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CHAPTER 1
General introduction
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1iNtroductioN
Prematurity
Worldwide, approximately 10.6% of all live born babies are born preterm, i.e. before 37 com-
plete weeks of gestation, and 8.1% are born with low birthweight (<2500 g)1, 2. Preterm birth 
frequently co-occurs with low birthweight, with almost 70% of preterm children being born 
with low birthweight and almost 50% of children with low birthweight being born preterm3. 
Preterm birth is divided into sub-categories of moderate to late preterm birth (32 to 37 
weeks of gestation), very preterm birth (28 to 32 weeks of gestation) and extremely preterm 
birth (before 28 weeks of gestation)4. For easier reading purposes, the term ‘very preterm’ 
will be used for all children born before 32 weeks of gestation (i.e. very or extremely preterm) 
in this thesis, which is approximately 1.5% of all children born in the Netherlands5. Preterm 
birth is the leading cause of death worldwide for children below five years of age6. Children 
born preterm are at risk for neonatal morbidities, including brain damage (intraventricular 
hemorrhage, IVH, and periventricular leukomalacia, PVL), infectious diseases (sepsis), heart 
abnormalities (patent ductus arteriosus, PDA), retinopathy of prematurity (ROP), and lung 
disease (bronchopulmonary dysplasia, BPD), and morbidity rates increase with decreasing 
gestational age1, 7. Survivors of preterm birth are also at risk for major neurosensory dis-
abilities, such as cerebral paresis, mental retardation, blindness and deafness4. Two-thirds 
to three-quarters of children born very preterm do not develop major disabilities8, 9, but 
the majority does suffer from more ‘subtle’ problems, including impaired cognitive, behav-
ioral and academic functioning4, 10-16. For example, meta-analyses have shown that preterm 
children’s IQ is approximately 10-13 points lower than that of term-born children10, 17, 18 and 
that preterm children perform below term-born children by 0.60-0.71 standard deviation 
(SD) for arithmetic performance, 0.44-0.48 SD for reading performance and 0.52-0.76 SD 
for spelling performance11, 15. Also, strong associations between lower gestational age and 
lower birthweight and poorer mathematics and reading performance were found in one of 
those meta-analyses15.

Neonatal follow-up care
The extent to which neonatal follow-up care is available varies widely across Europe. How-
ever, in an attempt to harmonize neonatal follow-up care across Europe, European standards 
for follow-up and continuing care after preterm birth have been developed by the European 
Standards of Care for Newborn Health19. It recommends continuing care for children that are 
born very preterm in targeted and structured follow-up systems19. Both physical functioning 
(growth, feeding, vision, hearing, motor functioning, speech development, general health) 
as well as psychological functioning (cognitive, behavioral and academic functioning) are 
recommended to be monitored after discharge19.

In the Netherlands, national guidelines for standardized follow-up care for all children 
admitted to a Neonatal Intensive Care Unit (NICU) have been in place since the 1990s and 
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describe the minimal required follow-up care these children should receive20. This entails 
five pediatric and neuromotor assessments, between the ages of 6 months and 8 years, 
and three psychological assessments, including cognitive and behavioral assessments, at the 
corrected ages of 2, 5.5 and 8 years20. More assessments or more elaborate assessments can 
be implemented at liberty by individual hospitals20. These pediatric and psychological as-
sessments are used for screening purposes, and children experiencing problems are referred 
to appropriate healthcare or psychological professionals for more in-depth assessments. 
Moreover, they are necessary to monitor neonatal intensive care units and evaluate care.

Executive functioning in very preterm children
Executive function (EF) is an umbrella term for a set of higher-order cognitive functions that 
allow for top-down, goal-directed behavior, with core functions including working memory, 
inhibition and cognitive flexibility21, 22. Working memory refers to the ability to hold informa-
tion in mind and actively manipulate this information, and comprises both a verbal and a 
visual-spatial subsystem21. Inhibition refers to the ability to deliberately inhibit a prepotent 
response or stop an ongoing response (response inhibition) or suppress disruption by 
competing responses (interference control)23. Cognitive flexibility refers to the ability to 
switch rapidly between multiple tasks or mental sets21. Very preterm children are especially 
vulnerable for deficits in EF, because very preterm birth has been shown to affect both white 
matter network integrity, on which EF is highly dependent, and brain structures associated 
with EF, such as the basal ganglia24-31.

Two meta-analyses, conducted in 2009, reported preterm children having small to 
moderate difficulties (0.25-0.50 SD) with working memory, inhibition and cognitive flexibility 
as compared to term-born children15, 16. Since then, numerous studies on EF in preterm chil-
dren have been published. A recent meta-analysis examined EFs in very preterm children as 
compared to term-born children and reported 0.50 SD poorer EFs in very preterm children 
than in term-born children and associations between gestational age and poorer EFs in 
children below age 1018. However, in this meta-analysis, data of all different EF domains was 
aggregated into one general EF measure18. An update and extension of the previous meta-
analyses, reporting on the three core EFs separately, is therefore needed. Such an update 
and extension offers the possibility to examine whether all three core EFs are affected to a 
similar degree, and to examine risk factors for larger magnitudes of EF difficulties. Some of 
these risk factors have been identified in previous studies. First, it has been reported that 
the magnitude of EF difficulties is proportional to the degree of prematurity15, 16, 32, 33. Sec-
ond, male sex is a risk factor for multiple adverse medical outcomes34, so it is important to 
examine whether male sex is a risk factor for more pronounced EF difficulties as well. Third, 
there has been debate on the longitudinal trajectories of EF difficulties across childhood 
and adolescence. EF difficulties may remain stable over time, gradually worsen over time or 
gradually improve over time, leading to ‘catching-up’ with term-born children over time35-37. 
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1Therefore, the association between the magnitude of EF difficulties and age at assessment 
should be examined. Last, as vast medical advances in neonatal care have taken place since 
the 1990s, it is interesting to examine whether these have resulted in improvements in EF 
outcomes. This can be investigated by assessing whether the magnitude of EF difficulties 
decreases for studies including children with more recent years of birth.

Executive function training
Poor EFs are considered to play a crucial role in the onset of the problems in attentional, 
social, behavioral, emotional and academic functioning very preterm children encounter38-46. 
Measures of EF are for example highly predictive of attention regulation abilities, math and 
reading performance and poorer social competence in very preterm children38, 39, 44, 45, 47-49. 
Given this central role EFs play, interventions to improve EFs and subsequent development 
in very preterm children are needed.

Several activities have been suggested to improve EFs in the general population, such as 
computerized EF training, traditional tae kwon do and school curricula add-ons50. Computer-
ized EF training has received most attention in the literature, especially Cogmed Working 
Memory Training (CWMT)51. CWMT is a game-formatted, computerized training of verbal 
and visuospatial working memory and is played five times a week for 30-45 minutes per 
session (25 sessions total). CWMT has been widely studied in children with attention-deficit/
hyperactivity disorder (ADHD) and typically developing children. There is evidence that sug-
gests that CWMT improves working memory task performance52, 53. The magnitude of this 
improvement depends on the similarity of the tasks to the training tasks, with more similar 
tasks associated with larger effects52. However, generalization of these working memory 
improvements to domains such as attentional, behavioral and academic functioning, does 
not take place52-54. Studies on computerized EF training in very preterm children, however, 
have been limited. Only one randomized controlled trial investigated effects of CWMT and 
showed that CWMT does not have positive effects on working memory, daily-life EFs, gen-
eral cognitive ability or academic achievement in extremely preterm children55. A possible 
explanation could be that CWMT focuses solely on training working memory, while the 
previously mentioned meta-analyses indicated that very preterm children have difficulties 
in all three core EFs15, 16.

A game-formatted, computerized EF training focused on training all three core EFs, 
BrainGame Brian EF training, has been developed in Amsterdam for children aged 8-12 
years56. It is played four times a week for 30-45 minutes per session (25 sessions total). In 
both children with ADHD and children with an autism spectrum disorder (ASD), BrainGame 
Brian EF training has been shown to be effective in improving working memory perfor-
mance57, 58. Effects on other EFs or other untrained functions were inconsistent57, 58. A pilot 
study in very preterm children showed feasibility and also suggested possible benefits of this 
training for very preterm children59. Therefore, it is important that effects of the BrainGame 
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Brian EF training in very preterm children are examined in a randomized, double-blind, 
placebo- and waitlist controlled trial. Incorporating both a placebo- and a waitlist condition 
allows for disentangling of specific training effects from a-specific training effects and normal 
developmental changes during the course of the study period.

Heterogeneity in behavioral functioning
Problems in attentional functioning are considered to be one of the main and most persis-
tent problems very preterm children encounter15, 60. Meta-analyses have shown that very 
preterm children have a two to four times higher risk of receiving an ADHD diagnosis than 
term-born children10, 14. They are particularly vulnerable for the inattentive subtype of ADHD, 
in which symptoms of inattentiveness play a central role61. Systematic reviews also indicate 
that very preterm children, regardless of being diagnosed with ADHD, show higher levels of 
inattentiveness than term-born children15, 16, 62.

Very preterm children also show more problems in social and emotional functioning 
than term-born children, such as poorer social cognition, more peer relationship problems 
and more emotional symptoms, and have an increased risk of receiving an ASD diagnosis as 
compared to term-born children61, 63-68. These problems have negative effects on daily life 
and persist into early adulthood67, 68.

Thus, very preterm children as a group have substantial problems in several domains 
of behavioral functioning. However, there is large heterogeneity in both the severity of the 
behavioral functioning problems and the combination of domains affected69-71. Possibly dif-
ferent more homogeneous behavioral subtypes can be identified, which may have different 
etiology, trajectories and associations with other developmental domains. More informa-
tion on these behavioral subtypes, risk factors and associations with other developmental 
domains is therefore important. This information can be used to better understand the 
origin of these subtypes, develop interventions targeting these specific subtypes and inform 
parents of these children on future perspectives.

Only three studies have attempted to address this heterogeneity by examining whether 
behavioral symptoms might cluster into subtypes of behavioral functioning in preterm 
children69-71. All three studies, one in moderate to late preterm children, one in very preterm 
children and one in extremely preterm children, were able to identify different behavioral 
subtypes69-71. All three studies also examined risk factors for behavioral subtypes with more 
problems in behavioral functioning and found relationships with several family-level and 
socio-economic risk factors69. One study also examined associations with other develop-
mental domains and found that poorer behavioral functioning subtypes were associated 
with poorer cognitive and academic functioning70. There is thus provisional evidence for the 
existence of more homogeneous subtypes of behavioral functioning within preterm chil-
dren and for the existence of risk factors and associations with other neurodevelopmental 
domains for these subtypes, but the number of studies is very limited, and no studies are 
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1available for children older than 8 years of age. Therefore, more research should be directed 
towards identifying behavioral subtypes in very preterm children, its risk factors and its as-
sociations with other neurodevelopmental domains.

The confounding role of parental education level
Low socio-economic status is associated with poorer cognitive, behavioral and academic 
outcomes in the general population72, 73. Lower maternal socio-economic status is associ-
ated with spontaneous preterm birth, which causes preterm children to be born in low 
socio-economic status environments relatively often74. Research thus often examines de-
velopmental outcomes in preterm children with lower educated parents than the general 
population, and socio-economic status may therefore act as a confounder in in these studies. 
Socio-economic status can be measured in several different ways, and one of the most used 
indicators of socio-economic status in research into developmental outcomes after preterm 
birth is parental education level75. Most studies only account for maternal education level, 
even though it is unclear whether each parents’ education level has a similar effect on 
developmental outcomes76, 77. Examining cognitive, behavioral and academic outcomes in 
very preterm children with highly educated parents as compared to term-born children with 
highly educated parents may yield results that are less influenced by social adversities and 
thus more purely reflect the effects of very preterm birth. Furthermore, it is important to 
examine whether the combination of parents’ education level matters for developmental 
outcomes after very preterm birth or whether including one parents’ education level is suf-
ficient.

Aims
Aims of this thesis were to examine (1) the magnitude and profile of EF difficulties in preterm 
children and associated risk factors, (2) whether EF training has positive effects on atten-
tional, executive, behavioral, emotional and academic functioning in very preterm children, 
(3) whether subtypes of behavioral functioning can be identified in very preterm children 
and if so, how they relate to risk factors and other developmental domains and (4) whether 
cognitive, behavioral and academic functioning differs between very preterm and term-born 
children with high parental education level and whether the combination of both parents’ 
education level matters.

study desigN
With the exception of the meta-analysis, all studies are based on data that was collected 
in two academic hospitals: Amsterdam UMC, location AMC and VUmc, and UMC Utrecht. 
In total, parents of 1019 very preterm children aged 7-12 years old, who had participated 
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in neonatal follow up, were sent a questionnaire (Child Behavior Checklist, CBCL78) to as-
sess their child’s behavior. Of these, 434 parents returned the questionnaire, of which 242 
children had parent reported attention problems (T-score ≥ 55 on the Attention Problems 
scale79) and 192 did not. All 434 children were invited to participate in a research study. Eli-
gible for inclusion were children born very preterm (<30 weeks of gestation and/or <1000g 
birthweight). Exclusion criteria were an estimated IQ < 80, no Dutch language spoken at 
home and motor problems too profound to allow use of a computer.

Very preterm children with parent reported attention problems (n=242) were invited 
to participate in a randomized, double-blind, placebo and waitlist controlled trial with a 
baseline assessment and two follow-up assessments, to investigate effects of the BrainGame 
Brian EF training. Of these, 87 children were willing to participate. Results described in Chap-
ter 3 and 4 are based on the data of these children.

Very preterm children without parent reported attention problems (n=192) were invited 
to participate in this trial as a reference group (only the baseline assessment). Of these, 83 
children were willing to participate and underwent the same neuropsychological assessment 
as children with attention problems underwent at the baseline assessment. Thus, a total of 
170 (87 + 83) very preterm children (with and without parent rated attention problems) 
underwent the baseline neuropsychological assessment.

A group of term-born children was invited to participate in this study as a second refer-
ence group. This group was reached by asking parents of participating very preterm children 
to invite a term-born friend or sibling, through flyers that were handed out at primary 
schools and sports clubs and through social media. This led to 48 term-born children signing 
up for participation in this study, of which one was not eligible due to low birthweight and 
one was excluded due to asphyxia during delivery. Thus, a total of 46 term-born children 
underwent the same neuropsychological assessment as the 170 very preterm children did.

Results described in Chapter 5 are based on a subset of the very preterm children (i.e. 
those with complete parent and teacher questionnaires, n = 135) and results described in 
Chapter 6 are based on a subset of the very preterm and term-born children (i.e. those with 
highly educated parents; n = 113 and n = 38, respectively).

outliNe of this thesis
In Chapter 2, we perform a meta-analysis into three core EFs (working memory, inhibition 
and cognitive flexibility) in preterm children and/or children with low birthweight. In this 
chapter, we also examine whether the magnitude of deficits in these EFs as compared to 
term-born children are dependent on gestational age, sex, age at assessment and year 
of birth. In Chapter 3 and 4, effects of the BrainGame Brian computerized EF training on 
attentional, executive, behavioral, emotional and academic functioning and self-perceived 
competence in very preterm children are examined. In Chapter 5, we investigate subtypes 
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1of behavioral functioning, associated risk factors and associations with other developmental 
domains in very preterm children. In Chapter 6, we examine differences in cognitive, aca-
demic and behavioral functioning between very preterm and term-born children, all with 
highly educated parents. Chapter 7 provides a general discussion of the results of this thesis.
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