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From the very earliest beginning of development organisms are sensitive to their 
environment. Several environmental influences can affect how organs and tissues 
are formed and thereby influence their function and later disease susceptibility. 
This is known as developmental plasticity, a concept that adaptations to the 
environment in early life has lasting consequences for growth, development 
and health in later life. For instance, there is emerging evidence (from animal 
experiments and human observational studies) that the development of obesity 
and associated cardiometabolic disease may be affected by early life influences. 
Studies in animals and humans have shown that prenatal exposure to maternal 
obesity is associated with an increased risk of obesity and cardiometabolic 
diseases in later life. Another example is that children conceived through assisted 
reproductive technology are at risk of higher body weight and increased levels 
of cardiometabolic risk factors compared to spontaneously conceived children. 
Suggesting that the in vitro conditions or hormone stimulation used in assisted 
reproduction may affect early embryo development and alter cardiovascular 
structure and function, such that the susceptibility to cardiovascular diseases 
(CVD) might be increased.

Experimental studies in animal models, as systematically reviewed in Chapter 2, 
are essential in addressing causality in the relation between maternal obesity and 
offspring’s cardiometabolic health. In contrast to human observational studies, 
animal experiments can explore causality without being hampered by factors 
threatening the validity of observational studies. Animal models ensure a common 
genetic background, similar diet and physical activity exposure, and a controlled 
postnatal environment. Based on 145 studies, including over 21,000 animals of 
five species, the meta-analyses showed that maternal obesity before and during 
pregnancy causes poorer cardiometabolic health in offspring. Offspring of 
obese mothers had higher body weight, fat percentage, systolic blood pressure, 
triglycerides, total cholesterol, low density lipoprotein (LDL) cholesterol, glucose 
and insulin levels than offspring of control mothers. While maternal obesity 
affected most cardiometabolic risks factors, birth weight, diastolic blood pressure 
and high density lipoprotein (HDL) cholesterol were not statistically significant 
different in offspring of obese compared to control animals. Most studies used 
rodent models, and rodents are born relatively immature compared to humans 
which may explain the lack of effect on birth weight. While many biological 
processes may be similar, differences in gestation, placentation and parturition 
limit direct translation to humans. Furthermore, the majority of studies did not 
report essential methodological details which led to exclusion of studies due to 
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lack of data on maternal body weights. To better evaluate the relevance and quality 
of animal experiments, stricter adherence to reporting guidelines is needed. Our 
review of experiments in animal models shows that maternal obesity indeed 
causes poorer offspring cardiometabolic health, and thus indicate the potential of 
interventions aimed at reducing maternal obesity to improve offspring’s health. 

In Chapter 3 we described findings from a sample of 194 children at 8-9 years of 
age from the Amsterdam Born Children and their Development (ABCD) cohort. This 
prospective birth cohort allowed us to explore the association between maternal 
overweight and obesity before pregnancy and children’s cardiorespiratory fitness 
(CRF), muscular strength, physical activity, and sedentary behavior. We found 
that maternal overweight and obesity at time of pregnancy, compared to normal 
weight pregnancies, was independently associated with lower CRF in 8-9 year old 
children. Previously, low birth weight, a proxy for a poor in utero environment, 
was linked to reduced childhood fitness, muscular strength and physical activity. 
However, in contrast to the hypothesis, elevated maternal body mass index (BMI) 
was not associated with child’s muscular strength, physical activity or sedentary 
behavior in our study. When the analyses were repeated with maternal BMI as 
a continuous variable, it was associated with poorer childhood CRF and a slight 
decrease in physical activity. We assessed whether child’s birth weight or fat 
mass could explain the association between maternal obesity and lower levels 
of CRF, and it did not. Additionally, correcting the analyses for child’s physical 
activity did not alter the effect estimates. Thus, maternal obesity was associated 
with lower levels of childhood CRF, independent of child’s adiposity or physical 
activity level. The association of elevated maternal BMI with reduced levels of CRF 
may represent a novel link in the development of poor cardiometabolic health in 
children of obese mothers.

There is a large body of cross-sectional evidence that has shown low levels of 
CRF to be a strong predictor of poor health, but in children and adolescents 
the association of CRF with future cardiometabolic health is less clear. Hence, 
Chapter 4 presented the first systematic review including only prospective 
studies assessing the association of CRF in childhood and adolescence with 
future cardiometabolic health. Data from 38 studies, including over 44,000 
children and adolescents with a median follow-up duration of 6 years, showed 
that higher CRF was associated with lower risks of adiposity, and lower prevalence 
of metabolic syndrome. There was no convincing evidence that low levels of CRF 
were associated with other cardiometabolic risk factors, such as blood pressure, 
lipids or glucose homeostasis at least 2 years later. Many studies did not account 

for adiposity and/or physical activity at baseline or follow-up in their analyses, 
while both could influence performance on fitness testing and the development 
of cardiometabolic risk factors. 

Of the 38 included studies, eleven were of high quality. The included studies were 
heterogeneous in regards to methodology, measurement of CRF and outcome 
definition. This heterogeneity hampered meta-analyses to be performed. 
Therefore, future studies should standardize the reporting of CRF and outcome 
assessment to allow better comparison between studies. Additionally, a future 
systematic review should ideally include an individual patient data meta-analysis 
to allow pooling and more uniform adjustments for potential confounding factors 
as adiposity or physical activity. We found convincing evidence for a longitudinal 
association of CRF in childhood and adolescence with future adiposity and 
prevalence of the metabolic syndrome. Hence, efforts to improve CRF from 
childhood onwards might reduce the overall burden of CVD throughout life by 
reducing the risks of becoming obese. 

The follow-up of the LIFEstyle trial presented in Chapter 5, was the first to assess 
the effects of a preconception lifestyle intervention in obese women on childhood 
anthropometry and cardiometabolic health. The intervention increased maternal 
physical activity, decreased snacking and sugary drink intake, and resulted in 
approximately 4 kg weight loss. These lifestyle improvements may mitigate the 
negative effects of maternal obesity on childhood health. In contrast to this 
hypothesis, we did not find differences between children at age 3-6 years whose 
mothers with obesity were allocated to the preconception lifestyle group or the 
control group. Potentially relevant effects of the intervention may have gone 
undetected due to high attrition rates, which reduced statistical power substantially. 
Also, there was selective participation at follow-up, indicated by similar BMI in 
mothers of participating children at the time of conception and equally excessive 
gestational weight gain in both groups. This lack of contrast between groups 
may have obscured the intervention effect. While the lifestyle intervention may 
have induced differences in other maternal factors than body weight, those may 
not have been enough to counterbalance the effects of maternal obesity during 
pregnancy. Also, genetic or postnatal influences may be stronger predictors of 
childhood health than the intrauterine environment. In this study we could not 
detect any effect of a preconception lifestyle intervention on cardiometabolic 
health in offspring. Whether there is no effect of lifestyle interventions in women 
with obesity prior conception on offspring’s cardiometabolic health needs to be 
confirmed in larger studies.
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Chapter 6 described follow-up of a randomized controlled trial examining 
whether hormonal stimulation or the in vitro procedures of assisted reproduction 
affect childhood health. Observational studies in humans and animal studies 
have suggested that assisted reproduction increases fat mass, blood pressure and 
glucose concentrations in offspring. In our study, couples with unexplained or 
mild male factor infertility were randomized to receive intrauterine insemination 
with controlled ovarian hyperstimulation, in vitro fertilization (IVF) in a modified 
natural cycle, or IVF with single embryo transfer. This allowed the comparison of 
hormone stimulation to IVF procedures with or without hormone stimulation. 
There were no statistically significant differences in children’s neurodevelopment 
and physical health at 4-7 years based on maternal randomization group. 
Additionally, explorative analyses based on actual conception method, including a 
naturally conceived group, also showed no indications of differences in childhood 
outcomes. These findings suggest that previous observational evidence of 
increased adiposity, elevated blood pressure, and glucose disturbances in 
assisted reproduciton compared to naturally conceived children (often from 
fertile couples) may be due to parental factors like infertility.

The interpretation and potential implication of the research described in this 
thesis were discussed in Chapter 7. Maternal obesity negatively affects offspring’s 
anthropometry and cardiometabolic health. Children of mothers with an elevated 
BMI before pregnancy have lower levels of CRF, which in turn were associated with 
increased adiposity and prevalence of metabolic syndrome later in life. As the 
periconceptional environment programs future health risks, there is an urgency 
to reduce obesity in women who intend to become pregnant. Our preconception 
lifestyle intervention in obese women was unable to mitigate the negative 
effects of maternal obesity on children’s health. The multitude of factors related 
to obesity suggest an opportunity for a system wide approach to identify key 
pathways to be modified to reach the desired obesity reduction in the population. 
Community wide collaboration involving individuals, health care providers, 
schools/workplaces, public agencies, businesses and the government may help 
develop cross-disciplinary interventions to enable individuals to optimize early 
life risk factors. When individuals are supported by socio-environmental system 
wide changes, we might be able to provide each child with the best possible start 
in life.


