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Functional Development at School Age of Newborn Infants at Risk

Abstract

Objective

To establish neuropsychological profiles at school age in very preterm-born 

children compared to the profiles of term-born children. 

Study design

Comparative study including 60 very preterm-born children (gestational age ≤32 

weeks) and 120 term-born controls. At school age, we assessed intelligence, 

visuomotor integration, verbal memory, attention, and executive functioning. 

Subsequently, we investigated co-occurrence of abnormal (<5th percentile) and 

suspect-abnormal (<15th percentile) neuropsychological outcomes in preterm 

children compared to controls.

Results

At mean 8.8 years, 55% of preterm children had suspect-abnormal 

neuropsychological outcomes in multiple (≥2) domains, versus 25% of the controls 

(OR 3.67, 95%-confidence interval 1.90-7.06). In preterm children with multiple 

impairments, verbal memory, attention, and performance IQ were mostly affected. 

No typical pattern of co-occurrence of neuropsychological impairments was 

specific to preterm children, except for those that included low performance IQ 

(OR 5.43, 95%-confidence interval 1.75-16.81). The higher the number of suspect-

abnormal neuropsychological domains, the worse the academic achievement 

(p<.01).

Conclusions

A majority of preterm children had multiple neuropsychological impairments. Low 

performance IQ was characteristic of profiles including multiple neuropsychological 

impairments in preterm children but not in controls. Differences in neuropsychological 

profiles between preterms and controls may reflect an altered organization of brain 

structures in preterm children.
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Introduction

Preterm birth is a common complication of pregnancy. Very preterm birth (<32 

weeks gestation) occurs in around 1-2% of pregnancies. In the early neonatal 

period, various factors in the extra-uterine environment contribute to the risk of 

mild, to occasionally more severe, brain lesions in preterm infants. Early disruptions 

and alterations in brain development can lead to functional impairments in motor, 

cognitive, and behavioral development that may persist into childhood and even 

adulthood.1-3 These functional impairments are likely to have an impact on daily life 

and academic achievement.4,5

The cognitive impairments found in preterm children are not restricted to a poorer 

intellectual development detected as lower intelligence. Specific neuropsychological 

functions like attention, visuomotor integration, and executive functioning can also 

be affected.6,7 Previous studies reported that specifically preterm children with low 

intelligence are at risk for problems in these domains,8,9 while others suggested 

there may be preterm children with specific neuropsychological dysfunctions in 

whom intellectual development is preserved.10,11 As yet, very few studies described 

the co-occurrence of impairments in neuropsychological functions in preterm 

children.

Insight into the neuropsychological profiles, including intelligence, of preterm 

children could reveal whether (I) preterm children develop a pattern of co-

occurring impairments in specific neuropsychological domains, or (II) multiple 

neuropsychological domains are impaired without a pattern emerging, or (iii) in 

most children a single neuropsychological domain is impaired. Identification of the 

nature of these profiles could guide diagnostics and intervention. Our primary aim 

was to establish the neuropsychological profiles at school age in a Dutch cohort of 

very preterm-born children (gestational age ≤ 32 weeks), and to compare them to 

the profiles of term-born children. Our second aim was to determine whether these 

neuropsychological profiles relate to academic achievement. Finally, we aimed 

to identify neonatal characteristics related to the neuropsychological profiles of 

preterm-born children at school age.
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Methods

Patients

This comparative study included 60 randomly selected preterm infants (gestational age 

≤32 weeks) who had been admitted to the Neonatal Intensive Care Unit of the University 

Medical Center Groningen (1996-2002). Most of these children had participated in 

previous cohort studies on the outcome of preterm children with specific neonatal risk 

factors, either as a case or control. We excluded children with major chromosomal and 

congenital anomalies. The response rate at school age was 85%. For every preterm 

child, we retrospectively included two randomly selected fullterm-born control children 

born in 2002 and 2003, who lived in the northern provinces of the Netherlands. The 

control children were initially recruited for the Lollypop study as described elsewhere.12 

Of the fullterm born controls the response rate at school age was 73%.

Measures and Procedure

We reviewed the preterm-born children’s medical charts and recorded neonatal 

characteristics and morbidities. These were gender, gestational age, birth weight, Apgar 

score at 5 minutes, the presence of intrauterine growth restriction (IUGR), asphyxia, 

ventilatory support, bronchopulmonary dysplasia (BPD), early and late onset sepsis, 

necrotizing enterocolitis (NEC), and cerebral pathologies such as germinal matrix 

hemorrhage-intraventricular hemorrhage (GMH-IVH), periventricular hemorrhagic 

infarction (PVHI), post-hemorrhagic ventricular dilatation (PHVD), cystic periventricular 

leukomalacia (PVL), and neonatal seizures.

Socioeconomic status was determined by classifying the highest occupation of both 

parents into below average, average, and above average according to the Dutch 

standard classification of occupations.

The preterm-born children were invited prospectively to participate in an extension 

of our routine follow-up program. The control children did the same follow-up 

program. It entailed the assessment of motor performance, neuropsychological 

functions including intelligence, and behavior at the age of 6 to 12 years. Including 

breaks the program took approximately 2.5 hours to complete. We report here on the 

children’s neuropsychological functions including intelligence, as we were particularly 

interested in the cognitive development of the children. We did not include the 
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children’s performances on motor tests. Parents gave their written, informed consent 

to participate in the follow-up program and the study was approved by the Medical 

Ethical Committee of the University Medical Center Groningen.

Neuropsychological Outcome

Total, verbal, and performance intelligence were assessed using a shortened version 

of the Wechsler Intelligence Scale for Children, third edition, Dutch version. We used 

the subtests Vocabulary and Similarities to assess verbal intelligence and Picture 

Arrangement and Block Design to assess performance intelligence.13 

In addition, we assessed visuomotor integration with the subtest Design Copying of 

the NEPSY-II, a neuropsychological test battery for children.14 In this subtest the child 

is asked to copy geometric shapes of increasing complexity. Visuomotor integration 

involves the integration of visual information with finger-hand movements. 

We assessed verbal memory with a standardized Dutch version of Rey’s Auditory Verbal 

Learning Test.15 This test consists of five learning trials of fifteen words with immediate 

recall after each presentation and a delayed recall trial followed by a recognition trial. 

We measured selective attention and attentional control with the subtests Map Mission 

and Opposite Worlds of the Test of Everyday Attention for Children, Dutch version.16 In 

Map Mission the child is asked to encircle as many symbols of a restaurant as possible 

in one minute among distracting symbols on a map. In Opposite Worlds the child is 

asked to read a string of digits 1 and 2 as 2 and 1 respectively as quickly as possible 

(inhibition of automated reading). Selective attention refers to a child’s ability to select 

target information from an array of distractors. Attentional control refers to the child’s 

ability to shift attention flexibly and adaptively. Finally, the parents filled out the Behavior 

Rating Inventory of Executive Function to assess executive functioning involved in well-

organized, purposeful, goal-directed, and problem-solving behavior as observed by the 

parents in daily life.17 Examples of executive functioning are the ability to inhibit competing 

actions towards attractive stimuli, the flexibility to shift problem-solving strategies when 

necessary, and the ability to monitor and evaluate one’s own behavior. If children were 

too tired and/or uncooperative (as assessed by the trained experimenter), we excluded 

their test scores. Incomplete questionnaires were also excluded. We recorded the type 

of education the children received and whether they had repeated classes. 
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Statistical Analyses

We used age-specific norm scores as provided in the manuals for all the 

neuropsychological tests. We classified the intelligence quotients (IQs) into normal 

(IQ ≥ 85), suspect (IQ 70 to 85) and abnormal (IQ<70). We used the percentiles on 

the standardization samples of the neuropsychological tests to classify raw scores 

into normal (≥ 15th percentile), suspect (5th to 15th percentile), and abnormal (< 5th 

percentile). Verbal memory and attention have two different parameters that each 

measure specific aspects of these functions. For each child we classified verbal 

memory and attention as suspect or abnormal if either one of the two parameters 

was suspect or abnormal. 

First, to compare the neuropsychological test scores of preterm children and 

controls we used the Student’s t-test for normally distributed variables and 

the Mann-Whitney U test for non-normally distributed variables. Second, we 

explored the neuropsychological profiles by graphically displaying the co-

occurrence of abnormal (< 5th percentile) and suspect-abnormal (< 15th percentile) 

neuropsychological outcomes of each child. We then calculated odds ratios for 

obtaining an abnormal outcome on at least one neuropsychological domain or 

multiple (≥2) abnormal neuropsychological domains in preterms versus controls 

by logistic regression analyses. These analyses were repeated after correction for 

gender and socioeconomic status. Since we used age-specific norm scores, we did 

not correct for age at testing. Third, to gain insight into combinations of impairments, 

we tested differences in co-occurrence of neuropsychological impairments between 

preterms and controls using the Chi2 test. Finally, we used the Student’s t-test and 

Pearson correlation for normally distributed variables and the Mann-Whitney U test 

and Spearman’s rank correlation for non-normally distributed variables to relate the 

neonatal characteristics to the neuropsychological profiles in the preterm children. 

The characteristics were gender, gestational age, birth weight, IUGR, ventilatory 

support, BPD, early and late onset sepsis, NEC, mild cerebral pathology (i.e. GMH-

IVH grade I or II), and severe cerebral pathologies (i.e. either GMH-IVH grade III, 

PVHI, PHVD or cystic PVL). We used SPSS 16.0 software for Windows (SPSS Inc, 

Chicago, IL) for all the analyses and p<.05 was considered statistically significant 

throughout.
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Results

Table 1 provides an overview of the patient demographics of the 60 preterm and 

120 control infants. There was a preponderance of males in the preterm group 

compared to the controls (p<.01) and a trend towards lower socioeconomic status 

(p=.052).

The mean age at follow-up was 8.8 years (range 6.8-12.8 years) in the preterm 

group and 6.9 years (range 6.4-7.1 years) in the control group (p<.01).

Neuropsychological Outcome

The mean total IQ in the preterm group was 92 (standard deviation 13, range 

55-118), mean verbal IQ was 95 (15, 55-128), and mean performance IQ was 90 

(14, 55-118). In the control group the mean total IQ was 104 (11, 76-132), mean 

verbal IQ was 106 (13, 75-143), and mean performance IQ was 103 (12, 70-128). 

The box-plots in Figure 1 show the standardized test scores (z-scores) from the 

neuropsychological tests of the preterm children compared to the controls. Preterm 

children performed significantly worse on all tests except the test for visuomotor 

integration, which showed a ceiling effect in its distribution. The distributions of the 

neuropsychological scores in the preterm group were fairly similar to those in the 

control group except that the means were lower in the former. Table 2 shows the 

test results classified into normal, suspect, and abnormal.

Co-occurrence Analyses

Out of 60 preterm children, 33 (55%) did not have any abnormal results on the 

neuropsychological assessments, whilst 27 children (45%) had an abnormal 

outcome in at least one neuropsychological domain. In the control group, only 23 

out of 120 (19%) had an abnormal outcome on at least one neuropsychological 

domain. The odds ratio (OR) for having an abnormal score on at least one domain 

in preterm children versus controls was 3.45, 95% confidence interval (CI) 1.74-

6.83, p<.01. After correction for gender and SES, the OR was 2.82, 95% CI 1.39-

5.37, p<.01. Figure 2 gives the percentage of children per number of abnormal (A) 

or suspect-abnormal (B) neuropsychological domains. The following six domains 

were included: verbal IQ, performance IQ, visuomotor integration, verbal memory, 
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attention, and executive functioning. Like the controls, the majority of preterm 

children with an abnormal neuropsychological outcome had functional limitations 

in only one domain (Figure 2A). The preterm children, however, had multiple 

neuropsychological impairments more frequently, i.e. in 2 or more domains, than 

the control children (9/60 (15%) versus 4/116 (3%), OR 5.12, 95% CI 1.51-17.39, 

p<.01). After correction, the OR was 4.65, 95% CI 1.33-16.35, p=.02. Regarding 

suspect-abnormal outcomes (Figure 2B), a majority of preterm children had 

multiple neuropsychological impairments, which again was more frequent than 

in the controls (33/60 (55%) versus 30/120 (25%), OR 3.67, 95% CI 1.90-7.06, 

p<.01). After correction, the OR was 3.02, 95% CI 1.49-6.12, p<.01. An abnormal 

IQ (<70) always co-occurred with multiple neuropsychological impairments. None 

of the control children had abnormal IQs.

Of the preterm children with only one abnormal domain (n=18), most children had 

problems with verbal memory (n=9), followed by visuomotor integration (n=4), 

attention (n=4), and executive functioning (n=1). In the controls (n=19), although less 

frequent, the distribution of problems in neuropsychological outcomes was similar. 

Inspection of the neuropsychological profiles of the preterm children (n=9) and 

controls (n=4) with two or more abnormal neuropsychological domains revealed 

no clear pattern of combinations of abnormal outcomes (data not shown). Table 

3 shows the frequency of suspect-abnormal outcomes in neuropsychological 

domains in children with one versus multiple neuropsychological impairments  

(≥ 2 suspect-abnormal domains). Within the group of preterm children, attention, 

verbal memory, and performance IQ were abnormal in a majority of preterm 

children with ≥ 2 suspect-abnormal outcomes. In comparison to the controls, a 

suspect-abnormal performance IQ was more frequently accompanied by additional 

neuropsychological impairments in preterm children than in control children (OR 

5.43, 95% CI 1.75-16.81).
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Neuropsychological Profile in relation to Academic Achievement

Table 4A gives the academic achievement (normal education, normal education 

but repeated classes, special education) of the preterm and control children. It also 

provides the median number of suspect-abnormal neuropsychological domains per 

type of academic achievement (normal education, normal education but repeated 

classes, special education). Out of the six preterm children that received special 

education, five attended special schools for children with learning problems and 

one attended a school for children with behavioral problems. In the control group, 

one child attended a school for children with learning problems and one attended 

a school for children with language and hearing problems. The median number 

of suspect-abnormal neuropsychological domains was significantly higher for 

children repeating classes and attending special education, both in the preterm 

(p< .01) and control group (p< .01). Table 4B gives the type of neuropsychological 

impairments in relation to academic achievement in preterm children. Verbal IQ, 

performance IQ, visuomotor integration and attention were significantly more 

frequently affected in children repeating classes and children attending special 

education. This was not found for verbal memory and executive functions. 

Neonatal Characteristics and Neuropsychological Profiles

The preterm children’s birth weight correlated with the number of abnormal and 

suspect-abnormal neuropsychological domains (r=-0.267, p=.04 and r=-0.353, 

p<.01, respectively). This was not found for gestational age. We also found that 

preterm children with IUGR had significantly more suspect-abnormal outcomes 

than preterm children without IUGR (median 3 versus 2 suspect-abnormal 

outcomes, p=.017). This was also found for late-onset sepsis (median 2 versus 1, 

p=.019) and severe cerebral pathology (median 4 versus 1, p=.016).
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TABLE 1 Patient demographics 

  Preterm infants  

(GA<32 weeks) n=60

Control infants n=120

Males/females 41/ 19 57/63

Gestational age (weeks) 29.4 (27.3-30.8) 40.0 (39.0-40.0)

Birth weight (grams) 1138 (941-1410) 3590 (3250-3945)

Socioeconomic status1

Below average 14 (23%) 24 (20%)

Average 33 (55%) 47 (39%)

Above average 13 (22%) 49 (41%)

Neonatal complications

IUGR (<P10) 11 (18%)

Apgar at 5 minutes 9 (4-10)

Asphyxia 1 (2%)

Ventilatory support (IPPV or HFO) 50 (83%)

Early onset sepsis 3 (5%)

Cerebral pathology

GMH-IVH grade I or II 12 (20%)

GMH-IVH grade III or PVHI 1 (2%)

Cystic PVL 0 (0%)

PHVD 2 (3%)

Neonatal seizures 0 (0%)

Late onset morbidity

Late onset sepsis 24 (40%)

Necrotizing enterocolitis 8 (13%)

Bronchopulmonary dysplasia 20 (33%)

Data are given as median (25th-75th percentile) or as numbers (percentage).
1. According to the standard Dutch occupational classification
Abbreviations: GMH-IVH- germinal matrix hemorrhage-intraventricular hemorrhage; HFO- high frequency oscillation; 
IPPV- intermittent positive pressure ventilation; IUGR- intrauterine growth restriction; PHVD- post-hemorrhagic 
ventricular dilatation; PVHI- periventricular hemorrhagic infarction; PVL- periventricular leukomalacia.
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TABLE 2  Neuropsychological outcome at school age of preterm-born 

children and controls classified into normal, suspect, and abnormal

Preterms (n=60) Controls (n=120)

Normal Suspect Abnormal Normal Suspect Abnormal

Verbal IQ (n=179) 47 (78%) 10 (17%) 3 (5%) 114 (96%) 5 (4%) 0 (0%)

Performance IQ 41 (68%) 14 (23%) 5 (8%) 114 (95%) 6 (5%) 0 (0%)

Visuomotor 
integration

46 (77%) 6 (10%) 8 (13%) 97 (81%) 15 (13%) 8 (7%)

Verbal memory 36 (60%) 10 (17%) 14 (23%) 83 (69%) 26 (22%) 11 (9%)

Attention 33 (55%) 15 (25%) 12 (20%) 90 (75%) 23 (19%) 7 (6%)

Executive 
functioning 49 (82%) 7 (12%) 4 (7%) 115 (96%) 3 (3%) 2 (2%)

Data are given as number (percentage). Scores are classified into normal (≥ 15th percentile), suspect 
(5th to 15th percentile), and abnormal (< 5th percentile). Children were classified based on their worst score on one 
of the two parameters.
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TABLE 3  Type of neuropsychological impairment in children with one

versus multiple neuropsychological impairments (≥ 2 suspect-abnormal 

domains)

1 suspect-abnormal 

domain 

≥2 suspect-abnormal 

domains

Preterms 

(n=11)

Controls 

(n=36) 

Preterms 

(n=33)

Controls 

(n=30)

Verbal IQ 2 (18%) 0 (0%) 11 (33%) 5 (17%)

Performance IQ 0 (0%) 0 (0%) 19 (58%)** 6 (20%)

Visuomotor integration 0 (0%) 7 (19%) 14 (42%) 16 (53%)

Verbal memory 4 (36%) 14 (39%) 21 (63%) 23 (77%)

Attention 5 (45%) 15 (42%) 21 (63%) 15 (50%)

Executive functioning 0 (0%) 0 (0%) 11 (33%) 5 (17%)

Data are given as number of children with suspect-abnormal outcomes (percentage of the group concerned). 
** p<.01 when comparing preterms with ≥2 suspect-abnormal domains to controls with ≥2 suspect-abnormal 
domains (Chi2)
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TABLE 4A  Number of impairments in neuropsychological domains in relation

 to academic achievement

Academic achievement Preterm children (n=60) Control children (n=120)

Normal education n=31 (52%) 1 (0-2) n=112 (93%) 1 (0-1)

Normal education, 
repeated classes

n=23 (38%) 3 (2-4) n=6 (5%) 2.5 (1.5-4)

Special educational 
classes

n=6 (10%) 4.5 (1.5-5) n=2 (2%) 3.5 (2-5)

Data are given as number of children (percentage) followed by median number of neuropsychological 
domains with suspect-abnormal scores (25th-75th percentile).

 

TABLE 4B  Type of impairments in neuropsychological domains in relation to

 academic achievement in preterm children

Normal 
education 
(n=31)

Normal education, 
repeated classes 
(n=23)

Special 
educational 
classes (n=6)

Verbal IQ** 1 (3%) 8 (35%) 4 (67%)

Performance IQ** 2 (6%) 13 (57%) 4 (67%)

Visuomotor integration** 2 (6%) 7 (30%) 5 (83%)

Verbal memory 10 (32%) 11 (48%) 3 (50%)

Attention** 8 (26%) 15 (65%) 4 (67%)

Executive functioning 4 (13%) 6 (26%) 1 (17%)

Data are given as number of children with suspect-abnormal outcomes (percentage of the group concerned).  
** p<.01 (Chi2)
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Figure 1  Standardized test scores of neuropsychological tests at 
school age in the preterm group compared to the control group

Standardized test scores of neuropsychological tests at school age in the preterm group (n=60) compared to the 
control group (n=120). Box-plots represent z-score distribution (median, 25th and 75th percentile and range).**p<.01
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Discussion

This study showed that a majority (55%) of very preterm-born children had 

suspect-abnormal outcomes in multiple neuropsychological domains, which was 

more than in controls (25%). We found no typical neuropsychological profile or co-

occurrence of impairments in specific neuropsychological domains among preterm 

children compared to controls, but in children with multiple suspect-abnormal 

domains, verbal memory, attention, and performance IQ were mostly affected. Low 

performance IQ was characteristic of profiles including multiple neuropsychological 

impairments in preterm children but not in controls. These neuropsychological 

impairments were related to academic achievement in the sense that more 

neuropsychological domains were impaired in children who repeated classes and 

attended special schools. The neonatal characteristics related to multiple suspect-

abnormal neuropsychological outcomes at school age were birth weight, IUGR, 

late-onset sepsis, and severe cerebral pathology. Many preterm-born children had 

thus been exposed to factors that, presumably through altered brain development, 

led to impairments in combinations of neuropsychological domains that seemed 

to hamper academic achievement.

The novelty of this study is that to provide insight into the effect of prematurity 

on later neuropsychological outcome, we investigated the co-occurrence 

of neuropsychological impairments in preterm children by examining 

neuropsychological profiles, rather than reporting impairments across preterm 

children. Comparing these profiles to the profiles of a large cohort of term-born 

children enabled us to determine whether a typical neuropsychological profile was 

attributable to very preterm birth. 

We could not confirm a neuropsychological profile typical for preterm children, 

since most preterm children were impaired in multiple neuropsychological domains 

without a pattern emerging. Nevertheless, impaired attention, verbal memory, and 

performance IQ were the neuropsychological domains most frequently involved in 

preterm children with suspect-abnormal outcomes in multiple neuropsychological 

domains. Previously, these functions have been identified as being affected by 

prematurity,18,19 but they now also appear to be affected in combination with 

impairments in other neuropsychological domains. Previous studies also reported 
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that neuropsychological impairments are found in preterm children with poor 

intellectual development.9,20 Our study confirmed these findings by showing that 

most preterm children with low IQs had multiple neuropsychological impairments. 

Interestingly, when comparing the preterm profile to the profile of controls, 

specifically low performance IQ was more frequently accompanied by additional 

neuropsychological impairments in the preterm group, but not for instance attention 

or verbal memory. Perhaps preterm-born children cannot compensate sufficiently 

for other multiple impaired neuropsychological domains to achieve a normal 

performance IQ while full-term born children can. If only one domain is impaired 

then both preterm and control children can compensate sufficiently to achieve a 

normal performance IQ. A substantial group of preterm children remained who 

had suspect-abnormal outcomes in one or more domains in the absence of low 

IQs. Others also stated that very preterm children can be at risk for neurocognitive 

impairment despite average intelligence.10,11 Therefore, our study suggests that 

including only general intellectual development in a follow-up program for preterm 

children may wrongfully classify a preterm child as developing normally thereby 

missing possible specific neuropsychological problems.

In our study the number of suspect-abnormal neuropsychological domains was 

clearly related to academic achievement. We know that up to half of former very 

low birth weight infants require special assistance in school.21 Learning difficulties 

typical for preterm children, e.g. in the field of reading, spelling, mathematics, or 

writing can be independent of IQ scores.5,22 It may well be that combinations of 

problems in neuropsychological functions as found here, such as attention and 

visuomotor integration underlie such learning difficulties.

Regarding neonatal characteristics, we found that birth weight was related to 

the neuropsychological profile of preterm children. There is an inverse relation 

between birth weight and intellectual development in preterm-born children.18 

Moreover, increased rates of neurocognitive impairments such as problems in 

attention, executive functioning, and a decline in school achievement occur with 

decreasing birth weight.5,21,23 Our study adds that birth weight also affects the 

number of neuropsychological domains affected at school age.

Several characteristics of preterm brain development may be involved in the 
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underpinnings of these neuropsychological profiles at school age. First, disruption 

of processes of brain connectivity such as synaptogenesis and corticogenesis that 

normally occur in the intra-uterine environment, can lead to structural changes 

in brain organization in preterm children that persist into young adulthood.24-26 In 

addition to alterations in brain development, perinatal brain injury also affects brain 

maturation processes.27 Particularly the white matter of preterm infants is vulnerable 

to damage, for example from inflammatory responses in case of sepsis.28 These 

disruptions and alterations in brain development may have several functional 

implications. For example, diminished cortical volumes have been related to 

lower intellectual development,29 altered pathways of brain activation to attention 

allocation,30 and disturbed connectivity between posterior brain regions and the 

prefrontal cortex to worse executive functions in preterm children.31 Nevertheless, 

the direct functional implications of combinations of these processes, and how 

they lead to specific neuropsychological profiles at a later age, remain poorly 

understood. 

This study was limited by a relatively small sample size. To increase the power 

of our study, we included twice as many controls as preterm children. Preterm 

and control children were not prospectively matched, which led to an imbalance 

in gender and a trend towards lower socioeconomic status in the preterm group. 

Low socioeconomic status is known to be involved in the etiology of prematurity. 

We cannot elucidate the potential role of lower socioeconomic status in the 

development and persistence of neuropsychological impairments in the preterm 

children of our study although after correction for socioeconomic status our 

results did not change. In our study, verbal memory and attention had two different 

parameters that each measured specific aspects of these functions. Children were 

classified suspect or abnormal if either one of the two was suspect or abnormal, 

which may have led to an inflation of the number of children being classified as 

such compared to other domains that were based on a single measure. Finally, 

this was an exploratory study in which we chose to test those neuropsychological 

functions that have been reported to be poorer in preterm born children. Due 

to limited attention span of the children, we were unable to test all possible 

neuropsychological functions, leaving out e.g. language functions.
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In conclusion, a majority of preterm children had suspect-abnormal outcomes on 

multiple neuropsychological domains. There was no typical pattern of impairment 

in specific neuropsychological domains that distinguished preterm children from 

controls, though low performance IQ was characteristic of profiles including 

multiple neuropsychological impairments in preterm children but not in controls. 

The number of suspect-abnormal neuropsychological domains was related 

to worse academic achievement. This study points to the necessity of early 

identification of children at risk for complex neuropsychological profiles and raises 

the question of how to implement intervention strategies that could contribute to 

improving the outcome of these children. We recommend screening for a wide 

range of neuropsychological functions including verbal memory, attention and 

performance IQ, when performing neuropsychological diagnostics.
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