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INTRODUCTION
This thesis describes the long-term pediatric consequences of severe and early-onset hypertensive pregnancy disorders (HDP). The children in this study were
born to women who participated in a randomized controlled intervention trial
in the Academic Medical Center (AMC) and the VU University Medical Center in
Amsterdam, between 2000 and 2003. Children were followed from childbirth
onwards up to age 12 years. Follow-up at age 12 years included assessments of
growth, blood pressure, cognition, and behavior. This general introduction provides the rationale, aim and design of this pediatric follow-up study.

HYPERTENSIVE DISORDERS OF PREGNANCY
In the Netherlands, 20,000 pregnancies per annum are complicated by hypertensive disorders of pregnancy (HDP), approximately 10% of all Dutch pregnancies.1 HDP are defined as de novo hypertension presenting after 20 weeks of
pregnancy. Pre-eclampsia is defined as hypertension accompanied by proteinuria or other maternal organ dysfunction, or uteroplacental dysfunction resulting in fetal growth restriction (FGR).2 The combination of hemolysis, elevated
liver enzymes, and low platelets (HELLP syndrome) is one of the more severe
expressions of pre-eclampsia, and so is severe high blood pressure (> 160
mmHg systolic or > 110 mmHg diastolic).2,3 Pre-eclampsia is considered to be of
early-onset if it occurs before 34 weeks of pregnancy.3
The exact etiology of pre-eclampsia is unknown. The role of the placenta is pivotal. It is postulated that there are different pathways in which a complex mix of
placental vasoactive signaling molecules in the maternal circulation cause endothelial dysfunction. In early-onset disease the main pathway is thought to be
through placental ischemia, where incomplete remodeling of the spiral arteries
leads to dysregulation of placental perfusion. In late-onset disease it appears
that a high load of placental signaling molecules parallel to the large size of the
placenta is the predominant pathway, highlighting its continuum with physiological pregnancy changes. In both pathways an exaggerated maternal inflammatory response to the placental vasoactive signaling molecules in the maternal circulation at the level of the endothelium is probably also very important
in the development of pre-eclampsia.4 Important consequences of endothelial
10

GENERAL INTRODUCTION

1

dysfunction are decreased production of nitric oxide (leading to hypertension),
increased permeability (leading to edema) and a prothrombic state (leading to
HELLP-syndrome).4,5
Fetal growth restriction (FGR) is most common in early-onset disease and can
also be used to establish the diagnosis of pre-eclampsia.2,5 FGR is diagnosed
by fetal ultrasound measures of growth and Doppler measures of blood flow
changes of the fetal and umbilical arteries.6,7 FGR differs from being born small
for gestational age (SGA). SGA implies a statistical deviation of a cross sectional
size measurement, with the 10th centile as the most commonly used threshold.
FGR, however, implies pathology of growth, and to diagnose FGR longitudinal
measures of growth are required. Hence, the risk for pathology is different for
SGA and FGR.8,9.
At present, the only cure for HDP is to end pregnancy. Particularly in early-onset
disease this poses a dilemma. If pregnancy is prolonged, potentially life-threatening conditions may occur to the mother, such as liver rupture, pulmonary
edema, renal failure, eclampsia, or cerebral bleeding. Eventually, HDP may even
result in maternal mortality.10 Induction of delivery may be necessary to decrease the risk of maternal morbidity and mortality. Also, if fetal health is compromised, induction of delivery is necessary to prevent fetal death. On the other
hand, induced preterm delivery increases the risk for neonatal morbidities such
as respiratory distress syndrome and chronic lung disease, intraventricular hemorrhage, and periventricular leukomalacia.11 This also may result in (neonatal)
mortality. Long-term consequences of preterm birth are comprehensive and
may involve affected growth, as well as affected cognitive, motor, and behavioral development. Gynecologists and neonatologists working in the perinatal field
have to estimate and balance these risks.

CONSEQUENCES OF PLACENTAL INSUFFICIENCY FOR
THE FETUS
Placental insufficiency that occurs in severe and early-onset HDP results in an
insufficient supply of nutrients and oxygen to the fetus. This impacts fetal development in several ways. First, as an adaptation to a chronic state of hypoxia and
insufficient nutrition, the fetus responds with a redistribution of cardiac output
11
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to the most vital organs, including the brain and myocardium, at the expense of
the kidneys, gastro-intestinal tract and lower extremities.12 Fetal Doppler studies
have shown increased blood flow to the middle cerebral artery and a shift of the
cardiac output in favor of the left ventricle.12 This cardiovascular redistribution
results in reduced and asymmetrical fetal growth, with decreased abdominal
circumference and normal biparietal diameter.13 This results in a birth weight
reduction of 12% to 23%, with the risk for SGA being four times higher than in
normal pregnancies.14
Second, the chronic state of hypoxia may re-program the fetal cardiovascular
system. On a DNA/RNA level, fetal hypoxia triggers gene up and downregulation, altering the fetal gene expression.12 This results in changes in cell communication and cell structure, and apoptosis, eventually leading to cardiovascular
remodeling (ie, arterial stiffness, increased wall thickness, endothelial dysfunction, left ventricle dysfunction), as well as altered renal and sympatho-adrenal
structures function, and metabolic changes (i.e. altered glucose metabolism,
increased serum lipids).15 Fetal programming has been associated with an increased cardiovascular disease risk in adulthood. This is known as the Barker
hypothesis.16 In childhood, an elevated blood pressure might be an early clinical sign of this increased cardiovascular risk. Also, rapid weight gain /catch-up
growth in childhood after FGR may be an early sign of a compromised cardiovascular system, since rapid weight gain in childhood is associated with cardiovascular diseases in adulthood.17,18
Third, the redistribution of blood flow to the brain at cost of the body is known
as brain sparing.19 Although brain sparing suggests a positive effect on brain
development, and is probably a valuable compensatory mechanism in the immediate situation, brain development may be altered.20,21 Recent research shows
that brain sparing leads to impaired fetal (pre)frontal brain perfusion. Initially,
blood flow increases to the frontal brain regions, but when placental insufficiency worsens, blood flow is redistributed to the basal ganglia.22 This may lead
to alterations in (pre)frontal brain development, and consequently, may affect
cognitive and behavioral outcomes.21

12
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PEDIATRIC FOLLOW-UP
IMPORTANCE OF PEDIATRIC FOLLOW-UP
Children born after severe and early-onset HDP are at risk for developmental
problems. This warrants follow-up. Pediatric follow-up is necessary to reveal
which aspects of development are at risk in children with a history of HDP, and
consequently whether there is need for counselling or interventions. Also, results from follow-up studies help to inform new parents on the developmental
perspectives of their child, and, if there is risk for adverse outcomes, to offer
preventive counselling and care. Moreover, pediatric follow-up after HDP is important to evaluate health care and to gain knowledge of the consequence of
clinical decisions. This requires up to date insight in the long-term consequen
ces of HDP, and insight in risk factors for adverse outcomes.
OUTCOMES OF PEDIATRIC FOLLOW-UP
Growth
With the majority of children born after early-onset HDP being FGR, child growth
seems at risk. However, after birth, steady catch-up growth of height up to puberty has been reported, with children reaching a final height within their target
height range, and a final height comparable to children born after normotensive
pregnancies.23,24 In studies of children born SGA on the other hand, stunting
of height has been observed.25-27 This may result in concerns of parents and
children about the final target height they may reach. Concerning weight, rapid
weight gain / catch-up growth, and overweight have been reported in adolescents born after HDP, although studies are not always consistent.17,23,28,29 Overweight, as well as rapid weight gain, have been associated with an increased risk
of cardiovascular disease in low birth weight adults.17,30,31
Blood pressure
There is growing evidence showing that children and adults born after HDP have
an elevated systolic and diastolic blood pressure.29 An elevated blood pressure
might be the first sign of an affected cardiovascular system.32 In offspring of
pre-eclamptic women aged 4 to 30 years, a mean increase of the systolic blood
pressure of 2.4 mmHg has been reported, and 1.4 mmHg increase for the diastolic blood pressure.29 When extrapolated into adulthood, this elevation would
mean an 8 percent increased risk of mortality from ischemic heart disease, and
a 12 percent increased stroke risk.29,33 Although HDP seems a risk factor for in13
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creased blood pressure itself, It is not clear to what extent other factors, like
preterm birth, childhood overweight, adverse life style, or a genetic predisposition for hypertension add to the risk of an increased blood pressure.5,29,30,34-36
Identifying factors that predict blood pressure in HPD offspring might help to
prevent or treat hypertension, and consequently may help to reduce the risk for
cardiovascular diseases.
Cognition and behavior
Follow-up of cognitive and behavioral development is warranted since brain
sparing may lead to alterations in brain development. Worries about cognitive
development appear to be one of the main concerns of parents of neonatal care
unit graduates.37 Cognitive development is a keystone for academic achievement and social functioning, and poor cognitive function has been associated
with lower academic outcomes as well as with more behavior problems.38 Few
studies have followed cognitive and behavior development of offspring after severe and early-onset HDP. Studies of children with intra-uterine growth restriction report problems with cognitive development and behavior problems.39-43
Preterm birth may add to the increased risk for cognitive and behavioral problems. Preterm born children at school age have higher risk for cognitive as well
as behavioral problems.44,45 Attention and internalizing problems are the most
reported behavior problems.46 Also autism spectrum disorder and attention
deficit hyperactivity disorder (ADHD) are found more often, with ADHD being
reported twice as many compared to children born at term.44,47
With increasing age, the environment of the child becomes more complex and
demanding, requiring higher-order cognitive functions. Development of the
prefrontal cortex goes parallel with the development of these higher order cognitive functions.48 Important higher order cognitive functions are the executive
functions (EF). In EF output of various cognitive processes are integrated to cope
with novel and unexpected situations. Key EF are inhibitory control, working
memory, mental flexibility, and planning skills.49,50 Inhibitory control concerns
the suppression of a response to an irrelevant stimulus. Working memory is the
capacity to manipulate information in mind. Mental flexibility (set-shifting) is the
capacity to alternate between multiple mental strategies. The adverse effect of
brain sparing on the fetal frontal blood flow raises the question if children born
after HDP are at risk for EF problems. To date, studies that examine EF in children born after HDP with brain sparing are missing. EF studies in children born
14
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very preterm and / or with low birth weight display poorer EF compared to agematched peers.46,51
Maternal psychological health
Child development after HDP may be compromised by the psychological health
of the mothers. The life-threatening state of both woman and child that may
occur in severe and early-onset HDP may lead to increased stress levels.52-55
Also, altered maternal brain function as a consequence of HDP might enhance
maternal distress.56 High levels of maternal psychological distress, depression
and anxiety, have been reported, and HDP may even lead to a post-traumatic
stress disorder.53,54,57-60 Psychological distress has been reported to be most persistent in case of early onset HDP and in case of an adverse infant outcome.61
The high levels of maternal psychological distress after HDP tend to persist after pregnancy, much more than after uncomplicated pregancies.55,59,62 Maternal
psychological stress may lead to an unfavorable environment for child development, and, together with the increased vulnerability of the child, may result
in poorer cognitive and behavioral outcomes.63 Currently, information on the
relation between early maternal psychological distress and long-term child development after severe and early-onset HDP is missing.

AIM AND DESIGN
The aim of this thesis was to examine long-term consequences of HDP on child
growth, blood pressure, cognition, and behavior. We also aimed to explore factors associated with adverse child outcomes.
The study subjects of this thesis were children born to mothers who participated in the PETRA study (Pre-eclampsia Eclampsia Trial Amsterdam). PETRA was
executed by two tertiary care centers in the Netherlands (Academic Medical
Center Amsterdam, VU University Medical Center Amsterdam). The objective
of this randomized clinical trial was to compare temporizing management with
or without plasma volume expansion in women with early-onset hypertensive
pregnancy disorders. Women with a severe hypertensive disorder of pregnancy – pre-eclampsia, HELLP syndrome, pregnancy induced hypertension and,
concomitant FGR - who presented with a viable singleton pregnancy, at a gestational age between 24 and 34 completed weeks, were asked to participate if
15
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they were eligible for a temporizing management strategy. When included, fetal
ultrasound assessments, i.e. estimated fetal weight and Doppler measures of the
umbilical artery and the middle cerebral artery, were performed at least twice
a week. Further details of the study protocol of the trial have been described in
the original trial publication.64 A total of 216 women were included in the trial.
There were 20 fetal deaths, 16 neonatal deaths, and two deaths between term
age and three months post-term, resulting in 178 children alive at three months
post-term. The addition of plasma volume expansion in temporizing treatment
did not improve maternal or fetal outcome.64 Pediatric follow-up so far has been
performed at term age, age 3 months, 1 year, and 4.5 years.65,66 No differen
ces were found between randomization groups up to age 4.5 years concerning growth, neurological, cognitive and motor development and behavior.65,66
Therefore, in this thesis the children are considered as one cohort of HPD-singleton offspring. At 4.5 years it was found that adverse outcome, i.e. perinatal
mortality or abnormal child development, occurred in one third of the pregnancies, and was highest in the lowest gestational age or birth weight ranges.66
At a corrected age of 12.5 years, children were invited to the outpatient clinic of
the AMC. Measures of growth were performed, including height, weight, head
circumference, waist and hip circumference, and pubertal stage. Also the blood
pressure was measured. The cognitive test battery included measures of IQ, EF,
and attention. EF and attention were also assessed by parent report, as was child
behavior.

OUTLINE OF THIS THESIS
Chapter 2 describes growth outcomes at age 4.5 years. We hypothesized that
children would catch-up in height and weight, but would still be smaller and
lighter compared to nationwide reference curves, and that growth would be related to FGR severity and to the gestational age. At 12.5 years, we studied growth
as well, including pubertal stage and predictors of growth outcomes (chapter 3).
We hypothesized that child growth would deviate from Dutch reference values,
and that FGR severity would predict growth scores. In chapter 4 we describe
blood pressure outcomes at 12.5 years, and we explore risk factors associated
with higher blood pressure values. We hypothesized that systolic and diastolic
blood pressure would have the strongest association with child BMI at age 12.5
years. In chapter 5 we describe cognitive and behavior outcomes, including
16

GENERAL INTRODUCTION

1

EF, at age 12.5 years. We hypothesized that HDP offspring would have poorer
cognitive outcomes and more behavior problems, compared to a healthy comparison group. In chapter 6 we explore the association of early maternal psychological distress and child behavior problems at age 12.5 years in a secondary
analyses. We hypothesized that early maternal distress would be related to child
behavior problems. Chapter 7 provides a general discussion.

17
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ABSTRACT
BACKGROUND
In preterm hypertensive disorders of pregnancy, fetal growth restriction (FGR)
2

occurs frequently. The timing and severity of FGR impacts childhood growth
and is associated with metabolic changes later in life. Aim: To examine growth
and the impact of FGR in early childhood.
METHODS
Design: Prospective cohort study. Participants: Children (n=135) born to mothers who were admitted before 34 weeks gestational age with a severe hypertensive disorder of pregnancy. Outcome measures: Height, weight, body mass
index (BMI), head circumference (HC), standard deviation scores (SDS) at 3
months, and 1 and 4.5 years of age, and complete catch-up growth (height
SDS−target height SDS >−1.6).
RESULTS
Growth scores were lower compared to Dutch growth curves, except for BMI
at 3 months and girls’ HC at all ages. Mean height SDS increased over time from
−1.4 to −0.5 at 4.5 years, with 94% having complete catch-up growth. Mean BMI
SDS decreased from −0.2 at 3 months to −1.0 at 1 year, and was −0.8 at age 4.5
years. Mean HC SDS was stable over time and −0.3 at 4.5 years. The customized
birth weight ratio, as a measure of FGR severity, was related to all growth SDS at
4.5 years, while gestational age at birth was not.
CONCLUSIONS
Although the majority of children born growth restricted had catch-up growth
of height within the normal range at 4.5 years of age, they were smaller, but especially lighter compared to Dutch growth charts. FGR severity was associated
with all growth outcomes.
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INTRODUCTION
Growth restriction in fetal life has consequences for later growth and body composition.1 Also, metabolic consequences like insulin resistance have been found
in children born after fetal growth restriction (FGR).2 Metabolic consequences
may be dependent of duration and time of growth restriction and later catch-up
growth.3 Studying growth after birth can help to understand the impact of FGR
and give further insight into the occurrence of metabolic disorders. Most studies
on postnatal growth investigate outcomes on the basis of small for gestational
age (SGA) status at birth. However, not every infant with SGA is growth restricted
at birth and vice versa.4 Moreover, causes of FGR are diverse and later consequences of FGR may thus differ between different patient groups.
In hypertensive disorders of pregnancy, including pre-eclampsia and HELLP
(hemolytic anemia, elevated liver enzymes and low platelet count) syndrome,
FGR due to placental insufficiency is frequent and varies in severity.5,6 A birth
weight ratio (BWR), especially if based on customized growth curves, is useful as
a measure of FGR severity, as opposed to a dichotomized measure of FGR (i.e.
birth weight <−2 SD or < 10th percentile).7
Here we describe the growth until the age of 4.5 years in a cohort of children
born to mothers with severe hypertensive disorders of pregnancy, with an onset
before 34 weeks gestational age. The aim was to explore changes in height,
weight and head circumference (HC) in relation to BWR and gestational age
while taking neonatal morbidity and family characteristics, like parental height,
into account.

METHODS
The study subjects of this prospective cohort study were children born to mothers who participated in the PETRA study (Pre-eclampsia Eclampsia Trial Amsterdam). PETRA was executed by two tertiary care centers in the Netherlands (Academic Medical Center Amsterdam, VU University Medical Center). The objective
of this randomized clinical trial was to compare temporizing management with
or without plasma volume expansion in women with early-onset hypertensive
disorders of pregnancy. Women with a severe hypertensive disorder of preg27
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nancy — pre-eclampsia (diastolic blood pressure ≥110 mm Hg and proteinuria
≥0.3 g/24 h), HELLP syndrome (platelets <100*109 / L, and aspartate aminotransferase ≥70 U/L, and lactate dehydrogenase ≥600 U/L), and concomitant FGR
(fetal weight <10th percentile and diastolic blood pressure ≥90 mm Hg) — who
2

presented with a viable singleton pregnancy, at a gestational age between 24
and 34 completed weeks, were asked to participate if they were deemed eligible
for a temporizing management strategy.
Before randomization all participating women provided informed consent for
the trial as well as for pediatric follow-up. The medical ethics institutional review boards of the participating hospitals approved the study protocol. Further
details of the study protocol and the outcome of the trial have been described
extensively in the original trial publication.8 No differences were found between
groups until 4.5 years of age concerning neurological, cognitive and motor development and behaviour.9
A total of 216 mothers were enrolled in the trial. There were 20 fetal and 16
neonatal deaths, two deaths after term age and four mothers who withdrew
their informed consent after birth or term age. Thus 174 children were available
for follow-up, including the present study on child growth. Parental height and
paternal weight were measured by obstetricians after enrolment in the trial. Maternal pre-pregnancy weight was collected by self-report. Children and their
families were invited to the outpatient clinics of our hospitals at the corrected
age of 3 months, and 1 and 4.5 years of age. Children were examined by pediatricians at birth, 3 months and 1 year, and by an experienced nurse practitioner
at age 4.5 years. In both hospitals standardized tapes and hospital calibrated
instruments were used. Parental, perinatal and neonatal data and information
on health status of the child up to 4.5 years of age were collected prospectively
with standardized forms. A customized BWR was used as a measure of FGR.
BWR was calculated as birth weight divided by the expected weight for gestational age, using customized growth chart 50th percentile values. A BWR <0.86,
that is, a birth weight <10th percentile, was defined as growth restricted.10
Outcome measurements were height, weight and HC. Standard deviation scores
(SDS) of height, weight, body mass index (BMI), HC, and target height (TH) were
obtained using a growth analyzer with age and gender specific reference data
on the basis of the fifth Dutch growth study. The corrected age of the children
28
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was used to calculate SDS.11 Target height of the boys was calculated as 44.5 +
(0.376 × height father) + (0.411 × height mother). Target height of the girls was
calculated as 47.1 + (0.334 × height father) + (0.364 × height mother).12 The TH
SDS was calculated as (TH − 183.8) / 7.1 for boys and (TH − 170.7) / 6.3 for girls.
Catch-up growth of height was defined as height SDS − TH SDS. Complete
catch-up growth of height was defined as a height SDS within the TH SDS range
of > −1.6.12 For weight and BMI an SDS > −2 SD was used as an indication of
complete catch-up growth; for HC this was > −1 SD.13,14
Data were analyzed using PASW statistics 18.0. Descriptive statistics were used
to explore baseline characteristics and growth outcomes. Independent t tests,
χ2 tests and Mann–Whitney U tests were used to compare women and children lost to follow-up to women and children that participated in follow-up,
to compare randomization groups, boys and girls, and gestational age groups.
Randomization allocation would be ignored if no effect on growth scores were
found using 0.05 as the level of statistical significance. The effect of gestational
age (<32 weeks or ≥32 weeks) and gender (boy or girl) on growth was tested
with univariate analyses of variance. To explore associations between growth
outcomes at 4.5 years, BWR and gestational age, while taking child morbidity and family characteristics into account, univariate regression analyses were
performed with the predictor variables that are shown in table 1. Parameters
with p < 0.05 were entered in a univariate multivariable model together with
BWR, gestational age at birth (weeks) and gender (boy) as predictor variables,
and growth SDS as outcome variables. The results are displayed as coefficient
with SE, and a standardized coefficient to be able to compare the effect of the
several predictor variables.

RESULTS
At age 4.5, 135 children (78%) were seen. Reasons for drop-out were moving
abroad (n=6), being untraceable or non-responding (n=11) and perceived assessment burden (n=8). In 14 children no anthropometry was performed due to
organizational and logistic problems. At the age of 3 months and 1 year, growth
data were available for 88 (51%) and 130 (75%) children, respectively. There were
no differences between randomization groups in baseline characteristics and
growth outcomes up to 4.5 years and therefore data were pooled for all partic29
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ipating children. No differences were found between participating women and
children and non-participants on baseline characteristics, apart from a higher
educational level in the participating families. The 84 children who participated
at all three time points had significantly higher pulsatility index of the umbilical
2

artery and U/C ratio and a significantly lower BWR and birth weight compared to
children that participated at only one or two time points. Gestational age at birth
and morbidity in the neonatal period were not different between these groups.
Table 1 shows the characteristics of the participating children and their parents.
The mean BWR was 0.69 (range 0.33–1.05), comparable to the 2.3th percentile.10 Ninety-one per cent of the children were growth restricted. Eighty-five per
cent of this growth restricted group was delivered by caesarean section. At 4.5
years, 12 children (9%) used medication on a daily basis, of whom 8 (6%) used
medication for chronic airway problems. Apart from these 12 children, in two
children growth hormone therapy had just been started at 4.5 years. They were
included in all analyses of child growth.
TABLE 1. Baseline characteristics of parents and children seen in follow-up at 4.5 years.
Characteristics

Value

Participants

N=135

Univariate association p < .05*

Parental background characteristics
Paternal height (cm)

181 ± 8

1, 2, 4

Maternal height (cm)

168 ± 7

1, 2

Paternal BMI (kg/m2)

26 ± 3

Maternal BMI before pregnancy (kg/m2)

25 ± 4

Low education father†

41 (31%)

Low education mother†

35 (26%)

Pregnancy characteristics
Gestational age at maternal hospital admission, wk

302/7 (263/7 – 336/7)

HELLP syndrome

59 (44%)

Severe pre-eclampsia

57 (42%)

Major maternal morbidity‡

14 (10%)

Smoking in pregnancy (≥ 1 cigarette per day)

20 (15%)

Highest umbilical artery pulsatility index

1.74 ± 0.58

pH umbilical artery

7.21 ± 0.11

Highest U/C ratio

1.37 ± 0.64

Corticosteroids for fetal lung maturation

111 (73%)

3

Infant characteristics
Birth weight, g

1341 ± 451

BWR

0.69 ± 0.12

Growth restricted at birth§

123 (91%)

Gestational age at birth, wk

316/7 (273/7- 384/7)

Very preterm birth (< 32 wk)

75 (56%)

30
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TABLE 1 continued.
Characteristics

Value

Participants

N=135

Univariate association p < .05*

Infant characteristics
Caesarean section

116 (86%)

Apgar score 5 min <7

14 (10%)

Infant sex, male

65 (48%)

Major neonatal morbidity

14 (10%)

CLD¶

11 (8%)

IVH grades 3 and 4

2 (1%)

PVL grade 2 and higher

2 (2%)

Hydrocephalus

1 (1%)

Ventilation (days)

3 (0 - 32)

NEC; necrotic enterocolitis

3 (2%)

Sepsis

63 (47%)

Persisting ductus Botalli

7 (5%)

Daily medication at 4.5 years

12 (9%)

2

1, 2, 4

4

2, 3, 5

Variables are displayed in n (%), mean ± standard deviation or mean (range) where applicable.
*Significant association in univariate regression significant at α=0.05 for: 1 (height SDS), 2 (weight SDS), 3 (BMI
SDS), 4 (head circumference SDS), 5 (height catch-up growth).
†Low: ≤ lower secondary education; International Standard Classification of Education
(http://www.uis.unesco.org).
‡Eclampsia, encephalopathy, pulmonary edema, liver hematoma, placental abruption, severe infectious morbidity, and severe thrombotic morbidity.
§BWR <0.86, i.e. birth weight ratio <10th percentile on the basis of the Gardosi growth curves.
¶Chronic lung disease: oxygen dependent at 36 weeks post-menstrual age.
BMI, body mass index; BWR, birth weight ratio; CLD, chronic lung disease; HELLP, hemolytic anemia, elevated
liver enzymes and low platelet count; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; SDS,
SD score.

Table 2 shows the growth outcomes at 3 months, and 1 and 4.5 years. At age 4.5
years, 94% had complete catch-up growth of height. For weight, BMI and HC
SDS, the majority of the children had scores > −2 SD at all time points. HC SDS
of the boys at 3 months (−0.8) was significantly lower compared to girls (−0.3;
p=0.049), but otherwise all SDS were comparable between boys and girls. Figures 1a and 1b display the longitudinal growth outcomes of 37 boys and 47 girls
who were examined at all three time points. The mean BMI SDS of both boys
and girls at 3 months were comparable to the Dutch growth curves, as were
the mean HC of the girls at all ages. Further, all SDS were significantly lower
compared to the Dutch growth curves. Boys had lower HC compared to girls
at 3 months (p=0.008) and 1 year (p=0.029), and this was despite the fact that
girls had a lower mean BWR (0.69 vs 0.65, p=0.049). Figure 1a demonstrates an
increase of boys’ mean HC over time. For both boys and girls, height SDS increased from 3 months to 1 year, while weight SDS did not increase, and there31
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fore BMI SDS decreased in this time period.

2

FIGURE 1A. Mean growth SD scores (SDS) of boys (n = 37) that were present at all three time points.

FIGURE 1B. Mean growth SD scores (SDS) of girls (n = 47) that were present at all three time points.

FIGURES 1A and 1B. Mean growth SD scores (SDS) of boys (A, n = 47) and girls (B, n = 37) that were
present at all three time points (n = 84). Mean SDS that were significantly lower compared to the Dutch
norm curves: *at α = 0.05; **at α = 0.01; ***at α = 0.001. Mean SDS (95% CI) that were significantly different between boys and girls: # at α 0.05, ## at α 0.01. HC 3 months: girls −0.24 (CI −0.50 to 0.02) versus boys −0.87 (−1.29 to −0.45) HC 1 year: girls −0.08 (−0.28 to 0.13) versus boys −0.68 (−1.02 to −0.34).
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TABLE 2. Growth outcomes with mean standard deviation score (SDS) and multiples of the standard
deviation (SD) at 3 months, 1 and 4.5 years.†
Growth characteristics

3 months

1 year

4.5 years

Participating children

N = 88

N = 130

N=135

Mean (cm)

57 ± 3

74 ± 3

108 ± 5

Mean SDS

-1.4 ± 1.3*

-0.6 ± 1.1*

-0.5 ± 1.1*

Mean SDS - target height SDS

-1.1 ± 1.2

-0.3 ± 1.0

-0.2 ± 1.0

Complete catch-up growth ‡

56 (65%)

114 (89%)

125 (94%)

Complete catch-up growth in children with BWR<P10

42%

84%

93%

Mean (kg)

4.9 ± 0.7

8.8 ± 1.1

17.0 ± 2.4

Mean SDS

-1.2 ± 1.2*

-1.1 ± 1.1*

-0.9 ± 1.1*

> -2 SD

68 (78%)

103 (79%)

119 (88%)

> 1 SD

1 (1%)

3 (2%)

5 (4%)

Mean

15.3 ± 1.1

15.9 ± 1.3

14.6 ± 1.2

Mean SDS

-0.2 ± 0.9

-1.0 ± 1.1*

-0.8 ± 1.2*

> -2 SD

85 (100%)

108 (84%)

112 (84%)

> 1 SD

10 (12%)

5 (4%)

6 (4%)

Mean (cm)

39.6 ± 1.4

46 ± 1

50 ± 2

Mean SDS

-0.5 ± 1.0*

-0.3 ± 0.9*

-0.3 ± 1.0*

> - 2 SD

75 (91%)

126 (97%)

131 (97%)

> - 1 SD

54 (66%)

106 (81%)

105 (78%)

> 1 SD

6 (7%)

8 (6%)

11 (8%)

Height

2

Weight

Body Mass Index

Head Circumference

*Significant at α=0.05: BMI SDS at 3 months did not differ from the Dutch growth curves; furthermore, all SDS
were lower.
†Values are displayed as mean ± SD or % (n) where applicable. ‡Complete catch-up growth: mean SDS − target
height SDS >−1.6. BMI, body mass index; BWR, birth weight ratio.

Children born at a gestational age below or over 32 weeks had comparable
growth SDS. There were no interaction effects of gender (boy) and having a
gestational age below or over 32 weeks on growth SDS.
Table 1 shows which family and child characteristics were significantly associated with the growth outcomes at age 4.5 in univariate analyses. When adjusting
for these variables, the BWR was positively associated with all growth SDS and
gestational age was not (table 3). Parameters that represented maternal health
(like pre-pregnancy BMI), maternal symptoms of placental insufficiency (HELLP
syndrome or severe pre-eclampsia), and fetal symptoms (pulsatility index of the
umbilical artery, highest U/C ratio) had no statistically significant associations
33

CHAPTER 2

with growth outcome.
TABLE 3. Univariate multivariable models: family and child characteristics associated with growth
at age 4.5 years.
Coefficient B (95% CI)

2

SE

Standardized coefficient

Height SDS
Gestational age at birth (weeks)

-.03 (-.11 to .05)

.04

-.07

BWR

2.62 (1.21 to 4.03)

.71

.28 ***

Gender (boy)

-.34 (-.66 to -.01)

.16

-.15*

Maternal height (cm)

.05 (.02 to .07)

.01

.28 ***

Paternal height (cm)

.05 (.03 to .07)

.01

.32 ***

Ventilation (days)

-.03 (-.06 to .01)

.02

-.14

Weight SDS
Gestational age at birth (weeks)

-.04 (-.13 to .04)

.04

-.09

BWR

2.98 (1.51 to 4.45)

.74

.31 ***

Gender (boy)

-.29 (-.63 to .05)

.17

-.13

Maternal height (cm)

.02 (.00 to .05)

.01

.14

Paternal height (cm)

.04 (.02 to .07)

.01

.29 ***

Ventilation (days)

-.03 (-.06 to .00)

.02

-.18 *

Daily medication at 4.5 years

-.91 (-1.50 to -.32)

.30

-.23 **

BMI SDS
Gestational age at birth (weeks)

.00 (-.09 to .08)

.04

-.01

BWR

2.30 (.65 to 3.95)

.84

.23**

Gender (boy)

-.25 (-.63 to .14)

.19

-.11

Smoking in pregnancy (≥ 1 cigarette/day)

-.67 (-1.19 to -.15)

.27

-.21*

Daily medication at 4.5 years

-.95 (-1.60 to -.29)

.33

-.24**

HC SDS
Gestational age at birth (weeks)

-.05 (-.13 to .036)

.04

-.12

BWR

2.76 (1.44 to 4.09)

.67

.34***

Gender (boy)

-.40 (-.71 to -.09)

.16

-.21*

Paternal height (cm)

.02 (.00 to .04)

.01

.15

Ventilation (days)

-.05 (-.07 to -.02)

.01

-.29**

Sepsis

-.17 (-.54 to .19)

.18

-.09

Height SDS – TH SDS
Gestational age at birth (weeks)

-.01 (-.08 to .06)

.04

-.03

BWR

2.66 (1.26 to 4.06)

.71

.32***

Gender (boy)

-.31 (-.63 to .02)

.16

-.16

Daily medication at 4.5 years

-.53 (-1.08 to -.21)

.28

-.16

*Significant at α=0.05; ** at α=0.01; *** at α=0.001.
BMI, body mass index; BWR, birth weight ratio; HC, head circumference; SDS, SD score; TH, target height.
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DISCUSSION
Our study describes growth until the age of 4.5 years in a cohort of children
born to mothers with severe hypertensive complications of pregnancy. Ninety-one percent of the children were born growth restricted with a gestational
age at birth ranging between 27 and 38 weeks. At 4.5 years of age the majority
of these children had growth scores in the normal range for their age. Nevertheless, they were still significantly smaller and lighter than the median of the Dutch
growth curves, with weight being more behind than height.
BWR was used as a measure of FGR severity and was calculated using customized growth curves that take several parental characteristics into account. BWR
had a positive significant association with all growth parameters at 4.5 years.
Most studies use a dichotomized measure of growth restriction. BWR has the
advantage of being a continuous measure of FGR severity. Another study that
used a continuous measure, birth weight adjusted for gestational age, found a
significant association with final height and BMI.15 Gestational age was not related to anthropometric outcomes at age 4.5 years. This is comparable to other
studies.16-18 Also, when our cohort was divided into children born at a gestational
age below or over 32 weeks, no differences in growth scores were found. This
suggests that in children born growth restricted, follow-up of growth and possible later onset morbidities is necessary, irrespective of the gestational age at
which children are born.
For height, at 4.5 years 94% of the children had scores in the normal range for
their age, and for children born growth restricted (BWR <0.86) this was 93%. This
is comparable to other studies.13,16,19,20 In our study, catch-up growth of height
occurred predominantly during the first year of life and far less from 1 to 4.5
years. This is in accordance with other studies.13,21
Since a number of studies demonstrated that rapid weight gain in childhood,
especially from 2 years onwards, is associated with coronary events and insulin
resistance later in life, weight gain in the population of growth restricted children has been receiving increased attention.22-24 In our cohort there was only a
mild increase of weight (from −1.1 to −0.9 SDS) and BMI (−1.0 to −0.8 SDS) from
1 year to 4.5 years. Follow-up of our study group might demonstrate whether
early-onset weight gain or weight gain beyond the age of 4.5 years affects the
35
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risk of later-onset diseases.
Increase of HC was steady up to 4.5 years of age. The mean HC of boys was
significantly lower compared to girls, and the negative association at age 4.5
2

years between boys and HC was significant when correcting for confounders.
Different results have been reported concerning the effect of HC on later development. One of the first studies that looked at the relation of HC and development of children born after maternal hypertension found no association at age
4 years.25 In children with a very low birth weight, however, a small head size
has been associated with worse neurodevelopmental outcome.26 Whether our
study group, and especially boys who had a smaller HC, are at risk for a worse
neurodevelopmental outcome will be the aim of future studies.
Paternal height was related to weight at age 4.5 years when correcting for BWR,
while maternal height was not significant after correcting for BWR. This may
indicate that the father does impact child weight mainly after birth, while the
mother has more impact before birth. Differential parental contributions to
child growth have also been reported by others.27 Daily use of medication at 4.5
years, as a measure of chronic illness, was negatively related to growth scores
at 4.5 years of age. Most children used medication for airway problems. FGR
has been associated with poorer lung function in childhood, and this is especially for children who have less catch-up growth.28,29 Therefore, the relation is
in both directions: FGR can cause worse lung function, but respiratory disease
also causes worse growth. It is important to include health parameters when
studying growth after FGR. Smoking in pregnancy was negatively related to BMI
at age 4.5 years. This could be either a biological effect or a socioeconomic risk
factor. Another study that specifically focused on the effect of maternal smoking
on child height and BMI found no clear effect of maternal smoking on BMI after
2 years of age.30 Parameters that represented placental insufficiency other than
BWR were not related to growth at 4.5 years of age (HELLP syndrome or severe
pre-eclampsia, the pulsatility index of the umbilical artery, and the highest U/C
ratio). We also did not find any effect of pre-pregnancy maternal BMI on growth
up to the age 4.5 years. The fact that we obtained pre-pregnancy BMI through
self-report might have affected this outcome. But, since others found a relationship between maternal pre-pregnancy BMI after pre-eclamptic pregnancies
and anthropometric outcome in 10-year-old offspring, it is more likely that the
age of 4.5 is too early to find such a relationship.31
36
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Strengths of this study were the homogeneous study group and the use of BWR
as a measure of FGR, using customized growth charts. Moreover, we included
parental height in our analyses of height in order to describe growth corrected
for genetic influences. Data were collected prospectively and child and parental
information were collected in a standardized manner. Growth was measured at
three time points. However, there was no information on length and HC around
birth and there were no growth data between birth and 3 months. This information would have allowed conclusions about the trajectory of growth from
birth up to 3 months of age. Families that were lost to follow-up scored more
often on low educational level than participating parents, but since parental
education was not associated with growth at 4.5 years of age, this may not be
a source of bias. We performed subanalyses in children who participated at all
three time points to examine growth over time. These children had poorer fetal
outcomes and lower birth weight compared to children who participated at only
one or two time points. They therefore represented the more severe end of the
spectrum of FGR.
CONCLUSIONS
The majority of children born to mothers with severe and early-onset hypertensive disorders of pregnancy were growth restricted at birth and had complete
catch-up growth at 4.5 years of age. However, they were smaller and lighter
compared to their peers. BWR, as a measure of FGR severity, was associated
with all growth outcomes and gestational age was not.
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ABSTRACT
BACKGROUND
Many studies that examine growth in growth restricted children at birth do not
discriminate between fetal growth restriction (FGR) and small for gestational
age (SGA). These terms however are not synonymous. In SGA stunting and increased weight gain have been reported. We do not know if this holds true for
FGR. Our aim was to study postnatal growth until age 12.5 years in a cohort of
children born FGR due to early onset placental insufficiency, and its relation to
FGR severity.
3

METHODS
Design: Prospective cohort study, follow-up of an antenatal randomized controlled trial in two tertiary centers. Patients: Children aged 12.5 born after FGR,
with mothers who had severe early-onset hypertensive pregnancy disorders
(N=96). Main outcome measures: Anthropometry at age 12.5 in standard deviation scores (SDS).
RESULTS
Mean height SDS corrected for target height was -0.09 (0.94), mean body mass
index (BMI) SDS was 0.00 (1.16), and mean head circumference SDS was -0.37
(1.11). Catch-up growth was at fastest rate between term age and 3 months and
similar for height (0.55 SDS /months) and weight (0.49 SDS/months). Neither
FGR severity nor gestational age was related to height and BMI at age 12.5 years.
CONCLUSIONS
Children born growth restricted due to early onset placental insufficiency have
height and BMI scores comparable to their age-matched peers at age 12.5 years.
FGR severity was not related to height and BMI at age 12.5 years. These reassuring results differ from most studies that examine SGA children.
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INTRODUCTION
Fetal growth restriction (FGR) refers to a condition where fetuses do not reach
their biological growth potential in utero.1 Although there is no international
consensus about the definition of FGR, recent definitions all include serial measures of fetal growth by ultrasound and Doppler measures of fetal arteries.2,3
By using ultrasound and Doppler measures to diagnose FGR, fetuses who are
small for gestational age (SGA) but not pathologically small are excluded from
the definition of FGR. SGA is defined as growth at the 10th or less percentile for
weight of all fetuses at that gestational age (GA). Not all fetuses who are SGA
are pathologically growth restricted and, in fact, may be constitutionally small.
Similarly, some fetuses are above the 10th percentile for weight, but are FGR.4
FGR children differ from SGA children in their risk of peri-and neonatal morbidity and mortality.5 In studying consequences of FGR, it therefore is important to
distinguish FGR from SGA.
Studying postnatal growth in children born growth restricted is important because weight gain in childhood has been associated with a risk for the metabolic
syndrome and cardiovascular diseases in adulthood.6-8 Also, stunting of linear
growth has been observed.9-11 We do not know whether this also holds true for
FGR children, since most studies focus on SGA rather than FGR.12-14. Moreover,
studying growth is of clinical importance because perinatal and neonatal health
care has improved in the last decades, consequently changing the risk of mortality, morbidity and long-term outcomes of FGR.
We have carried out a prospective longitudinal study in children born FGR due to
placental insufficiency with mothers who had severe early-onset hypertensive
disorders of pregnancy.15 FGR was diagnosed antenatally by serial ultrasound
measures, including Doppler. In the present study we describe anthropometry
until age 12.5 years, and health outcomes at age 12.5 years. We hypothesized
that growth outcomes at age 12.5 years would deviate from growth of peers.
We also wanted to investigate which variables were associated with growth outcomes at age 12.5, in particular FGR severity, but also genetic and environmental
characteristics. Similar to our findings at age 4.5 years, we hypothesized that
anthropometry would be related to FGR severity.16
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METHODS
The study subjects of this prospective cohort study were children born to mothers who participated in the Pre-eclampsia Eclampsia Trial Amsterdam (PETRA)
study. PETRA was executed by two tertiary care centers in the Netherlands (Aca
demic Medical Center Amsterdam, VU University Medical Center Amsterdam).
The objective of this randomized clinical trial was to compare temporizing management with or without plasma volume expansion in women with early-onset
hypertensive disorders of pregnancy. Women with a severe hypertensive disorder of pregnancy – pre-eclampsia, hemolysis, elevated liver enzymes, low
3

platelets (HELLP) syndrome, pregnancy induced hypertension and, concomitant
FGR - who presented with a viable singleton pregnancy, at a gestational age
(GA) between 24 and 34 completed weeks, were asked to participate if they
were deemed eligible for a temporizing management strategy. Further details
of the study protocol and the outcome of the trial have been described in the
original trial publication.15
Previously to follow-up at age 12.5 years, children were followed-up at term
age, age 3 months, 1 year, and 4.5 years.16,17 No differences were found between
randomization groups up to age 4.5 concerning growth, neurological, cognitive
and motor development and behavior.16,17 Therefore, post-hoc analyses were
performed for the total cohort.
Figure 1 demonstrates the number of mothers and children that were originally
included in the trial, the number of fetal and neonatal deaths, deaths after term
age, and reasons for dropout up to age 12.5 years. At 12.5 years, 174 children
were invited for follow-up at the outpatient clinic of the AMC Amsterdam. Both
parents and children received an information letter with detailed information
of the assessment. At the outpatient clinic parents and children were asked to
provide written informed consent. The medical ethics institutional review board
of the participating hospital approved the study protocol.
At age 12.5 years, height and weight were measured with an integrated electronic hospital calibrated instrument (SECA®, Hamburg, Germany). Height was
measured to the nearest 0.1 cm and, weight to the nearest 0.01 kg. Body mass
index (BMI) was calculated as weight in kg/(height in meters)2. Head circumference (HC) was defined as the maximal occipital frontal circumference. Waist
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circumference was measured midway between the lowest rib and the top of
the iliac crest. Hip circumference was measured over the great trochanters.18
Tape-measures were performed twice to the nearest 0.5 cm. In case of a difference in outcome, a third measure was performed. Pubertal staging was according to Tanner with stages G (genitals, boys), B (breasts, girls) and P (pubic
hair).19,20 Testicular volumes were measured with a Prader orchidometer. Age of
menarche was also noted. Growth standard deviation scores (SDS) were obtained for corrected age using Dutch population reference data collected in
2009.21,22 Target height range was set at +/-1.6 SD.23. International Obesity Task
Force cut-off values were used to define thinness, overweight and obesity.24-26.
Cut-off points for waist circumference were set at > 1.3 SD for overweight and,
>2.3 SD for obesity.18 We compared pubertal stages to Dutch population based
reference values.27,28 An advanced pubertal stage was defined as Tanner B/G
stage 4 or 5.
Health outcomes, parental anthropometry, and socio-economic status (SES)
were obtained by standardized forms. Health problems were defined as receiving specialist medical care during the last two years or using medication on a
regular basis. A low SES was defined as having ≥ 1 parent with a low educational
level, conform level 0, 1, and 2 of the International Standard Classification of
Education.
Pregnancy- and neonatal characteristics were collected prospectively.15 Fetal
ultrasound assessments, that is, estimated fetal weight and Doppler measures
of the umbilical artery and the middle cerebral artery, were performed at least
twice a week as part of the study protocol. We used the highest pulsatility index
(PI) of the umbilical artery and the highest UC-ratio - the highest ratio PI umbilical artery and PI medial cerebral artery – to demonstrate placental insufficiency in our cohort, with higher scores indicating increased insufficiency. A birth
weight ratio (BWR) was used as a proxy for FGR severity. 29 The BWR was calculated as birth weight divided by the expected weight for GA, using customized
growth chart 50th percentile values.30
Anthropometric measures were previously performed prospectively at birth
(weight only), term, 3 months, 1 year and, 4.5 years (height, weight, HC). For
growth at birth and term age, as well as HC at 3 months, Swedish reference
standards were used, since no Dutch reference values were available.31
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Data were analyzed using IBM SPSS 23.0. Independent t-tests, Chi-square tests,
and Mann-Whitney U tests were used to compare children that participated in
follow-up with children that did not. To explore associations with growth at age
12.5 years we performed multivariable linear regression analyses with height,
BMI, and HC SDS at age 12.5 years as dependent variables. Regression analyses
were performed in three steps: 1) BWR and GA, 2) measures known at term, being target height, maternal pre-pregnancy BMI, low SES, neonatal morbidity, 3)
measures know at age 12.5 years, being maternal BMI gain from pre-pregnancy
to 12.5 years after pregnancy, current health problems, and advanced puber3

tal stage. Conditions for linear regression analyses were verified.32 Longitudinal
growth was explored for a subgroup of children that participated at all moments
of follow-up, and tested with repeated measures design. Delta’s of growth SDS
were calculated between the youngest available age and 12.5 years. An alpha of
0.05 was used and hypotheses were tested two-sided.

RESULTS
A total of 174 children were eligible at age 12.5 years (see figure 1). We collected
growth measures for 96 children; this was including one child that participated
by providing recent growth measures performed elsewhere. Ten parents/children participated by filling out questionnaires only, they were excluded from
further analyses. Six boys (13%) and four girls (8%) refused all parts of pubertal
examination.
Children who participated in follow-up at 12.5 years did not differ from children
that were eligible at term concerning neonatal and sociodemographic characteristics (n = 82), nor were they different from children that participated at 4.5
years but did not participate at age 12.5 years concerning anthropometry at 4.5
years (n=53). No effects were found for the randomization allocation of the
original trial on anthropometry at age 12.5.
Table 1 shows baseline characteristics of the participating children and parents.
Maternal pre-pregnancy BMI was in 44% ≥ 25 kg/m2, this increased to 54% at
12.5 years postpartum. For the fathers BMI ≥ 25 kg/m2 increased from 53% to
66%.
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FIGURE 1. Flowchart of participation at age 12.5 years.

Children were examined at a corrected age of 12 years and 6 months, with a SD
of 1.5 months. Table 2 demonstrates that all anthropometric measures at age
12.5 years were within 0.5 standard deviation from the population mean. Five
children (5%) had height below their target height range. They had a median
height SDS of -1.54 (range -3.29 to -1.04), a median BMI SDS of -0.17 (range
-1.93 to 0.79), and a median BWR of 0.64 (range 0.33 to 0.70). One of them had
disabling cerebral palsy and was on growth hormone therapy.

49

CHAPTER 3

TABLE 1. Baseline characteristics N = 96.
Outcome
Pregnancy characteristics
Gestational age at maternal admission, weeks

302/7 ± 2

HELLP syndrome

38 (40)

Severe pre-eclampsia

40 (42)

Hypertension with fetal growth restriction

18 (19)

Highest PI umbilical artery

1.78 ± 0.62

UC-ratio

1.42 ± 0.69

263/7 - 335/7

Neonatal characteristics
Gestational age at birth, weeks

3

316/7 ± 22/7

Birth weight, g

1341 ± 471

BWR*

0.68 ± 0.12

Growth restricted at birth†

86 (90)

Apgar score 5 min < 7

10 (10)

Major neonatal morbidity‡

11 (12)

Male

46 (48)

273/7 - 384/7

0.33 - 0.99

Socio-economic characteristics
Caucasian ethnicity mother

83 (87)

Caucasian ethnicity father

82 (85)

Low SES §

29 (30)

Parental anthropometry
Pre-pregnancy BMI mother, kg/m2

24.6 ± 4.0

Pre-pregnancy BMI father, kg/m2

25.8 ± 3.3

Current BMI mother, kg/m2

26.4 ± 4.7

Current BMI father, kg/m2

27.3 ± 5.3

Target height SDS

-0.25 ± 0.62

Anthropometry at age 4.5¶
Height SDS

-0.61 ± 1.11

Weight for age SDS

-1.02 ± 1.12

BMI SDS

-0.92 ± 1.12

Head circumference SDS

-0.40 ± 0.96

Outcomes are displayed as mean ± SD, range, or number (percentage).
*

BWR of 0.68 is comparable to the 2.3th percentile

† Defined as BWR < the 10th percentile
‡ Chronic lung disease (oxygen dependent at 36 weeks post menstrual age), intracranial hemorrhage, periventricular leukomalacia, hydrocephalus
§

Low SES was defined as at least one parent with educational level 0, 1, or 2 according to the International

Standard Classification of Education 2011
¶

n = 88

BMI = body mass index; BWR = birth weight ratio; HELLP = hemolysis, elevated liver enzymes, low platelets;
N = number; PI = pulsatility index; SDS = SD score SES = socio-economic status; UC-ratio = highest ratio PI
umbilical artery and PI medial cerebral artery.
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Compared with Dutch reference children, our cohort has somewhat less overweight (reference girls 13.6%; boys 11.9%) but was comparable concerning obesity (reference girls 1.8%; boys 1.6%), waist circumference > 1.3 SD (12%, reference 10%), and waist hip ratio (reference girls 0.79; reference boys 0.84).18,26
Median Tanner stage for girls was B4 (reference probability for achieving B3
= .73 and B4 = .38), P4 (reference probability P3 = .72 and P4 = .43), 63% had
an advanced pubertal stage, and 36% were post menarcheal (reference 30% to
40%).28,33 Median Tanner stage for boys was G2 (reference probability of achieving G2 = .81 and G3 = .37), P3 (reference probability P2 = .72 and P3 = .37), and
21% had an advanced pubertal stage. The median testicular volume was 8 mL
(reference probability = .43) and all but one boy had testicular volume ≥ 4ml,
indicating onset of puberty.33 Children who did not participate in examination of
B/G stages (n=10) had comparable height SDS – target height SDS compared to
children who did participate (girls p =.28; boys p = .23).
TABLE 2. Growth results at age 12.5 years.
All N = 96

Females N = 50

Males N = 46

156.0 ± 7.1

Height
cm

156.0 ± 7.0

156.0 ± 7.1

SDS

-0.34 ± 0.99

-0.32 ± 1.04

-0.37 ± 0.95

SDS – target height SDS

-0.09 ± 0.94

-0.03 ± 0.94

-0.16 ± 0.96

SDS in target height range (≥ -1.6)

91 (95)

48 (96)

43 (93)

Weight
kg

44.2 ± 9.5

44.7 ± 10.0

43.8 ± 9.0

SDS

0.02 ± 1.14

-0.09 ± 1.13

0.15 ± 1.16
17.9 ± 3.2

BMI a
kg/m²

18.1 ± 3.0

18.2 ± 2.8

SDS

0.00 ± 1.16

-0.02 ± 1.06

0.02 ± 1.28

Thinness grade 2

2 (2)

0

2 (4)

Thinness grade 1

12 (13)

6 (12)

6 (13)

Overweight*

5 (5)

3 (6)

2 (4)

Obesity

2 (2)

1 (2)

1 (2)

53.7 ± 1.7

Head circumference†
cm

53.7 ± 1.9

53.7 ± 2.1

SDS

-0.37 ± 1.11

-0.36 ± 1.17

-0.39 ± 1.05

< -2 SDS

4 (4)

3 (6)

1 (2)

> 2 SDS

7 (7)

4 (8)

3 (7)
66.4 ± 7.1

Waist and hip circumference‡
Waist circumference, cm

65.8 ± 6.7

65.3 ± 6.3

1.3 to 2.3 SDS

9 (10)

5 (10)

4 (9)

> 2.3 SDS

2 (2)

1 (2)

1 (2)
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TABLE 2 continued.
All N = 96

Females N = 50

Males N = 46

Waist and hip circumference‡
Hip circumference, cm

80.7 (8.3)

83.1 ± 8.2

78.0 ± 7.7

Waist hip ratio

0.82 ± 0.05

0.79 ± 0.04

0.85 ± 0.05

1 to 2 SDS

11 (12)

5 (10)

6 (13)

> 2 SDS

2 (2)

0

2 (4)

Outcomes are displayed as mean ± SD or number (percentage).
*

According to definitions of the International Obesity Task Force, females: thinness grade 2 = BMI 13.66 - 14.56

kg/m², thinness grade 1 = BMI 14.57 - 15.93 kg/m², overweight = BMI 22.14 - 27.23 kg/m², obesity = ≥ 27.24
kg/m². Males: thinness grade 2 = BMI 13.38 - 14.25 kg/m², ², thinness grade 1 = BMI 14.26 - 15.58 kg/m², overweight = BMI 21.56 - 26.42 kg/m², obesity = BMI ≥ 26.43 kg/m²
† For head circumference n = 88, with n = 46 for females, and n = 42 for males.

3

‡

For waist and hip circumference n for males = 45

BMI = body mass index; N = number; SDS = SD score.

Table 3 shows health outcomes at 12.5 years. Fifty-three percent received specialist medical care during the last two years and / or used medication on a
regular basis.
TABLE 3. Health outcomes at age 12.5 years ( N = 95).
N (%)
Visited health care specialist ≥ 1x last two years

44 (46)

General practitioner

20 (21)

Psychiatrist/psychologist

16 (17)

Pediatrician

13 (14)

Physiotherapist

9 (9)

Ophthalmologist

7 (7)

Speech therapist

4 (4)

Dermatologist / ENT specialist

3 (3)

Medication last two years

31 (33)

Airway medication (inhalation beta-sympathomimetics/ corticosteroids)

10 (11)

Antibiotics

9 (10)

Corticosteroids for dermatological purpose

8 (8)

Methylphenidate /dexamphetamine

8 (8)

Growth hormone therapy*

4 (4)

Anti-epileptic drugs

1 (1)

Baclofen

1 (1)

Any surgery after discharge from hospital at birth

45 (47)

Adeno/tonsillectomy

16 (17)

Tympanostomy tube

7 (8)

Inguinal hernia repair surgery

6 (6)

Any fracture requiring surgery

3 (3)

Any surgery concerning the locomotor system, other than fractures †

3 (3)
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TABLE 3 continued.
N (%)
Any surgery after discharge from hospital at birth

45 (47)

Circumcision

3 (3)

Orchidopexy

3 (3)

Urethral surgery (stricture or hypospadias)

2 (2)

Strabismus surgery

1 (1)

Appendectomy

1 (1)

Cerebral palsy (CP)

2 (2)

Disabling CP

1 (1)

*

Including n=1 growth hormone therapy in combination with pubertal suppressive medication.

†

Hip dysplasia n=1, tendinopathy n=1, knee arthrodesis for CP n=1

3

Table 4 demonstrates that neither height nor BMI SDS was associated with BWR
or GA. The strongest associations were found for variables that represented genetic and environmental factors, i.e. target height and maternal pre-pregnancy
BMI. BWR was positively associated with HC, but after entering variables known
at age 12 years this association disappeared.
TABLE 4. Associations with growth SDS at age 12.5 years.
Height SDS

BMI SDS

HC SDS

N = 80

N = 80

N = 74

Independent variables
β

p-value

β

p-value

β

p-value

Birth weight ratio

0.09

0.44

0.01

0.95

0.22

0.07

Gestational age, weeks

0.15

0.22

0.22

0.06

0.13

0.29

Step 1

Adjusted R2

0.01

0.02

0.06

Step 2
Birth weight ratio

0.12

0.28

0.08

0.47

0.25

0.04

Gestational age, weeks

0.01

0.99

0.18

0.16

0.10

0.45

Target height SDS

0.36

0.001

-0.06

0.60

0.13

0.28

Pre-pregnancy BMI mother, kg/m²

0.11

0.29

0.32

0.006

0.17

0.15

Low SES

-0.01

0.99

-0.11

0.35

-0.06

0.61

Neonatal morbidity

-0.21

0.07

0.00

0.99

0.03

0.84

Adjusted R2

0.15

0.09

0.05

Step 3
Birth weight ratio

0.09

0.40

0.06

0.62

0.19

0.11

Gestational age, weeks

-0.01

0.94

0.18

0.15

0.07

0.55

Target height SDS

0.37

<0.001

0-.05

0.67

0.18

0.11

Pre-pregnancy BMI mother, kg/m²

0.06

0.51

0.29

0.01

0.14

0.19

Low SES

0.10

0.32

-0.05

0.69

0.05

0.63

Neonatal morbidity

-0.21

0.04

0.01

0.96

-0.01

0.99

BMI gain mother*

-0.12

0.24

-0.05

0.66

-0.24

0.03
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TABLE 4 continued.
Height SDS

BMI SDS

HC SDS

N = 80

N = 80

N = 74

Independent variables
β

p-value

β

p-value

β

p-value

Health problems at 12.5 years

-0.04

0.70

-0.05

0.64

-0.01

0.95

Advanced pubertal stage

0.43

<0.001

0.28

0.01

0.40

<0.001

Step 3

Adjusted R2
*

0.33

0.14

0.23

BMI 12.5 years - pre-pregnancy BMI in kg/m².

β = standardized coefficient; BMI = body mass index; HC = head circumference; SDS = SD score; SES = socio-economic status

3

Figure 2 shows longitudinal growth of children who participated at all moments
of follow-up. Delta height SDS between term age (-2.72, SD 1.38) and 12.5 years
(-0.17, SD 0.85) was 2.55 SDS, F (1.79, 75.04) = 73.06, p < .001. The fastest increase in height SDS was from term age to 3 months: delta height SDS = 1.66, p
< 0.001, 0.55 SDS / month. Delta weight SDS between birth (-2.93, SD 1.20) and
12.5 years (0.15, SD 1.02) was 3.08 SDS, F (2.79, 142.2) = 91.49, p < 0.001. The
fastest increase in weight SDS was also from term age to 3 months: delta SDS =
1.47, p < 0.001, 0.49 SDS/month. Delta BMI SDS between 1 year (-1.05, SD 1.03)
and 12.5 years (0.10, SD 1.16) was 1.15 SDS, F (1.72, 143.01) = 53.36, p < 0.001).
Delta head circumference SDS between term age (-0.85, SD 1.03) and 12.5 years
(-0.34, SD 0.95), was 0.51, F (2,74, 104.20) = 6.66, p = 0.001.
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3

FIGURE 2. Longitudinal growth results in standard deviation scores (SDS).
Height 				

N = 43		

Weight

			

N = 52

BMI 				

N = 84

Head circumference 			

N = 39

DISCUSSION
In this cohort of children born FGR due to placental insufficiency, we found that
anthropometry was comparable to Dutch peers at age 12.5 years. Height and
BMI at age 12.5 were associated with genetic and environmental factors, and not
with perinatal characteristics, in contrast to our findings at age 4.5 years.16 Up to
age 12.5 years, there was increase in height and weight SDS, with the strongest
increase between term age and 3 months. Our study includes only children
with FGR in the co-existence of severe and early-onset hypertensive disorders
of pregnancy.15 Most growth studies include mainly on the basis of SGA status
at birth, thereby including both FGR and children that are constitutionally small.
Postnatal growth trajectories may differ for these children, which might explain
why in many studies SGA children on average remain smaller than their peers.9-11
Although our cohort has growth scores comparable to the reference population, 5 out of 96 (5%) children did not reach their target height range. When ta
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king the normal distribution of height and the definition of stunting into account
this percentage was expected. One child that did not reach the target height
range had disabling CP, which explains at least partly for impaired growth.34
Studying growth, in particular BMI, after FGR is important because there is concern for an increased cardiovascular risk in this population. We found no increased percentages of overweight and obesity up to age 12.5 years, even with
high percentages of overweight in their parents.26,35 However, fat accumulation
during childhood has been associated with an increased cardiovascular risk despite BMI being in the normal range.6,14 We demonstrated catch-up growth of
height and weight between birth and age 12.5 years, with the strongest increase
3

between term age and 3 months of age. This suggest that our FGR cohort might
be at risk, even though we did not find increased levels of overweight / obesity.
On the other hand, the strongest catch-up growth, between term age and 3
months, was similar for height and weight and therefore proportionate. Follow-up into adulthood is necessary to see how body composition develops and
whether catch-up growth in FGR children is indeed associated with increased
cardiovascular risk.
Height and BMI at age 12.5 years were not associated with FGR severity (BWR),
but instead with target height and maternal pre-pregnancy BMI, respectively. In
one of our previous studies we found that FGR severity was related to growth at
age 4.5 years.16 This suggests that at age 12.5 years, environmental and genetic
factors overshadow fetal factors of growth.
We found that pubertal stages were comparable to the reference population, although genital stage of the boys may be somewhat behind. In FGR children the
main concern for height growth is that early progress through puberty causes
decreased final height. Taking the pubertal stages of our cohort into account we
do not worry about early progression at this moment. However, we emphasize
the need to study final height in this cohort.
Head circumference was relatively behind compared to other growth outcomes and, unlike height and BMI, it was associated with FGR severity. Some
studies have related a lower head circumference to decreased neurocognitive
outcomes.36 Further research is necessary to examine whether FGR has consequences for neurocognitive development.
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A strength of our study was that placental insufficiency, which was the underlying
mechanism for FGR, was established antenatally with serial ultrasound measures,
including Doppler. We used the BWR as a proxy for FGR severity. The BWR was
based on customized growth curves, which allowed us to distinguish between SGA
and FGR. Although a significant part of the cohort did not participate at follow-up
at age 12.5 years, the remaining children were representative for the whole cohort
concerning baseline characteristics and anthropometry at age 4.5. Therefore we
can rule out selection bias. Regression to the mean seems also an unlikely explanation for our results, since all our data was sampled prospectively and standardized.
Another strength was that we measured pubertal stages for correct interpretation
of growth outcomes.
A limitation of this study was that body fat was not assessed directly, but with
anthropometry only. Although BMI SDS change approximates fat mass change,
direct measure of body composition, for example with bio-impedance, would have
given us more information about fat versus lean mass.37 Another limitation may be
the absence of a comparison group. However, we were able to compare growth
to Dutch population based reference values. In the five children with height SDS
below target range, we did not investigate other underlying conditions. A concomitant fetal condition that also affects postnatal growth, such as mild skeletal dysplasia’s or multifactorial disorders38,39 was thus not found, nor previously diagnosed.
In conclusion, children born growth restricted due to early-onset placental insufficiency show growth comparable to their peers at age 12.5 years. Follow-up of this
cohort is warranted until final height, focusing on body composition and predictors
of cardiovascular disease.
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ABSTRACT
INTRODUCTION
Children born from pregnancies that were complicated by hypertensive disorders of pregnancy (HDP, i.e. pre-eclampsia or HELLP syndrome) are at risk for
elevated systolic and diastolic blood pressure (SBP/DBP) in childhood. Aim: To
examine which neonatal, child and maternal characteristics are associated with
SBP/DBP.
METHODS
Study design: Prospective cohort. Subjects: 12-year-old preterm and growth
restricted children born to women with severe early-onset HDP. Outcome measures: SBP/DBP standard deviation scores (SDS), corrected for age, gender and
height.
4

RESULTS
Ninety-two of the 174 mother-child pairs participated at age 12.5 years (mean
gestational age 32 weeks, range 27 to 38 weeks, mean birth weight ratio (BWR)
0.68, range 0.33 to 0.99). 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 (beta
0.53, p =.002), with child BMI SDS (beta .25, p = .035), and maternal BMI ≥ 25 kg/
m2 at 12 years (beta .49, p =.003), and not with pre-pregnancy maternal BMI ≥
25 kg/m2. DBP SDS was positively associated with maternal BMI ≥ 25 kg/m2 (beta
.35, p .002). BWR was not associated with blood pressure SDS.
CONCLUSIONS
In 12.5-year-old children born to women with HDP, higher systolic blood pressure values were associated with very preterm birth and child BMI. Higher systolic and diastolic blood pressure values were also associated with current
maternal BMI ≥ 25 kg/m2. Life style adaptations may benefit long-term cardio
vascular health in mother and child.
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INTRODUCTION
Children born from pregnancies that were complicated by hypertensive disorders of pregnancy (HDP, i.e. pre-eclampsia or HELLP syndrome) are at risk for
elevated systolic and diastolic blood pressure in childhood.1,2 A meta-analysis
showed that systolic blood pressure in children in the age range of 4 to 30 years
born after HDP was elevated on average by 2.4 mmHg, and diastolic blood pressure with 1.4 mmHg. If extrapolated into adulthood this elevation would lead
to an 8% increased risk of mortality from ischemic heart disease, and a 12% increased stroke risk.2,3 A relatively small elevation of blood pressure in childhood
therefore might be an early risk factor for later onset cardiovascular diseases.4
The pathophysiology of elevated blood pressure has been related to early
changes in cardiovascular structure and function, as a result of a suboptimal
fetal environment due to placental insufficiency.5 It is not clear to what extent
other factors, like preterm birth, childhood overweight, adverse life style, or a
genetic predisposition for hypertension add to the risk of an increased blood
pressure.2,6-10 Identifying factors that predict blood pressure in HPD offspring
might help to prevent or treat hypertension, and consequently may help to reduce the risk for late onset cardiovascular diseases.
We have prospectively followed mother-child pairs in a cohort of mothers with
severe early-onset HPD, from maternal hospital admission onwards. The aim for
the present study was to examine which factors, and to what extent, are associated with systolic and diastolic blood pressure (SBP / DBP) at age 12.5 years.

METHODS
The study subjects of this prospective cohort study were children born to mothers who participated in the PETRA study (Pre-eclampsia Eclampsia Trial Amsterdam), at the Academic Medical Center Amsterdam and the VU University Medical
Center Amsterdam.11 Inclusion criteria were women with a severe hypertensive
disorder of pregnancy – pre-eclampsia, HELLP syndrome, and pregnancy induced hypertension with concomitant fetal growth restriction (FGR) - who presented with a viable singleton pregnancy, at a gestational age between 24 and
34 completed weeks. Further details of the study protocol and the outcome of
65
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the trial have been described in the original trial publication.11 Prior to follow-up
at age 12.5 years, children were followed-up at term age, age 3 months, 1 year,
and 4.5 years.12,13 No differences were found between randomization groups up
to age 4.5 years concerning growth.12,13 Therefore, post-hoc analyses were performed for the total cohort. A total of 216 women were included in the original
trial. There were 20 fetal and 16 neonatal deaths, two deaths after term age, and
four withdrew their informed consent up to three months. At 12 years, 174 children were invited for follow-up at the outpatient clinic of the AMC Amsterdam.
Both parents and children received an information letter with detailed information of the assessment. At the outpatient clinic parents and children provided
written informed consent. The medical ethics institutional review board of the
participating hospital approved the study protocol.
Systolic and diastolic blood pressure (SBP/ DBP) were measured with an oscillometer on the right brachial artery (Mindray Datascope Accutorr) in sitting
4

posture. Cuff bladders were chosen based on upper arm circumference. Bladder
9.8 x 18 cm was used in case of an arm circumference of 18 to 25 cm, bladder
13.1 x 23.5 cm was used for a 25 to 35 arm circumference bladder. SBP and DBP
were measured twice after a ten minute rest. Participants were instructed to sit
quietly and were asked not to speak during the examination. The mean of both
measures was used as SBP and DBP. International reference values based on
auscultatory measurements were used to calculate standard deviation scores
(SDS) and percentiles.14 BP scores were converted to SDS and percentiles using
an algorithm that corrected for gender, age, and height.14 For children with SBP
exceeding the 90th percentile, a pediatrician was consulted for advice concerning further diagnostics and follow-up.
Birth weight ratio (BWR) was used as a proxy for FGR severity. The BWR was calculated as birth weight divided by the expected weight for gestational age, using customized growth chart 50th percentile values.15 Gestational age (GA) and
major neonatal morbidities were recorded prospectively from hospital charts.
Measures of height, weight, and pubertal stage according to Tanner at 12.5 years
were performed prospectively.16 Standard deviation scores (SDS) were obtained
using Dutch population based reference data.17 Advanced pubertal stage was
defined as Tanner stage G / B of 4 or more. Both pre-pregnancy and current
maternal BMI in kg/m² and hypertensive status were obtained prospectively
by standardized questionnaires. Current maternal hypertension was defined as
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having a diagnosis by a medical doctor and / or use of antihypertensive medication. Maternal pre-pregnancy hypertension was defined as using antihypertensive medication by self-report. A low socio-economic status (SES) was defined
as having ≥ 1 parents with a low educational level, conform the International
Standard Classification of Education level 0, 1, 2.
Data were analyzed using IBM SPSS 24.0 (Texas, USA). Analyses were performed
for children for who had two SBP and DBP values. Differences in baseline characteristics between children who did and did not participate at age 12.5 years,
and between randomization groups were explored with independent t-tests and
chi-square tests. Univariate associations with SBP and DBP were explored for
1) GA in weeks, GA < 32 weeks, BWR, children with 50% lowest BWR in our cohort, and major neonatal morbidity. 2) advanced pubertal stage, and child BMI
SDS at 12 years. Also, associations were explored for children with 50% lowest
BWR in the cohort with, child BMI SDS ≥ 0 at age 12. 3) maternal pre-pregnancy
and current hypertension and BMI ≥ 25 kg/m2 hypertension, and low SES. Multivariable linear regression analyses were performed for SBP and DBP separately.
Advanced pubertal stage was first entered into the model. The other characteristics were entered into the model stepwise forward. Entry and removal criteria
for the final models were p < .10 and p < .20 respectively. Interaction terms for
variables that were significantly associated with SBP or DBP were entered stepwise forward as well. Alpha was set at .05.

RESULTS
Out of the 174 children alive at term age, a total of 92 participated at age 12.5
years (participation 53%). Table 1 demonstrates pregnancy- and neonatal characteristics of the participating mother-child pairs. Reasons for non-participation were being lost to follow-up (n=39), moving abroad (n=7), and assessment
burden being too high (n=22). For 14 participating children no baseline blood
pressure was available. Low SES was more frequent in non-participating families
(54%) than in families that participated (38%, p =.04) Further baseline characteristics of children who did and did not participated at age 12.5 years were
comparable. There was no effect of randomization on SBP and DBP values at
age 12.5 years.
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TABLE 1. Baseline characteristics of the participating children and their mothers.
Outcomes N = 92
Neonatal characteristics
Gestational age, weeks

32 ± 23/7, median 316/7, range 272/7 – 384/7

Birth weight, grams

1347 ± 479

Birth weight ratio*

0.68 ± 0.12, median 0.68, range 0.33 – 0.99

Birth weight ratio < 10th

82 (89)

Gender, male

44 (48)

Major neonatal morbidity†

10 (11)

Child growth scores
BMI 12.5 years SDS

-0.02 ± 1.17

BMI 12.5 years SDS < -1

15 (16)

BMI 12.5 years SDS < 0

50 (54)

BMI 12.5 years SDS ≥ 1

15 (16)

Advanced Tanner stage 12.5 years‡

37 (45)

Maternal characteristics
Diagnosis at child birth

4

HELLP

37 (40)

Severe pre-eclampsia

39 (42)

Fetal growth restriction with hypertension

16 (17)

Pre-pregnancy hypertension

23 (25)

Pre-pregnancy BMI kg/m2

24.5 ± 3.9

Pre-pregnancy overweight (≥ 25) / obesity (≥ 30)

35 (38) / 7 (8)

At 12 years: hypertension

28 (32)

At 12 years: BMI kg/m2

26.4 ± 4.8

At 12 years: BMI overweight (≥ 25) / obesity (≥ 30)

33 (38) / 16 (18)

Low SES

27 (29)

Outcomes are displayed as mean ± standard deviation, or number (percentage).
*

Birth weight ratio (BWR) of 0.68 is comparable to the 2.3th percentile

†

Chronic lung disease; oxygen dependent at 36 weeks post menstrual age / intracranial hemorrhage grades 3

or 4 / periventricular leukomalacia grade 2 and higher / hydrocephalus.
‡

Tanner stages G/B 4 or more.

BMI = body mass index; HELLP = hemolysis, elevated liver enzymes; SES = socio-economic status; SDS = SD
score.

Table 2 demonstrates blood pressure values and univariate associations with
neonatal, child and maternal characteristics. SBP and DBP were 0.70 and 0.14
SDS. SBP was significantly associated with birth at a GA < 32 weeks, and maternal BMI ≥ 25 kg/m2 at two time points i.e., both pre-pregnancy and at child
age 12.5 years. DBP was significantly associated with advanced pubertal Tanner
stage, and also with maternal BMI ≥ 25 kg/m2 at child age 12.5 years.
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TABLE 2. Outcomes of blood pressure measures at 12.5 years and univariate associations with neonatal, and maternal characteristics, and child growth.
Blood pressure

SBP N = 92

DBP N = 92

mmHg

114 ± 8

64 ± 9

SDS

0.70 ± 0.81

0.14 ± 0.78

≥ 90th percentile

25 (27)

5 (5)

≥ 95th percentile

10 (11)

1 (1)

Neonatal characteristics

SBP

DBP

Gestational age, weeks

r = -.14

r = -.02

< 32 weeks

N = 51

0.86 ± 0.72*

0.24 ± 0.72

≥ 32 weeks

N = 41

0.50 ± 0.88

0.03 ± 0.84

r = -.15

r = .00

Birth weight ratio (BWR)
< 0.68

N = 47

0.80 ± 0.84

0.14 ± 0.70

≥ 0.68

N = 45

0.60 ± 0.77

0.15 ± 0.87

Yes

N = 10

0.73 ± 0.63

-0.14 ± 0.57

No

N = 82

0.70 ± 0.83

0.18 ± 0.80

SBP

DBP

Major neonatal morbidity

Child growth
Advanced Tanner stage 12.5 years

4

Yes

N = 37

0.59 ± 0.84

-0.02 ± 0.82*

No

N = 46

0.80 ± 0.78

0.33 ± 74

r = .03

r = -.16

BMI SDS 12.5 years
≥ 0 SD

N = 42

0.77 ± 0.81

0.11 ± 0.80

< 0 SD

N = 50

0.65 ± 0.81

0.17 ± 0.77

Yes

N = 21

0.86 ± 0,79

0.02 ± 0.61

No

N = 71

0.66 ± 0.81

0.18 ± 0.82

SBP

DBP

BWR <0.68 AND BMI 12.5 years SDS ≥0 SD

Maternal characteristics
Pre-pregnancy hypertension
Yes

N = 23

0.84 ± 0.55

0.41 ± 0.70

No

N = 69

0.66 ± 0.88

0.05 ± 0.79

Yes

N = 42

0.83 ± 0.74

0.32 ± 0.73*

No

N = 50

0.60 ± 0.86

0.00 ± 0.79

Yes

N = 28

0.77 ± 0.61

0.29 ± 0.74

No

N = 59

0.63 ± 0.82

0.03 ± 0.76

Yes

N = 49

0.83 ± 0.68*

0.35 ± 0.73**

No

N = 39

0.47 ± 0.83

-0.13 ± 0.74

Yes

N = 27

0.88 ±0.95

0.37 ± 0.80

No

N = 65

0.63 ±0.74

0.05 ± 0.76

Pre-pregnancy BMI ≥ 25 kg/m2

At 12.5 years: hypertension

At 12.5 years: BMI ≥ 25 kg/m2

Low SES

Outcomes are displayed as mean ± SD, median (min to max), or n (%). Univariate associations are displayed as
correlation coefficient r, or mean ± standard deviation. * p < .05; p < .01; p < .001
DBP = diastolic blood pressure; N = number; SBP = systolic blood pressure; SD = Standard deviation; SDS =
SD score.
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Table 3 demonstrates results from multivariable analyses. In table 3a it is shown
that a higher SBP was associated with GA < 32 weeks, higher child BMI at 12
years, and maternal BMI ≥ 25 kg/m2 at child age 12 years. SBP SDS was not associated with BWR (FGR severity). In table 3b significant interactions effects were
also included. The interaction effect of GA < 32 weeks and current maternal BMI
≥ 25 kg/m2 was significant. Post hoc analyses showed that children born at GA
32 weeks or more with a mother with a BMI < 25 kg/m2 (n = 19, mean SBP SDS
= 0.17 ± 0.96) had significant lower SBP SDS than children born at GA 32 weeks
or more AND a mother with a BMI ≥ 25 kg/m2 (n = 20, mean SBP SDS = 0.80 ±
0.67, p = .008), children born at GA < 32 weeks AND a mother with a BMI < 25
kg/m2 (n = 20, mean SBP SDS = 0.75 ± 0.58, p = .014), and children born at GA <
32 weeks AND a mother with a BMI ≥ 25 kg/m2 (n = 28, mean SBP = 0.89 ± 0.68,
p = .001). When entering the interaction term GA ≥ 32 weeks with maternal BMI
< 25 kg/m2 at 12.5 years into the model, the main effects of GA < 32 weeks and
maternal BMI at 12 years were not significant anymore. There was no significant
4

interaction effect for child BMI and maternal overweight, nor for gestational age
and child BMI. BWR, maternal pre-pregnancy hypertension or hypertension at
age 12.5 years, and low SES were not associated with SBP SDS. Also, children
with the 50% lowest BWR in the cohort with a BMI SDS ≥ 0 at age 12.5 years did
not have different blood pressure outcomes than the other children in the cohort. In this model, 25 percent of the variance in SBS SDS was explained.
Table 3c shows the associations with DBP SDS at age 12.5 years. Maternal BMI ≥
25 kg/m2 at 12.5 years was associated with a higher DBP. Other factors were not
significantly associated with DBP SDS. Sixteen percent of the variance in DBS
SDS was explained.

TABLE 3a. Multivariable linear regression analyses with SBP as dependent variable (n = 75).
Independent variables

B (95% CI)

Beta

P

Advanced puberty

-.26 (-.60 to .08)

-.17

.131

GA < 32 weeks

.41 (.08 to 0.75)

.28

.015

Child BMI SDS 12.5 years

.15 (.01 to .30)

.25

.042

Maternal BMI 12.5 years ≥ 25 kg/m2

.38 (.05 to 0.72)

.25

.026

R2 = .20
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TABLE 3b. Multivariable linear regression analyses with SBP as dependent variable including significant interaction terms (n = 75).
Independent variables

B (95% CI)

Beta

P

Advanced puberty

-.30 (-.63 to .03)

-.20

.078

GA < 32 weeks

.80 (.30 to 1.31)

.53

.002

BMI 12.5 years

.16 (.01 to .30)

.25

.035

Maternal BMI 12.5 years ≥ 25 kg/m2

.74 (.26 to 1.22)

.49

.003

Interaction effect GA < 32 weeks * maternal BMI 12.5 years ≥ 25 kg/m2

-.65 (-1.30 to -.01)

-.42

.048

R2 = 0.25

TABLE 3C. Multivariable linear regression analyses with DBP as dependent variable (n = 75).
Independent variables

B (95% CI)

Beta

P

Advanced puberty

-.33 (-.66 to -.00)

-.22

.048

Maternal BMI 12.5 years ≥ 25 kg/m2

.54 (.21 to .88)

.35

.002

R2 = .16
B = Regression coefficient; beta = standardized regression coefficient; CI = confidence interval; R2 = explained
variance. Alpha is set at .05.

4

DISCUSSION
In this high risk prospective cohort of 12.5-years-old children born growth restricted at a gestational age ranging from 27 to 38 weeks to women with severe
and early-onset HDP, we examined which neonatal, child, and maternal characteristics were associated with blood pressure values. Identifying factors that
predict elevated blood pressure in HPD offspring might help to prevent or treat
hypertension, and consequently may help to reduce late onset cardiovascular
disease risk in this population. In our study we found that maternal BMI ≥ 25 kg/
m2 was associated with a higher SBP SDS, as well as a higher DBP SDS. Moreover, very preterm birth (GA < 32 weeks) and a higher child BMI were associated
with a higher SBP SDS. BWR, i.e. the severity of fetal growth restriction, was not
associated with blood pressure outcomes.
The association between very preterm and higher SBP was also found by others. A systematic review demonstrated that children born (very) preterm are at
risk for higher blood pressure, with an average blood pressure elevation of 2.5
mmHg compared to peers.18 Since there is a large amount of evidence showing
that children born after HDP are at risk for higher blood pressure, our findings
suggest that especially the children born very preterm after early-onset HDP,
are at risk.
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We did not find an association of birth weight ratio with blood pressure values.
The mean birth weight ratio of our cohort was at the 2.3th percentile. Therefore
children with the highest birth weight ratios were still relatively small at birth.
Comparable results were found by Doyle et al.19 where blood pressures of very
low birth weight adolescents with a birth weight SDS ranging from -4 to 1.5
were significantly higher than in normal birth weight adolescents, but the birth
weight SDS within the VLBW group was not associated with blood pressure.
Child BMI was associated with SBP, in such a way that children with greater BMI
had higher SBP. This positive association of BMI and SBP has been found in the
general population as well.9,20 In our cohort, children had a mean BMI close to
0, and the number of children with overweight was comparable to the normal
population.16 This might suggest that in our cohort the impact of BMI on blood
pressure is comparable to that of the population. The standardized regression
coefficient was small though, which suggests that other factors might be more
4

important for SBP than BMI in this population. It has been suggested that children who are born small, but catch up in weight fast, have higher risk for elevated blood pressure later in life.21 We examined whether children who were
born smallest (lowest 50% BWR in our cohort) and had BMI > 0 SD at 12 years
had higher blood pressures than the other participating children. Blood pressure
values did not differ for these children from the rest of the cohort. Also, the interaction effect of very preterm birth with child BMI ≥ 0 SDS was not significant.
Therefore we found no evidence for an effect of accelerated weight growth on
blood pressure in our cohort.
Mothers with overweight and obesity at 12.5 years were more likely to have children with a higher systolic as well as diastolic blood pressure. The rates of overweight and obesity in our study were high compared to women with uncomplicated pregnancies, and comparable to other cohorts of women with a history
of pre-eclampsia.22 In our cohort, overweight and obesity rates increased in 12.5
years from 46 to 56 percent. In multivariable analyses we found that maternal
overweight and obesity at age 12.5 years, and not maternal pre-pregnancy overweight and obesity, was significantly associated with higher child blood pressure. This might suggest an effect of lifestyle and is a window of opportunity
for interventions that may be beneficial for the cardiovascular health of both
mother and child.
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A strength of this study was the prospective follow-up. As far as we know this is
one of the largest prospective follow-up of children born after severe and early-onset HDP. Measures of blood pressure were performed according to a strict
protocol, increasing the reliability of the measures. We measured pubertal Tanner stages, which allowed us to correct for the effect of pubertal development.
We had maternal BMI data both before childbirth and 12.5 years later and therefore could demonstrate a stronger association of maternal BMI with child blood
pressure at age 12.5 years than before pregnancy. This is important information
for those taking care of women with HPD history and their children.
Limitations were the absence of a comparison group, but we were able to compute SD-scores using population based reference values. This allowed us to
correct for factors known to affect BP in children, such as age, gender and
height.14 The reference curves that we used were based on auscultatory measures, which might have increased the standard deviation scores. Therefore we
have to be careful to conclude that the blood pressure values in our cohort are
elevated. Our models could only explain 16 to 25 percent of the variance of the
blood pressure outcomes. It is well known that blood pressure values are multifactorial. Factors that might be related to blood pressure but that we did not include in this study might be diet, including salt and fat intake, and exercise. Also,
we did not include characteristics of the fathers. Finally, loss to follow-up (53%)
including the loss of families with low SES may have affected our outcomes in
an unknown direction.
A large amount of evidence shows that children born after HDP are at risk for
elevated blood pressure, leading to an increased risk for hypertension, and consequently an increased cardiovascular disease risk.23-27 It is important to create
awareness of this increased cardiovascular risk among gynecologists, as well as
pediatricians, internists, and general practitioners. Early counselling and guidance of parents on the future risks of their children is important. This is specifically important for parents with children who are born very preterm. The association of blood pressure values with current maternal BMI suggest that that there
is a window of opportunity for interventions. These interventions might focus
on life style education, including the importance of healthy diet and exercise.
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ABSTRACT
BACKGROUND
Objective: To study neurocognitive functions and behavior in children with a
history of fetal growth restriction (FGR) with brain sparing. We hypothesized that
children with FGR would have poorer outcomes on these domains.
METHODS
Subjects were 12-year-old children with a history of FGR born to mothers with
severe early-onset hypertensive pregnancy disorders (n=96) compared with
a normal functioning full term comparison group with a birth weight ≥ 2500
grams (n=32). Outcome measures were neurocognitive outcomes (ie, intelligence quotient, executive function, attention), and behavior.
RESULTS
For the FGR group, the mean ratio of the pulsatility index for the umbilical artery/middle cerebral artery (UC-ratio = severity of brain sparing) was 1.42 ± 0.69.
The mean gestational age 316/7 ± 22/7 weeks. The mean birth weight 1341 ± 454
g, and the mean birth weight ratio 0.68 ± 0.12. Neurocognitive outcomes were
comparable between groups. Parents of children with FGR reported more so5

cial problems (mean T-score 56.6 ± 7.7; comparison 52.3 ± 4.3, p <.001, effect
size = 1, 95% CI 0.52 to 1.46) and attention problems (mean T-score 57.3 ± 6.9;
comparison 53.6 ± 4.2, p =.004, effect size = 0.88, 95% CI 0.42 to 1.33). UC-ratio
was not associated with any of the outcomes, but low parental education and
lower birth weight ratio were.
CONCLUSIONS
In this prospective follow-up study of 12-year-old children with a history of FGR
and confirmed brain sparing, neurocognitive functions were comparable with
the comparison group, but parent-reported social and attention problem scores
were increased.
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INTRODUCTION
Early-onset hypertensive pregnancy disorders, such as pre-eclampsia and hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome are strongly associated with fetal growth restriction (FGR).1 When FGR is caused by placental insufficiency, which is the case in hypertensive disorder of pregnancy,
the fetus adapts to insufficient oxygen and nutrient supply by a redistribution
of cardiac output to all vital organs including the brain. This is known as ‘brain
sparing’. Although brain sparing suggests a positive effect for brain development, it has been associated with impaired long-term cognitive functions and
behavioral problems.2-8
Recent research shows that in brain sparing, blood flow initially increases to the
frontal regions, but when FGR worsens, blood flow is redistributed to the basal
ganglia.9 This may lead to alteration in frontal brain development that are observed as deficits in executive function and attention. Executive functions such
as impulse control, working memory, mental flexibility, and planning are important for academic, behavioral, and social functioning.10-14 Although deficits
in executive function and attention have been found in preterm and very low
birth weight children,13 no studies have examined these functions yet in detail in
children with FGR with proven brain sparing.

5

This study presents the results of a prospective long-term follow-up of 12-yearold children born with FGR and antenatal evidence of brain sparing after severe
early-onset hypertensive pregnancy disorders. The aim was to examine neurocognitive outcomes (ie, intelligence, executive function, and attention), and behavior. We hypothesized that children with FGR would have poorer neurocognitive and behavioral outcomes compared to same aged term-born comparison
children, and that severity of brain sparing, FGR severity, gestational age (GA),
neonatal morbidity, and socioeconomic status (SES) would be associated with
neurocognitive- and behavioral outcomes.

METHODS
Participants of this prospective cohort study were children with FGR born to
women with severe early-onset pre-eclampsia, HELLP syndrome, or pregnancy
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induced hypertension with concomitant FGR. The women participated in a trial
on plasma volume expansion, executed by the Academic Medical Center (AMC)
and VU Medical Center in Amsterdam, The Netherlands. Women were eligible
if they were pregnant with a viable singleton and were admitted to the hospital
at a GA between 24 and 34 completed weeks between April 1, 2000 and May
31, 2003. Details of the study protocol and the outcome of the trial have been
described elsewhere.15 Children were followed-up to 4 years of age, and thus
far no trial effect has been found for any pediatric outcome.16,17 Children were
invited for follow-up at the AMC at corrected age 12.5 years.
Comparison children (ie, same-aged with a GA ≥ 37 weeks and/or a birth weight
≥ 2500 g) were recruited from 3 mainstream neighborhood schools. Information letters were handed out in class, and parents were able to respond by using
a reply form. To create a homogenous comparison group, children with a psychiatric diagnosis confirmed by parents and/or tested IQ below 85 were excluded from analyses after testing. All cognitive measures were administered by one
of the authors or by well-trained research assistants.
The medical ethics institutional review board of the AMC Amsterdam, The
Netherlands, approved the study protocol. All participating parents and children
provided written informed consent.
5

During the prenatal hospital admission, fetal Doppler measures were performed
twice a week. The highest ratio of the pulsatility index of the umbilical artery and
middle cerebral artery (UC-ratio) was used to express severity of brain sparing,
with brain sparing defined as UC-ratio > 0.72.18 A birth weight ratio (BWR) was
used as a proxy for FGR severity.

19

The BWR was calculated as birth weight

divided by the expected weight for GA, using the Gardosi customized growth
chart 50th percentile values.20 A BWR < 10th percentile was defined as growth
restricted.
At 12.5 years of age, parents reported whether their child had a confirmed
psychiatric diagnosis and their child’s type of education (mainstream vs special) in a standardized background questionnaire. Parental education also was
assessed with a standardized questionnaire. A low SES was defined as at least 1
parent with educational level 0, 1 or 2 according to International Standard Classification of Education.21
The IQ was assessed with the Wechsler Intelligence Scale for Children, Third
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edition, Dutch Version.22,23 Executive functions assessed included the most wellknown and crucial areas of executive function.14,24 Impulse control (ie, suppression of responses to irrelevant stimuli), was measured by the stop task.25 Verbal
and visual working memory (ie, the capacity to manipulate information in mind)
were assessed with the Digit Span backwards subtest of the Wechsler Intelligence Scale for Children, Third edition, Dutch Version, and the Spatial Temporal Span backwards subtest of the Amsterdam Neuropsychological Tasks (ANT),
respectively.23,26 Set-shifting (ie, alternation between mental strategies) was assessed with the Shifting-Visual-Set task of the ANT.27,28 Planning was assessed
with a digital Tower of London Test.29 In addition, parent ratings of executive
function were assessed with the impulse control, working memory, set-shifting, and planning scales of the Behavior Rating Inventory of Executive Function
Dutch version.30 Focused attention was evaluated with the Focused Attention 4
letters task of the ANT, and sustained attention with the stop task.31 In addition,
parent-reported attention was assessed with the Strengths and Weaknesses of
attention deficit hyperactivity disorder (ADHD) Symptoms and Normal Behavior.32 Behavior was assessed by parent report on the Child Behavior Checklist
(6-to 18-year-olds).33 Details on all tests and questionnaires are described in the
appendix.
Missing data were not replaced. Extreme values were defined as a score of <
1.5 times the IQR below the first quartile, or > 1.5 times the IQR above the third
quartile.34 An extreme value was removed only if it was a result of non-cooperative behavior or a technical problem during testing. Baseline characteristics,
neurocognitive and behavioral outcomes of children with FGR seen at 12.5 years
of age were compared with those lost to follow-up, and with the comparison children using Chi-square tests, independent t-tests, or Mann-Whitney-U
tests (when assumptions for parametric testing were not met). For measures
that comprised a baseline and an executive condition, linear regression analyses
were performed with the baseline condition and the group variable as independent variables. To see whether significant group differences were caused
by selection bias of the comparison group, we also compared the sub-group
of children with FGR who were not in special education, without a parent-reported psychiatric diagnosis, and without IQ < 85, with the comparison group.
In addition, Glass Delta effect sizes were calculated with the comparison group
as baseline measure, with small (0.20 to 0.50.), moderate (0.50 to 0.80), or large
effects (0.80 or higher).
81
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To examine associations between perinatal and neonatal characteristics, SES,
and neurocognitive and behavioral outcomes, linear regression analyses were
performed. Independent variables entered stepwise were UC-ratio, BWR, GA,
neonatal morbidity, and low SES. Outcomes were displayed as unstandardized
betas (β), (ie, the mean change in the dependent variable for one unit change in
the independent variable).
To reduce type I error because of multiple testing, statistically significant p values
were set at .002 (0.5/number of tested variables). P-values from .002 to .01 were
considered as a trend. IBM SPSS version 23 (SPSS, Armonk, New York) was used
with STATA/IC 14 (StataCorp LLC, College Station, Texas) to calculate effect sizes.

RESULTS
The flow of participants through the trial and follow-up is shown in figure 1. Out
of 174 eligible children, 96 children participated at age of 12.5 years (55%). Table
1 shows perinatal and neonatal characteristics of the participating children; they
were born with a mean BWR of 0.68 (0.12), with 90% born growth restricted.
Ninety-six percent had a highest UC-ratio > 0.72, indicating brain sparing.
5

Children who were alive but did not participate at age 12.5 years (n=78) were not
significantly different from children that participated at age 12.5 years concerning pregnancy characteristics, neonatal characteristics, and SES. Children who
participated in follow-up at age 4.5 years but not at age 12.5 years (n= 53) had
comparable cognitive, motor, neurologic, and behavioral outcomes at 4.5 years
of age. At 12.5 years of age, there was no relation between original randomization allocations and neurocognitive outcomes and behavior (all p values >.05).
In the comparison group (n=35), 1 child with an IQ score < 85 was excluded as
were 2 children with an ADHD diagnosis, leaving 32 children for analyses.
For the children with FGR there were n ≤ 5 misses per task or questionnaire and
for the comparison group this was n ≤ 1. Extreme values were found in ≤ 8% of
the children. We excluded data of one child with the FGR on the stop task because the extreme value was caused by non-cooperative behavior.
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FIGURE 1. Flowchart of participants in follow-up at age 12.5 years.

Table 2 shows baseline characteristics at 12.5 years of age for children in the
FGR and comparison groups. At date of testing, children with FGR were slightly
but significantly older than comparison children. Within the age range of this
study, age was not related to any of the dependent outcomes in either the FGR
or the comparison groups (all P values > .05). Seven children with FGR were
diagnosed with ADHD (7%, Dutch reference 5% - 9%).35 Four boys (9%) and 1 girl
(2%) were diagnosed with an autism spectrum disorder (Dutch reference 10-to
12-year-old; boys 7%, girls 3.5%).36 Seven children with FGR attended special
education (7%, Dutch reference 9.7%).37; 4 children attended schools for chil83
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dren with special needs, 3 children attended schools for children with learning
disabilities. Three children with FGR (3%) had an abnormal IQ score (IQ ≤ 69)
and 11 (12%) had subnormal IQ scores (IQ 70 – 84), which is comparable to the
population distribution of IQ scores.23
TABLE 1. Pregnancy and neonatal characteristics for children with FGR (n=96).
Pregnancy characteristics

Results

HELLP syndrome

38 (40)

Severe pre-eclampsia

40 (42)

Hypertension with concomitant FGR

18 (19)

Highest PI umbilical artery

1.78 ± 0.62

Highest UC- ratio

1.42 ± 0.69

UC-ratio > 0.72

90 (96)

Neonatal characteristics
GA at birth, wk

316/7 ± 22/7, 273/7 – 384/7

Birth weight, g

1341 ± 454

BWR*

0.68 ± 0.12, 0.33 – 0.99

BWR < 10th percentile

86 (90)

Major neonatal morbidity†

11 (12)

HELLP, hemolysis, elevated liver enzymes, and low platelets; PI, pulsatility index.
Results are displayed as mean ± SD, n (%), or range.
*BWR of 0.68 is comparable to P2.3
†Chronic lung disease; oxygen dependent at 36 weeks post menstrual age / intracranial hemorrhage grades 3
or 4 / periventricular leukomalacia grade 2 and higher / hydrocephalus

5
TABLE 2. Characteristics for children with FGR and comparison children at age 12.5 years.
FGR n = 96

Comparison n = 32

P-value

Age at testing, y

12.5 ± 0.1

12.3 ± 0.3

<.001

Sex, male

46 (48)

20 (57)

.35

Low SES

29 (30)

7 (20)

.25

Country of birth mother, Netherlands

85 (90)

30 (86)

.55

Country of birth father, Netherlands

81 (86)

33 (94)

.20

Bilingualism

8 (9)

2 (7)

.75

Autism spectrum disorder

5 (5)

-

-

ADHD

7 (7)

-

-

Methylphenidate / dexamphetamine

8 (8)

-

-

7 (7)

-

-

14 (15)

-

-

Baseline characteristics

Psychiatric outcomes

Educational outcomes
Special education
Intelligence
IQ < 85
Outcomes are displayed as mean ± SD, or number (%).
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Table 3 shows neurocognitive and behavioral outcomes of FGR and the comparison groups. Mean IQ was comparable for FGR and comparison children.23
Parents of the children with FGR reported significantly more social problems
than parents of the comparison children (p = < .001; effect size = 1, 95% CI 0.52
to 1.46) and there was a trend for more attention problems (p =.004; effect
size = 0.88, 95% CI 0.42 to 1.33). Further, all executive functions, attention test
performances, and parent-reports did not differ significantly between FGR and
comparison children. Children with FGR without IQ < 85, without a parent-reported psychiatric diagnosis, and not in special education (n = 71) also had significantly higher social problem scores than comparison children (54.7 ± 5.9;
p =.004; effect size = 0.58, 95% CI 0.14 to 1.02). For attention problem scores
there was no significant difference between groups, although the effect was
medium (55.8 ± 5.9; p =.05; effect size = 0.51; 95% CI 0.07 to 0.94). In addition,
effect sizes of neurocognitive and behavior outcomes are shown in figure 2 for
all children with FGR (n=96) and the subgroup of children with FGR (n=71).
Brain sparing (UC-ratio) was not associated with any of the outcome variables.
BWR and low SES were both associated with IQ, such that children with FGR
with a lower BWR and low SES had lower IQ scores (BWR: B = 0.36, 95 % CI 0.09
to 0.63, p = .009; SES: 93 versus 104, B = -11.03, 95 % CI -18.01 to -4.05, p =
.002). There was no interaction between BWR and SES. Major neonatal morbidity was associated with poorer focused attention (number correct/mean reaction time score: B = -15.13, 95% CI -26.97 to -3.30, p = .01; variability: B = 147,
95% CI 46 to 248, p = .005, and, with a higher social behavior problems score
although not significantly (62 versus 56, B = 6.03, 95% CI 1.22 to 10.83, p =.02).
There was no association between social behavior problems and GA, however
children with major neonatal morbidities had lower GA (294/7 weeks) than children without major neonatal morbidities (321/7 weeks, p =.001).
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TABLE 3. Neurocognitive and behavioral outcomes children with FGR and comparison children at
age 12.5 years.
FGR n = 96

Comparison n = 32

P-value

m ± sd / n (%)

md (min-max)

m ± sd / n (%)

md (min-max)

101.1 ± 16.7

101 (52 – 137)

105.9 ± 10.0

106 (86 – 130)

.12

Impulse control, ssrt*

265 ± 55

264 (111 – 427)

277 ± 75

261 (186 – 564)

.86

Verbal working memory,

5.4 ± 1.7

5 (2 – 9)

5.4 ± 2.1

5 (2 – 11)

.75

9.9 ± 2.5

10 (2 – 15)

10.4 ± 2.3

10 (5 – 15)

.32

34.7 ± 11.3

34.3 (5 – 57)

34.0 ± 13.2

34.9 (9 – 65)

.75

Planning, n correct

10.4 ± 1.2

10 (6 – 12)

10.9 ± 1.1

11 (9 – 12)

.03

Planning, decision time, s

8.0 ± 4.3

7.2 (3 – 36)

7.2 ± 3.5

6.6 (3 – 17)

.21

Planning, performance time, s

13.1 ± 4.6

11.9 (6 – 28)

12.6 ± 3.3

12.4 (6 – 19)

.88

Impulse control

47.7 ± 8.9

46 (36 – 73)

47.2 ± 8.5

45 (36 – 68)

.88

Working memory

50.5 ± 9.5

50 (31 – 75)

46.8 ± 8.8

47 (31 – 60)

.09

Set-shifting

47.5 ± 9.9

46 (33 – 74)

47.7 ± 10.6

46 (33 – 66)

.98

Planning

47.3 ± 9.6

47 (29 – 71)

46.2 ± 8.6

48 (31 – 59)

.68

80.1 ± 18.1

79.8 (27 – 129)

78.6 ± 13.9

78.8 (46 – 108)

.41

272 ± 156

156 (92 – 991)

275 ± 127

235 (130 – 682)

.60

65.4 ± 11.9

65.2 (40 – 94)

64.3 ± 10.7

65.4 (45 – 84)

.66

Inattention

27.3 ± 7.2

27 (11 – 49)

30.0 ± 7.3

29 (18 – 46)

.07

Hyperactivity/impulsivity

29.0 ± 7.8

27 (4 –52)

30.5 ± 7.8

27 (10 – 46)

.32

Anxious behavior

54.3 ± 5.8

51 (50 – 76)

53.7 ± 5.5

51 (50 – 68)

.17

Withdrawn behavior

55.4 ± 6.7

53 (50 – 82)

54.1 ± 5.0

53 (50 – 70)

.47

Somatic complaints

56.3 ± 7.1

54 (50 – 76)

56.7 ± 8.8

53 (50 – 91)

.95

Social problems

56.6 ± 7.7

54 (50 – 84)

52.3 ± 4.3

51 (50 – 70)

<.001

Thought problems

56.9 ± 6.6

55 (50 – 74)

56.1 ± 7.9

52 (50 – 77)

.15

Attention problems

57.3 ± 6.9

56 (50 – 86)

53.6 ± 4.2

52 (50 – 65)

.004

Rule breaking behavior

51.7 ± 3.1

51 (50 – 67)

51.7 ± 2.9

50 (50 – 60)

.95

Aggressive behavior

52.9 ± 4.6

50 (50 – 70)

52.2 ± 4.7

50 (50 – 70)

.48

Internalizing problems

52.5 ± 9.5

52 (33 – 75)

50.4 ± 10.6

50 (33 – 77)

.24

Externalizing problems

46.7 ± 8.5

46 (34 – 69)

46.3 ± 7.9

46 (34 – 67)

.78

Total behavior problems

51.6 ± 9.1

52 (32 – 71)

47.7 ± 10.4

49 (24 – 65)

.63

IQ
EF test performances

n correct
Visual working memory,
n correct
Set-shifting, n correct / mrt
in s

Parent-reported EF*†

Attention test performances
Focused attention,
n correct / mrt in s
Focused attention
variability, ms*

5

Sustained attention,
n correct / mrt in s
Parent-reported attention

Parent-reported behavior *†

EF, executive function; max, maximum; md, median; min, minimum; mrt, mean reaction time; ms, milliseconds; ssrt, stop signal reaction time.
*A higher score suggests poorer outcome.
†T-scores.
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FIGURE 2. Effect sizes with 95% CI for all children with FGR (n = 96) and a subgroup of children with
FGR in mainstream education, without a parent-reported psychiatric diagnosis, and with an IQ of 85 or
higher (n = 71). The comparison group (n = 32) was used as baseline measure (0-line). A negative effect
size indicates poorer outcome for children with FGR.
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DISCUSSION
In this prospective follow-up study comprising 96 children with a history of FGR
and brain sparing because to severe early-onset hypertensive pregnancy disorders, we expected to find elevated rates of neurocognitive and behavioral problems at age 12.5 years. However, neurocognitive outcomes assessed by tests
and by parent report, were not significantly poorer in children with FGR than
in comparison children. Also, rates of special education, psychiatric diagnoses,
and IQ < 85 were comparable to nationwide values.35-37 Although these findings
are reassuring, we did find elevated levels of parent-reported social problems
and attention problems in the children with FGR. Low SES and FGR severity were
associated with IQ. The UC-ratio, expressing the severity of brain sparing, was
not associated with any of the outcomes.
Few studies have followed neurocognitive and behavioral development of
children with FGR into school age. These studies consequently found neurocognitive deficits and behavioral problems.38-41 Comparison with our study is
hampered, however, because these studies report about FGR without brain
sparing,38,39 extremely preterm infants with FGR,40 or late-onset FGR.41 Also, in
3 of these studies, children were examined at a younger age. In children born
5

small for GA, increased risks for neurocognitive and academic problems have
been reported.42-45 However, small for GA cohorts are defined by birth weight
only and, thus, differ from our cohort with proven FGR and concomitant brain
sparing.46
We hypothesized that executive function would be affected in children with
FGR, because it has been shown that in brain sparing blood flow to the frontal
brain regions may be reduced.9 Executive functions are important higher-order
cognitive functions that are essential for appropriate academic, behavior and
social functioning.10-12 Contrary to our hypothesis, we found no evidence for
severe executive function problems in our high-risk sample. Our results suggest
that brain sparing in FGR is a protective adaptation. UC-ratios were high for almost all children, which may explain why we found no association between the
severity of brain sparing (UC-ratio) and executive function.47,48
Parents of children with FGR reported more social and attention problems than
parents of comparison children. Social problems were not only found in chil88

NEUROCOGNITIVE AND BEHAVIORAL OUTCOMES AT AGE 12 YEARS

dren with cognitive or psychiatric impairments, but also in children with FGR
without such impairments. Social problem scores were slightly higher in case
of presence of major neonatal morbidity (ie, neonatal cerebral abnormalities
or chronic lung disease), as has been found by others.49 Attention problems
are one the most reported behavior problems in children born preterm or with
a very low birth weight.13 In contrast to parent reports, we found no deficits in
tested focused and sustained attention, which has also been demonstrated by
others.50 Whereas attentional abilities are tested in a standardized one-to-one
procedure reflecting the basal attention functions of the child, the parent-reported attention problem score is reflecting everyday functioning. Differences
between these outcomes might suggest that although attention behavior problems are problematic in complex everyday life, children may benefit from external structure. Alternatively, parents may overrate behavior problems to some
extent.51
Although we found parent-reported behavior problems, in comparison with
nationwide numbers we did not find an increased risk for autism spectrum disorders and ADHD, a finding not in line with others.52,53 This suggests that some
children do have behavior problems that do not fully meet the criteria of a psychiatric diagnosis. This warrants further follow-up of behavior problems in this
population.

5

Low SES was associated with IQ, as reported by others.54 BWR was associated
with IQ, while GA was not. In our cohort GA ranges from 26 to 38 weeks, but
mortality was high for children born at 26 and 27 weeks.17 This selective survi
val might explain the absent associations between GA and outcome measures.
Currently, mortality has decreased in children born FGR due to severe placental
insufficiency, probably due to changes in perinatal and neonatal diagnostics and
management.55 Follow-up of these children is important to find out if higher
survival in FGR-children leads to more impairments later in life.
Strengths of our study were our prospective design from maternal admission
onwards with follow-up to 12.5 years. Children who did not participate at 12.5
years of age were comparable in perinatal, neonatal, and background characteristics with children that participated. FGR and brain sparing were diagnosed
with ultrasound and Doppler measures. BWR based on customized growth
curves allowed describing the severity of FGR at birth. Consequently, children
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that were constitutionally small were not included into this study.56 Our neurocognitive assessment battery was extensive and included both tests and parent
reports. We also had a comparison group of age-matched term-born children.
A limitation of our study was that the number of comparison children was relatively low, affecting statistical power. The assessments were not blinded which
might have affected test outcomes. All comparison children were sampled in
mainstream education, whereas 7% of our FGR cohort was in special education.
We corrected for this limitation by performing a subgroup analysis excluding
children in special education, and also children with a psychiatric diagnosis, or
IQ < 85. For special schooling, psychiatric diagnoses and IQ, nationwide registers were used as reference. Because of the crucial role of executive function at
the age of 12.5 years in the transition to secondary schooling, we chose to assess executive function extensively and not motor function. In our earlier publication, describing outcomes at age 4 years, motor disabilities were found in 9%
of the children and the rate of cerebral palsy was .53%.17

5
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APPENDIX
Intelligence Quotient (IQ) was assessed with short form of the Wechsler Intelligence Scale for Children (WISC-III-NL). An estimated IQ-score was derived
from the subtests Similarities, Vocabulary, Block design and, Picture Arrangement, which correlates highly (r =.94) with full scale IQ. A higher score suggests
a better outcome.
Impulse control was measured with the stop task in which children have to respond as quickly as possible to a go-stimulus (airplane on computer screen) and
to inhibit their response if a stop-stimulus (cross through airplane) is presented.
Four experimental blocks with 48 trials each yield the average stop signal reaction time (ssrt), that is the estimated time a child needs to inhibit his or her
response. A higher score suggests a poorer outcome.
Verbal working memory was assessed by the subtest Digit Span backwards of
the WISC-III-NL in which children have to reproduce verbally presented digits in
reversed order. The number of presented digits increases every two trials. The
dependent variable used was the number of correct trials. A higher score suggests a better outcome.
Visual working memory was assessed with the Spatial Temporal Span backwards measure of the Amsterdam Neuropsychological Tasks (ANT) in which
children have to reproduce visually presented blocks in reversed order by clicking on the correct squares with a mouse button. As in the verbal working memory measure, the number of presented squares increases every two trials. The
dependent variable used was the number of correct trials. A higher score suggests a better outcome.
Set-shifting was assessed with the Shifting-Set Visual task of the ANT in which
children have to imitate or mirror the movement of a green or red colored
square. In the first condition, a green square moves randomly left or right and
children have to click the corresponding mouse button (compatible response).
In the second condition, a red square is presented and children have to mirror the movement (incompatible response). In the executive condition, red and
green squares alternate, which requires shifting between compatible and incompatible responses. The dependent variable used was the speed accuracy
91
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trade-off (SATO: number of correct responses / mean reaction time (MRT)) of
part three, while taking the SATO of part one into account. A higher score suggests a better outcome.
Planning was assessed with a digital Tower of London Test (TLT). In the TLT, at
the top of the computer screen, three sticks with a blue, red, and yellow, block
are presented in a certain position. Below this example, three sticks with the
same three blocks in a different position are shown. In 12 different trails, children
have to reproduce the example in as few steps as possible. After every two trials,
the number of steps to be taken to reproduce the example increases, which
increases the difficulty level. Children receive two attempts for every trial. The
dependent variables used were the number of correct trials, with a higher score
suggesting a better outcome. Also, the sum of the decision time, and performance time for the trials with first and second attempt correct were provided.
Executive function according to parents were assessed with the inhibitory control, working memory, set-shifting, and planning scale, of the Behavior Rating
Inventory of Executive Functions Dutch version, which includes 75 items about
executive function in daily behavior. The dependent variables were presented as
T-score, with a reference mean of 50 and a standard deviation of 10. A higher
5

score suggests poorer outcome.
Focused attention was measured with the Focused attention 4 letters task of
the ANT. In this task, 4 letters are presented in a square shape on a computer
screen. The child has to press the ‘yes’ mouse button when the target letter is
shown in top right position or bottom left. When the target letter is not shown
in this position, the child has to press the ‘no’ mouse button. The task consists
of a first part with one target letter and a second part with three target letters.
Dependent variables used were the number of correct responses / MRT for correct responses, and fluctuation of MRT of correct responses, all for part two with
taking part one into account. A higher score suggests a better outcome.
Sustained attention was measured with the stop task in which children have to
respond as quickly as possible to a go-stimulus (airplane on computer screen)
and to inhibit their response if a stop-stimulus (cross through airplane) is presented. Four experimental blocks with 48 trials each yield the average stop signal reaction time (ssrt), that is the estimated time a child needs to inhibit his
92
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or her response. For sustained attention the SATO on the experimental block
four was used, in comparison to the SATO of experimental block one. A higher
scores suggests a better outcome.
Attention according to parents was assessed with the Strengths and Weaknesses of ADHD Symptoms and Normal Behavior (SWAN). The SWAN consists of 18
questions on negative as well as positive aspects of the child’s attention in daily
behavior, resulting in an inattention scale and an hyperactivity/impulsivity scale.
A higher score suggest better outcome.
Behavior was assessed by parental report on the Child Behavior Checklist\6-18
y (CBCL\6-18 y) (19). This questionnaire consists of 112 items on behavior of
the child and results in eight syndrome scales, an internalizing, externalizing
behavior scale, and a total score. The dependent variables were presented as
T-scores, with a reference mean of 50 and a standard deviation of 10. A higher
score suggests poorer outcome.

5
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ABSTRACT
BACKGROUND
After hypertensive disorders of pregnancy (HDP), high levels of maternal psychological distress have been reported. Previously, we found social and attention problems in 12.5-year-old preterm children born after severe HDP. Objective: To examine the association of early maternal psychological distress after
severe HDP and child behavior 12.5 years thereafter.
METHODS
Study design: Secondary analyses in a prospective mother-child cohort. Subjects were women with severe HDP and their 12.5-year-old singleton offspring
(N=95), with a mean gestational age of 316/7, with 90% having a birth weight
<p10. Maternal distress at child term age and 3 months post-term were measured using the Symptom Checklist-90. We were also interested in the subscales
depression and anxiety. The Child Behavior Checklist\6-18 years was used to
quantify social, and attention problems at 12.5 years. Perinatal and neonatal risk
factors were taken into account.
RESULTS
Maternal psychological distress occurred in 45% at term age, and 44% at three
months post-term. Maternal distress at three months post-term was significantly associated with social problem T-scores, but maternal distress at term age
was not. Social problem T-scores were highest in case of maternal distress and
major neonatal morbidity (B = 12.9, 95% CI 4.3 to 21.4, p =.004). Maternal an
xiety at 3 months was associated with attention problem T-scores (B = 4.7, 95%
6

CI 1.9 to 7.5, p =.001).
CONCLUSIONS
Women with severe HDP have high rates of psychological distress post-partum,
which are related to child behavior problems at age 12. Maternal follow-up after
HDP including psychological health problems could benefit both mother and
child.
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INTRODUCTION
Children born after severe hypertensive disorders of pregnancy (HDP, ie,
pre-eclampsia, HELLP syndrome) are at risk for behavior problems.1,2 Damage
to the developing brain in children born after HDP, as a consequence of fetal
undernutrition, preterm birth, and neonatal morbidities, is thought to be partly
responsible for this higher risk of behavior problems.3 Children’s behavior may
also be affected by their mothers’ psychological distress in the pre- and postpartum period.4 After severe HDP, high levels of maternal psychological distress
are found,5-8 related to maternal disease and HDP complications, but also to
adverse infant outcomes.6,8-11 The high levels of maternal psychological distress
after HDP tend to persist for years after pregnancy.10-12 Currently, information on
the relation between early maternal psychological distress and long-term child
behavior after severe HDP is missing.
The Pre-eclampsia Eclampsia TRial Amsterdam (PETRA) prospectively followed
mother-child pairs from maternal hospital admission onwards. At child term age
and 3 months post-term, mothers completed questionnaires on psychological
distress. At the child age of 12.5 years, parent-reported child behavior was measured, and we found that parents reported child behavior problems on the domains of social and attention behavior.13 In this secondary analysis we examined
whether maternal psychological distress after severe HDP was related to child
social and attention problems at age 12.5 years.

METHODS
6

Participants of this prospective cohort study were mother-child pairs that participated in the PETRA. PETRA was executed by the Academic Medical Center
(AMC) and VU University Medical Center, Amsterdam, The Netherlands. The initial objective of this randomized clinical trial was to compare temporizing management with and without plasma volume expansion in women with a severe
hypertensive disorder of pregnancy (ie, pre-eclampsia, hemolysis, elevated liver
enzymes, and low platelets (HELLP) syndrome) and concomitant fetal growth
restriction (FGR) with a viable singleton pregnancy, at a gestational age (GA)
between 24 and 34 completed weeks at hospital admission. Details of the study
protocol and the outcome of the trial have been described in the original trial
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publication.14 Because of absence of randomization effects on child outcomes,
the two treatment groups have been pooled in previous studies.15 A total of 216
mothers were enrolled in the original trial. There were 36 fetal and neonatal
deaths, and two deaths after term age, and four mothers withdrew informed
consent before three months post-term age, leaving 174 mother-child pairs
eligible. Inclusion criteria for this secondary analysis were a completed child
behavior questionnaire at age 12.5 and a completed questionnaire on maternal
psychological distress at 3 months post-term.
All pregnancy, neonatal, and socioeconomic background characteristics were
sampled prospectively. Composite maternal complications were defined as
HELLP newly required after inclusion, eclampsia, placental abruption, pulmonary edema, cerebral hemorrhage, liver hematoma, severe renal insufficiency,
severe infectious morbidity, severe thrombotic morbidity, or encephalopathy.14
The birth weight ratio (BWR) was used as a proxy for FGR severity.16 BWR was
calculated by dividing birth weight by the expected birth weight for GA, using
customized growth chart 50th percentile values.17 Major neonatal morbidity was
defined as chronic lung disease (oxygen dependent at 36 weeks post menstrual age) / intracranial hemorrhage grades 3 or 4 / periventricular leukomalacia
grade 2 and higher / hydrocephalus.14 Low socioeconomic status (SES) was indicated if as at least one parent had an educational level 0, 1, or 2, according to
the International Standard Classification of Education 2011.
Maternal psychological distress, from now on referred to as distress, was measured at term child age and three months post-term with the Symptom Checklist-90 (SCL-90).18 The SCL-90 is a self-rated questionnaire incorporating 90
6

questions about psychopathology symptoms. Informants have to rate on a fivepoint Likert scale in which degree they had these symptoms in the last week.
The SCL-90 yields a total distress score that ranges from 90 to 450. Having distress was defined as having a score of 133 or more (high and very high distress
score according to the test manual).18 We also investigated two subscales of
the SCL-90, ie, the depression and anxiety subscales. The depression subscale
covers 16 questions on depressive behavior; having depressive symptoms was
defined according to the manual as having a score of 25 or more. The anxiety
scale covers 10 items on state anxiety; having high levels of anxiety was defined
as a score of 15 or more.
Child behavior at 12.5 years was measured with the Child Behavior Check102
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list\6-18 years (CBCL\6-18 y).19 The checklist includes 99 questions about child
behavior that have to be rated 0 (never), 1 (a little / sometimes), or 2 (obviously /
often) by parents. Dependent variables used were the T-score of the social and attention problem scales, since the scores on these subscales were found to be ele
vated in our previous study.13 A higher T-score indicates more behavior problems.
The medical ethics institutional review board of the AMC Amsterdam, The Netherlands, approved the study protocol NL42097.018.12 at January 7, 2013. Before
initial study entry and randomization, all participating women provided informed
consent for the study, including SCL-90 administration. At child age 12.5 years,
parents and their child provided written informed consent for the CBCL\6-18 y.
To compare baseline characteristics of participants to non-participants, and to
measure the effect of the original randomization, independent t-tests, MannWhitney U-tests, or Chi-Square tests were used. Mc-Nemar tests were deployed
to compare maternal distress at term and at three months post-term. To study
whether maternal distress (high/very high scores) at child term age and three
months post-term was significantly associated with high child problem behavior
scores, we used independent t-tests. Multivariable linear regression analyses were
performed to examine whether maternal distress three months post-term was
significantly associated with child behavior problems at age 12.5 years. Maternal
distress was stepwise entered into the model, along with maternal characteristics (composite maternal complications, low SES), neonatal characteristics (GA at
delivery <32 weeks, BWR, gender, and major neonatal morbidity. The p-value for
inclusion into the model was p < .10, and the p-value for exclusion was ≥ .20. If two
or more associations were significantly associated, interaction terms were entered
as well. Interaction terms were included in the final model only in case of p < .05.
Multivariable linear regression analyses were also performed for the subscales depression, and anxiety. Alpha was set at .05. IBM SPSS version 23 was used.

RESULTS
Of the 174 initial mother-child pairs, 7 families moved abroad, 39 families were
lost-to follow-up, and for 22 families perceived assessment burden at age 12.5
was too high. Eleven parents participated at age 12.5 years, but did not have a
completed CBCL\6-18 y and a SCL-90 at 3 months post-term. This resulted in
95 mother-child pairs with complete data. Table 1 shows baseline character103
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istics, SCL-90, and CBCL outcomes of the 95 participating mother-child pairs.
The rate of maternal distress was comparable at term age and three months
post-term. The rates of depression and anxiety decreased somewhat from term
age to three months post-term, but not significantly (p = .17 , p = .12, respectively). Mean child behavior T-scores at 12.5 years were increased with 7 points
compared to the reference score of 50 ( P<.001).
TABLE 1. Baseline characteristics and main outcomes (N=95).
Maternal characteristics

Outcome

Maternal diagnosis
HELLP

39 (41)

Pre-eclampsia

39 (41)

Hypertension with fetal growth restriction

17 (18)

Composite maternal complications*

27 (28)

Neonatal characteristics
GA at delivery, wk

316/7 ± 22/7

GA < 32 weeks

53 (56)

Birth weight, g

1348 ± 467

BWR†

0.69 ± 0.12

Male

46 (48)

Major neonatal morbidity‡

11 (12)

Sociodemographic characteristics
Low SES

24 (25)

Caucasian race

85 (90)

Maternal SCL-90 outcomes term age

6

Distress total score

129 (91-282)

Distress high score

42 (45)

Depression total score

25 (16-62)

Depression high score

48 (51)

Anxiety total score

14 (10-40)

Anxiety high score

45 (47)

Maternal SCL-90 outcomes 3 months post-term
Distress total score

126 (90-238)

Distress high score

42 (44)

Depression total score

23 (16-48)

Depression high score

40 (42)

Anxiety total score

13 (10-35)

Anxiety high score

36 (38)

CBCL outcomes at 12.5 years
Social problems T-score

56.6 ± 7.6

Attention problems T-score

57.2 ± 7.0

Outcomes are presented as mean ± SD, median (min-max), or number (%).
BWR, birth weight ratio; HELLP, hemolysis, elevated liver enzymes, low platelets; N, number; SES, socioeconomic status; SCL, Symptom Checklist.
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*HELLP newly acquired after inclusion, eclampsia, placental abruption, pulmonary edema, cerebral hemorrhage, liver hematoma, severe renal insufficiency, severe infectious morbidity, severe thrombotic morbidity,
encephalopathy.
†BWR of 0.68 is comparable to P2.3.
‡ Chronic lung disease; oxygen dependent at 36 weeks post menstrual age / intracranial hemorrhage grades 3
or 4 / periventricular leukomalacia grade 2 and higher / hydrocephalus.

Mother-child pairs lost to follow-up between three months post-term and child
age 12.5 years, or mother-child pairs who did not meet the inclusion criteria
(N=79), were more likely to have low SES than the 95 participants (55% versus
25%, P=.04), but were comparable concerning maternal and neonatal characteristics. There were no associations between original randomization allocations and child behavior scores (all P’s >.05).
Table 2 demonstrates the association of maternal distress at term age and three
months post-term with child behavior at age 12.5 years. At term age, maternal
distress was not related to children’s social and attention problem T-scores.
However, if women had distress at three months post-term, they reported higher social problem T-scores for their child at age 12.5 years. Women who reported increased depressive or anxiety symptoms at three months post-term, reported higher child social problem T-scores at 12.5 years. Women who reported
increased levels of anxiety at three months post-term only, also reported more
child attention problems at 12.5 years.

TABLE 2. Child behavior T-scores at age 12.5 years in relation to maternal SCL-90 scores (n = 95).
SCL-scores at term age
Total distress
Social problem

Depression

Anxiety

Normal

High

P

Normal

High

P

Normal

High

P

56 ± 6

57 ± 9

.36

56 ± 7

57 ± 9

.39

55 ± 6

58 ± 9

.06

57 ± 7

57 ± 7

.95

57 ± 7

57 ± 7

.85

57 ± 7

57 ± 7

.88

6

T-score
Attention problem
T-score
SCL-scores at 3 months post-term
Total distress
Social problem

Depression

Anxiety

Normal

High

P

Normal

High

P

Normal

High

P

54 ± 5

60 ± 9

.000

55 ± 6

59 ± 9

.017

55 ± 5

60 ± 10

.002

56 ± 6

59 ± 8

.08

56 ± 6

59 ± 8

.15

56 ± 5

60 ± 9

.005

T-score
Attention problem
T-score
Child behavior problem scores are displayed as mean ± SD.
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When performing multivariable linear regression analyses, two risk factors were
associated with child social problem T-scores, including maternal distress three
months post-term (B = 5.7, 95% CI 2.9 to 8.6, beta 0.37, p <.000), and major
neonatal morbidity (B = 5.1, 95% CI 0.7 to 9.6, beta 0.21, p =.025). There was a
significant interaction effect; in case of maternal distress at three months postterm and major neonatal morbidity, child social problem T-scores were highest
(B = 12.9, 95% CI 4.3 to 21.4, beta 0.38, p = .004). When including this interaction
effect in the final model, the sole association of major neonatal morbidity was
not significant anymore, but the association of maternal distress and increased
child social problem T-scores remained significant (see table 3A).
Comparable results were found for the subscales depression and anxiety. Increased social problem T-scores were reported in case of maternal depressive
symptoms (B = 3.8, 95% CI 0.7 to 6.8, beta 0.24, p =.016), and major neonatal
morbidity (B = 4.7, 95% CI -.0 to 9.3, beta 0.20, p =.051). When including the
interaction effect in the final model, only the interaction effect remained significant (see table 3B). Increased social problem T-scores were reported in case
of elevated maternal anxiety levels (B = 5.4, 95% CI 2.4 to 8.4, beta 0.34, p =
.001), and major neonatal morbidity (B = 4.7, 95% CI 0.2 to 9.3, beta 0.20, p =
.041). When including the interaction effect in the final model, the sole association of major neonatal morbidity was not significant anymore, but the association of maternal anxiety and increased child social problem T-scores remained
significant (see table 3C). Maternal distress nor maternal depression at three
months post-term were significantly associated with the child attention problems T-score, but maternal anxiety was (B = 4.7, 95% CI 1.9 to 7.5, beta 0.32, p
=.001). There was no association found with other risk factors.
6
TABLE 3. Exploring associations for social problem T-scores at age 12 years and maternal distress,
depression and anxiety at three months post-term.

3A. Maternal distress
Social problem T-score at age 12.5 years
B (95%CI)

beta

p

Total distress three months post-term

4.2 (1.3 to 7.2)

.28

.005

Major neonatal morbidity

-.7 (-6.5 to 5.1)

-.03

.81

Interaction effect

12.9 (4.3 to 21.4)

.38

.004

Total distress and major neonatal morbidity
Constant = 54.2
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3B. Maternal depressive symptoms
Social problem T-score at age 12.5 years

Depression three months post-term

B (95%CI)

beta

p

2.1 (-1.0 to 5.2)

.14

.18

Major neonatal morbidity

-2.6 (-9.2 to 3.9)

-.11

.43

Interaction effect

13.8 (4.8 to 22.8)

.44

.003

Total distress and major neonatal morbidity
Constant = 55.2

3C. Maternal anxiety
Social problem T-score at age 12.5 years
B (95%CI)

beta

p

Anxiety three months post-term

3.8 (0.7 to 6.8)

.24

.016

Major neonatal morbidity

-1.2 (-7.0 to 4.6)

-.05

.68

Interaction effect

13.3 (4.6 to 22.1)

.39

.003

Total distress and major neonatal morbidity
Constant = 54.7

DISCUSSION
In this mother-child cohort with 12.5 year prospective data collection from maternal admission for early and severe HDP onwards, both children and mothers
were at high-risk for psychological and behavioral problems. This secondary
analysis demonstrates that almost half of the mothers reported distress after
child birth, which is 1.5 to 2 times as many as women after an uncomplicated
pregnancy.20,21 HDP have a huge impact on women and may result in depression,
anxiety, and PTSS. It also may lead to neurocognitive dysfunction years later after the condition.22 We found that maternal distress at three months post-term is
associated with parent-reported child social problems 12.5 years later. This condensed in women with distress and with a child with major neonatal morbidity.
Psychological distress in the mother is known to negatively impact child behavior.9,23 Is has been shown that psychological distress may lead to exaggerated
perceptions of child vulnerability.24 In case of major neonatal morbidity, the persisting behavior problems in the child may be due to reduced brain connectivity
because of placental insufficiency and neonatal complications and may result in
increased perception of vulnerability.25
Child attention problems were less clear associated with maternal distress, but
107
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the here described association of maternal anxiety and child attention problems
later in life was also found by others.26 A possible explanation for this association might be that early maternal anxiety resets the hypothalamic-pituitary axis
and the autonomic nervous system in utero.27 A shared genetic predisposition
for anxiety and attention problems may also explain why anxious women report
more attention problems in their child.27,28 Moreover, anxious women may have
a negative interpretation of their child’s attention behavior.29,30
Maternal distress at child term age was not related to child behavior problems at
age 12.5 years. We speculate that at term age there is still normal reactive psychological distress after the stressing event, which, in healthy adapting mothers,
should decrease over time.31
Strengths of this study include the prospective data collection from maternal
admission onwards to 12.5 years later. The sample studied and follow-up period was large compared to other studies.5 Limitations were the absence of a
normal comparison group, however, we used widely used and well-validated
questionnaires with reference values.18,19 Also, the attrition rate of the initial cohort was high in especially in low SES families, and therefore our results may not
represent the whole SES range. The bias due to the fact that parents rated their
child’s behavior instead of the child itself, could not be addressed. However, the
magnitude of the parental reported behavior problems as observed in our study
parallel those observed in the literature.32 We cannot exclude that maternal distress was already present before pregnancy. Maternal depression may even be
first in the causal pathway as it has been found to be a risk factor for HDP.33
6

We suggest that future follow-up of this population should include screening
for maternal psychological distress, especially from three months post-term
onwards. Such a screening is feasible and only requires completion of a questionnaire. This may be a role for the obstetric department or family practitioners,
who also play a role in cardiovascular risk management of the mother. Both
mother and child might benefit from early interventions. It has been found that
after pre-eclampsia, women with high resilience have less depression and better
quality of life than women with lower resilience.34 Also, high maternal sensitivity
may be a protective factor to prevent child behavior problems.35 We therefore
suggest that interventions should aim at increasing maternal resilience and sensitivity.
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CHAPTER 7

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 consequences 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 overweight. 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,
7

height, and gender was 0.7 ± 0.8 SDS and 0.1 ± 0.8 SDS, respectively. In multivariable analysis, the systolic blood pressure was positively associated with very
preterm birth, with child BMI SDS at age 12.5 years, and with maternal overweight/obesity at 12.5 years, and not with pre-pregnancy maternal overweight/
obesity. Diastolic blood pressure was positively associated with maternal overweight/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 compared to the other children in our cohort.
Chapter five describes the cognitive and behavior outcomes at 12.5 years, in relation 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, attention 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 outcome 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 depression- at three months post-term was associated with child attention problems. The main findings of this thesis are shown in table 1.

7
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TABLE 1. Main findings in this thesis. Children were born growth restricted with a mean BWR at the 			    
Chapter

Title

Participants

Age

2

Catch-up growth in children born growth restricted to

Study cohort N = 135

3 months

mothers with hypertensive disorders of pregnancy.

1 year
4.5 years

3

Growth throughout childhood of children born growth

Study cohort N = 96

12.5 years

Study cohort N = 92

12.5 years

Study cohort N = 96

12.5 years

restricted.

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.

5

Fetal growth restriction with brain sparing:
neurocognitive and behavioral outcomes at 12 years

6

of age.

Comparison N = 32

Maternal psychological distress after severe hyperten-

Study cohort N = 95

sive disorders of pregnancy increases child behavior

7

problems at age 12 years. Submitted.
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			     2.3rd percentile of the population and with a mean gestational age (GA) at birth of 316/7 weeks.
Outcome measures

Findings

Height

•

Body mass index

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

Weight
•

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

Head circumference

years.

(HC)
•

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.

Height

•

BMI

95% of the children had height SDS within their target height range, with a
mean height SDS of -0.3 ± 1.0.

Weight
•

Mean BMI SDS was 0.0 ± 1.2, with rates of thinness and overweight/obesity
comparable to Dutch reference values.

HC
Pubertal staging

•

Mean HC SDS was -0.4 ± 1.0.

Health outcomes

•

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.

Systolic blood pressure

•

Diastolic blood pres-

Corrected for age, height, and gender, mean SBP SDS was 0.70 ± 0.81 and
mean DBP SDS was 0.14 ± 0.78.

(SBP)
•

SBP SDS was positively associated with very preterm birth, with child BMI SDS,
and maternal overweight/obesity at 12.5 years.

sure (DBP)
•

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.

Intelligence quotient

•

Parents reported more child social and attention problems than parents of the
comparison group.

(IQ)
Executive function EF

•

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

Attention

•

Rates of children in special education, a parent-reported psychiatric diagnosis,
and IQ <85 were comparable with Dutch reference values.

Behavior
•
P = by parent report

Parent-reported attention problems were not associated with any of the neonatal characteristics nor with low socio-economic status (SES).

A = by assessment
•

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.

Child social problems

•

Child attention prob-

•

Maternal psychological distress occurred in 45% at term age, and 44% at three
months post-term.

lems

7

Mean child social and attention problem scores were 0.7 SD higher than reference 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 neonatal 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 hypothesized 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, resulting 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 outcomes 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 problems concerning growth and cognitive development. Both growth and cognitive outcomes of the studied cohort were comparable with nationwide Dutch
reference values and test norms respectively. Therefore, our study holds a positive message for parents, children, as well as their health care professionals.
Our findings are more positive than previously published. There are several reasons 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 development. 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 sug7

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 studied 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 (abnormal) 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 reported.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 inclusion 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 outcomes over time. Loss to follow-up often is a problem in cohort studies, especially 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 children 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 considerable 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 comparison 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 comparison group.7 This might inflate the results of the comparison group.
Finally, publication bias may play a role, in which positive, statistically non-sig119
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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 (cannot 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 psychiatric 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
7

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 associated 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 children.17 We did not find an association for gestational age with growth and cognition.13 This suggests that problems in these areas occur throughout a range of
gestational ages in this specific FGR population. The absent relation of gestational 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 neonatal morbidity in our cohort was only 12 percent.
Maternal overweight
In our study cohort, rates of maternal overweight/obesity were high. Maternal 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 nor121
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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-partum 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 vulnerability, especially in case of neonatal morbidity.25 In case of major neonatal morbidity, 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 maternal anxiety resets the hypothalamic-pituitary axis and the autonomic nervous 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 necessary. 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-onset HDP, and also for new parents who recently experienced HDP. Health care
professionals may use our results to inform parents about their child’s perspec7

tives, to identify children and families at risk for adverse outcomes, and to counsel 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 re122
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quired completion of a questionnaire. The obstetric department could initiate
screening of these women. Women who screen positive for psychological distress 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 interaction, 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 professionals 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 maternal 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 insufficiency, 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 according 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 behavioral 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 children 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 neonatal death may result in a higher percentage of morbidity and worse long-term
outcomes. However, improved health care quality may also result in better outcomes. 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 involvement 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 outcomes 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, cardiovascular 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 prevalence of parental overweight in our cohort in mind, overweight may still become 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, further 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, morbidity, and long-term outcomes, follow-up of new cohorts of children born after
7

severe and early-onset HDP is warranted. These new cohort studies should aim
at including an age-matched comparison group of children born after normotensive pregnancies, preferably included from pregnancy of child birth onwards.
Such a comparison group would, in combination with nationwide reference values, 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 pediatricians, 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 research 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 maternal psychological distress and child behavior problems, it would be interesting
to study the effect of interventions that aim to increase early maternal psychological health and support parent-child interaction. Family-centered intervention 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 influences 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 women 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 psychological 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 physiological 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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NEDERLANDSE SAMENVATTING
In dit project bestudeerden we een cohort kinderen geboren na vroege en ernstige hypertensieve aandoeningen in de zwangerschap. Deze kinderen werden
groeivertraagd geboren bij een uiteenlopende zwangerschapsduur. Het doel
van dit project was om de lange termijn gevolgen van vroege en ernstige hypertensieve aandoeningen in de zwangerschap in kaart te brengen voor de groei,
bloeddruk, cognitie en gedrag van het kind. Dit hoofdstuk vat de belangrijkste
bevindingen van het proefschrift samen, biedt een discussie in de context van
de huidige literatuur, geeft suggesties voor hoe de resultaten in de praktijk kunnen worden gebruikt, beschrijft sterke en zwakke punten van de studie en geeft
suggesties voor toekomstig onderzoek.

SAMENVATTING VAN DE BELANGRIJKSTE BEVINDINGEN
In hoofdstuk twee en drie worden de groeiuitkomsten op de leeftijd van 4.5 en
12.5 jaar beschreven. De meerderheid van de kinderen (94%) had na 4.5 jaar een
lengte binnen hun streeflengte bereik, echter de gemiddelde lengte was nog
steeds kleiner in vergelijking met de Nederlandse referentiewaarden. Op 12.5
jarige leeftijd was de gemiddelde lengte wel vergelijkbaar met de Nederlandse referentiewaarden. Daarbij had 95% van de kinderen een lengte binnen hun
streeflengte bereik. Op 4.5 jarige leeftijd waren de kinderen gemiddeld nog lichter dan de gemiddelde Nederlandse referentiewaarden, maar op 12.5 jaar was
de gemiddelde body mass index (BMI) vergelijkbaar met Nederlandse referentiepopulatie. De percentages ondergewicht en overgewicht waren eveneens vergelijkbaar met de Nederlandse referentiewaarden op 12.5 jarige leeftijd, ondanks
de bevinding dat de gemiddelde BMI van de ouders in het overgewichtbereik
lag. Op 12.5 jarige leeftijd lagen alle groeiscores binnen 0.5 standaard deviatie
van de Nederlandse referentiewaarden. Ook was de puberteitsontwikkeling niet
vervroegd of verlaat. De kinderen die bij de geboorte het sterkst groeivertraagd
waren, bleken op 4.5 jarige leeftijd nog steeds het kleinst, maar op 12.5 jaar
echter was de groei niet meer gerelateerd aan de ernst van de groeirestrictie bij
de geboorte. De zwangerschapsduur bij de geboorte was niet gerelateerd aan
de groeiuitkomsten op 4.5 jarige leeftijd, noch op 12.5 jarige leeftijd. Kinderen
met ernstige neonatale morbiditeit, waaronder bronchopulmonale dysplasie en
intracerebrale pathologie, bleken een slechtere lengtegroei te hebben op 12.5
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jarige leeftijd dan kinderen zonder ernstige neonatale morbiditeit. De BMI van
het kind op 12.5 jarige leeftijd kinderen was geassocieerd met de BMI van de
moeder vóór de zwangerschap.
Hoofdstuk vier beschrijft de bloeddrukuitkomsten op 12.5 jarige leeftijd. De gemiddelde systolische en diastolische bloeddruk op 12.5 jarige leeftijd, gecorrigeerd voor leeftijd, lengte en geslacht, waren respectievelijk 0.7 ± 0.8 standaard
deviatie score (SDS) en 0.1 ± 0.8 SDS. In multivariabele analyses was de systolische bloeddruk positief geassocieerd met vroeggeboorte (zwangerschapsduur
< 32 weken), met de BMI van het kind en met overgewicht/obesitas van de moeder na 12.5 jaar, en niet met de BMI van de moeder vóór de zwangerschap. Diastolische bloeddruk was eveneens positief geassocieerd met overgewicht/obesitas van de moeder na 12.5 jaar en niet met overgewicht/obesitas van moeder
vóór de zwangerschap. Kinderen die bij de geboorte het sterkst groeivertraagd
waren (laagste 50% birth weight ratio in het cohort, BWR) en op de leeftijd van
12.5 jaar een BMI ≥ 0 SDS hadden, bleken een bloeddruk te hebben vergelijkbaar
met de overige kinderen in het cohort.
Hoofdstuk vijf beschrijft de cognitieve en gedragsuitkomsten op 12.5 jarige leeftijd, in relatie tot de mate van ‘brain sparing’. Er werd gekeken naar IQ, executieve functies (EF), aandacht en gedrag, zowel door middel van een testbatterij
als door middel van ouderrapportage. Uitkomsten werden vergeleken met een
vergelijkingsgroep van kinderen met dezelfde leeftijd (n = 32) en met Nederlandse referentiewaarden. Ouders rapporteerden meer sociale problemen en
aandachtsproblemen bij hun kinderen. Alle andere uitkomsten (IQ, geteste EF en
EF door ouderrapportage, geteste aandachtfuncties) waren vergelijkbaar tussen
de twee groepen. Bovendien waren het aantal kinderen in het speciaal onderwijs, met een psychiatrische diagnose en met een IQ <85, vergelijkbaar met
Nederlandse referentiewaarden. Lage sociale economische status (SES) was geassocieerd met een lager IQ. Kinderen die bij de geboorte het sterkst groeivertraagd waren (BWR) hadden een lager IQ. De mate van ‘brain sparing’ (ratio van
de pulsatiliteits index van de arteria umcilicalis versus de arteria cerebri media)
was niet geassocieerd met één van de uitkomstmaten.
In hoofdstuk zes wordt de relatie beschreven tussen psychische klachten bij de
moeder op a terme leeftijd en drie maanden post-term, met sociale en aandachtsproblemen bij het kind op 12.5 jarige leeftijd. Naast de hoofdschaal ‘psyA
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chische klachten’ werd er eveneens gekeken naar twee sub schalen, te weten
depressie en angst. Psychische klachten bij de moeder traden op bij 45% van
de moeders op a terme leeftijd en bij 44% drie maanden post-term. Psychische
klachten bij de moeder drie maanden post-term, en niet op a terme leeftijd,
waren gerelateerd aan sociale problemen bij het kind op 12.5 jarige leeftijd. Ernstige neonatale morbiditeit was geassocieerd met meer sociale problemen bij
het kind op de leeftijd van 12.5 jaar. De associatie tussen psychische klachten bij
de moeder drie maanden post-term met sociale problemen bij het kind op 12.5
jarige leeftijd was daarbij het sterkst wanneer er sprake was van ernstige neonatale morbiditeit bij het kind. De sub schaal angst - maar niet de totale schaal
psychische klachten, noch de sub schaal depressie - op drie maanden post term
was geassocieerd met aandachtsproblemen bij het kind.

DISCUSSIE
Uit ons onderzoek blijkt dat er bij kinderen geboren na vroege en ernstige hypertensieve aandoeningen in de zwangerschap op 12.5 jarige leeftijd geen aanwijzingen zijn voor grote problemen met betrekking tot groei en cognitie. Zowel
de groei als de cognitieve uitkomsten van het onderzochte cohort waren vergelijkbaar met de vergelijkingsgroep en met Nederlandse referentiewaarden. Dit is
een positieve boodschap voor ouders, kinderen en hun hulpverleners.
Onze bevindingen zijn positiever dan eerder gepubliceerde studies. Er zijn meerdere factoren die dit verschil in uitkomsten mogelijk kunnen verklaren. De leeftijd van follow-up kan belangrijk zijn. Waar intra-uteriene effecten op jongere
leeftijd nog zichtbaar zijn, kan het effect wanneer kinderen ouder worden verdunnen tussen de effecten van omgevingsfactoren. Daarbij is er bij follow-up op
oudere leeftijd meer tijd voor het inhalen van de ontwikkeling. Verschil in foetale
en neonatale mortaliteit tussen studies kan leiden tot verschillen in kwetsbaarheid van de overlevende kinderen, en daardoor leiden tot andere lange termijn
uitkomsten. Verder kan een verschil in studiepopulatie, andere participatiepercentages in follow-up en de gebruikte controle data verklaren waarom onze
uitkomsten anders zijn. Tot slot moet een publicatiebias overwogen worden,
waarin statistisch niet significante uitkomsten als minder relevant worden geacht voor publicatie.
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NADELIGE UITKOMSTEN EN RISICOFACTOREN
Hoewel het merendeel van onze resultaten suggereert dat vroege en ernstige
hypertensieve aandoeningen in de zwangerschap geen negatieve invloed hebben op de groei en de cognitieve uitkomsten op 12.5 jarige leeftijd, werden er op
sommige gebieden weldegelijk afwijkende resultaten gevonden. Ook vonden
we factoren die geassocieerd waren met slechtere resultaten binnen onze studiegroep. Ouders rapporteerden meer sociale problemen en aandachtsproblemen bij hun kinderen. Ernstige groeivertraging bij de geboorte (een lagere BWR)
was geassocieerd met een lager IQ in multivariabele analyses en met slechtere
groeiuitkomsten op 4.5 jarige leeftijd. Kinderen geboren bij een zwangerschapsduur onder de 32 weken bleken een hogere systolische bloeddruk te hebben
dan kinderen geboren vanaf 32 weken. Ernstige neonatale morbiditeit was geassocieerd met een kleinere lengte en met sociale problemen op 12.5 jarige
leeftijd. De BMI van de moeder voor de zwangerschap was geassocieerd met
een hoger BMI bij het kind. Overgewicht / obesitas bij de moeder na 12.5 jaar
was geassocieerd met een hogere bloeddruk van het kind. Psychische klachten
bij de moeder drie maanden post-term bleken geassocieerd te zijn met sociale gedragsproblemen bij het kind op 12.5 jaar, met name wanneer er sprake
van was ernstige neonatale morbiditeit. Angst bij de moeder drie maanden post
term was geassocieerd met meer aandachtsproblemen bij het kind op 12.5 jarige leeftijd.
KLINISCHE IMPLICATIES VAN DEZE STUDIE
De boodschap dat kinderen na vroege en ernstige hypertensieve aandoeningen
in de zwangerschap gemiddeld genomen geen grote problemen hebben op
het gebied van groei en cognitie op 12.5 jarige leeftijd, kan steunend zijn voor
zowel ouders en kinderen met een voorgeschiedenis van vroege en ernstige
hypertensieve aandoeningen in de zwangerschap, als voor nieuwe ouders die
geconfronteerd worden met deze aandoeningen. Dit onderzoek kan hulpverleners helpen om ouders te informeren over de perspectieven van hun kind,
om kinderen en families te identificeren die risico lopen op problemen op het
gebied van groei, bloeddruk, cognitie en gedrag, en om ouders en kinderen te
adviseren ten aanzien van begeleiding en behandeling.
De associatie van sociale problemen van kinderen met maternale psychologische gezondheid rechtvaardigt screening op psychische problemen bij vrouwen
met vroege en ernstige hypertensieve aandoeningen in de zwangerschap. In het
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geval van psychische problemen bij de moeder kunnen vroegtijdige interventies
bijdragen aan een betere psychische gezondheid van de moeder en aan een
gunstige ontwikkeling van het kind.
Wat betreft risicofactoren voor een hogere bloeddruk is vroegtijdige voorlichting van ouders over de toekomstige risico’s van hun kinderen belangrijk. De associatie van de bloeddruk met de huidige maternale BMI en de BMI van kinderen
suggereert dat interventies gericht op verbeteren van leefstijl geschikt kunnen
zijn om een gunstiger cardiovasculair risicoprofiel te bereiken.
STERKTES EN BEPERKINGEN
Een van de sterke punten van dit onderzoek was de prospectieve follow-up van
ziekenhuisopname tot de leeftijd van 12.5 jaar. Het project was het resultaat van
samenwerking tussen verloskundigen, neonatologen, kinderartsen en psychologen van twee universitaire ziekenhuizen. Een beperking van onze studie was
de hoge incidentie van foetale en neonatale sterfte bij kinderen geboren bij 26
en 27 weken zwangerschap, waardoor voorzichtigheid moet worden geboden
met het vertalen van onze resultaten naar kinderen geboren bij een zwangerschapsduur van 27 weken of jonger. Tot slot kan de deelname van follow-up
(53-55%) onze resultaten in een onbekende richting hebben beïnvloed.
TOEKOMSTPERSPECTIEVEN
De toekomstige follow-up van ons cohort dient zich in ieder geval te richten op
groei tot op volwassen leeftijd, het cardiovasculair risicoprofiel en de gedragsontwikkeling. Follow-up van nieuwe cohorten kinderen geboren na vroege en
ernstige hypertensieve aandoeningen in de zwangerschap is nodig aangezien
de gezondheidszorg voortdurend verandert, wat resulteert in verschillen in
mortaliteit, morbiditeit en, uiteindelijk, in verschillende langetermijnresultaten.
Het wordt aanbevolen om in deze toekomstige studies de psychische gezondheid van de moeder mee te nemen. Aangezien we een verband vonden tussen
vroege psychische problemen bij de moeder en gedragsproblemen bij het kind
op latere leeftijd, zou het interessant zijn om het effect van interventies te onderzoeken die gericht zijn op het verbeteren van de psychische gezondheid van
de moeder in combinatie met het stimuleren van de ouder kind interactie.
Uit recente studies blijkt dat zowel moeders als hun kinderen na vroege en ernstige hypertensieve aandoeningen een verhoogd risico op hart- en vaatziekA
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ten hebben. Het onderzoeken van interventies gericht op het verlagen van het
cardiovasculaire risico bij zowel moeders als kinderen na vroege en ernstige
hypertensieve aandoeningen in de zwangerschap zou het onderwerp van een
nieuwe studie kunnen zijn.
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CURRICULUM VITAE
Fenny Beukers werd geboren in 1984
te Oud-Beijerland, na een zwangerschapsduur van 40 weken en met een
geboortegewicht

van

3230

gram

(BWR = 0.93). Ze behaalde haar atheneum diploma aan de Regionale
Scholengemeenschap te Oud-Beijerland in 2002. Vervolgens studeerde ze
pedagogische

wetenschappen

aan

Universiteit Leiden (Master diploma
2007) en behaalde ze de master klinische neuropsychologie aan de Vrije
Universiteit in Amsterdam (2008). Van
2008 tot 2010 was Fenny werkzaam
als psycholoog bij de neonatologie
nazorg / follow-up van prematuur geboren kinderen in het Amsterdam UMC
locatie AMC. Tijdens haar werk met kinderen met een complexe medische
voorgeschiedenis werd haar wens om arts te worden aangewakkerd. In 2009
behaalde ze de VWO certificaten scheikunde en natuurkunde aan de Open Universiteit in Utrecht, waarna ze in 2010 startte ze met de opleiding geneeskunde
aan de Vrije Universiteit in Amsterdam. Gedurende de opleiding geneeskunde
bleef Fenny werkzaam als onderzoeker bij de afdeling neonatologie. Onder supervisie van professor dr. J.H. Kok schreef ze twee artikelen over pre-implantatie
genetische screening. In 2012 zette ze haar onderzoekswerkzaamheden voort
bij dr. A.G. Leemhuis bij de follow-up van de Pre-eclampsia Eclampsia Trial
Amsterdam (PETRA), onder supervisie van professor dr. J.B. van Goudoever. In
dit onderzoek werd gekeken naar de gevolgen van vroege en ernstige hypertensieve aandoeningen in de zwangerschap op de langetermijnontwikkeling van
het kind. Samen met dr. Leemhuis schreef ze een onderzoeksvoorstel voor de
follow-up van de PETRA kinderen op 12-jarige leeftijd. In 2016 rondde Fenny de
opleiding geneeskunde af. Momenteel volgt zij met veel plezier de huisarts
opleiding aan de Universiteit van Amsterdam / Amsterdam UMC.
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Fenny Beukers (1984) was born in Oud-Beijerland, at a gestational age of 40
weeks, and with a birth weight of 3230 grams (BWR = 0.93). She obtained her
high-school diploma at the Regionale Scholengemeenschap in Oud-Beijerland
(2002) and studied pedagogic science at Universiteit Leiden (master degree
2007) followed by a master’s degree clinical neuropsychology at the Vrije Universiteit in Amsterdam (2008). From 2008 to 2010, Fenny worked as a psychologist at the follow-up program of the neonatology intensive care unit (NICU) at
the Amsterdam UMC location AMC. During her work with children with complex
medical histories, her dream to become a medical doctor was revived. In 2009
she obtained her high-school degrees in chemistry and physics at the Open
Universiteit in Utrecht, and in 2010 she started at the medical school of the Vrije
Universiteit. During her medical training she remained involved as a researcher
at the NICU. She wrote two articles about pre-implantation genetic screening,
supervised by professor dr. J.H. Kok. In 2012 she started as a researcher at the
follow-up of the Pre-eclampsia Eclampsia Trial Amsterdam under supervision of
dr. A.G. Leemhuis and professor dr. J.B. van Goudoever, a pediatric long-term
follow-up project on severe and early-onset hypertensive disorders of pregnancy. Together with dr. Leemhuis she wrote the research proposal for a pediatric
follow-up study at the age of 12 years. In 2016 Fenny became a medical doctor.
Currently, she is pursuing a career as general practitioner with great enthusiasm.
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DANKWOORD
Het is klaar! Ik ben ontzettend trots dat ik dit proefschrift mag verdedigen. Het
combineren van een PhD en een fulltime studie is niet eenvoudig geweest,
maar ik heb altijd met plezier aan het onderzoek gewerkt. Van de geneeskunde
opleiding kreeg ik officieel geen ruimte voor mijn onderzoeksactiviteiten, maar
onofficieel was er gelukkig veel mogelijk, met steun van studiebegeleiders en
arts-assistenten die een oogje dichtknepen als ik weer eens vroeg om eerder
weg te mogen van een coschap. Het was een mooie, unieke en hectische periode waarin veel gevraagd werd van mijn executieve functies, met name mijn
planningsvaardigheden en cognitieve flexibiliteit. Na zes jaar is het tijd om er een
punt achter te zetten. Ik kijk er naar uit om rustig een boekje te kunnen lezen
zonder te denken “oh ja , ik moet nog…”.
Veel mensen hebben mij in deze periode geholpen om dit onderzoek succesvol
af te ronden.
Allereerst wil ik alle kinderen en ouders bedanken die aan het onderzoek hebben
meegewerkt. Zonder enig eigenbelang hebben zij een intensief psychologisch
onderzoek, lichamelijk onderzoek en vele vragenlijsten doorstaan. De samenwerking met de kinderen en hun ouders heeft me altijd energie gegeven. Ik
vond het indrukwekkend om te zien dat 12 jaar na de geboorte van hun kind
een bezoek aan het ziekenhuis bij sommige ouders nog veel emoties teweeg
kon brengen. Ik herinner me grappige, maar ook ontroerende gesprekken met
de kinderen. De kinderen en ouders zijn altijd de stok achter de deur geweest
om dit proefschrift te schrijven. Ook wil ik alle kinderen en ouders bedanken
die meegewerkt hebben als controlegroep. Hiernaast gaat mijn dank uit naar
de leerkrachten en directeuren van de Tandem (Oud-Beijerland), de Egelantier
(de Zilk), de Panta Rhei (Almere) en de Rehobothschool (Veenendaal) voor de
mogelijkheid om hun leerlingen te benaderen voor de controlegroep.
Beste Aleid, inmiddels werken we alweer 10 jaar samen. Aanvankelijk als psycholoog / arts en later als PhD student / copromotor en PI. In deze tijd hebben
we beiden veel lief en leed meegemaakt. In 2012 kreeg ik van jou de kans om
onderzoek te doen met data van het PETRA cohort op 4-jarige leeftijd. Daarna
vatten we het plan om de PETRA kinderen te onderzoeken op 12-jarige leeftijd,
in het kader van een promotietraject. Als tweedejaars geneeskundestudent was
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dit een enorme kans. Ik ben je ontzettend dankbaar dat ik de mogelijkheid heb
gekregen om een PhD te combineren met mijn studie geneeskunde en dat je
me de vrijheid hebt gegeven om de dataverzameling naar eigen wens in te plannen. Ik heb veel geleerd van je gedetailleerde aanpak en je up-to-date kennis
van de wetenschappelijke literatuur. Ik bewonder je scherpheid in het beoordelen van wetenschappelijk onderzoek. Dit heeft onze artikelen naar een hoger
plan gebracht.
Beste Hans, jij was als promotor betrokken bij mijn onderzoek. Aanvankelijk op
de achtergrond, maar in het afgelopen jaar steeds meer op de voorgrond. Ik
heb je leren kennen als iemand die de grote lijnen in de gaten houdt en de
onderzoeker het vertrouwen heeft om zich met de details bezig te houden.
Dat werkte voor mij erg fijn. In het begin was ik soms wat onwennig in onze
gesprekken. Met humor en met aandacht voor mijn persoonlijke leven buiten
het onderzoek probeerde je het ijs te breken. Dat is je zeker gelukt! Je weet
met kleine complimenten en aanmoedigingen je waardering uit te spreken en
vertrouwen te geven.
Beste Wessel, een proefschrift is er om geschreven te worden zegt men, en
niet om te lezen. Maar jouw proefschrift lag altijd in de buurt als naslagwerk.
Je vroeg me hoe ik de onderzoeksresultaten aan mijn familie zou uitleggen.
Hiermee leerde je me om een vertaalslag te maken van cijfers en details naar
wat het onderzoek betekent in het dagelijks leven. Ik vind het erg prettig dat ik je
altijd laagdrempelig kan benaderen. Je bent nooit te beroerd om iets nogmaals
uit te leggen. Volgens mij heb ik wel acht keer gevraagd hoe het nou zat met
die placenta insufficiëntie. Je weet met positieve reacties en aanmoedigingen
vertrouwen te geven, iets wat jonge onderzoekers zoals ik helpt om te groeien.
Het opzetten en uitvoeren van wetenschappelijk onderzoek is niet mogelijk zonder de juiste expertise. Graag wil ik Cornelieke Aarnoudse-Moens bedanken voor
haar expertise op het gebied van de klinische neuropsychologie. Cornelieke,
je bent een gepassioneerd onderzoeker. Ik wens je een mooie carrière toe als
GZ-psycholoog. Hopelijk krijg je de mogelijkheid om een klinische baan te combineren met je passie voor het wetenschappelijk onderzoek. Joost Rotteveel
wil ik graag bedanken voor zijn expertise op het gebied van de kinder-
endocrinologie. Beste Joost, bedankt voor je bijdrage aan het bloeddruk-artikel
en je adviezen over het meten van de pubertijdsstadia. Dankzij de training van je
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collega Daniel heb ik geleerd hoe ik de puberteitsstadia volgens Tanner correct
moet onderzoeken. Tot slot wil ik Mirjam van Weissenbruch bedanken voor haar
expertise op het gebied van de neonatologie. Beste Mirjam, bedankt voor onze
samenwerking en je interessante gesprekken over brain sparing en asymmetrische groei.
Prof. dr. J. H. Kok, beste Joke, onze samenwerking is alweer enige tijd geleden.
Je gaf me de kans om onderzoek te doen naast mijn studie. Ik wil je bedanken
voor de fijne samenwerking en leerzame supervisie. Door het schrijven van twee
artikelen onder jouw supervisie kreeg ik het vertrouwen dat ik een promotietraject aan zou kunnen.
Geachte leden van de promotiecommissie, prof. dr. A.L. van Baar, prof. dr. J.W.
Groothoff, prof. dr. A.H.L.C. van Kaam, prof. dr. J. Oosterlaan, prof. dr. S.A.
Scherjon, bedankt dat u bereid was om mijn proefschrift te beoordelen. Ik kijk
uit om met u van gedachten te wisselen over mijn proefschrift. Prof. dr. T.J.
Roseboom, hoewel het niet is gelukt om een promotiedatum te vinden waarop
u beschikbaar was, wil ik u hartelijk bedanken voor het beoordelen van mijn
proefschrift.
Graag wil ik prof. Dr. J.I.P. de Vries en dr. H. Wolf bedanken, als initiators van de
PETRA studie.
Het verzamelen van onderzoeksgegevens van bijna honderd kinderen is een
enorme klus. Dit had ik niet kunnen doen zonder hulp van een groep gemotiveerde scriptiestudenten: Tess, Sophie, Anne, Tessie, Mandy en Bas, heel erg
bedankt voor jullie inzet. Hopelijk gaan jullie een mooie carrière tegemoet als
psycholoog of pedagoog.
Collega’s en oud-collega’s van de afdeling neonatologie nazorg. Eva, Alice,
Anja, Lisanne, Sarit, Sarah, Carolien, Marije, Loekie, Timo, Debbie, bedankt voor
jullie fijne samenwerking en mentale support, zowel tijdens hoogtepunten als
moeilijke momenten. Er kan alleen serieus gewerkt worden als er ook gelachen
wordt. En dat hebben we zeker! De voetbaltoernooien, het hockeytoernooi, de
PAS in San Francisco staan me bij, maar vooral de gezelligheid op de kamer. Ik
ga jullie missen.
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Hallo vriendjes en vriendinnetjes, fijn dat jullie er zijn! Bedankt voor alle gezelligheid, steun en afleiding. Manja, Ilse en Judith, sinds de middelbare school is
er veel veranderd, maar eigenlijk ook heel weinig. Het voelt altijd vertrouwd om
met jullie af te spreken. Ils, bedankt dat je mijn paranimf wilt zijn. Ja: je mag een
mooie jurk aan. Nee: je hoeft verder niets te doen, behalve jezelf zijn, dat is genoeg. De Harde Kern, nog uit het pedagogische tijdperk, met life long learning,
premissen en blauwdrukken. Ik mis onze catering, die was fenomenaal. Hoewel
we elkaar niet dagelijks spreken, is het altijd gezellig met elkaar. Liktionary, in
het begin had ik echt geen zin om vrienden te worden met van die ‘jonkies’,
maar gelukkig is het anders gelopen. Onze avonden zijn altijd hilarisch en een
culinair hoogtepunt. Lieve Meiden, gezelligheid zowel op als naast het hockeyveld. Bedankt dat jullie er voor me zijn. Maartje, bedankt voor je steun met het
schrijven van de laatste lootjes, jij bent er ook bijna! Chris, bedankt dat je me
hebt gesteund in de beslissing om geneeskunde te studeren.
Lieve familie: pap, mam, Rik en Inge. Hallooo, gesjellig! Pap en mam, deze promotie was er nooit gekomen zonder jullie. Altijd hebben jullie in mij geloofd en
me onvoorwaardelijk gesteund, welke onverwachte keuzes ik ook maakte. Rik
B, heel erg leuk dat je naast mijn fantastische broer ook mijn paranimf bent. Wat
heb ik toch een lieve, gezellige, grappige en warme familie, ik zou jullie voor
geen goud willen missen.
Lieve Jeroen, met jou samen is het leven veel leuker. Ik ben blij dat we elkaar
hebben ontmoet.
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