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ABSTRACT

BACKGROUND

In preterm hypertensive disorders of pregnancy, fetal growth restriction (FGR) 

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 moth-

ers who were admitted before 34 weeks gestational age with a severe hyper-

tensive 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 es-

pecially 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 com-

position.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 conse-

quences 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 moth-

ers who participated in the PETRA study (Pre-eclampsia Eclampsia Trial Amster-

dam). PETRA was executed by two tertiary care centers in the Netherlands (Aca-

demic 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 preg-
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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 aminotrans-

ferase ≥70 U/L, and lactate dehydrogenase ≥600 U/L), and concomitant FGR 

(fetal weight <10th percentile and diastolic blood pressure ≥90 mm Hg) — who 

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 re-

view 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 de-

velopment 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. Ma-

ternal 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 pedia-

tricians 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 gesta-

tional 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 
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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 chil-

dren 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 morbidi-

ty 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 as-

sessment 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 partic-
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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 

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 percen-

tile.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 Univariate association p < .05*

Participants N=135

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%) 3

 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%)

Infant characteristics

 Birth weight, g 1341 ± 451

 BWR 0.69 ± 0.12 all

 Growth restricted at birth§ 123 (91%)

 Gestational age at birth, wk 316/7 (273/7- 384/7)

 Very preterm birth (< 32 wk) 75 (56%)
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TABLE 1 continued.

Characteristics Value Univariate association p < .05*

Participants N=135

Infant characteristics

Caesarean section 116 (86%)

 Apgar score 5 min <7 14 (10%)

 Infant sex, male 65 (48%)

 Major neonatal morbidity

 CLD¶ 

 IVH grades 3 and 4

 PVL grade 2 and higher

 Hydrocephalus

14 (10%)

 11 (8%)

 2 (1%)

 2 (2%)

 1 (1%)

 Ventilation (days) 3 (0 - 32) 1, 2, 4

 NEC; necrotic enterocolitis 3 (2%) 

 Sepsis 63 (47%) 4

 Persisting ductus Botalli 7 (5%)

 Daily medication at 4.5 years 12 (9%) 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 mor-

bidity, 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. Fig-

ures 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 in-

creased from 3 months to 1 year, while weight SDS did not increase, and there-
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fore BMI SDS decreased in this time period.

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 dif-

ferent between boys and girls: # at α 0.05, ## at α 0.01. HC 3 months: girls −0.24 (CI −0.50 to 0.02) ver-

sus 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

Height

  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% 

Weight

  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%)

Body Mass Index

  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%)

Head Circumference

  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%)

*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 associat-

ed 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 
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with growth outcome.

TABLE 3. Univariate multivariable models: family and child characteristics associated with growth 

at age 4.5 years.

Coefficient B (95% CI) 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. Nine-

ty-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. Neverthe-

less, 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 custom-

ized 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 re-

lated 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 pos-

sible 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 chil-

dren 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 
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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 

years between boys and HC was significant when correcting for confounders. 

Different results have been reported concerning the effect of HC on later devel-

opment. One of the first studies that looked at the relation of HC and develop-

ment 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 espe-

cially 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 rela-

tionship 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
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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 infor-

mation 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 hyperten-

sive 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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