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SUMMARY 

 
Background and aim 

The worldwide prevalence of obesity (Body Mass Index (BMI) ≥ 30 kg/m2) among women 

has increased over recent decades (1, 2). This increasing prevalence of obesity has also 

been observed among pregnant women (3, 4). It is estimated that more than one-third of 

women of reproductive age in the United States are obese (2). Over the years, more 

women are entering pregnancy with excess weight, exposing them and their unborn child 

to increased risk of adverse gestational and perinatal outcomes, as well as long-term risks 

for their offspring (4-6). Individuals exposed to maternal obesity during fetal life are at 

increased risks of becoming overweight or obese children and adults themselves (4-6), 

perpetuating the vicious cycle of obesity and creating an intergeneration effect. Maternal 

obesity also appears to have adverse neurodevelopmental effects on her offspring, 

including cognitive deficits (7, 8), behavioral disabilities (9, 10) and cerebral palsy (11-15).  

 

Estimates of the World Health Organization indicate that 10.6% of the 140 million live 

births worldwide were born preterm (<37 weeks gestation) in 2014 (16). On average, 85% 

of these children were born moderate or late preterm  (32 - 36 weeks gestation), 10% 

were born very preterm (28 to <32 weeks gestation), and 5% were born extremely 

preterm (<28 weeks gestation) (17). Complications of preterm birth were the leading 

cause of death in children younger than 5 years of age globally in 2016 (18). Preterm birth 

also increases the risk of death due to other causes, especially neonatal infections (19). In 

addition, decreasing gestational age is associated with increasing disability (20, 21), 

intensity of required (neonatal) care (22, 23), and associated costs (24-26). Preterm birth 

can have lifelong neurodevelopmental effects, with increased risks of cerebral palsy, 

impaired learning and mental disorders (27). The majority of preterm babies survive 

without impairment, but among extremely preterm born children, more than 50% are 

estimated to have adverse neurodevelopmental effects if they survive the neonatal period 

(28). 

 



 

Maternal obesity and preterm birth are two important public health concerns associated 

with neurodevelopmental outcomes in offspring. Therefore, this thesis aims to explore 

the association between the two, focusing on maternal obesity and neurodevelopmental 

outcomes among extremely preterm infants.  

 

Main findings 

Obesity is the accumulation of excessive fat manifesting as both increased intracellular 

lipids and greater adipocyte size and increased numbers of adipocytes (29). The adipose 

tissue releases inflammatory mediators resulting in a chronic systemic inflammation (30, 

31). During pregnancy, both the placenta and adipose tissue may contribute to systemic 

inflammation reflected in increased circulating levels of inflammatory markers in the 

mother. Systemic responses to pregnancy were higher in women with pre-pregnancy 

obesity compared to normal weight pregnant women (32-34). Maternal systemic 

inflammation during pregnancy is also associated with an increased likelihood of 

neurodevelopmental deficits in their offspring (35-37). In Chapter 2, we give an overview 

of basic, clinical and epidemiologic research on the neurodevelopment of children born to 

obese mothers. In addition, we reviewed animal and human literature related to the 

hypothesis that maternal obesity causes maternal and fetal inflammation, and that this 

inflammation adversely affects the neurodevelopment of children. We found that children 

of obese mothers were at increased risk for four major categories of neurodevelopmental 

deficits, including cognitive and intelligence deficits, attention deficit hyperactivity 

disorder (ADHD), autism, and psychoses. We also found evidence that the association 

between maternal obesity and adverse neurodevelopment in children is partly mediated 

via inflammatory phenomena. The interrelationships between maternal obesity 

inflammation, and neurodevelopmental deficits are presented in a mechanistic 

framework.  

 

 



 

 

In Figure 1, we depict the possible interrelationships between maternal obesity and 

childhood outcomes in the offspring from the ELGAN Study. The numbers with each arrow 

in the figure refer to the chapters in this thesis. 

Figure 1: Proposed mechanistic framework (modified from figure in Chapter 2) outlining 

interrelationships between maternal obesity, inflammation, and childhood outcomes in 

extremely preterm born newborns. Numbers along arrows correspond to the chapters in 

this thesis. 

 

In Chapter 3 we studied whether extremely preterm newborns of overweight (i.e., BMI 

25-29) and obese (i.e., BMI ≥ 30) women have elevated blood concentrations of 

inflammatory proteins compared to infants born to women with lower BMIs. We used 

data of the Extremely Low Gestational Age Newborns (ELGANs) cohort study. Preterm 

labor, preterm premature rupture of membranes (pPROM), and chorioamnionitis are all 

associated with an increased risk of white matter damage and adverse 

neurodevelopmental outcome (38-40). Therefore, we divided our sample into two groups 

defined by spontaneous indications for delivery (preterm labor, pPROM, abruption or 

cervical insufficiency) vs. maternal (preeclampsia) or fetal indications. The rationale for 

this was that spontaneous indications are often associated with inflammation, while fetal 

and maternal indications are mostly not (41, 42). We found that extremely preterm 



 

newborns of overweight and obese women were more likely to have systemic 

inflammation than newborns of women with lower BMIs, but only among those delivered 

for maternal (preeclampsia) or fetal indications.  

 

Obese children are more likely than normal weight children to have high circulating levels 

of several markers of inflammation (43). A common hypothesis is that obesity promotes 

inflammation (44). However, some inflammation precedes obesity (45). Chapter 4 

evaluates the association between elevated neonatal concentrations of circulating 

inflammatory proteins and obesity at 2 years of age in the ELGAN cohort study. Children 

delivered for spontaneous indications from those delivered for fetal or maternal 

indications were evaluated separately. We measured neonatal inflammation during the 

first two postnatal weeks and BMI at 2 years of age. We found that an elevated 

concentration of day-1 IL-6 is a strong predictor of obesity at age 2, and an elevated 

concentration of day-14 VCAM-1 is a strong predictor of overweight at age 2 among 

children delivered for spontaneous indications. Our findings support the hypothesis that 

inflammation can precede the onset of obesity.  

 

In our ELGAN cohort, infants of overweight and obese mothers were more likely to have 

impaired early mental function at 2 years of age than their peers born to women with 

lower BMIs (46). In this same cohort, we measured proteins in blood from neonates and 

showed that sustained elevated concentrations of 12 proteins were associated with 

delayed mental development at age two years (47). Consequently, we evaluated potential 

confounders and possible intermediates in the association between maternal obesity and 

impaired early cognitive function in children at age 2 in Chapter 5. In addition, we 

investigated to what extent the relationship between maternal obesity and low 

developmental scores were attributable to early systemic inflammation. Mental and 

motor function were assessed using the Bayley Scales of Infant Development (BSID-II) 

(48). We found that children of obese mothers were at increased risk of a very low mental 

and motor development in the total sample. This association was even more prominent in 

the subsample of children who did not have any components of the sustained 



 

 

inflammation profile associated with a very low mental scale. We therefore suggest that 

the measurable inflammation does not account for the association between maternal 

obesity and impaired development. Potential non-inflammatory mechanisms might be 

involved in this pathway, such as epigenetic changes (49-52). 

 

The risk of cerebral palsy, a motor disability neurological (brain) disorder that causes the 

loss of normal motor function, increases with decreasing gestational age (53-55). Obese 

women are more likely than others to deliver very preterm (56). Support for the 

association between maternal obesity and cerebral palsy in their offspring is inconsistent 

(11, 57, 58). Hence, in Chapter 6 we studied whether extremely preterm newborns of 

obese mothers are at increased risk of cerebral palsy at 2 years compared to infants born 

to women with lower BMIs. We found that extremely preterm born children born to 

overweight and obese women were not at increased risk of any form of cerebral palsy at 2 

years compared to children of women with a normal BMI. 

 

Maternal obesity is associated with an increased risk of attention problems in term-born 

children (59-61). In addition, preterm birth is a risk factor for attention problems (62, 63). 

Therefore, we explored the relationship between maternal obesity and attention 

problems in extremely preterm children at age 10 years in Chapter 7. Parent or caregiver 

and the current child’s teacher completed the Child Symptom Inventory-4 Checklist (CSI-4) 

(64, 65) regarding the child’s medical and neurological status and behavior. This checklist 

includes items specific for ADHD symptoms. We found that mother’s overweight and 

obesity during pregnancy were associated with increased risk of parent-identified ADHD 

characteristics. The risk of teacher-identified ADHD characteristics was not increased if the 

mother was overweight or obese.  

 

In conclusion, we found evidence that maternal obesity contributes to adverse early 

childhood neurodevelopment in extremely preterm born children, partly via inflammatory 

phenomena, not only resulting in adverse weight gain, but potentially also in adverse 

cognitive and behavioral development. 
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