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ABSTRACT  

Background  
Studies are sparse and inconclusive about the association between maternal education and cognitive 
development among children born very preterm (VPT). While this association is well-established 
in the general population, questions remain about its magnitude among children born VPT whose 
risks of medical and developmental complications are high. We investigated the association of 
maternal education with cognitive outcomes in European VPT birth cohorts.   
Methods 
We used harmonised aggregated data from 15 population-based cohorts of children born <32 
weeks’ gestational age (GA) or <1500g from 1985 to 2013 in 13 countries with information on 
maternal education and assessments of general development at 2-3 years and/or IQ between 4-15 
years. Term-born controls (≥37 weeks’ GA) were available in 8 cohorts. Maternal education was 
classified as: low (primary/lower secondary); medium (upper secondary/short tertiary); high 
(bachelor’s/higher). Pooled standardized mean differences (SMD) in cognitive scores were 
estimated (reference: high educational level) for children assessed at ages 2-3, 4-7 and 8-15 years. 
Results 
The study included 10 145 VPT children from 12 cohorts at 2-3 years, 8829 from 12 cohorts at 4-
7 years and 1865 children from 6 cohorts at 8-15 years. Children whose mothers had low, compared 
with high, educational attainment scored lower on cognitive measures (pooled unadjusted SMDs: 
2-3y=-0.32 (95%CI: -0.43;-0.21); 4-7y=-0.57 (-0.67;-0.47); 8-15y=-0.54 (-0.72;-0.37)). Analyses 
by GA subgroups (<27 versus ≥27 weeks), in children without severe neonatal morbidity and term 
controls yielded similar results. 

Conclusions  
Across diverse settings and regardless of degree of prematurity, low maternal education was 
associated with lower cognition. 
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KEY MESSAGE 
 
 

• We	found	lower	cognitive	scores	throughout	childhood	for	children	born	very	
preterm	whose	mothers	had	low	educational	levels,	with	no	difference	in	the	effect	
by	degree	of	prematurity.	

• The	robust	nature	of	the	association	in	multiple	contexts	provides	good	
generalizability	for	our	study	findings.	

• Understanding	the	association	of	social	factors	with	cognitive	deficit	in	children	born	
very	preterm	is	essential	because	these	children	may	benefit	most	from	early	
intervention	
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INTRODUCTION 

Brain development is complex, involving genetic, physiological, and environmental influences. 

There is a large body of literature on the neurodevelopment of children born very preterm (VPT) 

(<32 weeks of gestation) demonstrating a higher risk of cognitive deficits compared to children 

born at term.1-3 Brain injury and other neonatal morbidities (e.g. bronchopulmonary dysplasia) are 

strongly associated with adverse neurodevelopmental outcomes,3,4 but VPT children without 

morbidities are also at increased risk for cognitive and other neurodevelopmental impairments.5 

It is also well established that the social environment in the family and community plays a role in 

determining cognitive functioning,6 but there is a lack of comparable evidence regarding the 

influence of these factors among children born VPT. There are contradictory hypotheses about how 

social context affects outcomes in VPT children as compared to the general population. Some have 

posited that social factors would have less effect because of the strong association between 

biological risk factors and neurodevelopment. For example, a recent study found the effect of 

maternal education on early language acquisition was attenuated in children with higher clinical 

risks (e.g. extreme prematurity <28 weeks’ gestational age (GA); severe neonatal morbidities).7 In 

contrast, others hypothesise that the effect of social factors may be stronger because parental 

involvement plays a crucial role in enabling children to compensate for potential developmental 

difficulties, with results suggesting that social factors may modify the effect of preterm birth on 

cognitive outcomes in children.8,9 A final possibility is that social factors operate in similar ways 

regardless of underlying medical risks linked to prematurity or other pregnancy complications. 

Understanding and quantifying this relationship is particularly important given the impact of VPT 
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birth on average intelligence quotients (IQs),2,3 estimated at about 12 points lower than among 

term-born children, and the long-term consequences on school and employment outcomes.10,11 

Recent systematic reviews and meta-analyses have shown the complexity of synthesising existing 

evidence on the relationship between the social environment and cognitive development in children 

born VPT.2-4 First, although maternal educational level tends to be the most common indicator of 

social differences,3,12-15 other variables are also used (e.g. parental occupation, marital status, 

family income).15 Second, even among studies using maternal educational level, international 

variation in definitions makes it difficult to compare outcomes using common categories. This 

heterogeneity has prevented meta-analyses from deriving pooled effects of the role of maternal 

education on childhood cognition. Further variability also results from diversity in ages of 

assessment4 and in the domain of cognitive functioning (e.g. executive function, language, general 

cognition).7,9,15 A recent Delphi study on priorities for research on the consequences of VPT birth 

with clinicians, researchers, policy-makers and people with lived-experiences identified the impact 

of social circumstances as a top-ten theme.16 

The purpose of this study is to investigate the association of maternal educational level with 

cognitive outcome in children born VPT, using data from population-based, prospective cohort 

studies in various European contexts. Based on the heterogeneous conclusions reported in the 

literature, we hypothesised that the association could vary by country (i.e. higher educational levels 

could be more protective in certain cultural contexts), key periods in childhood (i.e. with a stronger 

effect later in childhood), and the degree of prematurity (i.e. with a potentially attenuated effect for 

children born extremely preterm). 

METHODS 
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Study population and design 

This study included 23 European population-based cohorts of children born VPT (<32 weeks of 

gestation) or with very low birthweight (<1500g) participating in the RECAP Preterm (Research 

on European Children and Adults Born Preterm) platform which aims to promote research on the 

consequences of VPT birth.16 Cohorts were eligible if they could provide 1) information on 

maternal education at delivery or follow-up, and 2) an assessment of general development at 2-3 

years and/or general cognitive ability between 4 and 15 years of age. Some cohorts also comprised 

a control population of term-born children with measures of maternal education and cognitive 

outcomes. Fifteen cohorts contributed data.17-31 The study used aggregated and summary data 

provided according to a standardised protocol. All cohorts have ethical authorisations and informed 

consent from families for research on the consequences of VPT birth.  

Maternal educational level  

Maternal educational level was the primary exposure. The preferred definition was the highest 

educational level at delivery, although some cohorts only had data on the number of years of 

schooling. For cohorts that could not provide maternal education at delivery, educational level at 

follow-up was used. We used the International Standard Classification of Education (ISCED)32 to 

create harmonised categories by mapping each cohort’s educational variable into one of nine levels, 

which were then grouped into three categories: (1) low (ISCED 0-2; lower secondary or less), (2) 

medium (ISCED 3-5; upper secondary/post-secondary/short cycle tertiary), and (3) high (ISCED 

6-8, bachelor degree/equivalent or more). We selected this classification, which has been used in 

analyses of maternal education and preterm birth in Europe,7,33 to maximise sample sizes in each 

educational category.  
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General development and cognitive outcomes 

The primary outcome was cognitive functioning in childhood assessed by standardised tests (with 

normative or control samples) or validated instruments including parent-report questionnaires, 

which provided continuous scores (standard scores or raw scores, respectively). Cognitive tests or 

multi-domain tests of child general development were used across the cohorts.  

Other variables 

To describe the cohorts, we selected social and perinatal variables available in all cohorts and for 

which harmonised definitions could be specified: maternal age (≥35 years), cohabiting status 

(living in a couple), maternal country of birth (or if not available maternal nationality or ethnicity), 

parity, GA, birthweight, child sex, multiple pregnancy, caesarean birth, Apgar score at 5 minutes 

<7, and breastfeeding at discharge from neonatal care. Neonatal morbidities included necrotizing 

enterocolitis (stages II-III; NEC-II/III34), intraventricular haemorrhage (stages III-IV, IVH-

III/IV35), cystic periventricular leukomalacia (cPVL), bronchopulmonary dysplasia (supplemental 

oxygen or ventilation at 36 weeks, BPD) and retinopathy of prematurity (stages III–V, ROP-

III/V36).  

Analysis strategy 

Analyses were carried out separately by age group: infancy (2-3 years), early childhood (4-7 years), 

later childhood (8-15 years). The drop-out rate was computed in each period by dividing the 

number of participants by the number of survivors at discharge from the neonatal hospitalisation. 

All analyses were performed on complete cases. 

Descriptive tables of perinatal and sociodemographic characteristics were provided on the sample 

at first follow-up (i.e. two-year follow-up, if followed at two and five). 
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We used a meta-analytic approach based on aggregate-level data provided by each cohort following 

a standardised iterative protocol. First, frequencies of selected variables were collected to guide the 

harmonisation process. Second, harmonised variables were verified and described in summary 

tables. Third, cohorts provided unadjusted data on cognitive outcomes (i.e. frequencies, mean 

scores, standard deviations) by maternal educational level for each age group. Lastly, marginal 

means of cognitive scores were estimated using common multivariable regression models, adjusted 

for child sex and maternal age as a potential confounder.4 Random intercept models were specified 

to account for the correlation within multiple pairs when this was possible at the cohort level and 

also to account for clustering within countries in the European EPICE/SHIPS study.29 Differential 

dropout was accounted for multiple imputation (EPIPAGE 237) or inverse probability weighting 

(EPICE/SHIPS7). Unadjusted and adjusted estimates were provided for children overall, stratified 

by severity of the VPT birth (<27 weeks, ≥27 weeks), and on the control population of term-born 

children when available. Estimates were also computed for children born VPT without severe 

neonatal morbidities (NEC-II/III, IVH-III/IV, cPVL, BPD, ROP-III/V) known to be strong 

predictors of cognition.38 We analysed recent cohorts (births≥2000) to allow for more standardised 

definitions of these morbidities. 

The unadjusted and adjusted estimates were pooled by random effects meta-analyses using the 

DerSimonian and Laird inverse-variance method.39 The effect measure was expressed as the 

standardised mean difference (SMD, Hedges g)39 in cognitive scores between groups defined by 

maternal educational level (reference group: high education level), making it possible to pool 

cognitive raw and standardised scores.39 Pooled SMDs were estimated from both unadjusted and 

adjusted mean scores,40 and presented with 95% confidence intervals (CI). The effect size was 

interpreted as small (SMD=0.2-0.4 of a SD unit), moderate (SMD=0.5-0.8), or large (SMD>0.8).41 
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The unadjusted SMDs were presented as the primary results as this represents the most common 

meta-analytical approach.1-3,42 Tests for sub-group differences based on random-effects models 

were performed. Between-cohort consistency was quantified using I² statistics, and we used 

traditional thresholds of low (I²<25%), modest (I²=25-50%) and high (I²>50%) heterogeneity.43 

Effect modification was investigated using sub-group analyses.  

The leave-one-out method was applied in sensitivity analyses in meta-analyses that had high 

heterogeneity.43 Pooled risk ratios (RRs) were also computed by random effects meta-analyses to 

estimate the risk of cognitive deficit (score<1 standard deviation (SD) below the standardised mean 

or other established cut-offs for unstandardized tests) by maternal education level. Additional sub-

group meta-analyses investigated potential biases related to the timing of maternal education 

measurement (birth vs follow-up), test administration mode (parent vs examiner) and type of test 

(cognition vs multi-domain) in infancy. The R “meta” package version 4.11-0 was used for pooled 

analyses.44,45 

 

RESULTS 

Cohort characteristics 

Fifteen cohorts from 13 countries contributed data on 22 528 live VPT births (Table 1). Inclusion 

criteria were based principally on GA, with cohorts focusing on births <32 weeks or <27 weeks; 

older cohorts used birthweight thresholds or included births at 32 weeks’ GA. Cohorts covered 

births from 1985-1986 to 2011-2012. Follow-up rates ranged from 51.2% to 98.7%, leading to the 

participation of 10 145 VPT children at 2-3 years (12 cohorts), 8829 at 4-7 years (12 cohorts), and 

1865 at 8-15 years (6 cohorts). In 8 cohorts, data were available for control populations of term-
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born children (GA≥37 weeks, n=2642 in infancy and n=1540 in early childhood)(Supplementary 

Table S1). 

Maternal educational level was collected at birth in 7 cohorts and at follow-up by the others; the 

proportion of mothers with high education varied from 6.1% to 47.6% (Table 2). In each cohort, 

one or more cognitive assessments were available in infancy (n=8817 children with complete 

assessment), early childhood (n=8125), and later childhood (n=1660)(Supplementary Table S2). 

Missing outcome assessments varied by cohort and period (infancy: 0-19.5%; early childhood: 

3.7%-33.2%, later childhood: 9.1%-30.4%)(Supplementary Table S3).  

Maternal and perinatal characteristics varied between cohorts (Table 3), such as primiparity 

(31.4% to 66.5%) and multiple births (12.1% to 51.1%).  

Results from meta-analyses 

Children whose mothers had low, compared with high, educational attainment scored lower on 

cognitive measures, with a small effect in infancy (SMD=-0.32, 95%CI -0.43 to -0.21, 12 cohorts) 

and a moderate effect in early (SMD=-0.57, 95%CI -0.67 to -0.47, 12 cohorts) and later childhood 

(SMD=-0.54, 95%CI -0.72 to -0.37, six cohorts)(Figure 1). Smaller effects were reported for 

children whose mothers had medium compared to a high educational level. Modest to high 

heterogeneity was observed. Table 4 provides adjusted pooled SMDs as well as unadjusted and 

adjusted pooled SMDs for GA sub-groups (<27 weeks, ≥27 weeks), children without neonatal 

morbidities and controls, with corresponding forest plots in Supplementary Figures S1-S11. The 

adjusted SMDs for all VPT and by sub-groups were very close to unadjusted SMDs. No statistically 

significant difference in the effect size was revealed between GA sub-groups, and between VPT 
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and full-term controls (p>0.1). The SMDs for VPT without neonatal morbidities were similar to 

SMDs in the group ≥27 weeks. 

Sensitivity analyses 

The pooled analysis performed using the binary outcome confirmed that a low versus a high 

maternal educational level was associated with an increased risk of cognitive deficit (RR 

infancy=1.6, 95%CI 1.3 to 1.8; RR early childhood=2.0, 95%CI 1.6 to 2.5; RR later childhood=1.4, 

95%CI 1.0 to 1.9)(Supplementary Figure S8). The leave-one-out analysis for groups with high 

heterogeneity showed that no single cohort had a substantial effect on the pooled estimate 

Supplementary Figure S11). The comparison of pooled estimates between sub-groups defined 

according to the timing of the measure of maternal education and the type of test did not find any 

difference; however, cohorts using examiner based-tests versus parent-report questionnaires in 

infancy had larger pooled SMD (p<0.01, Supplementary Table S4). 

DISCUSSION 

This meta-analysis of major population-based European VPT cohorts spanning three decades 

revealed a consistent positive association between maternal educational level and cognitive test 

scores among VPT children, with a dose-response effect (between 0.2 and 0.3 SD for mothers with 

medium education, and 0.3 to 0.6 SD for mothers with low education depending on age at 

assessment). The effect size was less pronounced in younger children at 2 and 3 years of age, but 

did not differ by degree of prematurity or between VPT children and term-born controls. 

These results confirm the association of maternal educational level with cognitive skills among 

children born VPT in a wide range of settings, previously only reported in smaller scale or single 

country studies.12,13,46-48 While there were some differences across the cohorts in effect sizes, with 
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modest to high heterogeneity, all but one cohort had negative SMDs for low compared to high 

maternal education. This cohort, EPICure-1 which included births <27 weeks of GA in the UK and 

Ireland in 1995, had few children with mothers in the high educational level category (8 to 16 

depending on the age group), which may reflect the characteristics of families with extremely 

preterm children or inadequacy of the classification for describing mothers’ education in that time 

period. In EPICure-2, a similarly defined representative sample from England in 2006, results were 

very similar to the pooled estimates.  

We did not find any differences in the estimated pooled associations between maternal education 

and cognition according to the level of prematurity, in term-born controls or after excluding 

neonatal morbidities. Previous studies examining interactions between maternal education and 

perinatal risk on cognitive outcomes in VPT children have reported mixed results.7,9,48,49 Several 

studies hypothesised that disparities in outcome could be more pronounced in VPT populations, as 

a low educational level may negatively affect a mother’s knowledge and access to resources and 

consequently her ability to mitigate the effects of preterm birth by acting on environmental factors 

known to affect cognition. These include creating stimulating and enriched learning 

environments,50 lowering or managing stress, which is heightened among families with VPT 

children51,52 or breastfeeding.53 Low maternal educational level is also associated with 

disadvantaged socioeconomic circumstances and adversity which negatively impact brain 

development and neurocognitive outcomes54,55 with a stronger detrimental effect for vulnerable 

children.9,48 Conversely, some researchers contend that the biological insults leading to poor 

outcomes among high-risk VPT children (e.g. with lower GA or severe neonatal morbidities) may 

be less amenable to change in environmental factors.7 Our results showing similar effect sizes for 

extremely preterm infants and among term controls suggest that there is not substantial effect 



	 14	

modification. This has been noted in studies of other outcomes after preterm birth (e.g. cerebral 

palsy).56  

We found an association between maternal education and cognition in all age groups, with a smaller 

effect at 2-3 years. At this age, children in some cohorts were assessed using tests of global 

development which combine an assessment of development in multiple domains, including gross 

and fine motor development. Moreover, cognitive tests at age 2-3 years are more heavily dependent 

on motor responses than tests at later ages where task completion relies more on abstract concepts. 

Motor development, particularly in early years, may be less affected by the social environment and 

contribute to a lower effect size.57 The larger effect of maternal education on cognitive outcomes 

between 4 and 15 years may indicate an accumulation of environmental impact (e.g., less cognitive 

stimulation or sensitive parenting,58 uptake and type of early childhood education and care 

services,59 differences in school environment).  

These results are important for VPT follow-up and intervention policies. First, children born VPT 

are more often from disadvantaged families because social factors, including maternal education, 

increase risks of VPT birth.33,60 Furthermore, lower IQ scores associated with maternal education 

may have more severe consequences in terms of educational and life opportunities for VPT 

compared to term children because of the higher baseline risks of impairment. Moreover, some 

studies have suggested that early intervention programs, including those focusing on parenting 

education,51,61 were associated with better cognitive outcomes in children from lower 

socioeconomic backgrounds only.61 Finally, given the universal effect of maternal education on 

cognitive outcomes in childhood suggested by our results, interventions can start early. The 

neonatal hospitalisation may represent a key window of opportunity for addressing social 

disparities by reducing financial barriers affecting parental presence,62 promoting breastfeeding,62 
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and facilitating access to follow-up and early intervention programmes.63 Study designs that 

integrate information on the families’ social circumstances would ensure that research on the 

effectiveness of interventions targets health and developmental disparities. 

Strengths of this study include pooling data using a standardised protocol from a large number of 

cohorts in Europe. Harmonising variable definitions, using common inclusion criteria and 

conducting comparable analyses minimises methodological heterogeneity,64 which improves the 

accuracy of pooled estimates. Another strength is the geographic and temporal heterogeneity of the 

cohorts which adds to the relevance and generalisability of the findings. Study limitations include 

residual heterogeneity between cohorts due to diverse educational systems and outcome 

measurements, the small number of cohorts per country limiting investigation of country effects, 

the lack of some important information because of difficulties harmonising definitions, and 

potential bias due to attrition or missing outcome data. Countries with higher proportions of 

immigrants may have less reliable measures of maternal educational achievement. Moreover the 

underlying mechanisms are complex and some pathways, for instance genetic influences65 or 

parental expectation,66 through which maternal education may impact cognitive development, 

could not be examined. Lastly, our study is based on VPT cohorts, the principal research design 

for investigating neurodevelopmental outcomes after VPT birth, which limits causal inference 

because of potential collider stratification bias. To go beyond our descriptive approach, full birth 

cohorts are needed to investigate causality and potential mediator-interaction relationships.67,68 

CONCLUSION  

In this meta-analysis of the principal population-based cohorts of children born VPT in Europe, we 

showed that maternal educational level was a consistent predictor of general development and 

cognitive outcomes in childhood. Further research is needed on early interventions that can mitigate 
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these social disparities; more broadly, equity in health and development should be included as a 

key outcome in all research on VPT birth. 
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Table 1 - C
haracteristics of the 15 participating cohorts 

C
ohort 

C
ountry, coverage, 

if not national a 

Inclusion 
criteria  
(G

A
, B

W
) 

Y
ears of 

birth 
Live birth 

(N
) 

P
eriod 1 

A
ge (%

 FU
) b 

P
eriod 2 

A
ge (%

 FU
) b 

P
eriod 3 

A
ge (%

 FU
) b 

AC
TIO

N
 

Italy, 5 regions
c  

<32 w
ks 

2003-2005 
2002 

2 y (84.6%
) 

n/a 
8-11 y (72.9%

) 

AYLS  
Finland, C

ounty of 
U

usim
aa 

<32 w
ks 

1985-1986 
93 

20 m
 (97.0%

) 56 m
 (93.9%

) n/a 

BEST-BLS 
G

erm
any, Southern 

Bavaria 
<32 w

ks 
1985-1986 

560 
20 m

 (97.5%
) 6 y (97.3%

) 
8 y (97.3%

) 

EPIBEL 
Belgium

, Flanders
d  

<27 w
ks 

1999-2000 
169 

3 y (81.1%
) 

n/a 
11-15 y (55.8%

) 

EPIC
ure 

U
K and Ireland  

<26 w
ks 

1995 
1290 

2.5 y (98.1%
) 6 y (76.5%

) 
11 y (69.5%

) 

EPIC
ure-2 

England  
<27 w

ks 
2006 

2034 
2.5 y (55.3%

) n/a 
11 y (n/a) e  

EPIPAG
E 1   France, 9 regions

f 
<33 w

ks 
1997 

2901 
2 y (89.9%

) 
5 y (75.1%

) 
n/a 

EPIPAG
E 2  

France, 25 regions 
<32 w

ks
g 

2011 
4227 

2 y (83.4%
) 

5 y (70.3%
) 

n/a 

EPIC
E/SH

IPS 10 European 
countries

h,16 regions <32 w
ks 

2011-2012 
6593 

2 y (60.5%
) 

5 y (51.2%
) 

n/a 

EST 02-03  
Estonia  

<32 w
ks (FU

 
<29 w

ks) 
2002-2003 

264 
n/a 

5 y (81.3%
) i 

n/a 

EST 07  
Estonia 

<32 w
ks (FU

 
5y: <29 w

ks) 2007 
360 

2 y (98.7%
) 

5 y (38.9%
) i 

n/a 

ETFO
L  

D
enm

ark 
<28 w

ks or 
<1000g 

1994-1995 
477 

n/a 
5 y (90.7%

) 
n/a 

EXPR
ESS  

Sw
eden 

<27 w
ks 

2004-2007 
707 

2.5 y (77.4%
) 6.5 y (76.2%

) n/a 



PEP  
N

orw
ay 

<28 w
ks or 

<1000g 
1999-2000 

462 
n/a 

5 y (81.4%
) 

n/a 

PIPAR
I 

Finland, Turku region ≤ 1500 g
j 

2001-2006 
255 

2 y (97.3%
) 

5 y (94.1%
) 

11 y (89.6%
) 

Abbreviation: G
A= gestational age; BW

= birth w
eight; FU

=follow
-up; n/a= not available 

(a) AC
TIO

N
 (Lazio, M

arche,Tuscany, Friuli Venezia-G
iulia (FVG

) and C
alabria) ; EPIPAG

E 1 (Alsace, Franche-C
om

té, Lorraine, N
ord-

Pas de C
alais, H

aute N
orm

andie, Pays de Loire, Paris-Petite couronne, Languedoc-R
oussillon, M

idi-Pyrénées); EPIPAG
E 2 (21 

regions of the 22 m
etropolitan regions, and all 4 overseas regions); EPIC

E/SH
IPS (Flanders in Belgium

; the Eastern R
egion of 

D
enm

ark; Estonia (entire country); H
esse and Saarland in G

erm
any; Em

ilia- R
om

agna, Lazio and M
arche regions in Italy; the C

entral 
and Eastern regions of The N

etherlands; W
ielkopolska in Poland; the Lisbon and N

orthern regions of Portugal; and the East M
idlands, 

N
orthern and Yorkshire and H

um
ber regions in the U

K; and the Stockholm
 region in Sw

eden)  
(b) N

um
ber of participants at FU

 / num
ber of survivors at discharge 

(c) Tw
o regions (C

alabria and M
arche) did not participate at FU

 at 8-11 years 
(d) The original cohort is representative of w

hole Belgium
 (total: 322 born alive, of w

hom
 303 w

ere adm
itted at N

IC
U

) but only one 
region (Flanders) participated at the first follow

-up. N
on-D

utch speaking parents w
ere excluded from

 the follow
-up 

(e) At 11 years, data w
ere collected only am

ong a sub-sam
ple of 200 children 

(f) O
nly 1 region participated at the follow

 up at 2-3 years  
(g) children w

ith cerebral palsy, deafness, blindness, or severe congenital brain m
alform

ations w
ere excluded from

 analyses 
(h) The 3 French regions w

ere excluded of this analysis because of the overlap w
ith EPIPAG

E 2 
  

(i) FU
 only am

ong children born before <29 w
eeks; EST07: follow

-up w
as restricted to specific patient selection 

(year of birth, birth w
eight, regional differences) due to financial restriction 

  
(j) Infants w

ith congenital anom
alies and m

alform
ations w

ere not eligible to this cohort 
  

  



Table 2 – Definition and distribution of maternal educational level by cohort 

Cohorta Measured 
atb Nc 

Low level  
(ISCED 0-2) 

Intermediate 
level  

(ISCED 3-5) 

High level  
(ISCED 6-8) 

Missing 
data  

n (%) n (%) n (%) % 

ACTION Birth 976 290 (30.1) 502 (52.1) 171 (17.8) 1.3 

AYLS  Birth 58 23 (40.4) 14 (24.6) 20 (35.1) 1.7 

BEST-BLS Birth 329 108 (33.6) 184 (57.3) 29 (9.0) 2.4 

EPIBEL FU 47 3 (2.4) 19 (45.2) 20 (47.6) 10.6 

EPICure FU 283 62 (23.6) 185 (70.3) 16 (6.1) 7.1 

EPICure-2 FU 576 41 (8.0) 295 (57.8) 174 (34.1) 6.3 

EPIPAGE 1   Birth 1535 578 (37.6) 288 (18.7) 434 (28.2) 15.3 

EPIPAGE 2  Birth 1884 511 (27.2) 780 (41.3) 553 (29.3) 2.1 

EPICE/SHIPS FU 3345 600 (17.9) 1374 (41.1) 1303 (39.0) 2.1 

EST 02-03  FU 49 6 (16.7) 23 (63.9) 7 (19.4) 26.5 

EST 07  FU 155 20 (13.1) 88 (57.5) 45 (29.4) 1.3 

ETFOL  Birth 222 63 (28.8) 110 (50.2) 46 (21.0) 1.4 

EXPRESS  FU 398 37 (9.7) 249 (65.5) 94 (24.7) 4.5 

PEP  FU 258 19 (7.7) 114 (46.3) 113 (45.9) 4.7 

PIPARI Birth 215 28 (14.2) 87 (44.2) 82 (41.6) 8.4 

Total   10 330 2389 4382 3036   
Abbreviation: FU=follow-up; ISCED= International Standard Classification of Education 
(a) ACTION (Accesso alle Cure e Terapie Intensive Ostetrico Neonatali; Italy) ; AYLS (Arvo Ylppö 
Longitudinal Study; Finland); BEST-BLS (Bavarian Longitudinal Study Cohort; Germany); EPIBEL 
(Belgium); EPICure (UK and Ireland); EPICure-2 (England); EPIPAGE 1 and EPIPAGE 2 (Étude 
épidémiologique sur les petits âges gestationnels; France); EPICE/SHIPS (Effective Perinatal Intensive 
Care In Europe; Europe); EST 02-03 and EST 07 (Very low gestational age infants born in Estonia; 
Estonia); ETFOL (Treatment of extremely preterm infants: parents attitudes; Denmark); EXPRESS 
(Extremely Preterm Infants in Sweden Study; Sweden); PEP (Project Extreme Prematurity; Norway); 
PIPARI (Development and Functioning of Very Low Birth Weight Infants from Infancy to School Age; 
Finland). 
(b) All cohorts collected data on the highest educational level achieved, except for EXPRESS where 
was asked about the cumulated years of education received by the mother.  
(c) Number of participants at first follow-up available, except for EPIBEL (11-15 years) and EPIPAGE 1 
(5 years) 
 

 



Table	3	–	Distribution	of	m
aternal,	perinatal	characteristics	and	neonatal	m

orbidities	by	cohort
Perinatal and child inform

ation
%

 
m

others 
≥ 35 
years

%
 

prim
ipar

ous

%
 not 

living in 
couple (c)

%
 country-

born 
m

other (d)

G
A m

ean/sd 
(range)

BW
m

ean (sd)
%

 of 
m

ale

%
 

m
ultipl

e births

%
 

Apgar 
<7

%
 c-

section

%
 

breast
m

ilk at 
dischar

%
 N

EC
-

II/III
%

 IVH
-

III/IV
%

 
cPVL

%
 BPD

%
 

R
O

P-
III/V

AC
TIO

N
976

36.7
66.5

3.3 (2)
82.9 (1)

29.0/1.9 (23-
31)

1250 (347)
54.3

28.5
15.2

80.3
63.3

2.2
3.7

1.6
8.9

3.6

AYLS 
58

20.7
51.7

5.3 (1)
98.3 (2)

28.7/2.1 (24-
31)

1331 (375)
60.3

12.1
33.3

46.6
na

na
10.3

na
6.9

na

BEST-BLS
329

11.9
50.2

7.1 (1)
91.8 (2)

29.6/1.5 (25-
31)

1306 (335)
58.4

23.4
23.5

54.4
na

na
9.4

na
60.5

na

EPIBEL
47

6.5
51.1

12.8 (2)
na

25.3/0.8 (23-
26)

785 (182)
61.7

51.1
28.3

59.6
38.3

2.1
12.8

6.4
38.3

nc

EPIC
ure

283
16.3

31.4
19.6 (2)

79.1 (3)
24.9/0.7 (22-

25)
746 (113)

47.7
21.2

na
16.3

85.4
3.9

17.7
4.6

74.2
nc

EPIC
ure-2

576
28

40.9
14.5 (2)

73.8 (3)
25.6/1.0 (22-

26)
802 (149)

50.2
28.6

na
30.3

48.6
na

15.0
4.2

69.3
19.5

EPIPAG
E 1  

1535
15.5

44.4
7.1 (1)

86.6 (1)
29.9/2.0 (24-

32)
1375 (388)

51.3
31.0

11.3
59.7

35.6
3.5

3.1
2.5

12
1.7

EPIPAG
E 2 

1884
23.5

38.6
6.5 (1)

79.5 (1)
29.8/2.1 (23-

32)
1369 (399)

52.6
36.1

19.0
68.6

52.1
3.3

3.1
0.9

11.1
1.4

EPIC
E/SH

IP
S

3345
30.7

62.3
8.5 (2)

85.5 (1)
28.8/2.0 (23-

31)
1254 (375)

53.0
32.8

14.7
71.6

66.1
4.8

4,0
3.2

14.4
4.6

EST 02-03 
49

na
na

38.8 (2)
na

27.1/1.9 (23-
30)

996 (228)
53.1

20.4
48.9

38.8
55.1

14.3
8.7

1.0
36.7

22.4

EST 07 
155

26.8
45.8

39.4 (2)
na

28.8/2.2 (22-
31)

1314 (392)
56.8

26.5
34.2

65.8
35.5

11.6
5.2

1.0
18.7

9.0

ETFO
L 

219
21.5

63.0
47.9 (1)

92.9 (1)
27.1/1.8 (24-

32)
926 (167)

45.7
29.7

13.6
67.2

49.3
3.2

2.7
2.7

nc
3.3

EXPR
ESS 

398
30.2

59.5
na

79.9 (1)
25.4/1.1 (22-

26)
783 (169)

55.0
19.3

33.4
57.5

58.2
5.5

10.1
5.0

22.4 
(e)

34.4

PEP 
258

20.5
na

nc
na

26.5/1.6 (23-
31)

854 (172)
55.0

24.8
21.4

67.4
74.4

nc
3.9

5.4
45.3

4.9

PIPAR
I

215
31.2

51.9
2.5 (1)

na
28.6/2.8 (24-

35)
1143 (327)

55.8
31.2

32.7
60.9

na
nc

5.6
2.8

14.0
4.3

C
ohort (a)

n (b)

M
aternal inform

ation
N

eonatal m
orbidities

Abbreviations: G
A= gestational age; BW

= birthw
eight; N

EC
-II/III=necrotizing enterocolitis stages II-III; IVH

-III/IV=intraventricular haem
orrhage stages III-IV; cPVL=cystic 

periventricular leukom
alacia; BPD

=bronchopulm
onary dysplasia; R

O
P-III/V=retinopathy of prem

aturity stages III to V; na=not available; nc=not com
patible



(b) N
um

ber of participants at first follow
-up available, except for EPIBEL (11-15 years) and EPIPAG

E 1 (5 years)
(c) living in couple at birth (1) or at follow

-up (2)
(d) (1) country-born m

otherw
hen available, or (2) w

ith the nationality of the country, or (3) from
 not m

inor ethnicity
(e)	For	the	EXPRESS	cohort,	the	%

	of	severe	bronchopulm
onary	dysplasia	w

as	provided	

(a) AC
TIO

N
 (Accesso alle C

ure e Terapie Intensive O
stetrico N

eonatali; Italy) ; AYLS (Arvo Ylppö Longitudinal Study; Finland); BEST-BLS (Bavarian Longitudinal Study C
ohort; 

G
erm

any); EPIBEL (Belgium
); EPIC

ure (U
K and Ireland); EPIC

ure-2 (England); EPIPAG
E 1 and EPIPAG

E 2 (Étude épidém
iologique sur les petits âges gestationnels; France); 

EPIC
E/SH

IPS (Effective Perinatal Intensive C
are In Europe; Europe); EST 02-03 and EST 07 (Very low

 gestational age infants born in Estonia; Estonia); ETFO
L (Treatm

ent of 
extrem

ely preterm
 infants: parents attitudes; D

enm
ark); EXPR

ESS (Extrem
ely Preterm

 Infants in Sw
eden Study; Sw

eden); PEP (Project Extrem
e Prem

aturity; N
orw

ay); PIPAR
I 

(D
evelopm

ent and Functioning of Very Low
 Birth W

eight Infants from
 Infancy to School Age; Finland).
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cohorts
U
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D

95%
 C

I
A

djusted SM
D
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95%
 C
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N

 
cohorts

U
nadjusted SM

D
95%

 C
I

A
djusted SM

D
a

95%
 C

I
N

 
cohorts

U
nadjusted SM

D
95%

 C
I

A
djusted SM

D
a

95%
 C

I
I²

I²
I²

I²
I²

I²
A

ll VPT
m

edium
 vs high

11
-0.15 (-0.23; -0.06)

-0.16 (-0.24; -0.08)
12

-0.29 (-0.38; -0.19)
-0.29 (-0.42; -0.16)

6
-0.14 (-0.38; 0.10)

-0.10 (-0.32; 0,11)
I²=45%

I²=33%
I²=48%

I²=68%
I²=58%

I²=47%
Low

 vs high
12

-0.32 (-0.43; -0.21)
-0.33 (-0.44; -0.22)

12
-0.57 (-0.67;-0.47)

-0.55 (-0.72; -0.39)
6

-0.54 (-0.72; -0.37)
-0.42 (-0.66; -0.18)

I²=52%
I²=52%

I²=37%
I²=71%

I²=0%
I²=24%

< 27 w
ks

6
m

edium
 vs high

10
-0.08 (-0.20; 0.04)

-0.09 (-0.19; 0.02)
10

-0.26 (-0.48; -0.04)
-0.24 (-0.46; -0.02)

5
0.16 (-0.06; 0.38)

0.13 (-0.09; 0.35)
I²=19%

I²=2%
I²=63%

I²=63%
I²=0%

I²=0%
Low

 vs high
10

-0.27 (-0.44; -0.10)
-0.27 (-0.42; 0.12)

11
-0.54 (-0.76; -0.33)

-0.57 (-0.79; -0.34)
5

-0.24 (-0.56; 0.08)
-0.23 (-0.55; 0.09)

I²=23%
I²=10%

I²=33%
I²=41%

I²=0%
I²=0%

≥ 27 w
ks

m
edium

 vs high
8

-0.24 (-0.39; -0.10)
-0.16 (-0.34; 0.02)

10
-0.38 (-0.56; -0.21)

-0.36 (-0.49; -0.22)
3

-0.36 (-0.57; -0.14)
-0.35 (-0.53; -0.17)

I²=66%
I²=77%

I²=76%
I²=62%

I²=24%
I²=0%

Low
 vs high

8
-0.37 (-0.52; -0.21)

-0.33 (-0.46; -0.19)
10

-0.65 (-0.84; -0.47)
-0.64 (-0.81; -0.48)

3
-0.70 (-1.24; -0.17)

-0.62 (-1.16; -0.09)
I²=62%

I²=51%
I²=69%

I²=61%
I²=78%

I²=78%
W

ithout neonatal m
orbidities

m
edium

 vs high
8

-0.12 (-0.18; -0.06)
-0.13 (-0.19; -0.07)

6
-0.34 (-0.47; -0.21)

-0.35 (-0.47; -0.22)
na

na
I²=0%

I²=0%
I²=41%

I²=39%
Low

 vs high
7

-0.35 (-0.53; -0.17)
-0.35 (-0.53; -0.17)

6
-0.67 (-0.91; -0.44)

-0.68 (-0.92; -0.44)
na

na
I²=68%

I²=67%
I²=62%

I²=63%
C

ontrol
m

edium
 vs high

6
-0.12 (-0.22; -0.02)

-0.14 (-0.24; -0.04)
5

-0.43 (-0.56; -0.29)
-0.40 (-0.55; -0.26)

na
na

I²=6%
I²=5%

I²=0%
I²=0%

Low
 vs high

6
-0.22 (-0.44; -0.01)

-0.27 (-0.49; -0.05)
5

-0.55 (-0.77; -0.33)
-0.64 (-0.91; -0.38)

na
na

I²=58%
I²=60%

I²=6%
I²=0%

A
bbreviation: na= not available

Table 4 – U
nadjusted and adjusted pooled standardized m

ean differences (S
M

D
) of cognitive scores by m

aternal educational level for all V
P

T infants, by gestational age sub-group 
and for control populations

Infancy (2-3 years old)
Early childhood (4-7 years old)

Later childhood (8-15 years old)



(a) adjusted for m
aternal age and child's sex

Footnote: the follow
ing cohorts took into consideration clustering for m

ultiples in the analyses : A
C

TIO
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Y

LS
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E
S

T-B
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erm
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P

IC
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K
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E
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S

 (B
elgium
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stonia; G
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; S
w
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E
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stonia), E
S
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stonia), E

TFO
L (D

enm
ark), E

X
P

R
E

S
S

 (S
w

eden), P
IP

A
R

I (Finland)



Figure	1	



c) Later childhood (8-15 years old) (6 cohorts)

b) Early childhood (4-7 years old) (12 cohorts)

a) Infancy childhood (2-3 years old) (12 cohorts)

Note: ACTION  and EPICE/SHIPS (PARCA-R); AYLS and BEST-BLS  (Griffiths Mental Development Scale); EPIBEL, EPICure and PIPARI 
(BSID-II); EPICure-2, EST 07 and EXPRESS (Bayley III); EPIPAGE 1 (Brunet-Lezine); EPIPAGE 2 (ASQ)

Note: AYLS (CMMS, BEERY, and AWST); BEST-BLS, EPICure, EPIPAGE 1 and EST 02-03 (K-ABC); EPIPAGE 2  (WPPSI IV); 
EPICE/SHIPS (ASQ); EST 07  (K-ABC 2); ETFOL, PEP and PIPARI (WPPSI-R); EXPRESS  (WISC-IV)

Note: ACTION and EPICure-2 (K-ABC 2); BEST-BLS and EPICure (K-ABC); EPIBEL (Shortened WISC III); PIPARI (WISC-IV)

Abbreviations: SMD=Standardised mean difference; ASQ= Ages & Stages Questionnaire; ; AWST=Finnish translation of the Aktiver
Wortschatztest; BEERY=Beery Developmental Test of Visual-Motor Integration; BSID-II=The Bayley Scales of Infant Development – version 
2; CMMS = Columbia Mental Maturity Scale; K-ABC= Kaufman Assessment Battery for Children; K-ABC 2= Kaufman Assessment Battery
for Children-second edition; PARCA-R=Parent Report of Children's Abilities-Revised; Shortened WISC III= Wechsler Intelligence Scale for 
Children-Third edition short form; WISC-IV= Wechsler Intelligence Scale for Children-Fourth Edition; WPPSI IV= Wechsler Preschool & 
Primary Scale of Intelligence-Fourth edition; WPPSI-R= Wechsler Preschool & Primary Scale of Intelligence-Revised edition
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Supplem
entary T

able S1 - Inform
ation on geographical coverage, inclusion criteria, and participants of term

 control groups by cohort and by age group 

C
ohort  

C
ountry.coverage. 

if not national 1 
Inclusion/exclusion criteria  

Y
ears of 

birth 

M
aternal 

educational 
level 

Period 1 (2-3 years):  
IQ

 test and score / 
N

 participants w
ith 

com
plete assessm

ent 

Period 2 (4-7 years):  
IQ

 test and score / 
N

 participants w
ith 

com
plete 

assessm
ent 

A
C

TIO
N

 
FV

G
, Tuscany, 

M
arche, Lazio and 

C
alabria 

Inclusion: term
-born  

Exclusion: foreign m
others  

2005-
2006 

Sam
e 

m
easure than 

for cases 

PA
R

C
A

-R
 (N

on-
verbal) / n=380 

N
ot available 

A
Y

LS  
C

ounty of U
usim

aa, 
Finnland 

Inclusion: A
n infant born after 

every second hospitalized infant 
and w

ithout evidence of neonatal 
illness w

as identified from
 one of 

the three biggest m
aternity 

hospitals in the study area during 
the sam

e period.  

1985/86  
Sam

e 
m

easure than 
for cases 

G
riffiths M

ental 
D

evelopm
ent Scale 

(D
Q

) / n=658 
N

ot available 

B
LS 

Southern B
avaria, 

G
erm

any 

Inclusion: H
ealthy infants w

ho 
w

ere cared for on the norm
al 

postnatal w
ards in the sam

e 
obstetric hospitals 

1985/86  
Sam

e 
m

easure than 
for cases 

G
riffiths M

ental 
D

evelopm
ent Scale 

(D
Q

) / n=916 

K
-A

B
C

 (M
PC

) / 
n=350 

EPIPA
G

E 2 
France 

Inclusion: selected sam
ple from

 the 
Elfe cohort of children born at or 
near term

 (>=37 w
ks)  

2011 
Sam

e 
m

easure than 
for cases 

N
ot available 

W
PPSI-IV

 (FSIQ
) / 

n=592 (1) 

EST 07  
W

hole Estonia 

Inclusion: term
 healthy infant 

m
atched w

ith the study group by 
sex. age and birth hospital 
Exclusion: Illness and intensive 
care requirem

ent w
ithin 1st w

eek of 
life.  

2007 
Sam

e 
m

easure than 
for cases 

B
ayley-III (cognitive 

score) / n=153 
N

ot available 

ETFO
L 

A
ll D

enm
ark 

Inclusion:  36-43 com
pleted w

eeks 
1994-
1995 

Sam
e 

m
easure than 

for cases 
N

ot available 
W

PPSI-R
 (FSIQ

) / 
n=76 



 
3 

EX
PR

ESS  
W

hole Sw
eden 

Inclusion: singleton at-term
 birth 

w
ith a 5-m

inute A
pgar score 

greater than 3 w
ith m

atching of 
control participants for place of 
living, sex, G

A
-adjusted day of 

birth +/- 14days, and m
aternal 

country of birth 
Exclusion: W

om
en delivering 

extrem
ely preterm

 but not residing 
in Sw

eden in study period. 
Term

inations of pregnancy and 
infants born outside of Sw

eden and 
transferred to Sw

eden for neonatal 
care 

2004-
2007 

Sam
e 

m
easure than 

for cases 

B
ayley-III (cognitive 

score) / n=370 
W

ISC
-IV

 (FSIQ
) / 

n=371 

PIPA
R

I 
Finland/Turku 
university hospital 

The parents of first boy and girl 
born in each w

eek w
as asked to 

take part in the study. If they 
refused. the parents of next boy/girl 
w

ere asked. Inclusion criteria w
ere 

1) birth w
eight ≥-2 SD

 according to 
age and gender specific Finnish 
grow

th charts 2) gestational age 
≥37 w

eeks at birth 3) the fam
ily 

lived inside the hospital catchm
ent 

area 4) the child w
as not adm

itted 
to neonatal care during the first 
w

eek of life 5) fam
ily w

as Finnish 
or Sw

edish speaking. 

2001-
2003 

D
ifferent 

m
easure /  

variable has 
been changed 
in the sam

e 
m

anner as for 
cases group 

B
SID

-II (M
D

I) / 
n=165 

W
PPSI-R

 (FSIQ
) / 

n=151 (2) 

(1) C
harles M

A
. Thierry X

. Lanoe JL. B
ois C

. D
ufourg M

N
. Popa R

. C
hem

inat M
. Zaros C

. G
eay B

. Int J Epidem
iol. 2020 A

pr 1;49(2):368-369j. doi: 
10.1093/ije/dyz227). 

(2) M
unck. P. H

aataja. L. M
aunu. J. Parkkola. R

. R
ikalainen. H

. Lapinleim
u. H

. &
 PIPA

R
I Study G

roup. C
ognitive outcom

e at 2 years of age in Finnish 
infants w

ith very low
 birth w

eight born betw
een 2001 and 2006. A

cta paediatrica. 2010; 99(3). 359-366. 
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Supplem
entary T

able S2 - Inform
ation on cognitive tests, scores and reference population by cohort and by age group 

C
ohort 

IQ
 test 

Score  
(a- A

ge-
based, 

scaled; b- 
R

aw
)* 

R
eference 

population  
(country, 

birth 
year) 

D
efinit

ion of 
cogniti

ve 
delay 

IQ
 test 

Score  
(a- A

ge-
based, 

scaled; b- 
R

aw
) 

R
eference 

population  
(country, 

birth 
year) 

D
efinit

ion of 
cogniti

ve 
delay 

IQ
 test 

Score  
(a- A

ge-
based, 

scaled; b- 
R

aw
) 

R
eference 

population  
(country, 

birth year) 

D
efinit

ion of 
cogniti

ve 
delay 

Inform
ation and 

references 

  
Infancy (2 to 3 years) 

E
arly childhood (4 to 7 years) 

L
ater childhood (8 to 15 years) 

 

A
C

TIO
N

  
PA

R
C

A
-R

 
non verbal 
cognition (0-
34) (b) 

N
one 

<22 (1) 
  

  
  

  
K

-A
B

C
 2 

M
PI (a) 

N
orm

s (Italy. 
collection in 
2007-2011) 

<-1SD
 

(<85) 

Infancy: <2.5th percentile of the 
term

 reference group w
as used : 

Johnson. S.. Evans. T. A
.. 

D
raper. E. S.. Field. D

. J.. 
M

anktelow
. B

. N
.. M

arlow
. N

.. 
... &

 B
oyle. E. M

. (2015). 
N

eurodevelopm
ental outcom

es 
follow

ing late and m
oderate 

prem
aturity: a population-based 

cohort study. A
rchives of 

D
isease in C

hildhood-Fetal and 
N

eonatal Edition. 100(4). F301-
F308. L

ater childhood: V
alente 

Torre L. K
A

B
C

-II. Studio 
italiano e norm

e prelim
inari. 

G
iunti O

.S. ed. January 2011). 

A
Y

LS  

G
riffiths 

M
ental 

D
evelopm

ent 
Scale 

D
Q

 (a) 
N

orm
s 

(Finland, 
1985)  

<-1SD
 

M
ultiple tests 

(C
M

M
,A

W
ST, 

and B
EER

Y
) 

IQ
 

com
posite 

score (a) 

N
orm

s 
(Finland, 
1985)  

<-1SD
 

  
  

  
  

  

B
EST-

B
LS  

G
riffiths 

M
ental 

D
evelopm

ent 
Scale 

D
Q

 (a) 
N

orm
s 

(B
avaria, 

1985) 
<-1SD

 
K

-A
B

C
 

M
PC

 (a) 
N

orm
s 

(B
avaria, 

1985) 
<-1SD

 
K

-A
B

C
 

M
PC

 (a) 
N

orm
s 

(B
avaria, 

1985) 
<-1SD
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EPIB
EL 

B
SID

-II 
M

D
I (a) 

N
orm

s 
(N

etherlands, 
1996-1999) 

<85(<-
1SD

) 
  

  
  

  
Shortened 
W

ISC
 III 

Intelligence 
score (a) 

N
orm

s 
(N

etherlands; 
n/a) 

<85 (<-
1SD

) 

Infancy: van der M
eulen B

F, 
R

uiter SA
, Spelberg LH

C
, 

Sm
rkovsky ´M

. B
ayley Scales of 

Infant D
evelopm

ent (B
SID

) – II. 
N

ederlandse versie. Lisse, The 
N

etherlands: Sw
ets Test 

Publishers; 2002. L
ater 

childhood: K
ort, W

., 
Schittekatte, M

., D
ekker, P.H

., 
V

erhaeghe, P., C
om

paan, E.L., 
B

osm
ans, M

. &
 V

erm
eir, G

.. 
(2005). W

ISC
-III 

N
L. H

andleiding en 
V

erantw
oording. London: The 

Psychological C
orporation. 

 R
eference abbreviated IQ

 score: 
R

eference abbreviated IQ
 score: 

G
regoire J (2000) C

om
parison 

of three short form
s of the 

W
echsler Intelligence Scale for 

C
hildren: third edition 

(W
ISC

III). Eur R
ev A

ppl 
Psychol 50:437–441 

EPIC
ure 

B
SID

-II 
M

D
I (a) 

N
orm

s (U
SA

, 
-) 

 <85 (<-
1SD

) 
K

-A
B

C
 

M
PC

 (a) 
N

orm
s (U

K
. 

late 1970s) or 
control 

<95 (<-
1SD

) 
(controls 

as 
reference

) 

K
-A

B
C

 
M

PC
 (a) 

C
ontrol 

<93 (<-
1SD

)  

Infancy: B
ayley N

. M
anual for 

the B
ayley Scales of Infant 

D
evelopm

ent. 2nd ed. San 
A

ntonio, Tex.: Psychological 
C

orporation, 1993 

EPIC
ure-

2 
B

ayley III 
M

D
I and 

predicted 
M

D
I (a) 

- 
 <85 (<-

1SD
) 

  
  

  
  

K
-A

B
C

 2 
M

PI (a) 
C

ontrol 
 <91 (<-

1SD
) 

Infancy: B
ayley III scores w

ere 
converted to a predicted m

ental 
developm

ental index because of 
difficulty in interpreting the 
results of B

ayley III assessm
ents 

as absolute values. See M
oore. 

T.. Johnson. S.. H
aider. S.. 

H
ennessy. E.. &

 M
arlow

. N
. 

(2012). R
elationship betw

een 
test scores using the second and 
third editions of the B

ayley 
Scales in extrem

ely preterm
 

children. The Journal of 
pediatrics. 160(4). 553-558. 

EPIPA
G

E 1   

revised 
B

runet-
Lezine 

D
Q

 (a) 
N

orm
s 

(France, -) 
 <85 (<-

1SD
) 

K
-A

B
C

 
M

PC
 (a) 

N
orm

s 
 <85 (<-

1SD
) 
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EPIPA
G

E 2  
A

SQ
 (5 

subscales) 
A

SQ
 score (0-

300) (b) 
N

one 

<-2SD
 

from
 the 

m
ean on 

any of 
the five 
dom

ains 
(2) 

W
PPSI IV

 
FSIQ

 (a) 
C

ontrol 
<85 (<-
1SD

) 
  

  
  

  

Infancy: Squire J. Tw
om

bly E. 
B

ricker D
. Potter L. A

SQ
-

3:U
ser’s guide. 

B
altim

oreB
rookes Publishing: 

A
ges &

 Stages Q
uestionnaires®

. 
Third Edition (A

SQ
-3TM

). 
2009. 
http://products.brookespublishin
g.com

/A
ges-Stages-

Q
uestionnaires-Third-Edition-

A
SQ

-3 P569.aspx. A
ccessed 

D
ecem

ber 28. 2016 

EPIC
E/S

H
IPS  

PA
R

C
A

-R
 

non verbal 
cognition (0-
34) (b) 

N
one 

<22 
A

SQ
 

Problem
 

solving 
subscale  

N
one 

<-2SD
 

  
  

  
  

Infancy: <2.5th percentile of the 
term

 reference group w
as used : 

Johnson. S.. Evans. T. A
.. 

D
raper. E. S.. Field. D

. J.. 
M

anktelow
. B

. N
.. M

arlow
. N

.. 
... &

 B
oyle. E. M

. (2015). 
N

eurodevelopm
ental outcom

es 
follow

ing late and m
oderate 

prem
aturity: a population-based 

cohort study. A
rchives of 

D
isease in C

hildhood-Fetal and 
N

eonatal Edition. 100(4). F301-
F308. E

arly childhood: Squire 
J. Tw

om
bly E. B

ricker D
. Potter 

L. A
SQ

-3:U
ser’s guide. 

B
altim

oreB
rookes Publishing: 

A
ges &

 Stages Q
uestionnaires®

. 
Third Edition (A

SQ
-3TM

). 
2009. 
http://products.brookespublishin
g.com

/A
ges-Stages-

Q
uestionnaires-Third-Edition-

A
SQ

-3 P569.aspx. 
A

ccessed D
ecem

ber 28. 2016 

EST 02-
03 

 
 

 
 

K
-A

B
C

 
M

PI  (a) 
N

orm
s 

(Estonia, 
2002-2003) 

 <85 (<-
1SD

) 
 

 
 

 
 

EST 07  
B

ayley III 
C

ognitive 
scale (a) 

N
orm

s 
(Estonia. 

2007) 

 <85 (<-
1SD

) 
K

-A
B

C
 2 

M
PI (a) 

N
orm

s 
(Estonia, 
2001) 

 <85 (<-
1SD

) 
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ETFO
L  

  
  

  
  

W
PPSI-R

 
FSIQ

 (a) 
C

ontrol 
<96 (-
1SD

)  
 

 
 

 
 

EX
PR

ES
S  

B
ayley III 

C
ognitive 

scale (a) 

C
ontrols 

(Sw
edish, 

2004-2007) 

 <85 (<-
1SD

) 
W

ISC
-IV

 
FSIQ

 (a) 
N

orm
s 

(Scandinavian
, n/a) 

 <85 (<-
1SD

) 
 

 
 

 
 

PEP 
  

  
  

  
W

PPSI-R
 

FSIQ
 (a) 

N
orm

s 
(Sw

eden,1999
) 

 <85 (<-
1SD

) 
 

 
 

 

E
arly childhood: W

echsler D
 

(1999) W
echsler preschool and 

prim
ary scale of intelligence-

revised (Sw
edish edition). 

Psykologforlaget A
B

.Stockholm
 

PIPA
R

I 
B

SID
-II 

M
D

I (a) 
N

orm
s (U

S, 
1993) and 
controls 

<85 (<-
1SD

) 
W

PPSI-R
 

FSIQ
 (a) 

N
orm

s 
(Finland; 
1995) and 
controls 

<85 (<-
1SD

) 
W

ISC
-IV

 
FSIQ

 (a) 
N

orm
s 

(Finland; 
2011) 

<90 (<-
0.68 SD

) 

L
ater childhood: W

echsler D
. 

W
echsler Intelligence Scale for 

C
hildren -IV

. K
äsikirja II. 

Teoriatausta. standardointi ja 
tulkinta (H

andbook II. 
Theoretical background. 
standardization and 
interpretation). Jyväskylä 
Psykologien 
K

ustannus 2011. 
* Tests asked in infancy included cognitive scale (PA

R
C

A
-R

/non verbal cognition; B
SID

-II/M
D

I; B
ayley-III/cognitive scale) and m

ultidom
ain scale (G

riffiths M
ental D

evelopm
ent Scale/D

Q
; 

A
SQ

/A
SQ

 score) 
(1) <2.5th percentile of the term

 reference group w
as used : Johnson, S., Evans, T. A

., D
raper, E. S., Field, D

. J., M
anktelow

, B
. N

., M
arlow

, N
., ... &

 B
oyle, E. M

. (2015). N
eurodevelopm

ental 
outcom

es follow
ing late and m

oderate prem
aturity: a population-based cohort study. A

rchives of D
isease in C

hildhood-Fetal and N
eonatal Edition, 100(4), F301-F308. 

 
 

(2) Squire J, Tw
om

bly E, B
ricker D

, Potter L. A
SQ

-3:U
ser’s guide. B

altim
oreB

rookes Publishing: A
ges &

 Stages Q
uestionnaires®

, Third Edition (A
SQ

-3TM
), 2009. 

http://products.brookespublishing.com
/A

ges-Stages-Q
uestionnaires-Third-Edition-A

SQ
-3 P569.aspx. 

A
ccessed D

ecem
ber 28, 2016" 
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Supplementary Table S3 - IQ scores and missing data by cohort and by age group 

Cohort 

Infancy (2 to 3 years) Early childhood (4 to 7 years) Later childhood (8 to 15 years) 

Missing 
data on 
IQ (%)1 

Complete 
assessme
nt (n) 

mean IQ 
(SD) 

Missing 
data on 
IQ (%)1 

Complete 
assessment 
(n) 

mean 
IQ (SD) 

Missing 
data on 
IQ (%)1 

Complete 
assessment 
(n) 

mean IQ 
(SD) 

ACTION  18.4 976 25.0 (4.0) n/a n/a n/a 9.1 731 98.1 (19.7) 

AYLS  9.4 58 93.0 (18.9) 22.6 48 91.7 (15.0) n/a n/a n/a 

BEST-BLS  16.1 329 88.9 (24.4) 32.5 264 84.8 (17.3) 30.4 272 87.6 (18.8) 

EPIBEL 19.5 62 79.6 (19.8) n/a n/a n/a 11.3 47 80.7 (18.5) 

EPICure 8.4 283 81.6 (14.4) 22 241 82.1 (19.2) 28.7 219 83.7 (18.0) 

EPICure-2 0 576 93.3 (15.2) n/a n/a n/a 19.5 161 85.3 (18.9) 

EPIPAGE 1   16.8 406 92.9 (14.7) 16.8 1535 93.5 (19.2) n/a n/a n/a 

EPIPAGE 2  0.3 1884 3 223.6 (44.4) 33.2 1968 95.8 (15.2) n/a n/a n/a 

EPICE/SHIPS  2.8 3345 25.5 (5.2) 3.7 2799 4 72.6 (19.3) n/a n/a n/a 

EST 02-03  n/a n/a n/a 19.7 49 87.1 (10.9) n/a n/a n/a 

EST 07  0.6 155 94.7 (15.5) 16.1 47 91.7 (18.8) n/a n/a n/a 

ETFOL  n/a n/a n/a 9 222 99.5 (15.5) n/a n/a n/a 

EXPRESS  19.4 398 94.3 (12.3) 26.1 359 83.9 (14.6) n/a n/a n/a 

PEP n/a n/a n/a 15.7 258 92.8 (15.5) n/a n/a n/a 

PIPARI 3.3 208 101.6 (14.6) 13 181 101.1 
(16.6) 11.1 176 87.8 (17.5) 

Abbreviation: n/a= not available             
(1) % of participants with missing data at assessment at FU       
(2) only 1 region did participate at the follow up at 2-3 years       
(3) exclusion of children with CP, deafness, blindness, or severe congenital brain malformations       
(4) ASQ was administrated to the entire sample. The WPPSI was administered to all GA<28 weeks (n=672 with complete assessment; mean: 91.5;  
SD 18.3) 
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Supplem
entary T

able S4 – R
esults from

 sensitivity analysis 
  

  
Infancy (2-3 years old) 

E
arly childhood (4-7 years old) 

Sub-groups 
N

 cohorts 
U

nadjusted SM
D

 
(low

 vs high) 
p-value* 

N
 cohorts 

U
nadjusted SM

D
 (low

 
vs high) 

p-value* 
(95%

 C
I) 

(95%
 C

I) 
M

easure of m
aternal educational 

level 
  

  
  

  
  

  
A

t birth 
6 

-0.31  

0.5951 
6 

-0.59  

0.8749 
(-0.46 ; -0.15) 

(-0.67; -0.51) 

  
A

t follow
-up 

5 
-0.38  

6 
-0.56  

(-0.59; -0.16) 
(-0.89; -0.24) 

Type of adm
inistration 

  
  

  
  

  
  

  
Parent report 

3 
-0.20  

 0.0004 
- 

- 
  

(-0.27; -0.14) 

  
Exam

iner 
8 

-0.49  
- 

- 
  

(-0.63; -0.34) 
Type of test 

  
  

  
  

  
  

  
C

ognitive test 
7 

-0.36  

0.6891 
- 

- 
  

(-0.53; -0.18) 

  
M

ulti-dom
ains test 

4 
-0.31 

- 
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(-0.49; -0.13) 

* 
Test for subgroup differences (random

 effects m
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Supplementary Figure S1 – Forest plot of standardized mean differences of unadjusted mean IQ 
scores (SMD and 95% CI) in children born <27 weeks of gestation  
 

a- Infancy (2-3 years old) 
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b- Early childhood (4-7 years old) 

 
c- Later childhood (8-15 years old) 
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Supplementary Figure S2 – Forest plot of standardized mean differences of unadjusted mean IQ 
scores (SMD and 95% CI) in children born ≥ 27 weeks of gestation 
 

a- Infancy (2-3 years old) 

 
b- Early childhood (4-7 years old) 
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c- Later childhood (8-15 years old) 
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Supplementary Figure S3 – Forest plot of standardized mean differences of adjusted mean IQ scores 
(SMD and 95% CI) in all VPT children 
 

a- Infancy (2-3 years old) 
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b- Early childhood (4-7 years old) 

 
c- Later childhood (8-15 years old) 
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Supplementary Figure S4 – Forest plot of standardized mean differences of adjusted mean IQ scores 
(SMD and 95% CI) in children born <27 weeks of gestation  
 

a- Infancy (2-3 years old) 
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b- Early childhood (4-7 years old) 

 
c- Later childhood (8-15 years old) 
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Supplementary Figure S5 – Forest plot of standardized mean differences of adjusted mean IQ scores 
(SMD and 95% CI) in children born ≥ 27 weeks of gestation 
 

a- Infancy (2-3 years old) 

 
b- Early childhood (4-7 years old) 
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c- Later childhood (8-15 years old) 
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Supplementary Figure S6 – Forest plot of standardized mean differences of unadjusted mean IQ 
scores (SMD and 95% CI) : VPT vs term controls 
 

a- Infancy (2-3 years old) 
i. Low education level vs high education level 

 
ii. Medium education level vs high education level 
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b- Early childhood (4-7 years old) 
i. Low education level vs high education level 

 
ii. Medium education level vs high education level 
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Supplementary Figure S7 – Forest plot of standardized mean differences of adjusted mean IQ scores 
(SMD and 95% CI) in term controls  
 

a- Infancy (2-3 years old) 

 
b- Early childhood (4-7 years old) 

 
Note: estimates were unadjusted in EPIPAGE2 
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Supplementary Figure 8 – Forest plot of Relative Risk for cognitive deficit by maternal educational 
group (and 95% CI) in all VPT children  
 

a- Infancy (2-3 years old) 
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b- Early childhood (4-7 years old) 

 
c- Later childhood (8-15 years old) 
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Supplementary Figure S9 – Forest plot of standardized mean differences of unadjusted mean IQ 
scores (SMD and 95% CI) in children without neonatal morbidities 
  

a- Infancy (2-3 years old) 

 
 

b- Early childhood (4-7 years old) 
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Supplementary Figure S10 – Forest plot of standardized mean differences of adjusted mean IQ 
scores (SMD and 95% CI) in children without neonatal morbidities  
 

a- Infancy (2-3 years old) 

 
 
b- Early childhood (4-7 years old) 
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Supplementary Figure S11 – Forest plots of the results of the leave-one-out sensitivity analysis 
(standardized mean differences of unadjusted mean IQ scores) applied when meta-analyses with high 
heterogeneity (I2>50%) 
 
a- Unadjusted SMDs in all VPT children in infancy (2-3 years old) ; comparison groups : low 

education vs high education  

 
 
b- Unadjusted SMDs in all VPT children in early childhood (4-7 years old); comparison groups : 

medium education vs high education  

 
 
 
 


