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CONTRIBUTION

What are the novel findings of this work?
Birth-weight centile is associated positively with school
performance at 12 years of age, well beyond the con-
ventional cut-off for small-for-gestational age, with
highest school performance achieved at the 81st –85th

birth-weight centiles. We hypothesize that reduced
placental function and associated fetal growth restriction
is the central mechanism underlying this association.

What are the clinical implications of this work?
Improved tools to diagnose (subclinical) fetal growth
restriction, other than fetal size, are needed to better
identify fetuses and children at increased risk of adverse
perinatal and long-term outcomes, and to target pre- and
postnatal care more accurately.

ABSTRACT

Objective Birth weight, fetal growth and placental
function influence cognitive development. The gradient
of these associations is understudied, especially among
those with a birth weight considered appropriate-
for-gestational age. The aim of this study was to
evaluate the associations between birth-weight centile
and intellectual development in term/near-term infants
across the entire birth-weight spectrum, in order to
provide a basis for better understanding of the long-term
implications of fetal growth restriction and reduced
placental function.
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Methods This was a population-based cohort study
of 266 440 liveborn singletons from uncomplicated
pregnancies, delivered between 36 and 42 weeks of
gestation. Perinatal data were obtained from the Dutch
Perinatal Registry over the period 2003–2008 and
educational data for children aged approximately 12 years
were obtained from Statistics Netherlands over the period
2016–2019. Regression analyses were conducted to
assess the association of birth-weight centile with school
performance. The primary outcomes were mean school
performance score, on a scale of 501–550, and proportion
of children who reached higher secondary school level.

Results Mean school performance score increased grad-
ually with increasing birth-weight centile, from 533.6
in the 1st –5th birth-weight-centile group to 536.8 in
the 81st –85th birth-weight-centile group. Likewise, the
proportion of children at higher secondary school level
increased with birth-weight centile, from 43% to 57%.
Compared with the 81st –85th birth-weight-centile group,
mean school performance score and proportion of chil-
dren at higher secondary school level were significantly
lower in all birth-weight-centile groups below the 80th

centile, after adjusting for confounding factors.

Conclusions Birth-weight centile is associated positively
with school performance at 12 years of age across
the entire birth-weight spectrum, well beyond the
conventional and arbitrary cut-offs for suspected fetal
growth restriction. This underlines the importance of
developing better tools to diagnose fetal growth restriction
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and reduced placental function, and to identify those at
risk for associated short- and long-term consequences.
© 2023 The Authors. Ultrasound in Obstetrics &
Gynecology published by John Wiley & Sons Ltd on
behalf of International Society of Ultrasound in Obstetrics
and Gynecology.

INTRODUCTION

Birth weight is correlated strongly with postnatal
outcomes, including long-term health and neurodevel-
opment1–3. The negative association between low birth
weight and neurocognitive development is best estab-
lished in those born preterm and small-for-gestational
age (SGA) (birth weight < 10th centile)3–6. Among those
born at term and considered appropriate-for-gestational
age (AGA; birth weight between 10th and 90th centiles),
however, the associations with long-term development
and educational outcome are relatively unexplored, as
most studies have focused on the impact of gestational
age at delivery instead of birth weight7–9.

Birth weight is a product of fetal growth and is
influenced negatively by reduced placental function. This
is most obvious in the case of fetal growth restriction
(FGR), which refers to the fetus not reaching it biological
growth potential, with reduced placental function as the
main underlying mechanism10,11. Whilst FGR is more
prevalent among SGA fetuses, reduced placental function
is also present in a substantial number of term pregnancies
that lead to a birth weight considered AGA12,13. This is
reflected in the absence of a specific centile cut-off above
which the effects of FGR are not felt12,14.

In this paper, we report on the association between
birth-weight centile in uncomplicated term/near-term
births across the entire birth-weight spectrum and
intellectual development as expressed by school perfor-
mance at the age of 12 years. We hypothesized that this
association extends beyond the arbitrary cut-off for SGA,
similar to other adverse outcomes of reduced placental
function, which would serve as a basis for better under-
standing of the long-term developmental implications of
FGR.

METHODS

This was a population-based cohort study using linked
data from The Netherlands Perinatal Registry (Perined)
and Statistics Netherlands. Perinatal data were obtained
through a validated linkage of three national registries:
the midwifery, obstetrics and neonatology registries15.
Perined covers approximately 96–97% of all deliveries
in The Netherlands; variables in the registry are recorded
by caregivers. The data are submitted annually to the
national registry office, where a number of range and
consistency checks are conducted16. Statistics Netherlands
stores all data collected by the Dutch government and
many public bodies. Linkage between Perined data and
Statistics Netherlands’ Personal Record Database at the

individual level was performed by Statistics Netherlands
in their secure research environment using data of the
mother, date of birth and sex of the child, and the
four-digit postal code, providing a unique number for the
mother and the child (97% successful linkage). Based on
the unique personal number for the child, other databases
within the secure environment could be merged. Approval
for the use of the data for this study was obtained
from Perined (number 19.43) and Statistics Netherlands
(project 8617). Under Dutch law, no separate ethical
approval was required.

This study included all liveborn singletons delivered
between 36 + 0 and 42 + 0 weeks of gestation. Since
educational performance is associated strongly with
ethnicity and underlying socioeconomic factors, we
aimed to create a fairly homogeneous population to study
the association. We restricted our analysis to children of
the most common ethnic subpopulation in The Nether-
lands: Dutch and other Western women. We will refer
henceforth to this group as white women17. We excluded
children with congenital abnormalities and those born
from a pregnancy complicated by a hypertensive disorder
(HDP) or diabetes mellitus (DM), thus creating a
relatively uncomplicated population. HDP was defined in
compliance with contemporary international literature18.
DM included Type-1, Type-2 and gestational DM.

The outcome of interest was school performance
measured on a standardized test developed by the Central
Institute of Test Development (Cito), taken at the end of
primary school education19. The Dutch education system
differs from that of many other countries in that at the end
of primary school, at around 12 years of age, children are
divided into four different levels of secondary education
according to their intellectual ability. All children in
regular primary education in The Netherlands are obliged
to take a test that is recognized officially by the Dutch
government in order to guide their entrance into one
of the four levels of secondary education. The Cito
school performance test is the most common test, taken
by approximately two-thirds of all children20. It covers
language, arithmetic/mathematics and study skills. The
school performance score ranges from 501 to 550, with
a mean of 535. A score of 501–536 translates into
prevocational secondary school level (referred to in this
paper as lower), while a score of 537 or higher translates
into senior general or preuniversity secondary school level
(referred to in this paper as higher). Schools are obliged
to report overall scores to the national education registry;
reporting of scores of individual children is voluntary.
Approximately 50–60% of schools report individual
scores to the national registry20.

We used the individual education data of children
aged around 12 years from the most recently available
4-year period (January 2016–December 2019) to match
the cohort born between 2003 and 2008. For children
who attend special schooling, a standardized school
achievement test was not obligatory until 2020. Therefore,
these children were not systematically included in this
study.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2023; 61: 458–465.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Birth weight was divided into centiles according to
the sex-stratified Hoftiezer birth-weight charts21,22.
Gestational age was based on the crown–rump length
measured during early pregnancy (dating) ultrasound
assessment. In the rare case that this measurement was
not available, gestational age was estimated based on
the first day of the last menstrual period. Parity was
categorized as nulliparous (parity 0), primiparous (parity
1) or multiparous (parity ≥ 2). Socioeconomic status
(SES) or neighborhood deprivation score was based on
household income, education level and unemployment
level and was expressed in quintiles, whereby Quintile 1
was the most deprived and Quintile 5 the least deprived.

Statistical analysis

Data were analyzed in the microdata environment of
Statistics Netherlands. Analysis was conducted with SPSS
version 25 for Windows (IBM Corp., Armonk, NY, USA)
and R version 3.6.2 (R Foundation for Statistical Comput-
ing Platform, Vienna, Austria). Baseline characteristics,
mean school performance score and proportions of chil-
dren at each level of secondary education were calculated
for all birth-weight-centile groups and compared using
one-way ANOVA or the chi-square test, as appropriate.

To examine the association between birth-weight
centile and school performance, mean school perfor-
mance score with corresponding 95% CI was calculated
for each five-centile-point interval of birth weight on
the Hoftiezer scale. The Hoftiezer birth-weight-centile
group with the highest mean school performance score
in all children was determined. This was considered the
birth-weight optimum for school performance and used
as reference category. Mean school performance score for
each Hoftiezer birth-weight-centile group was compared
with the reference group using linear regression analysis,
unadjusted and adjusted for maternal age, parity, SES,
fetal sex and duration of pregnancy. Similarly, we
examined the proportion of children that reached higher
secondary school level across the birth-weight-centile
groups using logistic regression analysis.

A sensitivity analysis was conducted by excluding
children born after iatrogenic start of delivery (either
induction of labor or prelabor Cesarean section). A
second sensitivity analysis was performed in which
children born at 36–37 weeks’ gestation and those with a
birth weight < 10th centile according to their gestational
age and sex were excluded. Results were considered
significant when P < 0.05.

RESULTS

Population

School performance data were available for 451 717 chil-
dren between 2016 and 2019. For 374 239 (83%) of these
children, perinatal data were available between 2003
and 2008 in Perined. Of these children, 358 891 were
born between 36 + 0 and 42 + 6 weeks of gestation, of
whom we selected all 349 996 singletons. After exclusion

of children with congenital abnormalities (n = 5464),
those with unknown birth weight or birth-weight centile
(n = 10 454), those born from a pregnancy complicated
by DM (n = 2955) or HDP (n = 18 517) and those with
non-white mothers (n = 46 116), 266 440 children born
between 36 + 0 and 42 + 0 weeks remained for analysis
(Figure S1).

Table S1 compares characteristics of the linked and
non-linked groups. Children with school performance
data who were not documented in the perinatal registry,
likely because they were born before 2003, after 2008
or outside The Netherlands, had a lower mean school
performance score compared to children with linked peri-
natal and educational data (533.8 vs 535.4; P < 0.001).
Perinatal characteristics of children without education
data available between 2016 and 2019, largely because
they attended schools that used a different performance
test, were comparable in absolute terms to those of
linked children, even though associated P-values were
significant, likely because of large sample size.

The characteristics of the linked study population by
birth-weight-centile group are summarized in Table 1.
Women with an infant ≤ 3rd birth-weight centile
were slightly younger (mean, 30.5 years) compared
to those with an infant > 90th birth-weight centile
(mean, 31.8 years). First-born children more often had a
birth-weight centile below average compared with second-
or later-born children. With increasing birth-weight cen-
tile, the proportion of first-borns decreased (64% among
those with birth weight ≤ 3rd centile vs 28% among
those with a birth weight > 90th centile). Iatrogenic
start of delivery was more frequent among those with
a birth weight ≤ 3rd centile (25%) or > 90th centile
(19%), compared to those with a birth weight between
the 4th and 90th centiles (12–14%). The proportion
of children born in a more favorable socioeconomic
situation increased with increasing birth-weight centile.
Mean gestational age at delivery was 39 + 6 weeks and
this was similar across all birth-weight-centile groups.

School performance score according to birth weight

On the scale of 501–550, the mean ± SD school perfor-
mance score for all children in the linked population was
536.0 ± 9.6 (Table 1). Figure 1 shows the distribution
of school performance score by birth-weight centile,
grouped into five-point intervals. Mean school perfor-
mance score was lowest for the 1st –5th centile group
(533.6) and increased gradually up to the 81st –85th

centile group, at which the highest score was recorded
(536.8). The 81st –85th centile group was considered the
optimal birth weight for school performance and was
used as reference category in subsequent analyses. When
adjusted for maternal age, parity, SES, fetal sex and
duration of pregnancy, mean school performance score
was significantly lower in all birth-weight groups between
the 1st and 80th centiles (P < 0.001–0.02) compared
with the optimum birth weight for school performance
(Figure 2, Table S2). On adjusted analysis, children in

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2023; 61: 458–465.
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the 16th –20th and 26th –30th birth-weight-centile groups
scored −1.3 (95% CI, −1.6 to −1.1) and −1.2 (95% CI,
−1.4 to −1.0) lower, respectively, on the standardized
school performance test compared with those in the
81st –85th birth-weight-centile group. Mean school
performance score was not significantly different from
the optimum in the birth-weight groups between the
86th and 100th centiles (P = 0.15–0.95). Stratification by
duration of pregnancy in weeks revealed similar trends,
with higher mean school performance scores across the
entire birth-weight range for each incremental increase
in duration of pregnancy (Figure 3). Children born at
41 weeks had on average the highest mean school per-
formance scores across the birth-weight range. Sensitivity
analyses showed very similar results (Table S3).

Secondary school level according to birth weight

In the whole population, 53% reached higher secondary
school level (Table 1). The proportion of children
reaching higher secondary school level increased with
increasing birth-weight centile (Figure 4). Among the
children born with a birth weight ≤ 5th centile, 43%
qualified for the higher level, compared with 57% of
those in the 81st –85th birth-weight-centile group. Logistic
regression analysis, both crude and adjusted for maternal

age, parity, SES, fetal sex and duration of pregnancy,
showed significantly reduced rates of higher secondary
school level attainment in all birth-weight groups
between the 1st and 80th centiles (adjusted odds ratio,
0.55–0.92; all P < 0.01) compared with the 81st –85th

birth-weight-centile group (Figure 2, Table S4). Sensitivity
analyses showed very similar results (Tables S5 and S6).

DISCUSSION

Principal findings

Birth-weight centile is associated significantly with school
performance well beyond the arbitrary cut-off for SGA.
The 81st –85th birth-weight-centile group showed the
highest school performance, with all lower birth-weight
groups scoring significantly lower on the standardized
school performance test. Our analysis showed a difference
of 25% in the proportion of children reaching higher
secondary school level between term births across the
birth-weight spectrum.

Strengths and limitations

This study used data from the large, well-maintained,
population-based national perinatal registry, combined
with national data on school performance. The sample
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Birth weight at term and school performance 463

size is large and we selected a fairly homogeneous
group of women. This study is unique in its approach,
as we examined school performance across the entire
spectrum of birth weight and in relation to duration of
pregnancy among term/near-term pregnancies. Collection
of data on intellectual development was independent of
perinatal history. We used robust statistical methods to
test the observed differences and to correct for obvious
confounders, such as maternal age, parity and SES.

We identified a number of limitations. First, our
findings are associations and do not imply necessar-
ily causality. However, we corrected for alternative
explanations of educational outcome by adjusting for
demographic and familial factors, and excluded maternal
ethnicity and disease as sources of variation in birth
weight and educational performance from our sample23.
Second, our analyses depended on the availability of indi-
vidual school performance scores at the end of primary
school. Thus, children that needed special education
because they did not meet the cognitive or behavioral
requirements for entering or completing routine primary
school were not all accounted for in our analysis24. It

is likely that the exclusion of children who did not meet
the requirements for regular primary schooling resulted
in more conservative rather than exaggerated estimates
of the effect of birth weight on school performance, as
low birth weight is associated with increased risk of
cognitive or behavioral problems3. Also, as schools are
not obliged to report individual scores, we cannot rule out
a possible selection bias and an underestimation of the
true effect size20. Third, no data were available regarding
placental function, such as Doppler vascular resistance
measurements or sequential ultrasound measurements,
limiting our ability to support our theory of reduced
placental function with physiological evidence. Finally,
no information was available in the perinatal registry
on maternal smoking, height or body mass index, which
are associated with birth weight and gestational age at
delivery. This may have left some residual confounding.

Comparison with literature

Our findings are consistent with those of previous studies
that showed that a birth weight below the 10th centile
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is associated with lower school performance4,6,25,26.
Moreover, they corroborate the study by Murthy et al.4,
which found that a birth weight up to the 25th centile is
associated significantly with lower school test scores and
a higher likelihood of disability classification in school,
in those born between 23 and 41 weeks’ gestation. A
Swedish study reported similar results in a term popu-
lation and concluded that not only children born with
moderate-to-severe SGA, but also those born with mild
SGA (corresponding to birth weight between the 2.3rd

and 15.9th centiles), are at an increased risk of performing
poorly in compulsory school6. In contrast with the pub-
lished literature, we found that the association between
birth weight and school performance continues through-
out the entire birth-weight spectrum, and that those
classified as AGA, with birth weights up to the 76th –80th

centiles, are still at increased risk for lower school per-
formance. Our results confirm the finding of a smaller
Australian cohort study that a quadratic association exists
between birth-weight centile and reading and numeracy
scores, with the highest score achieved at the 66th centile23.

Interpretation

We hypothesize that placental function, in determining
the ability of a fetus to reach its growth and develop-
mental potential, is the central mechanism underlying the
progressively positive association of birth-weight centile
with school performance, up to the 81st –85th centiles12.
Reduced placental function and subsequent (subclinical)
FGR are most prevalent among the lowest birth-weight
centiles, but also exist among those with a birth weight
considered AGA, with a distribution across birth-weight
centiles similar to that reported in the present study
for educational performance12,14. This is explained by
the fact that in late pregnancy, the interval between the
development of metabolic insufficiency and respiratory
insufficiency is typically short, leading to a fetal size
within the normal range when fetal hypoxia occurs11.

This study shows that those children with a birth weight
at the lowest end of the spectrum have considerably
poorer educational performance compared to those with
an above-average birth weight. Among children with birth
weights considered AGA but below the optimum identi-
fied in this study, differences in educational performance
are relatively small for the individual child and effect size
might seem negligible. However, on a population level,
the 3–14% difference in the proportion of children at
higher secondary school level between those at different
birth-weight centiles among children with a birth weight
considered AGA is considerable, with potential social and
economic impacts. Additionally, following this hypothesis
of placental function as the underlying factor, a child
with a birth weight considered AGA, but suffering from
reduced placental function, might be at a similar level of
risk for decreased school performance as a child with a
birth weight below the 3rd centile. On a population level,
these risks are obscured by the decreasing prevalence of
reduced placental function with increasing birth-weight

centile. This underlines the importance of not relying
solely on birth-weight centile to estimate perinatal and
long-term risks and to target pre- and postnatal manage-
ment11. Functional markers of placental performance,
including Doppler vascular resistance measurements and
biomarkers, or methods that estimate individual growth
potential, could be useful in detecting fetuses at risk for
short- and long-term consequences, but further evidence,
including from intervention studies, is needed27,28.

In conclusion, in a large cohort of term/near-term
infants, we found that birth-weight centile is associated
positively with school performance across the entire
birth-weight spectrum, with an optimum at the 81st –85th

centiles. This highlights the importance of fetal growth
and placental function across the birth-weight spectrum
and calls for better tools to identify those with reduced
placental function at all birth-weight centiles.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Figure S1 Flowchart summarizing inclusion in the linked study population.

Table S1 Pregnancy and school performance characteristics of children in the perinatal registry in 2003–2008
with a Cito school performance score in 2016–2019 (linked population), children in the perinatal registry in
2003–2008 without a Cito school performance score in 2016–2019 (non-linked Group A) and children with
a Cito school performance score in 2016–2019 not documented in the perinatal registry in 2003–2008
(non-linked Group B)

Table S2 Crude and adjusted linear regression analysis of association between birth-weight centile and mean
school performance score at 12 years of age, in 266 440 liveborn singletons delivered between 36 and
42 weeks of gestation

Table S3 Crude and adjusted linear regression analysis of association between birth-weight centile and mean
school performance score at 12 years of age, excluding children born after iatrogenic start of delivery
(sensitivity analysis 1), or excluding children born at 36–37 weeks and those with a birth weight ≤ 10th centile
(sensitivity analysis 2)

Table S4 Crude and adjusted logistic regression analysis of association between birth-weight centile and
proportion of children at higher secondary school level at 12 years of age, in 266 440 liveborn singletons
delivered between 36 and 42 weeks of gestation

Table S5 Crude and adjusted logistic regression analysis of association between birth-weight centile and
proportion of children at higher secondary school level at 12 years of age, excluding children born after
iatrogenic start of delivery (sensitivity analysis 1), or excluding children born at 36–37 weeks and those with a
birth weight ≤ 10th centile (sensitivity analysis 2)

Table S6 School performance characteristics of the linked study population, excluding children born after
iatrogenic start of delivery (sensitivity analysis 1), or excluding children born at 36–37 weeks and those with a
birth weight ≤ 10th centile (sensitivity analysis 2)
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