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Chapter 8

bAckgrouNd ANd Aims
Approximately 10% of all live-born children are born preterm (<37 weeks of gestation). 
Preterm birth is further subdivided into moderate to late (32-37 weeks of gestation), very 
(28-32 weeks of gestation) and extremely (<28 weeks of gestation) preterm birth. In this 
thesis, the term ‘very preterm children’ is used to describe all children born before 32 weeks 
of gestation, which is approximately 1.5% of all children born in the Netherlands.

Very preterm children have increased risks for death and neonatal medical complica-
tions. They are also at increased risk for severe disabilities, such as deafness, blindness or 
mental retardation. Approximately two-thirds to three-quarters of very preterm children do 
not develop severe disabilities, but the majority does suffer from more ‘subtle’ problems 
such as problems in cognitive, attentional, behavioral and academic functioning. In the 
Netherlands, very preterm children are followed-up until age 8, with pediatric and psycho-
logical assessments at regular intervals.

One of the more ‘subtle’ problems very preterm children encounter are problems in 
the so-called ‘executive functions’. Executive functions are cognitive functions that allow for 
goal-directed behavior. There are three core executive functions: working memory, inhibi-
tion and cognitive flexibility. When a child for example needs to make homework, working 
memory plays a role in remembering when homework is due for which classes and subse-
quently deciding what homework to start with. Inhibition plays a role in suppressing the urge 
to go and watch television instead of making homework. Cognitive flexibility plays a role in 
finding a solution when the computer needed for homework doesn’t work. Many studies 
have examined executive functioning in preterm children, but a comprehensive overview 
examining the severity of the executive function problems, whether the three core executive 
functions are impaired to a similar degree and which factors pose risks for more severe 
problems in executive functioning is lacking.

Previous research has suggested that deficits in executive functioning play an important 
role in the onset of the attentional, behavioral and academic problems very preterm children 
encounter. Therefore, interventions to improve executive functions have been developed, of 
which computerized executive function training has received most attention in the litera-
ture. Whether a computerized executive function training aimed at improving all three core 
executive functions can improve attentional, executive, behavioral, emotional and academic 
functioning in very preterm children, has yet to be investigated.

Very preterm children often have behavioral functioning problems, such as problems in 
attentional, emotional or social functioning. Individual differences in the severity of these 
problems and the combination of the domains affected are large, which makes it difficult to 
investigate the origins and underlying mechanisms of this behavioral dysfunction. Therefore, 
finding subtypes of behavioral functioning, thereby identifying children with similar severity 
of the problems and a similar combination of the domains affected, aids to our understand-
ing of the origins and underlying mechanisms of behavioral dysfunction in very preterm 
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children. Studies trying to identify subtypes in preterm children are limited, and none have 
investigated subtypes of behavioral functioning in children above the age of 8 years.

Examining the effects of very preterm birth on developmental outcomes is difficult, as 
multiple factors play a role in developmental outcomes. For example, lower socio-economic 
status is known to be associated with both a higher risk of spontaneous preterm birth and 
poorer cognitive, behavioral and academic functioning. Socio-economic status is the social 
standing or class of an individual or family and in research into developmental outcomes af-
ter very preterm birth, it is most often measured with maternal education level. However, it 
is unknown whether education level of each parent affects development to the same extent 
and through the same pathways. To minimize the influence of social adversities associated 
with lower socio-economic status and therefore more purely investigate the impact of very 
preterm birth, developmental outcomes in very preterm and term-born children with highly 
educated parents should be compared. Also, it is important to investigate whether the com-
bination of both parents’ education level matters.

Aims of this thesis therefore are (1) to examine the severity of executive function prob-
lems, whether the three core executive functions are impaired to a similar degree and what 
the risk factors are for more severe executive function problems, (2) to examine whether 
computerized executive function training improves attentional, executive, behavioral, emo-
tional and academic functioning in very preterm children, (3) to examine whether subtypes 
of behavioral functioning can be identified in very preterm children and if so, which risk 
factors are associated with these domains (to better understand their origins) and whether 
there are associations with other developmental domains (to better understand the under-
lying mechanisms) and (4) to examine developmental outcomes of very preterm children 
with highly educated parents compared to term-born children with highly educated parents 
and examine whether the combination of parents’ education level matters.

discussioN ANd iNterPretAtioN of mAiN results
The results of a meta-analysis on executive functioning in preterm children born since 1990 
(Chapter 2) show that preterm children have moderately-sized difficulties in executive 
functioning, with all three core executive functions being impaired to a similar degree. To 
draw robust conclusions on the association between the magnitude of executive function 
problems and the degree of prematurity, more studies in children born moderate to late 
preterm are needed. Since the 1990s, advances in neonatal medical care have resulted in 
less neonatal morbidities in very and moderate to late preterm children. However, results of 
our study indicate that these advances in neonatal medical care have not led to improved 
executive functioning: the magnitude of executive function problems has not decreased in 
children born more recently. Although boys are at increased risk for several adverse medical 
complications, we found no difference in the magnitude of executive function problems 
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between boys and girls. Girls are thus as much at risk for these problems as boys are. Also, 
the magnitude of executive function problems did not differ between younger and older 
children. In other words, the executive function problems do not get worse over time, but a 
catch-up in development also does not take place.

Given that no developmental catch-up takes place for executive functioning, and given 
the central role these executive functions play in the onset of attentional, behavioral and 
academic functioning, interventions aiming to improve executive functions have been de-
veloped. However, results of our study in, in which 85 very preterm children with attentional 
problems participated (Chapter 3 and 4), indicate that in very preterm children, computer-
ized executive function training does not improve attentional, executive, behavioral, emo-
tional or academic functioning, nor does it improve self-perceived competence. A recent 
study examining effects of another computerized executive function training in extremely 
preterm children also found no positive effects of this training.

It is known that very preterm children have problems in behavioral functioning and that 
individual differences in the severity of these problems and the combination of behavioral 
domains affected are large. Therefore, identifying behavioral subtypes may aid to better 
understand their origins and underlying mechanisms and ultimately develop interventions 
better targeted to the subtypes. Results of our study on 135 very preterm children (Chapter 
5) suggest the existence of two subtypes of behavioral functioning: a low problems subtype 
and a high problems across domains subtype. Lower parental education level was a risk 
factor for the high problems subtype, but neonatal medical complications were not. How-
ever, almost half of the children in the high problems subtype had high parental education 
level. This suggests that the neonatal medical complications included in the analyses are 
not fine-grained enough to capture the relationship with functional outcomes. The high 
problems subtype was associated with lower IQ and poorer working memory and inhibition. 
If problems occur, they are thus wide-spread across behavioral domains and accompanied 
by problems in cognitive and executive functioning.

Examining the effects of very preterm birth on development is difficult, as other factors 
such as socio-economic status also play a role. To more purely examine the effects of very 
preterm birth on development, we compared cognitive, behavioral and academic functioning 
of 113 very preterm and 38 term-born children, all with highly educated parents (Chapter 6). 
Very preterm children showed poorer cognitive and behavioral functioning than term-born 
children, but did not perform below the general population mean. Academic functioning of 
the very preterm children was similar to that of the term-born children. Furthermore, we 
investigated whether the combination of both parents’ education level matters. We found 
that this was indeed the case: children with two highly educated parents outperformed 
children with one highly and one middle educated parent on almost all outcome measures.
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imPlicAtioNs for cliNicAl PrActice ANd future reseArch
First and foremost, our results do not support the clinical implementation of computerized 
executive function training for very preterm children. Even though there are some alterations 
that might make this training more effective, these alterations are difficult to implement 
and/or are likely to increase drop-out rates. In term-born children, studies have suggested 
that executive, attentional and academic functioning can be improved with acute and longi-
tudinal physical activity. We therefore recommend to examine such promising interventions 
in very preterm children, instead of focusing on altering computerized executive function 
training.

It is also important to examine the relationship between executive functioning and be-
havioral and academic functioning in more detail. This relationship is possibly more complex 
than previously described, and other factors such as information processing speed may 
also play a role in this relationship. It is very clear that executive, behavioral and academic 
functioning are related, but exactly what role executive functioning plays and how this can 
be influenced, especially in very preterm children, is subject for future research.

Besides examining other promising interventions for very preterm children and 
unraveling the role executive functioning plays in behavioral and academic functioning, it 
is also interesting to examine whether there are subgroups of very preterm children that 
do benefit from already existing interventions. One way to examine this, is by identifying 
subtypes in functioning. Multiple studies investigating different domains (cognitive function-
ing, behavioral functioning, brain activity measures) have provided provisional evidence that 
such subtypes exist. To draw robust conclusions on the subtypes of functioning that exist in 
very preterm children, large cohort studies are needed. In these studies, a comprehensive 
set of functioning domains (i.e. attentional, cognitive, behavioral, emotional and academic 
functioning) should be incorporated. To better understand the origins of these subtypes, a 
large set of risk factors should be incorporated, such as genetic, neonatal medical, family 
and socio-economic status factors. Also, trajectories of these subtypes over time need to be 
investigated, to be able to inform parents on their child’s future perspectives.

Last, another starting point for improving very preterm children’s functioning is examin-
ing the underlying mechanisms through which socio-economic status impacts cognitive, 
behavioral and academic functioning. Our results showed that there is a gap in cognitive and 
behavioral functioning between very preterm and term-born children, that can be attributed 
to the sequelae of very preterm birth. Thus, both very preterm birth and lower socio-eco-
nomic status are associated with poorer cognitive and behavioral functioning. Children born 
both very preterm and in a lower socio-economic status environment are thus at ‘double risk’ 
for problems in cognitive and behavioral functioning. When the mechanisms through which 
socio-economic status influences cognitive, behavioral and academic functioning, such as 
for example parent stress or parenting styles, can be unraveled, interventions remediating 
these effects early on in childhood can be developed.
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coNclusioN
Very preterm birth has a substantial negative impact on attentional, executive, behavioral, 
emotional and academic functioning in 8-12 year old children, which cannot be remediated 
with computerized executive function training. To improve very preterm children’s function-
ing, other promising interventions, subtypes of functioning and the mechanisms underlying 
the influence of socio-economic status on functioning should be investigated.


