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We studied a cohort of children born after severe and early-onset hypertensive 

disorders of pregnancy (HDP), who were born severely growth restricted at birth 

at a wide range of gestational ages. Our aim was to explore long-term conse-

quences of HDP on child growth, blood pressure, and cognitive- and behavioral 

problems. This chapter summarizes the main findings of this thesis, provides a 

discussion in the context of the current literature, implications of the results for 

clinical practice, strengths and limitations, and future perspectives.

SUMMARY OF MAIN FINDINGS

In chapter two and three we describe growth outcomes at age 4.5 and 12.5 

years. We found that at 4.5 years the majority of children (94%) had height scores 

within their target height range, but the mean height still was lower compared 

to Dutch reference values. At 12.5 years, mean height scores were comparable 

to the Dutch reference values with 95% having height scores within their target 

height range. At 4.5 years, children were still lighter than Dutch peers, but at 12.5 

years BMI was comparable to that of the Dutch reference population, with rates 

of thinness and overweight also comparable to Dutch reference values. This 

was despite the fact that the mean BMI of the parents was in the range of over-

weight. At 12.5 years all growth outcomes were within 0.5 standard deviation 

score from the Dutch reference values. Also, there was no evidence for early or 

late pubertal development. The children born most severely growth restricted 

still had the smallest growth outcomes at 4.5 years, but at 12.5 years growth was 

not related to severity of growth restriction at birth anymore. Gestational age at 

birth was not related to growth outcomes at 4.5 years, nor at 12.5 years. Children 

with major neonatal morbidity, including chronic lung disease and intracerebral 

pathology, had worse growth of height at 12.5 years than children without major 

neonatal morbidity. Child BMI was associated with maternal pre-pregnancy BMI. 

Chapter four describes the blood pressure outcomes at age 12.5 years. The 

average systolic and diastolic blood pressure at 12.5 years, corrected for age, 

height, and gender was 0.7 ± 0.8 SDS and 0.1 ± 0.8 SDS, respectively. In multi-

variable analysis, the systolic blood pressure was positively associated with very 

preterm birth, with child BMI SDS at age 12.5 years, and with maternal over-

weight/obesity at 12.5 years, and not with pre-pregnancy maternal overweight/

obesity. Diastolic blood pressure was positively associated with maternal over-

weight/obesity at 12.5 years, and not with pre-pregnancy maternal overweight/
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obesity. Children who were smallest at birth (lowest 50% BWR) and with a BMI 

≥ 0 SDS at age 12.5 years did not differ in their blood pressure outcomes com-

pared to the other children in our cohort. 

Chapter five describes the cognitive and behavior outcomes at 12.5 years, in re-

lation to the severity of brain sparing. IQ, executive function (EF), attention, and 

behavior were measured, by assessment as well as by parent-report. Outcomes 

were compared to a comparison group of age-matched children (n = 32), and 

to Dutch reference values. Parents reported more child social and attention 

problems. All other outcomes (IQ, EF by assessment and by parent-report, at-

tention by assessment) were comparable between groups. Moreover, rates of 

children in special education, with a psychiatric diagnosis, and with IQ <85 were 

comparable with Dutch reference values. Low SES was associated with a lower 

IQ. Children with the most severe growth restriction also had lower IQ scores. 

The severity of brain sparing (UC-ratio) was not associated with any of the out-

come measures.

In chapter six we describe the relation of maternal psychological distress at term 

and three months post-term, with child social and attention problems at age 

12.5 years. Maternal psychological distress included two subscales: depression 

and anxiety. Maternal psychological distress occurred in 45% of the mothers 

at child term age and 44% at three months post-term. Maternal psychological 

distress at 3 months post-term was related to child social problems at age 12.5 

years, while maternal psychological distress at term age was not. Major neonatal 

morbidity was associated with more child social problems at age 12.5 years. The 

association of maternal psychological distress at three months post-term with 

child social problems was strongest for children with major neonatal morbidity. 

The subscale maternal anxiety- but not the total distress nor the subscale de-

pression- at three months post-term was associated with child attention prob-

lems. The main findings of this thesis are shown in table 1.
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TABLE 1. Main findings in this thesis. Children were born growth restricted with a mean BWR at the        2.3rd percentile of the population and with a mean gestational age (GA) at birth of 316/7 weeks.

Chapter Title Participants Age Outcome measures Findings

 2 Catch-up growth in children born growth restricted to 

mothers with hypertensive disorders of pregnancy.

Study cohort N = 135 3 months

1 year

4.5 years

Height

Weight

Body mass index

Head circumference 

(HC)

•	 At 4.5 years, 94% had height standard deviation scores (SDS) within their target 

height range.

•	 On average, children were smaller (mean height SDS -0.5 ± 1.1) and especially 

lighter (mean BMI SDS -0.8 ± 1.2) compared to Dutch reference values at 4.5 

years.

•	 HC was less restricted compared to height and weight (-0.3 ± 1).

•	 BWR was associated with al growth outcomes at age 4.5 years, while GA was not.

•	 Health parameters (i.e. ventilation days at the neonatal intensive care unit, daily 

medication) were negatively related to growth at age 4.5 years.

3 Growth throughout childhood of children born growth 

restricted.

Study cohort N = 96 12.5 years Height

Weight

BMI

HC

Pubertal staging 

Health outcomes

•	 95% of the children had height SDS within their target height range, with a 

mean height SDS of -0.3 ± 1.0.

•	 Mean BMI SDS was 0.0 ± 1.2, with rates of thinness and overweight/obesity 

comparable to Dutch reference values. 

•	 Mean HC SDS was -0.4 ± 1.0.

•	 There was no evidence for early or late progression of puberty.

•	 Mean maternal BMI was 26 ± 4 kg/m2, paternal BMI was 27 ± 5 kg/m2 

•	 Height SDS at age 12.5 years was positively associated with target height, and 

negatively with major neonatal morbidity.

•	 BMI SDS at age 12.5 was related to maternal pre-pregnancy BMI.

•	 BWR was not associated with child height SDS nor with BMI SDS.

•	 Sub analysis of longitudinal data: catch-up growth of height and weight mainly 

occurred before 3 months. 

 4 Blood pressure of 12-years-old children born after 

fetal growth restriction due to hypertensive disorders 

of pregnancy: relation to neonatal, child, and maternal 

characteristics. submitted.

Study cohort N = 92 12.5 years Systolic blood pressure 

(SBP)

Diastolic blood pres-

sure (DBP)

•	 Corrected for age, height, and gender, mean SBP SDS was 0.70 ± 0.81 and 

mean DBP SDS was 0.14 ± 0.78.

•	 SBP SDS was positively associated with very preterm birth, with child BMI SDS, 

and maternal overweight/obesity at 12.5 years.

•	 DBP was positively associated with maternal BMI at 12.5 years.

•	 BWR was not associated with SBP or DBP.

•	 Children who were born small (50% lowest BWR) or very preterm (GA < 32 

weeks) but had 50% highest BMI SDS at age 12.5 years, did not differ in SBP/DBP 

SDS from children with other growth trajectories. 

5 Fetal growth restriction with brain sparing:

neurocognitive and behavioral outcomes at 12 years 

of age.

Study cohort N = 96

Comparison N = 32

12.5 years Intelligence quotient 

(IQ) 

Executive function EF

Attention

Behavior

A = by assessment

P = by parent report

•	 Parents reported more child social and attention problems than parents of the 

comparison group.

•	 IQ (A), EF (A/P), and attention functions (A) were comparable between groups.

•	 Rates of children in special education, a parent-reported psychiatric diagnosis, 

and IQ <85 were comparable with Dutch reference values.

•	 Parent-reported attention problems were not associated with any of the neo-

natal characteristics nor with low socio-economic status (SES).

•	 Lower IQ scores were associated with low SES and lower BWR.

•	 The UC-ratio (severity of brain sparing) and GA were not associated with any 

of the outcomes.

6 Maternal psychological distress after severe hyperten-

sive disorders of pregnancy increases child behavior 

problems at age 12 years. Submitted.

Study cohort N = 95 12.5 years Child social problems

Child attention prob-

lems

•	 Maternal psychological distress occurred in 45% at term age, and 44% at three 

months post-term.

•	 Mean child social and attention problem scores were 0.7 SD higher than ref-

erence values. 

•	 Maternal distress at three months post-term was significantly associated with 

child social problems, but maternal distress at term age was not.

•	 Child social problems were highest in case of maternal distress and major neo-

natal morbidity. 

•	 Child attention problems were associated with high levels of maternal anxiety 

(subscale of total distress) at 3 months post-term.
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DISCUSSION

At the start of this follow-up project at 12.5 years after child birth, we hypothe-

sized that children born after early-onset and severe HDP would have problems 

with growth, specifically with catch-up growth of height and weight. We also 

hypothesized a higher rate cognitive and behavior problems. We expected this 

because in pregnancies complicated by early-onset and severe HDP, placental 

insufficiency causes insufficient flow of oxygen and nutrients to the fetus, re-

sulting in affected fetal growth and development of body and brains. Placental 

insufficiency and the ensuing severe fetal growth restriction has impact on the 

fetal cardiovascular system and therefore we expected that blood pressure out-

comes would be affected. Also, the adaptive processes such as brain sparing 

that poses an intrauterine survival advantage, are easily understood to come at a 

cost. Indeed, the majority of published studies report adverse effects of FGR on 

child growth, blood pressure, cognition, and behavior. When summarizing the 

outcomes at 12.5 years, our overall conclusion is that we found no major prob-

lems concerning growth and cognitive development. Both growth and cogni-

tive outcomes of the studied cohort were comparable with nationwide Dutch 

reference values and test norms respectively. Therefore, our study holds a pos-

itive message for parents, children, as well as their health care professionals.

Our findings are more positive than previously published. There are several rea-

sons why our results might differ from previous reports in literature. First, the 

age of follow-up might be important. We have followed our cohort up to 12.5 

years of age. Where intra-uterine effects might still be visible at a younger age, 

effects might dilute between effects of environmental factors when growing 

older. Also, in follow-up at older age there is more time to catch-up in devel-

opment. The children of our study were still smaller and lighter at age 4.5 years, 

and at that time point also had poorer developmental outcomes.1 At 12.5 years 

this was no longer the case. Instead of the oftentimes reported growing into 

deficit, where it comes to development of preterm infants,2 our outcomes sug-

gest that time may be beneficial for catching up in growing and learning. This is 

suggestive for a previous delay rather than for deficits.

Second, differences in study populations may explain why our outcomes differ 

from other studies. Our sample was based on inclusion in an RCT. This could 

have resulted in a slightly different population than in a cohort study in which all 
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FGR cases are included. With respect to the origin of small size at birth, we stud-

ied a cohort of children born growth restricted due to placental insufficiency, 

with FGR being diagnosed with ultrasound and Doppler measures. Many other 

studies have examined the long-term outcomes of SGA children, however SGA 

is a static concept of size at birth that does not contain information on (abnor-

mal) fetal growth, and therefore not the same as FGR. Moreover, the cause for 

SGA is often unknown and this results in a heterogeneous study population. 

Third, survival bias may lead to different study outcomes. Fetal and neonatal 

mortality may lead to differences in vulnerability of surviving children and rates 

of morbidity. In younger FGR cohorts higher rates of survival have been report-

ed.3 Increased quality of perinatal and neonatal health care may result in better 

long term outcomes, on the other hand the increase of perinatal morbidity also 

may lead to worse long term outcomes. Many cohort studies however start in-

clusion after child birth and information on fetal and neonatal mortality is often 

missing.4

Fourth, different rates of participation to follow-up may lead to different out-

comes over time. Loss to follow-up often is a problem in cohort studies, espe-

cially when it concerns long-term follow-up.5 However, one of the strengths of 

a prospective study design is that there is information about loss-to follow-up, 

in contrast to retrospective studies. In our study population we found that chil-

dren and parents lost to follow-up had a slightly lower SES. This somewhat 

selective attrition could have led to a more optimistic view on our outcomes, 

specifically on IQ since we found an association with low SES and IQ. Whether 

that is the case remains unsure. It has been suggested that even with consider-

able attrition (>50%) the direction of the conclusions of cohort studies most of 

the time is not affected.6 

Fifth, differences in control data between studies might explain for differences 

in results. We used nationwide Dutch reference data, together with a compar-

ison group of same-aged peers born term without growth restriction after an 

uncomplicated pregnancy. Sampling a comparison group is challenging. For 

example, families with high SES are often more inclined to participate in a com-

parison group.7 This might inflate the results of the comparison group. 

Finally, publication bias may play a role, in which positive, statistically non-sig-
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nificant, findings may be considered less relevant for publication.

ADVERSE OUTCOMES

Although most of our findings suggests that early-onset and severe HDP do not 

affect growth and cognitive outcomes at 12.5 years, there were some areas in 

which these children had poorer outcomes. We also identified characteristics 

that were associated with poorer outcomes within our study group. 

Parent-reported child behavior problems

Parents reported more child social and attention problems. Social behavior 

problems included social immature behavior (i.e. dependency of adults or the 

preference of social interaction with younger children), and social clumsiness 

(i.e. not being liked by others, being teased, or often having accidents). Attention 

behavior problems included symptoms associated with a lack of attention (can-

not concentrate, daydreaming, inattentive behavior), and with impulsive and 

hyperactive behavior. Behavior problems have been reported in children born 

preterm and / or with low birth weight, with attention problems being reported 

most often.8 The combination of social and attention problems has been found 

in children with ADHD and autism spectrum disorders.9,10 The rates of psychi-

atric disorders such as ADHD or autism spectrum disorders were not increased 

in our study, in contrast to other reports.11,12 This might suggest that although 

some children display behavior problems in this population, they do not meet 

diagnostic criteria of a psychiatric disorder (yet). Alternatively, high social and 

attention problems result from a mixture of true child problems and increased 

parent-reported problems due to increased parental vulnerability after HDP. Our 

results warrant further follow-up of behavior in this population.

BWR (FGR severity)

BWR was associated with a lower IQ in multivariable analysis. Although BWR 

has not been used frequently by other studies, a positive association with BWR 

and cognitive outcomes at school age has been found by others.13 Similar to 

our result, this study found no association with gestational age and IQ. Other 

studies have found an association between FGR severity and IQ as well in school 

aged children.14,15 BWR has been found to be a valuable tool to identify infants at 

risk of perinatal death and adverse pregnancy outcomes.16 Although our results 

suggest that BWR also might be valuable to identify infants at risk for cognitive 

problems, we could not extract a BWR cut-off score at which children were at 
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risk for low IQ. Whether BWR could be useful to identify children at risk should 

be studied in cohorts more children with IQ scores in the abnormal range. BWR 

was also associated with growth at 4.5 years in such a way that the smaller and 

thinner children were born with lower BWR. Interestingly, BWR was not associ-

ated with growth outcomes at age 12.5 years, nor with blood pressure values or 

behavioral outcomes.

Gestational age 

Children who were born very preterm (GA at delivery < 32 weeks) had higher 

systolic blood pressure values than children born at 32 weeks or more. This is 

in line with the majority of reports on blood pressure outcomes in preterm chil-

dren.17 We did not find an association for gestational age with growth and cog-

nition.13 This suggests that problems in these areas occur throughout a range of 

gestational ages in this specific FGR population. The absent relation of gesta-

tional age might in part be explained by the high mortality of 70% in those born 

at 26 and 27 weeks GA, but since we studied children born at wide GA range our 

results are at least applicable to the range 28-38 weeks.

Major neonatal morbidity

We found that children with major neonatal morbidity had lower height scores 

at age 12.5 years. We also found that neonatal morbidity was associated with 

child social behavior problems. In our study the majority of children with major 

neonatal morbidities had chronic lung disease (n = 9 out of 12). Three children 

had intracerebral pathology (i.e. IVH grade 3 and 4, or PVL grade 2 or more). 

Both chronic lung disease and intracerebral pathology have been described as 

risk factor for stunted growth.18,19 The percentage of children with major neona-

tal morbidity in our cohort was only 12 percent. 

Maternal overweight

In our study cohort, rates of maternal overweight/obesity were high. Mater-

nal BMI was associated with increased child BMI. Current maternal overweight/

obesity was significantly associated with increased blood pressure outcomes, 

while pre-pregnancy maternal overweight/obesity was not in multivariable 

analyses. In a study that examined cardiovascular risk in offspring born after 

HDP, it was found that offspring had an increased cardiovascular risk, including 

increased blood pressure outcomes, compared to normal controls. However, 

the cardiovascular risk was comparable to that of their siblings born after nor-
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motensive pregnancies.20 In this study the HDP mothers also had a mean BMI in 

the overweight range. This suggests that risk factors for cardiovascular diseases 

might be environmental or genetic rather than intra-uterine. The association of 

blood pressure with maternal overweight in our study also fits to these results. 

Maternal psychological distress

Almost half of the women in our study reported psychological distress after 

childbirth, which is 1.5 to 2 times as many as women after an uncomplicated 

pregnancy.21,22 We found that early maternal distress at three months post-par-

tum was associated with child social problems at age 12.5 years. Psychological 

distress in the mother is known to negatively impact child behavior.23,24 Maternal 

psychological distress may lead to exaggerated perceptions of child vulnerabili-

ty, especially in case of neonatal morbidity.25 In case of major neonatal morbid-

ity, perception of child vulnerability is affected even more.26 

The association of early maternal anxiety and child attention problems was also 

found by others.27 A possible explanation for this association is that early ma-

ternal anxiety resets the hypothalamic-pituitary axis and the autonomic ner-

vous system in utero.28 A shared genetic predisposition for anxiety and attention 

problems may also explain why anxious women report more attention problems 

in their child.28,29 Moreover, anxious women may have a negative interpretation 

of their child’s behavior.30,31 

CLINICAL IMPLICATIONS OF THIS STUDY

Severe and early-onset HDP have high impact on women and their families. 

Women are seriously ill, and admission to the intensive care unit may be neces-

sary. Children are born growth restricted with a high risk for preterm birth, and 

may experience a difficult start in life. The message that, on average, children 

have no major problems concerning growth and cognition at age 12.5 years 

might be helpful for parents and children with a history of severe and early-on-

set HDP, and also for new parents who recently experienced HDP. Health care 

professionals may use our results to inform parents about their child’s perspec-

tives, to identify children and families at risk for adverse outcomes, and to coun-

sel parents and children in case of adverse outcomes. 

The association of child social problems with maternal psychological health 

warrants screening for early maternal psychological distress in this population, 

to at least three months post-term. Such a screening is feasible and only re-
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quired completion of a questionnaire. The obstetric department could initiate 

screening of these women. Women who screen positive for psychological dis-

tress should be offered psychological counselling. This could be either at the 

outpatient clinic of arranged by a general practitioner. Interventions could focus 

on the psychological heath of the mothers, as well as on parent-child interac-

tion, with a special attention for children with major neonatal morbidity. Early 

interventions may be beneficial for both mother and child.

Concerning risk factors for increased blood pressure, early counselling and 

guidance of parents on the future risks of their children is important. It is also 

important to create awareness of these risk factors among gynecologists, as 

well as pediatricians, internists, and general practitioners. The association of 

blood pressure with current maternal BMI and child BMI suggest that that there 

is a window of opportunity for interventions concerning life style education, 

including the importance of healthy diet and exercise. Both health care profes-

sionals in the hospital and general practitioners should guide parents towards a 

healthy life style. 

STRENGTHS AND LIMITATIONS

A strength of this project was the long-term prospective follow-up from mater-

nal hospital admission up to age 12.5 years. Pediatric follow-up was performed 

at term age, 3 months, 12 months, 4.5 years, and 12.5 years. Placental insuffi-

ciency, fetal growth restriction, and brain sparing were diagnosed antenatally 

through multiple ultrasound measures including Doppler. Besides information 

on the child, we also collected information on the mother, including maternal 

psychological distress and maternal BMI. All measures were performed accord-

ing to a strict protocol, increasing the reliability and validity of our outcomes. 

We measured the pubertal stage at 12.5 years, to be able to interpret our growth 

and blood pressure outcomes correctly. An assessment battery was performed 

according to a strict protocol, and validated instruments were used. Besides 

Dutch reference data, we had a comparison group of age-matched term born 

peers after normotensive pregnancies for comparison of the cognitive and be-

havioral outcomes. Our project was a result of cooperation between obstetrics, 

neonatologists, pediatricians and psychologists from two university hospitals.
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A limitation of our study is that the high rate of fetal and neonatal death in chil-

dren born at 26 and 27 weeks GA limits the translation of our results to current 

children born after severe and early-onset HDP. A lower rate of fetal and neo-

natal death may result in a higher percentage of morbidity and worse long-term 

outcomes. However, improved health care quality may also result in better out-

comes. The participation of follow-up (53-55%) might have affected our results 

in an unknown direction. A more frequent follow-up program, especially from 

4.5 years onwards, may result in up to date contact information, and more in-

volvement of patient with the follow-up program. Concerning blood pressure 

outcomes, we used reference data based on auscultatory measures. This might 

have overrated our blood pressure outcomes. A comparison group for all out-

comes of this study together with reference data would have been helpful to 

correctly interpret our results.

FUTURE PERSPECTIVES 

Future follow-up of our cohort should focus on growth into adulthood, car-

diovascular risk, and child behavior. Although at age 12.5 years we found that 

growth was not deviant, final growth still may be affected. Taken the preva-

lence of parental overweight in our cohort in mind, overweight may still be-

come evident at older age. Examination of cardiovascular risk should include 

anthropometry, blood glucoses, and lipid spectra, and also life style parameters 

including exercise, diet and smoking. Concerning child behavior problems, fur-

ther follow-up into adolescence and adulthood is necessary to see if behavior 

problems persist over time, if child behavior problems remain related to parental 

psychological health, if these behavior problems result in psychiatric diagnoses, 

and if academic achievement is affected. 

Since health care constantly changes, leading to differences in mortality, mor-

bidity, and long-term outcomes, follow-up of new cohorts of children born after 

severe and early-onset HDP is warranted. These new cohort studies should aim 

at including an age-matched comparison group of children born after normo-

tensive pregnancies, preferably included from pregnancy of child birth onwards. 

Such a comparison group would, in combination with nationwide reference val-

ues, facilitate the investigation of the effect of HDP on child development. A 

multicenter collaboration in pediatric follow-up would help to increase sample 
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size and power. Collaboration by obstetricians, neonatologists, general pediatri-

cians, and psychologists is necessary to cover all aspects of child development 

and thereby increasing quality of follow-up research. 

In these future studies, health of the mother should be included. Further re-

search is necessary to establish the association of early maternal psychological 

distress and long-term child behavior. Including the role of the father would 

also add value to these studies. Since we found an association between mater-

nal psychological distress and child behavior problems, it would be interesting 

to study the effect of interventions that aim to increase early maternal psy-

chological health and support parent-child interaction. Family-centered inter-

vention programs that support a positive and reliable responsive parent-child 

interaction, together with parental psychological support, have been proven to 

decrease child behavior problems in preterm born children.32 These intervention 

start in hospital but continue after discharge. Children born after severe and 

early-onset HDP and their families might benefit from this type of intervention 

programs.

There is evidence that both women with a history of HDP mothers and their 

children have an increased risk for cardiovascular diseases.33 A recent study 

demonstrated that the perceived probability for cardiovascular risk influenc-

es the willingness to modify behavior.34 This suggests that creating awareness 

amongst families about their increased cardiovascular disease risk may induce 

behavioral changes. No interventions on an educational and behavioral level 

have been tested that aim to decrease cardiovascular disease risk both in wom-

en who had HDP and their children. Families with a history of HDP might benefit 

from these interventions, and this might be the scope of a new study.

Finally, it would be interesting to study whether maternal overweight and psy-

chological distress are inter-related in women with a history of HDP. A recent 

meta-analysis demonstrated that there is reciprocal link between depression 

and obesity, underlining the connection between psychological and physiolog-

ical health.35 It therefore would be preferable to include both physiological and 

psychological health in health care interventions. Since child development is 

associated with maternal health, improving maternal health outcomes could 

also be beneficial for child development.
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