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Impact of gestational age on child
intelligence, attention and executive
function at age 5: a cohort study

Emilie Pi Fogtmann Sejer,” ' Frederik Jager Bruun,' Julie Anna Slavensky,’
Erik Lykke Mortensen,? Ulrik Schigler Kesmodel'?

ABSTRACT

Objectives Preterm birth can affect cognition, but other
factors including parental education and intelligence may
also play a role, but few studies have adjusted for these
potential confounders. We aimed to assess the impact of
gestational age (GA), late preterm birth (34 to <37 weeks
GA) and very to moderately preterm birth (<34 weeks

GA) on intelligence, attention and executive function in a
population of Danish children aged 5 years.

Design Population-based prospective cohort study.
Setting Denmark 2003—-2008.

Participants A cohort of 1776 children and their mothers
sampled from the Danish National Birth Cohort with
information on GA, family and background factors and
completed neuropsychological assessment at age 5.
Primary outcome measures Wechsler Preschool and
Primary Scale of Intelligence-Revised, Test of Everyday
Attention for Children at Five and Behaviour Rating
Inventory of Executive Function scores.

Results For preterm birth <34 weeks GA (n==8), the mean
difference in full-scale intelligence quotient(IQ) was —10.6
points (95% Cl —19.4 to —1.8) when compared with the
term group >37 weeks GA (n=1728), and adjusted for
potential confounders. For the teacher-assessed Global
Executive Composite, the mean difference was 5.3 points
(95% Cl 2.4 to 8.3) in the adjusted analysis, indicating
more executive function difficulties in the preterm

group <34 weeks GA compared with the term group.
Maternal intelligence and parental education were weak
confounders. No associations between late preterm birth
34 to <37 weeks GA (n=40) and poor cognition were
shown.

Conclusions This study showed substantially lower
intelligence and poorer executive function in children
born <34 weeks GA compared with children born at term.
GA may play an important role in determining cognitive
abilities independent of maternal intelligence and parental
education. Studies with larger sample sizes are needed to
confirm these findings, as the proportion of children born
preterm in this study population was small.

INTRODUCTION

In the past decades, there has been an
increase in the number of children being
born preterm. Advances in treatment have
led to lower mortality rates, but morbidity
rates have not been reduced to the same

Strengths and limitations of this study

» In this study population, thorough information on
family and background factors that may influence
the cognitive outcome of a child was obtained.

» Directed acyclic graphs were composed to identi-
fy potential confounders prior to data analysis, and
it was possible to adjust for an extensive set of
confounders.

» The study population was sampled based on aver-
age alcohol consumption and binge drinking during
pregnancy and may not be representative for the
entire population, however, sample weights were
applied in analyses to accommodate this.

» Robust standard errors (SEs) were used to account
for the sample design, possible deviations from nor-
mality and variance homogeneity.

» The proportion of children born preterm in this study
population was small (48 out of 1776), which limited
our power to detect any true differences.

degree.* Many organs are vulnerable to
preterm birth, and the preterm brain in
particular can suffer long-term neurological
impairments.” A dose-response relationship
has been proposed, suggesting that the lower
the gestational age (GA), the higher the risk
of cognitive impairment.*

A study showed that at age 5, 10% of chil-
dren born preterm still received care in
centres specialised for children with disabil-
ities compared with 2% of children born at
term (OR 7.9, 95% CI 3.5 to 18.0).° Hence,
it is important to determine the associa-
tion between preterm birth and cognitive
outcomes in order to advise women at risk of
preterm delivery and to give informed predic-
tions about the future. Also, the knowledge
can be of value to the obstetrician and paedi-
atrician when making decisions about time
and mode of delivery and on whether or not
resuscitation should be offered at a GA as low
as 22-24 weeks.

Previous studies have shown associations
between preterm birth and low intelligence,
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attention deficits and impaired executive function.* °

These negative outcomes may in part be a consequence of
low GA, but other biological and social factors including
parental education and intelligence may also affect the
cognitive outcome of a child. In our dataset, parental educa-
tion and maternal intelligence quotient (IQ) have proven
to be strong predictors of child 1Q,” and a recent study
has shown that maternal IQ predicts IQ) in very preterm
children at age 5.” Thus, it is important to adjust for these
potential confounders when investigating an association
between preterm birth and cognitive outcomes. Previous
studies have adjusted for parental education,’ ' but to our
knowledge, only one study'' has adjusted for maternal
intelligence. In that study, children born before 34 weeks
GA were excluded, and the sample size was small (n=336).

The aim of our study was to investigate the influence
of GA, late preterm birth (34 to <37 weeks GA) and very
to moderately preterm birth (<34 weeks GA) on intelli-
gence, attention and executive function in a population
of Danish children aged 5 years adjusted for relevant
confounders including parental educational level and
maternal intelligence.

MATERIALS AND METHODS

Study sample

We used data from the Lifestyle During Pregnancy Study
(LDPS),'? which is a sample from the Danish National
Birth Cohort (DNBC). The DNBC contains information
on 101 042 Danish women and their children recruited
from 1997 to 2003. Of the invited women, 60% chose to
participate and 30% of all pregnant women at that time
were included.

A total of 3478 women with singleton pregnancies were
sampled from the DNBC and invited to participate in the
LDPS from 2003 to 2008. Participants were sampled in
strata defined by the prenatal maternal average alcohol
intake with oversampling of women reporting a relatively
high alcohol intake or binge drinking episodes during
pregnancy.'*'* Out of the sampled mother and child pairs,
1776 children had neuropsychological tests performed at
age b and had information on GA available, and thus were
included in our analyses. There were no considerable
differences between the participants and non-participants
with regard to maternal age, body mass index, parity,
marital status, prenatal smoking and alcohol consumption,
child sex, birth weight and GA at birth.'® Exclusion criteria
were multiple pregnancies and congenital diseases with a
large risk of mental retardation (the diagnostic term used
at the time of data collection), as they represent a funda-
mentally different group of individuals that may not be
representative of the norm. Other exclusion criteria were
inability to speak Danish, and impaired vision or hearing
abilities preventing the child from completing the tests.'

Data collection

Exposure variables

Information on GA was obtained from the Danish Medical
Birth Register and determined by ultrasound, while date

of last menses was only used to determine GA in very few
cases where an ultrasound estimate was not available.
We used GA as 1) a continuous variable (days) and 2)
a categorical variable, comparing late preterm birth (34
to <37 completed weeks of gestation) and very to moderately
preterm birth (GA <34 weeks) with birth at term (GA 237
weeks), respectively.

Outcome measures

At child age 5 (age span: 60-64 months chronological
age), a neuropsychological test battery was administered
by specially trained psychologists.

Intelligence

The child’s IQ was assessed using the Wechsler Preschool
and Primary Scales of Intelligence-Revised (WPPSI-R)."*
WPPSI-R includes five verbal and five performance
subtests that are used to calculate an overall verbal IQ
(VIQ), overall performance 1Q (PIQ) and full-scale 1Q
(FIQ). In this test battery, only three of the verbal (arith-
metic, information and vocabulary) and three of the
performance (block design, geometric design and object
assembly) subtests were carried out to ensure the child’s
cooperation throughout the testing. Standard proce-
dures were used to prorate scores from the shortened
test. Swedish norms were applied to derive the IQ scores,
since no Danish norms exist. This should not affect any
comparisons made internally within the sample with
respect to GA differences.

Attention

Attention measures were assessed with the Test of
Everyday Attention for Children at Five (TEACh-5)."” For
this study, two subtests assessing selective attention (‘Great
Balloon Hunt’ and ‘Hide and Seek II’) and two subtests
assessing sustained attention (‘Barking’ and ‘Draw a
line’) were used. Each subtest score was standardised to
amean of 0 and a SD of 1. To calculate composite scores
for overall, selective and sustained attention, the means
of the respective standardised subtest scores for each indi-
vidual were calculated and re-standardised to a mean of
0 and SD of 1.

Executive function

Executive function was assessed using the Behaviour
Rating Inventory of Executive Function (BRIEF) ques-
tionnaire.'® The questionnaire consists of two versions,
one for parents and one for teachers. Each question-
naire evaluates eight domains of executive functioning
and form the Global Executive Composite (GEC). Three
of the eight domains form the Behavioural Regulation
Index (BRI), and five of the domains form the Metacogni-
tion Index (MI). Since the eight domains do not follow a
normal distribution, we performed a normalising t-score
transformation to standardise each domain to a mean of
50 and SD of 10. To compute the GEC, BRI and MI, the
means of the respective domains for each individual were
calculated and re-standardised to a mean of 50 and SD of
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10. For all BRIEF scores, a higher score indicates more
executive function difficulties.

Covariates
To identify relevant covariates, we constructed directed
acyclic graphs (DAGs) 17 using the graphical tool DAGitty.'®
Important covariates were obtained from prenatal and
postnatal telephone interviews, a parent-administered
questionnaire at follow-up, the Danish social security
number and the Danish Medical Birth Register. In addi-
tion, the mother’s intelligence was assessed at follow-up
with Raven’s Standard Progressive Matrices' and two
subtests (vocabulary and information) of the Wechsler
Adult Intelligence Scale.”” The three test results were
weighted equally and combined to derive an IQ) score.
Prior to analysis, we evaluated the five lowest and five
highest observations for all outcomes and covariates to
detect unrealistic values (+4SD for the normally distrib-
uted data). This resulted in removal of three birth weight
observations (one from the term group and two from the
late preterm group) that exceeded our threshold when
evaluated according to Danish standards.?' Moreover,
we removed one unrealistic body mass index of 13.9kg/
m” and one observation of average alcohol intake of 36
drinks/week during pregnancy (from the term group).

Statistical analyses
We performed multivariable linear regression using SAS
V.9.4 (SAS Institute, Cary, North Carolina, USA).

We assessed term versus late preterm birth and term
versus very or moderately preterm birth. We adjusted for
a set of a priori defined variables. This included maternal
age at birth (continuous), maternal IQ (continuous),
average alcohol consumption in pregnancy (0, 1-4, 5+
drinks per week), smoking in pregnancy (yes/no), parity
(0, 1, 2+), maternal marital status (single/cohabitating),
parental educational level (total duration in years aver-
aged for both parents, if information on the father was
missing, maternal only (continuous)) and child sex
(male/female). Moreover, we adjusted for the psycholo-
gist administering the tests (eight categories) and age at
testing (continuous). We created dummy variables from
the categorical variables before inserting them in the
regression models.

In the study sample, maternal IQ) and parental educa-
tional level are important predictors of child intelligence,”
and in order to evaluate the importance of adjusting
for these factors, sensitivity analyses were conducted
removing these two factors separately and simultaneously
from the regression models. Moreover, to investigate
how much of the effect that could be attributed to birth
weight, we inserted this variable in the regression models.

Since the women in our population were sampled
based on alcohol intake during pregnancy,” we used
sample weights in our analyses to account for the over-
sampling of women with relatively high alcohol intake or
binge drinking episodes.'* ' To account for the complex
stratified sampling design and possible deviations from

normality and variance homogeneity, we applied robust
SEs.” All statistical tests were two-sided and with a signifi-
cance level at 0.05.

We performed complete-case analyses, as multiple
imputation strategies to handle missing data in this
cohort have produced essentially the same results when
compared with complete-case analyses.*

We investigated the possibility for collinearity between
covariates and found no evidence of this, as the variance
inflation factor never exceeded a value of 2 for any of the
covariates in the regression models.

Complete information on child IQ) scores was available
for 99.3% of the sample, for attention scores 84.7%, and
for executive function, 99.8% of the parents and 86.6% of
the teachers had completed the questionnaire. All covari-
ates were available for 98.6% of the sample. No statisti-
cally significant differences between the term and the two
preterm groups were evident with regard to the propor-
tion of missing outcome and covariate data.

Patient and public involvement

For this study, there was no direct patient or public
involvement. However, all study results within the DNBC
population are available to the study participants, and a
participants’ panel is ensuring that as many participants
as possible wish to continue being part of the cohort.

RESULTS

The characteristics of the 1776 mother and child pairs
are presented in table 1. There were no statistically signif-
icant group differences with respect to health, lifestyle
and socioeconomic characteristics. Although not statisti-
cally significant, the mothers of the children born very or
moderately preterm were more likely to be younger, first-
time mothers, without a partner, having smoked during
pregnancy and had slightly higher I1Q and longer educa-
tion. The mothers of the late preterm children were less
likely to have consumed alcohol in pregnancy, but more
likely to have male births and lower IQ) when compared
with the other groups.

With children born at term as the reference, the mean
difference in FIQ, VIQ and PIQ for the very or moder-
ately preterm group was —10.6 points (95% CI -19.4 to
-1.8), -7.4 points (95% CI -13.4 to -1.5) and -11.7 points
(95% CI -21.9 to -1.5), respectively, when adjusting for
potential confounders. Among the late preterm children,
a tendency towards lower IQs was evident in the unad-
justed analyses, but we found no statistically significant
differences after adjusting for potential confounders.

For the attention measures, the mean differences were
small, and we did not find evidence of statistically signifi-
cant associations.

With regard to executive function, no statistically signif-
icant findings were evident in the parents’ assessment.
However, analyses of the teachers’ assessment showed
a mean difference in GEC, BRI and MI in the very or
moderately preterm group of 5.3 points (95% CI 2.4 to

Sejer EPF, et al. BMJ Open 2019;9:€028982. doi:10.1136/bmjopen-2019-028982

3



Open access

I

Table 1 Family characteristics among singletons born at term or preterm (Denmark 2003-2008 (n=1776))

Moderately or very

Born at term

Late preterm birth

preterm birth

Characteristics (=37 weeks) (34 to <37 weeks) (<34 weeks)*
Number of infants (n) 1728 40 8
Maternal age (years, mean (SD)) 30.8 (4.4) 30.4 (4.5) 28.8 (3.4)

Maternal prepregnancy BMI (kg/m?, median
(10/90 percentile))t

Maternal smoking in pregnancy (%) 31.7
Maternal alcohol consumption in pregnancy (%)t

0 drinks/week 47.6

1-4 drinks/week 41.3

5+ drinks/week§ 111
Maternal marital status (%)1]

Single** 12.4

Cohabitating 87.6
Maternal IQ (mean (SD))T1 100.0 (14.9)
Parental educational level (years, mean (SD))++ 13.2 (1.9)
Parity (%)

0 50.7

1 32.1

2+ 17.2
Child sex (%)

Males 51.7

Females 48.3

Gestational age (days, median (10/90 percentile))
Birth weight (g, mean (SD))§§

Child age at testing (years, median (10/90
percentile))

22.6 (19.6/28.7)

282.0 (269.0/293.0)
3627.3 (483.4)
5.23 (5.12/5.30)

22.7 (18.4/33.0) 22.8 (16.5/28.2)

30.0 375
55.0 50.0
375 375

7.5 12.5

10.3 25.0
89.7 75.0
97.7 (16.9) 104.3 (17.9)
13.0 (1.6) 14.2 (1.8)
60.0 87.5
30.0 12.5

10.0 0.0

60.0 50.0
40.0 50.0

251.5 (241.0/257.5)
2740.8 (482.6)
5.26 (5.13/5.31)

227.5 (206.0/236.0)
2040.9 (458.4)
5.23 (5.10/5.29)

*Lowest observation 29 weeks.

TInformation missing for 35 term and 1 late preterm birth.
FInformation missing for one term birth.

§Range 5-14 drinks/week.

{linformation missing for 13 term and 1 late preterm birth.

**If reported being single either during pregnancy or at follow-up at 60-64 months post partum.

TtInformation missing for nine term births.
FfInformation missing for five term and one late preterm birth.
§§Information missing for 12 term and 2 late preterm births.

BMI, body mass index; IQ, intelligence quotient; N, number; SD, standard deviation.

8.3), 4.2 points (95% CI -0.6 to 9.0) and 5.5 points (95%
CI 2.0 to0 9.0), respectively, when compared with the term
group and adjusting for potential confounders. For the
late preterm group, the results were similar but did not
reach statistical significance (table 2).

In analyses with GA as a continuous variable (table 3),
we found a statistically significant increase in FIQ of 0.08
points (95% CI 0.01 to 0.15) per increase in GA (in days)
in the adjusted analysis. Similar estimates were seen in the
analyses of VIQ and PIQ), however, we found no statisti-
cally significant associations in the adjusted analyses. For
teacher-assessed executive function, we found a statisti-
cally significant decrease in GEC and MI of -0.07 points

(95%CI -0.14 to —-0.01) per increase in GA (in days)
indicating better executive function with increasing GA,
however these estimates also became statistically non-sig-
nificant when adjusting for potential confounders.

When maternal 1Q and parental education were
removed from the regression analyses separately or simul-
taneously (see online supplementary table 1), the esti-
mates of association did not change notably. However,
when these variables were removed simultaneously from
the regression, most estimates became statistically non-sig-
nificant due to wider Cls.

When introducing birth weight in the regression anal-
yses (see online supplementary table 1), the association
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Born at term >37 Late preterm birth 34 to <37 weeks Moderately or very preterm birth <34
weeks (n=1728) (n=40) weeks (n=8)

Mean (SD) Mean difference 95%ClI Mean difference 95% ClI

Full-scale IQ

Adjustedt -0.05 —4.62 to 4.53 -10.56 -19.37, 10 1.75

Unadjusted 104.81 (10.80) -1.73 -5.23t0 1.76 -7.11 -15.64 to 1.41

Performance IQ

Adjusted 0.38 -5.39t06.15 -11.71 -21.89t0 1.52

Overall attention

Adjusted -0.16 -0.59 t0 0.26 -0.25 -1.00 t0 0.50

Unadjusted 0.01 (1.00) -0.39 -0.76, to 0.01 -0.09 -0.62 to 0.44

Selective attention

Adjusted 0.06 -0.42 10 0.53 -0.19 -0.65t0 0.27

Parent version

Unadjusted 49.97 (9.98) 1.44 —-4.03 t0 6.90 -0.39 -16.52 to 15.74

Behavioural
Regulation Index

Adjusted 0.40 -3.97t0 4.76 -1.95 -14.87 t0 10.97

Unadjusted 49.95 (9.98) 2.41 -3.10t0 7.92 0.13 -15.24 t0 15.51

Teacher version

Unadjusted 49.94 (10.03) 4.47 -0.77 10 9.70 5.47 2.57 t0 8.36
Behavioural
Regulation Index
Continued
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Table 2 Continued

Born at term >37

Late preterm birth 34 to <37 weeks

Moderately or very preterm birth <34

weeks (n=1728) (n=40) weeks (n=8)
Mean (SD) Mean difference 95% ClI Mean difference 95% ClI
Unadjusted 49.95 (10.01) 4.42 —0.38 to 9.21 5.29 2.08 to 8.50
Adjusted 3.79 -0.89 to 8.48 4.24 -0.56 t0 9.03
Metacognition
Index
Unadjusted 49.95 (10.03) 4.09 -1.55109.73 5.07 0.61t0 9.54
Adjusted 3.77 -1.32 t0 8.85 5.46 1.97 to 8.95

*Overall number of participants. Due to complete-case analyses, for the adjusted analyses, the actual number of participants for each
outcome was: full-scale 1Q (n=1748 (missing data for one late preterm birth)), verbal 1Q (n=1749 (missing data for one late preterm birth)),
performance IQ (n=1749 (missing data for one late preterm birth)), overall attention (n=1493 (missing data for seven late preterm births)),
sustained attention (n=1586 (missing data for four late preterm births)), selective attention (n=1612 (missing data for four late preterm births)),
Global Executive Composite (parents, n=1748 (missing data for one late preterm birth); teachers, n=1525 (missing data for seven late preterm
births and one very to moderate preterm birth)), Behavioural Regulation Index (parents, n=1748 (missing data for one late preterm birth);
teachers, n=1530 (missing data for seven late preterm births and one very to moderate preterm birth)), Metacognition Index (parents, n=1748
(missing data for one late preterm birth); teachers, n=1525 (missing data for seven late preterm births and one very to moderate preterm

birth)).

TAll adjusted analyses adjusted for maternal age, maternal 1Q, average alcohol consumption in pregnancy, smoking in pregnancy, parity,
maternal marital status, parental educational level, child sex, testing psychologist and age at testing.

FA higher BRIEF score indicates more executive function difficulties (opposite than the other outcome measures).

BRIEF, Behaviour Rating Inventory of Executive Function; Cl, confidence interval; 1Q, intelligence quotient; N, number; SD, standard deviation;
TEACh-5, Test of Everyday Attention for Children at Five; WPPSI-R, Wechsler Preschool and Primary Scales of Intelligence-Revised.

between GA and all IQ outcomes became consider-
ably weaker and were no longer statistically significant.
However, a trend towards lower IQ in the very or moder-
ately preterm group was still evident, as the mean differ-
ences in FIQ, VIQ and PIQ were reduced to -7.0 points
(95% CI -15.7 to 1.6), -5.9 points (95% CI -12.2 to 0.3)
and -6.8 points (95% CI -16.6 to 3.0), respectively, when
compared with the term group. When birth weight was
introduced in the analyses of attention and executive func-
tion outcomes, the results did not change substantially.
In a post hoc analysis, we excluded the early term births
(GA 37-38) and made a direct comparison between the
very or moderately preterm group and the term group
with GA 239 weeks (n=1443), and the late preterm group
and the term group (GA 239 weeks), respectively (see
online supplementary table 2). In these analyses, the
results did not change notably for any of the outcomes.

DISCUSSION

Main findings

We found a statistically significant effect of very or moder-
ately preterm birth on IQ and teacher-assessed execu-
tive function when adjusting for potential confounders.
Although maternal IQ and parental education accounted
for much of the variance in child IQ in this dataset,” these
two factors should only be considered weak confounders
with no significant association with GA, as removing these
variables from our analyses did not alter the associations
notably. However, removal of the variables produced
wider Cls confirming that they explain substantial parts
of the variance.

The inclusion of birth weight in the regression analyses
for IQ outcomes attenuated the associations for the very
or moderately preterm group, and the results were no
longer statistically significant. For the late preterm group,
the associations completely vanished. This could be
suggestive of mediation and underlines the importance
of looking at GA relatively to birth weight when investi-
gating effects of preterm birth, although our results for
the very to moderately preterm children indicate that
there may be cognitive effects of GA which are indepen-
dent of birth weight, perhaps reflecting effects of very low
GA on brain development.

Strengths and limitations

One of the strengths of this study is the relatively large
sample size with thorough information on family and
background factors that may influence the cognitive
outcome of a child. Specially trained psychologists,
unaware of the GA, conducted neuropsychological tests
with a high inter-rater reliability of 97%-97.5%."* To mini-
mise bias in our analyses, we composed DAGs to identify
potential confounders prior to data analysis. Due to our
large sample size, we were able to adjust for an exhaustive
set of confounders. Other strengths of our study were a
predefined protocoled methodology, and use of robust
SEs to account for the sample design and shortcomings
in the data.

Our study has some limitations. The study population
was sampled based on average alcohol consumption and
binge drinking during pregnancy,' ' and therefore, the
sample is not representative of the entire DNBC popu-
lation. We applied sample weights in the analyses to
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accommodate this. However, the use of weights may be
problematic for small subgroups, and together with the
use of robust SEs, this approach may have reduced the
power to obtain statistically significant results and widened
the Cls. Generally, the effect estimates are subject to some
uncertainty illustrated by the wide CIs.**

Another weakness of this study is the relatively small
proportion of children born preterm, especially children
born very preterm (<32 weeks GA). According to Danish
Medical Birth Register records from 2000 (our recruit-
ment period was from 1997 to 2003), we would expect
6.3% of all newborns to be born preterm.” In our popu-
lation it was only 2.7%, which is equal to an under-repre-
sentation of 57%. Only 0.2% of our sample was born very
preterm, although we would expect 1.0%.* This can be
a result of various factors that prevent parents with chil-
dren born preterm from participating in a clinical study,
in particular if the children are born very preterm and
need special care.

However, studies have shown that the influence of
selection bias on several exposure-outcome associations
in the DNBC is limited.*® We adjusted for a large number
of covariates associated with selection, still we cannot
rule out that the low prevalence of preterm births in our
cohort may have limited our power to detect any true
differences as statistically significant. A post hoc power
analysis showed that analyses comparing very or moder-
ately preterm birth (n=8) with birth at term (n=1728)
had a power of 0.48, 0.28 and 0.59 for FIQ, VIQ and PIQ
outcomes, respectively.

The low prevalence of preterm births also prevented us
from performing analyses investigating the impact of very
or extremely preterm birth.

Despite the limitations, especially the low number of
preterm births, we believe that this study contributes
with important knowledge that together with existing
evidence in the literature may improve the clinicians’
ability to advise women at risk of preterm delivery and
give informed predictions about the future.

Interpretation

For the IQ outcomes, the findings in our study are gener-
ally in line with previous findings with an IQ reduction
of approximately 10 points in children born preterm.*?’
However, in our study, this clinically very relevant differ-
ence was only seen among the very or moderately preterm
children, and not in the late preterm group. A meta-anal-
ysis by Chan et al® showed a statistically significant
impact of late preterm birth on general cognitive ability
and non-verbal intelligence. Our study in part contra-
dicts these findings, as no associations between late
preterm birth and IQ (full-scale, verbal and non-verbal)
were found. In our unadjusted analyses, we saw a trend
towards lower 1Q among late preterm children, but the
trend disappeared when adjusting for confounders. This
discrepancy may reflect insufficient adjustments in other
studies and the limited power of our study.

When assessing attention measures, we only found one
statistically significant result, which might be because of
chance alone. This is not in line with previous findings
suggesting that preterm infants are at increased risk of
developing, for example, attention deficit hyperactivity
disorder with a relative risk of 2.64 (95% CI 1.85 to
?).78).27 However, TEACh-5 has not been validated as a
diagnostic test, and given the unambiguous findings in
the present study, it is possible that GA does not have an
impact on test of basic attention function.

In the field of executive function, it has been suggested
that extremely preterm infants (<28 weeks GA) are at
increased risk of developing executive function difficul-
ties.” Studies investigating the association between very,
moderately or late preterm birth and poor BRIEF scores
have not detected any convincing deficits when evaluating
the parents’ questionnaire,” ' and to our knowledge, the
teachers’ questionnaire has not previously been used for
this purpose. Hodel et al detected deficits in a popula-
tion of moderately to late preterm infants at the age of 9
months and at 4 years,32 but in these studies, other execu-
tive function measures than BRIEF were applied.

In extremely low birth weight children, teachers have
proven to report significantly more difficulties on the BRI
subscale compared with the parents.”® In our study, we
found that teachers reported more difficulties in all areas
(GEC, BRI and MI) when compared with the parents.
This can be due to teachers having a more objective view-
point and being more experienced in working with chil-
dren with and without difficulties.

CONCLUSION

This study showed significantly lower 1Q) and poorer
executive function in children born very or moderately
preterm (<34 weeks GA) compared with children born at
term (=37 weeks GA), but only the differences in IQ were
considered clinically relevant. No associations between
late preterm birth (34 to <37 weeks GA) and poor cogni-
tive outcomes were shown.

Maternal IQ and parental education are strong
predictors of child IQ in our dataset but were only weak
confounders of the association between GA and cognitive
outcomes. Therefore, GA may play an important role in
determining cognitive abilities independent of maternal
IQ and parental educational level. Further studies with
larger sample sizes to confirm these findings are needed.
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