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Abstract
Aim: To study whether a specific cognitive profile can be identified for children born 
extremely preterm (EPT) by investigating: 1) strengths and weaknesses not revealed 
by Full- Scale IQ, 2) overlap between different cognitive deficits and 3) proportion of 
EPT children with multiple deficits.
Methods: We analysed data from the 4th version of Wechsler Intelligence Scales for 
Children in EPT children (n = 359) and matched controls (n = 367), collected within the 
6.5- year follow- up of a population- based prospective cohort study.
Results: Extremely preterm children performed worse than controls on all meas-
ures. Group differences were the largest in Perceptual Reasoning (PRI) and Working 
Memory (WMI), but differences between indices were small. However, when con-
ducting categorical analyses, deficits in PRI and/or WMI were not more common than 
other combinations. Many EPT children had no or mild cognitive deficits, although 
often in multiple domains.
Conclusion: Extremely preterm children had greater weaknesses in working memory 
and perceptual abilities. However, detailed analyses of cognitive subscales showed 
large heterogeneity and provided no support for a specific cognitive profile. In con-
clusion, Full- Scale IQ scores hide strengths and weaknesses and individual profiles for 
EPT children need to be considered in order to provide appropriate support.
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1  |  INTRODUC TION

During the past decades, survival rates among children born ex-
tremely preterm (gestational week ≤27; EPT) have increased 
substantially,1- 3 which has created a need for in- depth knowledge 
about their development. Previous reviews and meta- analyses have 
shown that children born EPT have lower intellectual ability com-
pared with term- born controls, but that a majority of these children 
develop normally or with mild disabilities only.4- 7 Thus, EPT children 
constitute a heterogeneous group, and we still know relatively little 
about their individual strengths and weaknesses.

Previous studies have often only reported composite scores on 
cognitive functioning. Although composite scores, such as the Full- 
Scale Intelligence Quotient (IQ), could be argued to give the best 
overall estimate of a child's intellectual ability, the cognitive profile 
of children with the same Full- Scale IQ may differ substantially. A 
more detailed analysis of a child's cognitive profile enables a more 
in- depth understanding of specific abilities. For children with a Full- 
Scale IQ score within the average range, specific weaknesses may be 
present and may entail negative consequences for daily life. For chil-
dren with moderate or severe intellectual deficits, it is important to 
identify their strengths. Also, strengths need to be assessed not only 
in terms of average or high performance, but also in terms of rela-
tive strengths (i.e. to what extent performance is better within some 
intellectual domains compared with what can be expected based on 
the child's Full- Scale IQ score).

The present study is part of the 6.5- year follow- up conducted 
within the Extremely Preterm Infant Study in Sweden (EXPRESS). 
Previous EXPRESS publications have shown that children born EPT 
perform poorly compared with full- term controls on Full- Scale IQ 
as well as within subdomains.8 In the present paper, we first aimed 
to investigate the cognitive profiles of the EXPRESS children in de-
tail, moving beyond investigating only mean group differences in 
Full- Scale IQ or indices. More specifically, we aimed to investigate 
whether a specific cognitive profile could be identified, whether 
children with average Full- Scale IQ still have deficits within specific 
cognitive domains, and to what extent children considered to have 
mild or severe cognitive deficits have relative strengths. Finally, we 
were interested in determining the proportion of EPT children who 
had mild deficits, although in multiple cognitive domains.

2  |  METHODS

2.1  |  Participants and procedure

Extremely Preterm Infant Study in Sweden is a national, population- 
based and longitudinal prospective study on extreme prematurity. 
It includes all children born <27 gestational weeks in Sweden be-
tween April 1, 2004 and March 31, 2007. A total of 462 children 
were known to be alive at 6.5 years and comprised the eligible study 
population. At the 6.5- year follow- up, 441 children (78% of the eli-
gible study population) were assessed and 367 children were tested.  

Complete cognitive data were obtained from 359 children, which  
comprised the present study sample. A matched control group born 
full term (n = 367) was recruited from the Swedish Medical Birth 
Registry as described in previous publications.8 The reason for 
choosing this age for the follow- up was that this is the age when 
children in Sweden start school.

The children were assessed by licensed psychologists at the 
seven perinatal centres in Sweden. The children's legal guardians 
provided written informed consent, and the Regional Ethics Review 
Board in Lund, Sweden, approved the study. The full sample and pro-
cedure have been described in previous publications.3,8,9

2.2  |  Measures

2.2.1  |  Wechsler Intelligence Scale for Children

Cognition was assessed using the Wechsler Intelligence Scale for 
Children— Fourth Edition, Swedish Version (WISC- IV;10- 12). It in-
cludes four indices measuring specific intellectual domains (i.e. 
Verbal Comprehension Index, Perceptual Reasoning Index, Working 
Memory Index and Processing Speed Index), which together com-
prise the Full- Scale IQ. The present study included the 10 core 
subtests (Table 1). However, the supplemental subtest Arithmetic 
replaced the core subtest Letter- Number Sequencing, as advised 
in the user's manual when testing children not yet confident in the 
alphabet.

2.3  |  Statistical analyses

First, tests for group differences in background variables were 
conducted using t- tests, chi- square tests and Fisher's exact test, 
as appropriate. The children born EPT and controls were first com-
pared, and a dropout analysis was performed. We calculated within- 
individual differences between WISC- IV indices (i.e. discrepancy 
scores). According to the WISC- IV manual,12 a discrepancy score 

Key notes

• Detailed analyses of cognitive strengths and weak-
nesses in extremely preterm (EPT) children have seldom 
been conducted and have not combined dimensional 
and categorical analyses.

• Results showed that group differences were the largest 
for Working Memory and Perceptual Reasoning in the 
dimensional analyses, but categorical analyses revealed 
that multiple deficits in any combinations were common 
among EPT children.

• This study does not support the notion of a specific EPT 
cognitive profile.
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≥1.5 SD between at least two indices is too large for the Full- Scale 
IQ score to be an interpretable measure of the child's overall cogni-
tive ability, meaning that index scores need to be examined instead.

Second, group differences in WISC- IV indices and subtests be-
tween children born EPT and controls were investigated using anal-
ysis of covariance (ANCOVA), with mother's level of education and 
mother's country of birth (Nordic/non- Nordic) as covariates. Missing 
data for level of education were imputed with the mean value for 
each group. Effect sizes were calculated using partial eta- squared 
(η2), where 0.01 is considered a small effect, 0.06 a medium- sized 
effect and 0.14 a large effect.13

Third, z- scores for indices and subtests for the EPT group were 
computed using the control group's mean and standard deviation. A 
z- score of 1.00 would indicate that the difference between children 
born EPT and controls was 1 SD. Paired- sample t- tests were then 
used to investigate whether the deficits observed among children 
born EPT were more pronounced for some indices or subtests. To 
address possible correlations between individual scores due to mul-
tiple births for children born EPT, a complex sample design 14 was 
used in the analyses described above.

Fourth, we classified the EPT children's performance (Full- Scale 
IQ as well as each of the four indices and subtests) into the follow-
ing cognitive categories: 1) no deficits (≥−1 SD), 2) mild deficits (<−1 
to −2 SD) and 3) moderate/severe deficits (<−2 SD). The categories 
were based on the performance of the children in the control group 
and follow the categories proposed in the WISC- IV manual.12

Fifth, we used Venn diagrams to illustrate the overlap between 
different cognitive domains and thereby investigate to what extent 
there is support for the notion of a specific cognitive profile for EPT 
children.

Finally, the proportion of children with single versus multiple 
deficits with regard to the four WISC- IV indices was investigated. As 
we were especially interested in determining to what extent the EPT 
children displayed mild deficits on multiple cognitive indices, we dis-
tinguished between children with only mild deficits and those with 
at least one severe deficit in this analysis.

All analyses were performed in SPSS Statistics version 26 (IBM 
Corp). Graphs were created in Prism8 (GraphPad Prism version 8.00 
for MacIntosh, GraphPad software, La Jolla, California, USA, www.
graph pad.com).

3  |  RESULTS

Table 2 presents data for background variables for the 359 par-
ticipating children compared with the 103 non- participating EPT 
children and 367 controls. The rate of moderate or severe develop-
mental disabilities was significantly lower in participating EPT chil-
dren compared with EPT children who did not participate. No other 
differences were found. The proportion of children with z- score dis-
crepancies between indices exceeding 1.5 SD was 50% for the EPT 
group and 48% for the control group.

Index Subtest Construct assessed

Verbal Comprehension Similarities Verbal reasoning and concept 
formation

Vocabulary Word knowledge and verbal 
concept formation

Comprehension Ability to use previous experiences 
in verbal reasoning

Perceptual Reasoning Block Design Perceptual analysis and 
reconstruction of abstract 
visual patterns

Picture Concepts Abstract categorical reasoning and 
visual concept formation

Matrix Reasoning Visual information processing and 
abstract reasoning

Working Memory Digit Span Auditory short term and working 
memory, and attention

Arithmetic Auditory working memory, numeric 
reasoning and attention

Processing Speed Coding Processing speed, short- term visual 
memory,

visual perception and visuomotor
coordination, cognitive flexibility 

and attention

Symbol Search Processing speed, short- term visual 
memory, visual discrimination 
and attention

TA B L E  1  Description of the indices and 
subtests included in WISC- IV

http://www.graphpad.com
http://www.graphpad.com
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TA B L E  2  Descriptive statistics for background variables and neonatal factors

Full- term control group 
(n = 367) Included EPT children (n = 359)

Non- included EPT 
childreni  (n = 103)

Background variables

Age, years (SD) 6.6 (0.2) 6.6 (0.2)

Sex, n (%) males 201 (54.8) 193 (53.8) 57 (55.3)

Maternal birth country, n (%) non- Nordic 19 (5.2) 65 (18.1)a  26 (27.7)

Maternal education, n (%)i 

≤9 years 10 (3.3) 28 (7.9)a  13 (19.7)

10– 13 years 103 (34.5) 150 (42.1)a  27 (40.9)

14– 15 years 65 (21.8) 90 (25.3)a  12 (18.3)

≥16 years 120 (40.2) 88 (24.7)a  14 (25.0)

Unknown 69 (18.8) 3 (0.8)a  37 (35.9)

Neonatal factors

Gestational age, weeks 25.0 (1.0) 24.9 (1.1)

22 3 (0.8) 2 (1.9)

23 34 (9.5) 13 (12.6)

24 69 (19.2) 19 (18.4)

25 125 (34.8) 29 (28.2)

26 128 (35.7) 40 (38.8)

Gestational age, mean (SD), weeksc  39.5 (1.1) 25.0 (1.0)a  24.8 (1.1)

Birth weight mean (SD), gc  3621 (478) 782 (168)a  776 (173)

Multiple birth 0 (0.0) 69 (19.2) 20 (19.4)

Small for gestational agee  3 (0.8) 56 (15.6)a  16 (15.7)

Congenital malformation 37 (10.4) 11 (10.8)

Severe bronchopulmonary dysplasiaf  75 (21.8) 26 (27.7)

Retinopathy of prematurity ≥ stage 3 117 (32.7) 38 (37.6)

Necrotizing enterocolitisd  17/357 (4.8) 9 (8.8)

Antenatal steroids 333 (92.8) 96 (95.0)

Postnatal steroids 98 (27.3) 35 (34.3)

Major neonatal morbidity 185 (51.8) 62 (102 (60.8)

Severe brain injuryg  44 (12.3) 19 (18.8)

Disabilities at 6.5 years

Cerebral palsy 0 (0.00) 24 (6.7) 18 (21.9)b,h 

Moderate and severe CP 0 (0.00) 6 (1.7) 13 (15.5)b,h 

Moderate or hearing impairment or deaf 1 (0.3) 4 (1.11)a  5 (5.43)b,h 

Deaf 0 (0.00) 0 (0.0) 2 (2.17)

Moderate visual impairment or blind 1 (0.3) (1.10) 17 (16.8)b,h 

Blind 0 (0.00) 0 (0.00) 9 (8.7)b,h 

Note: Overall difference calculated using χ2, if not stated otherwise.
ap  < 0.05 for overall difference between included EPT children and full- term control group. 
bp < 0.05 for overall difference between included and non- included EPT children. 
cOverall difference calculated using independent t test. 
dOverall difference calculated using fisher exact test. 
eLess than mean −2 SD of the Swedish intrauterine growth standard.8 
fOxygen requirements at 36 weeks' CA >30%. 
gIntraventricular haemorrhage ≥grade 3 and all periventricular leukomalacia. 
hIncludes results obtained at 2.5 years for children not participating at the 6.5- year follow- up. 
iThe children not included in this study comprised 23 EPT children declining participations, 72 agreeing to chart review only and 8 not being able 
to complete all ten subtests of the WISC- IV. For maternal education, data was only available for 66 children in this group. For all other neonatal 
background variables, n ranged from 92 to103. 
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3.1  |  Group differences between children born 
EPT and controls

Group differences in Full- Scale IQ, indices and subtests from the 
WISC- IV were all statistically significant with medium to large effect 
sizes (Table 3). Next, we used paired t- tests to investigate whether 
the deficits observed for EPT children were larger for some indices 
compared with others (see Figure 1A). Results showed that the z- 
scores were significantly higher (i.e. larger group differences rela-
tive to controls) for Working Memory and Perceptual Reasoning 
than for the other two indices. However, the differences between 
indices were all small (≤0.23 SD). Figure 1B shows the same analysis 
for subtests within each respective index, with significant discrepan-
cies being found between subtests within the Perceptual Reasoning, 
Working Memory and Processing Speed indices. The largest deficits 
relative to controls were found for the Block Design, Arithmetic and 
Symbol Search subtests.

3.2  |  Cognitive categories for children born EPT

Next, we investigated the three cognitive categories rather than 
mean index and subtest scores. Figure 2 shows the WISC- IV 
indices and subtests according to cognitive performance (ie no 
deficits, mild deficits, moderate/severe deficits). About one third 
(37%) of the children born EPT displayed no cognitive deficits 
when investigating Full- Scale IQ. For separate indices, a majority 
of the EPT children performed within the no deficit range, except 
for Perceptual Reasoning, where the proportion was somewhat 
lower (42%).

Figure 3A shows the proportion of children born EPT within each 
cognitive category for each index, but split according to the child's 
Full- Scale IQ score. This analysis shows relative strengths and weak-
nesses (i.e. the proportion of children performing better or worse on 
an index compared with Full- Scale IQ). For children born EPT with 
no deficit on Full- Scale IQ, a smaller proportion (ranging from 5% for 
Verbal Comprehension and Working Memory to 16% for Processing 
Speed) had mild deficits and few (≤2%) had moderate/severe deficits 
on any particular index. Of children born EPT with mild Full- Scale 
IQ deficits, a majority (50– 59%) had no deficits on separate indices, 
with the most frequent relative strength being found for Verbal 
Comprehension. The exception was Perceptual Reasoning, where 
only 27% had no deficits. Moreover, some children (6– 15%) with 
mild deficits on Full- Scale IQ had moderate/severe deficits on sep-
arate indices. Finally, for children born EPT with moderate/severe 
deficits, a proportion (i.e. ranging from 1% for Perceptual Reasoning 
to 17% for Processing Speed) had no deficits on at least one index, 
and between 25% and 38% had only mild deficits on separate indi-
ces. Figure 3B shows the same type of analyses as in Figure 3A, but 
here, we present relative strengths and weaknesses on individual 
subtests rather than on indices.

3.3  |  Overlap between different cognitive domains

Figure 4 presents the overlap between mild deficits in different WISC- IV 
indices. We chose to merge results for the Verbal Comprehension and 
Processing Speed indices into one circle as Venn diagrams with four 
circles are difficult to interpret. Based on the results of the dimen-
sional analyses, we were mainly interested in determining whether the 

TA B L E  3  Results of the ANCOVAs comparing extremely preterm children and full- term controls

Extremely preterm (n = 359)
Mean (SD)

Full- term controls (n = 367)
Mean (SD)

Mean difference (95% 
CI)a 

Effect 
size (η2)

Verbal Comprehension 92.2 (14.4) 104.0 (11.5) 10.0 (8.1– 12.0) 0.

Similarities 8.9 (3.9) 11.5 (2.9) 2.2 (1.7– 2.8) 0.10

Vocabulary 9.1 (2.1) 10.7 (1.9) 1.3 (1.0– 1.6) 0.10

Comprehension 8.2 (3.0) 10.3 (2.5) 1.8 (1.4– 2.2) 0.10

Perceptual Reasoning 89.7 (14.2) 104.8 (12.7) 13.8 (11.7– 15.8) 0.20b 

Block Design 8.8 (3.0) 11.4 (2.6) 2.4 (2.0– 2.8) 0.15

Picture Concepts 8.5 (3.2) 11.2 (3.0) 2.4 (1.9– 2.9) 0.13

Matrix Reasoning 7.7 (2.3) 9.7 (2.6) 1.9 (1.5– 2.6) 0.13

Working Memory 78.3 (13.1) 90.7 (11.0) 11.2 (9.2– 13) 0.18

Digit Span 6.2 (2.7) 8.0 (2.3) 1.6 (1.2– 2.0) 0.09

Arithmetic 6.4 (2.5) 8.9 (2.3) 2.3 (1.9– 2.6) 0.18b 

Processing Speed 85.0 (14.4) 96.9 (12.7) 11.5 (9.4– 13.6) 0.15b 

Coding 7.6 (3.2) 9.6 (2.9) 1.9 (1.4– 2.4) 0.08

Symbol Search 7.0 (2.7) 9.4 (2.2) 2.2 (1.8– 2.6) 0.16b 

Full- Scale IQ 83.9 (14.6) 100.3 (11.7) 14.8 (12.8– 16.8) 0.24b 

aAll comparisons between extremely preterm children and controls were significant, p < 0.001. 
bIndicating a large effect size (ie η2 > 0.14). All other are considered medium effect size (ie η2 > 0.06). 



1822  |    KAUL et AL.

combination of deficits in Working Memory and Perceptual Reasoning 
was especially common in relation to other combinations. Results 
showed that 6% had deficits in Working Memory only, 2% had deficits 
in Perceptual Reasoning only and 3% had the combination of these 
two deficits. Thus, only a small minority (11%) had deficits in one or 
both of these cognitive domains (without also having deficits in other 
domains). This can be compared with 12% having deficits in either 
Processing Speed and/or Verbal Comprehension. Similar results were 
found when only including children with severe deficits.

3.4  |  Single versus multiple deficits

Figure 5 presents the number of children with single versus multiple 
deficits on the four indices, separately for children with mild deficits 
only and children with at least one moderate/severe deficit. Of 359 
children born EPT, 59 (16%) had a single mild deficit and 66 (18%) 
had multiple mild deficits. The corresponding figures for the con-
trols were 65 (18%) and 32 (9%). Further, 8 children born EPT (2%) 
had a single moderate/severe deficit, and 143 (40%) had multiple 

F I G U R E  1  Panel A, Paired t- tests between indices of the WISC- IV, with brackets indicating statistically significant discrepancies. Panel B, 
Paired t- tests between subscale scores within each index

F I G U R E  2  Distribution of WISC- IV Full- Scale IQ (to the left), and the individual WISC- IV indices and subtests (to the right) according 
to cognitive performance: 1) no deficits (≥−1 SD) presented in light grey, 2) mild deficits (<−1 to −2 SD) presented in grey and 3) moderate/
severe deficits (<−2 SD) presented in black
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moderate/severe deficits. The corresponding figures for the 367 
controls were 12 (3%) and 16 (4%). Thus, in total, 23% of EPT chil-
dren did not have a deficit on any index, 34% of children born EPT 
had only mild deficits and 42% had moderate/severe deficits.

4  |  DISCUSSION

The present study showed significant group differences between 
the EPT group and controls for all WISC- IV indices and subtests, with 
moderate or large effect sizes. Relative to controls, the EPT group 
showed significantly larger difficulties with Perceptual Reasoning 
and Working Memory compared with the two other indices, but 
these differences were small. In addition, categorical analyses of the 
overlap between different indices (i.e. the Venn diagram) indicated 
that deficits in working memory only, perceptual reasoning only, or 
the combination of both these deficits, were not more common than 
other combinations. About half of the participants in both groups 
showed large discrepancies (i.e. ≥1.5 SD) between the WISC- IV 

indices, which indicates that scores on overall cognitive functioning 
hide specific strengths and weaknesses. When investigating these 
individual differences within the EPT group, children with mild defi-
cits on Full- Scale IQ often showed a relative weakness in Perceptual 
Reasoning (Figure 3A), whereas children born EPT with <−2 SD on 
Full- Scale IQ often showed a relative strength in Processing Speed. 
When investigating multiple versus single deficits for each index, 
almost one fifth of EPT children showed mild deficits on multiple 
indices.

When investigating group mean values on the indices and sub-
tests, our results showed that, relative to controls, children born 
EPT had significantly larger deficits in Perceptual Reasoning and 
Working Memory compared with the other two indices. For individ-
ual subtests, the largest differences were found for Block Design, 
Arithmetic and Symbol Search, which are described in the WISC- IV 
manual as primarily targeting visuospatial construction, working 
memory and search of abstract symbols.12 In addition, previous re-
search has shown that the Symbol Search subtest also taps into vi-
sual processing.15 Thus, analyses of individual subtests may support 

F I G U R E  3  A, Distribution of WISC- IV index scores for EPT children within three different ranges of intellectual ability based on Full- Scale 
IQ. 1) no deficits (≥−1 SD) presented in light grey, 2) mild deficits (<−1 to −2 SD) presented in grey and 3) moderate/severe deficits (<−2 SD) 
presented in black. B, Distribution of WISC- IV subscale scores for EPT children within three different ranges of intellectual ability based on 
Full- Scale IQ. 1) no deficit (≥−1 SD) presented in light grey, 2) mild deficits (<−1 to −2 SD) presented in grey and 3) moderate/severe deficits 
(<−2 SD) presented in black
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the notion that, when examining differences between indices for the 
whole group, EPT birth seems to be most strongly related to deficits 
in perceptual skills and working memory. These findings are also in 
line with some previous research.16,17 However, although this could 
be interpreted as indicating a cognitive profile, it is important to note 
that the differences between indices were all small. We would there-
fore like to emphasise that the main finding of the present study is 
that children born EPT, as a group, performed worse than controls 
on all indices and that about one fourth of children born EPT did not 
have any cognitive deficits at all. These findings are in line with the 

few previous studies that have examined separate cognitive indices 
in EPT children.7,8,18,19

When investigating behavioural problems in EPT children, it has 
been argued that there is a specific preterm behavioural phenotype, 
characterised by emotional problems and difficulties with attention 
and social communication.20,21 However, a recent study 22 identi-
fied several subgroups within the preterm group, with only 20% of 
EPT children having problems that fit the preterm behavioural phe-
notype, whereas 55% had no behavioural problems, and 26% had 
problems in most or all behavioural domains. The results of the pres-
ent study could be taken to suggest that similar reasoning may be 
applied to cognitive functioning, as it does not appear to be possible 
to identify a specific cognitive profile for EPT children. Instead, EPT 
children may have deficits within any domain relative to controls or 
may have a single, no or multiple deficits. In sum, when differences 
between children born EPT and controls are examined, deficits ap-
pear to be somewhat larger for perceptual skills and working mem-
ory, which could be interpreted as an indication of a specific EPT 
cognitive profile. However, when investigating the overlap between 
different cognitive deficits, it became evident that a specific cog-
nitive profile that fit a majority of EPT children could not be estab-
lished as deficits in working memory only, perceptual reasoning only 
or the combination of both these deficits, were not more common 
than deficits in processing speed and/or verbal comprehension. 
Consequently, EPT children constitute a very heterogeneous group, 
some having a specific deficit within one domain, some having more 
generalised deficits in multiple domains and some having no deficits 
at all.

Another important research question addressed in the present 
study concerns the proportion of EPT children with deficits evident 
in single versus multiple indices. Children with no deficits or mild 
deficits on only one index will likely fair relatively well and stand for 
roughly 40% of the EPT population in the study. However, having 
deficits in several domains is likely to affect daily functioning to a 
larger extent, as compensatory strategies are less readily available, 
and difficulties may interact. EPT children with multiple moderate/
severe deficits will most likely receive special educational support. 
However, there is a risk that children with multiple mild deficits 
(18%) will go unnoticed by teachers. As argued by Pennington and 
Ozenoff,23 good verbal abilities, which was a relative strength among 

F I G U R E  4  Venn diagram depicting how deficits overlap for EPT 
children. Numbers and percentages are given, n = 359. Please note 
that Verbal Comprehension Index and Processing Speed Index are 
merged into one circle. The proportion with deficits within both 
Perceptual Reasoning Index and Working Memory Index and no 
other areas is highlighted

F I G U R E  5  Number of children with no deficits, single or multiple deficits on the four WISC- IV indices. For the EPT group n = 359 and the 
full- term group n = 367, respectively
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many children born EPT with mild overall deficits in the present 
study, may mask a child's specific weakness within other domains.

4.1  |  Practical/clinical implications of the 
present study

Previous research on children born at full- term has shown that cog-
nitive abilities are important for academic achievement10 and for 
forming and maintaining social relationships.24 Similar associations 
have been found in studies of children born preterm.25- 27 Thus, the 
cognitive deficits displayed by EPT children may have important 
implications for daily life functioning. However, our results also 
showed large heterogeneity within the EPT group and that many 
EPT children have relative strengths. For example, for children 
with the most severe cognitive deficits (Full- Scale IQ <−2 SD) the 
proportion with no or mild deficits ranged from 28% to 55% for 
the different indices. As argued previously,28 Full- Scale IQ scores 
cannot be used to adequately predict individual academic perfor-
mance if there are significant intra- individual differences between 
WISC indices. It should therefore be considered essential for 
schools to carefully assess individual strengths and weaknesses in 
EPT children so that interventions can target the specific cognitive 
deficits of each student.29,30 The EPICure study has shown that 
two thirds of children born EPT had special education needs at age 
11, although only 13% attended special schools.25 Thus, interven-
tions for EPT children most often need to be implemented within 
regular classrooms, which may make adaptations to the individual 
needs of each child a challenge.

4.2  |  Strengths, limitations and future directions

The limitations of the present study mainly concern generalisabil-
ity issues. First, the dropout analysis showed differences between 
the full EXPRESS cohort and the participants in the present study. 
Second, the analyses included in this study do not include participat-
ing children who were unable to complete the WISC- IV, although 
this number was small (n = 8). However, the proportions of children 
with no deficits, mild deficits and moderate/severe deficits were 
similar to figures found in a previous study8 also including those chil-
dren, suggesting that this should be less of a concern.

The present study should be considered an important first step 
in investigating individual strengths and difficulties in children born 
EPT. However, it should be noted that there are additional aspects of 
functioning not included in the present study, which should be con-
sidered in follow- up of children born EPT. For instance, neuropsychi-
atric disorders31 and motor coordination problems32 are common in 
children born EPT.

The strengths of the present study include its prospective, lon-
gitudinal design. An additional strength is that the EXPRESS study 
is a cohort study, whereas most other studies have used more se-
lective samples. The retention rate of 78% should be considered 

satisfactory, although a larger proportion of non- participating chil-
dren had neurodevelopmental disabilities at follow- up. Taken to-
gether, the generalisability of our findings is probably acceptable to 
high. We, therefore, feel that our results can be generalised to ex-
tremely preterm populations receiving active perinatal care.

Regarding future directions, the study clearly indicates that 
children born EPT constitute a heterogeneous group with regard to 
their cognitive profiles. Moreover, further studies need to explore 
how different cognitive profiles are related to daily life functioning 
concurrently, and how these potential subgroups can predict later 
outcomes.

5  |  CONCLUSIONS

Being born EPT increases the risk of deficits in any cognitive 
domain— but not necessarily in all. Only reporting mean values and 
Full- Scale IQ scores does not depict relative strengths and weak-
nesses in the cognitive performance of EPT children. The results of 
the present study demonstrate that children born EPT constitute 
a heterogeneous group with individual strengths and weaknesses. 
This has important practical implications, as successful interventions 
in school build on relative strengths and target specific weaknesses. 
Thus, it should be important to do a follow- up around the time when 
the child starts school. In addition, it should be considered important 
that schools not only provide support for children with moderate/
severe deficits, but also acknowledge the relatively large subgroup 
of EPT children who have mild deficits in multiple domains.
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