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We aimed to elucidate which periconceptional influences affect children’s 
cardiometabolic health and explore potential interventions to mitigate these 
effects. The current chapter will discuss the main findings of the research described 
in this thesis and reflect on them in light of some methodological considerations. 
Thereafter, clinical and public health interpretation and potential implications of 
the results will be discussed, including recommendations for future research.

MAIN FINDINGS
If mothers are obese before and during pregnancy their offspring have increased 
risks of developing a greater body mass index (BMI), adverse body composition, 
elevated blood pressure, metabolic disturbances, and poorer cardiorespiratory 
fitness. Interventions to improve maternal lifestyle before conception may 
mitigate the negative effects of maternal obesity on offspring’s cardiometabolic 
health. In contrast to this hypothesis, we could not detect differences in 
cardiometabolic health of 3-6 year old children whose mothers participated 
in the first preconception lifestyle trial in infertile women with obesity. Other 
studies have linked alterations to the periconceptional environment induced by 
assisted reproductive technology compared to natural conception, to adiposity, 
higher blood pressure and metabolic disturbances in offspring.1, 2 Despite these 
associations in observational studies, our follow-up of a randomized controlled 
trial of assisted reproduction treatments showed no indications of differences in 
childhood cardiometabolic health between children conceived after hormonal 
stimulation or the in vitro procedure of assisted reproduction. Suggesting that 
assisted reproduction treatment itself is of limited etiological role in the poorer 
cardiometabolic health seen among assisted reproduction children.

REFLECTION ON MAIN FINDINGS
The findings of the research described in this thesis could be interpreted as 
equivocal. On the one hand, as described in Chapters 2-4, our findings support 
many observational studies that have suggested an adverse early life environment 
to increase offspring’s risks of cardiometabolic dysregulation.3-8 These findings 
are in line with the Developmental Origins of Health and Disease (DOHaD) 
hypothesis.9 This conceptual framework postulates that exposure to an adverse 
environment during critical windows of development programs the structure 
and functioning of tissue and organs, which contribute to future morbidity and 
mortality risks.10, 11 Our findings, based on animal experiments with controlled 
exposures and postnatal environments, suggest that the periconceptional 
environment indeed causally affects future cardiometabolic health (Chapter 2). 
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On the other hand, our attempts to optimize the periconceptional environment 
by means of a preconception lifestyle intervention in obese women, did not 
lead to evident differences in childhood cardiometabolic health as described in 
Chapter 5. While this null finding may be interpreted as to dispute the DOHaD 
hypothesis, our limited numbers, despite intensive effort, reduced the power to 
detect differences substantially. Improving long-term follow-up rates in studies 
with obese women has proven challenging, and efforts to identify reasons for 
declining participation may help avert high attrition.12 

Also, in mothers of children participating in the follow-up there was minimal 
contrast between groups in maternal weight at the time they became pregnant, 
while in the initial study the intervention had led to maternal weight loss.13, 

14 Nonetheless, children had elevated BMI and blood pressures compared to 
population reference values, adding to the existing evidence that early life 
exposure to maternal obesity increases risks of future cardiometabolic disease.3, 15, 

16 Although our follow-up at 5 years found no effects, more subtle effects in cardiac 
structure and function may not be detected by our relatively crude outcome 
measures, or may only become apparent after prolonged follow-up.17 In our 
population, preliminary analyses of cardiac MRI’s and echocardiograms seem to 
suggest that subtle effects of the intervention may be present on cardiac function, 
and in turn may reduce future cardiovascular disease. Whether preconception 
lifestyle interventions in obese women are unable to affect offspring’s health 
needs to be confirmed in larger studies. Based on our study alone, the potential 
of periconceptional interventions and the importance of early life influences for 
long-term health should not be disregarded.18-21 

To date, few lifestyle interventions in obese adults and children have shown long-
term weight loss maintenance, and overall they have proven unable to revert the 
obesity epidemic.22-27 In obese women lifestyle interventions that started during 
pregnancy have been able to limit gestational weight gain and improved some 
indices of infant adiposity.28-30 Childhood follow-up of such lifestyle intervention 
trials commencing during pregnancy showed either no effect or negative effects 
on some cardiometabolic health indices in children of women in the intervention 
group.31-33 Subgroup analysis of the RADIEL trial, which included only a small 
number of women that started the intervention before pregnancy, showed no 
beneficiary or detrimental effects, but limited power should be taken into account. 

During fetal development there could be several vulnerable windows for 
environmental insults to affect future health.34 For instance, the heart may be 

mostly affected during early gestation,35, 36 and child’s adiposity seems most 
affected by sustained exposure to maternal obesity throughout the complete 
gestational period.37 Therefore, we postulated that reducing maternal obesity 
before pregnancy could lead to improvements of the in utero environment 
throughout pregnancy and reduce the intergenerational transmission of obesity.3-7 
While we expected women to maintain lifestyle changes after conception, they 
may have been unable to do so during pregnancy and/or thereafter.38-40 While 
influences during specific developmental periods predispose offspring to poorer 
health, these limitations often only become apparent with sustained exposure to 
an obesogenic environment.41 Hence, targeting only the relative short prenatal 
period may not be enough to counterbalance the negative effects of for instance 
genetics and the postnatal environment.42, 43 Long-term interventions influencing 
both parental and early childhood lifestyle habits may be more fruitful to mitigate 
the effects of maternal obesity on offspring’s health.44, 45 

METHODOLOGICAL CONSIDERATIONS
The randomized trial design of the trials described in this thesis prevented potential 
bias due to non-comparability between groups.46-48 However, as these trials were 
not designed and powered to assess childhood outcomes their reliability may 
be affected.49-52 Power calculations before the start of follow-up indicated that 
around 70% needed to participate to detect clinically relevant differences in for 
example BMI or blood pressure. The participation rates were especially low for 
children of women with obesity, which may be due to reluctance to participate in 
research about lifestyle and weight or to external factors such as socio-economic 
status (SES) or time investment.53-56 While speculative, refusal to participate may 
also be because women felt being reminded about the negative effects of obesity 
to be confronting, or women may have interpreted that examining their child’s 
health would be used as a judgement of their (in)ability to lose weight. Attrition 
bias due to loss to follow-up threatens the validity of follow-up studies.57 As not 
all participants were included, the sample at follow-up is no longer similar to that 
of the initial trial. In contrast to the initial trail outcome data,14, 46, 47 some factors 
became or were no longer different between randomization groups, including 
periconceptional BMI, birth weight and SES. Although these differences may 
indicate selective participation, sensitivity analyses correcting for these factors 
did not alter the results. 

When follow-up studies are not designed to assess pre-specified outcomes, it 
is important to provide a conceptual framework on how the intervention may 
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affect offspring’s health prior to performing follow-up assessments, to limit 
chance findings.58 The follow-up described in this thesis builds upon the DOHaD 
hypothesis, outcomes were specified before starting follow-up,59 and focused 
on cardiometabolic health for which most evidence currently exists.60-63 This 
minimalized the risk of selective reporting.64 Even though there was a large 
number of outcomes assessed, and hence a risk of spurious findings reaching 
statistical significance,65, 66 we found no statistical significant differences. 

POTENTIAL CLINICAL AND PUBLIC HEALTH 
IMPLICATIONS
In order to provide each child with an optimal start in life, additional efforts 
towards educating, motivating and guiding future parents to optimize their own 
health and that of their developing child are needed. Recent Institute of Medicine 
recommendations indicated early life factors to be key to a healthy development 
of young children in order to prevent childhood obesity.67 Implementing and 
extending these recommendations to include the periconceptional period would 
require active guidance of parents to obtain a healthy lifestyle and weight before, 
during and after pregnancy with continuous promotion of these healthy habits 
during the further development of children throughout childhood.44, 68, 69 The 
ongoing cycle of transmission of high risks of obesity and associated diseases 
from an obese parent to their child, who is more likely to become an obese 
adolescent and young adult, and in turn has children at high risk of obesity, needs 
to be broken.7, 70 

Many women know about the health risks of obesity. However, studies reported 
that pregnant women were mostly unaware of the effects of obesity on their 
(future) child.71-73 Other research showed that obesity is linked to lower SES,74, 

75 and among women with low SES there is a lower preconception healthcare 
utilization.76 Thus, there is an opportunity for preconception healthcare to be 
made more widely available and promoted, especially in the obese and those with 
lower SES.77, 78 Currently, preconception care guidelines and recommendations for 
the general public are inconsistent, and international collaborations may unify 
strategies to discuss preconception health more routinely.79, 80 Public awareness 
campaigns that focus on specific groups, encourage engagement, and provide 
a clear and concise message about the effects of maternal obesity, may all prove 
beneficial to improve preconception healthcare usage.81 However, this may not 
be sufficient, since even if women were made aware of unhealthy lifestyle factors 
before pregnancy, having knowledge of (un)healthy habits did not directly 

translate to changes in behavior.82, 83 Barriers to change lifestyle behaviors include 
intra- and interpersonal factors, social constructs and environmental factors.84 

Many opportunities remain for healthcare professionals to improve the lifestyle 
of women contemplating preganancy.78 The preconception lifestyle program, as 
utilized in Chapter 5, showed to be feasible in reducing BMI in obese infertile 
women before pregnancy.14 Determinants of successful weight loss in women 
were higher external eating behavior, not having received previous dietetic 
support, and a higher level of willingness to change on the six stages of health 
behavior change.85, 86 Qualitative studies reported that healthcare professionals 
often do not utilize (preconception) opportunities to counsel women with obesity. 
Lack of knowledge, beliefs about the consequences and environmental context 
were identified as the greatest barriers.78, 87-89 As many healthcare professionals 
have not been adequately trained in weight management, they are willing to 
receive and will likely benefit from additional training in empathic motivational 
counseling techniques.87, 90, 91 Furthermore, many women with obesity indicated 
that the information about the consequences of maternal obesity provided to 
them was conflicting and confusing, and women with obesity felt stigmatized.92, 

93 This shows that many aspects of the motivational counseling of obese women 
contemplating pregnancy can still be optimized. Our intervention and others 
have shown that lifestyle interventions also act on psychological wellbeing,13, 94 
and regular individualized counseling on goals geared towards feeling healthy, 
with less focus on weight, may be a strong facilitator of durable weight loss in 
(young) women with obesity.84, 92, 95 

Public health
The accumulation of body weight resulting in obesity can be simplified to an 
imbalance between energy intake and expenditure.96 The magnitude in which 
this imbalance is present in today’s society is not solely a result of individual 
choices,22 but is due to a complex interaction between biological susceptibility 
and socio-environmental factors.25, 97 While it is crucial to address obesity in women 
contemplating pregnancy, as it may reduce the susceptibility of obesity in their 
children,68, 98 the multifactorial development of obesity warrants addressing both 
pre- and postnatal factors simultaneously.41, 99 Individual lifestyle interventions 
have shown only limited success,26, 29, 44, 100 and while effective preventive measures 
to reduce obesity on the population level may take a long time to implement and 
yield results, they are necessary to counteract the forces leading to weight gain 
across the population.101-104 
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There is emerging evidence that childhood obesity is best tackled - in addition 
to the individual level - at multiple levels simultaneously, such as in families, 
schools and the living enviroment.44, 69, 104-107 Although currently there is increasing 
awareness and political willingness to address childhood obesity, which indeed 
has shown local improvements,108-111 sustainable community wide policies may 
still be hampered by ongoing debate whether obesity is a shared or personal 
responsibility.112 Identifying obesity as a disease may increase the urgency to find 
solutions.113, 114 Societal constructs act on a wide range of settings and effect a 
variety of factors which influence an individual’s diet and activity patterns, and 
hence affect the weight status of the population. Changing health behavior is 
challenging, and requires a combined investments from all involved across 
multiple levels, including the individual, community and government level.115 
Governments can take a leadership position by implementing policies that focus 
on increasing availability of healthy food options, restricting unhealthy food 
marketing, increasing options for active commuting and stimulating leisure time 
physical activities.97

As the number of (young) individuals with obesity remains alarmingly high,22 now 
is the time for stronger policies to improve nutrition, physical activity and sports 
at home, the school/work environment and the community to reduce obesity in 
future parents, their children, and subsequently the whole population.104, 109, 116 
The Dutch government has shown to support this notion by creating a national 
prevention agreement (nationaal preventieakkoord).117 For such legislation 
and policies to have the greatest effect, they need to correspond with local 
expectations and be supported by the community. Thus, while the government 
should aim to optimize the environment for each individual to be healthy, there 
is also a need for personal awareness and cooperation with communities to 
incorporate healthy habits.97, 118 For example, access to healthy foods and physical 
activity in low-income communities may come from subsidized community 
garden projects.119 And governments can help neighborhoods incorporate more 
possibilities for people to be physically active.120 Additionally, the school and 
workplace can provide many opportunities to improve lifestyle, such as subsidized 
healthy food options, lunchbreak exercise groups, adapted playgrounds, regular 
physical education, and classes on healthy diet.121-123 Similar to taxing alcohol and 
tobacco,124-126 a tax on high sugar drinks reduces its consumption and may help 
with weight management.127, 128 In a socio-environment that is less obesogenic, 
maternal weight loss may be more successful and may thus prevent childhood 
obesity through reduced programmed susceptibility in combination with 

optimized postnatal conditions.129, 130

To address the multifactorial development of obesity, a combined whole system 
approach to stimulate healthy behaviors in children has been shown to reduce 
the prevalence of childhood obesity in Amsterdam.131 The overall aim of this 
program is that every child has a healthy weight by 2033. The program targets 
environmental drivers of obesity and focuses on neighborhoods with the 
highest numbers of obese children and those of lower SES.132 This is done by a 
combined approach to optimize the first 1,000 days (from conception to 2 years 
of age)99 within the community through collaborations with local businesses, 
and publicly by for example restricting advertisements of unhealthy foods.133, 134 
Schools can start participating at any time in this intervention enabling them to 
become healthy schools.135 This approach works, rates of childhood overweight 
have declined from 21 to 18.5% between 2012 and 2015, with the greatest 
reduction in those of lower SES.136 Such an evidence-based system wide approach 
guided by the government shows that it is possible to halt and revert obesity 
trends. Furthermore, there is great potential to reach the long-term goals of this 
program through the change in behavior already achieved and by continuous 
optimization of the interventions.137 Similarly, in Massachusetts, a community 
based environmental change to increase physical activity and availability of 
healthy food options resulted in improved BMI in children 2 years later.138 While 
promising, these approaches need to be expanded and continued to examine 
whether the benefits remain during adolescence and young adulthood, and as 
such may improve health for the next generation as well.

SUGGESTIONS FOR FUTURE RESEARCH
The development of childhood obesity is a complex interplay between individual 
factors (genetics, in utero programming), family practices (lifestyle habits, beliefs), 
community (healthy food availability, playgrounds, infrastructure), and societal 
factors (policies, funding, public awareness).139, 140 All these factors work together 
in a system and can affect the risks of obesity. Currently, individual interventions 
remain the hallmark of medical research, as research into preventive or large 
scale community-wide interventions are much more difficult to implement 
and assess.141, 142 The complexity of the interventions needed to tackle the 
multifactorial development of obesity,140 indicate these can only be implemented 
at the government level in collaboration with stakeholders at each level.143 As 
the benefits of a whole system approach have already been shown,136, 138 there 
are many opportunities to expand this field of research to optimize the different 
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socio-environmental and individual aspects of obesity development to devise 
sustainable interventions in order to reduce obesity.144

The complex interplay of individual health behaviors with social constructs within 
a system is difficult to adequately capture in conventional research strategies. Also, 
social factors, like poverty, often do not fit the traditional definition of a causative 
risk factors as they influence a broad range of interconnected behaviors (food 
choices, physical activity, stress) that play a role in obesity.145 A systems-oriented 
approach, incorporating true interdisciplinary research (medical, public health, 
economics, government), may identify key pathways across multiple levels.146 
System-modelling techniques can determine which combination of interventions 
have the largest sustained effect on the whole system.147, 148 Novel system-modelling 
techniques can be added to existing multilevel or multicomponent interventions 
to examine their scalability and sustainability across different populations, to 
effectively alter human behaviour.116, 144, 147, 148 These complex systems could even 
be modulated in computer simulations before attempting them in real life.148, 149 
Finding the optimal mix and sequence of interventions at different levels can 
aid novel collaborations between stakeholders. Obesity prevention efforts that 
commit individuals, health care providers, private foundations, businesses and 
governments to collaborate for community wide change may well be the logical 
next step to prevent obesity.104, 109, 130, 136, 144, 150-152 

In order to assess whether a systems approach can induce maintainable changes 
in health behaviors would require a shift in attention and funding.153 Building 
collaborations between stakeholders requires time and commitment, and needs 
continuous dialogue to enable all partners to find common goals.154 Governments 
play an important role by implementing policies, and leadership is needed to 
coordinate efforts among governmental and non-governmental agencies, private 
corporations and communities.155 System wide research should be placed higher 
on research agendas and additional funding should be made available.144 The 
costs associated with obesity are expected to continue to rise,156 hence investing 
in preventive measures will likely be cost-effective.157 Given the current obesity 
epidemic,22, 25 simultaneous implementation and evaluation of such interventions 
is warranted.131, 137, 144, 158 These steps are desired to progress research within the 
DOHaD field to find sensible and sustainable ways to ensure long-term health 
through optimization of early life systems.68, 130, 144

CONCLUSIONS
Our individual lifestyle intervention to optimize the periconceptional environment 

has not been able to achieve its potential to mitigate the negative consequences 
of maternal obesity on the cardiometabolic health of children. The multifactorial 
causes of obesity suggest an opportunity for a system wide approach to examine 
the interplay of these factors at multiple levels, which may identify key pathways 
to be modified to reach the desired obesity reduction in the population. Now is 
the time for community wide collaborations involving individuals, health care 
providers, schools/workplaces, public agencies, businesses and the government 
to develop cross-disciplinary interventions and to assess their effects. Applying 
tailored early life interventions that enable prospective parents to contribute to 
their own health and that of their child before, during and after pregnancy, with 
simultaneously implemented supportive socio-environmental changes, may well 
enable individuals to sustain healthy habits, and hence provide the preventive 
measures needed to halt the intergenerational development of obesity.
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