reduced in offspring who were breastfed for at 

least 6 months compared to those who were not. There is minimal evidence on the effect of 

breastfeeding on cardiovascular risk in children exposed to a pregnancy complication in utero. 

Hui et al. 2018 showed that breastfeeding did not attenuate the association between GDM 

exposure in utero and BMI in offspring during infancy and childhood 405. Exclusive 

breastfeeding for a mean time of 180 days of children born small for gestational age promoted 

a healthy weight in these children at pre-school age 507. Breastfeeding promotes good health 

outcomes in general populations of children. Breastfeeding for greater than 6 months was 

associated with increased intake in fruits and vegetables, specifically an increased frequency 

and variety of vegetables and higher frequency of fruit intake in offspring at age 7, including 

after adjustment for demographic variables 434. Evidence shows pregnancy complications 

associate with increased cardiovascular risk factors in exposed offspring 74, 508. Further studies 

are warranted to understand the mechanisms by which an adverse intrauterine environment 

confers cardiovascular risk for offspring and to define how breastfeeding may ameliorate risk.  

There were many strengths in this observational study. We were able to assess non-

conventional markers of cardiovascular risk in women and children such as augmentation index 

and mean arterial pressure. Our cohort was recruited from a hospital servicing a low SES 

population enabling our findings, if replicated in larger studies, to be generalizable to 
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disadvantaged communities. Due to the difficulties in recruiting disadvantaged participants in 

research, many studies report on participants in moderate to high SES communities who 

generally tend to have fewer cardio-metabolic risk factors and better health. 

There are limitations to address in this study. Due to the low SES community, it was difficult 

to recruit and maintain engagement in the cohort with a high percentage unable to be contacted 

for follow-up. Just one quarter of participants from the original STOP study attended the 3 year 

follow-up, albeit 50% of those who consented to follow-up and were contactable. The women 

recruited into the STOP study are from an area of severe disadvantage, where engagement in 

exercise is much lower than the national average and the rate of diabetes is 22% higher than 

the national average 509. Therefore, finding an association between breastfeeding and metabolic 

risk factors in this cohort may be confounded by the poorer health in the local population 

compared to state and national averages. It is known that low socioeconomic status has a 

significant impact on breastfeeding practices, which therefore may have also a significant effect 

on our results 491. As the study is observational in nature, there are variables that we cannot 

fully control for. Some women were pregnant at the time of follow-up so they were excluded 

from these analyses as anthropometric and hemodynamic variables are not comparable between 

pregnant and non-pregnant states.  The child health data recorded in the child’s blue book 

(health record) were incomplete for a significant number of women. This is because blue book 

completion is not mandatory. Many women take their children for check-ups to their general 

practitioner rather than a child nurse who would normally enter data in the book. Other studies 

undertook detailed questionnaires on lactation via telephone or in person at the time of infant 

follow-up, which detailed frequency of lactation and addition of formula or solid foods 510. 

These would provide a better profile of breastfeeding status. Although we recruited 257 

participants, there were only blue book data available for 160, of whom only 54 women 
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presented for fasting blood sampling. Furthermore, there were adequate hemodynamic data for 

just 72 children. Therefore, future studies will require a larger sample size.  

11.7. Conclusion  

 

Women with previous GDM should be encouraged to breastfeed to reduce their risk of CVD 

later in life. More research in this area is required in order to integrate it fully for clinical use 

and disease mitigation strategies. Lactation specialists should promote breastfeeding in women 

with previous GDM through integrating what is known about the benefits of breastfeeding on 

cardiovascular disease risk factors. More research is needed to determine the effects of 

breastfeeding on cardiovascular risk factors in children exposed to GDM in utero, but the 

limited literature reports protective effects.  
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12.2. Abstract 

Introduction: Gestational diabetes mellitus affects 1 in 7 pregnancies globally. It is thought 

that there is an association between exposure to GDM in utero and poor neurodevelopment in 

the offspring. The aim of this study was to determine whether there is an association between 

exposure to GDM in utero with child neurodevelopment at three years of age in a community 

of women and children with socioeconomic disadvantage. Our secondary aim was to determine 

whether there are sex specific differences in neurodevelopment in offspring exposed to GDM 

in utero.  

Methods: Of the 1,300 participants who participated in the pregnancy study between 2015 to 

2017, there were 223 woman-child dyads who attended the 3 year follow-up and completed 

the ASQ-3. There were only two children who were diagnosed with ASD at time of the 3 year 

follow-up. Communication scores in the ASQ-3 were significantly lower in children exposed 

to GDM in utero compared to unexposed children [49.2 (12.3) vs. 53.4 (7.8) p=0.010]. This 

was also observed after adjustment for maternal history of depression, current child age and 

gestational age. There were more children exposed to GDM in utero who scored below the 

threshold indicating developmental delay and need for clinical assessment in the 

communication, problem solving and personal social domains than those not exposed to GDM 

in utero. There were more children who scored below the threshold for communication 

between those exposed to GDM in utero than those exposed to an uncomplicated pregnancy. 

Males exposed to GDM in utero had a lower mean problem solving score than females exposed 

to GDM in utero [42 (13) vs. 50 (16) p=0.026]. 

Conclusion: Children exposed to GDM in utero have reduced communication skills at 3 years 

of age compared to those not exposed to GDM in utero independent of covariates. Males 

exposed to GDM in utero have lower problem solving score than females. Children exposed to 

GDM in utero may benefit from neurodevelopmental screening by age 3 years. 
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12.3. Introduction 

 

Early to mid-childhood is a critical period for neurodevelopment. It is established that children 

who have not achieved key neurodevelopmental milestones by the age of 5 years are more 

likely to have academic and socio-emotional problems by the time they commence primary 

school511. Impaired early childhood neurodevelopment is associated with poor social 

functioning, chronic disease, mental illness and reduced economic productivity later 511, 512. It 

is thought that maternal stress during pregnancy plays a critical role in disrupting early brain 

development, through inflammatory processes 513-515. In particular, exposure to inflammation 

in utero can perturb attainment of key neurodevelopmental milestones from birth to age 3 years 

512. Inflammation is also associated with oxidative stress that is thought to contribute to 

neurodevelopmental disorders like autism spectrum disorder (ASD) 516. Maternal pre-

pregnancy obesity is associated with an increased risk of developmental delay and 

emotional/behavioural problems in offspring due to increased inflammation 514, 515. Therefore, 

it is necessary to understand what early life exposures influence childhood neurodevelopment.  

Gestational diabetes mellitus (GDM) affected 15% of all pregnancies in Australia in 2016-

2017, and is defined as diabetes that is first diagnosed in pregnancy4. Evidence suggests that 

exposure to GDM in utero increases the risk of developing cardiovascular risk factors in the 

offspring later in life299. However, there is also evidence to suggest that the same inflammatory 

processes that promote poor metabolic health also have a significant impact on brain 

development in utero. Higher circulating beta-hydroxybutyrate, which is involved in various 

metabolic processes during pregnancy, is associated with psychomotor development in 

offspring of diabetic mothers at age 2 517.  In women with GDM, long-chain polyunsaturated 

fatty acids, such as docosahexaenoic acid (DHA), which are necessary for fetal 

neurodevelopment, cannot be effectively transferred to the placenta due to excess glucose 

levels, and this is thought to decrease cognitive function in the offspring 62 
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Studies have shown an association between exposure to GDM in utero and poor 

neurodevelopment in the offspring during childhood68, 518, 519. Children of school age who are 

born to mothers with GDM have diminished attention span and motor skills compared to those 

whose mothers did not have GDM 520. A recent study also reported that maternal GDM was 

associated with child developmental delay demonstrated in the communication domain of the 

Ages and Stages Questionnaire-3 (ASQ-3) at age 1. For every 1 SD increase in the glycaemic 

value, there was a higher risk of being below the threshold for the personal social domain of 

ASQ-3 at age 1521. 

Many of these studies have focused on cohorts in high or middle socioeconomic communities, 

and there has not been a specific focus on disadvantaged communities. This is particularly 

important as the latter are the populations that are more likely to have a higher prevalence of 

obesity, diabetes and higher rates of psychological distress72. Maternal wellbeing during 

pregnancy is important to consider for child health as it is thought that maternal perinatal 

depression is associated with child socioemotional problems522.  

It has been established in clinical and animal studies that fetal sex influences vulnerability to 

adverse pregnancy complications in utero. Women carrying male fetuses are more likely to 

experience early spontaneous preterm birth and potentially GDM, while women carrying 

female fetuses are more likely to experience early onset preeclampsia 523Na. While the 

biological processes underlying these associations are still being understood, it is important to 

determine whether these sex differences are observed in the association between exposure to 

GDM in utero and neurodevelopment.  

Therefore, the primary aim of our study is to determine whether there is an association between 

exposure to GDM in utero with child neurodevelopment at three years of age, assessed in five 

domains from the Ages and Stages Questionnaire-3 at 36 months. Our secondary aims are to 
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assess whether this association is influenced by maternal depression, and to determine if there 

are sex-specific differences in neurodevelopment among offspring exposed to GDM in utero.  
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12.4. Methods 

 

12.4.1. Study population  

The study participants included women and their children from the Screening 

Tests to Predict Poor Outcomes of Pregnancy 1 study from 2015 to 2017. The 

STOP study was a prospective cohort study of nulliparous pregnant women that 

aimed to predict the risk of pregnancy complications.  A total of 1,363 

nulliparous women, their partners and babies were originally recruited. The 

great majority of the participants were recruited from the Lyell McEwin 

Hospital in northern Adelaide, which serves one of the most socioeconomically 

disadvantaged regions in metropolitan Australia 524. For the STOP follow-up 

study, women were contacted using phone numbers provided during the STOP 

study, or from hospital records. If women could not physically attend an 

appointment, an external participation package was posted to their address and 

returned via pre-paid postage. In the original STOP study, detailed information 

was collected at 9-16 weeks’ gestation (average 12 weeks’) and 34 weeks’ 

gestation and at time of delivery of the baby. The maternal data included 

demography, medical history, fertility history, information on previous 

pregnancies, diet, exercise, employment, smoking, intake of alcohol and 

recreational drugs, measures of stress, anxiety and depression. Physical 

measurements including height, weight, waist and hip circumference, BMI and 

haemodynamic measurements were also obtained at 9-16 weeks’ gestation 

during the first pregnancy. GDM was assessed at 24-28 weeks’ gestation, and 

diagnosed according to the International Association of Diabetes in Pregnancy 

Study Group (IADPSG) criteria (i.e. one or more values equal to or exceeding: 

fasting plasma glucose of 5.1mmol/L, and/or a 2h plasma glucose level of 
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8.5mmol/l following a 75g Oral Glucose Tolerance Test (OGTT) 400. Women 

who were considered at high risk for GDM were also asked to complete a 75g 

OGTT in first trimester and, if negative then, another at 24-28 weeks of 

gestation. Data collected following birth include newborn weight, length, arm 

circumference, birthweight centile, and complications during the neonatal 

period and type of feeding at discharge from hospital.  

During early pregnancy, depression was assessed using the Edinburgh Postnatal 

Depression Score (EDPS), with a score of ≥13 indicating a need to follow-up 

for diagnosis of antenatal depression455. Likelihood of depression was assessed 

using the EPDS, where “low risk” of depression was scored 0-9, “moderate 

risk” of depression in the following year score 10-12, and “likely depressed” 

score 13-30. Anxiety in pregnancy was defined using the STAI-6 score, where 

a score below 30 was defined as “low to no anxiety”, 31-49 “normal level of 

anxiety” and a score of 45-80 was defined as a participant having an “elevated 

state of anxiety”. Socioeconomic index (SEI) was assessed using the New 

Zealand Socioeconomic Index (NZSEI) 475 with a scale of 10-90 where a lower 

score indicates more disadvantage. 

Women were recruited into the STOP follow-up study within 3 months prior to 

and 3 months after their first child turned 3 years old. The appointment involved 

an update of demographic, obstetric and medical history. Anthropometric and 

hemodynamic measures were made for both mothers and children. Women 

were asked whether their child had a diagnosis of autism spectrum disorder 

(ASD) or attention deficit hyperactive disorder (ADHD). Assessment of 

depression and anxiety in mothers at 3 years postpartum was evaluated using 

the Patient Health Questionnaire-9 (PHQ9) and General Anxiety Disorder-7 
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(GAD7) tools, respectively. Neurodevelopment in the children was assessed 

using the Ages and Stages Questionnaire-3 at 36 months (ASQ-3-36) 525. The 

ASQ-3 is a screening instrument devised to assess developmental delay in 

children, with various versions for different age groups targeting age-specific 

developmental milestones. The ASQ-3 assesses five areas of 

neurodevelopment: communication, gross motor, fine motor, problem solving 

and personal-social behaviour. Each area has six questions in which children 

are assessed on whether they are able to perform certain tasks reflecting each 

domain, scored from 0 (never), 5 (sometimes) and 10 (always). A total score of 

60 can be achieved for each domain and cut-offs have been determined for each 

area as recommended in the ASQ-3 manual526. Scoring below the cut-off score 

is based on the threshold scores used for developmental delay in the ASQ-3 at 

36 months. These were calculated according to the ASQ-3 manual, as 2 standard 

deviation scores below the mean score of the population sample of the ASQ-

3526. This cohort is described in more detail in the ASQ-3 technical manual. 

Scoring equal to or below the cut off was transformed into a binary outcome 

(below cut off = yes or no). A score equal to or below the cut-off indicates a 

potential developmental delay and requires follow-up by a health professional 

for further assessment.  

The ASQ-3 was assessed either at the appointment by a trained researcher, or 

mothers were able to complete the questionnaire at home, in a safe, comfortable 

environment for their child. The ASQ-3 has been designed for parents to 

complete in a home setting, with assistance of family members if required. 

Analysis was only performed for children who were aged between 2.9 years to 

3.2 years old as per the ASQ-3 at 36 month age criteria for assessment. 
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12.4.2. Statistical analysis 

 

Data were analysed using IBM SPSS Version 26. Children who were exposed to GDM in utero 

were compared to those who were not exposed to GDM in utero. Univariate analysis was used 

to compare developmental areas in the ASQ-3 and baseline variables between offspring 

exposed to GDM in utero and those not exposed to GDM in utero, with data presented as mean 

527, or n (%).  Linear regression analysis was used to assess the association between GDM 

exposure in utero and facets of the ASQ-3, with data presented as adjusted mean difference 

(95% CI). Associations between GDM and ASQ-3 scoring in children were adjusted for 

maternal history of depression ascertained in pregnancy, child age and gestational age. These 

were selected based on whether they were associated with both GDM and neurodevelopment 

in offspring.   
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12.5. Results  

 

12.5.1. Participant demographics 

 

There were 1,300 women who participated in the STOP study for whom pregnancy 

outcome data are available (Figure 12.5.1.1). Of these women, 1,000 agreed to be 

contacted for future studies at the time of their index pregnancy but only 674 were 

contactable. Of these participants, 257 woman-child dyads consented and participated 

in the follow-up study from January 2019 until March 2021. Of the women who 

attended the follow-up, 219 participants had not experienced GDM in the first 

pregnancy, and 38 had experienced a pregnancy complicated by GDM. However, there 

were 192 participants from the non-GDM group and 31 from the GDM group who 

completed the Ages and Stages questionnaire at the follow-up appointment. The 

participants who did not experience GDM were comprised of women who had an 

uncomplicated pregnancy, or hypertensive disorder of pregnancy (i.e. preeclampsia or 

gestational hypertension) or delivered preterm and/or birthed a small-for-gestational-

age infant.  

There was no significant difference in BMI in early pregnancy between women who 

participated in the follow-up study compared to those who did not, nor in the proportion 

of GDM participants in the follow-up study and of those with GDM who did not 

participate in the follow-up. SEI during index pregnancy was also not significantly 

different between all participants in the follow-up study compared to those who did not 

participate. However, those who attended the follow-up study who had GDM in their 

index pregnancy had significantly higher SEI than those who had GDM and did not 

participate (Mean 36.7 SD (17.3) vs 33.4 SD (12.5) p=0.003).  
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Demographics data for the participants who attended the 3-year follow-up are presented 

in Table 12.5.1.1. Of the women who attended the 3-year follow-up, those with GDM 

had significantly higher SEI than those who did not have GDM in the index pregnancy 

((Mean 36 SD (17.4) vs 33 SD (13.9) p=0.019). BMI in early pregnancy was 

significantly higher in the GDM participants than in non-GDM participants (30.1 SD 

(8.4. vs. 27.4 SD (6.9) p=0.012). There was no difference in smoking status in first 

trimester or at 3 years postpartum, nor in waist circumference at 3 years postpartum 

between GDM participants and non-GDM participants (Table 12.5.1.1). There was no 

difference in anxiety and depression rates in women with GDM in the index pregnancy 

compared to those with a non-GDM pregnancy. Risk of mental health disorder in early 

pregnancy was similar between the groups who attended the 3-year visit. However, risk 

of depression was higher in those in the non-GDM group than in the GDM group in 

early pregnancy (5.64 (5.1) vs. 5.5 (3.7)) p=0.033).   
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Figure 12.5.1.1 Flow chart of woman-child dyads who participated in the STOP follow-up study  

1, 363 women recruited into the STOP study  

1,007 women agreed to be contacted 

674 women were contacted 

326 women unable to be 

contacted 

 63 women lost to 

follow-up or with 

pregnancy loss 

1,000 women with data available and consented 

to be contacted 

281 woman-child dyads consented and 

participated in 3Y follow-up  

Ages and Stages Questionnaires completed 

for 224 children 

393 women did not consent to 

participate or were unable to be 

contacted further   
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Table 12.5.1-1 Demographics of mothers participating in the STOP follow up study collected at index 

pregnancy and at 3 years postpartum. 

Variable GDM (n= 38) Non-GDM (n=219) p-
value 

Index pregnancy 

BMI (m2/kg) 30.1 (8.4) 27.4 (6.9) 0.012 

SEI * 36 (17.4) 33 (13.9) 0.019 

Caucasian ethnicity 34 (89.5%) 198 (89.6%)  

Education Status* 
Did not complete year 10 
Year 10 
Year 12 
Certificate 
Bachelor 
Higher degree 

 
2 (5.3%) 
2 (5.3%) 
8 (21.1%) 
14 (36.8%) 
10 (26.3%) 
2 (5.3%) 

 
2 (0.9%) 
29 (13.1%) 
56 (25.3%) 
81 (36.7%) 
39 (17.6%) 
14 (6.3%) 

0.001 

Early pregnancy EPDS  5.5 (3.7) 5.64 (5.1) 0.033 

Smoking at 1st trimester 7 (18.4%) 36 (16.3%) 0.744 

Smoking at 3Y 3 (7.9%) 26 (11.8%) 0.087 

Uncomplicated pregnancy - 133 (60.2%) - 

Preeclampsia** 4 (10.5%) 22 (10.0%) - 

Gestational hypertension** 4 (10.5%) 12 (5.4%) - 

Small for gestational age** 8 (21.1%) 28 (12.7%) - 

Spontaneous preterm birth** 4 (10.5%)  10 (4.5%) - 

Gestational Age (weeks) 38.5 39.4 0.334 

Birthweight (g) 3173 (595) 3352 (511) 0.822 

3 years postpartum 

Maternal Age  33.2 (5.4) 30.9 (4.87) 0.182 

BMI (kg/m2) 29.5 (7.5) 29 (8.7) 0.888 

Waist circumference (cm) 94.8 (21.7) 89.1 (21.6) 0.673 

GAD-7 Score  3.2 (3.7) 4.8 (4.4) 0.084 

PHQ-9 Score  4.9 (5.4) 5.2 (4.5) 0.578 
Data is reported as either mean (SD) or n= (%) 

P-value was not obtained for these outcomes 

*SEI is scored between 10-90 with a lower score indicating lower disadvantage 

**pregnancy complications are not mutually exclusive and one woman can experience multiple pregnancy 

complications 
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12.5.2. Neurodevelopment in children at 3 years of age:  
 

There were only two children who had been diagnosed with ASD by the 3-year follow-

up, one in the GDM group and one in the non-GDM group (data not shown). Table 2 

highlights the differences in developmental areas assessed in the ASQ-3. Children aged 

3 years who were exposed to GDM in utero had significantly lower scores for 

communication skills than those who were not exposed to GDM in utero (Table 

12.5.2.1). The adjusted mean difference for communication in these children remained 

the same after adjusting for maternal history of depression during early pregnancy, child 

age and gestational age at birth (Table 12.5.2.2). There was no difference in ASQ-3 

communication scores between children born to a GDM pregnancy and those born to 

an uncomplicated pregnancy (Table 12.5.2.1). There was a higher percentage of 

children who scored below the threshold (indicating developmental delay) in 

communication, problem-solving and personal social domains of the ASQ-3 in the 

GDM group than the non-GDM group (Table 12.5.2.3).  More children exposed to 

GDM in utero were below the threshold for communication and problem solving 

domains than children exposed to an uncomplicated pregnancy in utero. 
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Table 12.5.2-1 Differences in ASQ-3 domains between those exposed to GDM in utero and those 

who are not 
 

Scores are Mean (SD) 
*adjusted for child age and gestational age 
 

Table 12.5.2-2 Association between maternal GDM and communication score in children at age 3 

       

*adjusted for maternal history of depression, child age and gestational age 

 

Table 12.5.2-3 Differences in participants who scored below the threshold of the ASQ-3 

*adjusted for child age and gestational age 
 

12.5.3. Sex differences: 
 

There were 6 males and 16 females who were exposed to GDM in utero. Males who 

were exposed to GDM in utero exhibited lower scores for problem solving skills 

compared to females after adjusting for child age and gestational age at birth (Table 

12.5.3.1) 

  

ASQ-3 Variable GDM  (n=31) Non-GDM 
(n=192) 

p-value Uncomplicated 
(n=131) 

p-
value 

Communication  49.2 (12.3) 53.4 (7.8) 0.010 52.9 (8.7) 0.085 

Gross Motor 52.3 (13.4) 55.7 (7.7) 0.075 55.8 (7.7) 0.106 

Fine Motor 42.6 (16) 45.7 (14.2) 0.208 45.6 (13.9) 0.536 

Problem Solving  50 (12.9) 53.9 (8.4) 0.060 53.7 (8.2) 0.309 

Personal Social  49.4 (11.1) 51.8 (7.8) 0.179 52 (7.9) 0.284 

ASQ-3 Variable *Adjusted mean difference 

Communication -4.4 (-7.7 to -1.1) 

ASQ-3 Variable GDM  (n=31) Non-GDM 
(n=190) 

p-value Uncomplicated 
(n=131) 

p-value 

Communication  7 (18.4%) 9 (4.1%) 0.000 7 (5.2%) 0.017 

Gross Motor 4 (10.5%) 9 (4.1%) 0.177 4 (9.5%) 0.221 

Fine Motor 3 (7.9%) 8 (3.7%) 0.154 3 (7.1%) 0.265 

Problem Solving  5 (13.2%) 5 (2.3%) 0.001 2 (1.5%) 0.002 

Personal Social  5 (13.2%) 9 (4.1%) 0.018 6 (4.4%) 0.071 
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Table 12.5.3-1 Differences in ASQ-3 domains between male and females 

 

 

ASQ-3 Variable Male (n=6) Female (n=16) p-value* 

Communication  43.3 (10.3) 47.5 (16.3) 0.187 

Gross Motor 59 (2.2) 48.6 (15) 0.208 

Fine Motor 35 (21.2) 43.7 (16.8) 0.340 

Problem Solving  42 (13) 50 (16.0)  0.026 

Personal Social  45 (15.2)  50.6 (10.1) 0.216 
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12.6. Discussion 
 

Our study showed that offspring exposed to GDM in utero had lower scores for communication 

skills at 3 years of age compared to those who were not exposed to GDM in utero. Furthermore, 

the percentage of children who scored below the threshold indicating developmental delay for 

communication, problem solving and personal social skills was higher for those exposed to 

GDM in utero compared to those who were not so exposed. In addition, male children had a 

lower mean score for problem solving than female children. Importantly, our research has 

identified 3 year old children who would benefit from further clinical assessment of their 

neurodevelopment who would not otherwise have been identified in routine care.  

Previous studies have shown an association between exposure to GDM in utero and a delay in 

achieving neurodevelopmental milestones. A similar recent study found greater externalising 

and internalising behaviours in 2 year old children exposed to GDM in utero. These were 

attenuated for covariates including maternal depression at 12 months postpartum and prenatal 

maternal diet 68.  

GDM and socioeconomic disadvantage have been shown to have a synergistic effect that 

impairs neurodevelopment. Both exposure to GDM in utero and disadvantage are associated 

with a 2-fold increased risk of attention deficit hyperactive disorder (ADHD) at age 6 518. 

Communication scores in our study were lower in children exposed to GDM in utero, and 

reduced communication ability is often seen in offspring with ADHD.  In our study there were 

no children who were clinically diagnosed with ADHD by age 3 years. However, it is not likely 

that we would have seen a child with a diagnosis of ADHD at age 3 because the median age of 

diagnosis for children with current ADHD is 6 years, and severe cases are seen as early as 4 

years 528.  In the Northern Adelaide region, where this study was conducted, there are higher 

rates of mental illness, low income, accommodation insecurity and poor diet 452. 
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Socioeconomic disadvantaged children have shown reduced cognitive and behavioural 

function compared to those living with socioeconomic advantage 529.  

The association between maternal GDM and reduced communication score in the ASQ-3 

remained after adjusting for child age and maternal history of depression. There have been 

many studies that have shown that poor maternal mental health in pregnancy affects 

neurodevelopment in the infant, such as delayed cognition, behavioural and motor differences 

in childhood, brain development and connectivity 530. Exposure to GDM in utero appears to 

add to this risk. As the ASQ-3 has a high specificity and sensitivity for detecting 

neurodevelopmental disorders 531, it may be important to assess neurodevelopment in this 

cohort at an early age to enable early intervention to reduce the risk of neurodevelopmental 

delay.  

We found that female children exposed to GDM in utero had a reduced mean problem solving 

score than male children exposed to GDM in utero. This finding is particularly interesting as, 

despite the fact that our sample size is small, it agrees with the literature that suggests that 

males are affected more by intrauterine stress than females 523, 532. It is thought that the gene 

encoding o-linked n-acetylglucosamine transferase (OGT) that occurs on the X chromosome, 

and plays a role in neurodevelopment and metabolism, escapes X inactivation. Therefore, 

males have reduced expression of this gene in the brain and thus may be more vulnerable to 

intrauterine stressors 533. Hyperactivity is observed at a younger age in males and may only 

become apparent in females as they get older 534. A recent study found that male offspring 

exposed to a higher level of maternal glucose in utero were more likely to have lower scores 

in the personal social domain of the ASQ-3 than females 521. We saw a lower mean score for 

males but this was not significant.  
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The percentage of women with previous GDM who participated in this 3-year follow-up 

reflects the national average (approximately 15%) 4. From conception to 3 years of age, there 

is a significant increase in neural synapses and myelination that can be affected by nutrition 

and inflammation 512. Assessing offspring at a young age aids early intervention, which 

evidence shows reduces neurodevelopmental disorders in children 535. The women and children 

recruited from this population are from a socioeconomically disadvantaged community, 

therefore our results are generalisable to similar cohorts.  

We acknowledge the following limitations in this study. Only approximately one quarter of 

participants from the original STOP study attended the 3-year follow-up. Due to the 

disadvantage in this community, it is difficult to engage the population in clinical research. 

Approximately 58% of the original STOP Study participants who were contactable either 

declined to be part of the study, were noncompliant with attendance or were not contactable 

after first contact. As the study is observational in nature, there are variables for which we 

could not fully control. Our population was primarily Caucasian. Therefore, our results may 

not be generalizable to women and children of other ethnicities. Furthermore, we compared 

offspring exposed to GDM in utero to those without GDM in utero, but this group encompassed 

women with different pregnancy complications such as preeclampsia. As preeclampsia can 

severely impair placental perfusion and reduce nutrient flow to the fetus, it has been shown to 

also be associated with impaired neurodevelopment536. Therefore, it may be that in our non-

GDM group other pregnancy complications may have contributed to reduced 

neurodevelopment masking the full magnitude of effects of GDM.  

12.7. Conclusion 

 

We found that exposure to GDM in utero was associated with reduced communication skills 

in 3-year-old children compared to unexposed children after adjustment for maternal history of 
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depression, child age and gestational age at birth. In addition, exposure to GDM was also 

associated with a higher percentage of children scoring below the threshold for communication, 

problem solving and personal social skills, indicating developmental delay. Furthermore, males 

exposed to GDM in utero have reduced problem solving skills compared to their female 

counterparts. Clinical neurodevelopmental assessment of young children exposed to GDM in 

utero may be beneficial to identify those who would benefit from early intervention.  It may be 

important to investigate the association between GDM and sexual dimorphism in 

neurodevelopment further. 
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Introduction to discussion 

 

The overarching aim of this thesis was to investigate the association between 

gestational diabetes mellitus (GDM), and antenatal and postpartum health of women 

with a history of GDM, and the health of their children exposed to GDM in utero, three 

years following birth in a cohort of women and children with low socioeconomic status 

(SES).   

Summary of thesis 
 

In chapters 3, 4 and 6 we completed comprehensive reviews of the literature to elucidate 

the effect of GDM on subsequent maternal and child cardiovascular health and a 

detailed investigation of associated risk factors. Women with a history of GDM 

demonstrate an increase in systolic blood pressure, diastolic blood pressure, body mass 

index (BMI), total cholesterol, serum triglycerides, low density lipoprotein (LDL), 

fasting blood glucose, fasting insulin and a decrease in high density lipoprotein (HDL) 

cholesterol and risk of developing metabolic syndrome compared to those who do not 

have a history of GDM. These differences were seen as early as <1 year postpartum. 

Children exposed to GDM in utero had significantly higher systolic blood pressure, 

BMI z-score and serum glucose than those who were not exposed.  

Based on the findings of the previous reviews, we sought to determine whether 

breastfeeding conferred a protective influence on cardiovascular risk factors in women 

with a history of GDM and children exposed to GDM in utero. Our systematic review 

and meta-analysis revealed that, among women with a history of GDM, breastfeeding 

was associated with lower serum glucose and lower risk of developing type 2 diabetes 

mellitus compared to women who did not breastfeed. However, there were not enough 
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studies to complete a meta-analysis on the effect of breastfeeding on cardiovascular risk 

factors in children exposed to GDM in utero.  

We were interested in understanding the effect of antenatal maternal health on 

development of GDM. Chapter 8 is an observational cohort analysis of the STOP study 

participants to determine whether antenatal mental health was associated with 

development of GDM. Risk of developing a mental health disorder, history of 

depression, antenatal depression, high functioning anxiety and high perceived stress 

were not associated with development of GDM. Socioeconomic status of the 

participants may have contributed to the lack of difference between GDM and non-

GDM participants.  

To complement our systematic review and meta-analysis series and to understand the 

impact of GDM on cardiovascular disease in a cohort from a socioeconomically 

disadvantaged background, we completed an observational follow-up of women and 

their children from the Screening Tests to Predict Poor Outcomes of Pregnancy (STOP) 

study at 3 years postpartum. In chapter 8, we assessed whether women with a history 

of GDM and their children exposed to GDM in utero exhibited cardiovascular disease 

risk factors as early as 3 years postpartum. We found that fasting serum insulin was 

significantly higher in women with a history of GDM compared to those with an 

uncomplicated pregnancy but this association was mediated by BMI in early index 

pregnancy and socioeconomic index (SEI). A history of GDM was associated with 

elevated maternal fasting serum triglycerides at 3 years postpartum after adjustment for 

the same covariates. Children exposed to GDM in utero had greater waist 

circumference than those born after an uncomplicated pregnancy at 3 years of age. 

However, this was also attenuated by maternal early pregnancy BMI and SEI. 
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To determine whether breastfeeding was beneficial for women from a 

socioeconomically disadvantaged background and their children, we assessed whether 

breastfeeding for at least 6 months postpartum reduced cardiovascular risk factors in 

women and children from the STOP cohort at 3 years postpartum in chapter 10. Serum 

insulin and insulin resistance were significantly lower in women who breastfed for at 

least 6 months postpartum compared to those who did not but this was attenuated by 

BMI and SEI. There were no differences in child anthropometric or hemodynamic 

variables at 3 years of age among those who were breastfed for at least 6 months 

compared to those who were not. However, subgroup analysis of women who only 

experienced one or more pregnancy complications showed that women who breastfed 

for at least 6 months had reduced serum insulin, insulin resistance and serum 

triglycerides. Their children who were breastfed for at least 6 months had reduced BMI-

SDS.  

In chapter 11, we undertook an observational analysis of the children of the STOP 3 

year follow-up cohort to determine whether children exposed to GDM in utero had 

impaired neurodevelopment compared to children who were not exposed to GDM in 

utero, based on the Ages and Stages Questionnaire at 36 months. There was a reduction 

in scores for communication, gross motor and problem-solving domains in children 

exposed to GDM in utero compared to children who were not. There were higher rates 

of failure for the communication, problem solving and personal social domains for 

children with exposure to GDM in utero. When stratified by GDM status and gender, 

girls exposed to GDM in utero had fewer problem solving skills than boys at 3 years of 

age.   
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Implications of findings 

 

Hemodynamic profile of women who develop GDM  

 

This study on cardiovascular risk factors in women with a history of GDM revealed 

that the women who attended the 3 year follow-up had significantly higher systolic and 

diastolic blood pressure, mean arterial pressure, central systolic and diastolic blood 

pressure in early gestation compared to those with a non-GDM pregnancy. There is 

some evidence to suggest that at the time of diagnosis of GDM, women have increased 

arterial stiffness and changes in hemodynamic function 537, 538. Mecacci et al. 2021 

found that women who developed GDM had lower cardiac output and systolic volume 

than controls at 26-30 weeks’ gestation 539. In this study, differences in diastolic blood 

pressure, mean arterial pressure, central systolic and diastolic blood pressure in women 

at 34 weeks’ gestation were observed but only when women with GDM were compared 

with women who had an uncomplicated pregnancy.  

There is limited evidence available on hemodynamic changes in early pregnancy 

preceding GDM. Khalil et al. (2012) found that at 11-13 weeks’ gestation, women who 

went on to develop GDM had significantly higher systolic blood pressure and 

augmentation index (an indicator of arterial stiffness) compared to non-GDM 

pregnancies 540. The association between arterial stiffness and development of diabetes 

is thought to be due to a few different mechanisms. Hyperglycaemia, hyperinsulinemia, 

oxidative stress and inflammation are thought to alter extracellular matrix and arterial 

remodelling, hence vascular tone 539, 540. Women who develop GDM are likely to have 

poor preconception metabolic health and are more likely to be obese541. Therefore, 

while there may already be metabolic dysfunction pre-pregnancy, the hemodynamic 

changes that occur during pregnancy may place additional stress on maternal 

physiology, leading to accelerated vascular damage and β-cell dysfunction that promote 
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GDM. Hence, GDM status may be a sensitive indicator of poor cardiometabolic health 

in young women who would not conventionally be assessed for CVD at such an early 

stage in life.  

Obesity and SEI as mediators  

 

Obesity 

 

We found that the associations between GDM in pregnancy and cardiovascular risk 

factors in women and their children were mediated by obesity. This is an important 

mediator of developing GDM in women who are young without history of familial 

diabetes. GDM has been associated with an increased risk of CVD in overweight 

women (BMI 25-29) but not in women with healthy weight 542. Women who develop 

GDM are likely to have entered pregnancy obese/overweight and these women are 

more likely to exhibit components of metabolic syndrome 543. In the SCOPE 

international study which included 5,530 low risk nulliparous women recruited in early 

pregnancy, women who had MetS in early pregnancy were at increased risk of 

developing preeclampsia and GDM even with adjustment for lifestyle factors544.  

It has been shown that offspring exposed to GDM in utero had higher rates of 

abnormal glucose tolerance, overweight or obesity, higher blood pressure compared to 

those who were not exposed to GDM in utero, measured at 7 and 11 years’ of age, 

even when adjusted for maternal obesity 226. At 15 years old, they were more likely to 

develop metabolic syndrome regardless of maternal obesity 545. Furthermore, 

offspring who were born large for gestational age and exposed to either GDM or 

maternal obesity in utero were at higher risk of developing metabolic syndrome in 

childhood 546. Children as young as two years old born to mothers who did not have 

GDM but were obese were more likely to be overweight or obese themselves 547. 
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Therefore, the association between maternal GDM and child cardio-metabolic 

outcomes may, at least in part, be attributed to maternal obesity, as well as dietary and 

exercise habits of the mother which would be similar in the children.   

Tam et al. showed that offspring exposed to GDM in utero had higher rates of abnormal 

glucose tolerance, overweight or obesity, higher blood pressure compared to those who 

were not exposed to GDM in utero,  measured at 7 and 11 years’ of age, even when 

adjusted for maternal obesity 226. At 15 years old, they were more likely to develop 

metabolic syndrome regardless of maternal obesity 545. Boney et al. (2005) found that 

offspring who were born large for gestational age and exposed to either GDM or 

maternal obesity in utero were are a higher risk of developing metabolic syndrome in 

childhood 546. Zou et al. found that children as young as two years old born to mothers 

who did not have GDM but were obese were more likely to be overweight or obese 

themselves 547. Therefore, the association between maternal GDM and child cardio-

metabolic outcomes may be attributed by maternal obesity, as well as dietary and 

exercise habits of the mother which would be similar in the children.   

SEI  

 

Our cohort resides in one of the lowest socioeconomic local government areas in 

metropolitan Australia, with the mean SEI score 29 (SEI is calculated between 10 and 

90 with 10 being the lowest). This cohort reports 10% higher rates of smoking, 21.2% 

higher rates of mental health and behavioural problems and 6.3% higher rates of 

diabetes than the Australia average 72. Therefore, it may be difficult to detect differences 

between groups due to their low SEI. The association between SEI and CVD is likely 

influenced by a combination of biological, behavioural and psychosocial risk factors. It 

has been shown that low to middle SES groups have a higher rate of CVD mortality 

even after adjustment for medications and CVD risk factors. Cullinan et al. (2012) 
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found that there was a high prevalence of GDM in women from the lowest 

socioeconomic group compared to the highest 548. Alvarez-Galvez et al. found that 

poverty influences the effect of BMI on depression in European cohorts and suggested 

that the relationship between obesity and depression is worsened by SES 549. Therefore, 

while it is difficult to engage low socioeconomic cohorts in clinical research, it is 

valuable to investigate the effect of GDM on maternal and child health in our STOP 

cohort and similarly disadvantaged communities as they will likely benefit from early 

screening and targeted preventive measures.  

Breastfeeding and reduced cardiovascular risk factors in those exposed to GDM 

 

The findings of this thesis reveal that breastfeeding may be beneficial for women with 

history of a pregnancy complication, including women with a history of GDM. 

Development of pregnancy complications may be mediated by genetic and lifestyle 

factors, including poor lifestyle and diet which contributes to poor metabolic health 

before pregnancy. When women with poor metabolic health become pregnant, this acts 

as a ‘second hit’ for CVD in these women even prior to phenotypic expression of 

symptoms 227. However, it is thought that breastfeeding could promote a reduction in 

the metabolic changes that occur during pregnancy, including a reduction in 

triglycerides, serum insulin and glucose, which are all precursors for T2DM 550. 

Lactation is known to improve insulin sensitivity and glucose tolerance. Women from 

the SWIFT cohort who experienced GDM but breastfed for at least 6 months had 

decreased triglycerides and reduced lipogenesis and an improvement in glycolysis at 1-

2 years postpartum even with adjustment for maternal BMI and other covariates551. The 

increased energy expenditure during lactation facilitates weight loss and healthy weight 

retention, therefore benefiting both women with GDM and those who are 
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overweight/obese 551-553. Therefore, it will be beneficial to promote breastfeeding in 

these women to reduce risk of CVD later in life.   
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Strengths and limitations 

 

The fact that this thesis includes both a series of systematic reviews and meta -analyses and 

original research is an important strength. The systematic review and meta-analyses series is 

the first to observe all conventional CVD risk factors in women who experienced GDM and 

their children exposed to GDM in utero, rather than focusing on a few risk factors. The analysis 

on cardiovascular risk factors in women with a history of GDM is robust, based on evidence 

from 139 studies. Furthermore, subgroup analysis demonstrated that blood pressure, fasting 

glucose, triglycerides and risk of metabolic syndrome are already elevated as early as <1 year 

postpartum, thereby highlighting the importance of early screening for CVD risk factors after 

a pregnancy complicated by GDM. This timeline of risk factor stratification may be beneficial 

in preventative treatment for cardiovascular disease, especially in young women. Our analysis 

of BMI z-score in children with a history of GDM in utero includes 31,485 participants. 

Furthermore, it also included an analysis of cord blood metabolites such as cholesterol, LDL, 

HDL and glucose, which provide an understanding of the intrauterine environment to which 

the fetus is exposed.   

However, there are limitations. Both GDM and CVD are multifactorial diseases which are 

influenced by genetic and environmental factors. Therefore, it was not possible to adjust for 

such important variables due to the limitations in the data that were available. In particular, for 

the analyses on children exposed to GDM in utero, subgroup analyses for sex and age were not 

possible due to limited data. Substantial heterogeneity was seen for some outcomes throughout 

all meta-analyses, based on I2 and Chi2 values. Heterogeneity was explored through subgroup 

analyses where practical. However, we attribute any heterogeneity in analyses due to 

differences in study design such as definition of GDM, time of postpartum screening and 

methodology.  
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Our observational follow-up study had some strengths. The original STOP cohort comprised 

only nulliparous women without serious medical conditions or high-risk pregnancy due to 

underlying conditions. The socioeconomic profile of the community and study participants 

render the findings valuable and generalizable to other communities with low socioeconomic 

status. Importantly, as the STOP study is longitudinal, spanning back to early in the index 

pregnancy, we were able to assess conventional and non-conventional cardiovascular risk 

factors in both women in early gestation, late gestation and at 3 years postpartum to allow for 

a more complete assessment of cardiovascular health from conception to 3 years. We were able 

to assess hemodynamic and anthropometric markers in STOP children at a young age, 

including hemodynamic variables that are seldom reported in the literature for this cohort. 

A weakness of the STOP follow-up study is the participant loss to attrition. Only approximately 

¼ of participants from the original STOP study attended the 3 year follow-up. Majority of this 

loss was due to loss of contact (primarily due to the low SES community). Hence, there may 

be risk of selection bias, particularly as those who attended the 3 year follow-up had 

significantly higher SEI, albeit still relatively low, than those who did not. The small sample 

size likely attributes to the relatively small, but statistically significant, differences seen in the 

analyses. As argued earlier this may also be attributable to the SES of the cohort. However, it 

may be that 3 years postpartum may be very early in the progression to cardiovascular disease 

making it more difficult to detect differences between pregnancy outcome groups. However, 

the data provide a baseline from which to assess these women in future to ascertain whether 

these small differences increase in magnitude over time. Furthermore, as pregnancy 

complications are not mutually exclusive, both GDM and non-GDM groups consisted of 

women who experienced other pregnancy complications, such as preeclampsia, gestational 

hypertension, small for gestational age delivery, and preterm delivery. These pregnancy 

complications confer their own individual risk of developing cardiovascular disease and 
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metabolic syndrome 74, 227, 494. We were unable to control for any variance in this, other than 

conducting an exploratory analysis assessing women with a history of GDM and their children 

exposed to GDM in utero compared to those who were exposed to an uncomplicated pregnancy 

at index pregnancy.  

Future direction and recommendations 

 

To validate the findings of this thesis, a larger cohort is required. We were able to find small, 

albeit significant differences, throughout our analyses. The study needs replication in a larger 

population, ideally across socioeconomic strata, to identify a true association between maternal 

GDM and subsequent cardiovascular outcomes. 

Future research should focus on risk factors that are apparent in young women who are 

planning pregnancy, such as obesity, in order to mitigate risk of developing GDM. There are 

no guidelines in Australia for CVD risk factor assessment in individuals younger than 30 years. 

Therefore, implementing guidelines for CVD risk in young women which incorporate risk 

mitigation and management of pregnancy complications should be considered. These 

guidelines should also educate on child health after being exposed to a pregnancy complication 

in utero.  

It has previously been shown that postpartum diabetes screening in Australian women with a 

history of GDM was undertaken in just 66% which was even lower for women who were 

indigenous (approximately 30%)554. Evidence suggests that postpartum lifestyle interventions 

(i.e. diet and exercise) for women with a history of GDM within 3 years postpartum can reduce 

the development of diabetes by 43%555. Therefore, it is necessary to educate women on the 

importance of regular oral glucose tolerance testing every 2-3 years after a GDM pregnancy 

and maintaining a healthy lifestyle to significantly reduce their risk of CVD. A nurse 

practitioner led postpartum outpatient clinic for women after severe pregnancy complications 



 

 

422 

Final Discussion 

(including women who developed GDM in pregnancy who were on insulin or metformin 

therapy) is now provided through the Lyell McEwin Hospital for women who are referred for 

counselling at 6 months, 1 year and 5 years postpartum. This service provides a comprehensive 

assessment of maternal demographics, medical history and biochemical testing to ascertain 

cardiovascular risk status and provide advice on how to reduce this risk through healthy 

lifestyle change and further referral to GP and nutritional planning556.    

Final remarks 

 

Pregnancy complications, including GDM, signal risk for future cardio-metabolic disease in 

both women and children. Preconception planning and assessing metabolic health, particularly 

mitigation of obesity and poor lifestyle factors, may reduce risk of developing GDM. 

Postpartum intervention for women with pregnancy complications is necessary to reduce the 

risk of cardio-metabolic disease later in life. This should be offered through postpartum 

interventions such as women’s heart health clinics and regular monitoring provided by the GP, 

including educating women on the importance of a healthy lifestyle for a happy, fulfilling life 

for both mother and child.  
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Abstract
This systematic review and meta-analysis aimed to synthesize evidence on conventional cardiovascular disease
(CVD) risk factors among women with previous Gestational Diabetes Mellitus (GDM). The review protocol is
registered with PROSPERO (CRD42019118149). PubMed, CINAHL, SCOPUS, and EMBASE databases were
searched. Studies reporting on CVD risk factors in women with previous GDM compared to women without
previous GDM were selected. A total of 139 studies were eligible, of which 93 were included in the meta-analysis.
Women with previous GDM have significantly higher systolic blood pressure (2.47 mmHg 95% CI 1.74 to 3.40, n =
48, 50,118 participants) diastolic blood pressure (1.89 mmHg 95% CI 1.32 to 2.46, n = 48, 49,495 participants), BMI
(1.54 kg/m2 95% CI 1.32 to 2.46, n = 78, 255,308 participants), total cholesterol (0.26 SMD 95% CI 0.15 to 0.37,
n = 48, 38,561 participants), LDL cholesterol (0.19 SMD 95% CI 0.08 to 0.30, n = 44, 16,980 participants), triglyc-
erides (0.56 SMD 95% CI 0.42 to 0.70, n = 46, 13,175 participants), glucose (0.69 SMD 95% CI 0.56 to 0.81, n =
55, 127,900 participants), insulin (0.41 SMD 95% CI 0.23 to 0.59, n = 32, 8881 participants) and significantly lower
HDL cholesterol (−0.28 SMD 95% CI −0.39 to −0.16, n = 56, 35,882 participants), compared to women without
previous GDM. The increased blood pressure, total cholesterol, triglycerides and glucose are seen as early as <1 year
post-partum.Women with previous GDM have a higher risk of CVD based on significant increases in conventional
risk factors. Some risk factors are seen as early as <1 year post-partum. Women with GDM may benefit from early
screening to identify modifiable CVD risk factors.

Keywords Gestational diabetes .Women’s health . Cardiovascular disease . Cardiovascular risk factors

Abbreviations
CVD cardiovascular disease
GDM gestational diabetes mellitus

1 Introduction

Cardiovascular disease (CVD) is a major global health
burden. There are 17.9 million deaths annually, account-
ing for 31% of global mortality [1]. CVD is also a
leading cause of death in women [2]. Research over
the past decade has shown an association between the
major pregnancy complications including preeclampsia,
intrauterine growth restriction, preterm birth and gesta-
tional diabetes mellitus and increased risk of CVD, with
each pregnancy complication incurring a 2-fold in-
creased risk of developing CVD later in life [3].
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Gestational diabetes mellitus (GDM) is defined as
glucose intolerance, which is first recognised in preg-
nancy, hence different from both type I and type II
diabetes mellitus. GDM is estimated to affect one in
seven pregnancies [4]. Women with previous GDM are
more likely to be obese, have dyslipidaemia and hyper-
tension post-partum [3]. These women have an approx-
imately seven-fold increased risk of developing type II
diabetes mellitus (T2DM) later in life [5]. The definition
of GDM changed in 2013, following a study by the
Hyperglycaemia Adverse Pregnancy Outcomes (HAPO)
cohort, which showed that adverse perinatal outcomes
were seen even in women whose glycaemic levels were
below the conventional GDM criteria [6]. This meant
that women, who were not diagnosed with GDM based
on previous guidelines, were still at risk for these ad-
verse outcomes. With the implication of the new inter-
national guidelines for GDM, the rate of women classi-
fied as having GDM is expected to increase.

A recent meta-analysis by Kramer et al. (2019) based
on more than a million participants, showed that women
with GDM have a 2-fold increased risk of developing
CVD, irrespective of the disease progression of T2DM
[7]. Thus impaired glucose tolerance post-partum does
not appear to be the only cardiovascular risk factor in
women who experience GDM to warrant screening for
CVD. A major mechanism that underlies the risk of
CVD is metabolic syndrome, which is a collection of
vascular derangements including obesity, dyslipidaemia,
insulin resistance and hypertension [8]. Therefore, early
identification of these modifiable risk factors is pertinent
in order to offer targeted interventions/lifestyle modifi-
cation advice to reduce the subsequent risk for CVD. It
has been shown that minimal decreases in risk factors
including systolic blood pressure, total cholesterol and
adiposity can significantly reduce the risk of ischemic
heart disease later in life [9, 10].

There has not been a systematic review and meta-analysis
that has comprehensively evaluated all conventional CVD risk
factors simultaneously in women with previous GDM, and
none that has assessed the timeline of development of risk
factors for CVD. This is particularly important as Kramer
et al. (2019) showed an association between previous GDM
and increased risk of CVD events as early as one year post-
partum [8].

Therefore, our primary aim was to conduct a system-
atic review and meta-analysis on the association be-
tween GDM and major risk factors for CVD including
blood pressure (BP), body mass index (BMI), fasting
glucose, insulin and lipids using data from all eligible
studies. Our secondary aim was to assess the risk factor
profile based on the time elapsed post-partum at which
assessments were conducted.

2 Methods

2.1 Search strategy

All studies describing the association between GDM and risk
factors for CVD in women were identified by searching the
following electronic databases: PubMed, CINAHL, SCOPUS
and EMBASE with an end of search date of 5th November
2018. Subsequently, we updated the literature search to in-
clude all relevant articles published until 10th Jan 2020. The
search was conducted by ZL. The review protocol is regis-
tered in PROSPERO (CRD42019118149).

The review was undertaken with reference to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines [11]. The search strategy was as
follows: (“gestational diabetes*” OR “pregnancy induced di-
abetes” OR “diabetic pregnancy”) AND (pregnan* OR moth-
er OR women OR woman) AND (“blood pressure” OR dia-
betes OR cardiovascular OR metabolic OR hypertension OR
BMI or “body mass index” OR obesity OR overweight OR
lipids OR lipid OR cholesterol OR triglyceride* OR glucose
OR insulin OR vascular).

We included case-control studies, cross-sectional and co-
hort studies. Previous systematic reviews and meta-analyses
on closely related topics, and references from eligible studies
were checked for additional studies. All identified studies
were assessed for relevance by four authors (MP, PA, AA,
ZL). Data were independently extracted by two authors
(MP, AA). Discrepancies were resolved by discussion with
ZL and PA.

2.2 Inclusion criteria

Studies were selected if they compared CVD risk factors in
women with a previous history of GDM compared to women
with no history of GDM. We included studies that defined
GDM based on the International Association of Diabetes
and Pregnancy Study Groups (IADPSG) [12]. However, since
the diagnostic criteria have been revised recently, we included
studies that used prior recommended diagnostic criteria of
GDM including the 1999 World Health Organization defini-
tion, and other regional definitions. The definitions of GDM
of included studies are detailed in Table 1. Studies that did not
include a definition of GDM, those that did not define the case
and control groups and those that compared women with
GDM to another risk group were excluded.

Data were extracted independently and in duplicate for
outcomes, systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), body mass index (BMI), lipid levels (total cho-
lesterol, low density lipoprotein (LDL) high density lipopro-
tein (HDL), and triglycerides), blood glucose, and fasting in-
sulin. We analysed all studies collectively as an overall anal-
ysis, and subsequently stratified into subgroups based on the
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time of follow up post-partum as: <1 year, 1–5 years, 5–
10 years and 10+ years from the index pregnancy. Studies that
did not provide details on when the follow up assessment was
conducted, were only included in the overall analysis. When
the same cohort was assessed at multiple times post-partum,
the study with the largest sample size was used in the overall
analysis and in the relevant subgroup analyses. When out-
come measures of the same cohort at one follow up time point
were reported in multiple publications, the one with the largest
sample size was used in the overall analysis.

We considered studies published in English, and studies
that could be translated to English. We contacted authors via
email to obtain missing data and clarifications when required.
We included abstracts of cohort studies, but only abstracts
which provided data for relevant outcomes were included in
the me ta -ana lys i s and non-meta -ana lys i s t ab l e
(Supplementary Table 1).

2.3 Statistical analysis

The following data were collected from each included study:
definition of GDM, time of post-partum follow up (number of
years since index pregnancy), number of cases (those who
experienced GDM) and controls (those who did not experi-
ence GDM), child birthweight, and gestational age at delivery
of cases and controls, and data on the variables considered in
any adjusted analyses/variables used to match cases with
controls.

The meta-analysis was performed using RevMan software
(Review Manager Version 5.3) based on an inverse variance
method. As per protocol, the random-effects model was se-
lected to account for the differences in diagnostic criteria of
GDM. For each outcome measure, unadjusted mean and stan-
dard deviation (SD) were used in meta-analyses. When mean
and SDwere not reported, Standard Error ofMean (SEM) was
converted to SD using RevMan software. The Standard Mean
Difference (SMD) was used when the outcome was measured
in different units across studies and Mean Difference (MD)
when units were consistent.

Substantial heterogeneity was considered when I2 statistic
exceeded 50%, and the Chi2 P value was less than 0.1. The
studies that reported on outcome measures using median and
IQR are detailed in Supplementary Table 1. To assess publi-
cation bias, funnel plots were used for the primary outcomes.
The methodological quality was assessed using the Newcastle
- Ottawa Quality Assessment Scale (NOS) and graphically
illustrated in the supplementary data (Supplementary Fig. 1)
[13]. Sensitivity analyses were performed to evaluate hetero-
geneity for outcomes after excluding low quality studies (i.e.
scored 1–3 on the NOS) and excluding abstracts that were
included in the meta-analyses. Two authors (MP, AA) inde-
pendently assessed the quality of each study included in the

review. The discrepancies were resolved through discussions
with ZL and PA.

3 Results

The literature search identified 12,248 articles. Four hundred
and thirteen (413) articles were eligible for full text review. Of
these, 139 were included in the review and 93 were included
in the meta-analyses. The reasons for excluding 274 studies
are detailed in Fig. 1. We contacted 24 authors for additional
data; we received a 17% response rate (n = 4 studies). Of the
included studies, 33 were of high quality (scored 7–8), 79
were of moderate quality (scored 4–6), and 28 were of low
quality (scored 1–3) (Supplementary Table 2). The results of
the overall meta-analyses for all CVD risk factors in women
with previous GDM compared to those without previous
GDM are shown in Table 2.

Blood pressure Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) data were available from 60 studies,
of which 48 were included in the overall meta-analysis.
Quantitative summary measures showed that women with
previous GDMhave 2.47mmHg (95%CI 1.74 to 3.40) higher
mean SBP compared to controls (n (total) = 50,118; heteroge-
neity: Chi2 P < 0.00001, I2 = 80%) (Table 1) (Supplementary
Fig. 1A) [14–56]. Of the 12 studies with data not included in
the meta-analysis [52, 57–67], eight reported higher SBP in
women with previous GDM compared to the control group
[52, 57–60, 63, 64, 67], with five studies showing statistical
significance [52, 57, 60, 64, 66] (Supplementary Table 1).
Sensitivity analysis after excluding the low quality studies
showed a marginal increase in heterogeneity (Chi2

P < 0.00001, I2 = 82%). (Supplementary Table 3A).
Women with previous GDM have 1.89 mmHg (95% CI

1.32 to 2.46) higher DBP compared to women without previ-
ous GDM (n = 49,495, heterogeneity: Chi2 P < 0.00001, I2 =
83%) (Table 2) (Supplementary Fig. 1B) [14–56]. Of the 12
studies not included in the meta-analysis [2, 52, 57–67], six
reported higher DBP in women with previous GDM com-
pared to the control group [52, 57, 58, 60, 63], with three
studies showing statistical significance [57, 60, 61].
Sensitivity analysis after excluding low quality studies
showed a marginal increase in heterogeneity (Chi2

P < 0.00001, I2 = 85%). (Supplementary Table 3B).

Body mass indexBodyMass Index (BMI) data were available
from 102 studies, of which 78 were included in the overall
meta-analysis. BMI was 1.54 kg/m2 higher in women with
previous GDM compared to women without previous GDM
(95% CI 1.17 to 1.91; n = 255,308, heterogeneity: Chi2

P < 0.00001, I2 = 97%) [14, 16, 18–20, 22, 23, 25, 26, 28,
29, 38, 39, 41–43, 45, 46, 48–53, 55, 56, 58, 68–104]
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(Table 1) (Supplementary Fig. 2). Of the 24 studies not in-
cluded in the meta-analysis [37, 52, 57, 59–61, 63–67, 100,
105–117], 12 studies reported that women with previous
GDM had significantly higher BMI or were more obese than
women without previous GDM [37, 52, 60, 61, 64, 66, 67, 69,
100, 106, 108–111, 114–117]. Sensitivity analysis after ex-
cluding low quality studies showed a decrease in heterogene-
ity (Chi2 P < 0.00001, I2 = 95%) (Supplementary Table 3C).

Lipids Total cholesterol data were available from 59 studies,
48 studies were included in the overall meta-analysis. Women

with previous GDM had 0.26 SMD higher total cholesterol
compared to women without previous GDM, (95% CI 0.15 to
0.37; n = 38,561, heterogeneity: Chi2 P < 0.00001, I2 = 89%)
[14, 16, 19, 20, 22–25, 29, 31, 33, 35, 36, 38, 41, 42, 44, 46,
47, 49, 52, 53, 55, 56, 64, 69, 70, 75, 77, 78, 86, 97, 100, 101,
118–122] (Table 1) (Supplementary Fig. 3). Of the 11 studies
not included in the meta-analysis [52, 57, 59, 60, 65, 74, 100,
113, 115, 116, 123], three reported that women with previous
GDM had significantly higher total cholesterol compared to
the control group [52, 100, 116]. Sensitivity analysis after
excluding low quality studies showed a marginal increase in

Fig. 1 PRISMA flow chart of study selection
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heterogeneity (Chi2 P < 0.00001, I2 = 90%). (Supplementary
Table 3D).

Low density lipoprotein (LDL) cholesterol data were avail-
able from 57 studies, of which 44 were included in the overall
meta-analysis. Women with previous GDM had 0.19 SMD
higher LDL compared to women without previous GDM
(95% CI 0.08 to 0.30; n = 16,980, heterogeneity: Chi2 P <
0.00001, I2 = 83%) (Table 1) (Supplementary Fig. 4) [8, 14,
15, 18–20, 22–25, 28, 29, 33, 36–39, 41–45, 47, 49, 52, 54,
56, 58, 64, 68, 70, 75, 78, 86, 97, 100, 118, 120–122, 124]. Of
the 13 studies not included in the meta-analysis [52, 57, 59,
62, 65, 74, 100, 113, 115, 116, 122, 123, 125], four reported
that women with previous GDM had significantly higher LDL
compared to the control group [52, 62, 100, 116]. Sensitivity
analysis after excluding low quality studies showed an in-
crease in heterogeneity (Chi2 P < 0.00001, I2 = 85%).
(Supplementary Table 3E).

High density lipoprotein (HDL) cholesterol data were
available from 70 studies, of which 56 were included in the
overall meta-analysis. Women with previous GDM had lower
HDL compared to those without previous GDM, a − 0.28
SMD (95% CI -0.39 to −0.16; n = 35,882, heterogeneity:
Chi2 P < 0.00001, I2 = 89%) [15, 16, 18–20, 22–26, 29–31,
33, 35–39, 41–48, 52, 55, 58, 64, 70, 75, 77–79, 86, 87,
99–101, 118, 120–122] (Table 1) (Supplementary Fig. 5).
Of the 14 studies not included in the meta-analysis [34, 49,
52, 57, 59, 61, 62, 65, 74, 84, 100, 113, 115, 122], five

reported that women with previous GDM had significantly
lower HDL than the control group [14, 52, 61, 115, 116,
122]. Sensitivity analysis after excluding low quality studies
showed a marginal increase in heterogeneity (Chi2

P < 0.0001, I2 = 90%). (Supplementary Table 3F).
Triglyceride data were available from 64 studies, of which

45 were included in the overall meta-analysis. Women with
previous GDM had 0.56 SMD higher triglycerides compared
to those without previous GDM (95% CI 0.42 to 0.70; n =
13,175, heterogeneity: Chi2 p < 0.00001, I2 = 88%) [14–16,
19, 20, 22–25, 29, 30, 35, 36, 39, 41, 42, 44–47, 55, 58, 68,
70, 72, 75, 77–79, 86, 87, 99–101, 103, 118, 120] (Table 1)
(Supplementary Fig. 6). Of the 19 studies not included in the
meta-analysis [34, 51, 52, 57, 59–62, 65, 74, 97, 100, 113,
115, 116, 121–123], seven studies reported that women with
previous GDM had significantly higher triglycerides than
those without previous GDM [51, 52, 61, 100, 108, 115,
116]. Sensitivity analysis after excluding low quality studies
showed no difference in heterogeneity (Chi2 P < 0.00001,
I2 = 88%). (Supplementary Table 3G).

Glucose Blood glucose data were available from 72 studies, of
which 55 were included in the overall meta-analysis. Women
with previous GDM had 0.69 SMD higher blood glucose
compared to those without previous GDM (95% CI 0.56 to
0.81; n = 127,900, heterogeneity: Chi2 P < 0.00001, I2 = 94%)
[8, 16, 18–20, 22, 24, 25, 28–30, 32, 33, 35, 36, 38, 41–49,

Table 2 Mean differences for cardiovascular outcomes overall in women with previous gestational diabetes mellitus compared to women without
previous GDM

Outcome Odds Ratio
MD/SMD

95% CI n = (studies) n = (GDM/
control)

n = (total) Heterogeneity

Systolic Blood Pressure (mmHg) MD 2.47 1.74, 3.40 48 7332/42,786 50,118 I2 = 79%
P < 0.00001

Diastolic Blood Pressure (mmHg) MD 1.89 1.32, 2.46 48 7025/42,470 49,495 I2 = 83%
P < 0.00001

BMI (kg/m2) MD 1.54 1.17, 1.91 78 26,689/ 228,619 255,308 I2 = 97%
P < 0.00001

Total cholesterol (SMD) SMD 0.26 0.15, 0.37 48 6817/31,744 38,561 I2 = 89%
P < 0.00001

Low density Lipoprotein (SMD) SMD 0.19 0.08, 0.30 44 5846/11,134 16,980 I2 = 83%
P < 0.00001

High density lipoprotein (SMD) SMD -0.28 -0.39, −0.16 56 7203/28,679 35,882 I2 = 89%
P < 0.00001

Triglycerides (SMD) SMD 0.56 0.42, 0.70 45 4110/9065 13,175 I2 = 88%
P < 0.00001

Glucose
(SMD)

SMD 0.69 0.56, 0.81 55 17,180/110,720 127,900 I2 = 94%
P < 0.00001

Insulin
(SMD)

SMD 0.41 0.23, 0.59 32 2994/5887 8881 I2 = 90%
P < 0.00001

Abbreviations: MD – mean difference, 95% CI – 95% Confidence Interval

Bold MD (95% CI) highlights significant result
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51–54, 56, 68, 71, 72, 75, 77, 79, 80, 83, 85, 92, 95, 101,
118–121, 124, 126–129](Table 1) (Supplementary Fig. 7).
Of the 17 studies not included in the meta-analysis [34, 37,
52, 57, 59–61, 63, 78, 91, 106, 113, 115, 116, 122, 130, 131],
10 studies reported that women with previous GDM had sig-
nificantly higher glucose than those without previous GDM
[34, 52, 57, 61, 64, 115, 116, 122, 130, 131]. Sensitivity
analysis after excluding low quality studies showed no differ-
ence in heterogeneity (Chi2 P < 0.00001, I2 = 94%).
(Supplementary Table 3H).

3.1 Insulin

Serum insulin data were available from 44 studies, of which
32 were included in the overall meta-analysis. Women with
previous GDM had 0.41 SMD higher insulin compared to
those without previous GDM (95% CI 0.23 to 0.59; n =
8881, heterogeneity: Chi2 P < 0.00001, I2 = 90%) [15, 22,
24, 25, 29, 30, 36, 38, 41, 45, 46, 53, 56, 70, 71, 75, 77, 85,
95, 99, 101, 118, 119, 124, 126–128]. (Table 1)
(Supplementary Fig. 8). Of the 12 studies not included in the
meta-analysis [20, 32, 37, 49, 51, 52, 61, 64, 86, 113, 115,
116], five studies reported that women with previous GDM
had significantly higher glucose than those without previous
GDM [20, 32, 37, 52, 61, 107]. Sensitivity analysis after ex-
cluding low quality studies showed no difference in heteroge-
neity (Chi2 P < 0.00001, I2 = 90%). (Supplementary Table 3I).

Subgroup analyses We conducted subgroup analyses based
on the time of post-partum follow up (<1 year post-partum,
1–5 years post-partum, 5–10 years post-partum and > 10 years
post-partum). The results are shown in Table 3. Systolic blood
pressure, diastolic blood pressure, triglycerides and blood glu-
cose were higher in women with previous GDM compared to
those without previous GDM as early as <1 year post-partum.
Triglycerides and blood glucose remained significantly ele-
vated at 1–5 years, 5–10 years and > 10 years post-partum
(Table 2).

4 Discussion

CVD is a global concern and contributes to the majority of
deaths due to non-communicable disease (NCDs) (approxi-
mately 17.9 million deaths annually) [132]. Early detection,
prevention and treatment of risk factors are critical in reducing
the incidence of CVD. Pregnancy complications, such as pre-
eclampsia and GDM are now identified as risk factors for
NCDs including T2DM and CVD [3]. Women may be sus-
ceptible to long-life CVD, due to a genetic predisposition or
poor lifestyle choices or a combination. Thus, pregnancy may
act as a second hit for CVD in these women who already have

a predisposition to metabolic syndrome, before phenotypic
expression [3]. Furthermore, it is known that exposure to ges-
tational diabetes mellitus in utero increases the risk of cardio-
vascular risk factors in offspring [133]. Therefore, we sought
to determine the CVD risk factors and well as the timeline for
manifestation of risk factors among women with previous
GDM. Synthesizing the published evidence on conventional
CVD risk factors in women with previous GDM and assessing
the timeline for manifestation of risk factors, thus, provide
strong evidence to plan screening strategies to identify those
at risk for CVD. This review also signifies the importance of
considering pregnancy complications in CVD risk stratifica-
tion, thus providing an opportunity for primordial prevention.

4.1 Key findings

Women with previous GDM have an increase in all conven-
tional CVD risk factors. Blood pressure (both systolic and
diastolic), serum triglycerides and blood glucose are also
higher in women with GDM compared to those without
GDM as early as <1 year post-partum.

4.2 Comparison to other studies

Our meta-analysis showed that women with previous GDM
have an increase in systolic and diastolic blood pressure. It has
been shown that GDM increases the risk of developing hyper-
tension in different populations [111, 134, 135]. Daly et al.
(2018) showed that the cumulative incidence of hypertension
and ischemic heart disease was higher in women with previ-
ous GDM compared with controls, and that this difference
persisted over a 25-year study period [109].

Our analysis showed that BMI was 1.57 kg/m2 higher in
women with previous GDM compared to controls based on a
sample size of nearly 300,000 women. While we do not know
whether the women with previous GDM were obese prior to
pregnancy and during pregnancy, it is likely the case for many
of these women. A large scale meta-analysis showed that the
unadjusted ORs of developing GDM were 2.14 (CI% 1.82 to
2.53), 3.56 (3.05–4.21) and 8.56 (5.07–16.04) for overweight,
obese and severely obese women respectively, compared to
normal weight pregnant women [136].Obese women have
substantially higher liver fat content, and this is consistent
with the impairment of fat sequestration by adipocytes in in-
dividuals developing GDM [137].

Women with previous GDM were also demonstrated to
have higher total cholesterol, LDL, triglycerides and a de-
crease in HDL demonstrating an “at risk phenotype” com-
pared to women without previous GDM. During the third
trimester of pregnancy, women with GDM show an exagger-
ated elevation in serum lipids, and this may result in transient
metabolic disease. [137, 138]. Studies have shown that tri-
glycerides are significantly elevated in women with GDM
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compared to controls across each trimester. It has also been
shown that elevated first trimester maternal triglyceride level
(adjusted for BMI) is a strong predictor for future GDM [138].
Consistent with these finding, our study showed that triglyc-
erides were elevated as early as <1 year post-partum.

We also observed a significant increase in glucose and
insulin in women with previous GDM compared to controls.
GDM results in a dysregulation of cytokines (particularly a
reduction in adiponectin, and elevation in interleukin-6 and
tumour necrosis factor-alpha) and an increase in free fatty
acids which promote insulin resistance (IR) and a state of
metabolic dysfunction [137]. The study by Daly et al. (2018)
also showed that women with GDM are more likely to devel-
op T2DM later in life over a 25-year period. In some popula-
tions, 50% of women with GDM progress to T2DM [139],
and approximately one third of women with T2DM have had
previous GDM [140].

4.3 Strengths and limitations

This systematic review and meta-analysis is the first to ob-
serve all conventional CVD risk factors in women who expe-
rienced GDM. Our study provides robust evidence that wom-
en who experience GDM have an increase in all CVD risk
factors compared to controls, based on evidence from 139
studies. Furthermore, subgroup analysis demonstrated that
blood pressure, glucose and triglycerides are already elevated
as early as <1 year post-partum, thereby highlighting the im-
portance of early screening for CVD risk factors after a preg-
nancy complicated by GDM.

There are limitations to our findings that need acknowl-
edgement. Firstly, GDM is a multifactorial disease, with many
environmental and genetic components contributing to dis-
ease risk. Both obesity and GDM share the same causal path-
way of elevated FFAs and dysregulation of cytokines leading
to insulin resistance [137, 141]. Common risk factors such as
advanced maternal age, familial history of T2DM or GDM in
a first-degree relative (mother or sister) and Asian ethnicity
contribute to a higher risk of GDM [142]. There are certain
candidate genes that are associated with type II diabetes
mellitus and GDM, mainly influencing insulin secretion
[143]. Therefore, it is difficult to elucidate whether CVD in
obese/overweight women with previous GDM is attributed to
GDM alone or other pre-existing predispositions. Another
limitation was the inability to adjust for important con-
founders such as BMI, age, and sex. Due to non-availability
of data on adjusted mean values and the differences in the
confounders used in studies, we were not able to use adjusted
values in our meta-analyses. However, Table 1 demonstrates
various regression analyses used in studies that are adjusted
for these important covariates. Secondly, substantial heteroge-
neity was seen for most overall outcomes, based on I2 and
Chi2 P values. Observational studies may be subject to

publication bias, although visual analysis of funnel plots
showed no heterogeneity (Supplementary Fig. 9A-9I).
Heterogeneity was further explored through subgroup analy-
sis, however for some subgroups heterogeneity was still evi-
dent (Table 3). After sensitivity analysis of overall outcomes
after excluding low quality studies, heterogeneity was in-
creased for most outcomes (Supplementary Table 3A, 3B,
3D, 3E, 3F). It is difficult to elucidate the reasons for hetero-
geneity for aggregate data. It is conventionally explained by
significant differences between studies, which in our study
can include definition of GDM, time of post-partum screen-
ing, methodology and study design. We can only attribute the
heterogeneity seen due to genetic and environmental factors
that could not be adjusted for, and recommend that more lon-
gitudinal, large scale studies are conducted to contribute to
this evidence and reduce the overall heterogeneity.

Future direction and clinical relevance Our findings signify
the importance of early post-partum CVD risk screening for
women who experience GDM. Metabolic syndrome is de-
fined as a cluster of conditions including hypertension,
dyslipidaemia, dysglycemia and obesity that significantly in-
creases the risk of type II diabetes and cardiovascular disease.
Our study demonstrates that women with GDM in pregnancy
show clinical phenotypes that can contribute to metabolic syn-
drome and type II diabetes as early as within one year post-
partum. Approximately 10% of women with GDM are known
to develop diabetes soon after delivery. Therefore, it is neces-
sary to implement interventions and treatment strategies as
early as practical in these women in order to significantly
reduce the risk of CVD later in life. A study in the UK in
2013, showed that risk factors such as SBP and total choles-
terol decreased in those who attended such CVD screening,
with an overall CVD risk reduction of 6.8% [144].

While the values seen in our meta-analysis for blood pres-
sure are within a normal range, increase in blood pressure
poses a continuous risk of CVD. It has been shown that a
10 mmHg increase in systolic blood pressure is associated
with a 30% higher risk of ischemic heart disease [10]. We
demonstrated that at <1 year post-partum, SBP in women with
previous GDM was nearly 4 mmHg higher than in controls.
This suggests that women with previous GDM may benefit
from monitoring of blood pressure as early as <1 year post-
partum to reduce the risk of subsequent hypertension.

Persistence of high BMI in women with previous GDM is
likely due to post-partum behaviours, and it may be beneficial
to target reduction of obesity prior to gestation. A meta-
analysis by Baptise-Roberts et al. showed that for every 1 kg
increase in pre-pregnancy weight, the increased odds of de-
veloping type II diabetes mellitus increased by 40% [145].
The Diabetes Prevention Program, a multi-centre randomized
controlled trial, showed that intensive lifestyle changes,
targeting a 7% reduction in enrolment weight, and increased
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physical activity in women with previous GDM, reduced the
risk of diabetes incidence by 50% at 12 years post-partum
[146]. Interestingly, it was shown that women with GDM lost
the most amount of weight at 6 months post randomization,
and increased weight again afterwards. These weight patterns
correlated with a decrease in physical activity (women in the
active GDM group were achieving 1.5 h of exercise from
baseline in the first year, but by the third year, they were
reporting less than 30 min of physical activity a week, corre-
lating with a mean weight loss of only 1.6 kg). In our sub-
group analysis, there was no difference in BMI between wom-
en with previous GDM and controls at <1 year post-partum,
and then for the subsequent subgroups, there were significant
differences in BMI [146]. Therefore, it appears that lifestyle
guidance during pregnancy promotes weight loss in the first
year post-partum, and compliance decreases beyond this
point. Strategies to maintain a healthy weight in women with
previous GDM beyond the first post-partum year, may signif-
icantly reduce their overall CVD risk.

Women with GDM experience insulin resistance (IR) and
hypertriglyceridemia, which are both promoted by elevated
free fatty acids (FFAs) in response to increased adiposity
[137]. IR is a marker of essential hypertension, as it promotes
a pro-atherogenic state through marked dyslipidaemia and el-
evation in inflammatorymarkers [147]. Atherosclerosis is also
promoted by elevations in any non-HDL cholesterols. [148]
The higher total cholesterol and triglycerides and the lower
HDL cholesterol evident in women with previous GDM sug-
gest an adverse serum lipid profile and as such, women with
previous GDM may be at higher risk for CVD. While the
values seen in this meta-analysis are minimal, it is important
to recognize that serum lipids are strong predictors of hyper-
tension and IHD mortality, with total cholesterol/HDL ratio
being the strongest predictor of IHD mortality overall [149,
150]. In our meta-analysis we observed a minimal but signif-
icant increase in non HDL cholesterols and a decrease in HDL
cholesterol, therefore suggesting that women with GDM are
likely to exhibit a poor lipid profile and may benefit from
regular monitoring of serum lipids.

Women with previous GDM will also benefit from regular
screening of blood glucose and insulin. Towards the end of the
second trimester, insulin resistance is elevated to facilitate the
delivery of glucose to the fetus down a concentration gradient
via placental transfer. Women who are normoglycemic during
this period, have adequate β-cell function through compensa-
tory hyperplasia of the beta cells, which causes increased insu-
lin release upon glucose stimulation [141]. However in women
with GDM, there is a failure of β-cell compensation to protect
against the increased insulin resistance and as such blood glu-
cose is significantly elevated. This insulin resistance may not
resolve after delivery and blood glucose remains elevated post-
partum [141]. Therefore, monitoring and screening women for
type II diabetes mellitus is very important.

5 Conclusion

Women with previous GDM have a higher risk for CVD as
evidenced by an increase in risk factor profile compared to
women with no history of GDM.Most of these risk factors are
seen as early as <1 year post-partum. Therefore, women who
experience GDM may benefit from CVD risk screening com-
mencing in the early post-partum period to enable detection of
modifiable risk factors.
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Abstract

Gestational diabetes mellitus (GDM) is a pregnancy complication that affects one in seven
pregnancies. Emerging evidence demonstrates that children born of pregnancies complicated
by GDMmay be at increased risk of cardiovascular disease (CVD) in adulthood. Therefore, the
aim of this study was to determine cardiovascular risk factors in offspring exposed to GDM in
utero. PubMed, CINAHL, SCOPUS, and EMBASE databases were searched. Information
was extracted on established CVD risk factors including blood pressure, lipids, blood glucose,
fasting insulin, body mass index (BMI), and endothelial/microvascular function. The review
protocol is registered in PROSPERO (CRD42018094983). Prospective and retrospective studies
comparing offspring exposed to GDM compared to controls (non-GDM pregnancies) were
considered. We included studies that defined GDM based on the International Association
of Diabetes and Pregnancy Study Groups (IADPSG) definition, or prior definitions. The
PRISMA guidelines were followed in conducting this systematic review.Methodological quality
was assessed using the Newcastle–Ottawa Quality Assessment Scale. Study selection, data
extraction, and quality assessment were done by two independent reviewers. The data were
pooled using a random-effects model. Of 59 eligible studies, 24 were included in themeta-analysis.
Offspring exposed to GDM had higher systolic blood pressure (mean difference (MD):
1.75mmHg, 95% CI 0.57–2.94; eight studies, 7264 participants), BMI z-score (MD 0.11, 95%
CI 0.02–0.20; nine studies, 8759 participants), and glucose (standard MD 0.43, 95% CI 0.08–0.77;
11 studies, 6423 participants) than control participants. In conclusion, offspring exposed to GDM
have elevated systolic blood pressure, BMI, and glucose. Those exposed to GDM in utero may
benefit from early childhood blood pressure measurements.

Introduction

The incidence of cardiovascular disease (CVD) has shown a rapid increase over the last decade.
In 2012, there were an estimated 17.6 million deaths fromCVD, accounting for 31.43% of global
mortality.1 Emerging evidence demonstrates an association between gestational diabetes
mellitus (GDM) and CVD with risk factors for CVD being more prevalent among women
who experienced gestational diabetes (GDM) compared to those who did not.1,2

Prevalence of GDM varies between populations, but it is estimated to affect one in
seven pregnancies.3 The definition of GDM has changed over recent years, as it has become
apparent that mild glucose intolerance in pregnancy which was not formerly considered as
GDM increases the risk of developing type 2 diabetes mellitus (T2DM) and CVD in later life.4

A recent meta-analysis showed a 7.5-fold increase in the risk of T2DM among women who
experience GDM.2

Emerging evidence also suggests that children born after pregnancies complicated by GDM
may also be at increased risk of CVD in adult life. Tam et al. showed that for every 1-SD
(standard deviation) increase in maternal glycemic level, there was an increase in the adjusted
odds ratio for impaired glucose tolerance in the offspring.5 A meta-analysis conducted by Aceti
et al. and colleagues demonstrated that systolic blood pressure (SBP) was higher in offspring of
women who experienced GDM than controls.6

At present, there is no systematic review comparing the main conventional CVD risk factors
between offspring exposed to GDM in utero compared to controls. Both vascular and metabolic
CVD risk factors constitute metabolic syndrome which is a well-established risk factor for
CVD.1 Therefore, synthesizing evidence on all CVD risk factors will provide important
information that can guide preventive strategies to reduce the global burden of CVD.

The primary objective of this study was to conduct a comprehensive systematic review and
meta-analyses of all relevant studies published until October 2018 to assess conventional CVD
risk factors including SBP and diastolic blood pressure (DBP), body mass index (BMI), lipids,
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blood glucose, and insulin levels. As a secondary objective, we
aimed to assess all relevant studies that assessed microvascular
function.

Methods

Search strategy

All studies describing the association between GDM and offspring
CVD risks were identified by searching the following electronic
databases: PubMed CINAHL, SCOPUS, and EMBASE with an
end of search date of April 18, 2018. Subsequently, we updated
the literature search to include all relevant articles published until
October 17, 2018. The review protocol is registered in PROSPERO
(CRD42018094983). No amendments have been made to the
current protocol.

The review was undertaken with reference to the PRISMA
guidelines.7 The search strategy is as follows: (“gestational
diabetes*” OR “pregnancy induced diabetes” OR “diabetic preg-
nancy”) AND (offspring OR newborn OR baby OR babies OR
children OR infant OR neonate* OR adolescent* OR adult)
AND (“blood pressure” OR diabetes OR cardiovascular OR meta-
bolic OR hypertension OR BMI or “body mass index” OR obesity
OR overweight OR lipids OR lipid OR cholesterol OR triglyceride*
OR glucose OR insulin OR vascular). We included case–control
studies, cohort studies, and clinical trials. Conference abstracts
were also screened. Previous systematic reviews and meta-analyses
on relevant topics were identified, and references from eligible
reviews were checked for additional studies. All identified studies
were assessed for relevance by two independent authors (MMP and
PHA). Data were independently extracted by two authors (MMP
and PHA). Discrepancies were resolved by discussion.

Inclusion criteria

The population of interest and exposure were offspring at any
follow-up visit born to women who experienced GDM during
pregnancy. We selected studies that assessed conventional CVD
risk factors in offspring exposed to GDM in utero compared to
offspring not exposed to GDM in utero. The CVD risk factor
outcomes were blood pressure, BMI, serum and cord blood lipids,
and serum and cord blood insulin and glucose.

We included studies that defined GDM based on the IADPSG.
However, as diagnostic criteria have recently changed, we included
studies that used prior diagnostic criteria of GDM including the
1999 World Health Organization definition, and other regional
definitions. The definitions of GDM of included studies are detailed
in Table 1. Studies that did not have the above definition/s of GDM,
those that did not define study groups, and those that compared
GDMand another risk group collectivelywere excluded. Studies that
compared offspring exposed to GDM with offspring exposed to
impaired glucose tolerance in utero were included in the review but
were not included in the meta-analysis. The data from these studies
are presented in Supplementary Table S1.

Data were extracted independently and in duplicate for
outcomes SBP, DBP, BMI, serum and cord lipid levels (total
cholesterol, low-density lipoprotein (LDL) high-density lipopro-
tein (HDL), non-HDL, and triglycerides), blood glucose, fasting
insulin, and measures of vascular/endothelial function. When
the same cohort was reported in multiple publications at different
ages, the study reporting on the older age group was included in the
meta-analysis. We considered both studies published in English
and studies that could be translated to English. We contacted

authors via email for missing information or data clarification if
necessary, and if authors did not respond, then any relevant data
from their respective studies are included in Supplementary
Table S1.

Statistical analysis

The following data were collected from each included study:
definition of GDM, age of offspring at follow-up, number of
cases/exposed to GDM in utero and controls/not exposed to
GDM in utero, and birthweight and gestational age at birth of cases
and controls. For each outcome measure, mean and SD were used
in meta-analyses. When mean and SD were not reported, standard
error of mean and 95% CI were converted to SD via statistical
software.8 For studies reporting using median and interquartile
range, the results are detailed in Supplementary Table S1. The
standard mean difference (SMD) or mean difference (MD) and
the 95% CI were calculated using a random-effects model. SMD
was used when the outcome was measured in different units across
trials and MD when units were consistent.

The meta-analysis was performed using Cochrane Colla-
borations RevMan software (Review Manager, Version 5.3, The
Nordic Cochrane Centre, Copenhagen) based on an inverse vari-
ance method. As per protocol, the random-effects model was
selected to account for the variation in different criteria used to
diagnose GDM among the studies. However, to ensure that the
results were not influenced by the choice of model, each analysis
was repeated using a fixed-effects model. No difference in results
was seen between the two models (results not shown). Substantial
heterogeneity was considered when I2 statistic exceeded 50%, and
the χ2 P value was less than 0.1. To assess publication bias, funnel
plots were used. The methodological quality and risk of bias were
assessed using Newcastle–Ottawa Quality Assessment Scale
(Supplementary Table S2).9 Sensitivity analyses were performed
to evaluate heterogeneity for outcomes when omitting low-quality
studies. Two authors (MMP, PHA) independently assessed the
quality of each study included in the review. The discrepancies
were resolved through discussions.

Results

A total of 4359 articles were identified from the literature search.
One hundred and twelve articles were eligible for full-text review.
Of these, 59 were included in the review and 25 were included in
the meta-analyses. The reasons for excluding 53 studies are detailed
in Fig. 1. We contacted nine authors for additional data, with
responses from four authors (44.4% response); however, the authors
of these four studies did not have data that could be used in themeta-
analyses and hence are included in Supplementary Table S1.

The assessment of methodological quality identified 25 studies
of high quality (scored 7–8), 25 studies of moderate quality (scored
4–6), and 9 studies of low quality (scored 1–3) (Supplementary
Table S2). No publication bias was evident for relevant outcomes.
Studies were found for all relevant outcomes, except microvascular
function, and therefore, we could not report on this outcome in the
review.

Systolic blood pressure

SBP data were available from 15 studies, of which 8 were included
in the meta-analysis. The age of follow-up of offspring ranged from
3 to 16 years. Based on quantitative summary measures, the meta-
analysis demonstrated that offspring exposed to GDM in utero
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Table 1. Characteristics of the included studies

Study Year Study design Country Definition of GDM

Exposed/
nonexposed
(n=)

Birthweight
cases/control (g)

Gestational age
cases/control
(weeks) Follow-up (years)

Outcome measure
considered

Kaseva
et al.79

2018 Multicohort
study

Finland (Both cohorts): OGTT at 26–28 weeks:
indications for screening: glycosuria,
prior GDM, suspected fetal
macrosomia, previous macrosomic
infant (birthweight 4500 g), maternal
prepregnancy BMI ≥25 kg/m2, and
maternal age ≥40 years

Overnight fasting by using a 75-g oral
glucose load. Cutoff limits for GDM were
used for venous blood glucose:
>5.5mmol/l at fasting, >11.0 mmol/l
and >8.0mmol/l, 1 and 2 h after the
glucose load, respectively. A diagnosis of
GDM was made with one abnormal
value in the OGTT

191/547 ESTER cohort: 3651
(601)/3519 (466)
ALYS cohort: 3881
(648)/3555 (462)

ESTER cohort:
39.0 (1.8)/39.8 (1.5)
ALYS cohort:
39.0 (1.5)/40.0 (1.3)

23–25 years
after delivery

BMI (kg/m2)

Kearney
et al.26

2017 Cohort study USA Based on hospital records from two
major hospitals with a neonatal care unit
in the metropolitan area of Québec City
(Hôpital Saint-François d’Assise, Centre
Hospitalier de l’Université Laval – CHUL)
or according to administrative data from
the provincial health plan registry (Régie
de l’assurance maladie du Québec)

56/30 3346 ± 442/3267 ± 558 38.8 ± 1.4/
39.5 ± 1.2

Between 3 and
12 years after
delivery

BMI (kg/m2) BMI z-score

Le Moullec
et al.47

2018 Cohort study France Confirmed based on hospital, medical
records with following criteria: positive
screening for GDM based on a OGTT (1-h
postload 50-g plasma glucose,
11.1 mmol/l), had a diagnosis of GDM
based on a 100-g OGTT (OGTT with at
least two pathologic values defined as:
fasting, −5.3mmol/l; 1 h, 10.0mmol/l; 2 h,
8.6mmol/l; 3 h, 7.8mmol/l), and/or had
received insulin treatment during
pregnancy. A small number of participants
(<0.5%; n= 6) with no available data were
also classified into the GDM group if they
combined high fasting (or postprandial)
glycemic values with intense medical
monitoring during pregnancy

600/600 3183 ± 563/
3047 ± 500

Not reported Average 6 years
after delivery

BMI centile

Miettinen
et al.50

2018 Cohort study Finland An oral 75-g, 2-h glucose tolerance test
(OGTT) was performed for all subjects at
weeks 22–29 of pregnancy, with the
exception of three subjects with OGTT
performed at weeks 31–33. OGTT was
considered diagnostic for GDM if any of
the measures were pathological. The
following diagnostic thresholds were
used: fasting plasma glucose >5.3 mmol/
l, 1-h plasma glucose (10.0 mmol/l) or 2-h
plasma glucose (8.6 mmol/l)

15/13 3500 ± 120/
3540 ± 130

39.8 ± 0.33/
40.54.7 ± 0.32

After birth Cord blood total cholesterol,
lipids (mmol/l)
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Table 1. (Continued )

Study Year Study design Country Definition of GDM

Exposed/
nonexposed
(n=)

Birthweight
cases/control (g)

Gestational age
cases/control
(weeks) Follow-up (years)

Outcome measure
considered

Wang
et al.78

2019 Population-based
cohort study

China Based on American diabetes association 1500/23,471 Not reported 39.1 ± 1.1/
39.3 ± 1.1

6 years BMI z-score

Hammoud
et al.80

2017 Cohort study The Netherlands 75-g OGTT or elevated fasting glucose
(exact cutoffs not shown)

24/T1D: 27,
T2D: 22

3582 ± 576/T1D:
3506 ± 556, T2D:
3701 ± 509

39 ± 2.0/T1D:
37 ± 1.3, T2D:
38 ± 1.7

5 years after
delivery

Overweight/obese

Li
et al.37

2017 Prospective
cohort study

USA Self-reported questionnaire 756/14,253 No mean reported Not reported 11 years after
delivery

BMI

Tam
et al.5

2017 Longitudinal
cohort study

Hong Kong All women underwent a standard 75-g
OGTT between 24 and 32 weeks of
gestation, GDM diagnosed based on
HAPO criteria

132/794 Not reported Not reported 7 years after
delivery

BMI (kg/m2)
BMI percentile
SBP (mmHg)
DBP (mmHg)
Glucose (mmol/l)
Lipids (mmol/l)

Bozkurt
et al.53

2016 Descriptive study Austria Fourth International Workshop
Conference on GDM criteria

32/DM: (26),
Control: (18)

63.0 ± 24.0/DM:
(71.3 ± 29.3), Control:
(66.6 ± 22.1)a

Not reported Average 6 years
after birth

BMI-SDS, insulin (μU/ml)

Hakanen
et al.81

2016 Longitudinal study Finland Diagnosed by hospital records 520/T1D: 67,
Control: 6316

3600 (600)/Control:
3500 (500), T1D:
3700 (700)

39.4 (2.5)/Control:
39.7 (2.4), T1D:
38.5 (2.0)

Average 1–12
after delivery

BMI peak (kg/m2)

López
Morales
et al.49

2016 Cross sectional Spain Diagnosed in medical records 38/women
with normal
gestation (still
pregnant) = 38

Not reported Not reported Infant (after birth) Cord blood glucose (mg/dl)
Cord blood insulin (U/ml)
Cord blood lipids (mg/dl)

Zhao
et al.36

2016 Cross-sectional Multicenter
(Australia,
Brazil, Canada,
China Colombia,
Finland, India,
Kenya, Portugal,
South Africa,
UK, USA)

Varied between international centers but
included WHO, ADA, modified ADA, and
modified WHO definitions – women
would self-report GDM and the research
team confirmed the diagnostic criteria
at the time of diagnosis

206/4.354 3415 (623)/
3274 (576)

38.3 (2.1)/
38.6 (2.2)

9–11 years after
delivery

BMI

Chang
et al.12

2015 Retrospective
cohort study

China American Diabetes Association: Women
with abnormal 50-g OGTT (>7.8 mmol/l)
underwent further fasting 3-h 75-g OGTT.
GDM diagnosed with criteria: (BG >
5.3 mmol/l at baseline, >10 mmol/l at 1 h,
>8.6 mmol/l at 2 h, 7.8 mmol/l at 3 h

356/500 3700 ± 120/3200 ± 800 Not reported 6 years after
birth

BMI (kg/m2)
SBP (mmHg)

Krishnaveni
et al.13

2015 Cohort study India Carpenter and Coustan: two or more
plasma glucose concentrations 5.3
(fasting), 10.0 (60 min), 8.7 (120 min), and
7.8 mmol/l (180 min) (reported in 2005
study)

26/CTRL: 165,
Offspring of
diabetic
fathers: 22

Not reported Not reported 13.5 years after
delivery

BMI (kg/m2)
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (pmol/l)
Lipids (mmol/l)

Page
et al.82b

2015 Cohort study USA Based on protocol31 10/9 Not reported Not reported Average 9–10 years
after delivery

BMI (kg/m2)
BMI percentile

Rutkowska
et al.46b

2015 Prospective
cohort

Poland Not specified 261/153 3330 ± 53/3420 ± 54 Not reported Approximately
3 years after delivery

BMI percentile
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Wilk
et al.57

2015 Cohort study Poland Hospital records 50/46 Not reported Not reported 7–15 years after
delivery

BMI SDS
BMI percentile
Glucose (mg/dl)
Insulin (mg/dl)

Zhao
et al.83

2015 Cohort study China Women with risk factors for GDM
underwent 85-g OGTT at <12-week
gestation, OGTT repeated at
24–28 weeks if normal results. All women
with low risk for GDM did normal 24- to
32-week gestation. 1999 WHO diagnostic
criteria for GDM since January 1, 2003.
GDM diagnosis based on IGT (fasting
blood glucose <7.0 mmol/l and 2-h
postprandial blood glucose ≥7.8–
11.0 mmol/l) or DM (fasting blood glucose
≥7.0 mmol/l or 2-h postprandial blood
glucose ≥11.1 mmol/l) positive results

LGA: 149/284
AGA: 771/1401
SGA: 148/180

GDM (followed)
3256 ± 405, GDM (not
followed) 3172 ± 509/
Control followed:
3261 ± 391, Control
not followed:
3254 ± 417

GDM (followed)
38.9 ± 0.9
(not followed)
38.4 ± 1.5/Control
followed: 39.5 ± 1.0,
Control not
followed: 39.1 ± 0.7

5–10 years after
delivery

BMI percentile

Holder
et al.25

2014 Cohort study USA Self-reported 45/210 3242.54 ± 959.59/
3297.93 ± 603.99

Not reported Average 15 years
after delivery

BMI (kg/m2)
BMI z-score
Plasma glucose (mmol/l)

Köing
et al.35

2014 Retrospective
case-control

Germany Three women were diagnosed with Hesse
Diabetes Society diagnosis: Fasting:
≥90 mg/dl, 1-h postprandial: ≥160 mg/dl,
2-h postprandial ≥140mg/dl in venous
plasma. Some women were diagnosed
who exceeded only one of these three
threshold values in a venous blood
specimen. Other women referred to by
clinicians, based on DDG and AGA values:
GDM was diagnosed if at least two
measured values exceeded the limits of
Carpenter and Coustan after ingestion of
75-g glucose, only one exceeded value
was declared as impaired glucose
tolerance. GDM can also be diagnosed if
only one of the
predetermined cutoffs is exceeded,
whereas these values – based on the
results of the HAPO Study – differ
slightly from the former criteria: Fasting:
≥92 mg/dl, 1-h postprandial: ≥180 mg/dl,
2-h postprandial: ≥153 mg/dl

130/77 3406.62 ± 463.69/
3456.09 ± 463.25

Not reported 6 months after
delivery

BMI (kg/m2)
BMI percentile

Page
et al.27

2014 Cohort study USA Based on protocol31 37/25 3186 ± 113/
3454 ± 79

Not reported 5–16 years old
(average 7–9 years
after delivery)

BMI (kg/m2)
BMI z-score
BMI percentile

Davis
et al.24

2013 Longitudinal
cohort

USA Self-reported 47/163 3900 (800)/
3700 (600)

Not reported Average 10–11 years
after birth

BMI (kg/m2)
BMI percentile
BMI z-score
Glucose (mg/dl)
Insulin (μU/ml)
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Table 1. (Continued )

Study Year Study design Country Definition of GDM

Exposed/
nonexposed
(n=)

Birthweight
cases/control (g)

Gestational age
cases/control
(weeks) Follow-up (years)

Outcome measure
considered

Eslamian
et al.33

2013 Cohort study Iran World Health Organization, diagnosed
as either: fasting plasma glucose
5.1–6.9 mmol/l or: 1-h plasma glucose
10.0 mmol/l. Following a 75-g oral
glucose load 2-h plasma glucose
8.5–11.0 mmol/l following a 75-g
oral glucose load

112/159 3336.07 ± 630/
3259.75 ± 490

37.72 ± 1.7/
39.1.33

Infant (after birth) BMI (kg/m2)
Cord blood glucose (mg/dl)
Cord blood insulin (μU/ml)
Cord blood lipids (mg/dl)

Farfel
et al.45b

2013 Cohort study Israel 159 males, 113 females/diagnosed
by hospital records

Female (113),
male (159)/PGDM
male (34) female
(23) control,
male (198),
control (147)

Male 3423 ± 537,
female 3230 ± 510,
PGDM male 3451 ± 535,
female 3210 ± 364.
CTRL male 3344 ± 372,
female 3228 ± 324

Not reported 17 years after
delivery

BMI >85th percentile

Nehring
et al.39

2013 Retrospective
cohort study

Germany GDM cases found from medical records 195/7160 3479 (3417–3540)/
3413 (3403–3424)

3413 (3403–3424)/
39.4 (39.3–39.4)

Average 5.8 years
after delivery

BMI (kg/m2)

Nielsen
et al.40

2012 Population-based
cohort study

Denmark Rigshospitalet University Hospital
modification of the White classification:
Oral glucose challenge test (OGTT) in
gestational weeks 24–26 if they met one
of the following criteria: (1) previous birth
of a baby with birthweight >4500 g; (2)
maternal overweight >130%; (3) family
history of diabetes; (4) glycosuria; or (5)
previous obstetrical complications or
late miscarriage (diagnostic values not
specified)

34/previous GDM
(185), control (737)

3803 (780)/PREGDM:
3327 (648), control:
3482 (551)

38.9 (1.9)/PREGDM:
36.5 (1.8), control:
38.8 (2.0)

18–20 years after
delivery

BMI (kg/m2)

Page
et al.20b

2013 Cohort study USA Based on protocol31 10/19 Not reported Not reported Average 9 years
after delivery

BMI z-score
SBP (mmHg)
Glucose (mg/dl)
Insulin (ulU/ml)

Pham
et al.84

2013 Retrospective
cohort study

USA Normal screening at 24–28 weeks (unless
considered at risk, tested in first
trimester). 50-g, 1-h glucose challenge
test of greater/equal to 140 mg/dl, then
given a 100-g, 3-h glucose tolerance test
if 1-h challenge was positive. Needed 1/4
of the possible measurements to be
diagnosed. Diagnosis followed National
Diabetes Data Group prior
to April 2007, then changed to Carpenter
and Coustan criteria after April 2007

459/2185 3406 ± 496/3404 ± 442 39.3 ± 1.0/
39.6 ± 0.9

2–4 years after
delivery

BMI percentile

Retnakaran
et al.32

2013 Substudy of
prospective
observational
study

Canada Those with and without an abnormal
50-g glucose challenge screening test
undergo 3-h, 100-g OGTT for
ascertainment of antepartum glucose
intolerance status (i.e., either GDM or
non-GDM) based on NDDG,
measurements at 20 min 1, 2, and 3 h

36/68 3411 (3110–3635)/
3415 (3144–3628)

Not reported 1 year after
delivery

BMI z-score
Fasting glucose (mmol/l)
Lipids (mmol/l)
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Baptise-
Roberts
et al.29

2012 Prospective
cohort

USA All women provided fasting blood
specimen if it was 120mg/dl or higher,
or if it rose to over 175 mg/dl at the
end of 1 h and did not return to normal
in the 2- and 3-h specimens. GDM
diagnosed based on these criteria:
(1) she was newly diagnosed with
diabetes during pregnancy; (2) she
initiated insulin during pregnancy;
(3) she displayed an abnormal
glucose tolerance test result;
or (4) she had a blood glucose
level of 200 mg/dl or more at any
time during pregnancy

484/27,874 3302 ± 584/
3190 ± 484

Not reported 7 years after
birth

BMI (kg/m2)
BMI z-score
BMI percentile

Borgoño
et al.52

2012 Prospective cohort Canada National Diabetes Data Group criteria 36/68 3411 (3110–3635)/
3415 (3144–3628)

Not included 1 year after birth Fasting glucose (mmol/l)
Fasting insulin (pmol/l)

Chandler
Laney
et al.51

2012 Cohort study USA Self-reported, confirmed with
hospital records

Normal weight:
(11), Overweight:
(13)/Normal
weight: (19),
Overweight: (8)

Not reported Not reported Average 7–8 years
after birth

BMI percentile
Glucose (mg/dl)2

Insulin (mg/dl)2

Page
et al.31b

2012 Cohort study USA Not reported in abstract (based on
protocol): Fasting glucose <126mg/dl
(7 mM) from families of a proband with
GDM diagnosed within the previous
5 years)

35/14 Not reported Not reported Average 8 years
after delivery

BMI (kg/m2)
BMI z-score

Patel
et al.14

2012 Prospective
population-based
cohort study

England GDM was defined as any record of a
diagnosis of gestational diabetes at any
time during the pregnancy in women
without existing diabetes at the start of
pregnancy. (At time of study recruitment:
all pregnant women to have urine tested
for glycosuria and proteinuria at every
antenatal clinic visit. Glycosuria was
defined as a record of at least þþ (equal
to 13.9 mmol/l or 250 mg/100 ml) on
at least two occasions at any time during
the pregnancy.) GDM was tested further
to these results, diagnosed in the medical
records as GDM with no history of
existing diabetes.

27/Control:
(4384), existing
diabetes: (23),
glycosuria: (154)

1.45 (1.28)/Control:
0.038 (0.97), existing
diabetes: 0.28 (1.32),
glycosuria: 0.18 (1.04)

38.6 (1.48)/control:
39.4 (1.85),
existing diabetes:
37.5 (1.86),
glycosuria: 39.7
(1.63)

15 years after
delivery

BMI z-score
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (IU/l)
Lipids (mmol/l)

Jahan
et al.85

2011 Cohort study Bangladesh Diagnosed with fasting blood glucose,
and 2 h after 75-g OGTT. Women who had
repeatedly elevated fasting (>7.0 mmol/l)
or postprandial (9 mmol/l) blood
glucose values.

30/DM: (n= 45),
control: (n = 30)

3000 (2100–4500)/
DM: 3100 (1700–4800),
NDM: 2700 (2000–3800)

Not reported Infant (after birth) Insulin (mmol/l)

Tsadok
et al.22

2011 Population-based
cohort

Israel Reported on hospital records 293/59,499 3411 ± 616/3301 ± 483 Not reported 17 years after
delivery

BMI (kg/m2)
SBP and DBP
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Table 1. (Continued )

Study Year Study design Country Definition of GDM

Exposed/
nonexposed
(n=)

Birthweight
cases/control (g)

Gestational age
cases/control
(weeks) Follow-up (years)

Outcome measure
considered

Boerschmann
et al.86

2010 Prospective
cohort

Germany German Diabetes Association – an OGTT
with a 75-g glucose load. Women were
considered to have GDM if two of three
capillary blood glucose values exceeded
the following limits: >5 mmol/l (fasting)
before an OGTT, >10 mmol/l after 60 min,
and >8.6 mmol/l after 120 min

232 Not reported Not reported 11 BMI percentile

Krishnaveni
et al.18

2010 Cohort study India Carpenter and Coustan: two or more
plasma glucose concentrations 5.3
(fasting), 10.0 (60 min), 8.7 (120 min),
and 7.8 mmol/l (180 min)

Female (23),
Male (12)/Control:
female (191) male
(190), Offspring
of diabetic fathers
male: (20),
female: (19)

Not reported Not reported 9.5 years after
delivery

BMI (kg/m2)
BMI percentile
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (pmol/l)
Lipids (mmol/l)

Lawlor
et al.30

2010 Longitudinal
cohort

England GDM was defined as any record of a
diagnosis of gestational diabetes at any
time during the pregnancy in women
without existing diabetes at the start of
pregnancy. (At time of study recruitment:
all pregnant women to have urine tested
for glycosuria and proteinuria at every
antenatal clinic visit. Glycosuria was
defined as a record of at least þþ (equal
to 13.9 mmol/l or 250 mg/100 ml) on at
least two occasions at any time during
the pregnancy.) GDM was tested further
to these results, diagnosed in the medical
records as GDM with no history of
existing diabetes

53/control:
(10,126) Existing
diabetes (40)
Glycosuria (372)

3711 (655)/control:
3416 (536), existing
diabetes: 3248 (787),
glycosuria: 3511 (534)

38.2 (1.9)/control:
39.5 (1.9),
existing diabetes:
37.5 (2.6),
glycosuria:
39.5 (1.8)

Average
9–11 years
after delivery

BMI z-score

Pirkola
et al.41

2010 Longitudinal
cohort study

Finland GDM risk factors; 40 years, BMI 25 kg/m2,
prior GDM, previous delivery of a
macrosomia infant (birthweight 4500 g),
glycosuria, and suspected fetal
macrosomia in the current pregnancy.
Glucose tolerance testing, performed
after an overnight fast, conducted by
administering a 2-h, 75-g OGTT: 5.5, 11.0,
and 8.0 mmol/l at fasting and at 1 h and
2 h after the glucose load, respectively.
Diagnosis of GDM was set after one
abnormal value in the OGTT, according
to prevailing national guidelines

Normal weight:
(n = 49),
Overweight:
(n = 35)/Control
total: (657) Normal
weight: (503),
Overweight
(n = 154)

Overweight: 3700
(3490–3920) Normal
3670 (3530–3820)/
Overweight= 3780
(3680–3880),
Normal weight:
3690 (3640–3740),
Total: 3480
(3460–3500)

Overweight:
38.5 (37.8–39.1),
Normal 39.0
(38.6–39.5)/
Overweight 39.4
(39.1–39.6),
Normal weight
39.5 (39.4–39.7)
Total 39.5
(39.4–39.5)

16 years after
delivery

BMI (kg/m2)

Tam
et al.15

2010 Longitudinal
cohort

Hong Kong GDM defined based on WHO criteria:
Gestational IGT (i.e., fasting PG
level of 7.0 mmol/l and 2-h PG level of
7.8–11.1 mmol/l, and GDM (i.e., fasting PG
level of 7.0 mmol/l and/or 2-h PG level of
11.1 mmol/l). WHO criteria states that
“pregnant women who meet WHO
criteria for diabetes mellitus of IGT are
classified as having GDM”

42/87 3248 (351)/
3273 (454)

Based on Tam
et al.21 with larger
(n=): 39.6 ± 0.2/
39.5 ± 0.2

15 years
after delivery

BMI (kg/m2)
SBP and DBP (mmHg)
Glucose (mmol/l)
Lipids (mmol/l)
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Catalano
et al.11

2009 Prospective
cohort

USA NDDG 25/38 3373 ± 532/
3376 ± 496

38.7 ± 1.3/
39.4 ± 1.2

Average 8.8 years
after birth

BMI (kg/m2)
BMI z-score
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (pmol/l)
HOMA-IR Lipids (mmol/l)

Vaarasmaki
et al.23

2009 Prospective
cohort study

England Risk factors: glycosuria, prior gestational
diabetes, suspected fetal macrosomia
(birthweight 4500 g) in the current
pregnancy, previous delivery of a
macrosomic infant, BMI 25 kg/m2 and age
more than 40 years. A history of prior
gestational diabetes or glycosuria in the
current pregnancy warrants an earlier
OGTT. Diagnosed with 2-h, 75-g OGTT
usually at 26–28 week of gestation: one
or more abnormal OGTT values (cutoff
values for venous blood samples are
4.8 mmol/l at 0 min, 10.0 mmol/l at
60 min, and 8.7 mmol/l at 120 min)

96/3909 3727 (577)/
3517 (471)

38.8 (1.7)/
39.5 (1.5)

16 years after
delivery

BMI
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (milliunits/l)
Lipids (mmol/l)

Wright
et al.16

2009 Cohort study USA Screening at 26–28 weeks with nonfasting
50-g 1-h oral glucose challenge. If test
result was abnormal (i.e., blood glucose
value of >140 mg/dl), then women were
referred for fasting 3-h 100 OGTT. Two or
more abnormal results were a diagnosis
for GDM: a blood glucose >95 mg/dl at
baseline, >180 mg/dl at 1 h, >155 mg/dl
at 2 h, or >140 mg/dl at 3 h

51/control
n= 1035,
IGT n= 152

3510 (52)/
control= 3510/52,
IGT 3600 (52)

Not reported 3 years after
delivery

BMI (kg/m2)
BMI percentile
BMI z-score
SBP (mmHg)

Buzinaro
et al.10

2008 Cohort study Brazil Based on OGTT values (cutoffs
not specified)

23/Control (17)
Hyperglycemia
(23)

Not reported Not reported Average
12–16 years after
birth

BMI (kg/m2)
SBP and DBP (mmHg)
Glucose (mg/dl)
Lipids (mg/dl)

Clausen
et al.56

2008 Retrospective
cohort study

Denmark OGTT – GDM was based on risk
indicators: family history of diabetes,
overweight (20%) prepregnancy, prior
GDM, delivery of macrosomic baby,
glycosuria. Women with these risk
indicators and two capillary blood
glucose measurements > 4.1 mmol/l were
offered a 3-h 50-g OGTT. OGTT was
abnormal if more than two of seven
values during the test exceeded mean 3
SDs for a reference group of normal
weight nonpregnant women without
family history of diabetes (Until
September 1982 venous plasma used for
OGTT, after then capillary whole blood)

168/128 3410 (530)/
3474 (481)

273 (247–284)/
280 (253–298)

18–27 years after
delivery

Glucose (mmol/l)
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Table 1. (Continued )

Study Year Study design Country Definition of GDM

Exposed/
nonexposed
(n=)

Birthweight
cases/control (g)

Gestational age
cases/control
(weeks) Follow-up (years)

Outcome measure
considered

Pirkola
et al.17

2008 Cohort study Finland Risk factors for diagnosis: glycosuria,
prior gestational diabetes, suspected fetal
macrosomia (birthweight 4500 g) in the
current pregnancy, previous delivery of a
macrosomic infant, BMI 25 kg/m2 and age
more than 40 years. A history of prior
gestational diabetes or glycosuria in the
current pregnancy warrants an earlier
OGTT. Diagnosed with 2-h, 75-g OGTT
usually at 26–28 week of gestation: one
or more abnormal OGTT values (cutoff
values for venous blood samples are
4.8 mmol/l at 0 min, 10.0 mmol/l at
60 min, and 8.7 mmol/l at 120 min)

22/T1D: 16,
control: 25

3.708 (3.538–3.886)/
T1D: 3.818 (3.482–
4.185), Control:
3.666 (3.452–3.893)

39.2 (38.7–39.7)/
T1D: 37.5
(36.8–38.2), 39.3
(38.8–39.8)

Mean 4.9 years
after delivery

SBP and DBP (mmHg)
Cord blood insulin (pmol/l)

Tam
et al.21

2008 Longitudinal
cohort study

Hong Kong DM defined based on WHO criteria:
Gestational IGT (i.e., fasting PG level of
7.0 mmol/l and 2-h PG level of
7.8–11.1 mmol/l, and GDM (i.e., fasting PG
level of 7.0 mmol/l and/or 2-h PG level of
11.1 mmol/l). WHO criteria states that
“pregnant women who meet WHO
criteria for diabetes mellitus of IGT are
classified as having GDM”

63/101 3292 ± 52/3245 ± 45 39.6 ± 0.2/
39.5 ± 0.2

Average 7–8 years
after delivery

BMI (kg/m2)
BMI percentile
SBP and DBP (mmHg)
Glucose (mmol/l)
Insulin (pmol/l)
Lipids (mmol/l)

Lee
et al.19

2007 Cohort study South Korea National Diabetes Data Group: 50-g
glucose challenge test was performed;
if the 1-h plasma glucose value was
130mg/dl (7.2 mmol/l), a 3-h OGTT was
performed during 28–32 weeks of
gestation

202/96 3344.6 ± 585.0/
3286.6 ± 612.4

38.6 ± 1.5/
38.7 ± 2.2

Average 4 years
after delivery

BMI (kg/m2)
SBP and DBP (mmHg)
Lipids (mmol/l)
Glucose (mmol/l)
Insulin (mg/ml)

Boney
et al.87

2005 Longitudinal
cohort

USA National Diabetes Data Group criteria
described by Carpenter and Coustain

LGA: 42/43
AGA: 52/42

LGA: 4107 (386)/
4132 (285)
AGA: 3316 (310)/
3370 (282)

Not reported 11 years after
birth

BMI percentile
BP >90th percentile
(BP is either SBP
or DBP) (mmHg)
Glucose (mmol/l)
Lipids (mmol/l)

Jaber
et al.34

2006 Cohort study Saudi Arabia Venous fasting glucose concentration
of >5.5 mol/l or of >8.0 mmol/l 2 h
after a 75-g oral glucose load or both

26/Control
(n= 32), FDM
(n= 21)

3640 ± 690/CTRL:
3.30 ± 0.59, FDM:
3.18 ± 0.86

37.38 ± 0.64/CTRL:
37.28 ± 0.73, FDM:
37.48 ± 0.60

Approximately
2 weeks after
delivery

BMI (kg/m2)
Glucose range (mmol/l)
Insulin range (pmoL/l)

Krishnaveni
et al.38

2005 Cohort study India Carpenter and Coustan: two or more
plasma glucose concentrations 5.3
(fasting), 10.0 (60 min), 8.7 (120 min),
and 7.8 mmol/l (180 min)

41/Control: 588,
Offspring of
diabetic
fathers: 41

3344 ± 421/CTRL:
2973 ± 408, ODF:
2869 ± 305

39.1 ± 1.2/CTRL
39.0 ± 1.8, ODF:
39.1 ± 1.2

1 and 5 years
after delivery

Fasting plasma glucose
(pmol/l)

Gillman
et al.88

2003 Prospective Cohort USA Self-reported questionnaire Female (246),
male (219)/
female (n= 7735),
male (n= 6681)

Female: 3.55 (0.56),
male 3.68 (0.61)/
female 3.44 (0.48),
male 3.58 (0.51)

Not reported Average 9–14 years
after delivery

BMI percentile
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Vohr
et al.44

1999 Prospective
observational
study

USA 24- to 28-week screening, GDM diagnosis
made on initial 1-h 50-g glucose screen
>130mg/dl, followed by two abnormal
values in a 100-g OGTT. Criteria of
O’Sullivan et al. modified by Carpenter
and Coustan (recent 1999): fasting plasma
glucose >95 mg/dl and 1-h >180 mg/dl, 2-
h >155 mg/dl, and 3-h >140 mg/dl

LGA: 47/46
AGA: 59/55

LGA: 4100 ± 3800/
4200 ± 2900
AGA: 3300 ± 300/
3400 ± 3000

LGA: 39.4 ± 1/
40.0 ± 1,
AGA: 39.4 ± 1/
39.7 ± 1

4–7 years after
delivery

BMI (kg/m2)

Silverman
et al.42c

1998 Long-term
prospective
cohort

USA Unclear – from hospital records
(From Silverman et al.89)

Unclear Not reported Not reported 14–17 years after
delivery

BMI (kg/m2)

Whitaker
et al.28

1998 Cohort study USA 24- to 32-week screening, 1-h 50-g
oral glucose load – glucose screening
values >7.77mmol/l (140mg/dl) called
back for 3-h 100-g OGTT. GDM diagnosed
based on calculations Carpenter and
Coustan (recent 1998)

63/Control:
(257), Normal
OGTT = 159, No
OGTT = 45

Not reported Not reported 5–10 years after
delivery

BMI z-score
BMI percentile

Plagemann
et al.55

1997 Retrospective
study

Germany Diagnosed 26- to 28-week gestation by
Furmann: a 50-g OGTT using the
following criteria (two or more abnormal
values): fasting venous blood glucose
over 5.55 mmol/l, 1-h value over
8.88 mmol/l, 2-h value over 7.22 mmol/l

57/156 3500.8 ± 50.8 (117)/
3443.5 ± 45.5 (200)

Not reported Average 1–9 years
delivery

Plasma insulin (mIU/ml)

Plagemann
et al.54

1997 Cohort study Germany Diagnosed 26- to 28-week gestation by
Furmann: a 50-g OGTT using the
following criteria (two or more abnormal
values): fasting venous blood glucose
over 5.55 mmol/l, 1-h value over
8.88 mmol/l, 2-h value over 7.22 mmol/l

69/129 3460.1 ± 50.7/
3411.2 ± 56.8

Not reported Average 1–9 years
after delivery

Glucose (mmol/l)
Insulin (pmol/l)

Vohr
et al.43

1995 Prospective
cohort study

USA Screening 24–28 weeks, GDM diagnosis
made on initial 1-h 50-g glucose screen
>130mg/dl, followed by two abnormal
values in a 100-g OGTT. Criteria of
O’Sullivan et al. modified
by Carpenter and Coustan: fasting plasma
glucose >95 mg/dl and 1 h >180 mg/dl,
2 h >155 mg/dl, and 3 h >140 mg/dl

LGA: 57/74
AGA: 62/69

LGA: 4064 ± 305/
4095 ± 267
AGA: 3301 ± 280/
3282 ± 238

LGA: 39 ± 1/40 ± 1,
AGA: 39 ± 1/39 ± 1

20 h after delivery BMI (kg/m2)

Teng
et al.48

2017 Longitudinal
cohort

India IADPSG criteria: 75 g OGTT and if serum
glucose level was over 1 mmol/l at 0 h, or
10.0 mmol/l at 1 h, or 8.5 mmol/l at 2 h,
GDM was diagnosed

123/80 Not reported Not reported 14 years after
delivery

Glucose (mmol/l)
Lipids (mmol/l)

IGT, impaired glucose tolerant; NDDG, National Diabetes Dat`a Group; OGTT, oral glucose tolerance test; SDS, Standard Deviation Score; ADA, American Diabetes Association; BG, blood glucose; CTRL, control; LGA, large for gestational age; AGA, average for gestational age; SGA,
small for gestational age; PGDM, previous gestational diabetes mellitus; PREGDM, previous GDM; NDM, nondiabetic mothers; PG, plasma glucose; HOMA-IR, homeostatic model assessment of insulin resistance; FDM, frank diabetic mothers; ODF, offspring of diabetic fathers.
aBirthweight centiles used rather than birthweight.
bAbstract only.
c(n=) not known for GDM or non-GDM group.
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have 1.75 mmHg (95% CI 0.57–2.94) higher SBP compared to
controls (n(total)= 7309, n(exposed to GDM)= 584; P= 0.33,
I2 = 13%) (Fig. 2).10–17 Sensitivity analyses were not performed
as no low-quality studies were included in the analysis. Of the
seven studies not included in themeta-analysis,5,18–23 four reported
a significant increase in SBP among offspring exposed to GDM
compared to controls (Supplementary Table S1).5,18,21,22

Diastolic blood pressure

DBP data were available from 13 studies of which 6 were included
in the meta-analysis. The age at follow-up ranged between 8 and
16 years. The meta-analysis demonstrated no difference in DBP
among GDM-exposed offspring and controls (MD −0.24, 95%
CI −2.33 to 1.85; n(total)= 5367, n(exposed to GDM) = 177;
P= 0.08, I2= 50%10,11,13–15; Supplementary Fig. S1). Sensitivity

analyses were not performed as no low-quality studies were
included in the analysis. Seven studies were not included in the
meta-analysis,5,17–23 of which two reported a significantly higher
DBP in GDM offspring compared to controls (Supplementary
Table S1).21,22

Body mass index

BMI data (i.e., BMI z-score, BMI (kg/m2), and/or BMI percentile,
BMI peak, BMI SD) were available from 48 studies. BMI z-score
and BMI (kg/m2) are reported in the meta-analysis, and other
BMI data are reported in the nonmeta-analysis (Supplementary
Table S1).

BMI z-score data were reported in 14 studies, of which 9 were
included in the meta-analysis. The age at follow-up ranged from
3 to 15 years. Offspring exposed to GDM in utero showed an

Fig. 1. PRISMA flow diagram of study selection.

Fig. 2. Mean difference in systolic blood pressure (mmHg) in those exposed to GDM in utero and controls.
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increase in BMI z-score compared to controls (MD 0.11, 95% CI
0.02–0.20; n(total)= 31,485, n(exposed to GDM)= 1858; P= 0.14,
I2= 34%)11,14,16,24–28 (Fig. 3). Five studies were not included in
the meta-analysis,20,29–32 with two reporting significantly higher
BMI z-scores in GDM-exposed offspring compared to controls29,31

(Supplementary Table S1). Sensitivity analysis showed no difference
in heterogeneity when removing low-quality studies (Supplementary
Table S3A).

BMI (kg/m2) data were available from 31 studies. Sixteen
studies were included in the meta-analysis, with the age at
follow-up ranging broadly from <48 h after birth to 25 years.
Quantitative summary measures obtained through meta-analysis
showed a 1.06-kg/m2 increase in BMI among those exposed
to GDM in utero compared to controls (95% CI 0.40–1.73; n(total)
= 23,864, n(exposed to GDM) = 2154; P< 0.00001, I2 = 95%;
Supplementary Fig. S2).10–13,15,16,24–27,33–37 Sensitivity analysis
showed no difference in heterogeneity when removing low-quality
studies (Supplementary Table S3B). Fifteen studies were not
included in the meta-analysis,5,18,19,21,23,29,31,36,38–44 of which seven
studies showed significantly higher BMI among offspring exposed
to GDM compared to controls18,22,29,31,36,38,42 (Supplementary
Table S1). Krishnaveni et al. reported a significant association
between females exposed to GDM in utero compared to female
controls (P< 0.001).18 One study that showed statistical significance
did not report on the sample size for either GDM or control
groups.42

BMI percentiles were reported in 21 studies. Of these, five
reported a higher BMI within obese/overweight BMI percentiles
among those exposed to GDM in utero compared to controls
(i.e., ≥85th percentile)5,29,45–47 (Supplementary Table S1).

Lipids
Studies on cord blood and serum lipids (i.e., total cholesterol, LDL,
HDL, and triglycerides) were included.

Total cholesterol
Total cholesterol data were available from 12 studies (9 serum
cholesterol and 3 cord blood cholesterol). Five studies on total
serum cholesterol were included in the meta-analysis. The age
of follow-up ranged from 8 to 16 years. There was no significant
difference in total serum cholesterol between GDM and control
groups (SMD −0.01, 95% CI −0.28 to 0.25; n(total)= 662,
n(exposed to GDM)= 251; P= 0.07, I2= 54%; Supplementary
Fig. S3A).10,11,13,15,48 The four studies that were not included in
the meta-analysis showed no difference in total cholesterol
between those exposed to GDM and controls (Supplementary
Table S1).5,19,21,23 Sensitivity analyses were not performed as no
low-quality studies were included in the analysis.

Three studies on cord blood total cholesterol were included
in the meta-analysis. Quantitative summary measures did not
show a significant difference in total cord blood cholesterol between
GDM and control groups (SMD −0.90, 95% CI −2.41 to 0.61;
n(total)= 374, n(exposed to GDM)= 164; P< 0.00001, I2= 96%;
Supplementary Fig. S3B).33,49 Sensitivity analyses were not per-
formed as no low-quality studies were included in the analysis.

LDL cholesterol
LDL cholesterol data were available from 10 studies (8 serum LDL
cholesterol, 2 cord blood cholesterol).

Four studies on serum LDL cholesterol were included in the
meta-analysis. The age of follow-up ranged from 8 to 16 years.
There was no difference in serum LDL cholesterol between
those exposed to GDM and controls (SMD −0.03, 95% CI −0.44
to 0.38; n(total)= 5129, n(exposed to GDM)= 129; P= 0.01,
I2 = 73%; Supplementary Fig. S4A).10,11,14,15 Four studies that
were not included in the meta-analysis showed no difference in
LDL between GDM and control groups5,21,23,32 (Supplementary
Table S1). Sensitivity analyses were not performed as no low-quality
studies were included in the analysis.

Two studies on cord blood LDL were included in the meta-
analysis. Quantitative summary measures did not show a signifi-
cant difference in cord blood LDL between GDM and control
groups (SMD −0.60, 95% CI −1.57 to 0.38; n(total)= 298,
n(exposed to GDM) = 126; P= 0.01, I2 = 84%; Supplementary
Fig. S4B).49,50 Sensitivity analyses were not performed as no
low-quality studies were included in the analysis.

HDL cholesterol
HDL cholesterol data were available from 15 studies (12 serum
HDL cholesterol, 3 cord blood HDL cholesterol).

Six studies on serum HDL cholesterol were included in the
meta-analysis. The age of follow-up ranged from 8 to 16 years.
Quantitative summary measures showed no significant difference
in serum HDL cholesterol between those exposed to GDM
and controls (SMD 0.08, 95% CI −0.07 to 0.24; n(total)= 5073,
n(exposed to GDM) = 278; P= 0.77, I2= 0%; Supplementary
Fig. S5A).10,11,13–15,48 Sensitivity analyses were not performed as
no low-quality studies were included in the analysis. Six studies
were not included in the meta-analysis.5,18,19,21,23,32 Of these,
one reported lower serumHDL cholesterol in the GDMgroup com-
pared to controls (Supplementary Table S1).21 Three studies on cord
blood HDL were included in the meta-analysis. Quantitative sum-
mary measures showed no difference in cord blood HDL between
GDM and controls groups (SMD −0.13, 95% CI −0.84 to 0.59;
n(total)= 374, n(exposed to GDM)= 164; P= 0.0006, I2= 87%;
Supplementary Fig. S5B).33,49,50 Sensitivity analyses were not per-
formed as no low-quality studies were included in the analysis.

Fig. 3. Mean difference in BMI z-score in those exposed to GDM in utero and controls.
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Triglycerides
Triglyceride data were available from 14 studies (11 serum triglyc-
erides and 3 cord blood triglycerides). Six studies on serum triglyc-
erides were included in the meta-analysis. The age at follow-up
ranged from 7 to 16 years. Quantitative summary measures
showed no difference in the level of serum triglycerides between
GDM and control groups (SMD 0.50, 95% CI −0.14 to 1.14;
n(total)= 5523, n(exposed to GDM)= 278; P< 0.00001,
I2 = 93%; Supplementary Fig. S6A).10,11,13–15,48 Sensitivity analyses
were not performed as no low-quality studies were included in the
analysis. Five studies that were not included in the meta-analysis
also showed no significant difference in serum triglycerides in
GDM and control groups (Supplementary Table S1).5,18,19,21,23

Three studies on cord blood triglycerides were included in the
meta-analysis. There was no difference in cord blood triglycerides
in the GDM group compared to controls (SMD 0.02, 95% CI−0.67
to −0.71; n(total)= 374, n(exposed to GDM) = 164; P= 0.001,
I2 = 86%; Supplementary Fig. S6B).33,49,50 Sensitivity analyses were
not performed as no low-quality studies were included in the
analysis.

Insulin
Data for fasting serum insulin were collected for 20 studies
(16 serum insulin and 4 cord blood insulin).

Four studies on serum insulin were included in the meta-
analysis. The age at follow-up ranged from 8 to 15 years. The
meta-analysis showed no difference in insulin between the two
groups (SMD −0.02, 95% CI −0.70 to 0.67; n(total)= 5136,
n(exposed to GDM)= 131; P< 0.00001, I2= 89%; Supplementary
Fig. S7A).11,14,24,51 Sensitivity analyses showed no difference in hetero-
geneity when poor-quality studies were omitted (Supplementary
Table S4)

Twelve studies were not included in the meta-
analysis,5,13,18–21,23,34,51–55 of which five reported significantly
elevated insulin levels in the GDM group compared to
controls13,18,34,54,55 (Supplementary Table S1). Two of these studies
showed a significant difference in fasting insulin between offspring
exposed to pre-GDM (i.e., diabetes diagnosed before pregnancy)
andGDM.54,55 Two studies were included in a meta-analysis on cord
blood insulin; however, there was no difference between the GDM
and control groups (SMD −4.74 95%, CI −14.99 to 5.51; n(total)
= 123, n(exposed to GDM)= 60; P< 0.00001, I2= 99%;
Supplementary Fig. S7B).17,49 Sensitivity analyseswere not performed
as no low-quality studies were included in the analysis.

Glucose
Glucose data were available from 25 studies (23 serum glucose and
2 cord blood glucose). Eleven studies on serum glucose were
included in the meta-analysis, in which the age at follow-up ranged
from 8 to 27 years. Based on quantitative summary measures, the
meta-analysis showed an increase in glucose in offspring exposed
to GDM in utero compared to controls, demonstrating a 0.43 SMD
(95% CI 0.08–0.77; n(total)= 6423 n(exposed to GDM)= 608;
P= 0.00001, I2= 89% (Fig. 4).10,11,13–15,24,25,48,51,56,57 Sensitivity
analysis showed no difference in heterogeneity when removing
low-quality studies (Supplementary Table S5). Twelve studies were
not included in the meta-analysis.5,18–21,23,32,34,38,44,52 One study
reported significantly higher serum glucose in the GDM group
than controls.20 One study reported a significantly lower serum
glucose value in those exposed to GDM compared to controls.34

Two studies assessed cord blood glucose with both newborn
cohorts;33,49 however, no difference was seen between the
GDM and non-GDM groups (MD −2.69, 95% CI −5.80 to 0.42;
n(total)= 346, n(exposed to GDM)= 149; P= 0.19, I2 = 42%;
Supplementary Fig. S8).33,49 Sensitivity analyses were not performed
as no low-quality studies were included in the analysis.

Discussion

This systematic review aimed to assess the prevalence of conven-
tional cardiovascular risk factors in those exposed to GDM in utero
compared to those not exposed to GDM. There is an established
link between pregnancy complications and vascular outcomes such
as elevated markers of inflammation and impaired fetal aortic
intimal media thickness (aIMT).58,59 Many reviews on GDM focus
on cardiovascular endpoints including myocardial infarction and
coronary heart disease. Identifying risk factors for CVD is vital in
planning screening strategies to identify those at risk of future
CVD with the aim of targeting preventive interventions. Hence,
this review is a comprehensive synthesis of evidence from pub-
lished studies comparing the main conventional cardiovascular
risk factors in those born after pregnancies complicated by
GDM compared to controls and includes outcomes that have
not been recently reviewed in the literature such as serum and cord
blood lipids.

Our meta-analysis showed that offspring exposed to GDM
in utero have 1.75 mmHg higher SBP than controls (95% CI
0.57–2.94, n= 7309, eight studies). Aceti et al. showed a similar
association for offspring of GDM pregnancies (1.39 mmHg, 95%
CI 0.00–2.77); 10 studies, P= 0.05).6 They also showed a smaller,

Fig. 4. Standard mean difference in fasting glucose in those exposed to GDM in utero and controls.
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nonsignificant increase in DBP for GDM offspring (0.75 mmHg,
95% CI −0.47–1.97; nine studies, P= 0.23).6

This meta-analysis primarily consists of adolescent cohorts
(i.e., 10–19 years) with one 3-year-old cohort. Therefore, the
existing literature is not sufficient to show the trend in blood
pressure throughout childhood and adolescence. These trends have
been previously reported in a few large cohort studies. Krishnaveni
et al. demonstrated that SBP remains elevated in those exposed to
GDM compared to unexposed controls throughout ages 5, 9.5, and
13.5 years.13,18,38 A similar association was seen in another cohort at
ages 8 and 15.15,21 Therefore, it is important to assess childhood
cohorts to affirm any trends seen in long-term cohort studies.

Blood pressure that is elevated in childhood and adolescence is
predictive of adult hypertension.60 Raitakari et al. found a positive
correlation between SBP at 12–16 years with carotid artery intima
medial thickness (C-IMT), which is a predictive factor of future
CVD.61 The association was weaker in males at 3–9 years age,
but not among females. In a study by Oikonen et al., two abnormal
child or youth blood pressure observations were shown to predict
risk for hypertension in adulthood.62 While the effect size in our
meta-analysis is small and blood pressure for all studies is generally
within normal reference range, it is known that even a 2-mmHg
increase in SBP is associated with 10% higher mortality from
stroke, and 7% higher mortality from ischemic heart disease in
middle age.63 Therefore, offspring exposed to GDM may benefit
from frequent blood pressure monitoring throughout childhood
and adolescence. Dietary interventions during gestation, such as
implication of a low glycemic index (GI) diet, may benefit offspring
and reduce the risk of high blood pressure. It has been demon-
strated that children at 12 months old born to mothers at risk of
GDM with a low GI diet have significantly thinner aIMT than
those children whose mothers had a standard high fiber diet.64

Among 31,485 participants, it was shown that BMI z-score is
marginally higher in those exposed to GDM offspring compared
to controls (MD 0.11, 95% CI 0.02–0.20, n= 31,485, nine studies).
We also observed a higher BMI in those exposed to GDM com-
pared to controls (Supplementary Fig. S2); however, BMI is not
an accurate predictor of childhood obesity. As an indicator of
adiposity, BMI varies greatly based on fat and muscle mass; hence,
it may be accurate for fatter children but not those who are lean.65

The findings of this meta-analysis on BMI z-scores are consistent
with the findings reported in the review by Kawasaki et al. (pooled
MD 0.14, 95% CI 0.04–0.24, seven studies).66

Higher BMI in youth is associated with dyslipidemia, hyperten-
sion, and reduced insulin sensitivity.67 Jago et al. showed that a
change in BMI z-score at ages 11–14 was associated in a change
in cardiovascular risk factors including an increase in SBP and
DBP, HDL-C, LDL-C, and triglycerides at the same age.67 The
results of this meta-analysis support previous findings of higher
BMI in those exposed to GDM in utero compared to controls.5,24,45

GDM is associated with newborn fat mass, indicative of the
intrauterine environment in the final trimester of pregnancy.68,69

Higher birthweight is associated with markers of subclinical
atherosclerosis such as mean carotid IMT.70 Therefore, those
who are exposed to GDM in utero appear to have risk factors
for CVD very early in life. We could not assess the age distribution
in very young children as majority of published studies were in
adolescence. Hence, more studies among young children are
required to support the association between gestational diabetes
and increasing BMI z-score in offspring.

Our meta-analysis demonstrated that those exposed to GDM in
utero have marginally higher fasting blood glucose levels (SMD

0.43, 95% CI 0.08–0.77, n= 6423, 11 studies), but not fasting insu-
lin compared to controls. Kawasaki et al. showed no difference in
fasting plasma glucose among 7–10 and 15 year olds exposed to
GDM compared to controls.66 Plasma glucose was significantly
higher at age 20 years among those exposed to GDM compared
to controls (MD 0.4 mmol/l, 95% CI 0.25–0.55, seven studies).66

Our meta-analysis showed a similar association in predominantly
childhood–adolescent cohorts, with one cohort during adulthood.
We can support an association between exposure to GDM in utero
and impaired glucose tolerance in offspring; however, as the effect size
is minimal, further studies are required to support this association.

Abnormal plasma glucose is a requisite for prediabetes, and if
untreated and coupled with increasing obesity may lead to early
onset T2DM, which progresses at a faster rate in children and
adolescence than in adults.71 Adolescents diagnosed with T2DM
are predicted to lose 15 years from their life expectancy compared
to those without T2DM.72 Hence, frequent fasting blood glucose
monitoring in those exposed to GDM in uteromay reduce the risk
of T2DM in the future. Also, interventions during pregnancy may
be beneficial as evidenced by studies showing that infants born to
mothers with diet or insulin controlled GDM have lower fasting
blood glucose than controls.34

We acknowledge some limitations of our analyses. Both GDM
and CVD are multifactorial diseases, influenced by genetic and
environmental factors. Smoking during pregnancy is shown to
have significant effects on childhood adiposity and elevated blood
pressure.73,74 High prepregnancy BMI is associated with elevated
SBP and DBP in offspring.75 GDM is shown to cluster in families,
and variants of different genes are associated with increased risk of
GDM.76 We could not adjust for such important covariates due to
limitations in the data that were available. We were unable to
examine female andmale subgroups due to lack of power; however,
it may be of interest for future studies to consider this as Li et al.
showed that male offspring of GDM pregnancy had higher BMI
than male controls and an increased risk of obesity, while there
was no significant association in the cohort of females exposed
to GDM compared to female controls.37

We did not identify any studies that looked at microvascular
function in offspring of GDM. West et al. found that offspring
of diabetic pregnancies had increased levels of circulating cellular
adhesion molecules such as E-selectin and VCAM1, even when
adjusted for maternal prepregnancy BMI.77 Therefore, further
studies on this topic are required.

Most of the studies that we assessed in the meta-analysis are
follow-up at adolescence, there were few studies that conducted
follow-up during early childhood as well as in adulthood, therefore,
we are unable to show age distributions in outcomes assessed.

Observational studies may be subject to publication bias,
although visual analysis of funnel plots for BMI and glucose
showed a low chance of publication bias (Supplementary
Fig. S9). However, these outcomes showed high heterogeneity
based on I2, and hence need to be interpreted with caution. We
performed sensitivity analysis for relevant outcomes; however,
we observed no difference in heterogeneity for the outcomes
assessed (Supplementary Tables S3–S5).

Conclusion

Offspring exposed to GDM in utero demonstrate risk factors for
CVD in childhood and adolescence, including elevated SBP,
BMI z-score, and fasting plasma glucose that are evident from early
life. These outcomes at a young age, if not monitored, can lead to
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adverse vascular and metabolic health parameters resulting in
CVD in adulthood. Regular blood pressure monitoring and weight
control from a young age may benefit offspring exposed to GDM.
Further long-term cohort studies also need to be established, which
can adjust for important covariates and allow for affirmation of
effect sizes.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S2040174419000850.
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Méndez Padrón A, Matute Briseño JA. Placental atherosclerosis and
markers of endothelial dysfunction in infants born to mothers with gesta-
tional diabetes. Medicina Clinica. 2016; 147, 95–100.

50. Miettinen HE, Rono K, Koivusalo SB, Eriksson JG, Gylling H. Effect of gesta-
tional diabetes mellitus on newborn cholesterol metabolism. Atherosclerosis
2018; 275, 346–351.

51. Chandler-Laney PC, Bush NC, Granger WM, Rouse DJ, Mancuso MS,
Gower BA. Overweight status and intrauterine exposure to gestational
diabetes are associated with children’s metabolic health. Pediatr Obes.
2012; 7, 44–52.

52. Borgoño CA,Hamilton JK, Ye C, et al.Determinants of insulin resistance in
infants at age 1 year: impact of gestational diabetes mellitus. Diabetes Care
2012; 35, 1795–1797.

53. Bozkurt L, Göbl CS, Rami-Merhar B, et al. The cross-link between
adipokines, insulin resistance and obesity in offspring of diabetic pregnancies.
Horm Res Paediatr. 2016; 86, 300–308.

54. Plagemann A, Harder T, Kohlhoff R, Rohde W, Dorner G. Overweight
and obesity in infants of mothers with long-term insulin-dependent
diabetes or gestational diabetes. Int J Obes Relat Metab Disord. 1997; 21,
451–456.

55. Plagemann A, Harder T, Kohlhoff R, Rohde W, Dorner G. Glucose toler-
ance and insulin secretion in children of mothers with pregestational
IDDM or gestational diabetes. Diabetologia 1997; 40, 1094–1100.

56. Clausen TD, Mathiesen ER, Hansen T, et al. High prevalence of type 2
diabetes and pre-diabetes in adult offspring of women with gestational
diabetes mellitus or type 1 diabetes: the role of intrauterine hyperglycemia.
Diabetes Care 2008; 31, 340–346.

57. Wilk M, Horodnicka-Jozwa A, Moleda P, et al. Assessment of selected
carbohydrate parameters in children exposed to gestational diabetes in
utero. Neuro Endocrinol Lett. 2015; 36, 504–510.

58. Visentin S, Londero AP, Bellamio B, et al. Fetal endothelial remodeling
in late-onset gestational hypertension. Am J Hypertens. 2016; 29,
273–279.

59. Visentin S, Lapolla A, Londero AP, et al. Adiponectin levels are reduced
while markers of systemic inflammation and aortic remodelling are
increased in intrauterine growth restricted mother-child couple. Biomed
Res Int. 2014; 2014, 401595.

60. Chen X,Wang Y. Tracking of blood pressure from childhood to adulthood:
a systematic review and meta-regression analysis. Circulation 2008; 117,
3171–3180.

61. Raitakari OT, Juonala M, Kähönen M, et al. Cardiovascular risk factors in
childhood and carotid artery intima-media thickness in adulthood:
the cardiovascular risk in Young Finns Study. JAMA 2003; 290,
2277–2283.

62. Oikonen M, Nuotio J, Magnussen CG, et al. Repeated blood pressure
measurements in childhood in prediction of hypertension in adulthood.
Hypertension 2016; 67, 41–47.

63. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: a meta-analysis
of individual data for one million adults in 61 prospective studies.
Lancet 2002; 360, 1903–1913.

64. KizirianNV, Kong Y,Muirhead R, et al. Effects of a low-glycemic index diet
during pregnancy on offspring growth, body composition, and vascular
health: a pilot randomized controlled trial. Am J Clin Nutr. 2016; 103,
1073–1082.

65. Freedman DS, Sherry B. The validity of BMI as an indicator of body fatness
and risk among children. Pediatrics 2009; 124, Suppl 1, S23–34.

66. Kawasaki M, Arata N, Miyazaki C, et al. Obesity and abnormal glucose
tolerance in offspring of diabetic mothers: a systematic review and
meta-analysis. PLoS One 2018; 13, e0190676.

67. Jago R, Mendoza JA, Chen T, Baranowski T. Longitudinal associations
between BMI, waist circumference, and cardiometabolic risk in US
youth: monitoring implications. Obesity (Silver Spring, Md) 2013; 21,
E271–E279.

68. Dissanayake HU, Anderson L, McMullan RL, et al. Influence of maternal
and placental factors on newborn body composition. J Paediatr Child
Health 2019. doi: 10.1111/jpc.14565. [Epub ahead of print].

69. Enzi G, Inelmen EM, Caretta F, Villani F, Zanardo V, DeBiasi F.
Development of adipose tissue in newborns of gestational-diabetic and
insulin-dependent diabetic mothers. Diabetes 1980; 29, 100–104.

70. SkiltonMR, Siitonen N,Wurtz P, et al.High birth weight is associated with
obesity and increased carotid wall thickness in young adults: the cardio-
vascular risk in young Finns study. Arterioscler Thromb Vasc Biol. 2014;
34, 1064–1068.

71. D’Adamo E, Caprio S. Type 2 diabetes in youth: epidemiology and
pathophysiology. Diabetes Care 2011; 34, Suppl 2, S161–S165.

72. Rhodes ET, Prosser LA, Hoerger TJ, Lieu T, Ludwig DS, Laffel LM.
Estimated morbidity and mortality in adolescents and young adults diag-
nosedwith type 2 diabetesmellitus. (Report) (clinical report).DiabeticMed.
2012; 29, 453.

73. Li L, Peters H, Gama A, et al. Maternal smoking in pregnancy association
with childhood adiposity and blood pressure. Pediatr Obes. 2016; 11,
202–209.

74. Riedel C, Fenske N, Muller MJ, et al. Differences in BMI z-scores between
offspring of smoking and nonsmoking mothers: a longitudinal study of
German children from birth through 14 years of age. Environ Health
Perspect. 2014; 122, 761–767.

75. Gademan MG, van Eijsden M, Roseboom TJ, van der Post JA, Stronks K,
Vrijkotte TG. Maternal prepregnancy body mass index and their children’s
blood pressure and resting cardiac autonomic balance at age 5 to 6 years.
Hypertension 2013; 62, 641–647.

76. Shaat N, Groop L. Genetics of gestational diabetes mellitus. Curr Med
Chem. 2007; 14, 569–83.

Journal of Developmental Origins of Health and Disease 615

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S2040174419000850
Downloaded from https://www.cambridge.org/core. UNIVERSITY OF ADELAIDE LIBRARIES, on 21 Mar 2022 at 04:56:30, subject to the Cambridge Core terms of use, available at

https://doi.org/10.1111/jpc.14565
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S2040174419000850
https://www.cambridge.org/core


77. West NA, Crume TL, Maligie MA, Dabelea D. Cardiovascular risk factors
in children exposed to maternal diabetes in utero. Diabetologia 2011; 54,
504–547.

78. Wang J, Pan L, Liu E, et al.Gestational diabetes and offspring’s growth from
birth to 6 years old. Int J Obes. 2019; 43, 663–672.

79. Kaseva N, Vaarasmaki M, Matinolli HM, et al. Pre-pregnancy overweight
or obesity and gestational diabetes as predictors of body composition in
offspring twenty years later: evidence from two birth cohort studies. Int
J Obes (Lond). 2018; 42, 872–879.

80. Hammoud NM, De Valk HW, Biesma DH, Visser GHA. Intrauterine adi-
posity and BMI in 4- to 5-year-old offspring from diabetic pregnancies.
Neonatology. 2017; 111, 177–181.

81. Hakanen T, Saha MT, Salo MK, et al.Mothers with gestational diabetes are
more likely to give birth to children who experience early weight problems.
Acta Paediatr Int J Paediatr. 2016; 105, 1166–1172.

82. Page KA,Wang X, Romero A, Buchanan TA, Xiang AH. Insulin sensitivity
and β-cell function are reduced in children exposed to gestational diabetes
in utero. Diabetes. 2015; 64, A94.

83. Zhao YL, Ma RM, Lao TT, et al.Maternal gestational diabetes mellitus and
overweight and obesity in offspring: a study in Chinese children. J Dev Orig
Health Dis. 2015; 6, 479–484.

84. PhamMT, Brubaker K, Pruett K, Caughey AB. Risk of childhood obesity in
the toddler offspring of mothers with gestational diabetes. Obstet Gynecol.
2013; 121, 976–982.

85. Jahan S, Ahmed CM, Zinnat R, et al. Influence of maternal diabetes on
serum leptinemic and insulinemic status of the offspring: a case study of
selected patients in a tertiary care hospital in Bangladesh. Diabetes
Metab Syndr. 2011; 5, 33–37.

86. Boerschmann H, Pfluger M, Henneberger L, Ziegler AG, Hummel S.
Prevalence and predictors of overweight and insulin resistance in offspring
of mothers with gestational diabetes mellitus. Diabetes Care. 2010; 33,
1845–1849.

87. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in
childhood: association with birth weight, maternal obesity, and gestational
diabetes mellitus. Pediatrics. 2005; 115, e290–e296.

78. Gillman MW, Rifas-Shiman S, Berkey CS, Field AE, Colditz GA. Maternal
gestational diabetes, birth weight, and adolescent obesity. Pediatrics. 2003;
111, e221–e226.

89. Silverman BL, Metzger BE, Cho NH, Loeb CA. Impaired glucose tolerance
in adolescent offspring of diabetic mothers. Relationship to fetal hyperinsu-
linism. Diabetes Care. 1995; 18, 611–617.

616 M. M. Pathirana et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S2040174419000850
Downloaded from https://www.cambridge.org/core. UNIVERSITY OF ADELAIDE LIBRARIES, on 21 Mar 2022 at 04:56:30, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S2040174419000850
https://www.cambridge.org/core


 

 

496 

 

Appendix 3: Publication for Author response: Cardiovascular 

risk factors in offspring exposed to gestational diabetes 

mellitus in utero: a systematic review and meta-analysis  
 

  



Journal of Developmental
Origins of Health and Disease

www.cambridge.org/doh

Commentary

Cite this article: Pathirana MM, Lassi ZS,
Roberts CT, and Andraweera PH (2020) Author
response: cardiovascular risk factors in
offspring exposed to gestational diabetes
mellitus in utero: systematic review and
meta-analysis. Journal of Developmental
Origins of Health and Disease 11: 244–245.
doi: 10.1017/S2040174420000185

Received: 26 February 2020
Accepted: 28 February 2020

Address for correspondence:
Prabha Andraweera, Adelaide Medical
School, Robinson Research Institute,
The University of Adelaide, South Australia,
Adelaide 5005, Australia.
Email: prabha.andraweera@adelaide.edu.au

© Cambridge University Press and the
International Society for Developmental
Origins of Health and Disease 2020.

Author response: cardiovascular risk factors
in offspring exposed to gestational diabetes
mellitus in utero: systematic review and
meta-analysis

Maleesa M. Pathirana, Zohra S. Lassi, Claire T. Roberts and

Prabha H. Andraweera

Adelaide Medical School, The Robinson Research Institute, The University of Adelaide, Adelaide 5005, Australia

Abstract

This commentary is an author response to Lu and Wang, regarding the manuscript entitled
‘Cardiovascular risk factors in offspring exposed to gestational diabetes mellitus in utero:
Systematic review and meta-analysis’. We address their concern regarding duplication of
studies in the meta-analysis and the quality of included studies.

Dear editor,
We thank Dr. Lu and Dr. Wang for their comments regarding our systematic review and

meta-analysis on cardiovascular disease in offspring exposed to gestational diabetes mellitus
in utero.1 Their comments highlight important considerations regarding study quality in sys-
tematic review and meta-analyses and statistical methods put in place to address low-quality
studies.

Although we have already specified our methodology regarding including publications of
multiple cohorts in the meta-analysis, we appreciate the opportunity to provide further clarity.
There has been the understanding that the cohort publications published by Krishnaveni et al.,
Tam et al. and Vohr et al., which we have included in our systematic review, have been doubly
reported in the meta-analysis.2-9 In our methods under the ‘included studies’ header, it states
that ‘when the same cohort was reported in multiple publications at different ages, the study
reporting on the older age group was included in the meta-analysis’. We only used the publi-
cations of Krishnaveni et al.4 and Tam et al. 7 in our meta-analysis as these studies have data on
the most recent follow-up (i.e., 15 years of age for both cohorts).3,7 The publications that have
been mentioned in the previous commentary are only reported as supplementary data
(Supplementary Table 1) but not in the meta-analyses. The Vohr et al. studies are also only
reported in the supplementary data. We included 59 studies from 54 cohorts in our systematic
review, and only 25 studies were used in themeta-analysis (Fig. 1). The reasons for not including
34 studies in the meta-analysis include but are not limited to: (1) reporting the cohort at an
earlier follow-up and thus not being the most recent publication with the oldest follow-up
age (in the case of Krishnaveni and Tam studies); (2) some studies not reporting a control group
value (in the case of Vohr et al.9); (3) studies only including adjusted mean values that we could
not incorporate in ameta-analysis due to limitation in the number of studies; (4) being unable to
include median and interquartile range values in the analysis. While we endeavoured to contact
authors for unadjusted and unknown values in the meta-analysis, we received a 44% response
rate. It would be counter-intuitive to exclude these studies all together after trying to contact the
authors for appropriate data; it seemed best to report these data in a supplementary table if it was
not suitable for the analysis, thereby providing readers a more comprehensive review of the
literature. Furthermore, in our protocol, we were interested in subgroup analyses stratified
by childhood, adolescence and adulthood to determine if any of the cardiovascular risk factors
appeared at certain points during the lifecourse in offspring exposed to Gestational diabetes
mellitus in utero. However, we did not have sufficient number of studies to complete any sub-
group analyses. We have addressed this in our discussion.

The second point mentioned by Lu andWang regarding using only high-quality studies in a
meta-analysis is an important one to address. While we have included studies of varying study
quality, we must emphasise that our methods address how we handle low-quality studies. All
59 included studies have been verified by two authors and underwent quality assessment using
the Newcastle–Ottawa Scale (NOS), which is a recommended quality assessment tool used for
observational studies. The NOS broadly assesses study quality, including study selection,
definition and comparability of cases and controls, assessment and reporting of outcome.
We only found nine studies of low quality. We performed sensitivity analyses to omit all
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low-quality studies from the meta-analysis, thereby assessing
whether these studies would have influenced the effect size of
the outcomes. Performing a quality assessment of studies and
performing sensitivity analyses are common protocols for many
meta-analyses.10,11 Sensitivity analyses were done for only four
outcomes, as these were the only outcomes that included low-
quality studies. Our sensitivity analysis tables reported as supple-
mentary data show that there was no significant difference between
the effect estimates when removing the low-quality studies, based
on I2 and chi-square value. Therefore, the effect size of our meta-
analysis is unaffected by these low-quality studies. Henceforth, the
heterogeneity in these analyses needs to be explored in other avenues,
including through visual analysis of funnel plots for heterogeneity
(which in our analysis were all standard), through performing analy-
ses with values adjusted for important covariates and subgroup
analysis (both actions that we were unable to do).

Including all relevant studies and reporting them allow for an
extensive scope of the literature, and it is important to assess and
report which of this literature is high, moderate and low quality to
ensure that clinical decision-making is based on the best-quality
evidence.
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Abstract
Purpose The primary aim of this systematic review and meta-analysis was to determine the association between gestational
diabetes mellitus (GDM) and metabolic syndrome (MetS) in women and children. Our secondary aim was to assess the
development of MetS with respect to the elapsed time postpartum at which MetS was diagnosed.
Methods This review is registered with PROSPERO (CRD42020173319). PubMed, CINHAL, SCOPUS, and EMBASE
databases were searched. Studies reporting on the rate of MetS in pregnant women with GDM, the rate of MetS in women
with a history of GDM, and the rate of MetS in offspring exposed to GDM in utero compared to healthy controls were
selected.
Results We identified 588 articles from the literature search. Fifty-one studies were included in the review and of those 35
were included in the meta-analysis. Quantitative summary measures showed that women with a history of GDM had an
increased risk of developing MetS compared to those without a history of GDM (RR 2.36, 95% CI 1.77–3.14, 29 studies,
13,390 participants; heterogeneity: χ2 p < 0.00001; I2= 93%). Offspring exposed to GDM in utero have an increased risk of
developing MetS compared to those not exposed to GDM in utero. (RR 2.07, 95% CI 1.26–3.42, three studies, 4,421
participants; heterogeneity: χ2 p= 0.33; I2= 12%). Women diagnosed with GDM have an increased risk of developing MetS
during pregnancy (RR 20.51, 95% CI 5.04–83.55; three studies, 406 participants; heterogeneity: χ2 p= 0.96; I2= 0%).
Subgroup analysis revealed that MetS is diagnosed as early as <1 year postpartum in women with a history of GDM.
Conclusions/interpretation Women with GDM have an increased risk of developing MetS during pregnancy. Women with a
history of GDM and offspring exposed to GDM in utero have higher risks of developing MetS compared to those with no
history of GDM. Metabolic syndrome in women with a history of GDM is seen as early as <1 year postpartum.
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Abbreviations
MetS metabolic syndrome
CVD cardiovascular disease
GDM gestational diabetes mellitus

Introduction

Gestational diabetes mellitus (GDM) is impairment of glu-
cose that is first diagnosed during pregnancy, hence dif-
ferent from both type I and II diabetes mellitus. GDM is
estimated to affect one in seven pregnancies [1]. Women
with a history of GDM are more likely to be obese, have
dyslipidaemia and hypertension during the postpartum
period [2]. These women also have an approximately
sevenfold increased risk of developing type II diabetes
mellitus (T2DM) later in life [3]. The diagnostic criteria for
GDM have changed as of recent, being defined as fasting
glycaemia ≥5.1 mmol/l, or 1-h plasma glucose ≥10.0 mmol/l
and 2-h plasma glucose: ≥8.5 mmol/l with a 75 g oral glu-
cose tolerance test [4].

Metabolic syndrome (MetS) is defined as a cluster of
metabolic disorders, conventionally defined as three or
more of the following: central obesity, reduced high-density
lipoprotein cholesterol, hypertriglyceridemia, hyperglyce-
mia, and hypertension. However, the cut-offs for these
individual components of MetS are different between defi-
nitions [5, 6]. Both GDM and MetS share a similar etiology
and both increase the risk of chronic diseases such as T2DM
and cardiovascular disease (CVD) [3, 7–9].

GDM is promoted by an inability of β-cells to undergo
expansion. Therefore, β-cells are unable to compensate for
the highly insulin resistant state leading to the subsequent
elevation of glucose during pregnancy [10]. Development
of pregnancy complications, such as GDM, is influenced by
prepregnancy lifestyle and metabolic characteristics [11].
Women with MetS are already in a state of pro-
inflammation and insulin resistance [12], therefore it is
possible that when they become pregnant, they are more
susceptible to developing GDM [13]. This association has
not been explored in a systematic review and meta-analysis.
Furthermore, GDM increases the risk of developing CVD in
later life and ~50% of women who develop GDM go on to
develop T2DM later in life [14]. Therefore, women who
may not have MetS in pregnancy or only present with one
or two components of MetS may be at risk of developing
MetS postpartum. A meta-analysis in 2014 showed that
women who experience GDM have a higher risk of
developing MetS than women with a normal pregnancy
[15]. However, the studies included in the above meta-
analysis were conducted before the implementation of the
new International Association of Diabetes in Pregnancy
Study Group (IADPSG) guidelines that recommended a

lowering of the glucose threshold for the diagnosis of GDM
[16]. As the new guidelines are known to increase the
number of women diagnosed with GDM, it is possible that
the number of metabolic risk factors in women who had
GDM will also increase. Children exposed to GDM in utero
may also be more susceptible to developing MetS, as it has
been shown that they have higher systolic blood pressure
(SBP), body mass index (BMI), and blood glucose than
those not exposed to GDM in utero [17]. To our knowledge,
no systematic review has assessed the risk for MetS among
children born to pregnancies complicated by GDM. Even
small improvements in the components of MetS such as
hypertension and dyslipidaemia can significantly reduce the
risk of ischemic heart disease in young and middle age
adults [18–20] and reducing childhood adiposity can reduce
the risk of CVD later in life [21].

Therefore, the objective of our systematic review and
meta-analysis was to evaluate the association between
GDM and MetS by determining (1) the risk of MetS in
pregnancy among women who are diagnosed with GDM,
(2) the risk for postpartum MetS among women who
experienced GDM, and (3) the risk of developing MetS in
children born to pregnancies complicated by GDM.

Methods

The review protocol is registered in PROSPERO
(CRD42020173319). The review was undertaken with
reference to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guideline [22].

Search strategy

All studies describing the association between GDM and
MetS were identified by searching the following electronic
databases: PubMed, CINAHL, SCOPUS, and EMBASE
with an end search date of February 18, 2020. The search
was conducted by Z.S.L. The search strategy included the
terms (“gestational diabetes*” OR “pregnancy induced
diabetes”) AND (“metabolic syndrome” OR “insulin resis-
tance syndrome” OR “syndrome X”) and is detailed in
Appendix S1. We included observational studies (case-
control, cross-sectional, and cohort). Bibliographies of
previously conducted systematic reviews and meta-analyses
on closely related topics, and eligible studies were checked
for additional studies. All identified studies were indepen-
dently assessed for relevance by two authors (M.M.P. and
A.A.). Two authors (M.M.P. and A.A.) independently
extracted data, and discrepancies were resolved by discus-
sion with Z.S.L. and P.H.A.

Studies were eligible for inclusion if they reported the
number of cases of MetS in (1) pregnant women diagnosed
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with GDM, (2) women with a history of GDM, compared to
women who did not experience/have a history of GDM, and
(3) those exposed to GDM in utero compared to those not
exposed to GDM in utero. We included studies that defined
GDM based on the IADPSG guidelines [23]. However,
since the diagnostic criteria have been revised recently, we
included studies that used prior recommended diagnostic
criteria of GDM including the 1999 World Health Organi-
zation (WHO) definition [5], and other regional and study-
specific definitions as detailed in Table S1 [5, 24–31]. MetS
was defined based on the definitions of the National Cho-
lesterol Education Program-Adult Treatment Panel III
(NCEP-ATP-III) [6], International Diabetes Federation
(IDF) [32], the WHO [5], or the American Heart Associa-
tion [33]. Because there is no validated definition of MetS
in children and pregnant women, we accepted variations of
current guidelines and study-specific definitions. The defi-
nitions of GDM and MetS of included studies are detailed in
Table S1. Studies that did not include a definition of GDM
or MetS, those that did not define the case and control
groups, and those that compared women with GDM in
pregnancy/postpartum, and those exposed to GDM in utero
to another risk group were excluded.

Statistical analysis

Data were extracted independently and in duplicate for the
number of MetS cases. We analyzed all studies collectively
as an overall analysis, and subsequently stratified into
subgroups based on the time of follow up postpartum as: <1
year, 1–5 years, 5–10 years, and 10+ years from the index

pregnancy. Some studies analyzed the rate of MetS based
on the multiple definitions. Therefore, when assessing data
from those studies, the NCEP-ATP-III definition was used
in the overall analysis as the majority of studies used this
definition. However, we conducted subgroup analyses
based on the rate of MetS defined according to the NCEP-
ATP-III, IDF, and WHO guidelines. We performed an ad
hoc analysis based on ethnicity, but only for Asian and
Caucasian ethnicities, as these were the most commonly
reported ethnicities. When the same cohort was assessed
multiple times during the postpartum period, the study with
the largest sample size was used in the overall analysis. For
the analysis on offspring exposed to GDM in utero, the
oldest cohort was used in the meta-analysis. We considered
studies published in English. We did not need to contact any
authors for additional information, as only one dichotomous
outcome was evaluated, and only studies reporting on the
outcome were eligible.

The following data were collected from each included
study: definition of GDM, definition of MetS, time of
postpartum follow up (number of years since index preg-
nancy for both women and children), or gestational age
(week) at which MetS and GDM were diagnosed during
pregnancy, number of cases (those who experienced GDM)
and controls (those who did not experience GDM), birth-
weight of offspring and gestational age at delivery for both
cases and controls.

The meta-analysis was performed using RevMan soft-
ware (Review Manager Version 5.3) based on an inverse
variance method. As per protocol, the random effects
model was selected to account for the differences in diag-
nostic criteria of GDM. For each outcome measure, the
number of events and the total number of participants were
used in the meta-analysis to analyze the risk difference. If
the number was only reported as a percentage, then the
number of participants/events was calculated based on the
total sample size for each group. The analysis was cross-
checked and discrepancies were resolved by discussion
(P.H.A. and M.M.P.).

Substantial heterogeneity was considered when I2 sta-
tistic exceeded 50%, and the Chi² p value was <0.1. Data
from eligible studies that could not be included in the meta-
analysis are included in Table S2. To assess publication
bias, funnel plots were used for the primary outcome. The
methodological quality was assessed using the National
Heart, Lung and Blood Institute (NHLBI) Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional
Studies and are presented in the Supplementary data (Table
S3) [34]. Sensitivity analysis was performed to evaluate
heterogeneity for outcomes after excluding low-moderate
quality studies (i.e., studies that were considered of low-
moderate quality in the NHLBI Quality assessment tool
after discussion with authors).

Fig. 1 Flow chart showing selection of eligable studies
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Results

The literature search identified 588 articles. One hundred
and ninety articles were eligible for full text review. Of
these, 51 were included in the review and 35 were
included in the meta-analyses (Table S1). The reasons for
excluding 139 studies are detailed in Fig. 1. The quality
assessment showed that all studies were of moderate to
high quality (Table S3).

Risk of MetS in pregnancy among women
diagnosed with GDM

Eight studies were included in the assessment of this outcome
[13, 35–41], of which three studies were included in the meta-
analysis [35–37]. All three studies assessed GDM and MetS
at the same time (i.e., ~24–32 weeks gestation). Pooled ana-
lysis showed that women diagnosed with GDM had an
increased risk of MetS in pregnancy (RR 20.51, 95% CI
5.04–83.55; three studies, 406 participants; heterogeneity: χ2

p= 0.96; I2= 0%) (Fig. 2a). Five studies were not included in
the meta-analysis [13, 38–41], with four showing an increased
risk of developing GDM in women who are diagnosed with
MetS during pregnancy [39, 40, 42, 43] (Table S2).

Risk of MetS in women with a history of GDM

Thirty-five studies were included in the assessment of this
outcome [42, 44–78], of which 29 studies were included in
the meta-analysis [30, 42, 44–71]. Pooled analysis showed
that women with a history of GDM had a significantly
increased risk of developing MetS (RR 2.36, 95% CI
1.77–3.14; 29 studies, 13,390 participants; heterogeneity: χ2

p < 0.00001; I2= 93%) (Fig. 2b). Of the six studies that
were not included in the meta-analysis [72–78], one showed
an increase in prevalence of MetS among women with a
history of GDM compared to controls [51] (Table S2).
Sensitivity analysis after excluding the studies of moderate
quality resulted in a slight reduction in heterogeneity (χ2 p <
0.00001; I2= 78%) (Fig. S1). Assessment of the funnel plot
of the meta-analysis revealed moderate publication bias
(Fig. S2).

Risk of MetS in offspring exposed to GDM in utero

Four studies were included in the assessment of this out-
come [79–82], of which three studies were included in the
meta-analysis [79–81]. Pooled analysis showed that off-
spring exposed to GDM in utero had a significantly
increased risk of developing MetS (RR 2.07, 95% CI
1.26–3.42; three studies, 4421 participants; heterogeneity:
χ2 p 0.33; I2= 12%) (Fig. 2c). The study that was not
included in the meta-analysis showed an increased MetS

severity Z-score in those exposed to GDM in utero com-
pared to controls [82] (Table S2).

Subgroup analyses

We conducted subgroup analyses based on the time of
postpartum follow up among women with a history
of GDM. The results are shown in Table S4. The risk of
developing MetS was significantly increased in women with
a history of GDM at <1 year postpartum (RR 1.95, 95% CI
1.15–3.28, three studies, 850 participants; heterogeneity
χ2 p= 0.09; I2= 59%), 1–5 years postpartum (RR 2.99,
95% CI 2.14–4.18, 18 studies, 7.328 participants; hetero-
geneity χ2 p < 0.00001; I2= 70%), 5–10 years postpartum
(RR 2.29, 95% CI 1.62–3.25, nine studies, 4518 partici-
pants; heterogeneity χ2 p < 0.0001; I2= 79%), and >10
years postpartum (RR 2.07 95% CI 1.22–3.50, six studies,
3037 participants; heterogeneity χ2 p < 0.00001; I2= 94%).

We conducted a subgroup analysis to evaluate the risk of
developing MetS in women with a history of GDM based
on the three most common definitions of MetS (i.e., NCEP-
ATP-III, IDF, and WHO). A significantly increased risk of
MetS was demonstrated for women with a history of GDM
compared to women without a history of GDM, irrespective
of the definition used to diagnose MetS (NCEP-ATP-III:
RR 2.58 95% CI 1.72–3.87, 20 studies, 8768 participants;
heterogeneity χ2 p < 0.00001; I2= 94%; IDF: RR 2.15 95%
CI 1.60–2.90, 11 studies, 5615 participants; heterogeneity
χ2 p < 0.00001; I2= 79%; WHO: RR 2.99 95% CI
2.51–3.57, five studies, 3433 participants; heterogeneity χ2

p= 0.69; I2= 0%) (Table S5). We performed an ad hoc
analysis based on ethnicity (Asian and Caucasian) and
found that there was a similar increased risk of MetS for
women with a history of GDM for both ethnicities (Table
S6).

Discussion

Main findings

Our meta-analysis revealed that women with a history of
GDM are at a significantly increased risk of developing MetS
later in life, and that this risk is seen as early as <1 year
postpartum. Our results also demonstrate that the risk for
MetS in pregnancy is higher among women diagnosed with
GDM and that children born to women who experience GDM
have an increased risk of developing MetS in later life.

Strengths and limitations

This systematic review and meta-analysis was a compre-
hensive review of the literature on the association between
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GDM and MetS, among women and their offspring. There
has not been a systematic review and meta-analysis that
investigated the association between GDM and MetS in

pregnant women and offspring, and no review has evaluated
the association between GDM and MetS in women with a
history of GDM after the change of guidelines in 2013 [15].

Fig. 2 a Meta-analysis showing the risk of developing MetS during
pregnancy in women with GDM. b Meta-analysis showing the risk of
developing metabolic syndrome in women with previous GDM.

c Meta-analysis showing the risk of developing GDM in those born to
women with GDM
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Many environmental and genetic factors contribute to the
risk for GDM. There are certain candidate genes that are
associated with T2DM and GDM that mainly influence
insulin secretion [83]. Obesity and GDM share the same
causal pathway, through elevation of free fatty acids and
dysregulation of cytokines to promote insulin resistance
[84, 85]. Common risk factors such as advanced maternal
age, familial history of T2DM or GDM in a first-degree
relative (either mother or sister) also contribute to a higher
risk for GDM [86]. Therefore, it is unclear whether MetS in
overweight/obese women with a history of GDM is due to
the disease phenotype, or due to a preexisting predisposi-
tion. Asian ethnicity is a significant risk factor for GDM
[86] and diagnosis of MetS can also vary based on ethnicity.
Therefore, we assessed the influence of ethnicity through an
ad hoc analysis and found that both Caucasian and Asian
ethnicities conferred similar increased risks for MetS in
women with a history of GDM (Table S6). Women and men
have different CVD risks, particularly with regard to obe-
sity, as men generally have greater muscle mass and women
have higher fat mass. Research into a modified female
definition of MetS may be important, considering the dif-
ferences in body composition and conventional risk factors
between males and females and the higher risk of CVD
among women who experience major pregnancy compli-
cations [87].

Our results on the risk for MetS among women with a
history of GDM showed substantial heterogeneity. How-
ever, when we performed subgroup analyses based on the
time of diagnosis of MetS, definition of MetS and ethnicity,
heterogeneity was substantially reduced (Tables S4 and S5).
Sensitivity analysis also showed a reduction in hetero-
geneity after removing studies of moderate quality. Funnel
plot assessment revealed a moderate degree of publication
bias (Fig. S2). It is difficult to elucidate the reason for
heterogeneity in aggregate data, but it is typically due to
differences in study design, differences in definitions (i.e.,
MetS and GDM definitions), years of postpartum follow-up,
and study populations. The heterogeneity that was observed
in our analysis could also be attributed to genetic and
environmental factors. Large, well-characterized long-
itudinal cohort studies will contribute to further evidence
and help reduce overall heterogeneity.

Interpretation in light of other evidence

Our meta-analysis revealed that women with a history of
GDM are at significantly increased risk for developing
MetS later in life (RR 2.48). Women who experience GDM
have a reduction in insulin sensitivity in the third trimester,
to support an increase in glucose transfer to the fetus. This is
promoted by an increase in fetal and placental factors
[84, 88]. However, if women are insulin resistant prior to

pregnancy and fail to increase β-cell capacity during preg-
nancy, maternal glucose levels are unlikely to return to
normal after pregnancy [89]. Considering the increased risk
for cardiovascular risk factors and T2DM in women with a
history of GDM [3, 11], it is not surprising that these
women are at a higher risk for developing MetS later in life.
Intervention trials to reduce the development of T2DM are
known to be successful during the early period after preg-
nancy, but compliance in exercise and weight loss are
shown to decrease over time [90–92]. This is likely due to
the difficulty in changing behavioral patterns and individual
circumstances. It may be more beneficial to intervene before
a diagnosis of GDM, as both diet and physical activity
changes have been shown to result in an 18% reduction in
the risk for GDM among women with a prepregnancy BMI
<25 kgm2 as well as ≥25 kgm2; and this intervention was
shown to be most effective before 15 weeks’ gestation [93].
The prevalence of obesity in women of reproductive age is
around 15–18% in Australian women [94]. Therefore, it is
necessary to identify women who are at increased risk of
developing GDM and implement interventions as soon as
practical (either during preconception planning or in early
pregnancy) with the aim of reducing the risk of develop-
ment of GDM. This is especially important, as our results
showed that women who experience GDM are at increased
risk of being diagnosed with MetS, as early as <1 year
postpartum.

Our study also demonstrated that offspring exposed to
GDM in utero have a twofold increased risk of developing
MetS. GDM promotes a hyperinsulinemic environment to
allow increased nutrient delivery to the fetus, thereby
increasing fetal growth and body mass resulting in macro-
somia which may persist as obesity throughout childhood
and adolescence [88]. This idea pertains to “The Barker
Hypothesis” which states that adverse nutrition in early life
increases the likelihood of developing metabolic risk factors
[95]. We have recently shown in a meta-analysis that those
exposed to GDM in utero have higher SBP, BMI z-score,
and blood glucose compared to those not exposed to GDM
in utero [17]. Previous studies have also shown that juvenile
T2DM is significantly associated with exposure to GDM in
utero [96, 97], therefore highlighting the need for weight
management and lifestyle guidance throughout childhood
and adolescence for this group. It is important to note that
there were only four eligible studies for the meta-analysis
on offspring of pregnancies complicated by GDM. We
believe this is influenced by the lack of consensus on a
definition of MetS in childhood. An IDF recommended
definition for the diagnosis of MetS in children older than 6
years of age does exist, but this definition is not universally
used [98]. Furthermore, obesity as measured by BMI is
not an accurate measure, as BMI varies greatly based
on the muscle mass and fat mass, hence it is accurate
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for fatter children but not for those who are lean. BMI z-
score is a more appropriate measure as it adjusts for age and
gender [99]. Only one study assessed the MetS z-score,
which adjusts for age and gender [82]. Considering the
increasing rate of childhood obesity, a clear definition of
MetS is required that can accurately account for childhood
adiposity and adjust for important factors such as age,
gender, weight distribution, and puberty.

We also observed that the risk for MetS in pregnancy was
increased among women who were diagnosed with GDM
compared to normoglycaemic women (RR 20.51). There are
studies that have investigated the association between indi-
vidual components of MetS including dyslipidaemia and
obesity and the risk of developing GDM [100–102]. Gun-
derson et al. showed that BMI and waist circumference were
associated with increased risks for GDM after adjusting for
lipids, fasting glucose, and insulin [102]. Studies by Grieger
and Chatzi showed a threefold increased risk of GDM for
women diagnosed with MetS in early pregnancy [13, 39]. It is
difficult to diagnose MetS in pregnancy due to hemodynamic
and inflammatory changes that occur during the first trimester
of pregnancy, as SBP and maternal lipids decrease during this
time [43, 103]. Furthermore, placental and maternal hormones
during pregnancy promote weight gain and also result in
altered fat distribution in both healthy pregnancies and those
complicated by GDM [104]. Therefore, these results signify a
need for further research in large pregnancy cohorts.

Conclusion

Pregnant women with GDM are at a higher risk of developing
MetS during pregnancy. Furthermore, women who experi-
ence GDM have an increased risk of developing MetS later in
life. They may develop MetS as early as <1 year postpartum.
Children born to pregnancies complicated by GDM are also at
increased risk of developing MetS in later life. This review
signifies the importance of considering GDM in CVD risk
stratification, thus allowing an opportunity for primordial
prevention. Based on our findings, pre-conceptional man-
agement of cardiometabolic risk factors may be useful to
reduce the risk of both GDM and MetS. Furthermore, it will
be beneficial to screen women who experience GDM and
children born to pregnancies complicated by GDM to detect
modifiable CVD risk factors.
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Review

Background

Gestational diabetes mellitus (GDM) is defined as glucose 
intolerance that is initially diagnosed during pregnancy and 
affects 1 in 7 pregnancies globally (International Diabetes 
Federation [IDF], 2007). Women with previous GDM have 
an approximately 7-fold increased risk of developing Type 2 
diabetes mellitus (T2DM) later in life (Bellamy et al., 2009). 
Furthermore, women with previous GDM are more likely to 
be hypertensive, obese, and have dyslipidaemia postpartum 
(Pathirana et al., 2021). These metabolic and vascular mor-
bidities promote the development of metabolic syndrome, 
which is a significant global concern and important risk 

factor for CVD (Ranasinghe et al., 2017). It has been reported 
in a previous systematic review and meta-analysis, that 
women with a history of GDM are at a higher risk of devel-
oping metabolic syndrome later in life (Pathirana et al., 
2020b). Furthermore, women with a GDM history have a 
2-fold increased risk of developing cardiovascular disease 
(CVD), irrespective of disease progression to T2DM 
(Andraweera, 2018). It has also been reported that children 
exposed to GDM in utero also exhibit higher systolic blood 
pressure, obesity, and higher blood glucose throughout life 
compared to children born to non-GDM pregnancies, thereby 
significantly increasing their risk of T2DM and CVD at an 
earlier age (Pathirana et al., 2020). Therefore, preventative 
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Abstract
Background: There is evidence that breastfeeding may provide protection against cardiovascular risk factors in mothers 
with a history of gestational diabetes mellitus and their children who were exposed in utero.
Research Aim: To perform a systematic review and meta-analysis of observational studies to ascertain the effects of 
breastfeeding on cardiovascular risk factors in women with previous gestational diabetes mellitus and their children exposed 
in utero.
Methods: Studies assessing conventional cardiovascular risk factors in women with previous gestational diabetes mellitus and 
children exposed in utero stratified by breastfeeding/no breastfeeding or breastfed/not breastfed were included. Gestational 
diabetes mellitus was defined based on the International Association of Diabetes in Pregnancy Study Group definition or 
previous accepted definitions. Breastfeeding was defined as reported in each study.
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strategies are necessary to reduce CVD risk in both mothers 
and children exposed to GDM.

Human milk is “the gold standard for infant feeding,” 
with lactation being mutually beneficial for both mother and 
child (Lessen & Kavanagh, 2015). Breastfeeding over 12 
months promotes a significant reduction in both chronic 
hypertension and T2DM in women (Rameez et al., 2019). 
Furthermore, children who are breastfed are less likely to 
develop obesity and T2DM compared to those who are not 
breastfed (Yan et al., 2014). Breastfeeding for 6 months 
exclusively, and for up to 2 years as complementary to other 
nutritional sources is encouraged in women (Lessen & 
Kavanagh, 2015). Two reviews have assessed breastfeeding 
and metabolic risk factor reduction in women with previous 
GDM (Feng et al., 2018; Ma et al., 2019) but these studies 
have not reported on all conventional cardiovascular risk fac-
tors, such as blood pressure and lipids. Having a comprehen-
sive assessment of the effects of breastfeeding on all major 
cardiovascular risk factors can aid treatment strategies and 
disease mitigation. These reviews also did not assess the 
effects of breastfeeding on all major CVD risk factors in chil-
dren exposed to GDM in utero. Therefore, our aim was to 
perform a systematic review and meta-analysis to determine 
the effects of breastfeeding on cardiovascular risk factors in 
women with previous GDM and their exposed children.

Methods

Design: We undertook a systematic review of the literature and 
meta-analysis of observational studies in order to assess the 
effects of breastfeeding on cardiovascular risk factors in moth-
ers with previous GDM and children exposed to GDM in utero. 
The review was undertaken with reference to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guideline (Moher et al., 2009). The protocol of this 
review is registered in PROSPERO (CRD42020190529)

Sample: Studies eligible for the meta-analyses included 
women who had a history of GDM/those exposed to GDM in 
utero, the intervention assessed was breastfeeding/being 
breastfed compared to not breastfeeding/not being breastfed, 
and the outcomes of interest were conventional cardiovascu-
lar risk factors. Observational studies (i.e., cross-sectional, 
case-control, and cohort) were included. Studies that did not 

include a definition of GDM, those that did not define the 
breastfeeding and non-breastfeeding groups, or did not 
include participants with GDM, were excluded. We assessed 
the following in our review (1) CVD risk factors in women 
with previous GDM who breastfed compared to women with 
previous GDM who did not breastfeed; (2) CVD risk factors 
in those exposed to GDM in utero who were breastfed com-
pared to those exposed to GDM in utero who were not breast-
fed. We included studies of CVD risk assessment at any point 
in the postpartum period. Key search terms included (gesta-
tional diabetes OR pregnancy-induced diabetes) AND (breast 
feeding OR breastfeeding OR breastmilk OR human milk 
OR lactat*) AND (formula fed OR infant formula) AND 
(blood pressure OR hypertension OR cholesterol OR lipids 
OR body mass index OR glucose OR diabetes OR metabolic 
syndrome).

As different definitions of breastfeeding were used 
among studies, breastfeeding was considered as exposure to 
human milk (either exclusive or mostly breastfed), as 
defined in the study or feeding at hospital discharge, and not 
breastfeeding was considered as feeding predominantly or 
exclusively using other sources (i.e., formula, animal milk, 
solids, and other liquids) that were not human milk, as well 
as those reporting on “not breastfeeding at hospital 
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Key Messages

•• Gestational diabetes mellitus increases the risk of car-
diovascular disease in both mothers and children. 
Evidence has suggested that breastfeeding promotes 
good cardiovascular health in both mothers and 
children.

•• Our meta-analysis revealed that breastfeeding for any 
length of time reduced diastolic blood pressure, serum 
triglycerides, blood glucose, and the risk of Type 2 
diabetes mellitus in participants with a history of ges-
tational diabetes mellitus.

•• Our research demonstrated that participants with pre-
vious gestational diabetes mellitus should be encour-
aged to breastfeed to reduce their risk of cardiovascular 
disease later in life.
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discharge.” The definitions of breastfeeding that were 
reported in the studies are specified in Table 1. GDM is cur-
rently defined based on the International Association of 
Diabetes in Pregnancy Study Group (IADPSG) guidelines 
(Metzger et al., 2010). However, since GDM diagnosis has 
been revised recently, we included studies defining GDM 
based on prior recommended diagnostic criteria such as the 
1999 World Health Organization (WHO) definition (Alberti 
& Zimmet, 1998), and other regional and study specific 
definitions. All GDM definitions reported for each study are 
detailed in Table 1. The literature search generated 260 
titles, of which 233 were identified through electronic search 
and 27 were found through bibliographic search of similar 
reviews (Feng et al., 2018; Ma et al., 2019). Of these, 39 
papers were assessed in full text and 18 were found to be 
eligible. Figure 1 describes the reasons for excluding stud-
ies. Overall, nine studies were included in the meta-analysis. 
The 10 studies that were not included in the meta-analysis 
are reported in Table 1.

Data Collection: All studies describing the effects of 
breastfeeding on conventional CVD risk factors in women 
with previous GDM and those exposed to GDM in utero 
were identified by searching electronic databases PubMed 
Medical Subject Headings (Ormesher et al., 2018), 
CINAHL, and EMBASE, including all studies up until 
May 26, 2020. MP conducted the search. The complete 
search strategy is included in Appendix 1. Bibliographic 
search of previous observational studies, and systematic 
reviews and meta-analyses on similar topics were cross-
checked for additional studies. All identified studies were 
independently assessed for relevance by two authors (MP, 
AA). Data was independently extracted by two authors 
(MP, AA) and discrepancies were resolved by discussion 
with ZL and PA.

For each study, the following data were extracted: author’s 
last name, study year, country, study design, definition of 
GDM, assessment of breastfeeding (i.e., how breastfeeding 
was assessed and how breastfeeding and not breastfeeding 
were defined), number of women breastfeeding/non-breast-
feeding or children who were breastfed/not breastfed, years 
of postpartum follow-up/age at assessment, outcome mea-
sures, and significant findings.

Measurement: Data extraction was completed indepen-
dently and in duplicate for the following cardiovascular out-
comes: systolic (SBP) and diastolic blood pressure (DBP), 
body mass index (BMI), serum lipid levels (low density 
lipoprotein [LDL] high density lipoprotein [HDL], total 
cholesterol, and triglycerides), blood glucose, fasting insu-
lin and incidence of T2DM. If the same cohort was assessed 
in different studies, the meta-analysis would include the 
study with the largest sample size. The oldest cohort was 
used for the analysis of children born to pregnancies compli-
cated by GDM. We considered studies published in English. 
Authors of studies were contacted for data clarification (i.e., 

any missing data) and additional data, when required. If 
missing or unclear data could be not clarified, these studies 
were included in the review and reported in Table 1 but not 
the meta-analysis.

The National Heart, Lung, and Blood Institute (NHLBI) 
Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies was used to assess the methodological qual-
ity of each study (NHLBI, 2020). Studies were assessed for 
internal validity and study quality was decided between 
authors. Two authors (MP and AA) assessed all eligible stud-
ies based on this criteria. Study quality (i.e., high, medium, 
and low quality) was ascertained based on the authors’ scor-
ing and after discussion. The quality assessment is graphi-
cally illustrated in the supplementary data (Supplementary 
Table 1).

Data Analysis: All conventional cardiovascular risk fac-
tors were assessed including blood pressure, serum lipids, 
blood glucose, insulin, and Type 2 diabetes mellitus. The 
random-effects model was selected as per protocol, in order 
to account for variability in GDM diagnosis, and differences 
in breastfeeding practices. For continuous outcomes, mean 
and standard deviation (SD) were reported in the meta-anal-
yses. Standard Error of Mean (SEM) was converted to SD on 
RevMan software if Mean and SD were not reported. The 
Standardized Mean Difference (SMD) was used when indi-
vidual studies reported outcome in different units, and Mean 
Difference (MD) was used when units were consistent. For 
dichotomous outcomes, the n of events and n of participants 
were used in the meta-analysis to analyze the Risk Ratio 
(RR) and the associated 95% CI. The number of participants/
events were calculated based on the total sample size for 
breastfeeding and not breastfeeding groups, if the numbers 
were only reported as a percentage. All analyses were cross-
checked and discrepancies were resolved by discussion (ZL, 
MP). The significant differences of breastfeeding compared 
to not breastfeeding for all outcomes was a p of < .05. All 
test values were two-tailed.

When the I² statistic exceeded 50%, and the X² p value 
was less than 0.1, substantial heterogeneity was considered. 
Data that were unable to be reported in the meta-analyses, 
but still reported an association between breastfeeding and 
CVD risk in women with GDM history and exposed children 
were included in Table 1 under significant findings. The 
meta-analysis was performed using Review Manager Version 
5.3, based on inverse variance. Sensitivity analyses were 
conducted to ascertain heterogeneity for each outcome after 
excluding studies classified as of low to moderate quality in 
the NHLBI Quality assessment, as determined after author 
discussion. Five authors were contacted for additional data, 
of whom one responded (20% author response rate). 
Assessment of publication bias by funnel plot analysis was 
not required for any of the meta-analysis, as there was an 
inadequate number of studies in the meta-analysis to perform 
a sufficient assessment.
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Results

Effects of Breastfeeding on Cardiovascular Risk 
Factors in Women With Previous GDM

Characteristics of the Sample: Table 1 highlights the details 
of each study. Overall, the majority of studies defined GDM 
based on the previous criteria; only three studies in the 
review defined GDM based on definitions influenced by 
IADPSG guidelines. Most studies were conducted in 
Caucasian populations, with two studies conducted in Asian 
populations. The age range of participants across studies was 
wide, with participants as young as < 25 to > 40 years of 
age. Follow-up assessment varied between less than 1 month 
postpartum to 24 years postpartum.

Quality Assessment of Studies: Quality assessment of stud-
ies based on the NHLBI tool revealed that nine studies were of 
high quality, 10 studies were of moderate quality, and none of 
the studies were of poor quality (Supplementary Table 1).

Blood Pressure: Blood pressure data was reported in one 
study (McManus et al., 2001). The study showed that 

systolic and diastolic blood pressure was lower in women 
with a history of GDM who breastfed compared to those who 
did not (Table 1).

Body Mass Index: Body Mass Index (BMI) data were 
reported in five studies (Chouinard-Castonguay et al., 2013; 
Corrado et al., 2019; Gunderson et al., 2012; Kjos et al., 
1993; McManus et al., 2001; Yasuhi et al., 2017). BMI was 
not different in women with previous GDM who did not 
breastfeed compared to those who breastfed based on quan-
titative summary measures (Supplementary Figure 1).

Total Cholesterol: Total cholesterol data was reported in 
five studies (Corrado et al., 2019; Kjos et al., 1993; McManus 
et al., 2001; Saucedo, 2014). Total cholesterol levels were 
not different between women with previous GDM who did 
not breastfeed in comparison to those who did breastfed 
(Supplementary Figure 2).

Triglycerides: Serum triglyceride data were available 
from five studies (Corrado et al., 2019; Kjos et al., 1993; 
McManus et al., 2001; Saucedo, 2014; Shub et al., 2019). 
Four studies were reported in the meta-analysis (Corrado 

Figure 1. Flow Chart.
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et al., 2019; Kjos et al., 1993; McManus et al., 2001; Saucedo, 
2014). Serum triglycerides were not different between 
women who had a history of GDM who did not breastfeed 
compared to those who did breastfeed (SMD = 0.23; 95% CI 
[-0.01, 0.47]; p = .06; I2 = 26%; Supplementary Figure 3). 
The authors of the one study not reported in the meta-analy-
sis found that serum triglycerides were not significantly dif-
ferent between women who had a history of GDM who 
breastfed compared to women with previous GDM who did 
not breastfeed (Shub et al., 2019).

HDL and LDL Cholesterol: Two studies reported on LDL 
and HDL cholesterol (Kjos et al., 1993; Shub et al., 2019). 
Both studies showed that serum LDL-C levels were not dif-
ferent between women who had a history of GDM who did 
not breastfeed compared to those who breastfed. However 
the study by Kjos et al. 1993 demonstrated that HDL-C was 
lower in those with a history of GDM who were non-lactat-
ing compared to those who were lactating (Table 1).

Insulin: Fasting insulin data were available from five 
studies (Chouinard-Castonguay et al., 2013; Corrado et al., 
2019; McManus et al., 2001; Saucedo, 2014; Yasuhi et al., 
2017). There was no significant difference in fasting insulin 
between women with previous GDM who did not breastfeed 
compared to those who breastfed, based on quantitative sum-
mary measures (Supplementary Figure 4).

Glucose: Serum glucose data were available from 11 stud-
ies (Chouinard-Castonguay et al., 2013; Corrado et al., 2019; 
Dijigow et al., 2015; Gunderson et al., 2012; 2015; Kjos et al., 
1993; McManus et al., 2001; Nelson et al., 2008; Saucedo, 
2014; Shub et al., 2019; Yasuhi et al., 2017), of which eight 
were included in the meta-analysis (Chouinard-Castonguay 

et al., 2013; Corrado et al., 2019; Dijigow et al., 2015; 
Gunderson et al., 2015; Kjos et al., 1993; McManus et al., 
2001; Saucedo, 2014; Yasuhi et al., 2017). Based on quantita-
tive summary measures, there was a 0.34 SMD higher serum 
glucose level among women with previous GDM who did not 
breastfeed compared to those who breastfed (SMD 0.32; 95% 
CI [0.12, 0.57]; p = .003; I2 = 66%; Figure 2A). The authors 
of two studies that were not included in the meta-analysis 
reported that women with previous GDM who breastfed had 
significantly lower blood glucose compared to those who did 
not breastfeed in both unadjusted and adjusted models 
(Gunderson et al., 2012; Shub et al., 2019). However, Nelson 
et al. (2008) reported that breastfeeding was not protective 
against deteriorating glucose tolerance in women with previ-
ous GDM.

Incidence of Type 2 diabetes mellitus: Type 2 diabetes 
mellitus incidence was reported in seven studies (Chamberlain 
et al., 2016; Gunderson et al., 2015; Kim et al., 2011; Kjos 
et al., 1993; Martens et al., 2016; McManus et al., 2001; 
Ziegler et al., 2012), of which four were reported in the meta-
analysis (Chamberlain et al., 2016; Gunderson et al., 2015; 
Kjos et al., 1993; McManus et al., 2001). Based on quantita-
tive summary measures, women with previous GDM who 
did not breastfeed were at a significantly higher risk of 
developing T2DM compared to women who breastfed (RR 
2.21; 95% CI [1.50, 3.27]; p < .0001; I2 = 0%; Figure 2B). 
From the results of the three studies that were not reported in 
the meta-analysis, authors of two studies reported that breast-
feeding was associated with a reduction in T2DM 
(Chamberlain et al., 2016; Martens et al., 2016; Ziegler et al., 
2012). However, Kim et al. (2011) reported that lactation and 

Figure 2. (A) Meta-Analysis of Blood Glucose; (B) Meta-Analysis of T2DM.
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duration of lactation had no significant effect on postpartum 
glucose status, including progression to T2DM.

Sensitivity Analyses: The results of sensitivity analyses 
including moderate quality studies showed a significant 
decrease in heterogeneity for outcomes BMI, triglycerides, 
and total cholesterol. However, there was an increase in het-
erogeneity for outcomes blood glucose and insulin. 
(Supplementary Table 2).

Effect of Breastfeeding on Cardiovascular Risk 
Factors Among Children Exposed to GDM in 
Utero

Two studies were eligible for inclusion (Hui et al., 2018; 
Martens et al., 2016). The details for both studies are included 
in Table 1.

BMI: One study reported on BMI z-score. Hui et al., in a 
prospective birth cohort, reported that breastfeeding does not 
attenuate the association between GDM exposure in utero 
and BMI in the offspring at 3 months of age (Table 1; Hui 
et al., 2018).

Type 2 diabetes mellitus: Martens et al. (2016) reported 
that breastfeeding initiation before hospital discharge was 
associated with a reduced risk of T2DM at a 24-year follow 
up in those who were exposed to GDM in utero, (overall 
HR = 0.83; 95% CI [0.69, 0.99]; p = .038).

Discussion

This systematic review comprehensively assessed the influ-
ences of breastfeeding on all conventional risk factors for 
CVD in women with previous GDM, and among children 
born to pregnancies complicated by GDM. The results of the 
meta-analysis demonstrated that participants with previous 
GDM, who breastfed their infants at any stage, had a decrease 
in some cardiovascular risk factors compared to those who 
did not breastfeed. There were not enough studies to conduct 
meta-analyses on the effects of breastfeeding on cardiovas-
cular risk factors in children exposed to GDM in utero. 
Longitudinal studies with sufficient power are required to 
ascertain the effects of breastfeeding on cardiovascular risk 
factors in children exposed to GDM in utero.

Pregnancy complications, including GDM, may confer 
risk for the development of CVD in women with a predis-
position to poor life-long cardiovascular health, due to 
either genetics or poor lifestyle (or both) Andraweera, 
2018. GDM occurs when β-cells fail to undergo sufficient 
expansion resulting in inadequate compensation for placen-
tal induction of a hyperinsulinemic state, which promotes 
elevation of blood glucose (Abell et al., 2015). This may 
lead to long-lasting β-cell damage following pregnancy. 
The growing fetus is also affected as GDM causes an excess 
of nutrient transport from the maternal to fetal circulation 
via the placenta. The fetus adapts epigenetically in response 
to this adverse intrauterine environment and is said to be 

programmed, which affects growth and long term meta-
bolic health (Hales & Barker, 2001). Therefore, mothers 
and their children are at higher risk of metabolic and car-
diovascular diseases later in life. Preventive strategies and 
treatments to reduce development of obesity are required to 
significantly reduce development of CVD in women with a 
history of GDM and their offspring.

Evidence strongly suggests that changes in body adipose 
tissue content and reducing hyperglycaemia can promote 
disease mitigation (Kim et al., 2011). While lifestyle changes 
can promote a significant risk reduction, compliance drops 
after 1 year postpartum (Ratner et al., 2008). Physiological 
preparation for breastfeeding occurs during pregnancy and 
initiation of breastfeeding after birth aids maternal recovery 
and is mutually beneficial for both mother and baby (Stuebe 
& Rich-Edwards, 2009). Authors of various studies have 
reported that mothers who breastfeed for a period of 6–12 
months are leaner with a lower BMI than those who do not 
(Jiang et al., 2018). Those who are breastfed are also less 
likely to be overweight or obese than those who are formula 
fed (Harder et al., 2005; Yan et al., 2014). Therefore, good 
quality evidence on the effects of breastfeeding on women 
with a history of GDM and their children is necessary to sup-
port updates to guidelines regarding breastfeeding in women 
with previous GDM and the benefits for long-term cardio-
vascular health.

Overall, study participants with previous GDM had a 
higher cumulative incidence of hypertension and ischemic 
heart disease compared with controls (Daly et al., 2018). 
Breastfeeding may mitigate the risk of hypertension in all 
mothers, as it has been reported that women who breastfed 
are less likely to be hypertensive in comparison to those who 
did not (Rameez et al., 2019). It is thought that the increase 
in oxytocin and prolactin in breastfeeding mothers influ-
ences blood pressure regulation and furthermore promotes 
positive changes to vascular remodeling (Burgess et al., 
2019). This concept supports the hypothesis that breastfeed-
ing may cause a physiological reset to the adverse effects that 
occur due to pregnancy (Lessen & Kavanagh, 2015). There 
were not enough studies to complete a meta-analysis on sys-
tolic and diastolic blood pressure in those with a history of 
GDM who breastfed. Therefore, further research is required 
to understand the effects of breastfeeding on systolic and dia-
stolic blood pressure in women with a history of GDM.

Women who breastfeed have a higher metabolic expendi-
ture and increased rate of lipolysis than those who do not 
breastfeed (Gunderson et al., 2007). Previously researchers 
have reported that breastfeeding duration was associated 
with a reduction of dyslipidaemia in young women, includ-
ing a reduction in the level of serum triglycerides. 
Furthermore, triglycerides made up the majority of fats in 
human milk (Martin et al., 2016). We were unable to show a 
difference in serum triglycerides between those with a his-
tory of GDM who breastfed compared to those who did not 
breastfeed. Therefore, more research may be needed to 
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investigate an association between breastfeeding and the 
reduction in serum triglycerides in mothers.

There is strong evidence to suggest that breastfeeding 
reduces the risk of T2DM (Horta et al., 2015; Rameez et al., 
2019). It has been reported that women who have never breast-
fed have a 50% higher risk for developing T2DM than women 
who breastfed for as little as 1–3 months postpartum (Schwarz 
et al., 2010). Our results support an association between 
breastfeeding and a reduced risk of T2DM in women with pre-
vious GDM. Considering the significantly higher risk of 
developing T2DM among women with previous GDM, many 
of whom also exhibit a pre-diabetic phenotype (Buchanan 
et al., 2012), breastfeeding should be highly encouraged in this 
population to reduce the risk of T2DM later in life.

Researchers have suggested that breastfeeding can reduce 
the risk of non-communicable disease in children. Human 
milk is composed of long-chain polyunsaturated fatty acids, 
which can promote blood pressure reduction, and changes in 
skeletal muscle allowing for protection against insulin resis-
tance and development of T2DM (Horta et al., 2015). 
Whereas, formula fed or mixed fed infants have been  reported 
to present with higher levels of insulin resistance and athero-
sclerotic markers, and exhibit poor β-cell function (Lucas 
et al., 1980; Shoji & Shimizu, 2019). Breastfeeding may also 
promote a healthier diet, as those who are breastfed are more 
likely to have a higher intake of fruits and vegetables than 
those who are not (Moss et al., 2020). This may also be influ-
enced by the fact that women who choose to breastfeed may 
be more likely to have a high quality diet and promote this 
lifestyle in their children. As obesity and metabolic risk fac-
tors manifest as young as 3 years old in offspring exposed to 
GDM in utero (Pathirana et al., 2020), breastfeeding may be 
protective against early life obesity. Only two studies in the 
review assessed cardiovascular risk factors in those exposed 
to GDM in utero who were and were not breastfed. Based on 
current literature, longitudinal studies that assess long-term 
cardiovascular benefits of breastfeeding among children 
exposed to GDM in utero are warranted.

Limitations: Based on the qualitative assessment, many of 
the studies were of high to moderate quality. Due to the 
observational and retrospective design of the studies included 
in the review, it was not possible for the majority of authors 
of studies to assess the frequency and volume of human milk 
fed to infants exposed to GDM in utero. A qualitative study 
design renders it difficult to assess outcomes continuously; 
rather, a randomized control trial design would be more 
effective to account for variables in a controlled manner. 
However, studies by Gunderson et al. (2015) and Yashui  
et al. (2017) utilized a design in which participants were con-
tacted via telephone over the study period and interviewed 
about their current breastfeeding routine, therefore enabling 
less change of recall bias.

Some outcomes in the meta-analysis exhibited higher het-
erogeneity. However, sensitivity analysis resulted in reduced 

heterogeneity on outcomes of BMI, total cholesterol, and tri-
glycerides (Supplementary Table 2) but a moderate increase 
in heterogeneity for the other outcomes. Funnel plot analysis 
was not required, as the number of studies for each outcome 
did not exceed 10. Heterogeneity in aggregate data is hard to 
ascertain. It can be due to study specific differences, such as 
diversity in population, age of assessment, definition of dis-
ease, and so forth. We attribute some heterogeneity in these 
analyses to the different definitions of breastfeeding, particu-
larly as lactation was defined in some studies as > = 6 
months of exclusive breastfeeding, and in others as breast-
feeding at hospital discharge. The majority of the studies 
used definitions of GDM that were prior to the new IADPSG 
definition, which has a lower cut-off for GDM diagnosis, and 
is therefore thought to increase the number of women being 
diagnosed with GDM. Therefore, this may affect the assess-
ment of cardiovascular outcomes and representation of 
women with GDM as studies with the old definition were 
used primarily in the meta-analysis. Presentation of CVD 
risk factors in these women may be affected by the time of 
postpartum assessment. We were unable to complete sub-
group analyses stratified by time of risk factor assessment 
due to the low number of available studies. However, previ-
ous reviews we have completed have demonstrated that car-
diovascular risk factors are seen as early as < 1 year 
postpartum in women with previous GDM (Pathirana et al., 
2020a; 2020b).

Conclusion

Women with previous GDM should be encouraged to breast-
feed to reduce their risk of CVD later in life. More research 
in this area is required in order to integrate it fully for clini-
cal use and disease mitigation strategies. Lactation special-
ists should promote breastfeeding in women with previous 
GDM through integrating what is known about the benefits 
of breastfeeding on cardiovascular disease risk factors. 
More research is needed to determine the effects of breast-
feeding on cardiovascular risk factors in children exposed to 
GDM in utero, but the limited literature reports protective 
effects.

Appendix 1

P – Women with history of GDM, children who are exposed 
to GDM in utero

I – Breastfeeding
C – Formula fed
O – Conventional Cardiovascular risk factors (BP, BMI/

BMI z-score, Glucose, Lipids, Insulin), T2DM, metabolic 
syndrome

I had a look on PubMed again – I don’t think there will 
be many studies for this review except for studies looking 
at T2DM. I think it’ll be pretty similar to the MetS review
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PUBMED = 35 on PUBMED

(“Diabetes, Gestational”[MeSH] OR “gestational diabetes*” 
[tiab] OR “pregnancy induced diabetes” [tiab]) AND (Breast 
Feeding [MeSH] OR milk, human [MeSH] OR “breastfeed-
ing” [tiab] OR “breast milk” [tiab] OR “breastfeed” [tiab] OR 
“lactat*” [tiab] OR “breastfed” [tiab]) AND (“infant formula” 
[MeSH] OR “animal milk” [tiab] OR “formula fed” OR “cow 
milk” [tiab] OR “cow’s milk” [tiab] OR “goat milk” [tiab] 
OR “goat’s milk” [tiab] OR “colostrum” [tiab] OR “infant 
formula” [tiab] OR “formula milk” OR “baby formula” 
[tiab]) AND (“metabolic syndrome”[MeSH] OR “Diabetes, 
Gestational”[MESH] OR “Blood Pressure”[MESH] OR 
“hypertension”[MESH] OR “cholesterol”[MESH] OR 
“lipids”[MESH] OR “triglyceride”[MESH] OR “body mass 

index”[MESH] OR “insulin”[MESH] OR “glucose”[MESH] 
OR “diabetes mellitus, type 2”[MeSH] OR “blood 
pressure”[tiab] OR “diabetes” [tiab] OR “BMI” [tiab] OR 
“cardiovascular” [tiab] OR “metabolic”[tiab] OR “lipid”[tiab] 
OR “hypertension”[tiab] OR “body mass index”[tiab] OR 
“obesity”[tiab] OR “overweight”[tiab] OR lipid*[tiab] OR 
“cholesterol”[tiab] OR “triglyceride*”[tiab] OR 
“glucose”[tiab] OR “insulin”[tiab] OR “vascular”[tiab] OR 
“type 2 diabetes mellitus”[tiab] OR “T2DM”[tiab] OR “met-
abolic syndrome”[tiab] OR “insulin resistance 
syndrome”[tiab] OR “syndrome X”[tiab]) AND 
(“pregnan*”[tiab] OR “mother”[tiab] OR “women”[tiab] OR 
“woman”[tiab] OR “kid”[tiab] OR “adult”[tiab] OR 
“child*”[tiab] OR “offspring”[tiab] OR “neonate”[tiab] OR 
“infant”[tiab] OR “adult”[tiab])

GDM Breastfeeding Formula milk Outcomes Population

“Diabetes, 
Gestational”[MeSH] 
OR

“gestational diabetes*” 
[tiab] OR “pregnancy 
induced diabetes” 
[tiab]

Breast Feeding [MeSH] OR 
milk, human [MeSH] OR

“breastfeeding” [tiab] 
OR “breast milk” [tiab] 
OR “breastfeed” [tiab] 
OR “lactat*” [tiab] OR 
“breastfed” [tiab]

“infant formula” [MeSH] OR
“animal milk” [tiab] OR 

“cow milk” [tiab] OR 
“cow’s milk” [tiab] OR 
“goat milk” [tiab] OR 
“goat’s milk” [tiab] OR 
“animal colostrum” [tiab] 
OR “infant formula” 
[tiab] OR “formula milk” 
OR “baby formula” [tiab]

“metabolic 
syndrome”[MeSH] 
OR “Diabetes, 
Gestational”[MESH] OR 
“Blood Pressure”[MESH] 
OR “hypertension”[MESH] 
OR “cholesterol”[MESH] 
OR “lipids”[MESH] OR 
“triglyceride”[MESH] OR 
“body mass index”[MESH] 
OR “insulin”[MESH] OR 
“glucose”[MESH] OR 
“diabetes mellitus, type 
2”[MeSH] OR

“blood pressure”[tiab] OR 
“diabetes” [tiab] OR “BMI” 
[tiab] OR “cardiovascular” 
[tiab] OR “metabolic”[tiab] 
OR “lipid”[tiab] OR 
“hypertension”[tiab] OR 
“body mass index”[tiab] 
OR “obesity”[tiab] 
OR “overweight”[tiab] 
OR lipid*[tiab] OR 
“cholesterol”[tiab] OR 
“triglyceride*”[tiab] 
OR “glucose”[tiab] 
OR “insulin”[tiab] OR 
“vascular”[tiab] OR “type 
2 diabetes mellitus”[tiab] 
OR “T2DM”[tiab] OR 
“metabolic syndrome”[tiab] 
OR “insulin resistance 
syndrome”[tiab] OR 
“syndrome X”[tiab]

“pregnan*”[tiab] OR 
“mother”[tiab] 
OR “women”[tiab] 
OR “woman”[tiab] 
OR “kid”[tiab] OR 
“adult”[tiab] OR 
“child*”[tiab] OR 
“offspring”[tiab] OR 
“neonate”[tiab] OR 
“infant”[tiab] OR 
“adult”[tiab]
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EMBASE

GDM Breastfeeding Formula milk Outcomes Population

“Diabetes, Gestational”/
Ex OR

“gestational diabetes*”:ti,ab 
OR “pregnancy induced 
diabetes” :ti,ab

Breast Feeding/ex OR milk, 
human/ex OR

“breastfeeding” :ti,ab 
OR “breast milk” :ti,ab 
OR “breastfeed” :ti,ab 
OR “lactat*”:ti,ab OR 
“breastfed” :ti,ab

“infant formula”/ex OR
“animal milk” :ti,ab OR 

“cow milk” :ti,ab OR 
“cow’s milk” :ti,ab OR 
“goat milk” :ti,ab OR 
“goat’s milk” :ti,ab OR 
colostrum” :ti,ab OR 
“infant formula” :ti,ab OR 
“formula milk” :ti,ab OR 
“baby formula” :ti,ab

“metabolic syndrome”/
ex OR “Diabetes, 
Gestational”/ex OR 
“Blood Pressure”/ex 
OR “hypertension”/
ex OR “cholesterol”/
ex OR “lipids”/ex OR 
“triglyceride”/ex OR 
“body mass index”/
ex OR “insulin”/ex 
OR “glucose”/ex OR 
“diabetes mellitus, type 
2”/ex OR

“blood pressure”:ti,ab 
OR “diabetes”:ti,ab 
OR “BMI” :ti,ab OR 
“cardiovascular”:ti,ab 
OR “metabolic”:ti,ab 
OR “lipid”:ti,ab OR 
“hypertension” :ti,ab 
OR “body mass index” 
:ti,ab OR “obesity” 
:ti,ab OR “overweight” 
:ti,ab OR lipid*:ti,ab 
OR “cholesterol” :ti,ab 
OR “triglyceride*”:ti,ab 
OR “glucose” :ti,ab 
OR “insulin” :ti,ab OR 
“vascular”:ti,ab OR “type 
2 diabetes mellitus”:ti,ab 
OR “T2DM”:ti,ab 
OR “metabolic 
syndrome”:ti,ab OR 
“insulin resistance 
syndrome”:ti,ab OR 
“syndrome X”:ti,ab

“pregnan*”:ti,ab OR 
“mother” :ti,ab OR 
“women”:ti,ab OR 
“woman”:ti,ab OR “kid” 
:ti,ab OR “adult” :ti,ab 
OR “child*”:ti,ab OR 
“offspring” :ti,ab OR 
“neonate” :ti,ab OR 
“infant” :ti,ab OR “adult” 
:ti,ab

EMBASE = 133
'diabetes, gestational'/exp OR 'gestational diabetes*':ti,ab 
OR 'pregnancy induced diabetes':ti,ab AND breast AND 
'feeding'/exp OR milk, AND 'human'/exp OR 
'breastfeeding':ti,ab OR 'breast milk':ti,ab OR 'breastfeed':ti,ab 
OR 'lactat*':ti,ab OR 'breastfed':ti,ab AND 'infant formula'/
exp OR 'animal milk':ti,ab OR 'cow milk':ti,ab OR 'cows 
milk':ti,ab OR 'goat milk':ti,ab OR 'colostrum':ti,ab OR 
'infant formula':ti,ab OR 'formula milk':ti,ab OR 'baby 
formula':ti,ab AND 'metabolic syndrome'/exp OR 'diabetes, 
gestational'/exp OR 'blood pressure'/exp OR 'hypertension'/
exp OR 'cholesterol'/exp OR 'lipids'/exp OR 'triglyceride'/
exp OR 'body mass index'/exp OR 'insulin'/exp OR 'glucose'/

exp OR 'diabetes mellitus, type 2'/exp OR 'blood 
pressure':ti,ab OR 'diabetes':ti,ab OR 'bmi':ti,ab OR 
'cardiovascular':ti,ab OR 'metabolic':ti,ab OR 'lipid':ti,ab OR 
'hypertension':ti,ab OR 'body mass index':ti,ab OR 
'obesity':ti,ab OR 'overweight':ti,ab OR lipid*:ti,ab OR 
'cholesterol':ti,ab OR 'triglyceride*':ti,ab OR 'glucose':ti,ab 
OR 'insulin':ti,ab OR 'vascular':ti,ab OR 'type 2 diabetes 
mellitus':ti,ab OR 't2dm':ti,ab OR 'metabolic syndrome':ti,ab 
OR 'insulin resistance syndrome':ti,ab OR 'syndrome x':ti,ab 
AND 'pregnan*':ti,ab OR 'mother':ti,ab OR 'women':ti,ab OR 
'woman':ti,ab OR 'kid':ti,ab OR 'child*':ti,ab OR 
'offspring':ti,ab OR 'neonate':ti,ab OR 'infant':ti,ab OR 
'adult':ti,ab
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CINHAL

CINHAL -65

MH “Diabetes, Gestational” + OR TX ( “gestational diabe-
tes*” OR “pregnancy induced diabetes” AND

MH Breast Feeding+ OR TX ( “breastfeeding” OR 
“breast milk” OR “breastfeed” OR “lactat*” OR “breastfed” 
AND
MH “infant formula” + OR TX ( “animal milk” OR “cow 
milk” OR “cow’s milk” OR “goat milk” OR “goat’s milk” 
OR “animal colostrum” OR “infant formula” OR “formula 
milk” OR “baby formula” ) AND MH ( “metabolic syn-
drome” + OR “Diabetes, Gestational” + OR “Blood 
Pressure” + OR “hypertension”+ OR “cholesterol” + OR 
“lipids” + OR “triglycerides” + OR “body mass index” + 
OR “insulin” + OR “glucose” +OR “diabetes mellitus, type 
2” ) OR TX ( “blood pressure” OR “diabetes” OR “BMI” OR 
“cardiovascular” OR “metabolic” OR “lipid” OR “hyperten-
sion” OR “body mass index” OR “obesity” OR “overweight” 
OR lipid* OR “cholesterol” OR “triglyceride*” OR “glu-
cose” OR “insulin” OR “vascular” OR “type 2 diabetes mel-
litus” OR “T2DM” OR “metabolic syndrome” OR “insulin 
resistance syndrome” OR “syndrome X” ) OR “blood pres-
sure” OR “diabetes” OR “BMI” OR “cardiovascular” OR 
“metabolic” OR “lipid” OR “hypertension” OR “body mass 

index” OR “obesity” OR “overweight” OR lipid* OR “cho-
lesterol” OR “triglyceride*” OR “glucose” OR “insulin” OR 
“vascular” OR “type 2 diabetes mellitus” OR “T2DM” OR 
“metabolic syndrome” OR “insulin resistance syndrome” 
OR “syndrome X” “pregnan*”OR “mother” OR “women” 
OR “woman” OR “kid” OR “adult” OR “child*” OR “off-
spring” OR “neonate” OR “infant” OR “adult”
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Breast Feeding [MeSH]
“breastfeeding” OR 
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