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Early origins of health and disease
Pregnancy is a critical period in human development, during which a fertilized egg develops 

into a baby and all organs are formed. Organs such as the heart, kidneys and brain 

have a limited capacity for cell regeneration after birth (1-3) and certain environmental 

exposures during pregnancy can permanently alter the structure and function of the 

developing organs (4-6). This concept is known as the Developmental Origins of Health 

and Disease (DOHaD) and describes how early life experiences during critical periods of 

development can shape health and disease risks over the entire life course (7). 

The concept that early life exposures can influence long-term health has been long 

appreciated. In the first half of the 20th century, Kermack et al. demonstrated an 

association between poor living conditions in childhood and premature mortality (8). 

In the late 1980s, David Barker described an association between low birth weight and 

cardiovascular disease (CVD) in adulthood and hypothesized that the origins of chronic 

diseases in adulthood arise from foetal responses to the intrauterine environment (9). 

This hypothesis became known as the Barker or DOHaD hypothesis and provided the 

conceptual framework for DOHaD (10). 

Since then, many large-scale epidemiological studies across several continents and 

in different populations have demonstrated the long-term consequences of adverse 

exposures in early life (11-19). For example, factors such as maternal lifestyle and 

diet, birth weight, gestational age, duration of breastfeeding, and growth trajectories 

have been associated with several short- and long-term health outcomes in children 

(11-20). Increasing evidence has identified the time around conception, known as the 

periconception period, as being crucial for parental influences on the health of the next 

generation (21). 

Animal studies have provided evidence for the causal effects of the periconception period 

on the long-term health of the offspring (21, 22). For example, moderate undernutrition in 

sheep during the periconception period adversely affected skeletal muscle development 

in the foetus and impaired foetal and postnatal growth (23, 24). Moreover, offspring of 

rodents fed a low-protein diet during the periconception period had hypertension and 

adiposity in adulthood (25, 26). Studies in humans and animals have demonstrated that 

offspring born after assisted reproductive techniques have an increased risk of adverse 

cardiometabolic outcomes such as higher systolic blood pressure, an increased risk of 

obesity, and unfavourable changes in left ventricular structure and function compared 

with offspring that were conceived naturally (27-30). Taken together, there is strong and 
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1convincing evidence from human and animal research that the periconception period is a 

key window during which maternal physiology, body composition, metabolism, and diet 

can increase the risk of chronic disease in offspring (21).

Maternal obesity and long-term offspring health
Obesity, defined as a body mass index (BMI) ≥30 kg/m2, has reached epidemic proportions 

and is a major contributor to the global burden of chronic disease and disability (31). The 

worldwide prevalence of obesity has increased dramatically over the last 40 years and is 

expected to continue to rise (Figure 1) (32, 33). Obesity is more prevalent in women than 

in men and also affects women in their reproductive years (32, 33). Indeed, obesity is the 

most common medical condition in women of reproductive age (34) and some countries 

have reported that more than half of pregnant women are overweight or obese (35). 

Maternal obesity, defined as obesity in women during pregnancy, is associated with 

several adverse health outcomes for mother and child during pregnancy and after birth, 

including gestational diabetes, pre-eclampsia and large for gestational age infants (36). In 

addition, children born to women with obesity during pregnancy have a higher risk of 

asthma, type 2 diabetes and CVD (37-41). More specifically, children born to women with 

obesity during pregnancy have a 16% higher risk of developing CVD before the age of 25 

and a 30% higher risk of being admitted to hospital with cardiovascular events in 

adulthood than children born to women without obesity (39, 40). 
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Cardiovascular health in childhood
Cardiovascular health (CVH) involves the health of the heart and blood vessels (42). 

Emphasizing the importance of CVH in children promotes the lifelong improvement or 

preservation of health, which is better than simply focusing on treating CVD when it occurs 

(43). Indicators of CVH include blood pressure, fat mass and vascular stiffness. Poorer 

CVH in childhood and adolescence can increase the risk of CVD in adulthood (44, 45). For 

example, a 1-mmHg increase in systolic blood pressure during childhood was associated 

with a 27% increase in the risk of left ventricular hypertrophy in adulthood, which is an 

independent risk factor for CVD (46-49). In addition, an 11-mmHg increase in systolic 

blood pressure in a large cohort of asymptomatic adolescents was associated with a 

4% increase in ischaemic stroke and a 12% increase in haemorrhaging stroke 33 years 

later (50). The Bogalusa Heart Study showed that the prevalence of clinically diagnosed 

hypertension was much higher in individuals whose childhood systolic blood pressure 

was in the top quintile (18%) than in individuals whose childhood systolic blood pressure 

was in the lower quintiles (5%) (51). These studies have shown that poorer CVH in children 

is associated with an increased risk of CVD in adulthood, suggesting that improving CVH 

in childhood could reduce the risk of CVD risk later in life (52). It is therefore important to 

identify which early life factors affect CVH in childhood.

Maternal obesity and CVH in offspring
Maternal obesity has been associated with poorer CVH in childhood, such as increased 

blood pressure and fat mass (39, 53). This may explain the increased risk of CVD in adults 

born to mothers with obesity (54-57). For example, maternal obesity is associated with a 

2.5-mmHg higher systolic blood pressure and a 1.24- kg/m2 increase in BMI in childhood 

(56, 58). Studies assessing CVH in children have often reported anthropometrics and 

blood pressure, which are accessible, non-invasive metrics that correlate well with CVD 

in adulthood (52). However, imaging-derived indicators of CVH provide a more detailed 

assessment of the heart and blood vessels and can offer additional prognostic value 

(49). In asymptomatic adults, imaging-derived indicators of CVH, including cardiac 

structure and function parameters, are important predictors of CVD (59). For example, 

left ventricular hypertrophy has been associated with a 2.6-fold increase in the risk of 

CVD-related death after 10 years (59). Furthermore, cardiac strain and interventricular 

septum thickness are crucial predictors of CVD in asymptomatic adults (60, 61). 

Imaging-derived indicators of CVH can improve the predictive power of the Framingham’s 

risk score (FRS) in young adults (62). The FRS is a common tool for assessing the CVD risk 
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1over a 10-year period and considers age, sex, smoking status, systolic blood pressure and 
cholesterol levels (63). One such imaging-derived indicator is increased left ventricular 
mass (LVM) indexed to height in young adults. This increased the predictive power of the 
FRS and correctly reclassified individuals based on their CVD risk (62). Notably, imaging-
derived indicators of CVH can be tracked throughout life (64, 65) and this tracking 
indicates the maintenance of an individual’s given rank order relative to that of their 
peers over time. For example, children with a higher LVM are more likely to become 
young adults with higher LVM than their peers are (64, 65). This indicates that imaging-
derived indicators of CVH in childhood can help determine CVD risk later in life. 

The exact pathophysiology of the increased CVD risk in offspring of women with obesity 
during pregnancy remains to be determined (39, 53). Experimental animal studies have 
demonstrated that maternal obesity during pregnancy directly affects imaging-derived 
indicators of CVH in their offspring, which may increase the risk of CVD in the offspring 
(66-68). In humans, foetuses of women with obesity have a lower systolic and diastolic 
function than those of women without obesity (69, 70). Maternal obesity is also associated 
with increased interventricular septum thickness in infants (71) and increased general 
and organ fat in older children (72). A systematic review summarizing the associations of 
maternal obesity with cardiac structure and function in offspring could be important for 
understanding determinants of cardiovascular health in offspring born to women with 
obesity. 

Association or causation? 
Most evidence for an association between maternal obesity and offspring CVD in humans 
comes from observational studies. An important limitation of observational studies is 
the presence of confounding factors (73). Associations between maternal obesity and 
CVD in the offspring could be confounded by a shared genetic make-up or the postnatal 
environment rather than reflecting a causal relationship (73). Causality can be addressed 
in experimental studies. For example, experimental animal studies induce obesity in 
a controlled setting, excluding potential confounders and making an assessment of 
causality possible (74). These animal studies have demonstrated that maternal obesity 
leads to adverse CVH conditions in their offspring, including cardiac dysfunction, 
hypertension and increased fat mass (57, 66, 75). 

However, experimental induction of maternal obesity in humans to see how offspring 
CVH is affected is both unethical and impractical. Therefore, other approaches have been 
taken to investigate a causal relationship between maternal obesity and offspring health. 
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For example, sibling studies can better control confounding factors such as genetics and 

shared lifestyle because these are assumed to be more similar between siblings than 

between non-siblings (76). These studies have shown that lower gestational weight gain 

in subsequent pregnancies in women with obesity improved the cardiometabolic profile 

of the younger sibling (77). 

A higher BMI in subsequent pregnancies has been associated with a higher risk of CVD 

in younger siblings, suggesting that increasing maternal obesity increases the CVD risk of 

the child (39). Moreover, siblings born after maternal bariatric surgery with accompanying 

weight loss showed altered methylation patterns indicating improved cardiometabolic 

markers than siblings born before the bariatric surgery (78). Although the difference in 

CVD risk between siblings is small, these studies suggest that the association between 

maternal weight and CVD risk in the offspring can be partly attributed to maternal 

weight during pregnancy. However, the pathways underlying the increased risk of CVD 

in children born to women with obesity are most likely multifactorial, comprising both 

prenatal and postnatal factors (34). 

Comparing the strength of associations between maternal or paternal BMI and offspring 

health can differentiate between intrauterine pathways and factors related to genetics 

or lifestyle, respectively (58, 79). Maternal obesity increases the odds of childhood 

overweight by 3.8 whereas paternal obesity increases the odds of childhood overweight 

by 2.5 (58). This suggests that intrauterine pathways are (partly) responsible for the 

association between maternal obesity and childhood overweight. If a causal relationship 

between maternal obesity and poorer CVH in childhood is confirmed, interventions 

targeting maternal obesity could improve CVH in children and reduce the prevalence of 

CVD in future generations. 

Addressing maternal obesity to improve cardiovascular 
health in offspring
Although it is challenging to improve lifestyle, interventions have proven to be moderately 

effective in improving lifestyle and CVH in populations with obesity (80). In pregnant 

women with obesity, diet or exercise interventions effectively reduced weight gain 

during pregnancy (81). This indicates that lifestyle interventions in women with obesity 

before pregnancy could improve CVH and reduce CVD burden in the next generations 

(82). Randomized controlled trials (RCTs) are needed to assess how lifestyle interventions 

in women with obesity before or during pregnancy affect the CVH of their children. 

However, legal, practical and financial hurdles have limited the number of RCTs assessing 
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1lifestyle interventions during pregnancy in women with obesity or performing follow-up 
assessments in the offspring (83). 

Seven RCTs have assessed how lifestyle interventions affect offspring health and these 
studies were recently summarized in a meta-analysis (79). This meta-analysis found 
no effect of dietary and/or lifestyle interventions during pregnancy on anthropometric 
measurements, blood pressure or fat mass in the offspring (83). To our knowledge, only 
two RCTs evaluating lifestyle interventions in pregnant women with obesity – the ETIP 
trial and the RADIEL trial – have included follow-up assessments of CVH in the children 
(including indicators of cardiac structure, cardiac function, and pulse wave velocity [a 
marker of arterial stiffness]) (84, 85). The ETIP trial found no effect of a lifestyle intervention 
during pregnancy on gestational weight gain in women with overweight or obesity (84), 
although the incidence of gestational diabetes mellitus (GDM) and the systolic blood 
pressure were lower in the intervention group than in the control group (84). However, 
follow-up evaluations did not show a beneficial effect of the lifestyle intervention on 
cardiac structure and function in the offspring 6–8 weeks after birth (72). The RADIEL 
study included women with obesity or a history of GDM and found no difference in 
GDM incidence between the control and intervention groups (85). Furthermore, follow-
up evaluations did not find a significant effect of the intervention on cardiac structure, 
function and pulse wave velocity in the offspring 6 years after birth (86-88). 

Both of these follow-up studies assessed lifestyle interventions offered during pregnancy. 
Maternal obesity before conception and gestational weight gain during the first trimester 
appeared to be more strongly associated with cardio-metabolic outcomes in childhood 
than weight gain later in pregnancy was (89, 90). Obesity has also been associated with 
reduced oocyte quality, possibly due to ovarian inflammation, and this may affect long-
term health in children (34, 91). Taken together, these findings suggest that interventions 
to improve lifestyle during pregnancy in women with obesity might be too late to prevent 
adverse outcomes in the offspring (92). Interventions to improve lifestyle before pregnancy 
in women with obesity may improve the intrauterine environment before conception 
and could potentially be more effective in improving CVH in children. 

Preconception lifestyle interventions in women with 
obesity
The LIFEstyle study assessed the effect of a preconception lifestyle intervention on fertility 

outcomes in women with obesity and infertility (93). The lifestyle intervention consisted 

of a 6-month diet and exercise program prior to infertility care (93). The intervention 
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improved maternal lifestyle, resulted in an average of 4 kg weight loss, halved the odds 

of metabolic syndrome 6 months after randomization, and beneficial effects were seen 

up to 6 years later in women who successfully lost weight (93-96). To our knowledge, the 

LIFEstyle study is the only preconception lifestyle intervention with follow-up evaluations 

to determine the long-term health outcomes in the offspring (93, 97). We aimed to 

determine if improving maternal preconception health in women with obesity using a 

preconception lifestyle intervention would enhance imaging-derived indicators of CVH 

in their children. 

Improving follow-up in children after preconception 
lifestyle interventions
To assess if a preconception lifestyle intervention in women with obesity sustainably 

improves CVH in their children and eventually prevents CVDs, children of women who 

participated in a preconception lifestyle intervention need to be followed up for an 

extensive period. RCTs assessing interventions before and during pregnancy often focus 

on short-term outcomes in the mother and child, and long-term outcomes are rarely 

primary end-points in these studies (98). Long-term follow-up in children after maternal 

interventions before or during pregnancy is challenging because of financial, logistical 

and legal difficulties (98). Funding resources are not likely to cover follow-up periods of 

10 years or more, and parents cannot consent to their child participating in future follow-

up studies before they are born (98). In addition, the long period between inclusion in 

the RCT and invitation to follow-up is likely to cause attrition, with some participants 

being lost to follow-up (98, 99). This can reduce the statistical power needed to detect 

differences between groups and may induce selection bias. Selection bias can result in 

differences between the control and intervention groups other than the intervention, 

which jeopardizes the ability to assess causality in follow-up studies (100, 101). To 

maximize participation in long-term follow-up studies, we need to understand why 

mothers decide to participate in these studies. These insights could be considered when 

designing future RCTs of preconception lifestyle interventions to increase participation 

in follow-up, prevent attrition bias, and allow causality to be determined. Therefore, we 

aimed to identify which factors lead mothers to participate in follow-up examinations with 

their child after participating in an RCT assessing preconception lifestyle interventions. 
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1Aims
The aims of this thesis are:

1. To systematically review the human evidence on associations between maternal 

obesity before or during pregnancy and cardiac structure and function in their 

offspring.

2. To determine if a preconception lifestyle intervention in women with obesity 

improves imaging-derived indicators of CVH in their offspring.

3. To determine the factors that lead mothers to participate in follow-up examinations 

with their child after participating in an RCT before pregnancy.

Outline of this thesis
Chapter 2 presents the results of a systematic review and meta-analysis summarizing 

the evidence from human observational studies on the associations of maternal obesity 

with cardiac structure and function in their children. Chapter 3 describes the outcomes 

of the follow-up of a preconception lifestyle intervention in women with obesity on 

cardiac structure and function in their children as measured with echocardiography. The 

effects of this intervention on MRI-derived indicators of CVH in children are presented 

in Chapter 4. Chapter 5 describes which factors lead mothers to participate in follow-

up studies with their child after participating in a preconception lifestyle intervention. 

Chapter 6 provides a general discussion and conclusion and describes the implications 

of our findings. Finally, Chapter 7 summarizes our results.
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Abstract
The prevalence of obesity is increasing worldwide. Experimental animal studies 

demonstrate that maternal obesity during pregnancy directly affects cardiac structure 

and function in their offspring, which could contribute to their increased cardiovascular 

disease (CVD) risk. Currently, a systematic overview of the available evidence regarding 

maternal obesity and alterations in cardiac structure and function in human offspring 

is lacking. We systematically searched the electronic databases Embase, MEDLINE and 

NARCIS from inception to June 29, 2022 including human studies comparing cardiac 

structure and function from fetal life onwards in offspring of women with and without 

obesity. The review protocol was registered with PROSPERO International Prospective 

Register of Systematic Reviews (identifier: CRD42019125071). Risk of bias was assessed 

using a modified Newcastle-Ottawa scale. Results were expressed using standardized 

mean differences (SMD). The search yielded 1589 unique publications, of which thirteen 

articles were included. Compared to offspring of women without obesity, fetuses 

of women with obesity had lower left ventricular strain, indicative of reduced systolic 

function, that persisted in infancy (SMD -2.4, 95% confidence interval (CI) -4.4 standard 

deviation (SD) to -0.4 SD during fetal life and SMD -1.0, 95% CI -1.6 SD to -0.3 SD in 

infancy). Furthermore, infants born to women with obesity had a thicker interventricular 

septum (SMD 0.6 SD, 95% CI 0.0 to 1.2 SD) than children born to women without obesity. 

In conclusion, cardiac structure and function differs between fetuses and children of 

women with and without obesity. Some of these differences were present in fetal life, 

persisted in childhood and are consistent with increased CVD risk. Long-term follow-up 

research is warranted, as studies in offspring of older age are lacking.



Maternal obesity in pregnancy and children’s cardiac function and structure

27   

2

Introduction
The prevalence of obesity is increasing worldwide (1, 2), with some countries reporting 

up to half of women entering pregnancy with overweight or obesity (3). Obesity before 

or during pregnancy is associated with adverse pregnancy outcomes, such as gestational 

diabetes mellitus (GDM), preeclampsia and preterm birth (4-7). In addition, children 

born to women with obesity during pregnancy are more likely to develop obesity, type 

2 diabetes and cardiovascular diseases (CVD) (8, 9). Furthermore, maternal obesity is 

associated with an increased risk of congenital heart disease in their children and 

premature death from cardiovascular events as compared to children born to women 

without obesity during pregnancy (10, 11).

The exact pathophysiology of this increased CVD risk in offspring of women with obesity 

during pregnancy remains to be determined (9, 10). The increased CVD risk could be 

partially explained by the higher risk of hypertension and obesity observed in offspring 

of women with obesity (12, 13). However, experimental studies in animals demonstrate 

that maternal obesity during pregnancy directly affects cardiovascular development in 

their offspring which could also explain the increased CVD risk in the offspring (14-17). 

For example, a mouse model demonstrated that maternal obesity during pregnancy 

resulted in systolic and diastolic dysfunction in the fetus, which persisted throughout 

adulthood and was independent of offspring’s body weight and postnatal diet (17). In 

addition, offspring born to obese mice and sheep demonstrated cardiac hypertrophy 

and fibrosis (14, 15). 

To our knowledge, no systematic review has addressed the relation of maternal obesity 

in humans and cardiac alterations in their offspring, excluding congenital heart disease. 

We therefore conducted a systematic review on the available evidence on this topic. 

Methods
We performed a systematic review according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses guidelines. The review protocol was registered 

with PROSPERO International Prospective Register of Systematic Reviews (identifier: 

CRD42019125071, first version on April 12th 2019, updated version February 10th 2021). 

Ethical approval: This article does not contain any studies with human participants 

performed by any of the authors.
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Search strategy

A medical information specialist (JL) performed a systematic search in OVID MEDLINE, 

OVID EMBASE and NARCIS (scholarly information in the Netherlands) from inception to 

June 29, 2022. Search terms included controlled terms (i.e. MeSH-terms in MEDLINE) and 

free text terms for the following concepts: [1] obesity/ weight gain; [2] (a) fetal heart, fetal 

programming or prenatal exposure or (b) (pre)-pregnancy and offspring and [3] heart 

function or structure. Animal studies were excluded. No other restrictions, including date 

and language restrictions, were applied. For the complete search strategy, see Table S1. 

We additionally searched the reference lists of included papers and the papers citing 

these studies using Web of Science for additional relevant publications. Citations were 

imported and deduplicated using EndNote® (18).

Two reviewers (TdH and MR) independently screened titles and abstracts for eligibility 

using Rayyan as a web tool (http://rayyan.qcri.org). Disagreements were resolved 

through discussion with a third reviewer (AvD) until consensus was reached. The full texts 

of relevant articles were screened for eligibility. If full texts were not available through the 

library system, we contacted authors directly to request full texts. Full text screening was 

done by the same two independent reviewers.

Inclusion and exclusion criteria

Studies were eligible if they:

• reported on cardiac function or structure as measured by echocardiography or 

magnetic resonance imaging (MRI) and

• reported on the outcomes of fetuses and offspring from mothers with maternal 

obesity, defined as body mass index (BMI) ≥ 30 kg/m2 before and/or during pregnancy 

and

• reported on the outcomes of fetuses and offspring of control pregnancies with a BMI 

<30 kg/m2 before and/or during pregnancy

Preconception BMI was defined BMI measured within 6 months before pregnancy. 

Conference abstracts were included only if the contained enough data relevant to the 

outcomes of interest and  to adequately assess risk of bias.

We excluded studies if 1) It was not possible to differentiate between the outcomes of 

women with obesity and those of controls, 2) they focused on the incidence of congenital 

heart disease in offspring, or 3) they included women exclusively based on their higher 

GDM risk. 
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Outcomes 

Primary outcomes were determined on the basis of clinical utility and validity of the measures 

according to the American Society of Echocardiography Pediatric and Congenital Heart 

Disease Council (19): (1) markers of left ventricle (LV) structure and dimension, including 

interventricular septum diameter at end diastole (IVSd), left ventricular internal diastolic 

diameter (LVIDd), end-diastolic left ventricular posterior wall thickness, left ventricle mass 

(LVM), LVM indexed for body surface area (BSA) (LVMI), relative wall thickness, end-diastolic 

volume indexed for BSA (EDVi) and end-systolic volume indexed for BSA (ESVi), (2) markers 

of systolic function, including shortening fraction (SF), ejection fraction (EF), tissue Doppler 

derived peak systolic velocity (s’), longitudinal strain (LS) and tricuspid annular plane systolic 

excursion (TAPSE), (3) markers of diastolic function, including isovolumic relaxation time, 

mitral valve E/A ratio, tissue Doppler derived early (e’) and late (a’) diastolic velocity, and 

(4) global cardiac functioning as expressed with the myocardial performance index. We 

included LS measurements derived from the apical 4-chamber view, or all apical views (2-, 

3- and 4-chamber). LS has a negative value, but we will refer to lower strain as a value closer 

to zero, meaning reduced systolic function. Other echocardiographic outcomes and MRI 

derived parameters were assessed as secondary outcomes.

Data extraction and quality assessment

Data extraction was performed by two independent reviewers (TdH and MR). We 

stratified the cardiac outcomes for the following developmental stages: (1) fetuses, (2) 

neonates (< 28 days of age) (3) infants (28 days to 1 year of age), (4) children (1 to 12 

years), (5) adolescents (12 to 18 years) and (6) adults (>18 years). For each included study 

the following parameters were collected: (1) study design, (2) definition of maternal 

obesity, (3) timing of maternal BMI measurement, (4) fetal/offspring’s age at outcome 

assessment, (5) number of participants and (6) relevant outcomes, including the 

numbers, mean/standard deviation (SD) for normally distributed variables, and median/

range for variables that were not normally distributed. We also collected information on 

potential confounders, including: prevalence of type 1 and type 2 diabetes, GDM and 

hypertensive disorders of pregnancy, gestational age, birthweight, sex, maternal age, 

offspring blood pressure and offspring heart rate. Since cardiac mass and dimensions 

in the pediatric population are usually adjusted for BSA or weight we also collected  

offspring anthropometrics at time of measurement (20). In case of fetal studies, maternal 

blood pressure and heart rate was collected if available. If, in addition to groups with and 

without obesity, a study consisted of a third group of women with type 1 or 2 diabetes 
or GDM, we excluded this/ these group (s). If not all required data was present in the full 



Chapter 2

30

text, we contacted the authors for additional data. If maternal BMI followed a normal 
distribution and was categorized in more than two groups in the original paper, we 
calculated the pooled means and SD to create a group with obesity (BMI ≥30 kg/m2) and 
a control group (BMI <25 kg/m2) group where possible. If only the 95% CI for normally 
distributed variables was available, SD was calculated manually.

For the assessment of the methodological quality of the articles two independent reviewers 
(TdH and MR) used the Newcastle-Ottawa Scale (NOS) for cohort studies (21). Studies were 
assessed on three categories; selection, comparability and outcome. For cross-sectional 
studies, we used the NOS for cohort studies excluding the assessment of the follow-up 
period. S4 and S5 Figs demonstrate our adjusted NOS risk of bias form for cohort and 
case-control studies, respectively. A maximum of 9 or 7 stars could be awarded to cohort 
and cross-sectional studies, respectively. Low risk of bias was defined as a final score of 8-9 
or 6-7 stars, moderate risk of bias was given for 7 or 5 stars and high risk of bias for 6 or 4 
stars or less for cohort and cross-sectional studies, respectively. Funnel plots were used to 
assess possible publication bias in outcomes that included 10 or more studies (22).

Statistical analyses

Meta-analyses 
Two or more articles reporting on the same cardiac outcome in the same developmental 
stage were included for pooled analyses using Cochrane Collaborations RevMan 
Software version 5.4 (The Cochrane Collaboration, Copenhagen, Denmark) (22). If one 
article reported on repeated measurements at different developmental stages, we 
included the measurement that best matched the other studies for meta-analyses. Meta-
analyses were performed using a random effects model. Due to differences in methods 
of assessment, for example strain being measured only in four-chamber view, or both 
two- and four-chamber view, we reported standardized mean differences (SMD) with 95% 
confidence intervals (CI). We defined low and high heterogeneity according to I2 cut-offs 
of 30% and 75%, respectively (23). Articles were not excluded in our meta-analyses due 
to high heterogeneity, but potential sources causing high heterogeneity were discussed. 

Outcomes that could not be included in our meta-analyses due to inability to extract a 2x2 
table or single measurements were described narratively. If the same cardiac outcome 
measure was described at different ages, either within one article or in different articles, 
we constructed boxplots for a visual representation of the development over time. In 
our boxplots we plotted the SMD of cardiac outcomes against time. The SMD and 95% 
CI were derived from single measurements or when available, from our meta-analyses.
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Sensitivity and subgroup analyses

Maternal obesity is often accompanied by pregnancy induced hypertension and 

hyperglycemia in pregnancy (24, 25). These comorbidities are independently associated 

with alterations in offspring’s cardiac outcomes (26, 27). To evaluate if cardiac outcomes 

in offspring of women with obesity before or during pregnancy are independent from 

maternal hypertension and maternal glucose regulation disorders we performed 

sensitivity analyses excluding articles that included women with type 1 or 2 diabetes, 

GDM or hypertensive disorders of pregnancy. We also performed subgroup analyses 

exploring possible sex differences in the outcomes. 

Results
Description of included studies

The literature search identified 1589 unique publications (see Fig 1). After title and 

abstract and full-text screening, thirteen articles were included. For the rationale and 

reasons for exclusions, see Fig 1. These thirteen articles contained data from ten original 

studies, comprising offspring of 1068 women with and 7615 women without obesity 

before or during pregnancy. Ten articles included data measured by echocardiography 

(28-38), and two articles reported on data measured by MRI (39, 40). 

Table 1 shows the characteristics of the included studies. Six articles reported on 

outcomes in fetuses (n=1483) (28-33), three articles on outcomes in neonates (n=187) 

(34, 35, 39), three on outcomes in infants (children <1 year of age) (n=234) (34-36) and 

three articles reported on outcomes in children older than 1 year of age (n=6966) (38, 40, 

41). No articles reported on cardiac structure or function in adolescents or adults born to 

women with obesity. S2 Table demonstrates the outcomes measured per included study.

Four articles reported on repeated measures (30, 33-35). Ingul et al. (30) included fetal 

cardiac outcomes at 14, 20 and 32 weeks of gestation. Lee-Tannock et al. (33) described 

cardiac measurements in fetal life every four weeks from inclusion until delivery. Guzzardi 

et al. (34) reported on cardiac outcomes in neonates and infants, including measurements 

at birth and 3, 6 and 12 months of age. The article of Nyrnes et al. (35) consisted of partly 

the same cohort as Ingul et al., but reported on cardiac outcomes measured at 1-3 days 

and 6-8 weeks after birth. To best match the other included studies, data measured at 

32 weeks of gestation by Ingul et al. and 28-32 weeks of gestation by Lee-Tannock et al. 

were  used in our meta-analyses on fetal outcomes. For the neonatal stage, we included 

outcomes at birth from Guzzardi et al. and 1-3 days of age from Nyrnes et al. Outcomes at 
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3 months of age from Guzzardi et al. and outcomes at 6-8 weeks of age from Nyrnes et al. 

were included in the infant stage.

Records identified 
in MEDLINE

(n= 595)

Records identified 
in EMBASE

(n= 1244)

Records identified 
in NARCIS

(n=3)

Additional 
records

(n=0)

1589 of records 
after duplicates 

removed

1275 of records 
excluded

52 articles 
included for full-

text eligibility

13 studies 
included in 
qualitative 
synthesis

12 studies 
included for 

meta-analyses

39 articles excluded, with 
reasons

19= no clear obese and 
non-obese group

11= conference abstracts 
with limited information

3= no full-text available

3= wrong outcome

1= no english available

1=insufficient data

1=included animal data

Figure 1: Prisma Flowchart
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Cardiac structure

Meta-analyses for cardiac structure were possible for IVSd in fetal life and during infancy, 
EDVi and ESVi in the neonatal stage, LVMI in the neonatal, infancy and childhood stage and 
relative wall thickness in childhood (see Table 2 and S1 Fig for forest plots). IVSd did not 
differ in fetuses from women with obesity as compared to controls (SMD 0.1, 95%CI -0.43, 
0.70). However, two studies showed that during infancy IVSd was increased in infants born to 
women with obesity as compared to controls (SMD 0.6, 95% CI 0.04, 1.19). LVMI did not differ 
between neonates, infants and children born to women with or without obesity before or 
during pregnancy (SMD -0.1 95% CI -0.79, 0.61, SMD 0, 95% CI -0.80, 0.79 and SMD 0.22, 95% 
CI -0.02, 0.45, respectively). EDVi and ESVi in the neonatal stage did not differ between those 
born to women with and without obesity (SMD -1.9, 95% CI -4.09, 0.30 and SMD 0.0 95% 
CI -1.09, 1.05, respectively). Relative wall thickness was not significantly different between 
children born to women with and without obesity (SMD 0.34, 95% CI -0.38, 1.07).

Cardiac structural outcomes not available for meta-analyses were displayed in boxplots. 
Boxplots for the association of offspring’s IVSd, EDVi, ESVi, LVMI and LVIDd with maternal 
obesity through different developmental periods are displayed in Fig 2. Fetuses of 
mothers with obesity had a lower LVIDd at 14 weeks as compared to controls, but this 
difference disappeared later in life. A single study demonstrated that, at 6 years of age, 
children born to women with obesity have a significantly higher LVMI as compared to 
controls. Another study demonstrated a significantly thicker left ventricular wall thickness 
at end-diastole in children born to women with obesity as compared to controls (Table 3).

Single studies reported no associations between end-diastolic left ventricular posterior 
wall thickness in infants and maternal obesity. Relative wall thickness was higher in 
infants born to women with obesity as compared to controls, but this difference was 
not visible in children. Kulkarni et al.(32) reported on non-normally distributed data in 
fetuses and demonstrated that obesity before or during pregnancy was not associated 
with increased IVSd (fetuses of mothers with obesity: median 2.0, interquartile range 
(IQR) 1.6-2.9; fetuses of lean mothers: median 1.9, IQR 1.4-2.5) (32).

Systolic function

Meta-analyses for systolic function demonstrated that maternal obesity was associated 
with lower LV strain in fetal life (SMD -2.4, 95% CI -4.42, -0.36) and infancy (SMD -1.0, 95% 
CI -1.56, -0.33) as compared to controls. RV strain, EF, SF and TAPSE were not significantly 
different between neonates or infants born to women with and without obesity before 
or during pregnancy (Table 2 and S2 Fig).



Maternal obesity in pregnancy and children’s cardiac function and structure

35   

2

Boxplots were available for LV strain, RV strain, SF, EF, TAPSE and LV s’ (Fig 2). LV strain in 

fetuses and offspring of women with obesity was consistently lower at every measured 

time point, ranging from 14 weeks of gestation until 4 years after birth. RV strain was 

also lower in fetuses and neonates of women with obesity as compared to controls at 

almost all time points (Fig 2). Fetuses and infants of women with obesity demonstrated 

significant lower LV s’ and TAPSE at a few time points as compared to controls (see Fig 2). 

Kulkarni et al. reported on non-normally distributed data and demonstrated a significantly 

higher EF in fetuses of women with obesity as compared to fetuses of women without 

obesity (median 60%, range 55 to 66; median 68%, range 61 to 76, respectively, p= 0.01). 

No significant differences in single studies were found for ejection time and isovolumic 

contraction time (Table 3).

Table 2: Summary of meta-analyses for primary outcomes of cardiac structure and function in 
offspring born to women with obesity compared to offspring of control group Results are presented 
as standardized mean difference (SMD) [95% confidence interval]

Studies Participants Fetal Neonatal Infant Children
MO Control SMD^ (95% CI) SMD^ (95% CI) SMD^ (95% CI) SMD^ (95% CI)

IVSd 4 139 163 0.1 [-0.43, 0.70] 0.6 [0.04, 1.19]*
LVMI 4 33 66 -0.1 [-0.79, 0.61] 0.0 [-0.80, 0.79] 0.22 [-0.02, 0.45)
EDVi 2 -1.9 [-4.09, 0.30]
ESVi 2 0.0 [-1.09, 1.05]
RWT 2 0.34 [-0.38, 1.07]
TAPSE 4 176 190 -1.2 [-2.30, 0.01]
LV S 5 157 161 -2.4 [-4.42, -0.36]* -1.0 [-1.56, -0.33]*
RV S 2 52 43 -1.1 [-2.83, 0.63]
EF 3 33 66 0.1 [-0.40, 0.68] 0.6 [-0.58, 1.68]
SF 2 52 43 0.2 [-1.23, 1.54]
LV e’ 3 133 92 -0.4 [-1.52, 0.78]
LV a’ 3 133 92 -1.5 [-4.01, 0.97]
IVS e’ 2 103 67 0.2 [-0.16, 0.46]
IVS a’ 2 103 67 0.5 [-0.52, 1.47]
MPI 3 263 952 0.5 [-0.03, 0.96]
MV e/a 3 129 137 0.0 [-0.28, 0.23]
IVRT 2 80 114 1.6 [-6.42, 9.65]

*= p<0.05
^results presented are not corrected for confounding variables
MO= maternal obesity
IVSd= Interventricular septum at end-diastole
LVMI= Left ventricular mass index
EDVi= LV end diastolic volume indexed for BSA
ESVi= LV end systolic volume indexed for BSA
RWT= relative wall thickness
TAPSE= Tricuspid annular plane systolic excursion
LV= Left ventricle
S= Strain
RV= Right ventricle
EF= Ejection fraction
SF= Shortening fraction
SV= Stroke volume
MV= Mitral valve
MPI= Myocardial performance index 
IVRT= Isovolumic relaxation time
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Figure 2: Boxplots demonstrating associations between maternal obesity and cardıac 
alterations in offspring measured at multiple timepoints in different individuals, as 
expressed by standard mean deviations (SMD) and 95% confidence intervals (Cl)
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Figure 2: continued 
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Table 3: Primary outcomes available in single studies Born to women with obesity vs born to women 
without obesity Data presented as standardized mean difference [95% CI] unless stated otherwise

Fetal Infants Children
RWT 0.1 [0.01 to 0.11]*
LVPWd -0.3 [-0.97, 0.47] 0.62 [0.19, 1.04]*
ET -0.1 [-0.47, 0.32]
IVCT 0.0 [-0.36, 0.43]

*= p<0.05
RWT= Relative wall thickness 
LVPWd= Left ventricular posterior wall thickness 
ET= Ejection time
IVCT= Isovolumic contraction time

Diastolic and general function

In fetal life, no associations between maternal obesity and LV e’ or a’ were found (Table 

2). In addition, isovolumic relaxation time, MV E/A and myocardial performance index did 

not differ between fetuses from mothers with obesity as compared to controls (Table 2 

and S3 Fig for forest plots). The association between LV e’, a’ and MV E/A with maternal 

obesity at every measured time point were also demonstrated in a boxplot (Fig 2). The 

difference in LV e’ and a’ between infants born to women with obesity and controls 

seemed to increase after birth, with infants born to women with obesity demonstrating 

lower velocities. This difference was most pronounced for LV e’ velocity. MV e/a did not 

seem to differ between fetuses and infants of women with obesity and their controls.

Secondary outcomes

Santos et al. (40) found that, at age 10, children born to women with obesity had a higher 

pericardial fat mass as measured with MRI indexed to height as compared to children 

born to lean women and women with underweight (median 13.3 g, 95% CI 5.5, 25.1 and 

median 10.4 g, 95% CI 4.4, 21.9, respectively).

Quality assessment

Thirty eight percent of included studies had low risk of bias, 8% had moderate risk of 

bias and 54% had high risk of bias (see S6 and S7 Figs). Most bias occurred due to self-

reporting of weight, making blinding for maternal BMI status during fetal image acquisition 

impossible. All of our meta-analyses demonstrated considerable heterogeneity (see 

Fig S1-3). Due to the low number of studies included, funnel plots were deemed not 

appropriate and publication bias could not be assessed.
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Sensitivity and subgroup analysis

Five of thirteen (39%) articles excluded women with GDM. Two studies included women 

with diabetes, but the incidence of type 1 or 2 diabetes and GDM was not mentioned 

among women with obesity or controls (33, 41). Two other articles did not mention type 1 

or 2 diabetes and GDM (31, 40). In the remaining studies, the prevalence of GDM ranged 

from 3.2% to 44.4% among women with obesity. Three articles (30%) described the 

prevalence of hypertensive pregnancies and/or pre-eclampsia. In summary, subgroup 

analyses to assess the mediating effect of type 1 or 2 diabetes, GDM or preeclampsia in 

the association of maternal obesity with offspring cardiac outcomes were not feasible as 

a result of insufficient data. 

Eight articles (62%) reported offspring sex, but none mentioned sex specific effect sizes 

on cardiac outcomes. Therefore, we could not explore possible sex differences in our 

meta-analyses. 

Studies including infants did not always mention anthropometric measures at time of 

echo which could potentially have affected cardiac structure outcomes in our meta-

analyses. IVSd was measured in the study of Cade et al.(36) and Nyrnes et al. (35), where 

the latter found no statistical difference in weight at time of echo between infants born 

to women with obesity and controls. The study of Cade et al., including neonates one 

month after birth, did not mention body weight at time of echo. However, no significant 

difference in birthweight between neonates born to women with obesity and controls 

was found. 

Discussion
In this systematic review and meta-analysis of thirteen studies including 1068 fetuses 

and offspring of women with obesity before or during pregnancy and 7615 controls, 

we found evidence that cardiac structure and function differs between fetuses and 

children of women with obesity and those born to women without obesity. Some of 

these differences were already present in fetal life and persisted throughout childhood. 

LV strain was lower in fetuses of women with obesity and persisted after birth, indicating 

reduced cardiac function as compared to offspring of women with normal weight. There 

was also evidence of structural cardiac changes related to maternal obesity, as infants of 

mothers with obesity showed an increased IVSd as compared to controls. Since impaired 

strain and increased IVSd are associated with an increased CVD risk in later life (42, 43), 

these alterations could contribute to the increased CVD risk observed among offspring of 
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women with obesity. However, data regarding the association between maternal obesity 

and cardiac alterations beyond childhood are lacking, so how these maternal obesity-

associated alterations in cardiac structure and function relate to future CVD risk should 

be the aim of future research.

We found an association between maternal obesity and increased IVSd in infancy. Several 

epidemiological studies have found that structural cardiac changes in young adults are 

predictive of future CVD events (44). For example, in healthy young adults, increased 

IVSd is independently associated with an increased future risk for hypertension (43, 45). 

Although these associations of cardiac structure with future CVD risk have not been 

described in children, it is known that markers of cardiac structure track throughout 

childhood to adolescence and beyond (46, 47). Therefore, the altered cardiac structures 

we found in children of women with obesity might persist to adulthood and provide an 

explanation for the increased CVD risk in offspring of women with obesity. 

Strain measurements describe the deformation of the heart during the cardiac cycle and 

provide important information on cardiac function (48). In a low risk-population, cardiac 

strain measurements predict long-term risk of cardiovascular morbidity and mortality 

and are therefore important markers of cardiac health (49). Although strain is a reliable 

measure of fetal cardiac function, assessing strain in fetuses is challenging due to the 

small size of the fetal heart and the high fetal heart rate (50). In addition, in women 

with obesity, fetal strain measurements could be compromised due to the limitations of 

visualizing fetal structures caused by maternal abdominal subcutaneous adipose tissue 

(51). However, the studies included in our meta-analyses attempted to increase image 

reliability, either by demonstrating moderate agreement in the interobserver analyses, 

excluding measurements that failed to be tracked or by taking the mean strain in three 

consecutive cycles. Strain values are known to track throughout childhood, suggesting 

that the impaired strain associated with maternal obesity in fetal life and infancy might 

track to childhood and beyond and explain the increased CVD risk in offspring of mothers 

with obesity (52). We did not find other signs of systolic dysfunction in offspring born to 

women with obesity. However, animal studies have also described systolic dysfunction 

in offspring born to obese dams (17). Therefore, we hypothesize that maternal obesity is 

indeed a risk factor for systolic dysfunction in their children. However, this finding must 

be validated in future larger studies.

Although animal studies found diastolic dysfunction in fetuses of obese animals due to 

cardiac fibrosis and the consequent reduction of ventricular compliance (14), we did not 
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find signs of diastolic dysfunction in fetuses of women with obesity as compared to their 

controls. However, single studies demonstrated lower LV e’ and a’ velocities in fetuses 

and neonates born to women with obesity as compared to controls, indicating impaired 

diastolic function (Fig 2). 

Effect of offspring’s age on maternal obesity associated cardiac differences

We found an association of maternal obesity with higher IVSd during infancy, but not 

in fetal life. This is in contrast to studies assessing the association of GDM and cardiac 

alterations in offspring, where maternal hyperglycemia in utero and the resulting fetal 

hyperinsulinemia, leads to myocardial hypertrophy (27), which gradually normalizes 

after birth (53). The obesogenic pregnancy is characterized by lower glucose levels and 

different hemodynamic and metabolic effects during fetal life as compared to diabetic 

pregnancies, which could explain the different trajectories. Also, measurement of fetal 

IVSd is sometimes complex due to the position of the fetus and its small heart dimensions 

and the suboptimal views caused by maternal abdominal subcutaneous adipose tissue 

(51, 54). Therefore, the lack of a difference in IVSd in fetuses of women with obesity and 

their controls might be due to measurement error and small size of the study groups. 

Our boxplots demonstrated differences in cardiac structure and function of fetuses 

and children born to women with obesity as compared to their controls (Fig 2a and 2b). 

Although these differences did not all reach statistical significance, there was a clear 

trend towards inferior cardiac structure and function in children born to women with 

obesity. The study with the oldest children (38) demonstrated that children born after 

maternal obesity had a significantly higher LVMI but no difference in SF (not corrected for 

childhood’s BMI) as compared to their controls at 6 years (Fig 2a) (38). This suggests that 

there is a sustained effect of maternal obesity on cardiac alterations in their children. In 

a mouse model, cardiac hypertrophy in offspring of obese rodents was hypothesized to 

act as a protective mechanism for cardiac dysfunction (17). Blackmore et al. postulate 

that the cardiac hypertrophy eventually subsides due to inadequate cardiac function 

and therefore inability to provide for the protective mechanism. We hypothesize that 

LVMI increases gradually in children born to women with obesity. This could be the result 

of a protective mechanism to compensate for subclinical cardiac systolic functional 

impairment as demonstrated with impaired longitudinal strain. 

Unfortunately, no data was available on cardiac alterations in adolescents and adults 

exposed to maternal obesity during pregnancy. To determine if the associations of 
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maternal obesity during pregnancy and cardiac alterations in their offspring are sustained 

throughout life, longer follow-up studies are warranted, preferably including longitudinal 

assessments of cardiac structure and function in children born to women with obesity 

and their controls. 

Underlying mechanisms for increased CVD risk in children born to women 
with obesity 

Obesity during pregnancy is associated with increased blood pressure and obesity in 

children, which are factors known to influence cardiac structure and function (13, 55, 

56). However, Blackmore et al. demonstrated that cardiac dysfunction in mice born to 

obese dams preceded changes in body weight, indicating that cardiac dysfunction in 

offspring occurs independent of body weight (17). In humans, studies in healthy children 

demonstrated that increased cardiac mass was not, or only to a very limited degree, 

related to increased blood pressure (57, 58). This suggests that the association of maternal 

obesity with offspring’s cardiac structure and function is at least partly independent of 

offspring’s blood pressure and body weight. We could not sufficiently test this hypothesis 

in our meta-analyses, because few studies reported analyses adjusted for blood pressure 

and weight of children (Table S3). 

Maternal obesity is associated with an increased risk of GDM which has previously been 

associated with cardiac alterations in fetuses (27, 59). Therefore, it is likely that some 

of the effect of maternal obesity on cardiac alterations in their offspring is mediated 

by maternal glycemic dysregulation. However, cardiac alterations in children born to 

women with diabetes have previously been described as transient (53). We found that 

LVMI was higher in children aged 6 years born to women with obesity as compared to 

controls. Previous research did not find a significant difference in LVMI in children born 

to women with and without GDM (60). In women with obesity a wide range of metabolic 

abnormalities are present in addition to glycemic dysregulation.  Elevated leptin, 

insulin and lipid levels are features of obesity, each of which might also contribute to 

differences in cardiovascular development in the next generation (61, 62). An increase in 

these biochemical factors is known to induce impaired smooth cell proliferation, which 

can impair angiogenesis, vasoconstriction and increased platelet aggregation (63-65). 

Together with the inflammatory state common to obesity, which can impair placental 

development and function and result in decreased blood flow to the fetus resulting in 

aberrant fetal cardiac function and development (63-65). As a result, this could lead to 

significant hemodynamic changes in the fetal circulation in order to maintain the cardiac 
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output, which could also provide an explanation for the differences found during fetal 

life (66). 

Alternatively, the cardiac alterations described in this review could be transient and not 

responsible for the increased CVD risk in children born to women with obesity. Several 

other mechanisms have been described that could also explain the increased CVD risk 

in children born to women with obesity. Epigenetic modifications caused by adverse 

prenatal environment may be a possible mechanism underlying fetal programming of CVD 

(67, 68). Myocardial miRNAs expression (small RNA molecules involved in regulation of 

cellular processes such as proliferation, cell death and fibrosis) have been demonstrated 

to differ in fetuses of obese baboons as compared to fetuses of normal weight baboons 

(67). Interestingly, the affected miRNAs have been associated with cardiac hypertrophy 

and enhanced fibrosis. In children, maternal obesity is also associated with altered DNA 

methylation (69, 70). This is demonstrated in a sibling study showing different methylation 

patterns of genes associated with improved cardiometabolic health in children born after 

their mother underwent bariatric surgery, as compared to their siblings born before 

bariatric surgery (71). This suggests that epigenetic modifications could be a possible 

underlying mechanism responsible for the increased CVD risk in children born to women 

with obesity during pregnancy. 

Limitations

Our results should be interpreted within the framework of its inherent limitations. First, due 

to the observational design of the included studies, we cannot draw conclusions regarding 

causality between maternal obesity and offspring’s cardiac structure or function. Second, 

due to the small number of studies, we could not include more than three articles per 

meta-analysis, therefore not all primary outcomes could be evaluated at an aggregated 

level. We found no data on adolescent and adult offspring, making our conclusions less 

robust. Third, we could not investigate the mediating effects of GDM, hypertension during 

pregnancy, body size and offspring’s sex due to limited availability of such information 

in the studies included. Fourth, our risk of bias assessment demonstrated high risk of 

bias in 54% of the included studies. This was largely due to group allocation based on 

self-reported BMI, which is usually underestimated in populations with obesity (and 

overestimated in the lower ranges of BMI). Furthermore, studies did not always clearly 

report if the data analysis was carried out blinded. Fifth, there was high heterogeneity 

between studies (S1-3 Figs). This could be the result of differences in gestational age at 

birth, maternal age at inclusion and offspring blood pressure. Unfortunately, few studies 



Chapter 2

44

reported on these variables (S3 Table), which precludes the assessment of the cause of 

this heterogeneity. The study of Bayoumy et al. (29) demonstrated a significantly lower 

SMD in LV strain at 30 weeks of age as compared to other fetal studies. This was due 

to very small standard deviations of the outcome parameters presented in the article, 

with as a result a high standardized mean difference. If we exclude this ‘outlier’ from 

our meta-analyses, the difference in LV strain between fetuses from women with and 

without obesity is smaller, but remains statistically significant, suggesting the results 

found in our meta-analyses are robust. Furthermore, overweight women (i.e., women 

with a BMI 25-30kg/m2) were sometimes included in the control group, depending on the 

study’s definition of cases and controls. This could impair the discriminative power of the 

studies, as offspring in the control group might also experience a suboptimal perinatal 

environment. Therefore, our results must be interpreted with care and be replicated 

in future studies. Last, some articles measured women’s BMI during the second half 

of pregnancy. A maternal BMI ≥ 30 kg/m2 in this period might reflect gestation-related 

weight gain and does not necessarily reflect maternal preconception obesity. This could 

have resulted in women incorrectly being identified as having obesity.

Conclusions
Children of women with obesity during pregnancy have signs of reduced cardiac function 

as compared to children of women without obesity. In addition, children born to women 

with obesity have increased IVSd as compared to controls. Since these structural and 

functional cardiac changes are found to be associated with increased susceptibility to 

CVD in later life, this could (partly) explain the increased CVD risk in children born to 

women with obesity. However, current literature on the association of maternal obesity 

on cardiac structure and function in offspring is sparse and limited to fetuses, infants, and 

young children. This highlights the need for long-term follow-up studies assessing the 

association of maternal obesity and cardiac structure and function after early childhood. 

In addition, not many studies describe the association between maternal obesity and 

offspring’s cardiac structure and function and most included studies were small and 

there was considerable heterogeneity amongst the included studies. Therefore, more 

studies assessing this association are necessary to explore the association between 

maternal obesity and offspring’s cardiac structure and function. However, given the 

high prevalence of maternal obesity and the increase in CVD risk in offspring being born 

after maternal obesity, it is of particular public health interest to invest in strategies to 

reduce obesity in women to optimize cardiovascular development and health in the next 

generation. 
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Supplemental information

Supplementary table 1, supplementary figure 4 and 5 can be accessed online (https://doi.org/10.1371/
journal.pone.0275236).

Table S2: Overview measured outcomes per study

Ali 2020 MPI
Bayoumy 2020 GLS, LV e’, LV a’, LV s’, RV e’, RV a’, RV s’, TAPSE
Cade 2017 LVM, LVMI, RWT, EF, SF, GLS LV and RV, GLSRs LV and RV, IVS
Ece 2014 IVCT, IVRT, LV MPI, MV E and A, MV, E/A ratio, TV E and A, TV E/A ratio, MAPSE, TAPSE
Groves 2021 LV EDV, LV ESV, SV, EF, CO, LVM, EDV/BSA, ESV/BSA
Guzzardi 2018 LVM, LVMI, LVPWDd, EF, LV EDV, LV ESV, EDV/BSA, ESV/BSA
Ingul 2016 GLS, IVS, MV E and A, MV E/A ratio, TV E and A, TVE/A ratio, MAPSE, TAPSE
Kulkarni 2017 GLS, EF, IVS, IVCT, IVRT, LVET, MPI, MV E/A ratio
Nyrnes 2018 SF, GLS LV and RV, GLSRs LV and RV, IVS
Santos 2019 Pericardial fat mass
Toemen 2016 LVM, LVMI, RWT
Wang 2021 LVMI, LVPWDd, RWT, IVSd, MV E/A ratio, EF, GLS

MPI= Myocardial performance index GLS= Global longitudinal strain 
LVM= Left ventricle mass
LVMI= LVM index
RWT= Relative wall thickness EF= Ejection fraction
SF= Shortening fraction LV= Left ventricle 
RV= Right ventricle
GLSr= GLS rate
IVS= Interventricular septum 
IVCT= Isovolumic contraction time IVRT= Isovolumic relaxation time MV= Mitral valve
TV= Tricuspid valve
MAPSE= Mitral annular plane systolic excursion 
TAPSE= Tricuspid annular plane systolic excursion 
EDV= end diastolic volume
ESV= end systolic volume
SV= Stroke volume
CO= Cardiac output 
BSA= Body surface area
LVPWDd= Left ventricular posterior wall end-diastolic diameter
LVET= LV ejection time
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S1 Fig: Forest plots for cardiac structure and dimension

Study or Subgroup
6.1.1 Neonatal LVMI
Groves 2021
Guzzardi 2018 (birth)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 1.51, df = 1 (P = 0.22); I² = 34%
Test for overall effect: Z = 0.24 (P = 0.81)

6.1.2 Infant LVMI
Cade 2017
Guzzardi 2018 (3 months)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.22; Chi² = 2.97, df = 1 (P = 0.08); I² = 66%
Test for overall effect: Z = 0.00 (P = 1.00)

6.1.3 Child LVMI
Toemen 2016
Wang 2021
Subtotal (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 1.66, df = 1 (P = 0.20); I² = 40%
Test for overall effect: Z = 1.78 (P = 0.08)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 7.14, df = 5 (P = 0.21); I² = 30%
Test for overall effect: Z = 1.33 (P = 0.18)
Test for subgroup differences: Chi² = 0.83, df = 2 (P = 0.66), I² = 0%
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Study or Subgroup
1.3.1 Fetal IVSd
Ingul 2016 (GA 32)
Lee-Tannock 2021 (GA 28-32)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.12; Chi² = 3.27, df = 1 (P = 0.07); I² = 69%
Test for overall effect: Z = 0.46 (P = 0.64)

1.3.2 Infant IVSd
Cade 2017
Nyrnes 2018 (6-8wks)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.08; Chi² = 1.92, df = 1 (P = 0.17); I² = 48%
Test for overall effect: Z = 2.09 (P = 0.04)

Total (95% CI)
Heterogeneity: Tau² = 0.14; Chi² = 9.56, df = 3 (P = 0.02); I² = 69%
Test for overall effect: Z = 1.55 (P = 0.12)
Test for subgroup differences: Chi² = 1.36, df = 1 (P = 0.24), I² = 26.2%
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Study or Subgroup
Groves 2021
Guzzardi 2018 (birth)

Total (95% CI)
Heterogeneity: Tau² = 0.71; Chi² = 5.02, df = 1 (P = 0.03); I² = 80%
Test for overall effect: Z = 0.20 (P = 0.84)

Mean
36

18.93

SD
2.3

6.99

Total
12

7

19

Mean
38.8

16.01

SD
4.1

4.59

Total
16
22

38

Weight
51.0%
49.0%

100.0%

IV, Random, 95% CI
-0.79 [-1.57, -0.01]

0.54 [-0.32, 1.41]

-0.13 [-1.44, 1.17]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Higher in control Higher in MO



Chapter 2

54

Study or Subgroup
Groves 2021
Guzzardi 2018 (birth)

Total (95% CI)
Heterogeneity: Tau² = 0.42; Chi² = 3.45, df = 1 (P = 0.06); I² = 71%
Test for overall effect: Z = 0.04 (P = 0.97)

Mean
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Study or Subgroup
6.12.1 Children relative wall thickness
Toemen 2016
Wang 2021
Subtotal (95% CI)
Heterogeneity: Tau² = 0.25; Chi² = 10.99, df = 1 (P = 0.0009); I² = 91%
Test for overall effect: Z = 0.92 (P = 0.36)

Total (95% CI)
Heterogeneity: Tau² = 0.25; Chi² = 10.99, df = 1 (P = 0.0009); I² = 91%
Test for overall effect: Z = 0.92 (P = 0.36)
Test for subgroup differences: Not applicable
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S1 Fig: Continued
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S2 Fig: Forest plots for systolic cardiac function

Study or Subgroup
6.10.1 Fetal TAPSE
Bayoumy 2020
Ingul 2016 (GA 32)
Lee-Tannock 2021 (GA 28-32)
Ece 2014
Subtotal (95% CI)
Heterogeneity: Tau² = 1.29; Chi² = 66.91, df = 3 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.95 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 1.29; Chi² = 66.91, df = 3 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.95 (P = 0.05)
Test for subgroup differences: Not applicable

Mean

6.826
7.83
6.24

8.2

SD

0.272
1.4

0.96
1.4

Total

30
49
43
54

176

176

Mean

8.023
8.4

6.59
8.1

SD

0.258
1.73
1.16

1.3

Total

25
23
98
44

190

190

Weight

22.3%
25.6%
26.2%
26.0%

100.0%

100.0%

IV, Random, 95% CI

-4.44 [-5.45, -3.43]
-0.37 [-0.87, 0.13]
-0.32 [-0.68, 0.04]
0.07 [-0.33, 0.47]

-1.15 [-2.30, 0.01]

-1.15 [-2.30, 0.01]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Higher in control Higher in MO

Study or Subgroup
2.3.1 Fetal left longitudinal strain
Ingul 2016 (GA 32)
Kulkarni 2017
Bayoumy 2020
Subtotal (95% CI)
Heterogeneity: Tau² = 3.04; Chi² = 60.81, df = 2 (P < 0.00001); I² = 97%
Test for overall effect: Z = 2.31 (P = 0.02)

2.3.2 Infant left longitudinal strain
Cade 2017
Nyrnes 2018 (6-8wks)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.10; Chi² = 2.03, df = 1 (P = 0.15); I² = 51%
Test for overall effect: Z = 3.02 (P = 0.003)

Total (95% CI)
Heterogeneity: Tau² = 1.42; Chi² = 63.41, df = 4 (P < 0.00001); I² = 94%
Test for overall effect: Z = 3.11 (P = 0.002)
Test for subgroup differences: Chi² = 1.79, df = 1 (P = 0.18), I² = 44.1%
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Study or Subgroup
6.5.1 Infant right longitudinal strain
Cade 2017
Nyrnes 2018 (6-8wks)
Subtotal (95% CI)
Heterogeneity: Tau² = 1.45; Chi² = 14.36, df = 1 (P = 0.0002); I² = 93%
Test for overall effect: Z = 1.25 (P = 0.21)

Total (95% CI)
Heterogeneity: Tau² = 1.45; Chi² = 14.36, df = 1 (P = 0.0002); I² = 93%
Test for overall effect: Z = 1.25 (P = 0.21)
Test for subgroup differences: Not applicable
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Study or Subgroup
6.4.1 Infant shortening fraction
Cade 2017
Nyrnes 2018 (6-8wks)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.91; Chi² = 10.95, df = 1 (P = 0.0009); I² = 91%
Test for overall effect: Z = 0.22 (P = 0.82)

Total (95% CI)
Heterogeneity: Tau² = 0.91; Chi² = 10.95, df = 1 (P = 0.0009); I² = 91%
Test for overall effect: Z = 0.22 (P = 0.82)
Test for subgroup differences: Not applicable
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Study or Subgroup
2.1.1 Neonatal ejection fraction
Guzzardi 2018 (birth)
Groves 2021
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.10, df = 1 (P = 0.75); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

2.1.2 Infant ejection fraction
Cade 2017
Guzzardi 2018 (3 months)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.55; Chi² = 5.73, df = 1 (P = 0.02); I² = 83%
Test for overall effect: Z = 0.95 (P = 0.34)

Total (95% CI)
Heterogeneity: Tau² = 0.15; Chi² = 6.44, df = 3 (P = 0.09); I² = 53%
Test for overall effect: Z = 1.27 (P = 0.21)
Test for subgroup differences: Chi² = 0.41, df = 1 (P = 0.52), I² = 0%

Mean
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S3 Fig: Forest plots for diastolic and global cardiac function

Study or Subgroup
6.7.1 Fetal lateral e'
Bayoumy 2020
Ece 2014
Ingul 2016 (GA 32)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.96; Chi² = 31.78, df = 2 (P < 0.00001); I² = 94%
Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI)
Heterogeneity: Tau² = 0.96; Chi² = 31.78, df = 2 (P < 0.00001); I² = 94%
Test for overall effect: Z = 0.63 (P = 0.53)
Test for subgroup differences: Not applicable

Mean

4.398
5.82

5.3

SD

0.32
1.6

12.9

Total

30
54
49

133

133

Mean

4.878
5.03

5.3

SD

0.245
1.7

11.47

Total

25
44
23
92

92

Weight

32.3%
34.2%
33.5%

100.0%

100.0%

IV, Random, 95% CI

-1.64 [-2.26, -1.02]
0.48 [0.07, 0.88]

0.00 [-0.50, 0.50]
-0.37 [-1.52, 0.78]

-0.37 [-1.52, 0.78]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Higher in control Higher in MO

Study or Subgroup
6.8.1 Fetal lateral a'
Bayoumy 2020
Ece 2014
Ingul 2016 (GA 32)
Subtotal (95% CI)
Heterogeneity: Tau² = 4.69; Chi² = 103.83, df = 2 (P < 0.00001); I² = 98%
Test for overall effect: Z = 1.20 (P = 0.23)

Total (95% CI)
Heterogeneity: Tau² = 4.69; Chi² = 103.83, df = 2 (P < 0.00001); I² = 98%
Test for overall effect: Z = 1.20 (P = 0.23)
Test for subgroup differences: Not applicable

Mean

6.297
9.54

6.4

SD

0.343
2.2

13.8

Total

30
54
49

133

133

Mean

8.067
7.39

8.8

SD

0.256
2.1

21.3

Total

25
44
23
92

92

Weight

31.8%
34.1%
34.0%

100.0%

100.0%

IV, Random, 95% CI

-5.69 [-6.91, -4.46]
0.99 [0.57, 1.41]

-0.14 [-0.64, 0.35]
-1.52 [-4.01, 0.97]

-1.52 [-4.01, 0.97]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Higher in control Higher in MO

Study or Subgroup
5.5.1 Fetal interventricular septum a'
Ece 2014
Ingul 2016 (GA 32)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.46; Chi² = 9.36, df = 1 (P = 0.002); I² = 89%
Test for overall effect: Z = 0.93 (P = 0.35)

Total (95% CI)
Heterogeneity: Tau² = 0.46; Chi² = 9.36, df = 1 (P = 0.002); I² = 89%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Not applicable

Mean

8.33
5.5

SD

2.1
14.1

Total

54
49

103

103

Mean

6.32
6.1

SD

2
10.3

Total

44
23
67

67

Weight

50.9%
49.1%

100.0%

100.0%

IV, Random, 95% CI

0.97 [0.55, 1.39]
-0.05 [-0.54, 0.45]
0.47 [-0.52, 1.47]

0.47 [-0.52, 1.47]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Higher in control Higher in MO
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Study or Subgroup
4.1.1 Fetal myocardial performance index
Ali 2020
Ece 2014
Kulkarni 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.16; Chi² = 12.66, df = 2 (P = 0.002); I² = 84%
Test for overall effect: Z = 1.84 (P = 0.07)

Total (95% CI)
Heterogeneity: Tau² = 0.16; Chi² = 12.66, df = 2 (P = 0.002); I² = 84%
Test for overall effect: Z = 1.84 (P = 0.07)
Test for subgroup differences: Not applicable

Mean

0.4188
0.45
0.54

SD

0.09181
0.007
0.07

Total

183
54
26

263

263

Mean

0.4054
0.41
0.52

SD

0.08038
0.06
0.06

Total

838
44
70

952

952

Weight

38.7%
31.2%
30.1%

100.0%

100.0%

IV, Random, 95% CI

0.16 [0.00, 0.32]
0.98 [0.56, 1.40]

0.32 [-0.14, 0.77]
0.46 [-0.03, 0.96]

0.46 [-0.03, 0.96]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Higher in control Higher in MO

Study or Subgroup
6.6.1 Fetal mitral valve E/A ratio
Ece 2014
Ingul 2016 (GA 32)
Kulkarni 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.58, df = 2 (P = 0.75); I² = 0%
Test for overall effect: Z = 0.17 (P = 0.87)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.58, df = 2 (P = 0.75); I² = 0%
Test for overall effect: Z = 0.17 (P = 0.87)
Test for subgroup differences: Not applicable

Mean

0.77
0.76
0.67

SD

0.08
0.1

0.12

Total

54
49
26

129

129

Mean

0.78
0.76
0.66

SD

0.07
0.1

0.09

Total

44
23
70

137

137

Weight

41.2%
26.6%
32.2%

100.0%

100.0%

IV, Random, 95% CI

-0.13 [-0.53, 0.27]
0.00 [-0.50, 0.50]
0.10 [-0.35, 0.55]

-0.02 [-0.28, 0.23]

-0.02 [-0.28, 0.23]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Higher in control Higher in MO

Study or Subgroup
3.2.1 Fetal isovolumetric relaxation time (ms)
Ece 2014
Kulkarni 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.42; Chi² = 9.73, df = 1 (P = 0.002); I² = 90%
Test for overall effect: Z = 0.32 (P = 0.75)

Total (95% CI)
Heterogeneity: Tau² = 0.42; Chi² = 9.73, df = 1 (P = 0.002); I² = 90%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

Mean

45.8
47

SD

9.4
8.3

Total

54
26
80

80

Mean

40.1
49.5

SD

8.2
7.1

Total

44
70

114

114

Weight

50.5%
49.5%

100.0%

100.0%

IV, Random, 95% CI

0.64 [0.23, 1.04]
-0.33 [-0.79, 0.12]
0.16 [-0.79, 1.11]

0.16 [-0.79, 1.11]

Maternal obesity Control group Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Higher in control Higher in MO
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S6 Fig: Risk of bias cohort studies
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S7 Fig: Risk of bias case-control studies
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Abstract
Background: Improving maternal lifestyle before conception may prevent the adverse 

effects of maternal obesity on their children’s future cardiovascular disease (CVD) risk. 

In the current study, we examined whether a preconception lifestyle intervention in 

women with obesity could alter echocardiographic indices of cardiovascular health in 

their children.

Methods: Six years after a randomized controlled trial comparing the effects of a 6-month 

preconception lifestyle intervention in women with obesity and infertility prior to fertility 

care to prompt fertility care, 315 of the 341 children conceived within 24 months after 

randomization were eligible for this study. The intervention was aimed at weight loss 

(≥5% or until BMI < 29 kg/m2). Children underwent echocardiographic assessment of 

cardiac structure and function, conducted by a single paediatric cardiologist, blinded to 

group allocation. Results were adjusted for multiple variables including body surface 

area, age, and sex in linear regression analyses.

Results: Sixty children (32 girls, 53%) were included, mean age 6.5 years (SD 1.09). Twenty-

four children (40%) were born to mothers in the intervention group. Children of mothers 

from the intervention group had a lower end-diastolic interventricular septum thickness 

(-0.88 Z-score, 95%CI -1.18 to -0.58), a lower left ventricle mass index (-8.56 g/m2, 95%CI 

-13.09 to -4.03), and higher peak systolic and early diastolic annular velocity of the left 

ventricle (1.43 cm/s 95%CI 0.65 to 2.20 and 2.39 cm/s 95%CI 0.68 to 4.11, respectively) 

compared to children of mothers from the control group.

Conclusions: Children of women with obesity, who underwent a preconception lifestyle 

intervention, had improved cardiac structure and function; a thinner interventricular 

septum, lower left ventricle mass, and improved systolic and diastolic tissue Doppler 

velocities. Despite its high attrition rates, our study provides the first experimental human 

evidence suggesting that preconception lifestyle interventions may present a method of 

reducing CVD risk in the next generation.
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Introduction
The prevalence of maternal obesity is rapidly rising worldwide, with some countries 

reporting half of all women entering pregnancy with overweight or obesity.(1, 2) Maternal 

obesity is associated with adverse perinatal outcomes and poorer health in children, 

including increased rates of obesity, stroke, type 2 diabetes, and cardiovascular disease 

(CVD) leading to premature cardiovascular mortality.(3-5) Therefore, maternal obesity is 

now considered an important risk factor for CVD in the offspring. 

Detrimental changes to both structure and function of the developing foetal heart have 

been suggested to directly underpin the association between maternal obesity and 

offspring CVD in later life. In animal models, maternal obesity leads to left ventricular 

and septal hypertrophy, myocardial fibrosis and impaired left ventricular function in 

the offspring.(6-8) In humans, similar changes in cardiac structure and function have 

been described from as early as in utero: foetuses of mothers with obesity exhibited 

impaired diastolic function and myocardial dysfunction with reduced strain in utero.

(9, 10) Neonates exposed to maternal obesity demonstrate impaired cardiac function, 

with increased interventricular septal thickness.(11) Several possible pathways through 

which maternal obesity could affect cardiac outcomes in offspring have been proposed, 

including impaired maternal glucose metabolism (12, 13) and hypertensive disorders of 

pregnancy, which are more common in women with obesity.(14)

Animal models have suggested that the effects of maternal obesity on offspring cardiac 

structure and function can be amended by lifestyle improvements during pregnancy.(15) 

Yet, in humans, none of the interventions aimed at weight loss, improving maternal diet 

or increasing exercise among pregnant women with obesity have been able to achieve 

beneficial effects on perinatal outcome, let alone on the long-term health of the offspring.

(11, 16) It is conceivable that, given the gestational age at which these interventions 

were offered, many of the deleterious effects of maternal obesity had already been 

established. Therefore, the period before conception may present a better time frame 

to attempt weight loss and improve lifestyle.(17) In the current study we examined 

the effects of a preconception lifestyle intervention in women with obesity on cardiac 

structure and function in their 6 year old children as measured by echocardiography. 

We hypothesize that a preconception lifestyle intervention in women with obesity will 

enhance the cardiac structure and function in their children. In addition, we explore 

potential underlying mechanisms that might explain this association, including maternal 

characteristics before or during pregnancy such as nutritional intake, physical activity, 
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biochemical markers such as glucose and insulin, and offspring characteristics including 

blood pressure and insulin resistance. 

Methods
Study population

This study is a follow-up of the LIFEstyle study: an open label randomized controlled trial 

including infertile women with obesity, allocating them in a 1:1 ratio to a preconception 

lifestyle intervention preceding fertility care as usual (intervention group) or prompt fertility 

care (control group), as described in detail in the published protocol.(18) The original 

LIFEstyle study included 577 women who conceived 341 children within 24 months after 

randomization. The study was set up to determine the effect of weight loss on conception 

rates and the primary outcome was a vaginal birth of a healthy singleton at term within 

24 months after randomization. Briefly, the 6-month lifestyle intervention was aimed 

at achieving ≥5% weight loss or reducing BMI to <29 kg/m2. The lifestyle intervention 

consisted of six outpatient visits and four telephone consultations during a 24-week 

period. Women with pre-gestational diabetes were excluded from participation. Despite 

improved lifestyle during the intervention, no effect was found on obstetric or perinatal 

outcomes, including pregnancy complications, gestational age at birth or birth weight 

were found.(19) However, there was a higher incidence of spontaneous pregnancies in 

the intervention group as compared with the control group (rate ratio 1.61, 95% CI 1.16–

2.24).(19) The 5 year follow-up outcomes in the women demonstrated that women who 

successfully lost weight in the intervention group had better cardiometabolic outcomes 

in terms smaller waist circumferences, lower weight, BMI, glucose and HbA1c, as well as 

higher HDL cholesterol concentrations.(20)

After receiving written informed consent by the parents or legal guardians, we 

enrolled children born to participating women from the LIFEstyle study for paediatric 

echocardiography at one of the two participating academic hospitals in the Netherlands. 

Children were eligible if they had been conceived within 24 months after randomization 

in the LIFEstyle study, were known to be alive and had contact information available. 

In case of twins or triplets, only the first born was used in the analysis. Children born 

with congenital heart defects were excluded. The study was conducted according to 

the principles of the Declaration of Helsinki and was approved by the medical ethics 

committee of the UMCG (METc code: 2008/284). This study was reported according to the 

CONSORT guidelines for reporting randomized trials. 
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Echocardiography and carotid intima media thickness

Before echocardiography, weight (in kg) and length (in cm) were measured to the 

nearest decimal. Complete paediatric transthoracic echocardiograms were obtained 

in accordance with the prevailing medical professional protocols laid down by the 

American Society of Echocardiography and the European Society of Cardiology.(21) 

This protocol contains M-mode, 2D, tissue Doppler imaging (TDI) and continuous- and 

pulse-wave Doppler echocardiography using subxiphoid, parasternal long and short axis, 

apical four chamber views and speckle tracking of the cardiac chambers. We used the 

Vivid E95 Ultrasound System (GE Healthcare, Australia). Three heart-cycle image loops 

were recorded. All examinations were performed by one paediatric cardiologist (AvD) 

blinded to group allocation. After the echocardiogram we assessed carotid intima media 

thickness (CIMT) using the Panasonic CardioHealth Station (Panasonic Healthcare Co., 

Ltd.). This is an ultrasonography device that allows automated measurement of the CIMT 

and was only available in one of the study centres. The child was in recumbent position 

and both right and left CIMT were assessed. Echocardiographic images were analysed 

offline by the same paediatric cardiologist that performed the echocardiography’s using 

commercial analysis software (EchoPAC, GE Vingmed). 

Primary and secondary outcome variables

The primary echocardiographic outcome measures for this study are IVS at end-diastole 

thickness (IVSd) Z-scores(22) and LV mass index (LVMI) for the assessment of cardiac 

structure, longitudinal strain and ejection fraction (EF) for the assessment of systolic 

function, and Tissue Doppler E/E′ and mitral valve early diastole (e) / late diastole (a) ratio 

for diastolic function. To explore other potential effects we also assessed the effect of the 

intervention on other echocardiographic variables as secondary outcome variables. Each 

variable was measured three times, and the mean was calculated. For a total overview of 

the included echocardiographic variables, their method of assessment and their derived 

formulas, see Supplemental Table 1. 

Covariates

CIMT Z-scores were calculated adjusted for age using reference values for children.

(23) Body surface area (BSA) was calculated using the Mosteller formula.(24) Mode of 

conception was dichotomized in assisted reproductive techniques (ART) (consisting 

of in vitro fertilization and intracytoplasmic sperm injection including cryopreserved 

embryo–transfer cycles) and not-ART (including spontaneous conception, intra-uterine 
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insemination and ovulation induction). Hypertensive disorders of pregnancy were 

defined by the classifications of the International Society for the Study of Hypertension 

in Pregnancy.(25) Maternal fasting glucose and 2-hour after ingestion values during 

pregnancy were retrieved from oral glucose tolerance tests (OGTT). If no OGTT was 

performed, fasting glucose measurements were used. Only glucose measures between 

16 and 32 weeks of gestation were included. Gestational diabetes was defined as a 

fasting glucose of ≥7.0 mmol/l or ≥7.8 mmol/l 2 hours after ingestion of 75-gram glucose 

during pregnancy, according the Dutch guidelines at the time the study was conducted 

and according to the WHO 1999 guidelines (26). 

Maternal self-reported food frequency questionnaires were collected during the 

intervention. Last measured nutritional intake before conception was included for 

analyses since this measurement was significantly different between the control and 

intervention group in previous research from our group.(27) The nutritional variables 

included were: Sugary drinks (fruit juice and soda; glasses/day), intake of savoury snacks 

(crisps, pretzels, nuts and peanuts; handful/week) and sweet snacks (biscuits, pieces of 

chocolate, candies or liquorices; portion/week). One portion of sweet snacks included 

2 biscuits, 2 pieces of chocolate, 5 pieces of candy, or 5 pieces of liquorice. Maternal 

physical activity before pregnancy was also reported using the Short QUestionnaire to 

ASsess Health-enhancing physical activity (SQUASH) four times within the first year after 

randomization. The SQUASH is a validated questionnaire to rank subjects according to 

their level of physical activity. (28)

Statistical analyses

To assess possible selection bias due to attrition, we compared maternal and neonatal 

baseline characteristics of our participants and non-participants to the original LIFEstyle 

study for women who conceived a child within 24 months after randomization. To assess 

the effect of the intervention on echocardiographic outcomes in children, we performed 

intention-to-treat analyses to compare echocardiographic outcomes between intervention 

and control group using independent sample t-tests, Mann-Whitney U test and Pearson 

Chi-Square for normally distributed continuous, non-normal continuous and binary 

variables, respectively. Variance between groups will be assessed using Levene’s test. 

Primary echocardiographic outcomes that were significantly different between groups 

were analysed in multivariable linear regression analyses. Model 1 corrected for BSA and 

model 2 additionally corrected for age and sex. ART has been associated with several 

adverse cardiac outcomes in offspring,(29) therefore model 3 additionally corrected for 
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ART. Variables already indexed to BSA (such as left ventricle mass (LVM) index (LVMI) and 

IVSd Z-score) are displayed as univariable analyses in model 1. Results of the regression 

analyses are expressed with the coefficient and associated 95% confidence interval 

(CI). Measurements of all variables with a significance level of p<0.2 in between-group 

comparisons were reassessed offline by a second blinded reviewer (TdH) using intraclass 

correlation coefficients (ICC) were calculated to examine the inter-individual variability 

of the measurements. ICC estimates and their 95% confident intervals were calculated 

based on a single-rater, absolute-agreement, 2-way mixed-effects model. ICC values less 

than 0.5 are indicative of poor reliability, values between 0.5 and 0.75 indicate moderate 

reliability, values between 0.75 and 0.9 indicate good reliability, and values greater than 

0.90 indicate excellent reliability.(30) Variables with an ICC < 0.5 were reassessed by a 

third independent blinded reviewer (IK). The analyses were performed using IBM SPS 

Statistics 26 (SPSS, Chicago, IL). A p value of <0.05 was statistically significant. 

Explorative analyses

To assess potential underlying mechanisms of a beneficial effect of the preconception 

lifestyle intervention on the echocardiographic outcomes in the children, we performed 

several explorative analyses on those echocardiographic variables that differed 

significantly between intervention and control groups. First, we assessed whether 

there was a dose-response relationship between the amount of maternal weight loss 

and the effects on the offspring, by stratifying the outcome for maternal weight loss 

during the 6-month lifestyle intervention. If a women became pregnant within the first 

6 months after randomization the last known weight before conception was taken. 

Preconception weight loss defined as weight loss between randomization and 6 months 

later and was categorized into 3 groups: (1) no weight loss, (2) 0-5 kg weight loss and 

(3) ≥ 5 kg weight loss. Both women in the control and intervention group lost weight, 

therefore we evaluated this dose-response relationship in both groups. Second, we 

conducted mediation analyses guided by Preacher and Hayes’ bootstrapping method 

to explore potential underlying mechanisms.(31) We assessed the following potential 

mediators: i. Maternal glycaemia during pregnancy, ii. Maternal nutritional intake during 

the intervention, iii. Maternal physical activity before pregnancy, iv. Offspring’s systolic 

blood pressure, v. Offspring’s HOMA-IR levels. All mediation analyses were corrected for 

offspring´s sex, age and BSA. 
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Results
Study population

315 children were eligible for our follow-up study (Figure 1). Of these, 60 (19%) gave written 

informed consent. Their children were included for echocardiography, 24 children (40%) 

of whom were born to mothers in the intervention group. Mean age was 6.5 years, 32 

(53%) of them were girls. The characteristics of children and their mothers participating 

in the present follow-up study were similar to eligible children and mothers who did 

not participate (Supplemental Table 2). Table 1 shows maternal, pregnancy and child 

characteristics in control and intervention group of the participants in the follow up 

study. Unlike in the original sample, in this selection, PIH had occurred more frequently 

in the intervention group (33% vs 6%, P=0.005). None of the other maternal, pregnancy of 

neonatal characteristics differed according to allocation to intervention or control strategy. 

Primary and secondary outcomes

Table 2 demonstrates that IVSd thickness Z-score, LVMI, left ventricular tissue Doppler 

systolic (LV S’) and early-diastolic (LV E’) met our criteria of primary outcome and p<0.05 for 

entry in multivariable linear regression analyses. 36% of ICCs for the echocardiographic 

variables demonstrated poor agreement and were assessed by a third reviewer. 43% 

indicated moderate agreement and 21% indicated good correlation between the 

reviewers. Supplemental Table 3 demonstrates the ICCs and 95% CI. Our final regression 

model -correcting for BSA, age, sex and ART- demonstrated that children born in the 

intervention group had a lower IVSd Z-score (B=-0.88 95% -1.18 to - 0.58) and a lower 

LVMI (B=-8.56 g/m2 95%CI -13.09 to -4.03). In addition, children born to mothers in the 

intervention group had a higher LV S’ (B=1.43 cm/s 95% CI 0.65 to 2.20) and LV E’ (B= 2.39 

cm/s 95%CI 0.68 to 4.11) (Table 3). 

Explorative analyses

Figure 2 demonstrates the dose-response relationship between the maternal 

preconception weight loss and randomization group for each echocardiographic outcome 

that differed significantly between intervention and control group. LVMI, IVSd Z-scores 

and LWLV S’ demonstrated a significant positive effect of the intervention, independent 

of weight loss. Our mediation analyses demonstrated that maternal preconception 

nutritional intake, physical activity, glycaemic status during pregnancy, offspring blood 

pressure and HOMA-IR did not mediate the effect of the maternal lifestyle intervention 

on the echocardiographic outcomes in the offspring (Supplemental Table 4).
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Figure 1: Flowchart
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Table 1: Child and maternal characteristics at follow-up
Data is presented as mean (SD), median [range] or number {%}
Child characteristics
At time of follow-up N Intervention N Control P-value
Age (years) 24 6.6 (1.2) 36 6.5 (1.0) 0.9
BMI (kg/m2) 23 16.8 (2.6) 35 16.8 (2.1) 0.8
BSA (m2) 23 0.9 (0.1) 35 0.9 (0.1) 0.7
Female - no {%} 24 13 {54} 36 18 {50} 0.8
Available from earlier examinations
SBP (mmHg) 9 100.1 (6.1) 20 101.0 (7.76) 0.77
DBP (mmHg) 9 65.19 (8.70) 20 65.13 (6.06) 0.98
Mean age at BP (years) 9 4.89 (0.91) 20 4.65 (0.96) 0.54
HOMA-IR 5 0.88 (0.46) 9 0.85 (0.66) 0.93
Mean age at blood withdrawal (years) 5 5.57 (0.99) 9 4.66 (0.90) 0.11
At/after birth
Birthweight (kg) 24 3.3 (0.5) 35 3.5 (0.8) 0.1
GA (weeks) 24 38.7 (1.6) 36 38.6 (2.9) 0.9
Breastfeeding - no {%} 23 9 {39} 32 9 {28} 0.4
From multiple pregnancy 24 1 (4.17) 36 1 0.77
Maternal characteristics
At time of randomization N Intervention N Control P-value
BMI (kg/m2) 24 35.4 (3.2) 36 36.1 (2.7) 0.4
Age (years) 24 29.3 (4.2) 36 29.1 (4.2) 0.9
Smoker - no {%} 24 4 {17} 36 6 {17} 1
Alcohol use – (units/week) 19 0 (0-14.7) 31 0 (0-3.67) 0.78*
Social economic status^ (SD) 21 -0.69 30 -0.52 0.65
Cause of infertility - no {%}
Anovulation
Unexplained
Male factor
Tubal factor
Other

24
14 (58)
6 (25)
4 (17)
1 (4)
1 (4)

36
18 (50)
11 (31)
5 (14)
2 (6)
1 (3) 

0.53
0.64
0.77
0.81
0.77

Physical activity % - min/week 20 385 [0-2820] 32 370 [0-3504] 0.71*
Paternal BMI 21 28.7 [21.3-49] 33 26.3 [20.6-55.60] 0.74*
Intervention outcomes
Weight loss 6 months after randomization (kg) 24 3.35 (4.86) 36 1.87 (2.75) 0.19
Pregnancy related outcomes N Intervention N Control P-value
Assisted reproductive techniques † - no {%} 24 3 {12} 36 8 {22} 0.3
Fasting glucose (mmol/L) 21 5.0 (0.4) 26 5.0 (0.5) 0.63
GA at time of fasting glucose measurement (weeks) 21 26.5 (2.43) 26 26.49 (3.24) 0.97
2-hour glucose (mmol/L) 18 6.9 (5.3 – 10.1) 25 6.5 (4.8 – 10.9) 0.64*
GA at time of 2-hour glucose measurement (weeks) 18 26.56 (2.56) 25 26.73 (3.15) 0.85
Diabetes gravidarum - no {%} 24 7 {29.2} 35 8 {22.9} 0.58
Pregnancy induced hypertension - no {%} 24 8 {33} 35 2 {6} 0.005
Preeclampsia - no {%} 24 1 {4} 35 0 {0} 0.2
HELLP syndrome - no {%} 24 1 {4} 35 1 {4} 0.8
^ Statusscore in 2010 Sociaal Cultureel Planbureau as measure for Socioeconomic status on behalf of zip area code
* Mann-Whitney U test
† Assisted reproductive techniques = in vitro fertilization/intracytoplasmic sperm injection (including cryopreserved 
embryo–transfer cycles) 
% Total minutes per week moderate to vigorous active 
BMI, body mass index
BSA, body surface area
SBP, systolic blood pressure
DBP, diastolic blood pressure
HOMA-IR, Homeostatic Model Assessment for Insulin Resistance
GA, gestational age
HELLP, Haemolysis Elevated Liver enzymes Low Platelets
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Table 2: Between groups comparisons
Data is presented as mean (SD) or median [range]

N Intervention group N Control group P-value
HR mean 24 89.3 (7.3) 36 88.6 (12.1) 0.8
Cardiac structure
IVSd (mm) 24 5.12 (0.70) 36 6.11 (0.79) <0.001
IVSd – Z- score 23 -0.60 (0.65) 35 0.27 (0.51) <0.001
IVSs (mm) 24 7.71 (1.13) 36 8.7 (1.31) 0.004
LVM (g) 24 50.09 (10.51) 36 58.28 (13.4) 0.015
LVMI (g/m2) 23 53.55 (8.52) 35 62.22 (8.84) <0.001
Systolic function
Longitudinal strain (%) 24 -23.82 (3.44) 35 -24.25 (2.55) 0.61
EF (%) 24 54.44 (4.78) 34 55.43 (3.52) 0.37
SV (ml) 24 62.52 (14.55) 36 58.13 (16.84) 0.30
CO (l/min) 24 5.56 (1.24) 36 5.06 (1.28) 0.14
E/E’ 24 0.05 (0.01) 36 0.06 (0.02) 0.09
E’/A’ 24 2.83 (0.85) 36 2.9 (1.14) 0.80
E/A 24 2.03 (1.41-4.97) 36 2.29 (1.34-4.56) 0.63*
Tissue Doppler Imaging
IVS S’ (cm/s) 24 6.79 (1.09) 36 6.41 (0.99) 0.17
IVS E’ (cm/s) 24 13.82 (1.99) 36 12.87 (1.99) 0.08
IVS A’ (cm/s) 24 5.68 (1.21) 36 5.59 (1.76) 0.84
LV S’ (cm/s) 24 7.27 (1.74) 36 5.87 (1.3) 0.001
LV E’ (cm/s) 24 17.78 (2.99) 36 15.59 (3.34) 0.012
LV A’ (cm/s) 24 6.91 [3.72 – 10.29] 36 5.92 [3.05 – 16.92] 0.09*
RV S’(cm/s) 24 10.39 (1.91) 36 10.02 (2.26) 0.52
RV E’(cm/s) 24 14.26 (3.34) 36 13.57 (2.55) 0.37
RV A’(cm/s) 24 9.74 (2.81) 36 8.65 (1.92) 0.08
Carotid intima media thickness
Left (mm) 17 0.49 (0.04) 26 0.47 (0.07) 0.36
Z-score left 17 2.19 (0.55) 26 1.90 (1.03) 0.23
Right (mm) 17 0.46 (0.04) 26 0.47 (0.05) 0.29
Z-score right 17 1.79 (0.64) 26 1.98 (0.69) 0.38

*= Mann-whitney U test
IVSd, Interventricular septum at end diastole
IVSs, Interventricular septum at end systole
LVM, Left ventricular mass
LVMI, Left ventricular mass index
EF, Ejection fraction
SV, Stroke volume
CO, Cardiac output
IVS, Interventricular septum
LV, Left ventricle
RV, Right ventricle
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Table 3: Effect of intervention group on cardiac parameters
B (95% CI)

Model 1 Model 2 Model 3
IVSd (Z-score) -0.87 (-1.17 to -0.57)* -0.88 (-1.18 to -0.59) -0.88 (-1.18 to -0.58)
LVMI (g/m2) -8.67 (-13.30 to -4.05)* -8.71 (-13.20 to -4.22) -8.56 (-13.09 to -4.03) 
LV S’ (cm/s) 1.42 (0.63 to 2.20) 1.45 (0.69 to 2.21) 1.43 (0.65 to 2.20) 
LV E’ (cm/s) 2.26 (0.56 to 3.96) 2.29 (0.57 to 4.00) 2.39 (0.68 to 4.11)

Model 1= Corrected for BSA
Model 2= Model 1 + Age + Sex
Model 3= Model 2 + Assisted reproductive techniques
*= not corrected for BSA
IVSd , Interventricular septum at end diastole
LVMI, Left ventricular mass index
LV, Left ventricle

Figure 3: Dose-response relationship between maternal preconception weight loss and cardiac outcomes. 
Stratified for control and intervention group. Mean and standard deviation are displayed 

*p<0.05
LVMI= Left ventricular mass index
IVSD_Z= interventricular septum thickness Z-score
LV= left ventricle 
Significance was tested using unpaired t-tests
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Discussion
We demonstrated that a 6-month preconception lifestyle intervention in women with 

obesity leads to changes cardiac structure and function in their 6-year-old children as 

compared to children born to mothers with obesity in the control group. These changes 

include a thinner interventricular septum, a lower LVMI and increased systolic and diastolic 

myocardial velocities in children of women who underwent the lifestyle intervention. 

Although the outcomes of all children in our study are within the normal range for 

healthy children,(32) a lower myocardial mass and increased myocardial performance is 

considered indicative of better cardiac health. This suggests that a preconception lifestyle 

intervention in women with obesity has the potential to improve cardiovascular health 

in their children. 

Better maternal cardiovascular health during pregnancy has been associated with better 

offspring cardiovascular health at ages 10-14 years.(33) In addition, cardiovascular risk 

factors emerging in childhood, such as markers of obesity and biochemical measurements, 

have previously been identified as predictors of CVD risk in adulthood.(34) In regard to 

cardiac geometry, both LVM and IVS are known to track from childhood into adulthood.

(35, 36) LVM and IVS have also been identified as risk factors for CVD in adult life, as 

demonstrated in large cohort studies.(37, 38) A possibly underlying mechanism could 

be that increased LVM and IVS increase myocardial oxygen consumption while reducing 

coronary blood-flow reserve.(37) The Framingham study demonstrated that in women 

a 50 g/m increase in LVM gave a relative risk of 2.21 for death attributable to CVD, after 

correcting for multiple confounders.(37) A more recent cohort study in non-hypertensive 

adults demonstrated that individuals within the highest IVS quintile in the cohort were 

1.8 times as likely to develop hypertension after 5 years as compared to individuals with 

the lowest IVS in the cohort.(38) Both studies included participants free from CVD and the 

majority of the cardiac outcome values varied within the normal ranges. This suggests that 

echocardiographic values that are considered normal, could still indicate an increased 

CVD risk in later life relative to other normal values. In our study, all echocardiographic 

markers in our participants were within the normal range for healthy children. However, 

in line with the results of the adult cohort studies(37, 38) we believe that the lower LVM 

and higher myocardial performance in children caused by the preconception lifestyle 

intervention could lower the long-term CVD risk. 

While our study is the first to assess effects of a preconception intervention, two other 

studies have reported on cardiac outcomes in children after a lifestyle intervention during 

obese pregnancy or women at increased risk of gestational diabetes. Nyrnes et al.(11) 
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conducted the follow-up of the ETIP trial,(39) a randomized controlled trial assessing 

a 60-minutes workout given 3 times a week, starting at circa 24 weeks of gestation in 

women with overweight or obesity. They did not find a beneficial effect of the exercise 

intervention during pregnancy on the cardiac outcomes in their infants at 6-8 weeks 

of age.(11) The second study is the follow-up of the RADIEL trial, including pregnant 

women with an increased risk of gestational diabetes (previous gestational diabetes or 

preconception BMI ≥ 30 kg/m2).(40) The RADIEL intervention consisted of four sessions 

of lifestyle counselling, started around 13 weeks of gestation.(40) The follow-up did not 

find an effect of the intervention on LVM and cardiac geometry in their children of 6 years 

of age.(41) This might be because these interventions are implemented after the first 

trimester, which is an important period for foetal cardiac development,(42) and therefore 

are unable to achieve beneficial effects in the cardiac outcomes of the children. 

The dose-response analyses stratified for maternal preconception weight loss 

demonstrated that the preconception lifestyle intervention still had beneficial effects on 

the cardiac outcomes in the children, even when there was no maternal weight loss. This 

indicates that other factors are accountable for the positive effects of the intervention 

on offspring’s health. Maternal diet before and during pregnancy has previously been 

associated with cardiometabolic health in the offspring,(43-45) but not all research is 

able to demonstrate such an association.(46) Exercise during pregnancy has been 

associated with increased heart rate variability during foetal life and in the first month 

of life, indicating that it may positively influence neonatal cardiac health.(47) However, 

most exposures have been studied during pregnancy as opposed to the preconception 

period, which makes it difficult to translate the results directly to our study. In our 

mediation analyses, maternal diet, physical activity, glucose and insulin resistance before 

or during pregnancy did not mediate the association between the intervention and 

the echocardiographic outcomes (Supplemental Table 4). However, maternal diet and 

physical activity were both based on self-reported data prone to bias and are therefore 

difficult to measure precisely. In addition, our sample size was small and our study was not 

powered for these explorative analyses, so mediating effects may have gone undetected. 

Other mechanisms have been proposed as pathways from maternal preconception 

lifestyle to cardiac outcomes in the children, including reduced foetal hyperinsulinemia 

in response to lower maternal glucose levels, and decreased activation of inflammatory 

pathways linked to maternal obesity leading to improved placentation.(48, 49) However, 

we would argue that an adverse preconception and in-utero environment has important 

consequences that are not only directly targeted at the developing foetal heart, but also 

work through other pathways in the postnatal period. For example through increase of 
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blood pressure or increase of BMI,(44, 50, 51) which may than in turn alter left ventricular 

geometry(52). Recent research suggested that single adverse maternal risk factors such 

as obesity during pregnancy do not drive the associations with offspring cardiovascular 

health, but that a composite indicator of foetal cardiometabolic exposures including 

increased maternal BMI, blood pressure, total cholesterol level and glucose level were 

responsible for this association.(33) So, the positive effect of the preconception lifestyle 

intervention could also be the result a combination of underlying maternal and/or foetal 

effects. This complex matter should be the subject of future research. However, the fact 

that an improvement in maternal lifestyle positively influences cardiac health in their 

children without relying on weight loss might be an important, motivating message for 

women with obesity planning on a pregnancy.

Strengths and limitations

An important strength of this study is that, to our knowledge, it is the first experimental 

human trial analysing the effect of a preconception lifestyle intervention in women with 

obesity on offspring’s cardiac health. Previous research investigating offspring’s cardiac 

structure after a diabetic pregnancy demonstrate transient alterations within the first 6 

months after birth, probably due to normalization of the high glycaemic environment 

in-utero.(53) Therefore, with a mean follow-up of 6.5 years we hypothesize that possible 

transient cardiac alterations might have already occurred and that our results indicate 

sustained alterations in cardiac structure and function. 

There are some limitations to this study. First, there was a high attrition rate (81%) which 

makes the results prone to selection bias. The characteristics of the cohort in this follow-

up study were comparable to those of eligible non-participants regarding pregnancy 

complications including hypertension during pregnancy and (gestational) diabetes, and 

gestational age at birth- all of which can affect cardiac structure and function.(54-56) While 

this indicates that selection bias based on these characteristics is unlikely, selection bias 

may still have occurred on other undefined variables and our results should therefore 

be interpreted within the framework of these limitations. Second, another related 

limitation is the small sample size and we cannot rule out that our findings could be due 

to chance (type 1 error). Nonetheless, our findings show remarkable internal consistency, 

with all cardiac parameters showing beneficial effects of the preconceptional lifestyle 

intervention. Third, several echocardiographic outcomes had low ICC’s between the 

two assessors. Echocardiography has previously been demonstrated to be an operator-

dependent technique that is prone to variable reproducibility and interpretation.(57) 
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Therefore, we included a third independent blinded reviewer in case of poor ICCs. This 

strategy improved the ICCs to at least moderate agreement. Last, due to the number 

of variables included as primary outcomes, there is a potential risk of multiple testing. 

However, most statistically significant differences in outcome variables between the 

two groups reach a high significance level (p<0.001), making a false-positive result due 

to multiple testing less likely. Therefore, due to these limitations our results should 

be perceived as preliminary. Longer follow-up and external validation is necessary to 

determine the consistency and clinical relevance of these findings. 

Conclusion
We demonstrated that a preconception lifestyle intervention in women with obesity 

improves echocardiographic parameters of cardiac structure and function associated 

with increased future CVD risk in their children at six years of age. This provides the first 

experimental evidence in humans suggesting that a preconception lifestyle intervention 

is a novel strategy to reduce CVD risk in the next generation. 
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Supplemental information
Supplemental Table 1: Overview assessed echocardiographic outcomes

Variables Mode of measurement or formula
Cardiac structure IVSd/IVSs Parasternal long axis in M-mode

IVSd Z-score Pettersen et al regression equations based on 
BSA1

LVM 0.8 (1.04 ([LVIDD + PWTD + IVSd]3- [LVIDD]3))+ 
0,6 2

LVMI LVM divided by BSA
Systolic function Longitudinal Strain Four-chamber view

2D speckle tracking
Ejection fraction modified Simpson rule (biplane method of 

disks)
Stroke volume Π * ( AoD/2)2 * LVOT VTI
Cardiac output Stroke volume * heart rate / 1000
LVOT VTI
MV VTI

Diastolic function MV E/A ratio Apical four-chamber view 
MV E/LV E’
LV E’/A’

Tissue Doppler 
imaging 

LV lateral wall Pulsed wave
RV lateral wall Pulsed wave
IVS Pulsed wave

1. Pettersen MD, Du W, Skeens ME, et al. Regression Equations for Calculation of Z Scores of Cardiac Structures in 
a Large Cohort of Healthy Infants, Children, and Adolescents: An Echocardiographic Study. Journal of the American 
Society of Echocardiography 2008; 21: 922-934. DOI: 10.1016/j.echo.2008.02.006.
2. Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic assessment of left ventricular hypertrophy: 
Comparison to necropsy findings. The American Journal of Cardiology 1986; 57: 450-458. DOI: https://doi.
org/10.1016/0002-9149(86)90771-X.
IVSd= Interventricular septum (IVS) at end-diastole 
IVSs= IVS and end-systole
LVM= left ventricular mass
LVMI= LVM index
BSA= body surface area
LVIDD= Left Ventricular Internal Diameter in Diastole 
PWTD= Posterior Wall Thickness in Diastole
AoD= aortic diameter
LVOT = left ventricular outflow tract
VTI= Velocity time integral
MV = Mitral valve
LV= Left ventricle
RV= Right ventricle
TDI= tissue Doppler velocity
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Supplemental Table 2: Comparison participants follow-up cohort with pregnant non-participants 
from with initial study
Data is presented as mean (SD), median [range] or number {%}

Offspring characteristics N Participants N Non-participants P-value
GA (weeks) 60 38.6 (2.4) 255 38.8 (2.4) 0.6
Birthweight (kg) 59 3.4 (0.7) 255 3.3 (0.7) 0.3
Female - no {%} 60 31 (51.7) 255 124 (48.6) 0.7
Maternal characteristics
At time of randomisation N Participants N Non-participants
Age (years) 60 29.2 (4.2) 260 29.0 (4.2) 0.8
BMI (kg/m2) 60 35.8 (2.9) 260 35.9 (3.5) 0.8
Smoker - no {%} 60 10 (16.7) 256 57 (22.3) 0.3
Intervention related outcomes
Intervention group 60 24 (40) 260 128 (49.2) 0.2
≥5% weight loss and/or BMI <29 kg/m2 21* 10 (47.6) 114 55 (48.2) 1.0
Pregnancy related outcomes
Assisted reproductive techniques † - no {%} 60 11 (18.3) 260 42 (16.2) 0.7
Diabetes gravidarum with or without the use 
of insulin - no {%}

59 15 (25.4) 254 41 (16.1) 0.09

Diabetes gravidarum with insulin - no {%} 59 6 (10.2) 254 17 (6.7) 0.4
Pregnancy induced hypertension - no {%} 59 10 (16.9) 254 44 (17.3) 0.9
Preeclampsia - no {%} 59 1 (1.7) 254 6 (2.4) 0.8
HELLP syndrome - no {%} 59 2 (3.4) 254 2 (0.8) 0.1

*3 women did not finalize the intervention, therefore successful weigh loss could not be determined
†Assisted reproductive techniques = in vitro fertilization/intracytoplasmic sperm injection (including cryopreserved 
embryo–transfer cycles) 
GA= gestational age
BMI= body mass index
HELLP= Haemolyse Elevated Liver enzymes Low Platelets 
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Supplemental Table 3: Interclass correlation coefficients (ICC) for the echocardiographic variables 
with p<0.2 in group comparisons

Variable Reviewer 1 & 2 Reviewer 1 & 3 Reviewer 2 & 3
ICC 95% CI ICC 95% CI ICC 95% CI

IVSd 0.56 0.36 to 0.71 NA NA
IVSs 0.34 0.01 to 0.59 0.14 -0.08 to 0.34 0.29 0.03 to 0.51
LVM 0.79 0.68 to 0.87 NA NA
CO 0.82 0.65 to 0.90 NA NA
E/e’ 0.40 0.15 to 0.59 0.44 0.21 to 0.62 0.89 0.68 to 0.95
EF 0.22 -0.02 to 0.45 0.16 -0.06 to 0.39 0.62 0.44 to 0.76
MV VTI 0.69 0.07 to 0.88 NA NA
IVS s’ 0.60 0.35 to 0.76 NA NA
IVS e’ 0.67 0.09 to 0.86 NA NA
LV s’ 0.59 0.36 to 0.75 NA NA
LV e’ 0.57 0.02 to 0.80 NA NA
LV a’ 0.40 0.10 to 0.62 0.44 0.21 to 0.62 0.78 -0.06 to 0.94
RV a’ 0.42 0.09 to 0.65 0.51 0.26 to 0.69 0.87 0.55 to 0.95
LVOT VTI 0.87 0.69 to 0.94 NA NA

CI= confidence interval
IVSd= Interventricular septum at end-diastole
IVSs= Interventricular septum at end-systole
LVM= left ventricular mass
CO= cardiac output
E/e’= Mitral valve e / lateral wall e’
EF= Ejection fraction
MV TVI= Mitral valve time velocity integral
IVS s’= Inter ventricular septum s’
IVS e’= Inter ventricular septum e’
LV s’= Left ventricle s’
LV e’= Left ventricle e’
RV a’= Right ventricle a’
LVOT VTI= Left ventricle outflow tract velocity time integral
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Abstract
Introduction: Maternal obesity during pregnancy is associated with poorer cardiovascular 

health (CVH) in children. A strategy to improve CVH in children could be to address 

preconception maternal obesity by means of a lifestyle intervention. We determined if 

a preconception lifestyle intervention in women with obesity improved offspring’s CVH, 

assessed by magnetic resonance imaging (MRI). 

Methods: We invited children born to women who participated in a randomized 

controlled trial assessing the effect of a preconception lifestyle intervention in women 

with obesity. We assessed cardiac structure, function and geometric shape, pulse wave 

velocity and abdominal fat tissue by MRI.

Results: We included 49 of 243 (20.2%) eligible children, 24 girls (49%) girls, mean age 

7.1 (0.8) years. Left ventricular ejection fraction was higher in children in the intervention 

group as compared to children in the control group (63.0% SD 6.18 vs 58.8% SD 5.77, 

p=0.02). Shape analysis showed that intervention was associated with less regional 

thickening of the interventricular septum and less sphericity. There were no differences 

in the other outcomes of interest. 

Conclusion: A preconception lifestyle intervention in women with obesity led to a higher 

ejection fraction and an altered cardiac shape in their offspring, which might suggest a 

better CVH.
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Introduction
Cardiovascular diseases (CVDs) are the leading cause of death globally (1). Large scale 

epidemiological studies have shown that CVD may originate early in life, even before birth, 

due to environmental exposures (2-4). For example, maternal obesity is associated with a 

16% increase in cardiovascular events before the age of 25 and a 30% increase in the risk 

of hospital admission for cardiovascular events in adulthood (5, 6). In children, maternal 

obesity is associated with adverse cardiovascular health (CVH), such as increased blood 

pressure and fat mass (5-10). Therefore, improving maternal lifestyle before pregnancy 

in women with obesity could be a preventive measure to improve CVH and reduce future 

CVD burden in next generations (11). 

Follow-up studies of randomized controlled trials (RCTs) assessing lifestyle interventions 

in women with obesity before and during pregnancy have shown limited effects on 

CVH of their children (12-14). However, most follow-up studies have focused on blood 

pressure and anthropometrics as outcome parameters in the children, which may be too 

insensitive to detect subtle intervention effects (15). Magnetic resonance imaging (MRI) is 

the current gold standard technique for non-invasive evaluation of cardiac and vascular 

function and volumes and the quantification of fat mass (16). In addition, statistical shape 

modelling (SSM) is a novel approach to detect and quantify the 3D cardiac anatomy (17, 

18), and has found differences in paediatric cardiac shape associated with obesity (19) 

and hypertensive pregnancies (20). 

In the current study we performed a follow-up of a RCT examining the effect of a 

preconception lifestyle intervention in women with obesity on MRI-derived indicators of 

CVH in their children. This includes cardiac structure, function and shape, pulse wave 

velocity (PWV) as a marker of vascular stiffness and abdominal adipose tissue volume. 

The lifestyle intervention improved maternal lifestyle, resulted in an average 4kg weight 

loss, halved the odds of metabolic syndrome 6 months after randomization and women 

who successfully lost weight demonstrated beneficial effects on cardio-metabolic 

health that persisted up to 6 years later (21-24). In addition, we explored whether the 

effect of the intervention on offspring’s CVH is dependent on maternal weight loss. 

We hypothesize that children whose mothers participated in a preconception lifestyle 

intervention have better MRI-derived indicators of CVH, as compared to children born 

to women with obesity who did not receive a preconception lifestyle intervention, and 

that this association is dependent on the success of the intervention on maternal weight. 
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Methods
Participants

We performed the follow-up of a multicentre RCT investigating a preconception lifestyle 

intervention (21). The RCT was a multicentre study conducted in the Netherlands between 

2009 and 2012 and included infertile women with obesity and randomly assigned them 

in a 1:1 ratio to a lifestyle intervention before fertility care or prompt fertility care (21). 

The follow-up was set out to assess the long-term effects of the lifestyle intervention on 

health outcomes, both in the women and their children (25). In this study, we present 

the results of the follow-up study in the children. Children were eligible for follow-up if 

they were conceived within 24 months after randomization, their parents gave written 

consent to be contacted in the future and had available contact information. In case 

of multiple pregnancies, we included the first-born child. Children were invited for 

cardiac assessment by means of echocardiography and an additional MRI if the child 

was 6 years or older. The results of the echocardiography study have been published 

previously (26). In this paper we present the results from the MRI study. The study was 

conducted according to the principles of the Declaration of Helsinki and was approved 

by the medical ethics committee of the university medical centre Groningen (METc code: 

2008/284).

MRI protocol

MRI images were obtained using a 3.0 T Ingenia (Philips Medical Systems, Best, the 

Netherlands) or 3.0 T Magnetom Skyra (Siemens Healthineers, Erlangen, Germany). 

The imaging protocol consisted of localizer series, followed by 2-, 3- and 4-chamber 

and double oblique (candy cane) of the aorta steady state free precession cine series 

(balanced field turbo echo in breath hold). A short-axis steady state free precession cine 

stack was then obtained, covering the ventricles and part of the atria with contiguous 

8-mm thick slices over several end-expiration breath-holds. For calculation of pulse wave 

velocity (PWV) a navigator of heart and aorta was obtained (mDIXON) to depict the full 

course and length of the aorta. Centreline was determined on this series. In plane 2D 

phase contrast (2DPC) of the aorta was obtained for PWV calculation. Through plane 

2DPC flow measurements were assessed on 2 axial planes perpendicular to the aorta 

with velocity-encoding, adjusted to maximum velocity; the first plane at the level of the 

ascending- and proximal descending aorta and the second axial plane was at the level of 

the abdominal aorta. A 3D DIXON series or transverse T1 from cervical level to pelvic level 

was obtained for determination of abdominal fat.
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Outcomes variables
Primary outcomes

To assess MRI-derived indicators of CVH in children born after a preconception lifestyle 
intervention in women in obesity, we included (1) markers of cardiac structure, including 
end diastolic left ventricular mass (LVM), interventricular septum thickness at end-
diastole (IVSd), end-diastolic volume (EDV) and end-systolic volume (ESV), (2) markers 
of cardiac function, including stroke volume (SV) and ejection fraction (EF), (3) cardiac 
shape through SSM, (4) PWV as a marker of vascular stiffness, and (5) visceral and 
subcutaneous abdominal adipose tissue (VAAT and SAAT, respectively) as markers for 
body fat distribution. All cardiac structure outcomes and SV were additionally indexed 
for body surface area (BSA) (27). 

Cardiac structure and function

LV structure and function were calculated offline on the short-axis cine stack with CVi42 
(Circle Cardiovascular Imaging Inc., Calgary, Canada). LV endocardial and epicardial contours 
at end-diastole and end-systole were manually depicted by a radiologist experienced 
in cardiac MRI (CMR) blinded to group allocation (JS), as standardized by the society for 
Cardiovascular Magnetic Resonance (28). Trabeculae and papillary muscles were included 
in the blood pool. IVSd was assessed on the short-axis cine stack at mid-ventricular level, by 
selecting the axial slice closest to the mid-ventricular part of the LV. If no exact middle slice 
was available, one slice towards the base was chosen. For the IVSd thickness we choose the 
thickest part of the end diastolic outer wall and inner wall at this level.

Anatomical meshes and descriptors 

The process of reconstruction of the 3D LV anatomy is reported previously (17-19). In 
summary, we created personalized LV meshes for each child derived from the contours 
of the end-diastolic LV in the short-axis cine stack. Subsequently, several geometric 
measurements were performed on the generated meshes, including LV EDV, LVM, LVM 
to volume ratio (M2V), LV length, LV diameter, LV sphericity and LV eccentricity. Sphericity 
was calculated as the ratio of the longest LV diameter and LV length. Eccentricity was 
calculated as a ratio of the endocardial diameters parallel and perpendicular to the IVS. 

Pulse wave velocity

PWV was assessed using the flow measurements in the ascending aorta and abdominal 
aorta. If flow measurements in the abdominal aorta were not performed, PWV was 
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assessed between the ascending and descending aorta. Velocity versus time flow curves 
were generated using software package MASS (Medis, Leiden, The Netherlands)(29) and 
the time difference (∆t) between the peak velocities in the two planes was calculated (see 
figure S1a). Second, for calculation of the distance between the two planes (∆d), the axial 
planes were depicted on the double oblique-sagittal view (see figure S1b) (30) . ∆d was 
calculated as the mean of the inner and outer aortic wall distance, which were manually 
delineated by a researcher under supervision of an experienced radiologist specialized 
in CMR imaging (JS), using syngo.via software (Siemens Healthcare GmbH, Erlangen, 
Germany) (see figure S1b). PWV was then calculated as ∆d/∆t. 

Abdominal adipose tissue

We measured VAAT and SAAT at the level of the third lumbar vertebra (L3) (31, 32) using 
the DIXON series. For segmentation of adipose tissue, we used a threshold of 0.25x max 
intensity of the image, which depicted an accurate display of the abdominal adipose 
tissue (see figure S2). The quantifications were performed using ITK-SNAP software (33). 

Statistical analyses

Outcome variables were compared between children born to women in the intervention 
group and children born to women in the control group, through independent sample 
t-test for normally distributed values and Pearson chi-square for binary variables. In 
case of non-normality we used the Mann-Whitney U test. All variables were analysed 
in multivariable linear regression analyses, correcting for age and sex by adding these 
values as covariates in the model. Analyses were performed using IBM SPS Statistics 26 
(SPSS, Chicago, IL). A p value of <0.05 was considered statistically significant.

Statistical shape model
To study the variation in cardiac morphology we built an SSM as reported previously (19, 
34). In short, we used principal component analyses (PCA) to reduce the large number of 
variables (i.e. nodes of the 3D meshes) encoding the cardiac shape into a small number of 
modes of anatomical variation (i.e. axes of anatomical change) that explained the variance 
observed across the cohort. We performed unpaired T-test to discover the differences in 
PCA modes between the intervention and control group. In addition, by combining PCA 
modes through a linear discriminant analysis that best separates cases of the control and 
intervention group, we aimed to find a shape pattern associated with the intervention. The 
SSM analysis was performed in Matlab R2021, and the statistical analysis and the variability 
analysis were implemented using the Python programming language, v.3.6.5. 
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Secondary analyses

For our secondary analysis, we conducted a mediation analysis guided by Preacher and 

Hayes’ bootstrapping method (35) to explore whether an effect of the preconception 

lifestyle intervention on the outcome parameters is explained by preconception weight 

loss. Preconception weight loss was defined as total maternal weight loss in kilograms 

between randomization and 6 months later. 

Quality assessment

To assess interobserver variability, a second radiologist specialized in CMR imaging and 

blinded to group allocation (RNP) contoured the CMR data of 20 randomly selected 

participants for ventricular dimensions, and inter-observer correlation coefficients 

(ICC) were calculated. ICCs for IVSd thickness were calculated using observations from 

a researcher experienced in cardiac imaging analyses (TdH) assessed in 20 randomly 

selected participants. To evaluate the accuracy of the generated meshes in our SSM 

analyses we assessed distance from their surfaces to the initial contours. To assess 

possible attrition bias, we compared maternal and neonatal baseline characteristics in 

our participants and non-participants from the original LIFEstyle study that conceived 

a child within 24 months after randomization using t-tests for normally distributed 

variables and Pearson chi-square for binary variables. 

Results
Two hundred forty-three children were invited and, eventually, 49 (20.2%) children 

underwent MRI. See figure 1 for an overview of patient selection and number of children 

included per primary outcome. These children had a mean age of 7.1 (0.8) years, 24 were 

girls (49.0%) and 20 children were born to women allocated to the intervention group 

(41%). All children were born from a singleton pregnancy. 

Child baseline characteristics at time of birth and follow-up did not differ between the 

intervention and control group (see Table 1). However, children born to women in the 

intervention group were more often born after a hypertensive pregnancy as compared to 

the control group (40% vs 6% p=0.006, respectively). Thirty-four (69.4%) children received 

an MRI on the 3.0 T Ingenia and 15 (30.6%) on the 3.0 T Magnetom Skyra scanner. For 

a comparison of baseline characteristics between intervention and control group for 

included children per outcomes, see table S1. For reference short axis, 2-, 3- and 4 

chamber images, see figure S3.
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577 women included in lifestyle study

341 children born within 24 months after 
randomizaiton

319 children eligible

49 children included for MRI

45 children included for 
cardiac structure, function 

and shape analyses 
41 children included for PWV

32 children included for fat 
quantification

4 children excluded due to;
-loss of data (n=4)

8 children excluded due to;
- inability to finish protocol (n=1)

- image quality (n=1)
- No flow measurements available (n=6)

17 children excluded due to;
- image quality (n=12)

- inability to finish protocol (n=2)
- not whole abdomen visible (n=3)

7 deceased
15  either second or third child of multiple pregnancy

2 emigrated
3 no contact information

71 did not give consent to be contacted in the future

243 children apporached

1 contraindication for MRI
49 non-responders

144 refused to participate

Cardiac structure, function 
and shape analyses

PWV analysis Fat quantification

Figure 1: Flowchart of participants selection
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Table 1: Baseline characteristics
Data is presented as mean (standard deviation) or n(%)

Control (n=29) Intervention (n= 20) P
Child characteristics at follow-up
Age (years) 7.16 (0.7) 7.13 (1.0) 0.90
Female (%) 14 (48.3) 10 (50) 0.91
BSA (m2) 0.98 (0.1) 0.96 (0.2) 0.75
BMI (gr/m2) 17.00 (2.4) 16.39 (1.7) 0.33
Child characteristics at birth
Birthweight (kg) 3.56 (0.8) 3.29 (0.5) 0.18
Gestational age (weeks) 38.68 (2.9) 39.01 (1.4) 0.64
Pregnancy and maternal characteristics
Age at randomization (years) 28.83 (4.3) 29.62 (3.9) 0.51
PIH (%) 2 (5.8) 8 (40) 0.006
Gestational diabetes (%) 4 (13.8) 6 (30) 0.19
Total weight lossa (kg) 2.0 (2.9) 4.4 (5.1) 0.15
Mode of conception (%)
     Spontaneous
     Ovulation induction
     IUI
     ART

8 (27.6)
13 (44.8)
3 (10.3)
5 (17.2)

 
10 (50)
4 (20)
4 (20)
2 (10)

0.12

aweight loss between randomization and 6 months later
BSA= body surface area
BMI= body mass index
PIH= Pregnancy induced hypertension
IUI= Intra uterine insemination
ART= assisted reproductive techniques including in vitro fertilization, intra cytoplasmic sperm injection, 
CRYO

Cardiac structure and function

Table 2 shows the outcome of the regression analyses on the association of intervention 

on cardiac structure and function. A comparison on individual level data is shown in 

figure S4. We found no effect of the preconception lifestyle intervention on MRI-derived 

measures of cardiac structure in children. After correction for age and sex, LV EF was 

higher in children from the intervention group as compared to children from the control 

group (63.0% SD 6.18 vs 58.8% SD 5.77, p=0.02). We did not find any other significant 

differences in cardiac structure and function between the intervention and control group. 
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Table 2: Primary outcomes between control and intervention group
Data is presented as mean (standard deviation)

n Control n Intervention Pa

Mean HR 27 90.84 (18.05) 18 87.09 (9.58) 0.27
Left ventricle (LV)
EDV (ml) 27 64.57 (19.91) 18 63.03 (15.34) 0.78
ESV (ml) 27 26.83 (9.56) 18 23.53 (7.15) 0.21
SV (ml) 27 37.74 (11.25) 18 39.50 (9.70) 0.60
LVM ED (gr) 27 41.13 (10.41) 18 40.02 (6.74) 0.68
EDVi (ml/m2) 27 65.09 (15.47) 18 64.80 (11.44) 0.96
ESVi (ml/m2) 27 26.99 (7.97) 18 24.09 (5.81) 0.19
SVi (ml/m2) 27 38.09 (8.72) 18 40.71 (7.92) 0.32
LVMI ED (gr/m2) 27 41.56 (7.68) 18 41.40 (4.85) 0.96
EF (%) 27  58.78 (5.77) 18 63.02 (6.18) 0.02
Interventricular septum (IVS)
IVSd (mm) 27 5.96 (0.82) 18 6.03 (0.73) 0.76
IVSdI (mm/m2) 27 6.13 (1.0) 18 6.31 (0.95) 0.53
Pulse wave velocity (PWV)
PWV (cm/ms) 26 2.41 (0.89) 15 2.66 (0.87) 0.40
Fat quantification
VAAT (mm2) 20 2610.96 (1150.01) 12 3791.52 (3061.81) 0.15
SAAT (mm2) 20 8884.61 (6760.38) 12 11993.94 (9565.20) 0.32
VAAT/SAAT 20 0.36 (0.14) 12 0.36 (0.17) 0.79

aCorrected for age and sex in linear regression analyses
EDV= end diastolic volume
SV= stroke volume
EF= ejection fraction
LVM ED= Left ventricle mass at end-diastole
LVMI= LVM index
IVSd= IVS at end-diastole
SAAT= subcutaneous abdominal adipose tissue
VAAT= visceral abdominal adipose tissue

Statistical shape model

The first 9 PCA modes explained >90% of the variability in LV shape, and the first 16 

modes explained >90% of the conventional metrics (LVEDV, LVM, M2V and LV length). We 

found no significant differences in cardiac shape between the control and intervention 

group in these first 16 modes (see figure 2). Mode 18 was significant (p=0.023) and 

captured a pointier LV shape (i.e., decreased sphericity) and a thinner septal wall, most 

prominent in the posterior-septal region, in children of the intervention group compared 

to controls. The optimal difference between cardiac morphology between cases and 

controls was found by the combination of modes 2, 10 and 18, with qualitative features 

similar to those observed in mode 18 (see figure 2) and with reasonable classification 

performance (Area under the curve of the Receiver Operator Curve of 0.743 in leave-1 

out cross-validation). 
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Figure 2: Results from the statistical shape model (SSM). Panel A (left): Statistical signifi cance in the 
comparison between control and intervention groups. Panel B (right): Anatomical remodelling combining 
modes (2, 10 and 18) that best capture diff erences between control and intervention groups, with 
corresponding box-plot comparing intervention (blue) to controls (green). The remodelling is illustrated by 
3D shapes and matching bulls-eye plots colour coded accordingly to wall thickness – the fi gure shows the 
extreme of remodelling associated to intervention (left), the average (middle) and the extreme associated 
to the control cohort (right). The small white sphere signals the location of the centre of the septal wall, and 
the small black sphere the centre of the anterior wall. 

PWV and abdominal adipose tissue

PWV velocity was available in 41 children, of which 15 (36.6%) were born to women in the 
intervention group (see fi gure 1). Five children (12.2%) did not have fl ow measurements 
at the level of the abdominal aorta and PWV was therefore calculated between the 
ascending and descending aorta. PWV did not diff er between the intervention and control 
group (Table 2). We included 32 children for fat quantifi cation, 12 (37.5%) born to women 
from the intervention group. SAAT and VAAT did not diff er between children born to the 
intervention group as compared to controls (Table 2).

Secondary analyses

EF was included as an outcome parameter in the mediation analysis with maternal weight 
loss as potential mediator (see Table S2). The indirect eff ect of the intervention on EF 
through maternal weight was -0.6% (95% confi dence interval: -2.6 to 0.87), indicating that 
maternal weight loss was not a signifi cant mediator in the association of the maternal 
lifestyle intervention on EF in the off spring.

Quality assessment 

Our interobserver analyses of cardiac structure and function measurements demonstrate 
good to excellent agreement (table S3). The 3D LV meshes created by our SSM analyses 
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showed a good sub-voxel accuracy when fitted to contours (average distance of 0.936 
+/-0.540 mm). Table S4 demonstrates the baseline characteristics of participants and 
eligible non-participants; these were not statistically different.

Discussion
To our knowledge, this is the first follow-up of an RCT assessing the effect of a preconception 
lifestyle intervention in women with obesity on MRI-derived indicators of CVH in their 
children. We did not find any differences in cardiac structure (with conventional metrics), 
PWV or abdominal adipose tissue between the intervention and control group. However, 
we did demonstrate that a preconception lifestyle intervention led to a higher EF in 
children from mothers in the intervention group compared to controls. In addition, 
analysis of cardiac shape revealed that children born to women in the intervention group 
a thinner IVS and decreased sphericity as compared to controls. Both findings might 
signify a positive effect of the intervention on offspring’s cardiac health.

Maternal obesity has previously been associated with a lower EF in offspring of obese 
dams(36). Taken together with the higher EF found in children from the intervention arm 
of our study, this  indicates that a preconception lifestyle intervention in women with 
obesity may ameliorate the effect of maternal obesity on offspring’s cardiac function. 
As a lower EF is an important prognostic marker of CVD in asymptomatic human adult 
populations (37), this might indicate a better CVH in these children. 

Beeson et al. suggest that offspring born to obese dams undergoing an exercise intervention 
during pregnancy have improved cardiac function due to increased contractility, possibly 
due to an upregulating of key proteins involved in cardiac contractility (38). Maternal 
obesity has previously been associated with cardiac fibrosis in the offspring (39-41) 
suggesting that children from the intervention group could have increased cardiac 
contractility because of less cardiac fibrosis. Alternatively, cardiac sphericity, something 
we found in the control group, is associated with reduced EF in clinical population (42, 
43) possibly due to adverse remodelling processes (44, 45). Moreover, the increased 
sphericity found in the children from the control group had strong similarities with the 
cardiac remodelling patterns found in the presence of high afterload, e.g.. aortic stenosis 
(46). One possible hypothesis might be that a decreased spherical heart in children born 
to women in the intervention group could signal less remodelling or lower afterload and 
provide another explanation for the increased function. However, our groups were small 
and our attrition rate was high, so these results must be seen as hypothesis generating 
and replicated in larger studies with higher follow-up rates. 
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In our follow-up, children in the control group were more often conceived by assisted 

reproductive techniques (ART), although this difference was not statistically significant (see 

Table 1). Therefore, differences in outcome parameters could be mediated by a positive 

effect of the intervention on the woman’s chance of natural conception. Children who are 

naturally conceived have lower blood pressure and more favourable cardiac structure 

and function compared to children conceived by ART (47), although there are also studies 

that show no effect of ART on blood pressure(48). Furthermore, children conceived by 

ART are more susceptible to detrimental effects of environmental exposures during 

pregnancy, such as maternal obesity and smoking which could potentially negatively 

influence their long-term health (49, 50). 

Cardiac structure, as measured by conventional metrics, was not different between 

children from the intervention group and controls, although in animal studies a maternal 

exercise intervention prevented cardiac hypertrophy associated with maternal obesity 

in the offspring (38). However, Blackmore et al. demonstrated that offspring of obese 

mice develop cardiac hypertrophy and systolic and diastolic dysfunction, but that the 

hypertrophy subsides over time while cardiac dysfunction remains present (51). So, it 

is possible that structural cardiac differences related to our preconception lifestyle 

intervention already disappeared at time of MRI. Also, there were more children in the 

intervention group being born to women with pregnancy induced hypertension (PIH) 

which was not apparent in the initial trial (21). PIH is associated with cardiac structural 

differences including hypertrophy (52), which could have obscured possible effects of the 

intervention on cardiac structure. A detailed assessment of 3D cardiac shape, however, 

did reveal regional thinning of the IVS wall in children from the intervention group. This is 

in line with the results of an echocardiographic study on the effect of the preconception 

lifestyle intervention on offspring’s cardiac health in partly the same cohort, where we 

also found a thinner IVS in the intervention group (26). IVS thickness has previously been 

positively associated with the risk of CVD in an asymptomatic cohort (53). Thus a thinner 

IVS in our intervention group could signal reduced CVD risk and improved CVH. 

There are few follow-up studies of lifestyle interventions during obese pregnancies that 

assessed similar indicators of CVH in children. Nyrnes et al. conducted the follow-up of 

a lifestyle intervention during obese pregnancy and did not find a significant difference 

in cardiac structure or function, based on an echocardiogram 6-8 weeks after birth (54). 

Litwin et al. assessed echocardiographic LVM, LV function and PWV in children at the 

age of 6 years and did not find a significant effect of the lifestyle intervention during 

pregnancy on any of these outcomes (55-57). An important difference between these 
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studies and ours is that the interventions assessed in these studies were given during 

pregnancy, as opposed to the preconception period (58, 59). Therefore, it is conceivable 

that, given the gestational age at which the interventions during pregnancy were offered, 

many of the deleterious effects of maternal obesity had already been established, 

particularly because the most critical period of heart formation had already occurred 

when the intervention started (60). 

Our results demonstrated that the effect of a preconception lifestyle intervention 

on cardiac function is not mediated by maternal weight loss. This is in line with the 

echocardiographic data from partly the same cohort: the beneficial effects of the 

preconception lifestyle intervention on these echocardiographic parameters were also 

independent of maternal weight loss. This suggests that others factors (such as improved 

dietary intake or increased physical activity) possibly contribute to the beneficial effect of 

the intervention. Previous lifestyle interventions in obese dams demonstrated that the 

intervention has a beneficial effect on cardiac structure and function in the offspring, 

without altering maternal weight (38). In addition, exercise in obese pregnant dams has 

beneficial effects on offspring metabolism and endocrine function, without an effect on 

maternal weight during pregnancy (61). Thus, there are other factors, which could include 

biochemical factors, diet composition and physical activity levels as well as mental health 

and quality of life, that can play an important role in underlying mechanisms responsible 

for the beneficial effect (61). However, our study was not powered to calculate the effect 

of these factors and this should be explored in future research. 

The normal range of EF assessed by CMR in children aged 6-12 years is between 60 and 

73% (62, 63).Therefore, it is important to note that EF, and all other mean values of cardiac 

structure and function in our study, are within normal ranges (62, 63). However, the 

difference in EF between the  intervention and control group is 4%, which is almost 1SD 

difference in EF in healthy children (62, 63). Small differences in CVH within the normal 

range could make a large difference in CVD burden on a population level (4). For example, 

in a large community-based cohort of healthy adults, Tsao et al. noted a significantly 

increased risk for both heart failure and death with every 5% lower EF (37). Importantly, a 

5% decrement in EF represented a difference between quartiles in a population of 10.000 

adults (37). In addition, CVD risk factors in childhood including blood pressure and body 

mass index are associated with CVD in adulthood, even if these risk factors are within the 

high-normal range (4). Therefore, although the difference between EF in our intervention 

and control group may be small and within normal ranges, implications at a population 

level may be large. 
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There are several limitations to our study. First, our study has a higher risk of false-

positive results (type 1 error), due to multiple primary outcome variables (leading 

to multiple testing) and because some of the MRI images were of suboptimal quality 

(due to the children’s high heart rate, inability to follow up breathing instructions and 

difficulties in lying still, leading to measurement error). However, the higher EF found in 

the intervention group is supported by the trend of a lower ESV in the same subjects, a 

different cardiac shape revealed by a detailed statistical shape model, and similar effects 

of a maternal lifestyle intervention found in animal studies (38) and an echocardiographic 

study in the same cohort (26). All together, we consider our results hypothesis generating, 

and our finding need to be validated in larger studies. A second limitation is that we 

experienced a high attrition rate, making our results prone to attrition bias. However, 

if we compare the children in our study with all eligible children, we find no significant 

differences indicating our study population is a valid representation of the entire cohort 

(Table S4). Third, our groups were small, so we may have had a lack of statistical power 

to detect subtle differences between groups. Last, we used abdominal adiposity tissue 

at level L3 as a proxy for the entire abdomen. This finding is validated in adult cohorts, 

but not in paediatric cohorts (31, 32). However, for internal validation, we compared 

our single slice abdominal adipose tissue measurements with whole abdomen adipose 

tissue measurements that was available in a subset of children. This comparison showed 

that adipose tissue at level L3 correlated well with whole abdomen adipose tissue (data 

not shown). 

In conclusion, we demonstrated that a preconception lifestyle intervention in women 

with obesity resulted in a higher EF and a cardiac shape characterized by a thinner IVS 

and decreased sphericity in their children at the age of 7, as compared to obese controls. 

This could be indicative of enhanced CVH and provide a possible preventative strategy 

to reduce the CVD risk found in children born to women with obesity. However, other 

cardiac structure and function outcomes were not significantly different between control 

and intervention. Our findings need to be validated in larger studies, preferably including 

a longer follow-up with multiple measurements to track cardiac structure and function 

over time. 

Data Availability Statement
The datasets generated during and/or analysed during the current study are available 

from the corresponding author upon reasonable request. The 3D meshes included for 

analyses are available on FigShare https://doi.org/10.6084/m9.figshare.19944362
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Table S2: Indirect effect maternal weight loss between effect lifestyle intervention and 
cardiovascular health outcomes in children
ß 95%CI

Left ventricular ejection fraction (%)

Maternal weight loss (kg) -0.6% (-2.6 to 0.87)
CI= confidence interval

Table S3: Intra correlation coefficients (ICC) of cardiac structure and function variables
Variable ICC
EDV 0.91
ESV 0.94
LVM 0.71
SV 0.72
EF 0.74
CO 0.71

EDV= End diastolic volume 
ESV= End systolic volume 
LVM= Left ventricle mass 
SV= Stroke volume
EF= Ejection fraction
CO= Cardiac output
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Table S4: Comparison participants follow-up cohort with pregnant non-participants from with 
initial study
Data is presented as mean (standard deviation) or n(%)

n Participants (n=49) n Eligible non- participants
(n=319)

p

Infant characteristics
Birth weight – kg 48 3.45 (0.68) 262 3.34 (0.63) 0.28
Gestational age – weeks 49 38.82 (2.41) 262 38.84 (2.30) 0.95
Age at start follow-up – years 49 6.10 (0.89) 267 5.85 (0.91) 0.08
Sex – female 48 24 (50.0) 262 129 (49.2) 0.87
Maternal characteristics
Intervention group – % 49 20 (40.8) 267 130 (48.7) 0.31
BMI at randomization – kg/m2 49 35.83 (2.82) 267 35.92 (3.49) 0.87
Age at randomization – years 49 29.15 (4.08) 267 29.06 (4.23) 0.89
Educational level - % Primary 
school 
Secondary education 
Intermediate education
Higher education and 
University

46
1 (2.2)
10 (21.7)
27 (58.7)
8 (17.4)

254
9 (3.5)
61 (24.0)
120 (47.2)
64 (25.2)

0.51

Successful women in
intervention group - %

17 7 (41.2) 116 56 (48.3) 0.58

Pregnancy outcomes
Complications- % 48 26 (54.2) 261 136 (52.1) 0.81
Smoking – % 49 9 (18.4) 263 57 (21.7) 0.60
PIH – % 48 10 (20.8) 261 44 (16.9) 0.51
Conception mode – % 
Spontaneous 
Ovulation induction 
IUI
IVF/ICSI/cryo

49
18 (36.7)
17 (34.7)
7 (14.3)
7 (14.3)

263
98 (37.3)
82 (31.2)
39 (14.8)
44 (16.7)

0.96

DG with insulin 48 4 (8.3) 261 19 (7.3) 0.80

BMI= body mass index
PIH= pregnancy induced hypertension
IUI= intrauterine insemination
IVF= in vitro fertilization
ICSI= Intracytoplasmatic sperm injection
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Supplementary figure 1: Pulse wave velocity analyses

S1b: Double oblique-saggital view

1= level of aortic ascendens flow measurement
2= level of aortic abdominalis flow measurement
∆d was calculated as (aortic outer wall distance + aortic inner wall distance) / 2
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Supplementary figure 2

2a     2b
      

2c

Representative axial magnetic resonance images at the level of L3. Figure 2a depicts the fat only image, 
figure 2b demonstrates the image used for segmentation after adjustment of the threshold to 0.25x 
maximum intensity of the image and figure 2c demonstrate the image after segmentation (green indicates 
subcutaneous fat and red indicates visceral fat).
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Supplementary figure 3: Reference images

Images Intervention group Control group
Short-axis

2-chamber

3-chamber

4-chamber
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Abstract
Objectives: To determine which factors contribute to the decision of mothers to 

participate with their child in follow-up (FU) examinations after participation in a 

randomized controlled trial (RCT) prior to conception.

Design: A cross-sectional survey, including Likert-scale items. Comparisons will be made 

between respondents who participated in all FU rounds of data collection and those who 

did not participate in any FU round with their child.

Participants: Women who participated in an RCT investigating the effect of a 

preconception lifestyle intervention (LIFEstyle study: Netherlands Trial Register: NTR1530) 

were invited to participate with their child in three FU data collections when the child 

had a mean age of 4.2 years, 4.6 years and 6.5 years, respectively. FU rounds included a 

health questionnaire, physical examination and cardiac assessment, successively.

Results: Sixty-seven respondents were included, of whom 7 (10%) did not participate 

in any FU round and 24 (36%) participated in all FU rounds. Women who participated 

with their child in all 3 FU data collection rounds felt more involved in the FU research 

(95.8%) and agreed more often that the FU was introduced well (91.7%) as compared with 

women that did not participate in any FU data collection round with their child (14.3% 

and 28.6%, respectively). Participants of FU rounds more often agreed that participation 

felt like a health check for their child as compared with non-participants. In addition, 

participants of the physical examination and cardiac assessment more often let their 

decision to participate depend fully on their child, as compared with non-participants 

(39.4% vs 17.7% and 52.5% vs 24%, respectively).

Conclusions: To increase participation rates in future FU studies of children after 

maternal participation in an RCT, we suggest to involve women in the design of the 

FU study, to emphasise possible perceived benefits of participation and to encourage 

women to actively involve their child in the decision of participation.
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Introduction
Maternal health before and during pregnancy is associated with health outcomes 

in children throughout the life course (1, 2). Observational studies have shown that 

maternal health conditions before or during pregnancy, such as obesity and diabetes, 

are associated with an increased incidence of obesity, type 2 diabetes and hypertension 

in their children (3-5). Interventions before or during pregnancy could potentially affect 

children’s health in the long run. In order to assess causal effects of such interventions 

on children’s health, long term follow-up (FU) of randomized controlled trials (RCTs) 

evaluating interventions before or during pregnancy are needed. 

Currently only 16% of RCTs evaluating effects of interventions during pregnancy include 

a FU to evaluate the effect of the intervention on the child’s health (6). This low number 

may be due to the high costs and long timespan that exceeds most funding schemes, 

as well as logistical and legal challenges (7). An important challenge which hampers the 

unique ability of trials to assess causality is that such long-term FU studies in children of 

mothers who participated in RCTs investigating effects of interventions before or during 

pregnancy often face high loss-to-FU. Loss-to-FU can induce selection bias, leading to 

imbalances in study groups, which can jeopardize the ability to assess causality (8, 9). 

Importantly, the validity of the study results correlate directly with the degree of loss-to-

FU (10).

The importance of the preconception period in determining the long-term health in 

children has been well established and recognized by several important authorities, 

including the World Health Organization and the International Federation of Gynaecology 

and Obstetrics (2, 11-19). Studies aimed at improving preconception health in women 

with obesity are conducted more often and should be seen as a public health priority 

(11, 20-22). With the alarming rise of maternal obesity worldwide, the effect of preventive 

strategies on the detrimental effects of maternal obesity on long-term health in children 

are necessary, and high follow-up rates must be ensured (14, 23). To minimize loss-to-FU 

in this type of FU, an understanding of factors that influence the decision for participation 

is important. For this semi-qualitative study, we included women who participated in 

an RCT investigating the effects of a lifestyle intervention before pregnancy on fertility 

outcomes in women with obesity. During the FU, which was introduced after inclusion 

for the RCT, children born to these women were invited to participate in several FU data 

collection rounds to investigate their long-term health (24). The FU rounds in the children 

included a questionnaire addressing the child’s health, a physical examination near their 
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homes, and a cardiac assessment in a hospital. We aimed to determine which factors 

play a role for mothers when deciding whether or not to participate with their child in FU 

research. Eventually, our results could be implemented in the design of future FU studies 

of children after maternal participation in an RCT, and eventually limit loss-to-FU. 

Methods
Participants

We included women who participated in the LIFEstyle study, an RCT investigating a 

preconception lifestyle intervention (25). The intervention study included infertile women 

with obesity and these women were randomly assigned to a lifestyle intervention before 

fertility care or prompt fertility care (25). Women were eligible if they conceived a healthy 

child within 24 months after randomization in the LIFEstyle study, had given permission 

to be contacted for FU research of their child, and had available contact information (25). 

The FU study was set up to evaluate the long-term health in both women who participated 

in the RCT and their children (24). In this study, we focused solely on the FU of the children. 

The FU in the children consisted of three consecutive rounds of data collection in a period 

of 8 years after randomization (see Figure 1). Table 1 demonstrates an overview of the 

mean age and FU rates of the children during the different FU rounds. In summary, during 

the first FU round the children had a mean age of 4.2 years and mothers were asked to fill 

in a health questionnaire addressing the child’s general health and behaviour as well as 

monitoring the child’s food intake 3 times in one week. In addition, an accelerometer was 

provided to measure the physical activity of the children. The second round, the physical 
examination, consisted of a onetime visit to a mobile research vehicle near the family’s 

home when the children had mean age of 4.6 years. We measured anthropometry, 

body composition, cardiometabolic health and behavioural components (26). During the 

physical examination, participants were asked to give consent for an additional buccal 

swab, faeces sample and/or blood sample to gain more insight in the biochemical and 

genetic profiles. The third FU round was a cardiac assessment in a hospital when the 

children in the study had a mean age of 6.5 years. This cardiac assessment consisted of 

an echocardiogram and a cardiac magnetic resonance imaging (MRI) study. Participation 

during this round took approximately 1 hour for the echo and an additional 1 hour for 

the cardiac MRI. 
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Figure 1: Follow-up data collection rounds

Round 1:
Health 

questionnaire

Round 2:
Physical 

examination

Round 3:
Cardiac 

assessment

Follow-up (mean age children)

Figure 1: Follow-up data collection 
rounds

4.2 4.6 6.5

Round 3:
Cardiac 

assessment

Round 2:
Physical 

examination

Round 1:
Health Health 

questionnaire

Table 1: Overview follow-up data collection rounds
Health questionnaire Physical examination Cardiac assessment

Eligible – n 305 156 242
Participated – n 107 48 60
FU rate - % 35.1 30.8 24.7
Intervention group – n(%) 43 (40.1) 17 (33.3) 24 (40.0)
Age children - years* 4.2 (0.8) 4.6 (1.0) 6.5 (1.1)

FU = follow-up
*Data is presented as mean (standard deviation)

FU Participation questionnaire

The Medical Ethics Committee of the UMC Groningen deemed that the Medical Research 
Involving Human Subjects Act (WMO) did not apply to this study (METc 2019/221) and 
offi  cial approval was not required. We used the STROBE guidelines for cross-sectional 
reporting (27). All eligible participants were asked to complete a questionnaire with 
statements regarding participation in FU research of their child (see Supplementary 
fi gure 1) and provide written consent. The participation questionnaire consisted of 
two parts. The fi rst part addressed topics including (1) experience during the original 
intervention study, (2) communication to participants, (3) knowledge and stigma of the 
subject of research, and (4) understanding of the importance of the research topic. The 
second part consisted of statements specifi c for the FU round and were asked separately 
for each FU round to determine which factors played a role in participation for each 
round. These statements included: (1) I let the decision of participation depend fully on 
my child, (2) my child was too young to participate, (3) participation would feel like a 
health-check for my child, (4) the distance to the research location would be too far, (5) 
the research visit would be too burdensome for my child and (6) the research visit would 
take too much time. 
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In total, the questionnaire included 70 statements and mothers had to indicate how 

much they agreed on a 5-point Likert scale. 1 stated ‘Strongly disagree’, 2; ‘Disagree’, 3; 

‘Neutral’, 4; ‘Agree’ and 5; ‘Strongly agree’. Apart from the Likert scale, we used multiple 

choice and open questions. 

Patient and Public Involvement 

Participants were involved in the conduct of this research. During the feasibility stage, 

we pretested the questionnaire among ten participants to optimize coverage of 

questions and assure clarity of the questions. Based on their feedback, we added two 

questions to the questionnaire: “If the follow-up study would have been introduced by 

someone from the original study team, I would have been more likely to participate” 

and “The link between the original intervention study and the follow-up study was clear” 

(Supplementary Figure 1).

Data analysis

For the analysis, we combined 4 (agree) and 5 (strongly agree) to summarize the percentage 

of agreement. To assess which factors contributed to the decision to participate in the 

study, we compared the answers of respondents that participated in all three FU rounds 

with respondents that did not participate in any FU round with their child. In addition, we 

compared the level of agreement between participants and non-participants within each 

FU round to determine if there were certain factors associated with participation for a 

specific type of FU. Comparisons between groups were made using Fisher’s exact test. 

The analyses were performed using IBM SPS Statistics 26 (SPSS, Chicago, IL). A p value of 

<0.05 was considered statistically significant.

Sensitivity analysis

To assess possible selection bias, we compared our group of participants with all eligible 

non-participants. 

Results
In total, 341 children were conceived within 24 months after randomization and 211 

dyads were eligible and approached (See Figure 2). Sixty-seven respondents (31.8%) 

completed the FU participation questionnaire. For an overview of the respondents and 

their previous participation in FU with their child, see Figure 3. Table 2 demonstrates 
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the baseline characteristics of the respondents who completed the questionnaire. See 

supplementary table 2 for the STROBE checklist. 

Table 2: Baseline characteristics
Data is presented as mean (standard deviation), or n (%)
N= 67

Mean age mothers – years 39.0 (4.1)
Education mother - %
Primary education 1 (1.6)
Secondary education 13 (20.3)
Intermediate vocational education 37 (57.8)
Higher vocational education and university 13 (20.3)
Mean age child – years 7.5 (0.8)
Intervention group - % 24 (35.8)
Female (child) - % 30 (44.8)
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Figure 2: Participation flowchart

822 Eligible women

245 Declined 
Participation

577 Randomized

564 Eligible

3 Withdrew informed 
consent

10 lost to follow-up

341 Children conceived within 
24mo after randomisation

211 elligible

67 Informed Consent

7 Died

2 Emigrated
3 No contact information

103 Did not give consent to be contacted 
in the future 

1 Refused to participate
7 Wrong contact information

136 Non-responders

15 Children either second or third 
child of multiple pregnancy
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Figure 3: Distribution of respondents and previous follow-up participation with their child

N= 7

N= 7 N= 2

Physical examination
N= 0

Health questionnaire
N= 11

Cardiac assessment
N= 9

Total health questionnaire
N= 49

Total cardiac assessment
N= 42

Total physical examination
N= 33

N=7 did not participate before

Figure 2: Distribution of respondents (n=67) and previous FU participation with their child

N= 24

Table 3 demonstrates the incidence of agreement between respondents who participated 

in all FU rounds with their child (n=24) and those who did not participate in any FU round 

(n=7). The vast majority of both groups wanted to contribute to knowledge regarding 

both obesity and fertility (Table 3). Women who participated with their child during 

all FU rounds felt more involved in the FU as compared to those women who did not 

participate in any FU round (95.8% vs 14.3%, respectively, p<0.001). In addition, women 

who participated with their child in all FU rounds agreed that the way the FU study was 

introduced was good as compared to women who did not previously participate (91.7% 

vs 28.6% respectively, p=0.002). Respondents who did not participate in any child FU 

data collection round would have appreciated it if the plan for the FU would have been 

clearer at the start of the RCT and agreed more often that they would have been more 

likely to participate if someone familiar from the RCT would have introduced the FU, as 

compared to women who participated in all FU rounds (table 3). In addition, respondents 

who did not participate in any child FU round agreed more often that the subject of the 

research has to be something they personally fi nd interesting. Almost all respondents 

who participated in all FU rounds agreed that the importance of the FU was clear (95.8%) 

as compared with 42.9% of the respondents who did not participate in any child FU round.
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FU round specific questions

Table 4 demonstrates the agreement between participants and non-participants per FU 
round. Overall, women who participated with their child during any FU round agreed 
more often that participation felt like a health-check for their child as compared to non-
participants. This difference increased in subsequent FU rounds, ranging from 55.1% and 
38.9% between participants and non-participants in the health questionnaire to 68.3% 

and 28% in the cardiac assessment, respectively. 

Table 3: Agreement between respondents who participated in all follow-up (FU) round and 
respondents who did not participate in any FU round

Participated 
in all FU 
rounds 
(n=24)

Did not 
participate in 
any FU round 
(n=7)

Statement n % n % P
The importance of the intervention study was clear 22 91.7 5 71.4 0.21
I want to contribute to knowledge regarding obesity 22 91.7 5 71.4 0.21
I want to contribute to knowledge regarding fertility 24 100 6 85.7 0.23
I felt that during the original trial there was enough attention for my 
wish to conceive 

21 87.5 5 71.4 0.56

I felt involved in the intervention study 18 75 3 42.9 0.17
I felt involved in the follow-up 23 95.8 1 14.3 <0.001
The way in which the intervention study was introduced by the health 
professional was good

21 87.5 5 71.4 0.56

The way in which the follow-up was introduced by the health 
professional was good

22 91.7 2 28.6 0.002

The link between the intervention study and the follow-up was clear 17 70.8 2 28.6 0.08
I would have liked it if it was clear at introduction of the intervention 
study, that there would be a follow-up

3 12.5 6 85.7 0.001

If the follow-up would have been introduced by someone from the 
RCT, I would have been more likely to participate

0 0 4 57.1 0.001

There was too much time in between the several visits of the follow-
up

3 12.5 2 28.6 0.56

I would have wanted to receive more updates during the follow-up 7 29.2 2 28.6 1.0
I think it’s important that the subject of research is something that I 
find personally interesting

11 45.8 7 100 0.03

I knew that obesity and fertility were related 19 79.2 7 100 0.56
I knew that cardiovascular diseases are more common in females 14 58.3 5 71.4 0.68
I knew that the later health of a child may depend on lifestyle during 
pregnancy

16 66.7 6 85.7 0.64

The importance of the follow-up was clear 23 95.8 3 42.9 0.005
I thought that there was a negative stigma regarding obesity during 
the introduction of the intervention study

7 29.2 2 28.6 1.0

I think it’s important to receive an incentive after participation 10 41.7 3 42.9 1.0
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Table 4: Agreement between participants and non-participants per FU round

Health questionnaire Physical examination Cardiac assessment 
Statement P (%) NP (%) p P (%) NP (%) p P (%) NP (%) p
I let the decision of participation 
depend fully on my child

14.2 22.2 0.47 39.4 17.7 0.06 52.5 24 0.04

My child was too young to 
participate

20.4 11.1 0.49 6.1 38.3 0.003 2.4 52 <0.001

Participation would feel like a 
health-check for my child

55.1 38.9 0.28 63.6 38.2 0.05 68.3 28 0.003

The distance to the research 
location would be too far

4.1 5.6 1.0 0 26.5 0.002 29.3 48 0.12

The research visit would be too 
burdensome for my child

4.2 11.2 0.29 3 24.2 0.03 0 37.5 <0.001

The research visit would take too 
much time

16.3 11.2 0.72 3.1 17.7 0.11 2.4 25 0.009

P= participant
NP= non-participant

In the health questionnaire, participants and non-participants did not differ significantly 
on statements, including if the questionnaire took too much time (16.3% vs 11.2%, 
respectively), if the questionnaire was too burdensome for their child (4.2% vs 11.2%) or 
if they believed that their child was too young to participate (20.4% vs 11.1%). Participants 
and non-participants of the physical examination or cardiac assessment round did differ 
on these statements. Respondents who participated in these FU rounds let the decision of 
participation more often fully depend on their child (39.4% for the physical examination 
and 52.5% for the cardiac assessment) as compared to non-participants (17.7% for the 
physical examination and 24% for the cardiac assessment).

Non-participants of the physical examination or cardiac assessment agreed more often 
that the research visit was too burdensome for their child (24.2% vs 3% for the physical 
examination and 37.5% vs 0% for the cardiac assessment) and took too much time (17.7% 
vs 3.1% for the physical examination and 25% vs 2.4% for the cardiac assessment) and they 
felt like their child was too young to participate as compared to participants (38.3% vs 6.1% 
for the physical examination and 52% vs 2.4% for the cardiac assessment) (table 4). 

Sensitivity analysis

Supplementary table 1 demonstrates the differences between respondents that 

participated in our study and all eligible non-respondents. Respondents of our study 

were older as compared to non-respondents (30.1 years, standard deviation (SD 3.9) vs 

28.8 years (SD 4.6), respectively, p= 0.05) and their children had a higher birthweight 

(3506.2 g (SD 655.5), vs 3325.5 g (SD 568.8), respectively, p= 0.04). 
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Discussion
We sought to determine which factors contribute to the decision of mothers to participate 

with their child in FU examinations after participation in an RCT prior to conception. We 

found that all women who had been invited for FU of their child wanted to contribute 

to knowledge of the research topic. Women who participated in all rounds of data 

collection with their child felt more involved in the study compared to those who did 

not participate. In addition, women who participated with their child in the physical 

examination or cardiac assessment more often perceived participation as a health-check 

for their child and let their child decide to participate as compared to those who did not 

participate. This suggests that important reasons for participating in FU research are: 

feeling involved, perceiving the FU as a health-check for their child, and actively involving 

their child in the decision to participate. 

In pregnant women anticipating to participate in a birth cohort study, altruism and 

health-related motivations are important factors for participation in research (28, 29). In 

our study, both participants and non-participants wanted to contribute to knowledge of 

the research topic. In addition, half of the respondents that participated in all FU rounds 

with their child agreed that it is important that the research topic is something that they 

find personally interesting, implying altruism might not be the only driving factor for 

participation in FU research of their child. Perceiving the FU as a health-check for their 

child seemed to positively influence the decision for participation. This is in line with 

previous research, demonstrating that participation in longitudinal research was not 

mainly driven by altruism as expected beforehand, but by the perceived benefits during 

the FU visit, such as the medical care (30). Barnett et al. assessed maternal experience of 

participation in FU research with children after participation in a longitudinal cohort study 

during pregnancy (31). They identified health improvements in children as a significant 

motivator for mothers to remain in the study after their child was born (31). In addition, 

Garg et al. identified perceived health benefits, regular monitoring of their child and a 

gain in health-related knowledge as important incentives for mothers when participating 

in research with their children (29). Patients seeking fertility care considered the safety of 

the assisted reproductive technique, which includes long-term outcomes in their unborn 

children, the most important research topic (32). Therefore, we believe it is important 

to emphasize perceived health-care benefits to women participating in FU research for 

their child. 

In our study, respondents who participated in all FU rounds felt more involved as 

compared to non-participants. Previous research exploring reasons for participation 
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in longitudinal health studies demonstrated that a sense of loyalty and membership is 

positively associated with participation (30). Studies that involved patients in the study 

design process have higher participation rates (33), and the findings are more readily 

translated into clinical practice (34). Non-participants would have been more inclined to 

participate if the FU would have been introduced at inclusion of the RCT, and if the health 

outcomes assessed in FU would be relevant to them. This is in line with studies assessing 

the impact of patient and public involvement on enrolment and retention studies. These 

studies found that patient involvement in setting up studies, for example in the direction 

and priorities of studies, leads to more active and involved participants (35-37). This might 

also lead to a clearer understanding of the importance of the FU, something we found to 

be twice as high amongst participants as compared to non-participants. Therefore, we 

believe that patient involvement in priority setting, designing, and execution of research 

will lead to a higher participation rate and facilitate implementation of knowledge gained 

by research into practice (38).

Women who participated with their child in the FU consisting of physical examination 

or cardiac assessment more often allowed their child to decide if she/he wanted to 

participate. Thus, when inviting women with their children for FU research, it is important 

to encourage women to actively involve their child in the decision of participation, and 

to ensure appropriate information for the child, such as a separate invitation letter. A 

review on the participation of children in research identified that only 15% of research 

claiming to involve children in the design of studies actually involved them in the decision 

to participate in research (39), even though involving children in all aspects of research 

leads to more committed and involved participants (40). When designing a FU of RCTs 

before or during pregnancy, representative children should be involved to ensure that 

the research appeals to children. 

The FU rates in the data collection rounds were low. The FU rate of the physical examination 

was significantly lower than the same protocol that was carried out by the same team during 

the FU of an RCT of assisted reproduction techniques (INeS) (33% vs 57%, respectively) (41). 

Importantly, although both FU studies were carried out in the same way, in the same time 

period, and by the same team, the participation rates differed. Both studies investigated 

infertile couples aiming to conceive, but the current study only included women who also 

were overweight and obese, while the INeS trial did not. Moreover, the lifestyle intervention 

was aimed at weight loss rather than conception, while the INeS study randomized women 

to different fertility treatments. Although the link between obesity and subfertility was 

known to most participants in our study, women included in our RCT did not seek medical 
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care for their weight even though the intervention offered to these women consisted of 

lifestyle counselling. We hypothesize that offering a lifestyle intervention for an unfulfilled 

wish to become pregnant might have led to a feeling of disconnect between their medical 

problem and the treatment offered. These factors could have played a role in the reduced 

willingness to participate in our FU.

Respondents filling out our questionnaire reported not feeling they were being stigmatized 

due to their weight. However, this may have been different for non-responding women. 

Previous research has demonstrated that women with obesity are often faced with 

weight stigma (42, 43). Raising the topic of weight by health care providers requires 

a sensitive and respectful approach, using neutral terminology (e.g. ‘weight’ and ‘BMI’ 

instead of ‘obese’) and preferably asking women about their language preferences 

(44). Moreover, health care providers should not make assumptions about diet, activity 

levels, motivations and perceived difficulties (45). Women with obesity contemplating a 

pregnancy are often not aware of the detrimental consequences of maternal obesity on 

their future child (46-49). However, once they are made aware of these consequences 

they are often willing to improve their health and postpone their wish to conceive in 

order to make lifestyle changes (50). Unfortunately, if information about lifestyle is 

provided by a health care professional, it is often unclear and inconsistent which makes 

women perceive the message as unimportant (51). Taken together, health care providers 

working with women with obesity contemplating a pregnancy need to be adequately 

informed regarding the benefits of a healthy lifestyle during pregnancy and educated to 

address this topic in a non-judgmental manner (45, 46). In addition, the social context 

has a great influence on lifestyle and should be recognized when implementing a lifestyle 

intervention in women with obesity (52). Furthermore, if the social context is included, 

women feel supported in daily life and perceive the implementation of a healthy lifestyle 

during pregnancy as a shared responsibility instead of an individual responsibility (51). 

There are limitations to our study. First, only 32% of all eligible mothers and children 

participated in this study, making our results prone to selection bias. If we compare women 

who participated in our study with eligible non-respondents, we find that respondents 

were older and gave birth to children with a higher birthweight (Supplementary table 

1). This participation bias is often reported in FU of birth cohorts (53, 54). However, 

the differences were small and several extreme low birth weight children in the non-

respondent group were responsible for the significant difference in birth weight (data 

not shown). We found no other differences between respondents and eligible non-

respondents. Therefore, we believe our results are representative of the entire group 
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of participants and the findings are likely to reflect true reasons to participate in FU 

of children after maternal participation in an RCT. Second, our study includes women 

with obesity and infertility which may limit the generalizability of our results. Women 

with obesity contemplating a pregnancy are not often in contact with health care 

providers, unless they experience problems to conceive (55). As a result, trials assessing 

a preconception lifestyle intervention in women with obesity often include women that 

present with fertility issues (55). However, we expect the motivation to participate in 

a study that stimulates a healthy lifestyle to optimize child’s health is independent of 

a women’s fertility status. Therefore, we believe that our findings also apply to other 

women.

Conclusion
When designing a FU in children after maternal participation in a RCT of an intervention 

before or during pregnancy, loss-to-FU might be limited by emphasizing the possible 

perceived benefits of participation, such as a health-check for their child, and to 

encourage women to actively involve the child in the decision of participation. In addition, 

it is important to actively involve women and representative children in the design of 

the FU study to stimulate the sense of involvement and increase understanding of the 

importance of the FU which seems to increase participation rates. Implementing these 

factors could prevent loss-to-FU and eventually help to assess causality between early 

life and later health. 
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Supplemental information 

Supplementary table 1: Baseline characteristics respondents compared to eligible non-respondents
Data is presented as mean (standard deviation), or n (%)

Respondents (n=67) Eligible non-
respondents (n=144)

p

Maternal characteristics
Mean age mothers at randomisation – years 30.1 (3.9) 28.8 (4.6) 0.05
Education mother 0.41
Primary education - % 1 (1.6) 5 (3.5)
Secondary education - % 13 (20.3) 36 (25.0)
Intermediate vocational education - % 37 (57.8) 63 (43.8)
Higher vocational education and university - % 13 (20.3) 34 (23.6)
Mode of conception 0.55
Spontaneous - % 21 (31.3) 56 (39.2)
Ovulation Induction - % 26 (38.8) 42 (29.4)
Intra Uterine Insemination - % 9 (13.4) 22 (15.4)
IVF/ICSI/CRYO - % 11 (16.4) 23 (16.1)
Intervention group - % 24 (35.8) 69 (47.9) 0.10
Pregnancy complications* - % 32 (48.5) 76 (53.5) 0.46
Child characteristics
Gestational age – weeks 39.0 (2.3) 39.0 (2.3) 0.95
Birth weight – g 3506.2 (655.5) 3325.5 (568.8) 0.04
Mean age child at start third data wave – years 6.0 (0.8) 5.9 (1.0) 0.41
Female (child) - % 30 (44.8) 67 (46.9) 0.69

*Complications during pregnancy included diabetes gravidarum, hyperemesis, pregnancy induced hypertension, 
(pre)eclampsia, intra-uterine death or HELLP syndrome
IVF= in-vitro fertilisation
ICSI= intracytoplasmic sperm injection
CRYO= cryopreservation

Supplementary table 2 is available online by visiting bmjopen-2021-057694supp001_data_supplement.pdf

Supplementary figure 1: Participation questionnaire 

Part 1: General questions

Below you find a few statements regarding participating in research in general. Indicate how much 
you agree with each statement.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I think it’s important the research can take place after 
work/in the weekend

о о о о о

I think it’s important the research is near my home о о о о о

I think it’s important to help other people by participating 
in research

о о о о о

I think it’s important to receive an incentive after participation о о о о о

I think it’s important that the subject of research is 
something that I find personally interesting

о о о о о

I think it’s important that my child is old enough to decide if 
she/he wants to participate

о о о о о

I think it’s important my child agrees to participate in research о о о о о
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Below you find a few statements.
Indicate how much you agree with each statement at time of inclusion for the intervention. 

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I knew that obesity and fertility were related о о о о о

I felt like I could influence my own health о о о о о

I felt like I could influence my own lifestyle о о о о о

Intervention study

You participated in the intervention study (the LIFEstyle study). One of the topics of the intervention 
study was overweight.
Below you find a few statements. Indicate how much you agree with each statement.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I want to contribute to knowledge regarding fertility о о о о о

I want to contribute to knowledge regarding obesity о о о о о

I thought there was a negative stigma
regarding obesity during the introduction of the 
intervention study

о о о о о

The importance of the intervention study was clear о о о о о

Namely:
I felt involved in the intervention study о о о о о

I felt that during the original trial there
was enough attention for my wish to conceive

о о о о о

The manner in which the intervention study was 
introduced by the health-
care professional was good

о о о о о

If not, could you indicate what you would have liked?

The statements below only need to be answered only if you participated in the 6-month lifestyle 
intervention before fertility treatment.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I felt like there was enough attention

for my personal situation.

о о о о о

I felt taken seriously о о о о о

I felt judged because of my weight о о о о о

Follow-up study

You participated in the follow-up research.
Below you find a few statements. Indicate how much you agree with each statement.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I knew that cardiovascular diseases are more 
common in females

о о о о о

I knew that the later health of a child
may depend on lifestyle during pregnancy

о о о о о
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Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

The link between the intervention study
and the follow-up was clear

о о о о о

The importance of the follow-up was clear о о о о о

I felt involved in the follow-up о о о о о

The manner in which the follow-up was
introduced by the health professional was good

о о о о о

If not, could you indicate what you would you have liked?

Below you find a few statements. Indicate how much you agree with each statement.
Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

I would have liked to know in advance,
e.g. during the introduction of the intervention study, 
that there would be a follow-up study

о о о о о

If the follow-up would have been introduced by 
someone from the intervention study, I would have 
been more likely to participate

о о о о о

There was too much time in between the several 
stages of the follow-up

о о о о о

I would have wanted to receive more updates during 
the follow-up

о о о о о

How would you have liked to receive the updates?
Letter/ E-mail / Phone / Text message (circle your answer)

How often would you have liked to receive updates? Every 3 months / 6 months / year (circle your 
answer)

Part 2: Contact with researchers

Below you find a few statements regarding your experiences during the follow-up visits. Indicate 
how much you agree with each statement.
If you did not participate please indicate n.a.

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

n.a.

I could ask all the questions I had

Intervention study о о о о о о

Follow-up visit 1 о о о о о о

Follow-up visit 2 о о о о о о

Follow-up visit 3 о о о о о о

The researcher clearly explained everything to me
Intervention study о о о о о о

Follow-up visit 1 о о о о о о

Follow-up visit 2 о о о о о о

Follow-up visit 3 о о о о о о

The researcher clearly explained everything to my child
Follow-up visit 1 о о о о о о

Follow-up visit 2 о о о о о о

Follow-up visit 3 о о о о о о



Chapter 5

136

Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

n.a.

The researcher was interested in my personal situation
Intervention study о о о о о о

Follow-up visit 1 о о о о о о

Follow-up visit 2 о о о о о о

Follow-up visit 3 о о о о о о

The researcher took his/her time
Intervention study о о о о о о

Follow-up visit 1 о о о о о о

Follow-up visit 2 о о о о о о

Follow-up visit 3 о о о о о о

Part 3: Specific follow-up rounds
To answer the statements below, participation in that specific visit is not necessary

Below you find a few statements. Indicate how much you agree with each statement. 
Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

The research visit would take too much time
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

The research visit would be too burdensome for my child
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

The distance to the research location would be too far
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

I let the decision of participation depend fully on my child
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

My child was too young to participate
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

I did not think the research topic was relevant
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о

Participation would feel like a health-check for my child
1. follow-up round 1 о о о о о

2. follow-up round 2 о о о о о

3. follow-up round 3 о о о о о
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Could you indicate why you did or did not participate in the additional examinations for your child? 
Why did you participate? Why did you not participate?

Blood sample
Buccal swab
Feaces sample

Last, you can add some suggestions below:

Thank you so much for you participation!
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Introduction
Aims

The aims of this thesis were:

1. To systematically review the evidence from human studies on the association 

between maternal obesity before or during pregnancy and cardiac structure and 

function in the offspring.

2. To investigate the effect of a preconception lifestyle intervention in women with 

obesity on imaging-derived indicators of cardiovascular health (CVH) in their children.

3. To determine the factors that play a role in the decision of mothers to participate in 

follow-up examinations with their child after participating in a randomized controlled 

trial (RCT) before pregnancy.

Main findings
Our systematic review demonstrated that maternal obesity before or during pregnancy 

is associated with lower left ventricular strain in foetuses and infants and a thicker 

interventricular septum in children (Chapter 2). We found no other differences in cardiac 

structure and function in children born to women with and without obesity. Currently, 

there are no studies assessing the association between maternal obesity and cardiac 

alterations among adolescents and adults. It is therefore unknown if the alterations 

in cardiac structure and function found in foetuses and infants of women with obesity 

persist into adolescence and adulthood. 

To assess the effect of a preconception lifestyle intervention on cardiac structure and 

function of children, we performed follow-up evaluations of the Lifestyle study, an RCT 

that assessed the effect of a preconception lifestyle intervention on fertility outcomes in 

women with obesity (1, 2). We found that children aged between 7 and 8 years, whose 

mothers were randomized to the intervention arm, had a thinner interventricular 

septum, lower left ventricular mass and better systolic and diastolic tissue Doppler 

velocities (measured with echocardiography) than controls (Chapter 3). In addition, 

children born to women allocated to the intervention group had better CVH, as shown 

by higher ejection fraction, less regional thickening of the interventricular septum and 

less sphericity as measured with cardiac magnetic resonance imaging (CMR) (Chapter 
4). Taken together with the results of our systematic review, these findings show that a 

preconception lifestyle intervention in women with obesity can improve cardiac structure 

and function in offspring and might reduce the incidence of cardiovascular disease (CVD) 
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in the next generation. Because our study was small and the first of its kind, these results 

must be seen as hypothesis generating and the preventive potential of preconception 

lifestyle interventions should be explored in further research. 

We found that women who decided to participate in the follow-up study with their child 

felt more involved in the study, perceived participation as a health-check for their child 

and actively involved their child in the decision-making process (Chapter 5). This indicates 

that involving women and their children in the design of follow-up investigations and 

encouraging women to engage their child in the decision to participate in research may 

increase participation rates in future studies. Improving participation rates would not 

only increase statistical power but also reduce the risk of selection bias and enhance the 

ability to assess causality in follow-up studies of RCTs. 

Preconception as a promising window for intervention 
The importance of the preconception period has been acknowledged by several health 

authorities including the World Health Organization (WHO) and the International 

Federation of Gynaecology and Obstetrics (FIGO) (3, 4). The WHO identified preconception 

care as a key part of an overall strategy to prevent maternal and childhood mortality and 

morbidity (3, 5). The FIGO has emphasized the importance of achieving healthy lifestyles 

prior to conception for lifelong maternal health, and the potential benefits to health 

and human capital in the next generation (4, 6). In 2021, sixteen health authorities in 

the Netherlands, including the Ministry of Health and several associations of medical 

specialists, signed a preconception pledge (7). In this pledge, all authorities recognized 

the importance of preconception health for the well-being of future children and the 

need to improve preconception health in future parents (7). 

The importance of the preconception period for future health has been shown in large 

epidemiological studies and experimental animal studies (8, 9). The results presented in 

this thesis add to this evidence by providing the first experimental evidence in humans 

that an intervention to optimize maternal health in the preconception period improves 

cardiovascular health in the next generation. In recent years, other RCTs have assessed 

the effects of preconception lifestyle interventions in women with obesity (10-12). 

Follow-up of these RCTs will further strengthen the evidence that preconception lifestyle 

interventions benefit the health of future generations (10-12).
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CVH outcomes in children after maternal lifestyle 
interventions
Different mechanisms of programming effects 

The programming of CVH in children born to women with obesity is not yet fully 

understood, but is likely to be multifactorial and occurring through different mechanisms 

(13, 14). A preconception lifestyle intervention in women with obesity could influence 

cardiac structure and function but not anthropometry and blood pressure in children. In 

pregnant obese dams, an exercise intervention before and during pregnancy prevented 

cardiac hypertrophy and cardiac dysfunction in the offspring, but did not affect blood 

pressure (15). Cardiac hypertrophy was associated with hyperinsulinemia in dams and 

an exercise intervention improved maternal insulin sensitivity in these animals (16, 

17). Therefore, maternal hyperinsulinemia could mediate the programming of cardiac 

outcomes in offspring born to women with obesity, but not the programming of 

hypertension in offspring (15). The exercise intervention did not correct maternal leptin 

levels in pregnant obese dams (15). Hyperleptinemia in neonatal rat pups increased 

blood pressure in adulthood, suggesting that hypertension in offspring born to women 

with obesity is programmed through maternal leptin levels (18). These results explain 

how a preconception lifestyle intervention in women with obesity can improve maternal 

insulin sensitivity but not maternal leptin levels. In our secondary analyses, we looked 

at factors influencing the relation between maternal obesity and cardiac structure and 

function in the offspring. These factors included maternal glycaemia, nutritional intake 

and physical activity during pregnancy and blood pressure and insulin sensitivity in the 

offspring (19). However, we did not identify any factors that significantly mediated the 

relationship between maternal obesity and cardiac structure because our study was 

hampered by high loss-to-follow-up. The mechanisms responsible for a possible effect 

of preconception lifestyle interventions in women with obesity on CVH in children should 

be explored in future research. 

Programming effect of interventions in the absence 
of short-term effects
The preconception lifestyle intervention in women with obesity did not affect short-term 

health outcomes such as birth weight in the children (1); however, we did find a beneficial 

effect of the intervention on cardiac structure and function later in life. This finding, that 

maternal interventions before or during pregnancy have long-term health outcomes but 

not short-term effects, has also been found in other research. For example, a large RCT 
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among pregnant women in poor communities in Bangladesh found no effect of multiple 

micronutrients and food supplementation at the start of pregnancy on birth weight or 

direct postnatal outcomes (20). However, 5 years later, more children born to women 

who received the micronutrients and food supplementation were still alive than children 

born to women who received standard care (including iron and folic acid and usual food 

supplementation) (20). The ORACLE II RCT assessed how different antibiotics in women 

with spontaneous preterm labour affected neonatal death, chronic lung disease, or major 

cerebral abnormalities before discharge from hospital (21). They found no difference in 

these primary outcomes between the different treatment groups, but at the age of 7, 

children born to women receiving erythromycin had more functional impairments (22). 

These studies indicate that a maternal intervention during pregnancy can have effects 

later in life. This highlights the importance of long-term follow-up, even in participants 

who show no short-term effects in the initial evaluation. 

Lifestyle interventions before or during pregnancy without weight loss
Our exploratory analyses suggested that maternal weight loss did not mediate the effect 

of the preconception lifestyle intervention on CVH outcomes in offspring (19). Previous 

research has also shown that altering maternal lifestyle before or during pregnancy 

can benefit the mother and child, even without weight loss. For example, women with 

obesity who exercised regularly and improved their diet had better outcomes of assisted 

reproductive techniques, independent of weight loss (23-25). In animal studies, lifestyle 

interventions in obese pregnant dams improved CVH and endocrine function in their 

offspring without reducing their own body weight (15, 26). Therefore, maternal factors 

other than weight loss are likely to mediate the effect of maternal lifestyle interventions 

on CVH in children. These will be described in the next paragraph.

Mechanisms responsible for beneficial effects of 
lifestyle interventions without maternal weight loss
Epigenetic changes, oxidative stress levels and changes in inflammatory markers during 

pregnancy are associated with CVH in children (27). One study demonstrated that women 

with obesity who participated in a lifestyle intervention had alterations in cord blood 

DNA methylation sites that were associated with CVH in their offspring (28). Furthermore, 

reducing oxidative stress with N-acetylcysteine in obese pregnant mice prevented 

cardiac remodelling in offspring, independent of maternal weight loss (29). In women 

with obesity, exercise and a higher intake of fruit and vegetables during pregnancy 
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lowered oxidative stress without altering body weight (26, 30). In a small retrospective 

study, 14 minutes of light physical activity per day reduced C-reactive protein (CRP) levels 

below a clinical threshold in pregnant women with obesity (31). CRP is an inflammatory 

marker and has been associated with the programming of adult metabolic disease (31). 

However, a preconception lifestyle intervention did not affect oxidative stress levels in 

the Lifestyle study, although this could have been due to insufficient power to detect 

subtle differences or the modest weight loss in the intervention group (32). 

Importance of long-term follow-up studies
No studies have assessed the association between maternal obesity and cardiac 

structure and function in offspring beyond childhood. This means we do not know 

whether the cardiac phenotype associated with maternal obesity in childhood (i.e., a 

thicker interventricular septum and lower left ventricular strain) persists into adulthood. 

However, animal studies have demonstrated altered cardiac structure and function 

in adult offspring born to obese mothers (33-36). Cardiac structure and function in 

childhood is known to persist into adulthood (37, 38), so we hypothesize that these 

alterations during childhood are sustained throughout life. The clinical relevance of 

our findings – i.e., whether the cardiac alterations we found in children born to women 

with obesity translate to an increased susceptibility to CVD in later life – remains to be 

determined. Previous research has demonstrated that risk factors for childhood CVH 

(even those within the higher-normal range) are associated with cardiovascular events in 

midlife (39). Therefore, studies that track the cardiac structure and function in children 

born to women with obesity and assess the CVD risk of these children later in life could 

provide important information on the pathophysiology of increased CVD risk in children 

born to women with obesity.

To assess causality between interventions before or during pregnancy and long-term 

outcomes in children, extensive follow-up of experimental studies is necessary (13). 

Lifestyle interventions before or during pregnancy can affect offspring health later in 

life, even if no short-term effects are seen. Therefore, limiting measurements to early 

childhood may give a limited picture of how preconception lifestyle interventions affect 

offspring health. Long-term follow-up of experimental studies can determine if a lifestyle 

intervention before or during pregnancy in women with obesity reduces CVD risk later 

in life. This would show the relevance of early life interventions to CVH in adulthood and 

inform programmes and policy decisions in the field of public health.
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Improving preconception health
Maternal obesity is increasing at an alarming rate worldwide, which means a growing 

number of children have a higher risk of developing CVD. Optimizing health in the 

preconception period to lower this risk should therefore be a public health priority. 

However, the importance of the preconception period on long-term health of children 

has only recently been acknowledged (8, 40). Another challenge is assessing couples who 

want to become pregnant. Women contemplating a pregnancy are not always in contact 

with healthcare professionals and are often not aware of the negative consequences their 

preconception lifestyle can have on the long-term health of their future children (41-44). 

Couples are also often not aware that preconception care is available or do not know 

how to access this care, while others think that they do not need preconception care (45). 

Once women know the effects their lifestyle can have on the health of their future child, 

they are often very motivated to improve their lifestyle (46). Health professionals could 

identify couples contemplating pregnancy by asking (young) couples if they are considering 

becoming pregnant (7). This could be routine procedure during regular visits to the GP or 

during other clinical interactions. Local campaigns could also target women contemplating 

a pregnancy to raise awareness of the importance of preconception health (47). These 

campaigns should also target potential fathers, as their preconception health is also 

important (8). For instance, paternal obesity impairs fertility by reducing sperm quality and 

quantity (48) and is associated with increased chronic disease risk in offspring (49). 

Important facilitators that increase the use of preconception care in women are ease 

of access, tailored advice and regular interaction with healthcare professionals (50). 

Similar facilitators identified in pregnant women with obesity, and a home visit from a 

“healthy weight adviser” who provided individualized, practical advice and support was 

rated highly be these women (51). The APROPOS-II study investigated a locally tailored 

preconception care approach in six municipalities in the Netherlands that incorporated 

several of these facilitators to preconception care (47). The feasibility study showed that 

the locally tailored preconception care approach could positively affect preconception 

lifestyle behaviours (52). In the Netherlands, couples contemplating a pregnancy can use 

a mobile app (‘Smarter Pregnancy’) where they are asked several questions regarding 

their lifestyle and history to get tailored advice on optimizing their health (53). Women 

using the ‘Smarter Pregnancy’ app showed large improvements in nutritional behaviours 

(53). Importantly, if the mobile app was combined with face-to-face counselling, an even 

greater health improvement was seen (54). The effects of using this app on offspring’s 

health have not yet been investigated, but this would be a very interesting line of research.
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In our study, the preconception lifestyle intervention was not equally effective in all 

participants (55). Higher external eating behaviour (indicating eating in response to 

external food cues such as sight and smell of food), no previous dietetic support, and 

increased motivation to lose weight were determinants of successful lifestyle change 

and programme completion in our study (55). These factors could help identify those 

women who are likely to benefit from our lifestyle intervention and other strategies 

can be developed for women requiring alternative support (55). Another study showed 

that depressive symptoms, emotional distress and anxiety negatively affect eating 

behaviour and physical activity, which limited the efficacy of a dietary intervention (56). 

Baseline assessments of behavioural components and factors influencing behaviour 

are important to increase the therapeutic efficacy of lifestyle interventions (56). A novel 

strategy is to tailor diets to groups of individuals according to their metabolic phenotypes 

(metabotypes) (57). Interestingly, individuals in the same metabotype group responded 

differently to the same diet, which could be considered when implementing a lifestyle 

intervention based on metabotype (57). One RCT assessed a dietary intervention based 

on an algorithm that integrated blood parameters, dietary habits, anthropometrics, 

physical activity and others factors. The intervention significantly lowered postprandial 

responses, which indicated a lower CVD risk (58). Taken together, personalized lifestyle 

interventions could yield the greatest improvements in lifestyle and consequently the 

largest health benefits for the next generation. 

Implications for public health 
Improving health by changing lifestyle is notoriously difficult, and changing established 

patterns of behaviour, such as smoking or poor diet, can take months or years (8, 59). 

Interventions at the population level can optimize preconception health in individuals 

who are not yet planning a pregnancy. This may be a more effective approach since 

many risk factors for adverse preconception health arise long before pregnancy (60). 

Population-level interventions also have other advantages; for example, they avoid some 

of the limitations of individually targeted interventions such as burdening women with 

the responsibility for preconception health and feelings of blame or shame (60). 

An example of a population-level intervention was the 2017 Food Fortification Initiative, 

which mandated iron or folic acid fortification of one or more cereal grains in 86 countries 

(61). This intervention reduced neural-tube defects by around 50% in many countries 

(61). Another population-level intervention to improve preconception health could be to 

educate students on the importance of preconception health (62). Adding preconception 
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care given by midwives to the standard sex education programme in schools increased 

awareness on the importance of preconception health, as well as the effects on the 

health of the next generation (62). These strategies may improve preconception health 

and prevent CVD in next generations. 

Women with obesity are at risk for adverse pregnancy outcomes and may benefit from 

interventions aimed at improving preconception health (63). Unfortunately, lifestyle 

interventions are less effective in women with obesity (54). This might be because 

obesity is not only an individual’s poor lifestyle choice but is also determined by the 

social environment (54). Although parents feel a personal responsibility to do whatever 

they can to improve the health of their child during pregnancy, they make these efforts 

within social environments that can make healthy choices very difficult (64). Therefore, to 

improve preconception health in all parents, environmental, systemic, policy and social 

factors that stimulate individual choices around healthy weight should be addressed 

(64). For example, the ‘sugar tax’ placed additional costs on sugar-sweetened beverages 

(65). A systematic review of 15 studies demonstrated that this sugar tax reduced sugar-

sweetened beverage purchases and sugar intake, which could ultimately improve 

preconception health (65). Other factors, such as education on healthy snacks and 

beverages (66) and increased residential greenness (67) have also improved health. 

Conclusions
Investing in preconception care can improve the health of current and future generations. 

However, although the government and health institutes understand the importance 

of the preconception period in determining the health of the next generation, more 

effort is needed to optimize preconception health and improve the cardiometabolic 

health of future children. Optimizing preconception care should therefore be a public 

health priority and evidence-based strategies are warranted. Future research should 

focus on optimizing preconception care to improve the health of the next generation, 

making preconception care accessible to all, and tailoring this care to each individual. 

Collaborations will be needed on multiple levels, involving the government, healthcare 

providers and individuals, to eventually translate the evidence into practise. 
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Summary
Chapter 1 describes the background and aims of the research presented in this thesis. 

The prevalence of obesity is rising at an alarming rate in individuals of all ages, including 

pregnant women. This is worrying as maternal obesity is associated with several adverse 

health outcomes for mother and child. For example, children born to women with obesity 

are more likely to develop cardiovascular diseases (CVDs). The exact pathophysiology of 

this increased CVD risk in the offspring of women with obesity remains to be determined. 

Experimental studies in animals and small observational studies in humans have 

demonstrated that maternal obesity during pregnancy directly affects cardiovascular 

development in their offspring, which could explain the increased CVD risk in the 

offspring. No systematic review of observational human studies has summarized the 

associations between maternal obesity and cardiac alterations in offspring to date. 

Lifestyle interventions to reduce obesity in women before or during pregnancy 

could prevent CVD in their offspring. Previous studies assessing the effect of lifestyle 

interventions during pregnancy in women with obesity on the cardiovascular health 

(CVH) of their children have shown limited effects. However, improving lifestyle during 

pregnancy could be too late to prevent the detrimental health effects of maternal obesity 

on the offspring. Improving the lifestyle of women with obesity before pregnancy may 

optimize the intrauterine environment of these women before they conceive, which 

may be more effective in improving CVH in the children. Despite accumulating evidence 

on the importance of the preconception period in determining future health, it is still 

unknown if preconception lifestyle interventions in women with obesity improve the CVH 

of their offspring. 

To assess whether maternal interventions before or during pregnancy affect the long-

term health of offspring, extensive follow-up (FU) is necessary. This type of FU is often 

limited by financial, logistical and legal difficulties. Moreover, the long timespan between 

the intervention and the FU often leads to high attrition rates. This may induce selection 

bias, resulting in differences between the control and intervention group other than 

the intervention. This jeopardizes the ability to assess causality in the FU of randomized 

controlled trials (RCTs). To maximize participation in long-term FU studies, insight is 

needed into why mothers participate in FU research with their child after a maternal 

intervention.

In Chapter 2, we systematically reviewed all human observational studies describing the 

association of maternal obesity with the cardiac structure and function of their offspring. 
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We found that left ventricular strain was lower in foetuses of women with obesity, 

indicating reduced cardiac function. This reduced ventricular strain persisted through 

infancy. Furthermore, the interventricular septum (IVS) was thicker in children born to 

women with obesity than in children born to women without obesity. These features are 

consistent with an increased risk of CVD in these children.

Chapter 3 describes the FU of the Lifestyle study. This RCT was set up to determine 

the effect of a preconception lifestyle intervention in women with obesity on fertility 

outcomes. We performed an FU study of this cohort and examined the effect of the 

preconception lifestyle intervention on echocardiographic indices of CVH in their children 

at six years of age. We found that children born to women with obesity who participated 

in a preconception lifestyle intervention had a thinner IVS, lower left ventricular mass, and 

higher systolic and diastolic tissue Doppler velocities. These alterations indicate better 

CVH and these cardiac features are known to track into late adolescence and adulthood. 

In Chapter 4, we investigated the effect of a preconception lifestyle intervention in women 

with obesity on indicators of CVH in their children at seven years of age. These indicators 

were measured by magnetic resonance imaging and included cardiac structure, cardiac 

function, cardiac shape, pulse wave velocity and abdominal fat tissue. We also assessed 

cardiac shape using statistical shape modelling, which can detect and quantify the 3D 

cardiac anatomy. We found that children born to women with obesity who participated 

in the preconception lifestyle intervention had a higher ejection fraction, less regional 

thickening of the IVS and less spherical hearts than controls did, indicating improved 

CVH.

Women who participated in the Lifestyle study were invited for three FU data collection 

rounds when their children were 4, 5 and 7 years old (mean age). FU rounds included 

a health questionnaire, physical examination and cardiac assessment. Participation in 

these data collection rounds varied. In Chapter 5, we described factors that contributed 

to the decision to participate in the data collection rounds. Women who participated in 

all three FU rounds with their child felt that the FU was adequately introduced and felt 

more involved in the FU research than women who did not participate in any FU round 

with their child. Individuals who participated in the physical examination and cardiac 

assessment more often agreed that these assessments feel like a health-check for their 

child than non-participants did. Individuals who participated in the FU were also more 

likely to let their child decide whether to participate or not than individuals who did not 

participate were. These findings suggest that involving women in the design of the FU 



Chapter 7

156

study, emphasizing the possible benefits of participation, and actively involving the child 

in the decision to participate may increase participation rates in future FU studies of 

children after maternal participation in an RCT.

In Chapter 6, we reflected on the main findings of this thesis. We concluded that a 

preconception lifestyle intervention in women with obesity can enhance cardiac structure 

and function in their children, thereby possibly reducing CVD risk in the next generation. 

However, these results need to be replicated in larger studies. These studies should 

include long-term FU to determine whether a difference in CVH in childhood translates to 

reduced CVD morbidity in adulthood. Involving women and their children in the design of 

such an FU, emphasizing the benefits of participation and encouraging women to actively 

involve their child in the decision to participate may maximize the participation rate. To 

improve preconception health, more effort could be taken to reach couples contemplating 

a pregnancy and raise awareness on the importance of preconception health. Population-

level health interventions are also necessary to improve preconception health. 
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Samenvatting
Hoofdstuk 1 beschrijft de achtergrond en doelstellingen van het onderzoek dat in dit 

proefschrift wordt gepresenteerd. De prevalentie van obesitas stijgt in een alarmerend 

tempo bij personen van alle leeftijden, inclusief zwangere vrouwen. Dit is zorgwekkend, 

aangezien obesitas bij zwangere vrouwen in verband wordt gebracht met verschillende 

nadelige gezondheidseffecten voor moeder en kind. Kinderen van vrouwen met obesitas 

hebben bijvoorbeeld meer kans om hart- en vaatziekten (HVZ) te ontwikkelen. De exacte 

pathofysiologie van dit verhoogde HVZ-risico bij de kinderen van vrouwen met obesitas 

is nog onbekend. Experimentele studies bij dieren en kleine observationele studies bij 

mensen hebben aangetoond dat maternale obesitas tijdens de zwangerschap direct 

de cardiovasculaire ontwikkeling van hun kinderen beïnvloedt, wat het verhoogde HVZ-

risico van de kinderen zou kunnen verklaren. De associaties tussen maternale obesitas 

en veranderingen in structuur en functie van het hart van kinderen is niet eerder 

samengevat.

Leefstijlinterventies om obesitas bij vrouwen vóór of tijdens de zwangerschap te 

verminderen, zouden HVZ bij hun kinderen kunnen voorkomen. Eerdere onderzoeken 

naar het effect van leefstijlinterventies tijdens de zwangerschap bij vrouwen met 

obesitas hebben echter beperkte effecten laten zien op de cardiovasculaire gezondheid 

(CVH) van hun kinderen. Het verbeteren van de leefstijl tijdens de zwangerschap kan 

zou echter te laat kunnen zijn om de nadelige gezondheidseffecten van maternale 

obesitas op het nageslacht te voorkomen. Het verbeteren van de leefstijl van vrouwen 

met obesitas vóór de zwangerschap kan de intra-uteriene omgeving van deze vrouwen 

optimaliseren voordat ze zwanger worden, wat effectiever kan zijn in het verbeteren 

van cardiovasculaire gezondheid bij de kinderen. Ondanks toenemend bewijs over het 

belang van de preconceptieperiode bij het bepalen van toekomstige gezondheid, is het 

nog steeds onbekend of preconceptionele leefstijlinterventies bij vrouwen met obesitas 

de cardiovasculaire gezondheid van hun kinderen kan verbeteren.

Om te beoordelen of maternale interventies voor of tijdens de zwangerschap de 

gezondheid van de kinderen op de lange termijn beïnvloeden, is uitgebreide follow-up (FU) 

van gerandomiseerde gecontroleerde interventie studies noodzakelijk. Dit type FU wordt 

vaak beperkt door financiële, logistieke en juridische moeilijkheden. Bovendien leidt de 

lange tijdspanne tussen de interventie en de FU vaak tot een hoge uitval van deelnemers. 

Dit kan selectiebias veroorzaken, wat resulteert in verschillen tussen de controle- en 

interventiegroep anders dan de interventie. Dit brengt het vermogen om causaliteit in de 
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FU van gerandomiseerde gecontroleerde onderzoeken (RCT’s) te beoordelen in gevaar. 

Om deelname aan langdurige FU-onderzoeken te maximaliseren, is inzicht nodig in 

waarom vrouwen na deelname aan een gerandomiseerde gecontroleerde studie van een 

interventie met hun kind deelnemen aan FU-onderzoek.

In hoofdstuk 2 hebben we systematisch alle humane observationele studies samengevat 

die de associatie tussen maternale obesitas en de cardiale structuur en functie van hun 

kinderen beschrijven. We vonden dat de linkerventrikel strain lager was bij foetussen 

van vrouwen met obesitas dan bij foetussen van vrouwen zonder obesitas, wat wijst 

op een verminderde hartfunctie. Deze verminderde ventriculaire strain hield aan tot 

in de kindertijd. Bovendien blijkt dat het interventriculaire septum (IVS) dikker is bij 

kinderen van vrouwen met obesitas dan bij kinderen van vrouwen zonder obesitas. Deze 

kenmerken komen overeen met een verhoogd risico op HVZ bij deze kinderen.

Hoofdstuk 3 beschrijft de FU van de Lifestyle- studie. Deze RCT is opgezet om het 

effect van een preconceptionele leefstijlinterventie bij vrouwen met obesitas op 

vruchtbaarheidsuitkomsten te onderzoeken. We voerden een FU-studie uit van 

deze RCT en onderzochten het effect van de preconceptionele leefstijlinterventie op 

echocardiografische parameters van CVH bij kinderen van vrouwen met obesitas van 

zes jaar oud. We ontdekten dat kinderen van vrouwen met obesitas die deelnamen 

aan deze interventie een dunnere IVS hadden, lagere linkerventrikel massa en hogere 

systolische en diastolische Doppler-snelheden in het hart. Deze veranderingen duiden 

op een betere cardiovasculaire gezondheid van de kinderen en eerder onderzoek laat 

zien dat kenmerken blijven bestaan in de late adolescentie en volwassenheid.

In hoofdstuk 4 hebben we onderzocht wat het effect is van een preconceptionele 

leefstijlinterventie bij vrouwen met obesitas op indicatoren van cardiovasculaire 

gezondheid bij hun zevenjarige kinderen. Deze indicatoren werden gemeten door middel 

van magnetische resonantie beeldvorming en omvatten hartstructuur, hartfunctie, 

hartvorm, polsgolfsnelheid en hoeveelheid buikvet. We hebben de hartvorm beoordeeld 

met behulp van statistische vorm modellering, die de 3D-hartanatomie kan detecteren 

en kwantificeren. We ontdekten dat kinderen van vrouwen met obesitas die deelnamen 

aan de preconceptionele leefstijlinterventie een hogere ejectiefractie, minder regionale 

verdikking van de IVS en minder bolvormige harten hadden dan de controlegroep. Dit 

wijst op een betere cardiovasculaire gezondheid.

Vrouwen die deelnamen aan de Lifestyle-studie werden uitgenodigd voor drie FU-

rondes toen hun kinderen gemiddeld 4, 5 en 7 jaar oud waren. FU-rondes omvatten 
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respectievelijk een gezondheidsvragenlijst, lichamelijk onderzoek en beeldvorming van 

het hart. Het wisselde sterk hoeveel en welke vrouwen wilden deelnemen aan deze 

rondes. In hoofdstuk 5 hebben we factoren beschreven die hebben bijgedragen aan 

de beslissing om deel te nemen aan de FU. Vrouwen die met hun kind aan alle drie de 

FU-rondes hebben deelgenomen, vonden de FU adequaat geïntroduceerd en voelden 

zich meer betrokken bij het FU-onderzoek dan vrouwen die met hun kind aan geen 

enkele FU-ronde deelnamen. Vrouwen die deelnamen aan de 2de en 3de FU-ronde (het 

lichamelijk onderzoek en beeldvorming van het hart, respectievelijk) hebben deelname 

vaker ervaren als een gezondheidscheck voor hun kind voelden dan niet-deelnemers. 

Individuen die deelnamen aan de FU waren ook meer geneigd om hun kind te laten 

beslissen om al dan niet deel te nemen dan individuen die niet deelnamen. Deze 

bevindingen suggereren dat het betrekken van vrouwen bij het ontwerp van het FU-

onderzoek, het benadrukken van de mogelijke voordelen van deelname en het actief 

betrekken van het kind bij de beslissing om deel te nemen, de deelname aan toekomstige 

FU-onderzoeken kan verhogen.

In hoofdstuk 6 hebben we gereflecteerd op de belangrijkste bevindingen van dit 

proefschrift. We concludeerden dat een preconceptionele leefstijlinterventie bij vrouwen 

met obesitas de hartstructuur en -functie bij hun kinderen kan verbeteren, waardoor 

mogelijk het risico op HVZ bij de volgende generatie wordt verminderd. Deze resultaten 

moeten echter worden gecontroleerd in grotere studies. Deze studies zouden de 

kinderen ook op lange termijn moeten vervolgen om te bepalen of een verschil in CVH 

in de kindertijd zich vertaalt in verminderde HVZ op volwassen leeftijd. Door vrouwen 

en hun kinderen te betrekken bij het ontwerp van een dergelijke FU, de voordelen van 

participatie te benadrukken en vrouwen aan te moedigen hun kind actief te betrekken 

bij de beslissing om deel te nemen, kan de deelname worden gemaximaliseerd. Om de 

preconceptiegezondheid te verbeteren, zouden meer inspanningen kunnen worden 

geleverd om paren te bereiken die een zwangerschap overwegen en het bewustzijn van het 

belang van preconceptiegezondheid te vergroten. Daarnaast zijn gezondheidsinterventies 

op bevolkingsniveau zijn ook nodig om de preconceptiegezondheid te verbeteren.
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Dankwoord
Onder het genot van een wijntje ergens in een huisje in Friesland, ga ik eens uitgebreid 
gebruik maken van dit hoofdstuk om iedereen die een rol heeft gespeeld in mijn leven 
tijdens mijn promotie te bedanken. 

Allereerst mijn promotor; Dr Tessa Roseboom. Lieve Tessa, onze eerste ontmoeting was 
tijdens mijn sollicitatie. Als enige vrouw tussen alle mannen van de sollicitatie commissie 
was ik al direct van je onder de indruk. Je maakte een hele toegankelijke indruk en had 
een aanstekelijke lach. Dit is gedurende mijn hele PhD traject zo gebleven. Ik wil je 
bedanken voor alle kansen die je mij hebt gegeven, alle congressen die ik (gelukkig net 
nog voor Covid tijd) heb kunnen meemaken en voor je engelengeduld. Het laatste jaar 
waarin ik vooral moest schrijven was niet altijd even makkelijk voor mij, en keer op keer 
bleef je met hetzelfde geduld en vriendelijkheid feedback geven (zelfs als je hierdoor 
soms in herhaling moest vallen) totdat het (bijna) perfect was! Hierin heb je me vaak op 
een positieve manier uitgedaagd, en ben ik super trots op het eindresultaat! 

Lieve Arend, Inmiddels kennen wij elkaar al ruim 5 jaar en heb ik jou doctor, 
kindercardioloog en (2x) vader zien worden! Misschien is dit een goed confession moment; 
de kindercardiologie was mijn 3de keus voor mijn verdieping tijdens mijn semi-arts stage. 
Maar man man man, wat ben ik blij dat die eerste 2 keuzes niet door zijn gegaan. Je bent 
voor mij (en inmiddels ook de mensen om mij heen) een begrip geworden, en over de 
jaren heen voelt het ook alsof je een soort mentor bent. Jouw ‘niet geschoten is altijd 
mis/ik heb het nog nooit gedaan dus ik denk dat ik het kan’ motto heb ik over de jaren 
heen ook eigen gemaakt. Van lastige statistiek tijdens mijn wetenschappelijke stage tot 
een fantastische tijd in Oxford, niks gaat te ver, en niet geschoten is altijd mis. Als ik dan 
eens tijdens een meeting (door Covid en afstand meestal online) weer mijn chaotische 
gedachten -met waarschijnlijk veel handgebaren en grammaticaal niet altijd correcte 
zinnen- op je los liet, hielp je mijn hoofd te vertalen naar woorden. Ik kan eigenlijk nog wel 
eindeloos door gaan over hoeveel kansen jij mij hebt gegeven en hoe erg je mij inspireert, 
maar misschien moeten we dan nog maar eens doen onder het genot van een biertje/
wijntje. En als dat dan in Rotterdam is, ga ik daar met alle liefde heen, en dat is iets 
wat ik niet voor veel mensen op de wereld zou kunnen zeggen als geboren en getogen 
Amsterdammer. Ik had me echt geen betere co-promotor en mentor kunnen wensen en 
ik zal je zeker benaderen voor advies over vervolg stappen in mijn carrière!

Ik zou ook graag alle kinderen (+ouders) willen bedanken die zo super dapper zijn 
geweest om mee te doen met ons onderzoek, want zonder jullie zou dit boekje er niet 
zijn geweest!
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Verder wil ik ook alle collega’s van de Lifestyle en WOMB studie willen bedanken. 

Hanny, dank voor alle hulp met de belletjes! En aan de collega’s van WOMB; dank voor 

het warme bad waarin jullie me hebben ontvangen als groentje! Ik voelde me meteen 

thuis. In het bijzonder de collega’s die ook mijn kamergenootjes waren in het prille begin, 

toen ik nog Excel aan het uitvogelen was en jullie als een gek zaten te typen. Malou, het 

is alweer even geleden, maar dank voor je gezelligheid en het lief en leed over online 

pakketjes bestellen. Vin, jij bent nog wel eens de dupe geweest van mijn vragen over de 

database, dank voor je snelle antwoorden. Daarnaast ook dank voor je lessen dat een 

chaotisch bureau eigenlijk alleen staat voor een heldere geest, mijn geest is namelijk ook 

super helder. Laura, wat was je een heerlijke aanwezigheid in de kamer, jouw dedication 

voor het schrijven vond ik echt indrukwekkend, dat typen hield gewoon niet op!

Dank aan alle leden van mijn promotiecommissie die de tijd en moeite hebben 

genomen om mijn stukken te lezen en deelnemen tijdens mijn verdediging. To all co-
authors of my papers; thanks for all the guidance and help! Nog een aantal mensen 

die hebben geholpen tijdens mijn PhD; alle software hulp die ik heb gekregen voor de 

miljoen verschillende programma’s die ik moest hebben; Dank Merijn, Jean-Paul, Jules, 
Paul en Edwin! Van wie ik ook heb genoten en geleerd zijn Raschel en Sandra. Onze 

gezellige gesprekken tijdens het scannen op de zaterdag en jullie manier van het omgaan 

met kinderen die iets spannend vinden, dat neem ik allemaal mee! Ook de collega’s in 

Groningen wil ik bedanken, die hebben geholpen met het kunnen uitvoeren van ons 

onderzoek in het UMCG! Dank Eryn, Rolf, Tineke, Jesse en Gert-jan!

Dan wil ik de voormalige onderzoekers van H4 bedanken voor alle gezelligheid, koffietjes 

en gezamenlijke klaagzang over het werk wat we moesten doen. In het bijzonder nog een 

paar. Noor, de movement ABC ga ik denk ik de rest van mijn leven nog kunnen dromen. 

Zie je snel weer in het Spaarne! Rik, dank voor je eeuwige hulp in statistiek, had ik nodig!  

En dan natuurlijk nog de OG rode fluffelaars; Job, dank voor je heerlijke WOKE lessen, ik 

neem ze mee. En dank voor het lachen om mijn belachelijke uitspraken en grappen, ik 

hou mezelf gewoon voor dat het met en niet om mij was. Heleen! De laatste maanden van 

mijn AMC avontuur vond ik het heerlijk om met jou te kletsen over het lief en leed van 

promoveren. Jou reminders aan dat ik toch eigenlijk best wel al heel ver was had ik op 

z’n tijd even nodig. Oja en hoe zit het met het fileparkeren? Ik ga als een speer namelijk. 

Lieve Tjits, jij bent echt een breath of fresh air. Je nuchtere, en daarom juist zo verfrissend, 

visie en houding tov de academische en medische sector vind ik heerlijk en neem ik graag 

van je over. En dat allemaal tijdens zwangerschappen, roadtrips in campers, uitdagende 

begeleiders en verhuizingen, je doet het allemaal. Wat een eer dat jij mijn paranimf wilt 
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zijn . Als laatst nog even een shout out naar mijn collega’s in het Spaarne. Ik vind het 

heerlijk om weer met mensen te werken ipv computers (of naja, nu in elk geval een combi 

ervan). Dank voor jullie gezelligheid en steun tijdens de intense tijden als (beginnende) 

ANIOS. 

To everyone at CCRF, thank you so much for making my time in Oxford so enjoyable! 

Adam, thank you for the opportunity to be a part of such an amazing research group. 

Katie, thank you for laughing at my stupid jokes, even when you thought I was randomly 

saying to people that I thought I was pretty. Winok, thanks for being the other Dutchie 

and inviting me to fun activities. Yvonne, thanks for all the help whenever I had no idea 

which of the million different password I needed and Polly, thank you for standing up for 

me when everybody thought my baking was horrible (Yes Sam, I’m going to name and 

shame this one). Casey, thanks for the fun times dancing, introducing me to Meat Loaf 

and help with my grammar! Maryam, Cristiana, Annabelle and Jamie, thank you for the 

patience while teaching me how to echo! Mo, I really liked our small talks in the mornings, 

and thank you for the wonderful biryani! Then a special thanks to my triathlon girls. I 

loved our work-outs in the early morning, when it was cold and raining… Jokes. However, 

I do really want to thank you both girls for the time we got to spend (and for the grammar 

checks of this thesis). I feel that in the short amount of time that we shared we really build 

a special kind of friendship. Annabelle, thank you for teaching me a ‘starter’ is not a type 

of overnight oat and thank you for introducing me to the hydration station. And thank 

you for accepting my weirdness, but also for realizing we all are a bit weird. The second 

time around you left for mat leave and I still feel so special that I got to be one of the first 

people to meet little Cici . Cheryl, you SUPERSTAR! You are such a positive person, I 

really admire that in you! Thank you for teaching me that snacks=life, food=happiness, 

that I’m worthy of  everything I want in life, laughing at my jokes, complaining about not 

getting proposed (although I’m alone in that one from now ;) ) and for showing me all the 

best places in Oxford. Oh yes and girls, the Annabelle-and-Cheryl-room is finally ready, 

when are you coming? Last, thank you Alan, for making Oxford feel like a home. I wish 

you and Ross all the best and would like to meet again in the future!

Dan wil ik nog even een aantal mensen benoemen met wie ik heerlijk koffietjes/wijntjes/

etentjes heb gedeeld. Yarah, Max, Inge en Sacha. We go way back, maar dan ook echt 

waaaaaay. Ik vind het zo bijzonder dat we elkaar nog zien, ook al ben ik er niet altijd bij! 

Rianne, Olga, Anouk en Hester; ik vind het heerlijk om op z’n tijd weer eens even heerlijk te 

sparren over werk/vriendjes/toekomst. Lieve Piet en Ro, wat een feestje dat jullie onze buren 

zijn. Ro, je hebt een hele bijzondere rol gespeeld in ons leven, en ik hou je graag dichtbij. 
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Aan mijn schoonfamilie. We kennen elkaar al lang, en jullie voelen ook als een deel van 

mijn leven. Emma, mag ik alsjeblieft zoals jou zijn als ik later groter ben? Tot in de late 

uurtjes wijn drinken en dansen, heerlijk! Leela, wat heb je toch heerlijke zonen en fijn als 

je vaker in Amsterdam bent! Sjors, je bent sterk en ik vind het zo knap hoe je eerlijk kan 

praten over hoe je je voelt. Lieve Tines, natuurlijk ook een zinnetje voor jou. De laatste 

maanden voordat je er niet meer was heb je een aantal keer tegen me genoemd hoe 

trots je op me bent. Daaraan denken verwarmd mijn hart. Ik mis je aanwezigheid, je rode 

lippen en je haren. Daan, Marthe en Ben, gezellig om binnenkort alle feestdagen samen 

te vieren met de nieuwste aanwinst van de familie. Maar en Ber, love onze openhartige 

gesprekken en ongefilterde meningen. Ber, ik geniet van onze wijntjes op het terras zo 

nu en dan. Heerlijk schaamteloos praten over hoe we ons voelen en wat we vinden, snel 

weer?

A mi familia de Argentina; como los extraño! No lo puedo creer que por este Covid ya 

hacen casi 4 años que no nos vemos! Tengo muchas ganas de verlos de nuevo y ya falta 

poquito….!

Dan m’n harde kern, mijn Cinco meiden. Tash, je bent een trooper. Ik hou van je 

persoonlijkheid, je frisse kijk op het leven, je openhartigheid en je lust voor party’s. Keep 

it coming. Floortje, wat een heerlijk bijzonder mens dat je bent. Nu lekker verhuisd 

met je droomman naar je droomhuis. Je bent zo anders dan ik, maar ik hou van onze 

verschillen en hoe we van elkaar kunnen leren. Puck, jij powervrouw. Carrière, mama, 

Weesp, je houdt alle ballen omhoog. Soms is het even zwaar, maar lief, dan neem ik 

graag wat balletjes van je over. Je bent als een zusje, samen schreeuwen op de straten in 

Buenos Aires, maar des te meer liefde voor jou. Lieve Mirte, afgelopen jaar was voor ons 

allebei wat zwaarder. Ik kijk naar je op, je bent zo sterk. Samen brak op de bank naar B&B 

vol liefde kijken, maar ook onze diepe gesprekken over ouders, liefde en vriendschap. Ik 

hou van onze gesprekken, jij begrijpt mij en ik begrijp jou. Proost op een leven lang met 

Mirte 

Aan ‘de Maandag’. Samen lachen, samen huilen, en waarschijnlijk hoor ik de komende 

jaren nog wel vaker over dit heerlijke sentimentele stukje wat ik voor jullie schrijf, maar 

dat maakt me helemaal niks uit. Charmaine, jammer dat je zo ver weg bent gaan wonen 

maar zo gezellig als je weer eens aanschuift bij deze gestoorde familie! Lieve Niek en 
Marijke, papa 2 en mama 2, ik word blij van de gedachte dat jullie naast mama en papa 

wonen en letterlijk en figuurlijk zo dicht bij ons staan. Nikki; je hebt echt een hart van 

goud, ook al ben je goed gestoord. Dank voor hoe je als een dochter voor mama en papa 
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bent. En als ik ooit mama mag worden, hoop ik dat ik dat kan zoals jij. Juhani, thank 

you for creating Inka! Inka, ik hou van jou, gaan we snel weer samen spelen? Male, m’n 

kleine zusje. We lijken niet erg op elkaar, maar in sommigen dingen ook weer wel. Ik 

vind je fantastisch en wat er ook op je pad komt, je komt er wel, geen twijfel. Papa, life 

is soms gewoon sh*t. Samen kunnen we er om huilen en tussendoor weer om lachen. 

Ik had je anders gegund maar samen zijn we sterk en kunnen we alles delen. Mami, vos 

sos mi ‘number one cheerleader’. Aunque no siempre sabes lo que estoy haciendo (como 

el resto de mi familia), a vos no te importa, todo lo que hago te haría sentir orgullosa de 

mi. Gracias por siempre estar ahí, tan presente en mi vida, por estar tan orgullosa de mi. 

Te quiero.

Lieve moppie, bijna 10 jaar samen. We zijn samen (op)gegroeid. Allebei via een andere weg, 

maar altijd samen. We zijn anders, maar denken hetzelfde over de (meeste) belangrijke 

dingen in het leven. Ik wil je bedanken voor je oneindige troost, je lieve woorden als ik het 

weer eens niet zie zitten, de slappe lach voordat we gaan slapen, onenigheid over de was, 

je heerlijke wokjes, je grenzeloze vertrouwen in mij, je dapperheid om open en bloot over 

je emoties te praten, hoe je altijd weer die heerlijke tunes uitkiest waardoor mijn humeur 

weer omslaat, hoe je ook vriend van mijn vrienden bent, hoe je er voor mijn familie bent, 

hoe je werkt aan wat je wilt, hoe je kan inparkeren, je insta-worthy ontbijtjes, hoe je mij 

verdraagt als ik zeur op de Annapurna of de Rinjani, hoe je kan feesten en vervolgens 

als ninja thuis komt, hoe je bij mij kan huilen, hoe ik bij jou kan huilen, hoe je altijd weer 

probeert om ’s avonds een rondje met me te lopen, hoe je me altijd steunt in wat ik wil, 

hoe je probeert een super spin voor me te vangen met gevaar voor eigen leven, hoe je 

me thuis laat voelen in een ranzige nachtbus in India, hoe speciaal je me altijd laat voelen 

op de leukste dag van het jaar, hoe je me uitlacht als ik weer een verspreekwoord maak 

of een andere typische Tammie opmerking maak. Ik heb je lief. 
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