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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 in-

creased 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.

METHODS

Design: Prospective cohort study, follow-up of an antenatal randomized con-

trolled 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 devi-

ation 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 reassur-

ing 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 mea-

sures 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 morbid-

ity 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 be-

cause 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 mor-

tality, 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 out-

comes 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 moth-

ers 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 man-

agement with or without plasma volume expansion in women with early-onset 

hypertensive disorders of pregnancy. Women with a severe hypertensive dis-

order of pregnancy – pre-eclampsia, hemolysis, elevated liver enzymes, low 

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 elec-

tronic 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 circumfer-

ence (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 dif-

ference in outcome, a third measure was performed. Pubertal staging was ac-

cording 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 ob-

tained 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 receiv-

ing 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 umbil-

ical artery and PI medial cerebral artery – to demonstrate placental insufficien-

cy 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 calcu-

lated 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, be-

ing 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 puber-

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/chil-

dren 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 charac-

teristics (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. 
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TABLE 1. Baseline characteristics N = 96.

Outcome

Pregnancy characteristics 

 Gestational age at maternal admission, weeks 302/7 ± 2 263/7 - 335/7

 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

Neonatal characteristics

 Gestational age at birth, weeks 316/7 ± 22/7 273/7 - 384/7

 Birth weight, g 1341 ± 471

 BWR* 0.68 ± 0.12 0.33 - 0.99

 Growth restricted at birth† 86 (90)

 Apgar score 5 min < 7 10 (10)

 Major neonatal morbidity‡ 11 (12)

 Male 46 (48)

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, periven-

tricular 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 over-

weight (reference girls 13.6%; boys 11.9%) but was comparable concerning obe-

sity (reference girls 1.8%; boys 1.6%), waist circumference > 1.3 SD (12%, refer-

ence 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 achiev-

ing 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

Height

   cm 156.0 ± 7.0 156.0 ± 7.1 156.0 ± 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

BMI a

   kg/m² 18.1 ± 3.0 18.2 ± 2.8 17.9 ± 3.2

   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)

Head circumference†

   cm 53.7 ± 1.9 53.7 ± 2.1 53.7 ± 1.7

   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)

Waist and hip circumference‡

   Waist circumference, cm 65.8 ± 6.7 65.3 ± 6.3 66.4 ± 7.1

       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, over-

weight = 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.
‡ 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 spe-

cialist 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

Table 4 demonstrates that neither height nor BMI SDS was associated with BWR 

or GA. The strongest associations were found for variables that represented ge-

netic 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

N = 80

BMI SDS

N = 80

HC SDS

N = 74

Independent variables

Step 1 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

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

N = 80

BMI SDS

N = 80

HC SDS

N = 74

Independent variables

Step 3 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

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 = so-

cio-economic status

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 in-

crease 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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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 popula-

tion, 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 con-

cern for an increased cardiovascular risk in this population. We found no in-

creased 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 de-

spite 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 

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. Fol-

low-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, al-

though 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 out-

comes 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 conse-

quences 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 explana-

tion 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 concom-

itant fetal condition that also affects postnatal growth, such as mild skeletal dyspla-

sia’s or multifactorial disorders38,39 was thus not found, nor previously diagnosed.

In conclusion, children born growth restricted due to early-onset placental insuffi-

ciency 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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