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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, intelli-

gence quotient, executive function, attention), and behavior. 

RESULTS

For the FGR group, the mean ratio of the pulsatility index for the umbilical ar-

tery/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 so-

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 he-

molysis, elevated liver enzymes, and low platelets (HELLP) syndrome are strong-

ly associated with fetal growth restriction (FGR).1 When FGR is caused by pla-

cental 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 develop-

ment, 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 ob-

served as deficits in executive function and attention. Executive functions such 

as impulse control, working memory, mental flexibility, and planning are im-

portant 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.

This study presents the results of a prospective long-term follow-up of 12-year-

old children born with FGR and antenatal evidence of brain sparing after severe 

early-onset hypertensive pregnancy disorders. The aim was to examine neuro-

cognitive outcomes (ie, intelligence, executive function, and attention), and be-

havior. We hypothesized that children with FGR would have poorer neurocog-

nitive 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. Informa-

tion 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 psy-

chiatric diagnosis confirmed by parents and/or tested IQ below 85 were exclud-

ed 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.

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 spe-

cial) 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 Clas-

sification 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 well-

known and crucial areas of executive function.14,24 Impulse control (ie, suppres-

sion 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 Intelli-

gence Scale for Children, Third edition, Dutch Version, and the Spatial Tempo-

ral Span backwards subtest of the Amsterdam Neuropsychological Tasks (ANT), 

respectively.23,26 Set-shifting (ie, alternation between mental strategies) was as-

sessed 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-shift-

ing, 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 Behav-

ior.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-coop-

erative 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 compari-

son 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 inde-

pendent 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-re-

ported 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).
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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. 

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 concern-

ing 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 randomiza-

tion 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 be-

cause 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 chil-
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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

TABLE 2. Characteristics for children with FGR and comparison children at age 12.5 years.

FGR n = 96 Comparison n = 32 P-value

Baseline characteristics

  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

Psychiatric outcomes

  Autism spectrum disorder 5 (5) - -

  ADHD 7 (7) - -

  Methylphenidate / dexamphetamine 8 (8) - -

Educational outcomes

  Special education 7 (7) - -

Intelligence

  IQ < 85 14 (15) - -

Outcomes are displayed as mean ± SD, or number (%). 
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Table 3 shows neurocognitive and behavioral outcomes of FGR and the com-

parison 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-re-

ported psychiatric diagnosis, and not in special education (n = 71) also had sig-

nificantly 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 morbid-

ity was associated with poorer focused attention (number correct/mean reac-

tion 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 chil-

dren 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)

IQ 101.1 ± 16.7 101 (52 – 137) 105.9 ± 10.0 106 (86 – 130) .12

EF test performances

  Impulse control, ssrt* 265 ± 55 264 (111 – 427) 277 ± 75 261 (186 – 564) .86

  Verbal working memory,

 n correct

5.4 ± 1.7 5 (2 – 9) 5.4 ± 2.1 5 (2 – 11) .75

  Visual working memory, 

 n correct

9.9 ± 2.5 10 (2 – 15) 10.4 ± 2.3 10 (5 – 15) .32

  Set-shifting, n correct / mrt 

in s

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

Parent-reported EF*†

  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

Attention test performances

  Focused attention, 

 n correct / mrt in s

80.1 ± 18.1 79.8 (27 – 129) 78.6 ± 13.9 78.8 (46 – 108) .41

  Focused attention 

 variability, ms*

272 ± 156 156 (92 – 991) 275 ± 127 235 (130 – 682) .60

  Sustained attention, 

 n correct / mrt in s

65.4 ± 11.9 65.2 (40 – 94) 64.3 ± 10.7 65.4 (45 – 84) .66

Parent-reported attention

  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

Parent-reported behavior *†

  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

EF, executive function; max, maximum; md, median; min, minimum; mrt, mean reaction time; ms, millisec-

onds; 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 disor-

ders, we expected to find elevated rates of neurocognitive and behavioral prob-

lems 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 neuro-

cognitive 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 

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 al-

most 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 chil-
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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-re-

ported attention problem score is reflecting everyday functioning. Differences 

between these outcomes might suggest that although attention behavior prob-

lems are problematic in complex everyday life, children may benefit from ex-

ternal 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 dis-

orders 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 psy-

chiatric diagnosis. This warrants further follow-up of behavior problems in this 

population.

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 charac-

teristics 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 neuro-

cognitive 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 rela-

tively 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 regis-

ters 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 as-

sess executive function extensively and not motor function. In our earlier publi-

cation, describing outcomes at age 4 years, motor disabilities were found in 9% 

of the children and the rate of cerebral palsy was .53%.17
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APPENDIX

Intelligence Quotient (IQ) was assessed with short form of the Wechsler In-

telligence Scale for Children (WISC-III-NL). An estimated IQ-score was derived 

from the subtests Similarities, Vocabulary, Block design and, Picture Arrange-

ment, 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 re-

spond 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 re-

action 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 sug-

gests a better outcome.

Visual working memory was assessed with the Spatial Temporal Span back-

wards measure of the Amsterdam Neuropsychological Tasks (ANT) in which 

children have to reproduce visually presented blocks in reversed order by click-

ing on the correct squares with a mouse button. As in the verbal working mem-

ory measure, the number of presented squares increases every two trials. The 

dependent variable used was the number of correct trials. A higher score sug-

gests 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 mir-

ror the movement (incompatible response). In the executive condition, red and 

green squares alternate, which requires shifting between compatible and in-

compatible responses. The dependent variable used was the speed accuracy 
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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 sug-

gests 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 perfor-

mance time for the trials with first and second attempt correct were provided.

Executive function according to parents were assessed with the inhibitory con-

trol, 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 

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 cor-

rect 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 pre-

sented. Four experimental blocks with 48 trials each yield the average stop sig-

nal reaction time (ssrt), that is the estimated time a child needs to inhibit his 
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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 Weakness-

es 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.
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