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GENERAL DISCUSSION

CHAPTER 9



This thesis describes the impact of maternal characteristics, in particular maternal 
prepregnancy body mass index (pBMI), ethnicity, socioeconomic status and family 
history of diabetes on offspring’s cardiometabolic profile. Moreover, the potential 
pathways underlying the association between maternal pBMI and offspring’s 
cardiometabolic profile, in particular those related to early pregnancy lipid profile 
and offspring’s postnatal growth, are described.

This final chapter summarises the main findings of the research presented in this 
thesis, addresses some methodological considerations, reflects on the main findings, 
and presents suggestions for future research and possible implications for public 
health practice.

Summary of the main findings
Hypothesis 1: An adverse cardiometabolic profile at age 5-6 years is the result of 
maternal overweight before pregnancy, which acts through prenatal exposure to an 
atherogenic lipid profile. 

Women with overweight before pregnancy appeared to have higher triglycerides, 
free fatty acids, total cholesterol and apolipoprotein B compared to women with a 
normal weight. They also had a higher blood pressure during pregnancy. Moreover, 
their children had a higher body mass index (BMI), fat percentage, waist-to-height 
ratio, systolic and diastolic blood pressure, and metabolic score. Although, as 
expected, maternal early pregnancy lipids were positively associated with both body 
composition and lipid profile in childhood, the early pregnancy lipid profile did not 
mediate the association between pBMI and blood pressure course. 

Hypothesis 2: Children with a family history of diabetes on the maternal side of the 
family are more often overweight and have a more adverse glucose metabolism at 
age 5-6 years than children with a family history of diabetes on the paternal side of 
the family.

No differences in body composition or glucose metabolism were found between 
children with either maternal or paternal family history of diabetes (FHD), although 
children with both maternal and paternal FHD had increased C-peptide levels 
compared to children with no maternal or paternal FHD. Thus, our hypothesis that 
a maternal FHD will have a more negative impact on offspring’s cardiometabolic 
health than a paternal family history, was rejected. 
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Hypothesis 3: An adverse cardiometabolic profile at age 5-6 years is the result of 
accelerated gain in postnatal weight, height and BMI, which is a consequence of 
maternal overweight before pregnancy.

As expected, children of mothers with overweight or obesity before pregnancy have 
accelerated postnatal growth in weight, height and BMI compared to children of 
mothers with normal weight before pregnancy. In addition, both maternal pBMI and 
postnatal weight- and weight-for-length gain during the first 3 months of life were 
positively associated with the cardiometabolic profile of the child at age 5-6 years, 
as indicated by the waist-to-height ratio and the sum-score of all cardiometabolic 
parameters in childhood (metabolic score). Also, maternal pBMI was positively 
associated with offspring’s systolic/diastolic blood pressure, and postnatal weight 
gain was positively associated with fasting glucose values in childhood. Contrary 
to our expectation, however, postnatal weight- and weight-for-length gain did not 
mediate the associations between maternal pBMI and offspring’s cardiometabolic 
profile, but did independently affect offspring’s cardiometabolic profile. The most 
detrimental childhood outcomes were found for the combination of high maternal 
pBMI and accelerated weight- or weight-for-length gain. 

Hypothesis 4: Children from an ethnic minority population or from a lower 
socioeconomic background have accelerated growth patterns of overweight 
compared with children from European origin and/or from a higher socioeconomic 
background.

No differences in growth patterns of overweight at age 5-6 years were found between 
children from European origin and non-European origin. Also, no differences 
were found between growth patterns of overweight between children of low- and 
middle-socioeconomic background. However, growth patterns of children of low 
socioeconomic background differed from the growth patterns observed in the high 
socioeconomic group. The low socioeconomic group had a lower BMI during the first 
2 years. After age 3 years, BMI increased rapidly in the low socioeconomic group 
and at age 6 years the children with overweight in the low socioeconomic group 
had a higher mean BMI than those in the high socioeconomic group. Thus, the 
hypothesis has to be rejected for ethnic minority populations, but is confirmed for 
the socioeconomic groups. 
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Hypothesis 5: Girls are more susceptible to the adverse cardiometabolic consequences 
of maternal overweight before pregnancy. 

Postnatal growth in weight, height and BMI was faster in girls of mothers with 
overweight compared to girls of mothers with normal weight. Among boys, however, 
only growth in weight and BMI, but not height, was faster in boys of mothers with 
overweight than among boys of mothers with normal weight. Moreover, positive 
associations between maternal lipids and offspring’s lipids were more often found 
in girls and, when these associations were found in both boys and girls, these 
associations tended to be twice as strong in girls compared with boys. Therefore, our 
hypothesis that girls are more susceptible to adverse cardiometabolic consequences 
of maternal overweight can be confirmed, as girls of mothers with overweight have 
accelerated postnatal growth and stronger positive associations between maternal 
and childhood lipids than boys. 
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Methodological considerations
This section addresses some methodological issues of this thesis. 

Maternal prepregnancy BMI

In the studies described in this thesis, maternal pBMI was not objectively measured, 
but relied on women’s self-reported height and weight. These data were collected at 
around 16 weeks of gestation; however, this may have introduced some bias. Systematic 
reviews have shown that self-reported BMI in women can be underestimated by up 
to 2 kg/m2 compared to conventionally measured BMI.1,2 Moreover, participants with 
overweight and obesity tend to underestimate their weight more than participants 
with normal weight.3 The possible underestimation of BMI will have weakened the 
linear associations of the analyses in which pBMI was used as a continuous variable. 
Moreover, by classifying women as being of normal weight or overweight based 
on their self-reported BMI, may have led to misclassification. Similar studies have 
quantified this misclassification as being approximately 14%.4 This will have led to 
underestimation of the differences in outcomes between women with overweight 
and those with normal weight. Therefore, the differences in blood pressure course 
during pregnancy and postnatal growth between women with overweight and 
normal weight are likely to be underestimations and, thus, the actual effect might 
in fact be greater. 

Maternal early pregnancy lipid profile

Results from this thesis show that maternal early pregnancy lipid profile did not 
mediate the association between pBMI and offspring’s cardiometabolic profile. 
However, in this thesis, maternal lipid profile was studied in early gestation and not 
in mid- or late pregnancy. During this time period, foetal weight gain and adipocyte 
development take place;5 therefore, this might be a critical window in which 
maternal lipid profile could influence adipocyte development and, consequently, 
cardiometabolic profile in childhood.6-9 Therefore, whether (or not) maternal lipid 
profile plays a mediating role in the association between maternal prepregnancy 
weight and offspring’s health later in gestation, remains to be determined.
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Postnatal growth

In this thesis, postnatal growth was studied as an underlying mechanism in the 
association between pBMI and cardiometabolic profile in childhood. Growth 
can be measured and defined in many different ways. The way in which growth 
was investigated in this thesis offers several advantages. First, when assessing 
the mediating effect of postnatal growth in the association between pBMI and 
offspring’s cardiometabolic profile in childhood, not only early infant weight gain 
but also weight-for-length gain (which reflects adiposity better than weight gain 
alone) were included in the analyses.10 Second, studies on growth have shown that 
both relative weight gain and linear growth are independent from BMI, and are 
positively associated with body composition and systolic blood pressure in children 
and adults.11-13 Therefore, when separately investigating the effect of maternal pBMI 
on postnatal growth up to 7 years, the weight, height and BMI were evaluated. Third, 
to compare the influence of maternal weight status on these three growth measures, 
standard deviation scores (SDS) were computed using population specific reference 
curves. The benefits of using these curves over other reference curves (e.g. the WHO 
growth standard) is that the distribution of the SDS is better and comparison between 
the SDS for weight, height and BMI are more reliable because Dutch children are (on 
average) taller than the children on which the WHO growth standard is based. 

In addition, some limitations need to be addressed. First, because birth length 
was not available in the ABCD-study, in our studies on growth in length, the 
measurements did not start until one month after birth. Although it was found that 
maternal pBMI is associated with cardiometabolic health independently of growth, 
we cannot conclude that this is due to an intra-uterine effect as no information was 
available on growth in length in the first month after birth. Second, our decision 
to focus the mediation analyses on the time period from 1-3 months was based on 
previous studies;14 however, choice for another (or longer) growth period might have 
led to different conclusions. Third, although in one of the studies growth was studied 
as the difference in weight- or weight-for-length gain between two time points, in 
all other studies in this thesis, growth was defined as the weight, height or BMI at 
a certain time point, which is a relatively crude measure of the complex biological 
process of growth per se. However, the actual sizes will be instrumental in translating 
the findings to practice, where clinicians are also unable to map the full process of 
growth, but are able to measure size. Fourth, when assessing growth to overweight, 
only BMI growth pattern was included, whereas growth patterns of weight and 
height could have shown whether a higher BMI was the result of faster growth in 
weight, or slower growth in height. 
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Study population

The ABCD-study is a longitudinal cohort with a multi-ethnic study population, which 
offers both advantages and disadvantages. First, because of the ethnic diversity, the 
findings described in this thesis are generalisable to the general population in the 
Netherlands, which is also multi-ethnic. Second, the ethnic diversity allowed us to 
study differences in growth patterns of overweight, because children of non-Dutch 
background are more often overweight.15 Third, because a family history of diabetes 
is more common in the non-Dutch population, we had more power to analyse 
differences in cardiometabolic profile between children with either a maternal 
or paternal family history of diabetes. On the other hand, due to the multi-ethnic 
population, it is more challenging to disentangle the effects of maternal pBMI and 
the effects of lifestyle/genetic factors on the different outcomes. To overcome this 
issue, sensitivity analyses were performed in the Dutch group only which, however, 
yielded results similar to those in the complete study population. 

As with any longitudinal follow-up, the ABCD-study was subject to selection bias 
from the initiation of the study and also due to attrition over the years. For example, 
women participating in the ABCD- study were older, more often nulliparous, and 
more often of Western ethnicity than eligible women who did not participate in 
the study.16 Also, compared with the Dutch general population, the prevalence of 
overweight and obesity was lower in the ABCD-study (overweight 20.4% vs. 17.4%, 
and obese 9.1% vs. 6.7%, respectively).17 Attrition over the years resulted in greater 
numbers of higher-educated Dutch women who continued to participate in the 
ABCD-study: at study inclusion 52% of the women were Dutch and 39% was higher 
educated, while of the children from whom a blood sample was collected (at age 
5-6 years) 70% were Dutch and 52% had a mother with higher education. This could 
have consequences for the findings of our study, and for the generalisability of 
the results to the general population. In the ABCD-study, children of Dutch origin 
and children of higher-educated women have a healthier metabolic profile than 
children of non-Dutch origin and children of lower-educated women.18-20 Moreover, 
women with a lower socioeconomic status and of non-Dutch ethnicity have a higher 
prevalence of overweight.21,22 As both our determinants and outcomes have less 
extreme values than in the general population, associations between maternal pBMI 
and early pregnancy lipids, postnatal growth and cardiometabolic profile, might 
have been underestimated. In other words, the associations found in our study 
can be generalised, but these associations might be stronger in the Dutch general 
population. 
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Interpretation of the results

Pathways in the prenatal period

Maternal pBMI is a predictor of offspring’s overweight and cardiometabolic profile 
in childhood.23-29 The studies in this thesis support these findings, in particular for 
offspring’s body composition and cardiometabolic profile at age 5-6 years. Although 
this thesis shows that, in accordance with the literature, women with overweight 
have a more atherogenic lipid profile throughout pregnancy,30-32 maternal early 
pregnancy lipid profile did not mediate the association between maternal pBMI 
and offspring’s cardiometabolic profile in childhood. Nonetheless, the independent 
positive associations of maternal early pregnancy lipid profile and offspring’s body 
composition and lipid profile, suggest that maternal lipid profiles could program 
offspring’s body composition and lipid profile Since maternal lipid profile is a factor 
that can be modified through e.g. diet interventions or physical activity, it could be a 
target for preventive strategies to optimise offspring’s health.

It remains unclear whether the mechanism through which maternal overweight affects 
offspring’s cardiometabolic profile operates in the prenatal or postnatal period, or 
both. However, separating the prenatal and postnatal effects is difficult, because 
maternal overweight exerts its effects in both the prenatal and the postnatal period: 
many health-related behaviours associated with maternal overweight operate both 
before and after birth and could, thereby, induce childhood overweight. Meanwhile, 
study designs have been proposed in which intra-uterine effects might be separated 
from the postnatal effects.33 One of those is the comparison of maternal and paternal 
exposure on the outcome variable.34,35 If similar associations are found between 
maternal and paternal exposure, the effect is most likely the result of confounding 
by shared environmental or genetic factors.34,35 If, however, the effect of maternal 
exposure is stronger than paternal exposure, this might hint at intra-uterine effects. 
Unfortunately, information on paternal pBMI was not available in the ABCD-study. 
In the literature, results on comparisons of maternal and paternal pBMI point are 
inconclusive, i.e. some studies found similar associations between maternal/paternal 
pBMI and birth weight and body composition and cardiometabolic profile at age 6 
years,36-40 whereas others found stronger associations with maternal pBMI than with 
paternal pBMI.26,41-43
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Pathways in the postnatal period

As neither early pregnancy lipid profile nor family history of diabetes could explain 
the associations between maternal pBMI and offspring’s cardiometabolic profile in 
childhood, a different mechanism probably underlies the association. This could 
be postnatal growth: maternal anthropometrics are positively associated with 
postnatal growth,41,44,45 and increased postnatal growth is associated with higher 
rates of childhood obesity, insulin resistance and the metabolic risk score.46-55 Also, 
in the studies reported in this thesis, children of mothers with overweight and obesity 
grew more rapidly in weight, height and BMI. No other study has demonstrated that 
children of women with overweight or obesity have an increased growth in height. 

These differences in postnatal growth can have consequences for the cardiometabolic 
profile later in childhood. Both increased early postnatal weight gain and weight-
for-length gain were independent of maternal pBMI positively associated with higher 
waist-to-height ratio and metabolic sum scores. Moreover, increased postnatal 
weight gain was also associated with higher fasting glucose values. However, neither 
postnatal weight nor weight-for-length gain mediated the association between 
maternal pBMI and offspring’s cardiometabolic profile in childhood. 

Finally, children of mothers with overweight can also differ in growth from children 
of mothers with normal prepregnancy weight due to differences in postnatal health-
related behaviours. Mothers with overweight are less likely to initiate 56,57 and continue 
56,58 breastfeeding and introduce solids earlier,58,59 all these factors can accelerate 
postnatal growth.60-63 Also, mothers with overweight tend to have more unhealthy 
eating habits and are less physically active, which could influence the nutrient intake 
and physical activity of their children and induce overweight.59,64-67 

Other possible pathways

As maternal pBMI is associated with offspring’s cardiometabolic profile independent 
of offspring’s postnatal growth, other possible mechanisms cannot be ruled out. 
First, the associations could also have resulted from shared genes: twin studies have 
shown that about 70% of the individual variation in body composition and 60% of 
lipid levels can be attributed to genetic factors.68,69 Second, epigenetic modifications, 
caused by intra-uterine overnutrition,29 can serve as mediators between maternal 
overweight and offspring’s cardiometabolic profile.24 For instance, intra-uterine 
overnutrition might modify both the number and content of adipocytes: it can 
change the endocrine function of adipocytes during adipose tissue development, 
which leads to impaired glucose metabolism.6-9 Intra-uterine overnutrition can also 
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cause structural changes in the arcuate nucleus of the hypothalamus,70 an important 
structure related to the regulation of energy homeostasis and appetite control.71 This 
could cause impaired leptin signaling and leptin resistance72,73 which, in turn, results 
in overeating and increased weight/height growth and obesity later in life.74,75 

Overnutrition in both prenatal and postnatal life

No human studies have combined the effects of maternal pBMI and accelerated 
postnatal growth on cardiometabolic profile in childhood in one investigation. In 
this thesis, significant interaction terms were found between maternal pBMI and 
postnatal growth, with the highest waist-to-height ratio, systolic blood pressure, 
triglycerides and metabolic score, in children with the combination of high maternal 
pBMI and accelerated growth. Similar results were found in animal studies: both 
pre- and postnatal overnutrition aggravated the effect of postnatal overnutrition 
alone.76-78 This appeared to be mainly the result of dysfunctioning adipocytes which 
caused insulin resistance through inflammation and oxidative stress.77,78 In our study, 
the combination of high maternal pBMI and accelerated postnatal weight-for-
length gain resulted in the highest levels of triglycerides in childhood. High levels 
of triglycerides might indicate some form of insulin resistance, especially when 
accompanied by low HDL-cholesterol,79,80 which could, therefore, be the result of 
dysfunctioning adipocytes.

Ethnic and socioeconomic inequalities in growth to overweight

Both a high maternal pBMI and accelerated postnatal growth of the offspring are 
more frequent in children of ethnic minority groups and from a low socioeconomic 
background.15,81-84 This combination increases the risk for childhood overweight and 
an adverse cardiometabolic profile.23-29,46-55 However, since no ethnic inequalities were 
found in growth to overweight, this suggests that ethnic inequalities in the growth 
patterns found in other studies (e.g. accelerated growth in the first year) might 
simply be a reflection of the higher prevalence of overweight in these groups85-88 
rather than an ethnic-specific growth pattern. The socioeconomic inequalities in 
growth to overweight, as reported in this thesis, have not been described before. 
However, the socioeconomic inequalities found in growth patterns of overweight 
mimic socioeconomic inequalities in growth patterns of all children. Children in the 
high socioeconomic group also had a higher BMI during the first 2 years,89,90 but a 
lower BMI later in childhood.89,91 These inequalities might be attributable to parents’ 
health-related behaviours, as children of low socioeconomic background are (on 
average) born with a lower birth weight,92,93 which could be the result of the high 
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prevalence of smoking during pregnancy in this group.94,95 The increase in growth 
seen in the low socioeconomic group after 2 years is probably attributable to an 
unhealthier lifestyle, such as watching more TV,96 less physical activity97 and shorter 
sleep duration.98,99 

Chapter Title of the study Differences between boys and girls

2 Prepregnancy weight status, early pregnancy 
lipid profile and blood pressure course during 
pregnancy 

No formal testing

3 Maternal prepregnancy BMI, early pregnancy 
lipid profile and offspring’s body composition 
in childhood

No significant interaction was found between 
maternal pBMI and offspring’s sex. 

4 Maternal early pregnancy lipid profile and 
offspring’s lipids and glycaemic control in 
childhood 

Significant interactions were found between 
maternal pBMI and offspring’s sex. In most 
cases, the associations were stronger in girls.

5 Maternal and paternal family history of 
diabetes in second-degree relatives and 
metabolic outcomes in childhood

No significant interaction was found between 
maternal pBMI and offspring’s sex.

6 Prepregnancy weight status and offspring’s 
growth patterns from birth up to 7 years

Differences in growth patterns were larger in 
girls, but a significant interaction between 
maternal weight status and offspring’s sex 
was found only for height gain.

7 Maternal prepregnancy BMI, early postnatal 
growth and offspring’s metabolic profile in 
childhood

Associations were slightly stronger in girls, 
but no significant interaction was found 
between maternal pBMI and offspring’s sex. 

8 Ethnic and socioeconomic inequalities in 
growth to childhood overweight

No significant interaction was found between 
maternal pBMI and offspring’s sex.

Table 1. Summary of boy-girl differences found in this thesis

Differences between boys and girls

Until now, little attention has been paid to sex-specific effects of maternal overweight 
on childhood cardiometabolic profile. The studies presented in this thesis revealed 
that girls are more susceptible to adverse outcomes due to maternal overweight 
than boys (Table 1). In girls, more and stronger associations were found between 
maternal and offspring’s lipids. Moreover, differences in SD scores in weight and 
BMI of children of normal weight and obese mothers were larger for girls than for 
boys. However, these studies need to be replicated as only one other study found 
similar results.44 Additionally, girls of mothers with gestational diabetes were more 
adipose at age 9 years compared to girls of mothers without diabetes, while for 
boys no differences were found.100 In contrast to these studies, another study 
found that maternal adiposity affected body fat in boys more than in girls.101 Little 
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is known about the underlying mechanisms of sex differences in outcomes due to 
maternal overnutrition.102 A possible explanation might be differences in prenatal 
growth patterns or placental function between boys and girls, which are caused by 
differences in gene expression in response to maternal metabolic status.103 

Implications for research and public profile

Suggestions for future research

In the ABCD-study, because no information was available on paternal pBMI, it was not 
possible to compare the associations of maternal or paternal pBMI with the outcomes 
reported in this thesis. Had similar associations been found between maternal and 
paternal pBMI, this might have allowed to conclude that shared environmental 
or genetic factors explained the associations, instead of a possible intra-uterine 
factor.34,35 Until now, some studies found similar associations between both 
maternal and paternal pBMI, and birth weight, body composition and cardivascular 
risk factors,36-40 whereas others found that associations with maternal pBMI were 
stronger than with paternal BMI.26,41-43 However, a stronger association with maternal 
pBMI does not necessarily mean that an intra-uterine effect was present: mothers 
spend (on average) twice as much time with their children than the fathers.104,105 
Therefore, stronger associations with maternal pBMI may also be due to postnatal 
influences. In summary, additional research, including data on paternal pBMI, in 
combination with the father’s contribution to parenting, might further elucidate the 
role of parental pBMI and the consequences for offspring’s cardiometabolic profile. 

Moreover, other components of the maternal metabolic profile should also be 
examined. First, glucose: studies have shown that gestational diabetes mellitus (GDM) 
has long-term effects on the offspring.27,106-109 However, little research has focussed on 
the impact of parameters of glucose metabolism in women without GDM. Regnault 
et al. showed that maternal glycaemia did not have a direct effect on birth weight, 
but this was mediated by foetal insulin and IGF-I.110 Moreover, cord C-peptide was 
associated with slower weight gain in girls in the first 3 months.110 Therefore, it seems 
worthwhile to examine parameters of maternal glucose metabolism in relation to 
offspring’s cardiometabolic profile, as glucose values can be kept within the normal 
range by higher amounts of insulin; this parameter is not measured during standard 
screening for GDM, but is known to drive foetal growth.111 Second, blood pressure: 
hypertensive disorders of pregnancy are associated with increased blood pressure 
in the offspring.112-114 Although few associations were found when systolic/diastolic 
blood pressure at the start of pregnancy was related to offspring’s cardiometabolic 
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profile in childhood, blood pressure course (irrespective of hypertensive disorders) 
might yield different results: this needs to be studied to exclude blood pressure 
course during pregnancy as a potential underlying mechanism in the association 
between maternal pBMI and offspring’s cardiometabolic profile.

In this thesis, accelerated postnatal growth modified the association between 
maternal pBMI and childhood cardiometabolic profile. Based on animal studies, 
this seemed to be due to dysfunctioning adipocytes and related secretion of pro-
inflammatory cytokines.77,78,115 Until now, few studies have examined the long-term 
outcome of this so-called ‘low-grade inflammation’.115,116 Only one study showed 
positive associations between second-trimester C-reactive protein concentrations 
and body composition at age 7-10 years.116 More research is needed to identify whether 
low-grade inflammation affects only body composition, or also other components of 
childhood cardiometabolic profile. 

Although postnatal growth did not mediate the association between pBMI and 
offspring’s cardiometabolic profile, it seems worthwhile to assess the role of growth 
throughout childhood.50,51,117-119 To model the adiposity rebound better, follow-up data 
of the children in the ABCD-study (now available for age 11-12 years) should be used. 
Moreover, now that self-reported information of the children is available, differences 
in appetite, satiety and food preferences between children with mothers of normal 
weight and with overweight, can be assessed. 

Furthermore, sex differences should be studied in more detail as this will provide 
important sex data on disease aetiology. Moreover, although ethnic and 
socioeconomic inequaltities are reported in both maternal and cardiometabolic 
profile, further research is needed on ethnic and socioeconomic differences in the 
associations between maternal metabolic parameters and childhood outcomes, as 
this thesis demonstrated socioeconomic inequalities in growth to overweight. 

Finally, the analyses performed in this thesis were performed in a longitudinal 
cohort. This means that, although the determinant pBMI precedes the effect (i.e. 
cardiometabolic profile in childhood) and, therefore, one of the conditions of 
causality is fulfilled, no conclusions can be drawn with regard to causality. Future 
research should aim to assess causal pathways between maternal overweight and 
childhood cardiometabolic profile. For this, possible designs could include cross-
cohort comparisons, Mendelian randomisation studies, or randomised controlled 
trials. First, a cross-cohort comparison that shows consistency between cohort 
studies would add to the credibility of the findings, but also cannot prove causality.120 
Second, a Mendelian randomisation study can be used to make causal inference: 
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“Mendelian randomization studies are therefore defined as any study that uses genetic 
variation that serves as a robust proxy for an environmentally modifiable exposure in 
order to make causal inferences about the outcomes of the modifiable exposure”.121 
For instance, based on this method, Lawlor et al. showed that, by using the Fat 
Mass and Obesity-Related gene as genetic variation, maternal pBMI did not have 
an effect on offspring’s fat mass.122 However, in a more recent paper, it is shown that 
also Mendelian randomisation studies are prone to bias, especially when maternal 
exposure and offspring outcome are the same characteristic.123 Lastly, randomised 
clinical trials can be used to compare the effect of a weight loss intervention on pBMI 
and metabolic parameters in pregnancy and offspring’s outcomes in the short- and 
long-term. 

Implications for public profile practice

Based on the work in this thesis, it appears that several periods might be eligible for 
the prevention of adverse cardiometabolic profile in childhood. The first period is 
before pregnancy, as an increased maternal pBMI was associated with an adverse 
cardiometabolic profile in childhood, also weight- and weight-for-length gain in the 
first 3 months were associated with an adverse cardiometabolic profile. Moreover, 
around age 2-3 years, differences in growth patterns became apparent between 
children of mothers with normal weight, overweight and obesity, and between 
children of mothers with low or high socioeconomic background. 

In 2015 the United Nations set Sustainable Development Goals in which prevention 
of non-communicable diseases is one of the core priorities. As obesity is an 
important risk factor for non-communicable diseases, the World Profile Organisation 
established a committee to end childhood obesity, as a risk factor for adult obesity 
and non-communicable diseases.124 Moreover, promoting a healthy weight status in 
childhood might influence the profile of upcoming generations, due to the potential 
vicious cycle of obesity. A healthy weight in girls, in childhood or adolescence, which is 
maintained up to her child-bearing age, will also improve the profile of her offspring. 
This thesis has shown that both the pre- and postnatal period are associated with 
cardiometabolic profile in childhood, which provides additional time points to start 
interventions to prevent non-communicable diseases.

Preventing childhood obesity might start during preconception by promoting a 
healthy lifestyle directed at healthy nutrition and sufficient physical activity.125 
Women might be more prone to lifestyle interventions when these affect not only 
their own health, but also their chances to conceive, and the health of their unborn 
child.126 The results emerging from this thesis on the effects of early pregnancy lipid 
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profile can contribute to identifying women who should be included in a prevention 
programme. Not every woman with overweight or obesity will develop pregnancy 
complications (like GDM) or give birth to a child that is large for gestational age. 
Identifying women with a truly increased risk, implies focusing on those women who 
need extra prenatal care, without targeting overweight women as a group. 

In the Netherlands, children are seen regularly from birth until age 18 years, by Youth 
Health Care workers. During the first 4 years, the children regularly visit Youth Health 
Care centres for immunisations and monitoring of their development and growth. 
During these visits, Youth Health Care physicians and nurses could pay specific 
attention to the growth of girls of obese mothers and the growth of children from 
a low socioeconomic background. Even though the latter group might not show a 
higher BMI during the first 2 years, our results show that children with overweight 
at age 5-6 years had a higher BMI after age 2 years. Youth Health Care centres also 
have ‘walk-in hours’ to measure infant growth. During these hours nurses should 
emphasise that growth according to the growth centile of the child is important, 
irrespective of whether it is the 15th or the 85th centile, as long as the child grows in 
proportion in both weight and length.

The city of Amsterdam is not only the birthplace of the ABCD-study but also the origin 
of a unique prevention programme aimed at tackling obesity: Amsterdamse Aanpak 
Gezond Gewicht (AAGG).127 This programme has not only reduced childhood obesity 
rates by 12%, it has also helped to reduce the socioeconomic inequalities in childhood 
obesity.128 This shows that an integral approach, in which all healthcare providers 
(e.g. midwives, general practitioners and Youth Health Care) work together with 
the schools, can reduce the prevalence of childhood obesity and the socioeconmic 
inequalities in childhood obesity.
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General conclusion
In this thesis, associations were examined between maternal characteristics and (in 
particular) maternal pBMI and offspring’s cardiometabolic profile in childhood, with 
a focus on early pregnancy lipid profile, family history of diabetes and postnatal 
growth as potential underlying mechanisms in this association. Moreover, maternal 
ethnicity, socioeconomic status and sex of the child were studies in relation to 
cardiometabolic profile in childhood. 

The work presented in this thesis indicates that:

1. High maternal pBMI, an atherogenic early pregnancy lipid profile, both a 
maternal and paternal family history of diabetes, and accelerated postnatal 
growth, are all independently associated with an adverse cardiometabolic 
profile at age 5-6 years.

2. Maternal early pregnancy lipid profile and postnatal growth do not mediate the 
association between maternal pBMI and offspring’s cardiometabolic profile at 
age 5-6 years.

3. Accelerated postnatal growth modifies the association between pBMI and 
cardiometabolic profile at age 5-6 years, with the most detrimental outcomes 
found in children of overweight mothers with accelerated postnatal weight gain 
or weight-for-length gain. 

4. Children with overweight at age 5-6 years and a lower socioeconomic 
background have a lower BMI during the first 2 years but increase rapidly in BMI, 
resulting in a higher BMI at age 7 years, compared to children with overweight 
at age 5-6 years and a higher socioeconomic background.

5. Maternal overweight has a stronger effect on girls than boys, related to faster 
postnatal growth and an adverse cardiometabolic profile in childhood. 
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