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ABSTRACT

Objective To investigate the effect of gestational age
on special education use at primary school age, and to
examine specific groups with elevated risk.

Design, setting and patients Population-

based matched cohort study linking data from the

Dutch national perinatal registry (PERINED) of all
singleton surviving children without major congenital
abnormalities, born between 25 and 42% weeks

of gestation between 1999 and 2009, with data of

the mandatory special education registry of Statistics
Netherlands.

Main outcome measures Use of special education at
primary school age.

Results 1814540 children were included. Overall
prevalence of special education was 6.6%, with highest
rates in children born at 25 weeks (34.7%) and lowest
at 40 weeks (5.7%). Elevated adjusted ORs for special
education compared with the reference of 40 weeks
were found in all gestational age groups (25-29 weeks,
30-31 weeks, 32-36 weeks, 37-39 weeks and 41-42
weeks), with the highest adjusted OR (3.50 (95%

Cl, 3.26 t0 3.77)) in children born at 2529 weeks.
Comparable ORs were obtained after 1 to 1 exact
matching with controls born at 40 weeks. Low maternal
education, male sex, small for gestational age and 5-min
Apgar score<7 increased special education use at week
25 and above.

Conclusion There is a strong inverse effect of
gestational age on special education use in this complete
nationwide, decennium birth cohort. Increased risk of
special education use is still present in late preterms and
those born at early-term or post-term.

INTRODUCTION

Based on estimates from 2020, global prevalence
of preterm birth was 9.9%, which amounts to
13.4 million live births before a gestational age
(GA) of 37 weeks.! Preterm birth is associated with
cognitive, sensory, neuromotor and behavioural
disabilities,” which may lead to special educational
needs (SEN). SEN is more common among chil-
dren born preterm, especially in those born at the
lowest end of prematurity.’ A study by van Beek et
al demonstrated both lower academic attainment
test scores and higher special education (SE) partic-
ipation in a population-based cohort of preterm
children born at 25% to 29%7 weeks of gestation,
compared with term controls.* SEN, however, is
not restricted to the very preterm population and
occurs also in elevated rates in those born in late
prematurity compared with those born at term.”™
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Use of special education is more common
among children born preterm, especially in
those born at the lowest end of prematurity.

= Unbiased and complete data on special
education use over the full range gestation is
of importance to midwives, gynaecologists,
paediatricians, but also to parents, other
caregivers, teachers, policymakers and society.

WHAT THIS STUDY ADDS

= This large study with robust data shows a
strong effect of gestational age on special
education use over the full range of gestation,
with highest risk among very preterm born but
still increased risk in children born at early term
(37-39 weeks) or post-term (41-42 weeks)
compared with those born at 40 weeks.
Besides gestational age, low maternal
education, male sex, being born small for
gestational age and 5-min Apgar score<7 are
independent risk factors that contribute to the
risk of special education use, particularly in
children born above 32-34 weeks.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Special education is valuable as an endpoint in
research on long-term effects of interventions
studied in randomised trials in perinatal and
neonatal medicine.

Given that the late preterm population makes up
the largest part of the total preterm population,
disabilities at both ends of prematurity are of rele-
vance.” Apart from low GA, risk factors for SEN
are birth weight below the 10th percentile (small
for gestational age; SGA), low socioeconomic status
(SES), low maternal education and male sex.? 1!

Care for children with SEN ranges, according
to national policies, from support in mainstream
classrooms to special school placement. In the
Netherlands, SE schools are available for children
with more severe special needs' and registration
of placement in mainstream and SE schools is
obligatory.

Unbiased data on SE use over the full range
gestation is of importance to gynaecologists, paedi-
atricians, but also to caregivers, teachers, poli-
cymakers and society. Therefore, the aim of this
study is to investigate the effect of GA at birth
on SE use at primary school age in a nation-wide
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decennium birth cohort. We linked mandatory SE data to the
perinatal registry, and we used matching strategies to control
for confounding. We also aimed to get more insight into risk or
protective factors contributing to or mitigating the GA risk for
SE use in primary education.

METHODS

Design and data sources

We performed a population-based matched cohort study by data
linkage. Data sources included the national perinatal registry
(PERINED; www.perined.nl), data of the SE registry and the
mortality registry before age 15 years (Statistics Netherlands).
The perinatal registry is population based, and the completeness
of the perinatal registry is 96-97%. Completing entries in the
national special education registries (INSCHRWECTAB and
INSCHRWPOTAB) of Statistics Netherlands is mandatory.

Study population

All live born, surviving singletons over a decade (1999-2009)
with a GA at birth of 25" to 42*° weeks and in whom linkage
between the perinatal registry and the Personal Records Data-
base was possible, were included in the study. Children with
major congenital anomalies and children deceased before the age
of 15 were excluded.

Outcome measurement

Primary education in the Netherlands is mandatory and both
mainstream education and schools for SE are financed by the
Dutch government.

SE in the Netherlands has two distinct forms. The first form has
mainstream educational goals (special primary education; SPE)
and is intended for children with mild cognitive and behavioural
problems, (www.government.nl/topics/primary-education/types-
of-primary-school). These schools have smaller classes, with
more educational support. The second form has no mainstream
educational goals (formal SE) and is intended for children with
severe visual impairment, severe hearing impairment, problems
with speech or communication, physical or mental retardation
and/or learning difficulties, or severe behavioural and/or psychi-
atric problems. The approval of SE and the choice of schooling
system is made by educational indication committees.

All SE schools have an obligation to register that a particular
child attends their school in the national registry in a specific
year. For the main purpose of this paper both SPE and formal
SE were taken together and reported as SE use. If a child visited
both systems in the course of their primary school age this was
identified, but for the primary outcome this was counted only
once.

Special support in mainstream education was not counted as
SE

Gestational age

GA was measured in completed weeks of gestation. For instance,
40 weeks indicate 40.0-40.6 weeks. GA was also used in combi-
nations of weeks (25-29, 30-31, 32-36, 37-39, 40 and 41-42
weeks). 40 weeks was used as the reference.

Covariates

The following characteristics were examined as covariates and
potential confounders: sex (female, male); maternal education
(classified as high (university or applied science), intermediate
(secondary vocational education or senior general educa-
tion), low (primary school or lower vocational education)

or unknown maternal education; maternal age (measured in
year, entered as continuous and categorised into four groups;
<24 years, 24-30 years, 31-35 years and =36 years); parity
(divided into PO (nulliparous), P1 and P2 +); maternal ethnicity
(Western and non-Western); SES (this is area based and defined
by the Netherlands Institute of Social Research into quintiles
with Q1 being least affluent (very low SES) and QS being most
affluent (very high SES); birth weight centile according to the
Hoftiezer reference charts'* (whereby SGAp10 was a birth
weight below the 10th percentile and large for gestational
age (LGA)p9S was a birth weight equal to or above the 95th
percentile for sex and GA); and 5-min Apgar score (AS) (risk
scores categorised into <7and <4). In addition, the year of
birth was used.

In 55% of the women, maternal education level was missing in
the Statistics Netherlands registry of highest achieved education.
Therefore, a dummy variable indicating an unknown maternal
education was used as a separate variable in the adjustment anal-
ysis. The proportion of missing values for the other covariates
maternal age and SES was<1.0%. These variables were imputed
with the chained equations approach.

Statistical analysis

Individual record linkage of the PERINED registry was done by
a personal identification code (Random Identification Number,
of the mother and the child) from the Personal Records Data-
base (Basisregistratie Personen) within the secure environment
of Statistics Netherlands (www.microdata.nl). Deterministic
linkage is based on three variables: date of birth of mother, date
of birth of child and four-digit zip code.

Maternal and child characteristics were analysed by groups of
GA. Categorical variables were expressed as N and % and tested
with the % test. Mean and SD were reported for continuous
variables and tested with a t-test.

Percentage rates for SE use were calculated both for whole
weeks of GA separately from 25 to 42 weeks and for the six
groups of GA.

These analyses were done for SE total and separately for SPE
and formal SE

Logistic regression was used to calculate unadjusted ORs for
SE use, for the grouped GA, using the group born at 40 weeks
as a reference.

Then, adjusted ORs (aOR) for SE use by GA groups were
calculated. We first adjusted for sex of the child, parity, maternal
age, ethnicity, SES, maternal education and year of birth. In addi-
tion, we adjusted for SGAp10, LGAp9S and 5-min AS<7.

All adjustment factors were tested for interaction with GA. If
an interaction factor was significant then a stratified analysis of
SE use by week of gestation was performed. Ratios for SE use in
high risk compared with non-high risk groups were calculated
by week of gestation.

Matching minimises bias. Every mother—preterm child pair
was matched to a combination of mother and child born at
40 weeks. 1 to 1 exact matching was performed separately for
the three groups of preterm birth (25-29 weeks; 30-31 weeks;
32-36 weeks) and the reference group of 40 weeks. Matching
variables included maternal age groups, parity, maternal educa-
tion, SES in quintiles, maternal ethnicity, sex of the child and
year of birth.

Statistical analyses were conducted using SPSS (25.0) and R
and RStudio (4.2.3) within the secure environment of Statistics
Netherlands. Results are based on calculations using non-public
microdata from Statistics Netherlands.
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a GA in weeks and percentage of all SE use at primary school
age
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b GA in weeks and percentage of use of formal SE and SPE at
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m formal SE

Figure 1
weeks and percentage use of formal special education (SE) and special prima
between formal SE and SPE.

RESULTS

A total of 1988261 children were born in the Netherlands
between 1999 and 2009. After excluding multiple births, 96.1%
of the singletons in the perinatal registry could be linked to
Statistics Netherlands. 1814540 infants were included in the
analysis (online supplemental figure 1).

ool age*

AN [
35 36 37 38 39 40 41 42 Total

SPE

(a) Gestational age (GA) in weeks and percentage of all special education (SE) use at primary school age, (b) gestational age (GA) in

ry education (SPE) at primary school age separately. *Possible overlap

Within this cohort, 100268 (5.5%) were born preterm (<37
weeks). Compared with mothers that delivered at 40 weeks,
mothers that delivered at 25-29 weeks were more often younger
(13.4% vs 8.3%), nulliparous (62.9% vs 44.2%), of low educa-
tion (13.4% vs 8.4%), of very low SES (24.7% vs 18.3%) and
of non-Western ethnicity (23.9% vs 15.2%). Children born at

Table 2 Unadjusted and adjusted ORs for special education use of gestational age groups over the full range of gestation within the birth cohort

1999-2009

Special education use

OR (95% CI) OR (95% Cl) OR (95% CI)

Gestational age (weeks) N n % Unadjusted Adjustment* Adjustmentt
25-29 4918 1083 22.0 4.66 (4.35 t0 4.99) 4.36 (4.06 to 4.69) 3.50 (3.26 t0 3.77)
30-31 5712 876 15.3 2.99 (2.78 t0 3.22 2.71 (2.51 10 2.92) 2.24(2.08 t0 2.42)
32-36 89638 8922 10.0 1.82 (1.78 t0 1.87) 1.69 (1.64 t0 1.73) 1.61 (1.57 to 1.65)
37-39 787415 54717 6.9 1.23(1.21 t0 1.25) 1.18 (1.17 t0 1.20) 1.18 (1.17 t0 1.20)
40 505938 28908 5.7 1.00 (reference) 1.00 (reference) 1.00 (reference)
41-42 420919 24358 5.8 1.01 (1.00 to 1.03) 1.02 (1.00 to 1.04) 1.03 (1.01 to 1.05)
Total 1814540 118864 6.6

*Adjusted for sex of the child, parity, maternal age, ethnicity, socioeconomic status, maternal education and year of birth.
tAdjusted for * and small for gestational age <p10, large for gestational age =p95 and 5-min Apgar score<7.
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Table 3  ORs for special education use of preterm gestational age groups after matching all mother—preterm child pairs with a mother and child

born at 40 weeks

Matching group 40 weeks of gestation

Special education use

OR (95% CI) OR (95% CI) OR (95% ClI)
Gestational age (weeks) N N Unadjusted Adjustment* Adjustmentt
25-29 4918 4918 3.81(3.35t04.34) 4.07 (3.56 to 4.65) 3.50 (3.05 to 4.03)
30-31 5712 5712 2.53(2.23102.87) 2.64 (2.32 t0 3.00) 2.24 (1.95 to 2.56)
32-36 89638 89638 1.62 (1.57 t0 16.7) 1.65 (1.60 to 1.71) 1.57 (1.51 to 1.62)

*Adjusted for sex of the child, parity, maternal age, ethnicity, socioeconomic status, maternal education and year of birth
tAdjusted for * and small for gestational age <p10, large for gestational age >p95 and 5-min Apgar score<7.

25-29 weeks were more frequently male (55.4% vs 49.9%),
SGAp10 (36.6% vs 10.2%) and more often had a 5-min AS<7
(18.29 vs 0.7%) (table 1).

The overall prevalence of SE use was 6.6%. SE use was highest
in children born at 25 weeks (34.7%) and lowest at 40 weeks
(5.7%) (figure 1a, online supplemental table 1).

Figure 1b shows the effect of GA on formal SE and SPE sepa-
rately. Use of formal SE was 2.9% and use of SPE was 4.2%.
The risk for both types of schooling decreased with advancing
GA. The SPE versus formal SE ratio was 1.0 at 25 weeks and
increased to 1.5 at 40 weeks (online supplemental table 1).

SE use was 229% in children born at 25-29 weeks and 5.7%
and in those born at 40 weeks (table 2).

ORs increased with decreasing GA, with the highest OR
for children born between 25 and 29 weeks of 4.66 (95% CI,
4.35 to 4.99). But this did not account solely for preterm-born
children. At 37-39 and at 41-42 weeks we found a slight but
significantly elevated OR. When adjusted for maternal age,
parity, maternal education, maternal ethnicity, SES, sex and the
year of birth, the aOR for SE use decreased most in the group

a non-low maternal education vs. low
maternal education

60%

50%

40%

30%

20%‘
o [ R
0% L L
n O ™~ 0 0N O = AN M T 1 W W O O —= N ©
N N NN AN ™M mMmmnmmnm mmmnm oo o;no;no”n s s s 46
L
Gestational age in weeks
m Non-low maternal education Low maternal education
¢ non-SGAp10 vs. SGAp10
60%
50%
40%
30%
20%
« LHHHRHE
. BEHn el o
n © ~ X N © o o M S 1 O 0 A © - ©
N N N N N M M ;mo Mmoo onHn onHn N o;n N o on s S B
fisd

Gestational age in weeks

B Non-SGA m SGA

of 25-29 weeks which was 4.36 (95% CI, 4.06 to 4.69) and
this was 3.50 (95% CI, 3.26 to 3.77) after subsequent adjust-
ment for SGAp10, LGAp95 and 5-min AS<7. In the other
gestational age groups, the differences were less pronounced
(table 2).

Table 3 shows the ORs after matching, which was 100% in all
three matched gestational groups. When children born between
25-29 weeks were matched to children born at 40 weeks the
crude OR was 3.81 (95% CI, 3.35 to 4.34). AORs of the GA
groups were significantly increased. Results after matching were
comparable (aOR 3.50 (95% CI, 3.05 to 4.03)) to the adjusted
aORs shown in table 2.

In online supplemental table 2 the multivariate effect of
different risk factors on SE use is shown. The highest aORs for
SE besides GA were in the women with low education aOR 5.61
(95% CI, 5.44 to 5.78) and male sex aOR 2.33 (95% CI, 2.30
to 2.36). Unknown education had a comparable aOR to the
reference.

We found that there were significant interactions between GA
and four risk factors (low maternal education, male sex, SGAp10

b female vs. male

60%
50%
40%
30%
20%

10%|||||II
0% (L )
n O N~ 0 OO O =@ N M S 1N W N 0 O O « N =
N N NN ANO OO O OO0 O o000 S 9 .5
s

Gestational age in weeks

W Female m Male

d 5-minute Apgar score >7 vs. 5-minute
Apgar score <7
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Gestational age in weeks

W Apgar27 Apgar<7

Figure 2 Percentage of special education use per gestational age in weeks stratified by (a) maternal education, (b) sex, (c) small for gestational

age<10th percentile (SGAp10) and (d) 5-min Apgar score.
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and 5-min AS<7). The four risk factors were relatively more
prevalent in higher GA (figure 2).

For these groups, stratified analyses were performed and
visualised in figure 2. Overall, children born to mothers with a
low education had a 14.8% risk on SE, with a GA range from
49% to 13%. Boys had an 8.9% risk for SE with a GA range
from 41% to 8%. In children with SGAp10, the overall risk was
10.9% with a GA range from 54% to 9%. Children with 5-min
AS<7 had 12.5% risk for SE with a GA range from 31% to 9%
(figure 2, online supplemental table 3).

DISCUSSION

This study shows the strong effect of GA on SE use, with the
highest risk among the very preterm born children. Results
were based on a complete nationwide registration of SE use in
primary school age in an almost 2 million large decennium birth
cohort linked to national perinatal data. To account for sociode-
mographic and perinatal risk factors, we both applied multivar-
iate analysis and matching techniques.

We found 35% SE use in those born at 25 weeks which
decreased gradually with increasing GA to 5.7% at 40 weeks.
In all gestational age groups SE use was significantly increased
compared with 40 weeks. The finding that even children born
at early-term and post-term have a higher SE use is consistent
with other national cohort studies.’> ORs of different gestational
age groups were comparable after matching. In multivariate
analysis (online supplemental table 2), ORs were marginal and
not different according to year of birth, consistent with stable
neurodevelopmental outcomes in cohorts studied in different
epochs.'®

We showed that low maternal education, male sex, being born
SGA and having 5-min AS<7 increase the rate of SE use at each
week of gestation, but not equally so. Especially above 32-34
weeks, these risk factors contributed with a higher ratio to the
risk of SE use. We hypothesise that in higher GA ranges, these
risk factors are absorbed by GA itself to a lesser extent.

We had the opportunity to study both SPE and formal SE use.
SPE use was 4.2% and formal SE use was 2.9%. Equal rates of
formal SE compared with SPE use were found between 25 and
29 weeks, while later in gestation attendance in SPE was more
prevalent than in formal SE, elucidating the biological vulnera-
bility of children born at lower GA.

In our 40 weeks reference group the use of SE was still 5.7%,
highlighting that SE is an important part of the Dutch educa-
tional system. Because educational systems differ per country, it
is important to have knowledge of country-specific numbers of
children with SEN. Population-based studies found rates of SEN
from 3.5% to 11.2%.” * 1 V7 These studies show that indepen-
dent of whether SEN is studied in mainstream education or in
special schools, as GA decreases, the risk of SEN increases.

Burger et al found a positive association between GA up until
term and school performance in mainstream education in the
Dutch population at 12 years."® Combined with our study this
provides insight into the lower academic achievements in lower
GA across the full educational spectrum of primary schooling.

A recent study found preterm birth to be associated with
lower economic and educational achievements at least until the
late 20s."” Because academic achievements are associated with
better life goals, decreasing need for SE could be viewed as a
worthwhile goal of perinatal medicine.

However, we also found low maternal education, low SES,
high parity, male sex, maternal age<30, presence of SGA and
5-min AS<7to be additional independent risk factors for SE use.

It would be valuable to investigate whether strategies decreasing
inequities in perinatal care aimed to extend the duration of preg-
nancy in preterm premature rupture of membranes?® *' could
impact SEN. The reduction in GA due to the increased use of
induction of labour is alarming in this aspect.**

Strengths and limitations

This is the largest population-based study to date, examining the
effect of GA on SE use. The primary strength of this study lies in
data linkage, with a 96% coverage, and the mandatory outcome
measurement. Data linkage has the advantage of nationwide
coverage, no referral bias or influences of geographical or
one-centre selection differences. Another strength is the use of
matching.

A limitation of our study is that 4% could not be linked,
which could cause selection bias in either direction. Although
we took many confounders into account, residual confounding
by measures not registered in the perinatal registry or during
childhood could be of influence on the association between GA
and SE use. For example, smoking and body mass index of the
mother are risk factors for preterm birth®® but are not measured
in the perinatal registry. It has been shown that there is an asso-
ciation between parental depression and school performance in
children.”* % Also, Mannerkoski et al found that paternal age
of 40 years or more was associated with a twofold risk of SE.*®
Neither paternal age nor paternal educational status was avail-
able in the registries used.

Another limitation is that we can only report on formal SE
and SPE but not on subtypes of SE, since this was not available
in the registry.

Information on maternal education was not available in 55%
but SE use in this group was not elevated, it was slightly reduced.
Moreover, SES quintiles were an alternative measure.

SE supply and use could potentially change over time by
changes in national educational policy. By adjusting and
matching for year of birth we have taken this into account. In
2014 an inclusive policy was implemented in the Dutch educa-
tional system, which promoted education of children with SEN
in mainstream schools. This could have an impact on the current
percentage of SE use. However, a recent study looking at school
placement in autistic children showed no decrease in the propor-
tion of special school placements."”? We therefore recommend
that in future studies on academic outcomes in new epochs, SEN
should always be studied in both mainstream and special schools.

Finally, our study showed that GA has an important impact on
SE use, and in the Dutch educational system SE use forms a large
part of SEN. Our findings may therefore not be generalisable to
other populations without further investigation on SEN in these
populations. Further research could focus on longitudinal anal-
ysis with long-term academic outcomes and job perspectives at
completion of education, for example, at the age of 25."”

Our linkage study shows that SE use is valuable as an endpoint
in research on long-term effects of interventions studied in
randomised trials in perinatal and neonatal medicine.

CONCLUSION

There is a strong inverse association between GA and SE use
in this complete nationwide, decennium birth cohort. Increased
risk of SE use is still present in late preterms and those born at
early-term or post-term. Children born to low-educated women,
boys, children born SGA or with 5-min AS<7 have an additional
increased risk for SE use at each week of gestation.
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