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BACKGROUND: Preterm birth is a risk for cognitive devel-
opment. This study assessed the cognitive profile of children
born very preterm at the age of 11 years as well as the
associated risk factors.
METHODS: A total of 128 children born very preterm were
included. Magnetic resonance imaging was performed at term
age. Cognitive development was assessed using the full-scale
intelligence quotient (IQ) and four domains of the Wechsler
Intelligence Scale for Children, fourth edition (WISC-IV), Finnish
translation. The results were compared with test norms.
RESULTS: Most study children performed at average (51%) or
low average (21%) levels in the full-scale IQ assessment. The
correlation between 5- and 11-year full-scale IQ was 0.73
(Po0.001). Compared with the normative data, children born
very preterm performed poorer in all domains of the cognitive
profile. The only significant risk factor for poor general
cognition was major brain pathology. When considering all
four domains of WISC-IV, low paternal education, male
gender, and low birth weight z score were also found to be
significant risk factors.
CONCLUSIONS: Less than one-third of the children born very
preterm performed below the low average cognitive level at
11 years of age. Specific neonatal and sociodemographic risk
factors were identified as affecting the cognitive profile.

Protection of cognitive development is an important goal
for the perinatal and neonatal care of infants born

preterm. Cognitive impairments affect the academic and
sociobehavioral functioning of children born preterm increas-
ingly by age and demands (1–3).
The cognitive outcome of children born preterm is poorer

compared with that of controls born full-term (3). It has also
been suggested that improved neonatal care during the last
decades has not improved the cognitive outcome of children
born preterm (4). The severity of cognitive deficits is expected
to be greater with increasing immaturity (3). However, a
recent meta-analysis suggested that the role of being preterm

as a prognostic factor for general cognitive development
diminishes as children get older, whereas the role of parental
education becomes more prominent (5). Many studies have
reported a relationship between neonatal brain injury and
general cognitive development (6–9). In addition, gestational
age (GA), neonatal diagnoses, and sociodemographic factors
have been suggested to affect cognitive development, but these
effects have been difficult to show when using long-term
general cognitive development as an outcome (5). The
cognitive profile assessed with Wechsler Intelligence Scale
for Children, fourth edition (WISC-IV) (10,11) includes
separate domains for verbal comprehension, perceptual
reasoning, working memory, and processing speed. Using
separate cognitive domains as an outcome measure instead of
full-scale intelligence quotient (IQ) allows assessing the
relationship between the risk factors and cognitive develop-
ment in more detail. Different risk factors may have different
effects on the cognitive development. Very little information
is available with respect to the cognitive outcomes of children
born preterm assessed with cognitive measure with factor
structure (2,12–16). To our knowledge, information about
neonatal and sociodemographic factors associated with the
four cognitive domains is currently lacking.
The aim of this study was to describe the cognitive profile of

11-year-old children born very preterm by assessing specific
cognitive domains and evaluating the underlying sociodemo-
graphic and neonatal risk factors. Our hypotheses were that
mean cognitive performance of the children born very preterm
is at the average range but lower than the mean test norms, and
that neonatal and sociodemographic risk factors have specific
effects on the cognitive profile at middle-school age.

METHODS
Subjects
This study is part of a prospective multidisciplinary follow-up study
called PIPARI (Development and Functioning of Very Low Birth
weight Infants from Infancy to School Age). All very low birth weight
(⩽1,500 g) infants born at Turku University Hospital between 2001
and 2006 who lived in the catchment area were eligible. From the
beginning of 2004, the inclusion criteria were expanded to include all
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infants born at a very low GA (o32 weeks), even if the birth weight
exceeded 1,500 g. At least one of the parents had to speak either
Finnish or Swedish—the two official languages in Finland. Data
about the prenatal period, delivery, neonatal morbidities, brain
imaging findings, and developmental outcomes were systematically
collected as part of the PIPARI study protocol. Children with severe
congenital anomalies or a diagnosed genetic syndrome affecting their
development were excluded. The current study sample consisted of
infants born between 2001 and 2004. The PIPARI study protocol was
approved by the Ethics Review Committee of the Hospital District of
South-West Finland in December 2000 and again in January 2012.
All parents who agreed to participate gave written informed consent
at neonatal intensive care unit (NICU) after they had received
written and oral information. At 11 years of age, the children also
gave their own written informed consent after receiving written
information.

Developmental Assessments
Neurosensory impairment. Neurosensory impairment (NSI) was
defined as a child having at least one of the following diagnoses:
cerebral palsy, severe hearing impairment, or severe visual
impairment. When present, cerebral palsy was defined using the
classification proposed by Himmelmann et al. (17). The diagnosis of
cerebral palsy was determined by a child neurologist (LH) by 2 years
of corrected age after a systematic clinical follow-up. Severe hearing
impairment was defined as a hearing loss requiring amplification in
at least one ear. Severe visual impairment was defined as a visual
acuity o0.3 or blindness (18).

Cognitive assessment. Cognitive development of the children born
preterm was assessed with WISC-IV, Finnish translation (10,11),
during the year when they turned 11. Children were assessed in a
testing room at the hospital except 13 (10%) of them who were
assessed at school. Further, six (4,7%) bilingual children preferring
Swedish instead of Finnish were assessed with WISC-IV, Finnish
translation, by a native psychologist using instructions and questions
in Swedish. Full-scale IQ was used as a measure of general
intelligence. Full-scale IQ is a composite score from four index
scores that provide information about more specific cognitive
domains. The Verbal Comprehension Index measures knowledge
of word meanings, verbal reasoning, and verbal knowledge acquired
from one’s environment. The Perceptual Reasoning Index measures
visual–constructional skills and visual reasoning abilities. The
Working Memory Index measures the immediate recollection and
manipulation of verbal sequences. The Processing Speed Index
measures short-term visual memory, attention, and visual–motor
coordination.
The full-scale IQ and the four index scores were used as

continuous variables. The classification of full-scale IQ and index
scores is based on the test manual and SDs from the normative test
means (10). The scores were considered as (1) average when the
quotient was between 90 and 109 (SD between − 0.67 and 0.67) or
above 109, (2) low average when the quotient was between 80 and 89
(SD between − 1.33 and − 0.68), (3) in borderline when the quotient
was between 70 and 79 (SD between − 2.00 and − 1.34), and (4)
extremely low when the quotient was 69 or less (SD below − 2.01).
Full-scale IQ and index scores were calculated according to age-
appropriate and updated norms (mean± SD: 100± 15 in normative
population) from the Finnish standardization of the WISC-IV (11).
Severely impaired children, whose scores could not be determined,
were assigned scores representing − 4.0 SD in the normative data as
in previous studies (2). In our cohort, one child who was unable to
finish the processing speed measures because of severe motor
disability was assigned a score representing − 4.0 SD. Three children
scored so low on the individual indices that a full-scale IQ could not
be counted. Therefore, their full-scale IQ was assigned as − 4.0 SD.
The neuropsychologist (AN) assessed all of the children. She was not
aware of the children’s neonatal data to avoid bias from background
information.

As previously reported, full-scale IQ of the children born
very preterm was assessed at the age of 5 years (19) using WPPSI-
R, Finnish translation (20). Of the 128 children included
in the present study, 120 were successfully assessed also at the
age of 5 years. Five of the 5-year assessments were performed in
Swedish using the same translation protocol as in the 11-year
assessments.

Risk Factors
Neonatal variables. GA, growth restriction, and male gender
(21–23) at birth were included because of their known role as risk
factors for cognitive development. We also included necrotizing
enterocolitis (NEC) and brain magnetic resonance imaging (MRI)
pathologies at term age, as they were shown significant for 2-year
cognition in our cohort (24).
The brain MRI was performed at term age with an open 0.23-T

Outlook GP (Philips Medical, Vantaa, Finland) for very preterm
infants born between 2001 and April 2004 and with a 1.5-T Philips
Intera (Philips Medical Systems, Best, The Netherlands) for very
preterm infants born thereafter. The MRI findings were categorized
into three groups as follows: (i) normal findings consisted of normal
brain anatomy (cortex, basal ganglia and thalami, posterior limb of
internal capsule, white matter, germinal matrix, corpus callosum, and
posterior fossa structures), width of extracerebral space ofo5 mm,
ventricular/brain ratio ofo0.35, and no ventriculitis; (ii) minor
pathologies consisting of consequences from intraventricular hemor-
rhages (grades 1 and 2), caudothalamic cysts, a width of the
extracerebral space of 5 mm, and a ventricular/brain ratio of 0.35;
and (iii) major pathologies consisting of consequences from
intraventricular hemorrhages (grades 3 and 4), an injury in the
cortex, basal ganglia, thalamus, internal capsule, corpus callosum,
cerebellum, or white matter, as well as increased width of
extracerebral space by 45 mm, a ventricular/brain ratio of 40.35,
ventriculitis, or other major brain pathologies (infarctions) (18,25).
These three categories are used to evaluate the relationship between
brain pathology and cognitive outcome.

Psychosocial variables. We included maternal and paternal
education as separate variables because of their increasing role by
increasing age (5). Official classification of education levels in
Finland was used to categorize the parents’ education levels as
follows: basic education, 9 years (⩽9 years); upper secondary
education, 3 more years (over 9–12 years); and higher education, 5
or more years after basic education (412 years).

Data Analysis
Drop-out analyses were performed using a χ2-test or Fisher’s exact
test, as appropriate. In addition, associations between categorical and
ordinal variables were studied using χ2-tests for trends. One-sample
t-test was used to compare the cognitive scores of all children born
very preterm, children born extremely preterm, children born very
preterm without NSI, and separately boys and girls born very
preterm to a mean level of 100 for the normal population. These
results are presented with means, SDs, t values, and P values. Two-
sample t-test was used to compare the cognitive scores between boys
and girls born preterm. Correlation between full-scale IQ at the age
of 5 and 11 years was calculated using Spearman correlation.
Bivariate analyses were performed using regression analysis, and the
results are presented with adjusted R2 (ω2) and P values. Multiple
regression analysis was used to study the association between
cognitive scores and background characteristics. Included in the
independent variables of these analyses were maternal education,
paternal education, gender, GA, birth weight z score, operated NEC,
and findings in the brain MRI. These analyses were repeated,
excluding children with NSI. The results of full regression models are
presented with adjusted R2 (ω2), and the results of individual
predictor variables are summarized using adjusted R2 change (Δω2)
as an effect size. Statistical analyses were carried out using a 9.4
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version of SAS Institute Inc. (Cary, NC, USA) for Windows, and P
values of o0.05 were considered to be statistically significant.

RESULTS
Subjects
The flow chart of the participants and the dropouts is presented
in Figure 1. The mean age of the children born very preterm at
the time of cognitive assessment was 11 years and 1 month
(ranging from 10 years and 8 months to 11 years and
7 months). The neonatal characteristics of the very preterm
cohort (birth weighto1,500 g or GAo32 weeks) are shown in
Table 1. Ten (7.8%) of the children born preterm had NSIs—
eight had cerebral palsy and two had hearing impairments.
None of the children had severe visual impairments. For
comparison, we also report cognitive profile results for
extremely preterm children (birth weight o1,000 g or GA
o28 weeks) comprising half of the total group of very preterm
children (64/128). Infant characteristics and parental education
were compared between the study infants and dropouts. The
follow-up rate was 83% for the very preterm group. The
dropouts (n= 26, 17%) had a lower maternal education level
(o12 years in 65% of the dropouts, 37% of the study infants,
P= 0.004) and were in treatment for retinopathy of prematurity
more often than the study infants (in 12% of the dropouts, 2%
of the study infants, P= 0.034). The dropouts were also more

often singletons (92% of the dropouts, 66% of study infants,
P= 0.007).

Cognitive Profile
Most of the 11-year-old children born very preterm
performed at the average range (at the average 51%, at
the low average 21%) in the assessment of full-scale IQ.
Cognitive impairment was defined as borderline for 18% and
as extremely low for 10% of the children born very preterm.
Excluding children with NSI had a nonsignificant effect, as
52% of the children without NSI performed at the average
level and 23% performed at the low average level. Of the
children born extremely preterm, 47% performed at the
average level and 20% at the low average level in the
assessment of full-scale IQ. Cognitive impairment was defined
as borderline for 20% and as extremely low for 13% of the
children born extremely preterm. Full-scale IQs and the four
index scores are presented in Table 2. Working memory
(Po0.025, t value: 2.28, mean difference: 6.89 (95% CI
0.9–12.9)) and processing speed (Po0.002, t value: 3.06,
mean difference: 9.40 (95% CI 3.3–15.5)) domains were
significantly lower in boys born very preterm compared with
the girls born very preterm. Mean (SD) full-scale IQ of the
present study cohort at the age of 5 years (n= 120) was 98.9
(17.7). Correlation between full-scale IQ at the age of 5 and 11

Live-born infants born preterm (2001-2004), n=193

Infants died, n= 30

Excluded, n=10

Eligible infants, n=153

Dropouts, n=26

– 4 did not fulfill the language criteria

– 1 infant with a genetic syndrome

– 12 refused to participate

– 14 withdrew during the follow-up

Final number of children, n=128 (83%)

– 5 families lived outside the catchment
area of the hospital

Figure 1. A flow chart outlining how study subjects were selected.
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years (Figure 2) was statistically significant (r= 0.73,
Po0.001).

Risk Factors and Cognitive Profile
The covariates were chosen a priori based on clinical
judgment and previous literature. Overall regression models

for full-scale IQ (Po0.001, ω2= 0.28), verbal comprehension
(Po0.001, ω2= 0.20), perceptual reasoning (Po0.001,
ω2= 0.17), working memory (Po0.001, ω2= 0.26), and
processing speed (Po0.001, ω2= 0.18) were performed using
the neonatal (GA weeks, birth weight z score, male gender,
NEC, and brain MRI findings) and psychosocial (maternal
and paternal education) risk factors. Results of the bivariate
analysis are reported in the Supplementary Table S1 online.
According to the regression models, major brain patholo-

gies in MRI at term age associated with lower full-scale IQ
(Po0.001, Δω2= 0.117) and with all the IQ domains that is,
lower verbal comprehension (P= 0.033, Δω2= 0.033), lower
perceptual reasoning (Po0.001, Δω2= 0.133), lower working
memory (Po0.001, Δω2= 0.101), and lower processing speed
(P= 0.026, Δω2= 0.037) at the age of 11 years. Lower paternal
education was associated with lower verbal comprehension
(P= 0.006, Δω2= 0.056). Male gender was associated with
lower working memory (P= 0.048, Δω2= 0.018) and lower
processing speed (P= 0.003, Δω2= 0.057). Birth weight z
score was associated only with processing speed (P= 0.018,
Δω2= 0.032). The Figure 3 represents the results of the
regression analyses. Having a major brain MRI pathology
was clinically the most important risk factor for the
weaker cognitive performance associated with full-scale IQ
(a 15-point deficit) and with all four domains (an 8-point
deficit on verbal comprehension, a 14-point deficit on percep-
tual reasoning, a 13-point deficit on working memory, and a
9-point deficit on processing speed). The clinically important
impact of lower paternal education on lower verbal compre-
hension became also evident (a 15-point deficit). After exclud-
ing the children with NSI from the analyses (Po0.001,
ω2= 0.28), major pathologies in brain MRI (P= 0.005,
Δω2= 0.058) decreased the estimated mean full-scale IQ 11
points, but was no longer significantly associated with verbal
comprehension and processing speed.

DISCUSSION
The general cognitive performance of the children born very
preterm was at the average range, but significantly lower than
the mean test norms as we expected in our hypothesis.
Seventy-two percent of the children born very preterm in this
regional cohort performed at the average range. Twenty-eight
percent performed below the average range (full-scale IQ
below 80) compared with 9% in the general norm population
(10). In summary, the whole IQ distribution of the preterm
population was shifted to the left compared with the
normative values resulting in an 11-point difference in the
mean. Further, we wanted to explore whether neonatal and
sociodemographic risk factors have specific effects on the
cognitive profile at middle school age. The only significant
risk factor for poor general cognition was major brain MRI
pathology at term age. When considering all four domains of
WISC-IV, low paternal education, male gender, and birth
weight z score were also found to be significant risk factors for
different aspects of cognition. GA was not a significant risk

Table 1. Characteristics of the children born very preterm

Characteristics Children born very
preterm (n= 128)

Antenatal corticosteroids, n (%) 123 (96.0)

Gestational age (weeks), mean (SD) [min,
max]

28.8 (2.7) [23.0, 35.9]

Birth weight (g), mean (SD) [min, max] 1080 (291.8) [400.0, 2025]

Birth weight z score, mean (SD) − 1.4 (1.6)

Small for gestational agea, n (%) 49 (38.3)

o28 weeks/⩾ 28 weeks 47/81

o32 weeks/⩾ 32 weeks 112/16

⩽ 1,500 g/41,500 g 123/5

Male, n (%) 68 (53.1)

Apgar o6 at 5 minb, n (%) 30 (23.8)

Multiple birth, n (%) 44 (34.4)

Postnatal corticosteroids, n (%) 20 (15.6)

Days on ventilatorc mean (SD) [min, max] 8.9 (12.5) [0, 51.0]

Days in hospitalb mean (SD) [min, max] 58.6 (30.7) [3, 182]

Treated retinopathy of prematurity, n (%) 2 (1.6)

Operated necrotizing enterocolitis, n (%) 6 (4.7)

Sepsis or meningitis, n (%) 29 (22.7)

Ductal ligation, n (%) 17 (13.3)

Chronic lung diseased, n (%) 18 (14.1)

MRIb, n (%)

Normal 70 (55.5)

Minor 22 (17.5)

Major 34 (27.0)

Maternal educationb, n (%)

⩽ 9 years 12 (9.5)

Over 9–12 years 35 (27.8)

412 years 79 (62.7)

Paternal educationb, n (%)

⩽ 9 years 13 (10.3)

Over 9–12 years 73 (57.9)

412 years 40 (31.7)

MRI, magnetic resonance imaging.
aDefined as a birth weight of o− 2.0 SD according to the age- and gender-
specific Finnish growth charts.
bMissing, n= 2.
cMissing, n= 1.
dDefined as a need for supplementary oxygen at the corrected age of 36
gestational weeks.
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factor for general cognition or four domains of WISC-IV
(10,11).
When comparing the cognitive outcomes of children born

preterm, it is important to note the inclusion criteria; whether
the study reported the outcome for entire population of
children born very preterm (i.e., children born below 32
gestational weeks) or only for children born extremely
preterm (i.e., children born below 28 gestational weeks) as

the youngest infants are usually expected to have long-term
effects more commonly (4,26,27). Previously, the WISC-IV
(10,11) has been used in several studies, but only few have
reported the cognitive profile (2,12–16). To our knowledge,
this is the first study reporting cognitive WISC-IV profile for
middle-school age children born preterm in 2000s. An
Australian study (2,28) also included impaired children when
reporting the cognitive profile of 8-year-old children born
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Figure 2. Scatterplot showing the relationship between 5- and 11-year full-scale IQ.

Table 2. Wechsler Intelligence Scale for Children, fourth edition (WISC-IV), scores for all children born very preterm, boys and girls born very
preterm, children born very preterm without neurosensory impairment (NSI), and children born extremely preterm

Full-scale
IQ

Verbal
comprehension

Perceptual
reasoning

Working
memory

Processing
speed

Mean (SD) t valuea Mean (SD) t valuea Mean (SD) t valuea Mean (SD) t valuea Mean (SD) t valuea

All children born
very preterm
(n= 128)

87.6 (18.0) − 7.77*** 89.8 (15.4) − 7.45*** 91.2 (17.7) − 5.64*** 92.6 (17.4) − 4.80*** 92.9 (17.9) − 4.47***

Boys born very
preterm
(n= 68/128)

85.1 (18.0) − 6.81*** 89.6 (15.9) − 5.40*** 90.6 (18.9) − 4.10*** 89.4 (16.3) − 5.36*** 88.5 (17.0) − 5.57***

Girls born very
preterm
(n= 60/128)

90.5 (17.7) − 4.16*** 90.1 (15.0) − 5.11*** 91.8 (16.3) − 3.87*** 96.3 (17.9) − 1.60 97.9 (17.7) − 0.90

Children born
very preterm
without NSI
(n= 118/128)

89.1 (16.8) − 7.05*** 90.6 (14.9) − 6.87*** 92.9 (16.2) − 4.77*** 93.5 (17.0) − 4.17*** 93.9 (17.0) − 3.90***

Extremely
preterm children
(n= 64/128)

85.1 (19.4) − 6.13*** 87.6 (16.1) − 6.19*** 89.9 (19.5) − 4.15*** 90.5 (18.0) − 4.24*** 90.5 (17.7) − 4.30***

*Po0.05; **Po0.01; ***Po0.001.
aMean scores were compared with the normative test mean ± SD: 100 ± 15.
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extremely preterm in 1997. In that study (n= 189), the mean
full-scale IQ was 93.1, and 11% of the children had a full-scale
IQ below 70. In the present study, the mean full-scale IQ of
the very preterm children was 87.7 (10% had a full-scale IQ

below 70), and in the subgroup of children born extremely
preterm, the mean full-scale IQ was 85.1 (13% had a full-scale
IQ below 70). Compared with the Australian cohort, the
children in the present study born in 2000s were 3 years older

GA (weeks)

Full-scale IQa b

c d

e

Perceptual reasoning

Processing speed

Working memory

–35 –30 –25 –20 –15 –10 –5 0 5 10 15 –35 –30 –25 –20 –15 –10 –5 0 5 10 15

–35 –30 –25 –20 –15 –10 –5 0 5 10 15–35 –30 –25 –20 –15 –10 –5 0 5 10 15

–35 –30 –25 –20 –15 –10 –5 0 5 10 15

Verbal comprehension

Birth weight z score

Male gender

NEC

NEC

NEC

NEC

NEC

Major pathologies

Paternal education
9 years or less

Maternal education
9 years or less

GA (weeks)

Birth weight z score

Male gender

Major pathologies

Paternal education
9 years or less

Maternal education
9 years or less

GA (weeks)

Birth weight z score

Male gender

Major pathologies

Paternal education
9 years or less

Maternal education
9 years or less

GA (weeks)

Birth weight z score

Male gender

Major pathologies

Paternal education
9 years or less

Maternal education
9 years or less

GA (weeks)

Birth weight z score

Male gender

Major pathologies

Paternal education
9 years or less

Maternal education
9 years or less

Figure 3. Regression coefficients and 95% confidence intervals for risk factors of full-scale IQ and four domains (verbal comprehension, perceptual
reasoning, working memory, processing speed) of WISC-IV.
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at the time of cognitive assessment. In summary, based on the
WISC-IV (10,11) results, weaker cognitive performance is still
in 2000s evident in a very preterm population at later
school age.
In line with previous studies (2,15,16), the children born

very preterm in this study also performed significantly below
the normative data in all four WISC-IV (10,11) domains (i.e.,
verbal comprehension, perceptual reasoning, working mem-
ory, and processing speed) even when the children with NSI
were excluded. Comparing with the previous literature
concerning specific neuropsychological deficits of children
born preterm (4), surprisingly, impairments in perceptual
reasoning and working memory were not evident in the
WISC-IV profile. One explanation might be that WISC-IV
(10,11) highlights more fluid reasoning in perceptual reason-
ing than previous versions. According to our results, specific
neuropsychological tests are needed to find out the specific
visuospatial deficits of children born preterm. Further,
children born preterm are reported to have deficits especially
in visuospatial working memory (29). Working memory tests
of WISC-IV are mainly verbal and may not bring up the
specific working memory deficits of children born preterm.
However, the four separate domains of cognitive performance
were found to be valuable in identifying the role of different
risk factors for later cognitive development. The only
significant risk factor for full-scale IQ was major brain MRI
pathologies. When considering all four domains of WISC-IV
(10,11), we could demonstrate that low paternal education,
male gender, and birth weight z score were also risk factors for
different aspects of cognition.
The prognostic value of neonatal brain injury for later

general cognitive development has been controversial in the
literature (5). Differences in inclusion and exclusion criteria
may partly explain the contradictions, as some studies have
excluded cognitively impaired children, untestable children,
or children with NSI. In the PIPARI Study cohort, the brain
MRI findings at term age have been shown to be associated
with cognitive development at 2 and 5 years of age (18,24),
and good stability of cognitive development was shown
between 2 and 5 years of age (19). In this study, good
correlation was shown between 5 and 11 years of age in the
cognitive outcome of children born very preterm. This study
including children with cognitive and/or NSIs, having a major
brain MRI pathology, was the most important risk factor for
the weaker cognitive performance associated with full-scale
IQ (a 15-point deficit) and with all four domains.
At the age of 5 years, children born very preterm had a 9-

point difference to the PIPARI study controls whose outcome
we have previously reported (19). At the age of 11 years, a 13-
point difference was found between the children born preterm
and the updated mean WISC-IV norms (10,11). Our results
suggest good stability of cognitive impairment between the
ages of 5 and 11 years. Further, our results suggest that
cognitive assessments before school entry are reliable to
anticipate later development and are clinically valuable to
identify those children who need developmental support.

The domains of verbal comprehension and perceptual
reasoning from the WISC-IV (10,11) both set high demands
on different aspects of fluid reasoning. This study did not find
any specific risk factors that were associated only with
perceptual reasoning, although the effect of major pathologies
in brain MRI remained even when children with NSI were
excluded. In the present study, the specific impact of lower
paternal education on lower verbal comprehension became
evident (a 15-point deficit). The association between maternal
education and verbal comprehension was in the same
direction as by fathers but statistically nonsignificant.
Although the influence of parental education on cognitive
and especially verbal development is described in both full-
term and preterm populations (30–33), the independent effect
of paternal education is less well studied. There are several
mechanisms potentially explaining the specific role of father
on the language development of their children, including
genetic factors and a developmentally supportive growth
environment. In a recent study, father’s social and working
status are found to predict the child’s lexical development
(34). Previous results have also suggested that fathers use
more questions and require clarification when talking with
their young children (35). Further, diversity and quantity of
vocabulary inputs are important factors for children’s
language acquisition (36).
WISC-IV (10,11) highlights the role of working memory

and processing speed in general cognition more than previous
versions. These two domains require good attentional skills
(10), which are especially vulnerable in children born preterm
(4,37). Gender differences were found in our cohort, only in
working memory and processing speed. Mortality, neonatal
complications, and developmental delay are more common in
boys born preterm than in girls. The gender difference in
cognitive development is suggested to diminish with age (5).
In the present study, however, male gender continued to be a
risk factor for working memory and processing speed
functions up to later school age. Birth weight z score, which
reflects antenatal growth, specifically impaired processing
speed. In the present study cohort at the age of 5 years, poor
antenatal growth was associated with a more immature white
matter structure at term age (38). Our results suggest that
immature white matter at term age may have association to
the cognitive development of children born very preterm still
at 11 years of age.
The strength of this long-term follow-up study is its high

follow-up rate. Moreover, all of the assessments were
conducted by an experienced neuropsychologist using the
full cognitive assessment instead of abbreviated measures.
Data concerning perinatal and neonatal risk factors were also
systematically collected. Our results revealed potential pro-
tective factors for long-term cognitive development of
children born very preterm. Higher parental, especially
paternal, education is a protective factor. In addition, absence
of major pathologies was associated with better cognitive
outcome. In this study, girls had better working memory and
processing speed skills than boys had. However, relying only
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on test norms instead of having a control group of full-term
born children may attenuate the severity of cognitive
impairments. The Finnish standardization of the WISC-IV
(10,11) was published when the data collection started, and
the norms were up to date. A possible technical limitation is
the MRI equipment used in the first part of the cohort, as
more advanced and accurate imaging techniques can detect
white matter lesions in more detail. There are also other
neonatal and concurrent factors not considered in this study
that may also have an impact on cognitive outcomes at school
age (e.g., parenting stress and family structure) (39). The
children lost to follow-up were significantly more likely to
have severe retinopathy of prematurity and have mothers with
fewer years of education, which may have biased the cognitive
results to a more positive direction.
In conclusion, this study showed that less than one-third of

the children born very preterm had clinically significant
cognitive difficulties at 11 years of age. Major brain
pathologies at term age were associated with poorer general
cognitive performance. Paternal education, gender, and birth
weight z score emerged as factors affecting different aspects of
the cognitive profile.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/pr
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