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Abstract

The in utero maternal metabolic environment is important relative to both short and long term 

development of the offspring. Although poor fetal growth remains a significant factor relative to 

long-term outcome, fetal overgrowth is assuming greater importance because of the increase in 

obesity in the world’s populations. Maternal obesity and gestational diabetes are the most common 

metabolic complications of pregnancy related to fetal overgrowth and more specifically adiposity.

Women with gestational diabetes have increased insulin resistance and inadequate insulin response 

compared with weight-matched controls. Gestational diabetes increases the risk of maternal 

hypertensive disease (preeclampsia) as well as cesarean delivery. At birth the neonate has 

increased adiposity and is at risk for birth injury. Multiple studies have reported that children of 

women with gestational diabetes have a greater prevalence childhood obesity and glucose 

intolerance; even at glucose concentrations less than currently used to define gestational diabetes, 

compared with normoglycemic women.

Obese women also have increased insulin resistance, insulin response and inflammatory cytokines 

compared with average weight women both before and during pregnancy. They too are at 

increased risk for the metabolic syndrome-like disorders during pregnancy that is hypertension, 

hyperlipidemia, glucose intolerance and coagulation disorders. Analogous to women with 

gestational diabetes, neonates of obese women are heavier at delivery because of increased fat and 

not lean body mass. Similarly, these children have an increased risk of childhood adiposity and 

metabolic dysregulation. Hence, the preconceptional and perinatal period offers a unique 

opportunity to modify both short and long term risks for both the woman and her offspring.
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Introduction

Despite these difficult economic times, there is a continued effort on the part of the world’s 

populations, whether they are in industrialized countries or those less developed, to improve 

the standard of living of their people. Although poverty remains a substantial issue in many 

areas, with improving living standards, and greater access to affordable, though not 

necessarily healthier nutrition, the problem of obesity and resultant complications are more 

frequently being recognized as global problems.1 The medical consequence of the increase 

in rates of obesity are the related problems of the metabolic syndrome; that is hypertension, 

diabetes, hyperlipidemia and atherosclerotic vascular disease, etc (Table 1).2–5 These are the 

chronic medical conditions which in the coming decades will consume an ever increasing 

proportion of resources that less fortunate countries can ill afford. To date, however, much of 

the emphasis of the medical community has been on treatment and less on prevention. The 

perinatal period is certainly a time when a better understanding of the underlying physiology 

may provide a better insight into the factors which might prove amenable to prevention; not 

only for the women but also for her offspring as well. In this review, we will attempt to 

examine the underlying physiology and clinical factors relating to short and long-term 

impact of gestational diabetes mellitus (GDM) and obesity on the woman and her offspring.

Gestational diabetes

Pathophysiology

Gestational diabetes has been defined by the 4th International Workshop-Conference on 

GDM is: ‘carbohydrate intolerance of varying degrees of severity, with onset or first 

recognition during pregnancy’.6 However, in 2009 the International Association of Diabetes 

in Pregnancy Study Groups, an international consensus group of diabetologists and 

obstetricians, including the American Diabetes Association, recommended that high-risk 

women found to have diabetes at their initial visit, received a diagnosis of overt and not 

GDM using the criteria recommended in Table 2.7 In contrast to women with normal 

glucose tolerance, the underlying pathophysiology of GDM is present before pregnancy. 

Those destined to develop GDM exhibit decreased insulin sensitivity, before pregnancy, the 

latter likely to being overweight and obese.8 These women also have an inadequate insulin 

response to maintain normoglycemia,9 much as one would find in individuals with type 2 

diabetes. A very small number of cases of GDM may represent either the onset of type 1 

diabetes or inherited genetic defects such as can be found in maturity onset diabetes of the 

young.10

Pregnancy is, and of itself, a condition of decreased insulin sensitivity with a 50%–60% 

decrease in insulin sensitivity and two to three fold increase in insulin response in women 

with normal glucose tolerance11 (Figs 1 and 2). Hence, women at risk for GDM most often 

have decreased pregravid insulin sensitivity, including such problems as being overweight or 

obese. Because of their underlying subclinical decreased insulin sensitivity and β-cell 

dysfunction, the aforementioned metabolic stress of pregnancy makes clinically manifest the 

clinical disorder defined as GDM. Although, we primarily conceive of diabetes as a disorder 

of glucose metabolism, in women with GDM there are also reported abnormalities in lipid 

and amino acid metabolism, which may also affect the fetal growth.12 The decrease in 
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insulin sensitivity during pregnancy have been associated with maternal cytokines, 

particularly circulating tumor necrosis factor-α (TNF-α) concentrations13 as well as the 

elevated free fatty acid concentrations.14 As insulin sensitivity significantly improves 

immediately post delivery,15 the placenta has been implicated to play a significant role in the 

alterations of maternal metabolism during human pregnancy.

Maternal

Women, who develop GDM, are at increased risk for adverse perinatal outcomes. For 

example, women with GDM have a significantly greater risk of developing hypertensive 

disorders of pregnancy such as preeclampsia.16 This risk is analogous to the increased risk 

of chronic hypertensive disorders observed in insulin resistant individuals with type-2 

diabetes. Recently concluded hyperglycemia and adverse pregnancy outcome (HAPO) study 

also reported an increase in the risk of primary cesarean delivery in women with elevated 

glucose concentrations. Of note, the HAPO study also confirmed that glucose concentrations 

less than those currently used to define GDM are associated with other adverse perinatal 

outcomes such as preeclampsia and birth injury.17 Hence, just as there has been an increase 

in the number of individuals classified as having either impaired fasting glucose (33.8%) or 

impaired glucose tolerance (15.4%),18 the number of women with GDM presently 5%–10% 

of the population19 may significantly increase pending results of recently held HAPO 

consensus conference. Consistent with the underlying pathophysiology of GDM, multiple 

studies have reported that 50%–60% of women with previously diagnosed GDM will 

develop type 2 diabetes in 10 years20 as well as other evidence of the metabolic syndrome. 

Thus pregnancy remains a metabolic stress test for women with underlying metabolic 

dysfunction.

Fetal

The infant of the women with GDM is often characterized as large or macrosomic. The term 

large for gestational age (LGA) is commonly defined as weight greater than the 90th 

percentile for gestational age, gender and racial group. Macrosomia is variously defined as 

birth weight greater than 4000 g to 4500 g. Infants of women with GDM, particularly if born 

LGA or macrosomic are at increased risk for short-term complications. During delivery 

because of their large size and difficulty in transit through the birth canal, shoulder dystocia, 

occasionally followed by Erb’s Palsy may occur.21 Immediately after birth they are at 

increased risk for hypoglycemia because of the in utero hyperinsulinemia.22 Other 

morbidities in the infant of the woman with GDM include hypocalcemia, hyperbilirubinemia 

and respiratory distress.23

In assessing the body composition of infants of women with GDM, these neonates are 

heavier at birth because of increases in fat mass but not because of increases in lean body 

mass24 (Fig. 3). Again based on the results of the HAPO study, increasing maternal glucose 

concentrations, less than those currently used to define GDM, were also associated not only 

with an increase in birth weight but specifically and increase in neonatal adiposity.25 Of 

note, when examining the gene array profile of the placenta from obese GDM and normal 

glucose tolerant women, there is an increase in placental gene expression of enzymes related 

to lipid metabolism suggesting the potential of lipids as a nutrient sources of increased 
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neonatal adiposity.26 Those alterations in neonatal growth/adiposity may be one of the prime 

factors resulting in the long term complications observed in children of women with GDM.

Child

Children of women with GDM are at increased risk for long-term obesity and glucose 

intolerance. On the basis of early studies by Pettitt et al. children of Pima women with 

diabetes during pregnancy had significant increases in both diabetes and obesity.27 This risk 

persisted when the offspring of the women with diabetes where compared with their siblings 

born before the mother developed glucose intolerance.28

These studies were later confirmed and expanded upon by Dabelea et al. also in a Pima 

Indian population.29 In fact the strongest risk factor for diabetes in Pima Indian children is 

maternal diabetes in utero, independent of maternal obesity and birth weight.30–32 In a 

primarily Caucasian population, Boney et al. reported that not only did the large for 

gestational age children of the women with GDM had an increased risk of diabetes and 

obesity but that 50% of those children had evidence of the metabolic syndrome.33 In a recent 

multiethnic study, Hiller et al. reported that with increasing levels of hyperglycemia, 

particularly fasting hyperglycemia less than diagnostic of GDM, this was associated with an 

increased risk of childhood obesity.34

More recently, Clausen et al. reported that the risk of being overweight was doubled in the 

offspring, age 18–27 years, of women with diet trusted GDM or type 1 diabetes compared 

with a control group from the same background population. Furthermore, the risk of the 

metabolic syndrome in these same offspring was increased four-fold in comparison to the 

same background population.35 In summary, the infant of the women with GDM has a 

significantly greater risk of being heavier at birth because of increased adiposity. These 

children are also at increased risk for the childhood obesity, glucose intolerance and 

associated metabolic dysregulation. However, based on clinical trials by Crowther36 and 

Landon37 treatment of women with GDM during pregnancy can decrease some of the 

adverse neonatal outcomes. The potential improvement in long-term childhood outcomes 

awaits further study.

Maternal obesity

Pathophysiology

The WHO classification of obesity endorsed by Institute of Medicine (IOM),38 based on 

maternal pre-pregnancy body mass index, (BMI, weight/height2). In pregnant women there 

is a strong correlation between maternal BMI and percent body fat in early pregnancy,39 

much as there is in non-pregnant individuals. The correlation between maternal BMI and 

percent body fat is less robust, however, in later pregnancy because of the significant 

increases in total body water, that is the 40% increase in plasma volume and approximately 

1 L of amniotic fluid. However, for clinical purposes maternal BMI has been accepted as a 

measure of obesity during pregnancy. There is a similar metabolic profile relationship 

between obese normoglycemic and lean normal glucose tolerant women as there is between 

women with GDM and those with normal glucose tolerance when matched for the degree of 
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pre-pregnancy obesity. Relative to normal weight women, obese women with normal 

glucose tolerance, have decreased insulin sensitivity, both peripheral and hepatic as 

compared with normal weight women (Fig. 4). In addition, normoglycemic obese women 

have an increase in insulin response 1glucose concentrations in obese as compared with 

average weight pregnant women. Similar to what has been observed in GDM v. normal 

glucose tolerant BMI matched women, there is also an increase in lipid concentrations and 

decreased ability of insulin to suppress lipolysis in obese as compared with normal weight 

pregnant women in late gestation.

As noted previously there is an improvement in insulin sensitivity immediately post delivery.
15 Similarly, when comparing the alterations in insulin sensitivity 1 year post delivery, there 

was a significant improvement in insulin sensitivity in normal weight women who returned 

to their pre-pregnancy weight.40 In contrast, in obese women with normoglycemia in 

pregnancy who fail to return to their pre-pregnancy weight, these women have little or no 

change in their insulin sensitivity compared with their late pregnancy studies. Additionally, 

plasma TNF-α concentrations and the expression of TNF-α gene expression in skeletal 

muscle of these women remain higher 1 year post partum compared with normal weight 

controls.41 These data provide a plausible link between, obesity, inflammation and insulin 

resistance both during pregnancy and in non pregnant individuals as risk factors for glucose 

intolerance.

Maternal

Obese women have many of the perinatal problems present in women with GDM. This 

should not be surprising as maternal obesity is a significant risk factor for both GDM as well 

as type 2 diabetes. In early pregnancy obese women have an increased risk of spontaneous 

miscarriage.42 Similar to what has been observed in women with preexisting glucose 

intolerance. In the fetuses of obese, non-diabetic women, there is also an increased risk of 

congenital anomalies; particularly neural tube and cardiac lesions.43 Obese women also have 

an increased risk of the ‘metabolic syndrome of pregnancy’. They have an increased risk of 

glucose intolerance (GDM), hypertensive disorders (preeclampsia), hyperlipidemia and 

circulating inflammatory markers.44 At delivery obese women are at greater risk of requiring 

cesarean delivery, both primary and failed trial of labor after a previous cesarean delivery. 

This increased risk of cesarean delivery may be related to fetal size (to be discussed later) or 

maternal soft tissue dystocia. The force of uterine contractions, however, appears to be 

similar to that estimated in non-obese women.45 Because of the increase in tissue disruption 

in obese women, there is an increase in the risk of post-cesarean wound infections in these 

women as compared with non-obese women. Additional post-partum risks include an 

increased risk of deep vein thrombophlebitis which may represent another manifestation of 

the ‘metabolic syndrome of pregnancy’.44

Fetal

In parallel with the increase in maternal obesity in the past few decades, there has been an 

increase in birth weight reported in both European and North American populations.46,47 

Ananth and Wen have reported that there has been a 5%–10% increase in large for 

gestational age infants and an 11%–12% decrease in small for gestational age infants from 
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the decade from 1985–1998. At birth, the term infant of obese women weighs on average of 

150 g more than that of a normal weight woman. This increase in weight is primarily 

accounted for by an increase in fat mass and not lean body mass48 as was reported in the 

infant of the woman with GDM (Fig. 5).24 Of interest, based on population based 

studies49,50 obese women have less total weight gain in pregnancy as compared with average 

weight women, although their babies are heavier and fatter at birth. However, an increase in 

gestational weight gain in obese women is an additional risk factor related to fetal fat 

accretion.48 In contrast to underweight or normal weight women where low or poor maternal 

weight gain in pregnancy is associated with small for gestational age (SGA) babies, in obese 

women poor weight gain in pregnancy is much less of a risk factor for a SGA infant.38 

Because of large size or macrosomia the infant of the obese women is also at risk for 

shoulder dystocia, although usually at higher birth weights than observed in the infant of the 

women with GDM.51 This may relate to the central distribution of body fat in the infant of 

the woman with GDM.

The infant of the obese women is not only heavier at birth because of increased adiposity, 

but has evidence of increased insulin resistance using homeostasis model assessment 

estimates of insulin resistance compared with neonates of average weight women. 

Additionally, the cord blood leptin and interlukin-6 concentrations of the fetuses of obese 

women were significantly greater than the cord blood of the fetuses of the lean women. 

There was a strong correlation between fetal adiposity and insulin resistance.52 These data 

suggest that maternal obesity in and of itself poses a significant risk for the next generation 

with metabolic compromise already apparent at birth.

Child

Both maternal pre-pregnancy obesity and excessive weight gain during pregnancy have been 

related to increased obesity in children. There is now substantial evidence that the offspring 

of the obese women is at increased risk for childhood obesity. Whittaker reported that 

children born to obese women had a 2.5-fold increase increased the risk of obesity at 2–4 

years of age based on Center for Disease Control and Prevention criteria compared with 

those children born to non-obese mothers.53 Similarly, Boney et al. reported that the children 

of obese women had a two-fold risk of not only obesity but the metabolic syndrome at an 

age of 11 years, compared with children of non-obese women.33 Lastly, Mingrone et al. in a 

follow-up study of young adults, noted that the offspring of obese women were more obese 

and insulin resistant as compared with the offspring of normal weight women at the time of 

their birth.54 Additionally, Oken et al. reported that increased gestational weight gain was 

associated with an increase in offspring BMI and skinfold measures at an age of 3 years. 

Women with adequate or excessive weight gain (IOM 1990 criteria) had a four-fold increase 

odd of having an overweight child (BMI > 95 percentile) using 2000 CDC reference data.55

On the basis of our own long term follow-up studies of children of women with normal 

glucose tolerance and GDM during pregnancy, maternal obesity is a significant risk factor 

for childhood obesity and metabolic dysregulation. There was no significant difference in 

Center for Disease Control and Prevention weight percentiles or body composition between 

the children of the women with normal glucose tolerance in pregnancy and GDM at age 
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nine. The strongest perinatal predictor for a child being in the upper tertile of obesity based 

on dual energy X-ray absorptometry methodology was maternal pregravid BMI odds ratio 

(OR) 5.45 (95% CI1.62–18.4, P = 0.006). This relationship improved after adjusting for 

gender (OR 6.36; 95% CI 1.77–22.88, P = 0.004) and/or gender and if the mother had GDM 

(OR7.75; 95% CI 1.51–37.74, P = 0.01). The strength of these relationships did not change 

when measures of neonatal adiposity were included in the analysis. Maternal pregravid 

obesity, independent of maternal glucose status was the strongest predictor of childhood 

obesity.56

Although the review has been focused exclusively on the human model, there have been 

numerous animal studies explaining the mechanisms related to the observed physiologic 

changes. Van Assche et al. investigated the metabolic affects of a maternal cafeteria diet 

using a rat model. The diet induced obesity resulted in an increase in insulin resistance in the 

non-pregnant cafeteria fed rat, which was aggravated by pregnancy. The effect of obesity 

was greater then the effect of pregnancy on insulin resistance in this model. By using a 

similar murine model, Samuelsson et al. reported that diet-induced obesity in female mice 

leads to offspring obesity associated with adipocyte hypertrophy and altered mRNA 

expression of β-adrenoceptor 2 and 3, 11 BHSD-1 and PPAR-δ2. These alterations in 

adipocyte metabolism may very well play a role in offspring adiposity. The long-term effects 

including dysregulation of cardiovascular and metabolic function.58 Lastly, Plagemann has 

reported that depending on critical periods of development, hormones such as insulin and 

leptin can act as ‘endogenous functional teratogens’. For example hyperinsulinemia may 

affect malprogramming of neuroendocrine systems, regulating appetite, body weight and 

energy expenditure.59

Summary

Maternal GDM and obesity share multiple metabolic abnormalities and may well represent a 

spectrum of maternal metabolic dysregulation. For the mother obesity and GDM increases 

the risk of the ‘metabolic syndrome of pregnancy’, that is an increased risk of hypertensive, 

lipid and coagulation disorders, which increases perinatal morbidity and mortality. The 

offspring of these women are also at increased risk for both neonatal morbidity and long-

term sequela related to an abnormal in utero metabolic environment. Ideally life style 

modification of diet and activity to achieve normal weight before conception is the ideal goal 

to decrease the risk of these problems.38 However, achieving recommended weight gain 

during pregnancy and avoiding excessive gestational weight gain as recently noted in the 

revised IOM guidelines may decrease perinatal morbidities such as maternal weight 

retention and hence reduced pregravid weight is subsequent pregnancies.38 The perinatal 

period offers a window of opportunity to improve the short and long-term health of a woman 

and her offspring. If the goal is to prevent rather than treat chronic metabolic disease, then 

optimal care of women before and during pregnancy is a necessary component of health and 

well-being.
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Fig. 1. 
The longitudinal changes in insulin sensitivity women with gestational diabetes (GDM) and 

normal glucose tolerance (control). Pt, changes over time; Pg, differences between groups. 

(Adapted from Catalano, Am J Obstet Gynecol, 1999).
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Fig. 2. 
The longitudinal changes in insulin response to an intravenous glucose challenge in women 

with gestational diabetes (GDM) and normal glucose tolerance (control). (a) first phase 

insulin response, (b) second phase insulin response. Pt, changes over time; Pg, difference 

between groups. (Adapted from Catalano, Am J Obstet Gynecol, 1999).
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Fig. 3. 
Birth weight, lean body mass and fat mass of full term neonates of women with gestational 

diabetes (GDM) n = 195 and normal glucose tolerant women (NGT), n = 220. Weight P = 

0.26, lean body mass P = 0.74 and fat mass P = 0.0002. (Adapted from Catalano, Am J 
Obstet Gynecol, 2003).
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Fig. 4. 
The longitudinal changes in insulin sensitivity in average, overweight and obese women, 

before conception (pregravid) and in early (12–14 weeks) and late (34–36 weeks) gestation. 

Change over time, P = 0.0001. The obese women were less insulin sensitive than the average 

weight women (P = 0.001) and overweight women (P = 0.0004). (Adopted from BJOG, 

2006). BMI indicates body mass index.
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Fig. 5. 
Birthweight, lean body mass and fat mass of full term neonates of average (BMI < 25) n-144 

and overweight(BMI > 25) n = 76 women. Weight P 5 0.051, lean body mass P = 0.22, fat 

mass P = 0.006. (Adapted from Sewell, Am J Obstet Gynecol, 2006).
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Table 1A.

ATP III clinical identification of the metabolic syndrome2

Risk factor Defining level

Abdominal obesity, given as waist circumference

 Men >102 cm (>40in)

 Women >88cm (>35in)

Triglycerides >150mg/dl

HDL cholesterol

 Men <40 mg/dl

 Women <50mg/dl

Blood pressure >130/>85 mmHg

Fasting glucose >110 mg/dl

HDL, high-density lipoprotein.
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Table 1B.

WHO clinical criteria for metabolic syndrome3,4

Insulin resistance, identified by one of the following:

• Type 2 diabetes

• Impaired fasting glucose

• Impaited glucose toletance

• Or for those with normal fasting glucose levels (<110mg/dl), glucose uptake below the lowest quartile for background population 
under investigation under hyperinsulinemic; euglycemic conditions

Plus two of any of the following:

• Antihypertensive medication and/or high blood pressure (>140 mmHg/ systolic or >90 mmHg diastolic)

• Plasma triglycerides >150mg/dl (>1.7mmol/l)

• HDL cholesterol <35 mg/dl (<0.9 mmol/1) in men or <39mg/dl (1.0mmol/l) in women

• BMI >30 kg/m and/or waist:hip ratio >0.9 in men and >0.85 in women.

• Urinary albumin excretion rate >20 μg/min or albuminxreatinine ratio >30mg/g.

HDL, high-density lipoprotein; BMI, body mass index.
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Table 1C.

AACE Clinical criteria for diagnosis of the insulin resistance syndrome5

Risk factor components Cut points for abnormality

Overweight/obesity BMI>25 kg/m2

Elevated triglycerides >150mg/dl (1.69mmol/l)

Low-HDL cholesterol

 Men <40mg/dl (1.04mmol/l)

 Women <50mg/dl (1.29mmol/l)

Elevated blood pressure >130/85mmHg

A 2-hour post-glucose >140mg/dl

 challenge

Fasting glucose Between 110 and 126mg/dl

Other risk factors Family history of type 2 diabetes, hypertension, or CVD

Polycystic ovary syndrome

Sedentary lifestyle

Advancing age

Ethnic groups having high risk for type 2 diabetes or CVD

AACE, American Association of Clinical Endocrinologists; BMI, body mass index; HDL, high-density lipoprotein; CVD, cardiovascular disease.
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Table 2.

Criteria for the diagnosis of overt diabetes in pregnant women at their initial prenatal visit

1. A1C>6.5%. The test should be performed in a laboratory using a method that is NGSP certified and standardized to the DCT assay*

Or

2. FPG>126mg/dl (7.0mmol/L). Fasting is defined as no caloric intake for at least 8 h*

Or

3. A 2h plasma glucose >200mg/dl (11.1 mmol/1) during an OGTT. The test should be performed as described by the World Health 

Organization, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.*

Or

4. In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose >200mg/dl (11.1 mmol/1)

DCT, direct contact test; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.

*
In the absence of unequivocal hyperglycemia, criteria 1–3 should be confirmed by repeat testing.
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