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ABSTRACT

Aim: The aim of this study was to investigate long-term cognitive outcome in a cohort of
18-year-olds born preterm and previously assessed at the age of 5.5.

Methods: We tested 134 adolescents born preterm with a very low birthweight of
<1500 g and 94 term-born controls with a comprehensive cognitive battery at 18 years of
age. The cohort was subdivided into 73 extremely preterm, 42 very preterm and 19
moderately preterm infants with gestational ages of 23-27, 28-31 and 32-36 weeks,
respectively. The moderately preterm group was dominated by adolescents born small for
gestational age.

Results: Very preterm adolescents performed on a par with term-born controls. In contrast,
extremely preterm adolescents displayed inferior results on all cognitive tests, more so if
they had suffered neonatal complications. Moderately preterm adolescents scored lower
than very preterm and full-term born adolescents, particularly on complex cognitive tasks.
Conclusion: Adolescents born at 28 weeks of gestation or later, with appropriate
birthweight and no perinatal complications, functioned like term-born peers at 18 years of
age. Extremely preterm birth per se posed a risk for long-term cognitive deficits, particularly
executive deficits. Adolescents born moderately preterm but small for gestational age were

at risk of general cognitive deficits.

Epidemiological studies based on Scandinavian national
registers have shown that adults born preterm tend to attain
lower than average education and income and to have a
higher degree of welfare support (1). Numerous follow-up
studies in school-aged children have reported lower cogni-
tive performance and more learning problems in preterm
children (2,3), even among those born moderately preterm
(4). Population-based longitudinal studies have shown that
cognitive level in childhood, in particular with respect to
executive functions, is related to social outcome in adult-
hood, as reflected by indices of health, wealth and public
safety (5). It is reasonable to assume that a less successful
social outcome in adults born preterm may be partially
attributed to cognitive deficits.

Several factors are known to contribute to suboptimal
cognitive development after preterm birth. The lower the
gestational age at birth, the higher the risk of subsequent
cognitive deficits and learning difficulties (6). The effect is
partially mediated by neonatal complications, such as
intraventricular haemorrhage, white matter disease, chronic
lung disease and retinopathy of prematurity. These compli-

Abbreviations
ANOVA, Analysis of variance; IQ, Intelligence quotient.

cations have been related to distinct neurodevelopmental
disorders, such as cerebral palsy, and also to poor cognitive
development in the absence of such disorders (7,8).
Furthermore, large cohort studies (9,10) have shown that
children born small for gestational age have learning
problems and inferior school outcome, indicating that
intrauterine growth restriction has a long-term negative
impact on cognitive development.

Longitudinal studies of children born preterm indicate
that the effect of preterm birth varies with age (11). For
some children, the negative influence may become more
obvious over time when increasing demands are put on the

Key notes

e This study investigated long-term cognitive outcomes in
a cohort of 18-year-olds born preterm and previously
assessed at the age of 5.5.

e We found that adolescents who were born moderately
preterm, but small for gestational age, faced a risk of
general cognitive deficits.

e However, adolescents born after 28 weeks of gestation,
with an appropriate birthweight and no perinatal
complications, did not display an elevated risk for
cognitive deficits.
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Cognitive outcome in adolescents born preterm

Table 1 Characteristics of the extremely preterm (EPT), very preterm (VPT), moderately preterm (MPT) and term-born control groups

Il 1] [\

| VPT MPT Term

EPT (GA 23-27 weeks) (GA 28-31 weeks) (GA 32-36 weeks) (GA > 37 weeks)

n=173 n=42 n=19 n=9%
Birthweight SDS* —0.7 (0.99) -1.9 (1.59) —-4.0 (1.5) na.
Neonatal medical complications* 48% 8.3% 4% 0%
Males 47% 4490 52% 47%
Mothers age at child's birth® 31.9 (5.6) 32.4 (5.3) 32.3 (6.1) 30.9 (5.0)
Mother's education 4.2 (1.5) 3.9 (1.2) 4.3 (1.5) 4.0 (1.4)
Father's education’ 4.1 (1.6) 3.9 (1.4) 43 (1.5) 4.0 (1.4)

*Intrauterine growth expressed as Birth Weight Standard Deviation Score, BWSDS; Niklasson & Albertsson-Wikland, 2008.

Term-born controls all had a BW > 2500 g.

*Having one or more of the following neonatal medical complications: intraventricular haemorrhage, grades Ill-IV; periventricular leukomalacia, grades III-IV;

chronic lung disease, grades 3+; retinopathy of prematurity, grades 3+.
SExpressed as mean (SD).

Tparents’ educational level, mean (SD) based on the dlassification used by Statistics Sweden (2000): O = no formal education, 1 = not finished elementary
school, 2 = graduated from junior high school, 3 = completed 2 years of high school, 4 = completed 3 years of high school education, 5 = Bachelor's degree,

6 = Master's degree, 7 = Doctorate degree.

child, as indicated by higher needs for special education and
lower school achievement (12). However, there are few
follow-up studies on adolescents and young adults (10,13
15) and our knowledge about long-term cognitive outcomes
after preterm birth is therefore still limited.

The study was conducted as part of the Stockholm
Neonatal Project, a longitudinal population-based study of
children born preterm in 1988-1993, with a very low
birthweight of <1500 g who had been recruited at birth and
followed prospectively (16). During the initial recruitment
process, all children who met these criteria and were born
in Karolinska Hospital or Lowenstromska Hospital in
Stockholm were invited to take part. In addition, all
children from the entire county of Stockholm with a
birthweight of 1000 g or less who were in need of neonatal
intensive care at Karolinska Hospital received an invitation.
In this study, all preterm children (n = 182) and matched
controls born at term (n = 125), who participated in a
previous follow-up assessment at the age of 5.5, were
invited to participate in a psychological assessment at the
age of 18.

At 5.5 years of age, the preterm group had shown
significantly lower results than the controls in visuo-motor,
cognitive and executive function tests and their executive
deficits were also significant when they were controlled for
their intelligence quotient (IQ) (17). Low gestational age
and intrauterine growth restriction late in pregnancy were
associated with worse outcome, as were perinatal medical
complications, particularly severe retinopathy of prematu-
rity (7).

The aim of this study was to investigate cognitive
outcome in late adolescence, to determine whether the
pattern of cognitive deficits noted in the follow-up at the
age of 5.5 had diminished or remained stable over time and
if perinatal factors would still predict outcome in late
adolescence.

METHODS

Participants

A total of 228 of the 306 (75%) invited adolescents from the
original Stockholm Neonatal Project cohort accepted and
participated in the study. Of the 78 families lost to follow-
up, 12 had moved out of the Stockholm area and could not
be located, 42 did not reply to our invitation, 23 declined
participation, and one male born preterm was unable to
complete the test protocol due to severe intellectual
disability. The controls had been recruited in connection
with the first comprehensive psychological follow-up of the
Project cohort, at the age of 5.5 years. They consisted of
healthy age-matched children born in the same hospital as
the preterm children, at a full-term age of more than
37 weeks of gestation and with a birthweight of above
2500 g. In total, 134 preterm and 94 term-born controls
completed the assessment at the age of 18. Our attrition
analysis showed that there were no systematic differences
between participants and dropouts in terms of gestational
age, perinatal medical complications, developmental out-
come at the age of 5.5 or paternal education. However, the
mothers’ educational level was lower among the dropouts
in the preterm group (p < 0.001), and the same tendency
was seen in the term group (p = 0.09).

For statistical analyses, the preterm cohort was divided
into three subgroups according to gestational age: 73
extremely preterm infants with a gestational age of 23—
27 weeks; 42 very preterm infants with a gestational age of
28-31 weeks and 19 moderately preterm infants with a
gestational age of 32-36 weeks. The same subgrouping had
been applied in the previous follow-up study (7). The
extremely preterm group was the largest, because in the
initial recruitment process, the catchment area was consid-
erably greater for newborns weighing <1000 g. The moder-
ately preterm group consisted of children with varying
degrees of intrauterine growth restriction, since a very low
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Table 2 The neuropsychological assessment battery

Variables

Measurement

Lundequist et al.

Description

General intelligence (1Q)

Executive function

The Wechsler Intelligence Scale for Children, 3rd ed. (WISCHIII),
short form

Attention and speed measured by Coding (W), Symbol search
(W), Trail making 1 (D-KEFS).

Working memory measured by Digit span (W), Block repetition
(WA)

Cognitive flexibility measured by Trail making 3, Verbal fluency,
Design fluency, Colour-word 3, all from D-KEFS

Complex executive function measured by Sorting and Colour-

The test provides three 1Q measures: full scale (FIQ), verbal
(VIQ) and performance (PIQ) scores

(D-KEFS) = subtest from the Delis—Kaplan Executive Function
Systems, yielding a scaled score with a mean of 10 + 3.
(W) = subtest from WISC-II.

(WA) = subtest from Wechsler Adult Intelligence Scale
Revised (WAIS-R)

word 4 from D-KEFS
Episodic memory, Face recognition

visuospatial

Episodic memory, verbal

Verbal function
Proverb test (D-KEFS)
Boston naming test
Rapid naming test

Visuo-motor functions Visuo-Motor Integration Test (VMI)

Trail making 1 (D-KEFS)

Rey Auditory Verbal Learning test (RAVL), learning and retention

Verbal Comprehension Index (VCI from WISC-II)

Examiner presents 24 pictures for 3 sec each. After 30 min,
subjects are shown the 24 earlier presented faces,
assembled together with 24 new faces, for 5 sec, for a
forced yes-no recognition task

Examiner reads 15 words and subject repeats all the words
that he/she can remember; five repeated trials. After 30 min
delay, the participant is asked to again recall the words,
rendering a retention score

Subtests Similarities and Vocabulary.

Interpret proverbs in own words.

60 line drawings of objects graded from easy to difficult/
unusual words.

Original test. Subject is asked to name 30 objects pictured on
a chart as quickly as possible

Copy designs

Draw a line between numbers

birthweight of <1500 g was an inclusion criterion when the
prospective study started in 1988. In fact, 67% of subjects in
the moderately preterm group were clinically classified as
small for gestational age at birth. Characteristics of the
study participants, including measures of birthweight,
medical risk factors and parental education, are presented
in Table 1.

Data collection

The participants were subject to an individual assessment at
the age of 18 years + 3 weeks. The assessment involved an
extensive battery of cognitive tests, examining general
intelligence, in the form of 1Q, as well as episodic memory,
verbal, visuo-motor and executive functions, with specific
emphasis on the latter. The follow-up also included self-
report measures of health and adjustment, interpersonal
relations, school performance, interests and quality of life.
The cognitive tests reported on here are listed in Table 2.
The assessments took place at the Astrid Lindgren’s
Children’s Hospital and were conducted by 15 Master level
students in their last year of the clinical psychology
programme at Stockholm University. The first author (AL)
trained the students and analysed the test protocols and the
senior psychologists (ACS and BB) supervised the testing
and the analysis. Each examiner tested around 15 subjects,
sampled from both the preterm and control groups. The
examiners were blinded to which group the subjects

belonged to. The tests were always administered in the
same order, starting with the Wechsler Intelligence Scale
for Children, 3rd edition, followed by block repetition and
face recognition, and the Rey Auditory Verbal Learning
tests. After a 20-min refreshment break, the subjects then
underwent the Delis-Kaplan Executive Function System
and the naming tests. The entire testing period lasted 3.5-
4 h.

A number of neonatal complications were classified as
involving high developmental risk. We found that 10 (7.5%)
of the subjects had intraventricular haemorrhage grade III-
V (18), 10 (7.5%) had periventricular leukomalacia grade
III-1V (19), 17 (12.7%) had chronic lung disease grade III
(20), and 21 (15.7%) had retinopathy of prematurity grade
3+ (21).

Statistical analysis

SPPS for Windows, version 18 (IBM, Klsta, Sweden), was
used for the statistical analyses. To test for group differ-
ences, one-way analysis of variance (ANOVA) with post
hoc tests was applied. T-tests were performed to compare
cognitive outcomes between extremely preterm subjects
with and without neonatal complications and to explore
gender differences in cognitive outcome. To further inves-
tigate gender effects, two-way ANOVAs of IQ and a
composite executive function measure were also conducted.
To analyse the result of face recognition, d-prime (d’) was
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Table 3 Results, in group means and standard deviations, (a) on intelligence, verbal, visuo-motor and memory tests and (b) on tests of executive functions

1ll: MPT/SGA IV: Term ANOVA Post hoc tests, significant subgroup
I: EPT (n = 73) II: VPT (n = 42) (n=19) (n = 94) F-value differences, (effect size, Cohen’s d)
@
Intelligence
Full Scale (FIQ) 84.3 (21.8) 97.5 (16.0) 81.6 (23.2) 97.2 (17.2) 9.7%%k 1 &1l (0.67)
1 &IV (0.67)
Verbal (VIQ) 90.8 (18.3) 100.1 (13.6) 87.3 (18.3) 99.4 (14.8) 7.1%k 1 &1l (0.57)
1 &1V (0.52)
Performance (PIQ) 80.6 (23.9) 94.5 (18.8) 775 (22.0) 95.7 (20.0) 9.5%%k 1 &Il (0.63)
1 &IV (0.70)
Verbal functions
WISC VCI 96.9 (22.0) 104.7 (18.3) 89.3 (22.2) 101.9 (17.9) 3.5% 1 &1l (0.38)
D-KEFS Proverb 7.7 (4.1) 99 (2.7) 8.0 (4.0) 9.0 (355) 4 5% 1 & 11 (0.60)
Boston naming 48.4 (5.9) 49.7 (5.2) 45.4 (7.5) 49.1 (4.8) 1.0 n.s.
Naming speed (Sec) 433 (17.5) 34.6 (9.6) 395 (11.1) 38.4 (13.5) B3 | &Il (0.58)
Visuo-motor functions
Trail making 1 7.8 (3.7) 8.6 (2.8) 8.3 (2.7) 9.6 (2.9) 5.5 | & IV (0.55)
VMI 19.4 (4.0) 20.8 (3.4) 20.0 (3.5) 21.9 (2.9) 7.5%* 1 &IV (0.74)
Episodic memory
Face recognition d' 0.8 (0.54) 1.0 (0.60) 1.1 (0.56) 1.0 (0.55) 32 |1 &1l (0.36)
1 &1V (0.37)
Rey verbal learning 51.9 (12.5) 58.2 (8.4) 56.1 (9.6) 56.8 (8.9) 4.3* |1 &Il (0.56)
| &IV (0.46)
Rey retention 11.6 (2.9) 122 (2.7) 12,6 (2.2) 12.0 (2.6) 0.92 ns.
()
Attention and speed
Coding 59.0 (13.7) 62.9 (12.1) 58.0 (23.5) 66.2 (12.8) 5.2%* 1 &IV (0.56)
Symbol search 30.0 (7.7) 34.2 (6.3) 31.5 (6.8) 35.5 (5.5) 10.5%% 1 &1l (0.58)
1 &IV (0.83)
Working memory
Digit span 13.6 (3.5) 15.2 (3.1) 14.1 (3.6) 15.4 (3.1) 4.9% 1 &IV (0.55)
Block repetition 15.9 (3.2) 17.3 (3.0) 16.2 (3.2) 18.1 (2.8) VACEES | & IV (0.74)
Cognitive flexibility and inhibition
Verbal fluency 3 8.5 (3.3) 11.0 (3.4) 9.9 (3.8) 11.7 (3.3) 9.g¥¥k 1& 11 (0.75)
1 &1V (0.97)
Il & IV (0.53)
Design fluency-T 9.8 (2.5) 11.6 (3.4) 9.5 (2.7) 11.1 (2.9) B35 1 &1l (0.63)
I &IV (0.48)
Colour-word 3 7.1 (3.6) 9.7 (2.6) 7.2 (3.6) 9.5 (3.1) 10.0%% I &Il (0.80)
1& 1V (0.72)
& IV (0.72)
Complex tasks
Colour-word 4 7.3 (3.5) 9.9 (2.7) 7.2 (3.9) 9.5 (3.1) 9.8%%* 1 &Il (0.80)
1 &1V (0.67)
I &V (0.71)
Sorting 7.8 (3.4) 10.1 (2.3) 87 (3.1) 10.4 (2.9) 17.2%k% 1 &1l (0.75)
I &1V (0.83)
1Ml & IV (0.58)

D-KEFS, Delis—Kaplan Executive Function System, test battery; EPT, extremely preterm; MPT/SGA, moderately preterm, small for gestational age; VMI, Visual Motor
Integration test; VPT, very preterm; WISC VCl, verbal comprehension index from the Wechsler Intelligence Scale for Children.

*p < 0,05, **p < 0.01, ***p < 0.001.

used. Individual d’ values were calculated based on the z-
score for number of correct identification minus the z-score
for false identifications, d’ = z (hits) — z (false) (22). The
level of significance was set to 0.05. To avoid Type II errors,
such as dismiss group differences of potential clinical
relevance, we did not use Bonferroni corrections for

multiple comparisons. Instead, statistical significance was
complemented by calculation of effect sizes.

The longitudinal study was originally approved by the
Ethics Committee at Karolinska Hospital (7). The collec-
tion of new data at 18 years of age and continued use of the
original database was approved by the Regional Ethics
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Board of Stockholm (2007/46-31/3). All participants gave
their written consent prior to the data collection.

RESULTS

Results on tests of intelligence, verbal function, visuo-motor
function and episodic memory by gestational age are shown
in Table 3a and visually presented in Fig. Sla.

General intelligence

ANOVA showed significant results on all three IQ measures.
Post hoc tests revealed that the extremely preterm group
consistently scored lower than both the very preterm and the
term group, with effect sizes in the upper medium range. The
very preterm group performed similar to the term group,
while the moderately preterm group performed at the same
low level as the extremely preterm group. However, the
moderately preterm group did not differ significantly from the
very preterm and term groups, due to its small size (n = 19)
and consequently limited statistical power.

Verbal function

ANOVA was significant for three of the four verbal tests
and post hoc tests revealed significant differences between
the extremely preterm and very preterm groups, with
medium effect sizes (Table 3a). The moderately preterm
group performed at the same low level as the extremely
preterm group, but again these results were not statistically
significantly different from the other groups.

Visuo-motor function

The extremely and moderately preterm groups performed
below the level of the term group on both Trail Making and
Visual Motor Integration (Fig. Sla). The results were
statistically significant for the extremely preterm group,
with a high medium effect size (Table 3a).

Episodic memory

ANOVA showed significant group differences on the face
recognition and Rey learning tests (Table 3a) and post hoc
tests revealed that the extremely preterm group performed
significantly lower than the very preterm and term groups,
on both tests. There were no group differences in Rey
retention. The very preterm group and, more surprisingly,
the moderately preterm group performed at the level of the
term group on all three measures.

Executive functions

The results of the executive function tests are presented in
Table 3b and illustrated in Fig. S1b. ANOVAs and post hoc
tests showed that there were significant group differences
on all executive function measures and that the extremely
preterm group consistently performed significantly lower
than the term group, with medium to large effect sizes
(Table 3b). On several tests, the extremely preterm group
also scored significantly below the very preterm group. The
moderately preterm group performed significantly lower
than the term group on several measures of cognitive

Lundequist et al.

flexibility/inhibition and complex tasks, with medium to
large effect sizes.

Neonatal complications

The influence of neonatal complications on cognitive
outcome in adolescents was only investigated in the
extremely preterm group, in which 48% had suffered one
or more severe neonatal complication as specified in the
methods section, thus providing sufficient statistical power.
Severe complications were relatively rare in the very
preterm group (8%), whereas the moderately preterm group
was dominated by children born small for gestational age
with no additional complications. Test results of extremely
preterm subjects who had experienced neonatal complica-
tions (n = 35) were compared to those without complica-
tions (n = 38), in a series of ¢-tests (Table S2). Significant
group differences were found in general intelligence, mea-
sured as verbal 1Q, performance IQ and full-scale 1Q, in
cognitive flexibility/inhibition and on complex executive
function tasks, while no significant differences were found
in attention/speed, working memory, episodic memory,
verbal functions or visuo-motor functions.

Influence of gender

In the preterm group as a whole, females showed superior
performance to males on several executive function tests,
representing attention and speed, working memory and
cognitive flexibility, on Rey verbal learning and retention
and on visuo-motor tests (Table S1). Effects sizes were
medium. In the term group, gender-related differences were
found on just three tests and all in favour of females: Rey
verbal learning and retention (p > 0.001), sorting (p < 0.01)
and coding (p < 0.05).

To further explore the effect of gender, and possible gender
by gestational group interaction effects, two-way ANOVAs
were performed for the entire preterm group (n = 134), with
full-scale 1Q and a composite executive function index,
respectively, as dependent variables, in two separate analy-
ses. For full-scale I1Q, there was no main effect of gender, but a
significant gender by gestational group interaction effect
(F2,128 = 4.33, p < 0.02). Extremely preterm females had a
significantly higher IQ than extremely preterm males,
whereas the inverse was true for the moderately preterm
group. Notably, there were no significant gender differences
in IQ in the very preterm group. The composite executive
function index was calculated by adding together the z-scores
of all the executive functions tests. For the executive index,
there was, again, no main effect of gender, but a statistically
significant gender by gestational group interaction effect
(F2,125 = 4.16, p = 0.02), reflecting female superiority on the
executive function index within the extremely and very
preterm groups, whereas males outperformed females in the
moderately preterm group.

DISCUSSION
In the present study, gestational age at birth was the one
factor that had the largest impact on cognitive outcome in
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adolescence. The extremely preterm group, which had a
gestational age of 22-27 weeks, had the lowest results on all
the cognitive tests, in particular on measures of executive
functions. Indeed, this is something we also saw in the
earlier follow-up study at the age of 5.5 (7) and the effect
had not diminished but rather strengthened over time. The
underlying brain mechanisms are not clear, although stress-
induced pathways activated by the premature birth are
likely to be a factor. Another partial explanation is provided
by the neonatal complications that typically affect extre-
mely preterm children. Despite this, the extremely preterm
group without neonatal complications had a worse out-
come than both the very preterm group and the control
group born at term. This provides a strong indication that
extremely preterm birth per se poses a risk for long-term
cognitive development. Whatever the mechanisms that
contribute to the suboptimal cognitive outcome, they also
affect later brain development, including white matter
integrity, as earlier reported in a diffusion tensor imaging
study on a subsample of this cohort (23). The next scientific
challenge will be to analyse the relation between executive
functions on the one hand and alterations in brain struc-
tures and connectivity on the other.

A striking and encouraging finding in this study was
that adolescents born very preterm, at a gestational age of
28-31 weeks, performed at the same level as term-born
controls on all cognitive measures. Again, this is consis-
tent with our earlier findings when the children were
5.5 years old, but in contrast to older follow-up studies of
equally preterm born children, such as the Bavarian
longitudinal studies (5). Although our results need to be
replicated, one possible explanation for the positive
outcome of our very preterm group may be the time
factor, reflecting that continued improvements in neonatal
medicine and care may have resulted not only in higher
survival rates, but also in decreased morbidity and, in the
end, better long-term outcome. Qualitative differences in
the neonatal care between Stockholm and Bavaria could
also be a factor, as well as important maternal health
factors like a relatively low incidence of smoking and
drug abuse among pregnant women in Sweden (24). The
fact that all pregnant women in Sweden have access to
high-quality maternity health care, free of charge, may be
an important factor.

In contrast to the very preterm group, outcome in
adolescence for the moderately preterm group, with a
gestational age of 32-36 weeks, was lower than that of the
term controls and this was significant when it came to the
complex executive function tasks. This illustrates that poor
nutrition of the foetus will negatively influence the devel-
oping brain, with lifelong impact on cognitive functions,
and corresponds well to studies showing that adults born
small for gestational age have significantly lower academic
achievement and professional attainment (9). One possible
mechanism is that maternal malnutrition leads to
increased cortisol plasma levels in both the mother and
the growth-retarded foetus (25), disturbing the hypotha-
lamic—pituitary adrenal axis (26) and other brain circuits.

Cognitive outcome in adolescents born preterm

The early foetal programming of the brain may also
involve altered expression of the thyroid hormone trans-
porter, which facilitates the entry of thyroid hormones
across the blood-brain barrier and across the cell mem-
brane into the neurons (27). The thyroid hormones are
essential for proliferation, differentiation, migration, den-
dritic outgrowth and synaptogenesis, and minor alterations
may already have critical effects on the development of
neural circuits in the brain.

The cognitive profile of the moderately preterm infants
was uneven. We hypothesise that this may reflect that
disturbances caused by foetal starvation differentially
affecting the neural circuits that underpin different cogni-
tive functions. Given that, the fronto-striatal circuits, which
are involved in complex executive functions, may be
particularly vulnerable, while the hippocampal structures
involved in episodic memory may be less affected.

In this study, male adolescents who had been born
extremely or very preterm scored significantly lower results
on several tests of executive functions, indicating that male
gender remained a risk factor for unfavourable cognitive
outcome at the age of 18. These results are consistent with a
reported female advantage in educational attainment
among adolescents born preterm (28). By contrast, in our
moderately preterm group, which was dominated by ado-
lescents born small for gestational age, males had a
significantly better outcome than females. This, again, may
reflect that different mechanisms are at play in the face of
extremely preterm birth, as compared to foetal starvation
later in pregnancy. However, our moderately preterm, small
for gestational age group, was quite small (n = 19), and the
suggested differential gender effect needs to be tested in
future studies.

Intriguingly, verbal functions appeared less negatively
affected by preterm birth than nonverbal and executive
functions at the age of 5.5 years and this was still the case in
late adolescence. Notably, one of our positive findings was
that the adolescents born preterm performed on completely
the same level as the controls in verbal retention and a few
other studies have reported similar results (29). It is a
common observation that language development tends to
be comparatively robust, even in the face of cerebral lesions.
It has been suggested that the ability to communicate by
language is such a basic human ability, intrinsic to our
social functioning, that it takes precedence when the brain’s
reserve capacity is taxed (30).

The strength of the present study is first and foremost that
the preterm cohort was population-based, recruited at birth
and had been followed prospectively. The control group
was recruited at the age of 5.5 years and was demograph-
ically, geographically and socio-economically well matched
to the preterm group. Attrition was seemingly unsystematic,
moderate given the length of the follow-up and on the same
level in the preterm and control groups. The psychological
assessments were comprehensive and utilised tests that are
frequently used in the clinic. Another strength is the fact
that all the subjects were tested at essentially the same age,
in the present studies this was 18 years of age plus or minus
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3 weeks, by blinded examiners. Finally, due to the univer-
sally available and publicly funded health care for expectant
mothers and young children in Sweden, socio-economic
confounders are relatively weak and our cohort presented
an opportunity to study outcome after preterm birth. The
weaknesses of our study involved its relatively modest size
and, consequently, limited statistical power for examining
subgroups and specific risk factors.

We conclude that extremely preterm birth per se poses a
risk for long-term cognitive outcome, particularly in exec-
utive functions. These risks seem to be exacerbated by
neonatal complications, while female sex may be protective
in the face of extremely or very preterm birth. Various risk
factors differentially affect cognitive functions. Adolescents
born small for gestational age but only moderately preterm,
at 32 weeks or more, were likely to show cognitive deficits,
particularly evident on tests of complex executive functions
and intelligence. Reassuringly, our findings indicate that
adolescents who were born at 28 weeks of gestation or
later, with birthweights appropriate for gestational age and
no severe neonatal complications, did not face elevated risk
for long-term cognitive deficits.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:

Figure S1 (a) Mean z-scores' for tests of intelligence,
episodic memory, verbal and visuo-motor fuctions for the
extremely peterm group (EPT), very preterm gorup (VPT),
and moderately preterm group (MPT) dominated by ado-
lescents born SGA. (b) Mean z-scores' on D-KEFS tests of
executive function for the for the extremely preterm group
(EPT), very preterm gorup (VPT), and the moderately
preterm group (MPT) dominated by adolescents born SGA.
Table S1 Statistically significant gender differences on
cognitive measures among preterm and term-born adoles-
cents, respectively.

Table S2 Comparison between extremely preterm (EPT)
born adolescents with and without neonatal complications
classified as high risk.
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