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Very preterm birth (< 32 weeks of gestation) is associated with longterm neuro
developmental impairments. Despite advances in neonatal health care that have re sult ed 
in considerable improvements of survival rates, there has been a lack of improve  ment 
in longterm outcomes after very preterm birth. To improve outcomes, it is im  portant 
to increase the knowledge of longterm outcomes after very preterm birth. To this end, 
the present thesis covered four aims: (1) to provide insight in the nature of the impair
ments in a broad range of neurodevelopmental and behavioral out comes after very 
pre  term birth; (2) to identify perinatal and demographic risk factors for poor neuro
developmental outcomes after very preterm birth; (3) to study the longterm effects of 
glutamineenriched enteral nutrition on neurodevelopmental and behavioral out comes 
at 13 years of age; and (4) to increase the understanding of the underlying neuro
cognitive processes of these outcomes. The first two aims were mainly covered by the 
studies described in the first part of the thesis (chapter 2, 3, 5), the third aim by chapter 
4, and the second part of the thesis (chapter 6–10) was focused on the fourth aim.

The findings of a metaanalysis of 17 studies presented in chapter 2 indicate that 
preterm birth, also after the introduction of antenatal steroids and surfactant therapy, 
has considerable consequences for academic functioning later in life. Compared to full
term born peers, arithmetic scores of preterm born children were almost threequarter 
of a standard deviation lower and reading and spelling scores were about half a standard 
deviation lower. Moreover, preterm born children were almost three times more likely 
to have special educational needs. The large variability in academic outcomes across 
studies was associated with the incidence of bronchopulmonary dysplasia (BPD). The 
higher the incidence of BPD in the study sample, the larger the difference in academic 
performance between preterm and fullterm born children.

In chapter 3, a comprehensive metaanalysis and metaregression analysis based 
on 71 studies showed a large 0.9SD difference in intelligence between extremely or 
very preterm born children and fullterm born peers. This corresponds to a difference 
of approximately 13 IQ points. This difference varied greatly across studies. The vari
ation could not be ascribed to the birth year of the children included in the studies. 
This finding provides strong evidence that the longterm cognitive outcomes of chil dren 
born extremely or very preterm have not improved between 1990 and 2008. Considering 
a wide range of perinatal and demographic factors and their interrelatedness, the 
findings further suggest a key role of BPD in the longterm cognitive outcomes after 
extremely or very preterm birth, given the strong, positive association between the 
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incidence of BPD and the difference in IQ between extremely or very preterm and full
term born children.

As presented in chapter 4, enteral supplementation of glutamine in the first month 
of life had no beneficial or adverse effects on motor, neurocognitive, academic, and 
be havioral outcomes at 13 years of age. While positive effects of enteral glutamine sup
plementation have been reported on neonatal infections, time to full enteral feeding, and 
brain volume at school age, these promising effects do not seem to translate into im
provements of longterm functioning after very preterm birth.

The findings of a longitudinal study of the academic performance of very preterm 
and fullterm born children in primary school were described in chapter 5. Very pre
term birth was associated with deficits in arithmetic, reading comprehension, and 
spelling. This association was stable over time. The deficits in academic performance 
were already present in the first grades of primary school and did not improve or 
worsen with progression through later grades. As a result, very preterm born children 
had increased special educational needs, repeated grades more often, and had lower 
secondary education levels compared to their fullterm born peers.

The study presented in chapter 6 sought to increase the understanding of neuro
cognitive mechanisms underlying the academic difficulties after very preterm birth. 
Adolescents born very preterm showed deficits in visuospatial working memory, alert
ing attention, and sustained attention. Moreover, compared to fullterm born peers, 
they showed slower reaction times when the response needed to be chosen from four 
re sponse possibilities (choice reaction time) but not when there was only one response 
possibility (simple reaction time). The deficits in visuospatial working memory, sus
tained attention, and choice reaction time were found to underlie the poorer arithmetic 
performance after very preterm birth. Visuospatial working memory and choice 
reaction time but not sustained attention contributed to the difficulties in reading 
com prehension after very preterm birth.

The study of saccadic eye movements described in chapter 7 aimed to provide 
insight in the attentional control abilities of 13yearold adolescents born very preterm. 
Compared to their fullterm counterparts, adolescents born very preterm showed im
pairments in the voluntary but not in the involuntary control of attention. Adolescents 
born very preterm had difficulties to intentionally inhibit reflexive saccades towards 
taskrelevant information, but showed no deficits in the automatic control of reflexive 
saccades towards taskirrelevant information. The impairments in the voluntary control 
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of attention were found to play a role in the symptoms of in attention and the lower 
levels of intelligence and academic performance of adolescents born very preterm 
compared to their fullterm born peers. 

Chapter 8 illustrates that cognitive control processes do not only play an important 
role in intelligence and academic performance, but are also involved in social adjustment. 
Based on parent and teacher reports, adolescents born very preterm were found to have 
more social problems and symptoms of autism spectrum disorders than adoles cents 
born fullterm. In contrast, very preterm born adolescents themselves did not report 
more social problems than fullterm born peers. Very preterm birth was associated with 
impairments in emotion recognition and cognitive control. While the deficits in emotion 
recognition were not associated with the increased parentrated social problems in adoles
cents born very preterm, impairments in cognitive control were found to play a key role 
in the social problems after very preterm birth.

Further insight in the neurophysiological processes underlying the neuro
develop  mental impairments after very preterm birth was provided in chapter 9. Brain 
oscillations were measured during rest using electroencephalography (EEG). At 13 
years of age, adolescents born very preterm exhibited lower levels of relative power in 
the beta frequency band than fullterm controls. When considering individuals’ power 
in the delta, theta, alpha, and beta frequency band, four subgroups of adolescents could 
be distinguished with different distributions of power across these frequency bands. 
The subgroup that exhibited a pattern of brain oscillations with high levels of delta and 
low levels of theta, alpha, and beta power relative to the other subgroups was character
ized by poorer intelligence, academic performance, and motor abilities. Moreover, 
adolescents born very preterm were more likely to be members of this subgroup.

The findings in chapter 10 contribute to our understanding of learning processes 
in adolescents born very preterm. In the study described in chapter 10, visuospatial 
cues guided participants to perform a sequence of movements. Unbeknownst to the 
participants, part of the sequence followed a fixed, repeating pattern. Adolescents were 
learning this sequence of movements without being conscious of the learning process, 
thereby providing insight in their implicit learning abilities. Adolescents born very 
pre term were able to implicitly learn the sequence, did so to a similar extent as full
term born peers, and did not need more practice to acquire the hidden sequence struc
ture than adolescents born at fullterm. This indicates that implicit learning abilities 
are intact after very preterm birth.
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The consequences of very preterm birth are longlasting and cognitive outcomes 
do not seem to have improved over the last decades. Adolescents born very preterm 
showed impairments in neurocognitive processes that are involved in cognitive control. 
On the contrary, processes that do not require cognitive control, such as the involuntary 
control of eye movements and implicit sequence learning, were not impaired. The 
deficits in cognitive control were found to play an important role in the impairments 
in intelligence, academic performance, inattentive behavior, and social problems that 
were observed in adolescents born very preterm. In future research, a shift is to be made 
from studying grouplevel outcomes to studying the large individual differences in 
out comes after very preterm birth. This will provide more insight in the specific 
difficulties of certain subgroups of children and will help us understand which chil
dren have an increased risk for poor outcomes. This aids the early identification of high
risk infants that may benefit from close monitoring and early support and the develop
ment of prevention and intervention strategies targeting factors that contribute to 
adverse outcomes after very preterm birth. In addition, there is a need for a more holistic 
approach of child development, in which the contribution of various interacting bio
logical and environmental factors to functioning across a range of developmental 
domains should be considered. The findings in this thesis emphasize that the improvement 
of outcomes after very preterm birth should receive the highest priority. 




