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SUMMARY
Being born prematurely can lead to life-long neurodevelopmental challenges in 

multiple outcome domains [1, 2]. Therefore, children who are born very preterm 

(<32 weeks’ gestation) are invited to outpatient departments on a regular basis to 

monitor their development and detect possible difficulties in everyday functioning at 

an early stage. However, patient follow-up often ends at two years of age, especially 

in research settings [3]. This is a concern, since children born very preterm are likely 

to grow into their deficits, the full extent of the consequences of preterm birth might 

not be seen until later childhood, adolescence or even adulthood. 

The purpose of this thesis was to investigate a longitudinal cohort of children born 

before 32 weeks’ gestation, and to study the associations between neonatal factors 

and outcomes at two and ten years of age. To contribute to the knowledge in this 

area, four topics were covered. First, we provided insight in the rates of impairment 

in multiple developmental domains at two and ten years of age, and investigated the 

individual trajectories between these two time-points. As it is important to have early 

prognostic markers that can help predict development, the second aim was to associate 

neonatal neuroimaging findings with both early and school-age outcome. Many studies 

use routine outcome measures to assess functioning, including intelligence quotients 

or standardized questionnaires; our goal was to increase understanding of other 

measures equally important when evaluating a child’s daily functioning. Therefore, our 

third aim was to gain specific knowledge on classroom-evaluated school performance, 

since academic attainment depends on more than cognitive capabilities. For our fourth 

and final aim, we provided insight in day-to-day experiences of caregivers of preterm 

children over the years by asking them about their main concern and the child’s 

best asset during two different life phases (toddlerhood and primary school). In this 

current chapter, the main findings of this thesis are discussed, leading to directions and 

opportunities for the future and future research. 

Main findings 
In Chapter 1 we assessed the rate and stability of impairments in children born very 

preterm in the neurological, motor, cognitive and behavioral domain at two time-

points (age two (corrected for prematurity) and ten). Each child was categorized 

as having no, mild or moderate-severe impairment for each of these domains. The 

individual outcomes at both timepoints were compared.
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When all domains were taken together in a composite score, the number of children 

with a moderate-severe impairment increased almost threefold between two and ten 

years of age. In contrast, the number of children with a mild impairment decreased. 

However, when the domains were assessed separately, no differences were found 

in the distribution of normal, mild and moderate-severe impairment over time. 

So one could conclude that, on a group level, the outcome for children within the 

separate domains is relatively stable. But, as is reflected by the composite score, the 

individual trajectories revealed a considerable number of children showing changes 

in functioning (in the neurological, motor and cognitive, but not the behavioral 

domain). Within the motor and cognitive domain, all children with a moderate-

severe outcome at age two still had a moderate-severe outcome at age ten. The 

individual shifts in functioning occurred mainly in children who had a normal or 

mildly abnormal early outcome, emphasizing that positive outcomes in toddlerhood 

should be interpreted with care and long-term follow-up is mandatory. 

The considerable individual shifts in neurodevelopmental outcome as described in 

chapter 1, could indicate that the predictive value of neonatal prognostic parameters 

changes over time. Over the last decades, neonatal magnetic resonance imaging 

(MRI) has received increasing attention as a prognostic marker. Therefore, we 

investigated the associations between neonatal brain injury as shown on MRI and 

cognitive, motor and behavioral outcomes at both two and ten years of age in Chapter 
2. All children within our cohort underwent an MRI scan around term equivalent age. 

Using the Kidokoro scoring system [4], neonatal brain injury and altered brain growth 

in white matter, cortical and deep gray matter and the cerebellum were assessed. 

Cognitive, motor, and behavioral outcomes were obtained during follow-up visits at 

both two (corrected) and ten years of age. 

The global brain abnormality score, a general measure of neonatal brain injury, was 

associated with cognition, motor skills, and internalizing behavioral problems at two 

years of age. These associations remained after correction for perinatal factors and 

level of maternal education. However, at age ten, there was no longer an association 

with cognition (full-scale, verbal and performance IQ) and behavior. A large effect 

of the level of maternal education was found, affecting cognitive development at 

age 10. Both the average verbal and performance IQ of children of mothers with 

low levels of education were beneath the averages of children of highly-educated 

mothers (18 and 11 point respectively). The effect of maternal education on IQ was 
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most prominent in children with milder forms of brain injury; neonatal MRI remained 

an independent predictor of 10-year cognitive outcome for children with moderate-

severe brain abnormality scores.

During follow-up assessment of preterm born children, standardized outcome 

measures are often used to assess a child’s functioning. It is however debatable 

whether these outcomes truly reflect a child’s day-to-day functioning. At school, for 

example, the demands on behavioral regulation become greater with increasing age 

to engage in learning activities and expend social skills. Studies including outcome 

related to school performance often use standardized tests to assess a child’s 

reading, spelling or mathematical abilities. These are generally administered by a 

psychologist, in a clinically controlled environment with very little distractions. Since 

children born preterm are likely to experience cognitive difficulties and are more 

prone to behavioral problems [5], we investigated in Chapter 3 how the children 

within our cohort performed at school, with all the distractions that are common in 

an elementary classroom. 

First, data on special educational needs were compared to the Dutch national 

average; it was more common for children born preterm to have repeated a grade 

and/or be enrolled in special primary education. Despite these forms of additional 

educational support, children within our cohort more often obtained below average 

scores on reading comprehension, spelling, and especially mathematics at the end 

of third grade (age 8-9). This is a concern, as children born preterm are unlikely to 

catch up with their term-born peers later on when it comes to academic attainment 

[6]. Factors associated with lower scores were male sex, higher rates of white matter 

injury and lower levels of maternal education. 

With the previous chapters showing that children born preterm often experience 

a wide range of impairments, we aimed to provide insight in the day-to-day 

experiences of their caregivers. In Chapter 4, both the quantitative outcomes of a 

behavioral questionnaire and the qualitative findings based on answers of parents 

and teachers on two open-ended questions relating to their main concern and most 

positive aspect about their child/pupil, were described. 

Based on the behavioral questionnaires at the corrected age of two and age ten, filled 

in by parents, quantitative outcomes showed a large increase in children with clinical 

internalizing behavioral problems over time. For externalizing problems, the number 
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of children with normal, borderline clinical and clinical symptoms remained relatively 

stable over the years. Teachers reported less (borderline) behavioral problems in the 

clinical range, both internalizing as well as externalizing, compared to parents. 

Qualitatively, main parental concerns in toddlerhood were reported across three 

clusters: Developmental Milestones (will my child be able to reach age-appropriate 

milestones?), Development in Relation to the Self and Others (mainly toddler 

behavior) and Physical Development (including their child’s health). At ten years of 

age, the majority of parents reported concerns in the cluster Development in Relation 

to the Self and Others, capturing statements on emotional and social development, 

behavior, temperament, personality style, and mindset. Similar to parents, teachers 

mainly reported within the cluster Development in Relation to Self and Others, 

although the underlying themes differed. For example, teachers had more concerns 

related to their pupils social development, whereas parents worried more about 

their child’s emotional development. 

Considering the positive aspects about their child, parents made most statements 

within the cluster Development in relation to the Self and Others at both time-points. 

They often reported their child as being cheerful and happy at two years of age, 

while describing predominantly complex character traits later on, for example their 

child’s perseverance, independence and curiosity. Teachers also mostly mentioned 

statements within this cluster, praising their pupils positive character traits. 
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GENERAL DISCUSSION 

Follow-up should include more than intelligence quotients
The goal of follow-up assessment is to monitor the development of children born 

preterm over the years and assess their functioning at different time-points. This 

enables clinicians to inform caregivers about the child’s strengths and weaknesses, 

making it possible to intervene and/or adapt the environment of the child accordingly. 

Data on long-term outcome provide meaningful insights in what might be expected 

for the future, informing the adequate counseling of parents of very preterm infants 

today. 

One of the standardized outcome measures used during follow-up assessment is an 

intelligence test. However, it has been debated whether this is a reliable marker of a 

child’s cognitive functioning [7]. Since children spend a considerable amount of time 

at school, evaluating outcomes like performance in the classroom can be a valuable 

way of monitoring a child’s cognitive development in addition to standardized 

intelligence tests during follow-up visits. Within our cohort of children born very 

preterm, mean intelligence sores fell in the average range. However, preterm born 

children in our study had more difficulties with reading comprehension, spelling, 

and mathematics compared to their peers, indicating that intelligence alone is not 

predictive of a child’s school functioning. 

Over the last decades, executive functioning received increasing attention for having 

an important role in a child’s academic performance [8, 9]. It is an umbrella-term for 

a broad and complex system of neurocognitive functions, including working memory 

and inhibitory control [10]. Impairments in executive functioning are common 

in children born preterm [11], and can cause difficulties in meeting the general 

demands of the classroom and academic attainment. In specific school tasks, such 

as mathematics, children who are born preterm often struggle to combine several 

cognitive processes including visuospatial processing and working memory [12]. 

The use of standardized assessments makes it possible to monitor development over 

time and to compare outcomes, for example between different longitudinal cohorts. 

However, since the main goal of follow-up assessment is to adequately assess a 

child’s functioning, we should be aware that outcome measures such as intelligence 

quotients may not be the most representative of a child’s day-to-day functioning. 
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Therefore, examining executive functioning complementary to intelligence, and 

the inclusion of other outcomes such as classroom-evaluated school performance, 

should be considered in addition to the currently used intelligence tests. 

The effect of early prognostic markers (such as neonatal 
MRI) should be interpreted with care considering the 
individual changes in outcome over time
Over the past decades, research studies shifted their focus from describing outcomes 

at a singular time-point to multiple moments in time [13]. This is important, 

since, as described in chapter 1, future functioning cannot be reliably predicted 

by developmental assessment in toddlerhood, especially for those children with 

early normal or mild abnormal outcome. Therefore, assessing development at 

multiple timepoints provides more reliable information on the number of children 

experiencing difficulties in everyday functioning. Considering the limited predictive 

value of early developmental outcome and the individual changes in functioning 

over time as described in chapter 1, the question is whether other prognostic factors 

are better in predicting who is at risk for an adverse development.

As seen in chapter 2, although neonatal MRI showed promising associations with 

short-term motor, cognitive, and behavioral outcomes, these associations did not last 

over time. Instead, there appeared to be a stronger association with environmental 

factors. Currently, neonatal MRI is not considered standard care for infants born 

preterm and it is debatable whether it should be [14, 15]. Taken the limited value of 

neonatal MRI for long-term functioning into account, it should be considered to only 

use MRI in those infants who are expected to have higher grades of brain injury, for 

example based on cranial ultrasound findings, instead of all preterm born infants. 

The main factors in predicting classroom-evaluated school performance in chapter 

3 were the child’s sex, white matter injury and level of maternal education. For 

example, boys and children of mothers with low educational levels obtained lower 

scores on reading comprehension. This is not different from the general population, 

where sex differences favoring girls and a relation with maternal education are known 

as important factors influencing intelligence, executive functioning and, therefore, 

school performance [16].
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Environmental factors should be taken into consideration
Since the level of maternal education was associated with school-performance and 

cognitive development in older children, it is important to take (multiple) environmental 

factors into account when trying to predict outcome. Studies have reported that, 

for example, sensitive parenting has a protective effect on neurodevelopment [17, 

18]. This suggests that adapting early interventions for preterm born children, 

in terms of supporting their parents and enhancing early responsive care, will aid 

their development. However, the effectiveness of these intervention programs has 

been debated, since treatment effects that were observed on motor and cognitive 

outcomes in infancy and toddlerhood, did not last into school-age [19, 20].

The importance of qualitative research
Behavioral outcomes in children born preterm have been described for many years 

[1, 21, 22]. Most studies assess behavior through a questionnaire, and distinguish 

between internalizing and externalizing behavioral traits. Internalizing behavior is 

characterized by processes within the self, such as feelings of anxiety, depression 

and somatization, where externalizing behavior comprises actions that are primarily 

directed towards others and/or the environment [23]. In current literature, the 

behavior of children born preterm is classified as ‘the preterm behavioral phenotype’, 

comprising an unique co-occurrence of, often focused inwards, behavioral symptoms 

[24]. The risk of internalizing behavior is that these children often go unnoticed, 

since they do not draw (negative) attention to themselves. An additional difficulty is 

that, even though children born very preterm are more likely to be diagnosed with 

a psychiatric disorder such as Attention-Deficit/Hyperactivity Disorder and Autism 

Spectrum Disorder, there are many children who do not meet the requirements of an 

official classification but still experience great difficulties with their learning abilities 

and behavior [24, 25]. These children are, for example, more easily distracted, 

have difficulties to follow instructions and are disorganized when it comes to their 

schoolwork. 

Even though behavioral questionnaires can provide insight in the areas children born 

preterm tend to struggle with, it does not take the day-to-day personal experiences 

of caregivers into account. Considering what parents mentioned to be their main 

concern, there was a clear shift in worrying about reaching age-related milestones 

and physical health in toddlerhood, to themes aligning with social and emotional 
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development at a later age. The importance of multiple informants when assessing 

behavioral difficulties was underlined by the observation that parents and teacher 

expressed their concerns in different themes, where teachers more often worried 

about their pupils social skills. It is possible that parents are less confronted with 

their child’s interactions with other children. 

In summary, the chapters in this thesis reinforce that children born preterm are at 

risk for long-term impairments. Being able to predict who is at risk, by neonatal 

neuroimaging or early assessment, remains difficult, especially in children who have 

milder forms of brain injury and/or experience milder difficulties at two years of age. 

Currently, most follow-up assessments use standardized outcome measures that 

might not show the full extent of a child’s daily functioning. Additional measurements 

and/or the implementation of qualitative research can be of great additional value. 

Study limitations
The original design of the PROUD-study was to investigate brain imaging findings in a 

prospective cohort of children born very preterm. Over time, follow-up outcomes at 

two and, later on, ten years of age were added. Because follow-up was not included 

in the original study design, there was no sample size or power analysis conducted 

to account for loss to follow-up at two and ten years of age during the recruitment 

of the cohort. Possibly due to the large interval, we had a fair percentage of loss to 

follow-up, as is the case with most longitudinal studies. We acknowledge that this 

may have influenced the generalizability of our findings. 

Other factors possibly affecting the generalizability of our findings are the limited 

number of children with severe neonatal brain injury and the relatively high level of 

maternal education, with the majority of mothers attending higher vocational school 

or university. Studies focusing on more severely affected or extremely preterm born 

children and/or including different ratios in educational level might therefore find 

different outcomes. 

Considering the assessment tools used, especially the Bayley Scale of Infant and 

Toddler Development, the 3rd edition seems to underestimate, especially mild, 

cognitive delays [26]. The use of a more sensitive tool might have a better predictive 

value for later functioning and improve the detection of impairments already at an 

early age. 
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The original study design did not include the purpose of qualitative research. 

Future studies investigating the perspective of caregivers should therefore be more 

extensive, by including for example a structured interview in a representative sample 

of parents and teachers. This generates opportunities to ask specific information in a 

wide range of topics, such as the impact of preterm birth on parents, not only right 

after birth, but also in the long-term. 

Implications
In this section implications for policy, the educational system and future research will 

be further discussed.

Implications for policy

The current thesis shows that follow-up at two years of age on one hand is important 

to identify children who are already (severely) impaired in toddlerhood, since these 

children show little improvement in functioning over time. On the other hand, it is 

not a reliable assessment for later development in children who have a normal to 

mild abnormal outcome in toddlerhood. The rates of impairment start to rise during 

school-age, most likely due to the greater demands on abilities that are essential 

for learning at the start of primary school, such as attention regulation [27]. In the 

Netherlands, according to the guidelines of the national workgroup on neonatal 

follow-up (Landelijke Neonatale Follow-up; LNF) [28], follow-up assessments during 

primary school should be performed at age five and eight. However, in practice, 

this can unfortunately not always be achieved in all Dutch neonatal centers [29]. 

Currently, only children born below 30 weeks of gestation are included in long-

term follow-up programs. In order to adequately monitor the development of all 

children affected by very preterm birth, investments should be made in for example 

staff trained to assess children born preterm, including pediatricians, neonatologist, 

physical therapists and child psychologists. This way, more preterm born children can 

be seen in outpatient departments by trained professionals, and hopefully, in the 

future, follow-up can be prolonged until at least adolescence. This will provide more 

information on long-term development of preterm born children.  

When we aim to assess a child’s day-to-day functioning, it should be considered 

to conduct a more extensive follow-up assessment during these time-points and 
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include, aside from parental questionnaires, for example outcome measures 

regarding executive functioning (including working memory and cognitive flexibility) 

or school performance outcomes obtained in regular classrooms. Qualitative 

research highlights the importance of looking beyond the outcomes of behavioral 

questionnaires, since individual stories are unique and are hard to capture in 

quantitative research. So when truly grasping the influence of preterm birth on 

caregivers, asking them about their day-to-day experiences is important, in addition 

to standardized questionnaires classifying problem behavior. 

The rate of impairment increased within our cohort from two to ten years of age, 

past the endpoint of the Dutch regular follow-up program. However, development 

continues and it is known that children born preterm are likely to experience difficulties 

in a range of areas during adolescence and adulthood, such as professional careers and 

forming romantic relationships [30].It should therefore be reconsidered to prolong 

follow-up into at least adolescence, since the quality of life can be greatly affected 

by difficulties within these areas. When it is not possible to include all preterm born 

children in the outpatient facilities of Dutch neonatal centers, investments should be 

made in facilities where parents can ask their questions to specialized professionals 

when they encounter difficulties. Knowledge on the functioning of preterm born 

children in this phase of life also creates possibilities for the development of targeted 

interventions, for example the enhancing of social skills or the support of a job coach.

Implications for the educational system

With the incidence of very preterm birth in the Netherlands affecting approximately 

2500 infants each year, it is very likely for an elementary school teacher to have 

a preterm born child in the classroom. Teachers will not always be aware of their 

pupils’ prematurity; parents may choose not to tell school to avoid stereotyping, 

or don’t feel the need to inform their child’s teacher. Knowing most impairments 

develop or become more visible during school age, it is important for school teachers 

to be familiar with the possible consequences of preterm birth and the effects on 

development and learning. For example, many children born preterm struggle with 

their working memory [31]. It might appear as though they are not paying attention, 

while in reality, their working memory is insufficient to cope with the demands of the 

task. Therefore, these children can be supported by allowing them to work in a quiet 

place or to give visual instruction in addition to verbal instructions. 
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A recent study showed that knowledge on long-term outcomes of premature birth 

is limited amongst teachers [27]. Information regarding preterm birth and how to 

support preterm born children should be accessible during their training. For teachers 

who already work at schools, additional trainings such as online modules (for example 

the in English available Preterm Birth Information for Educational Professionals [32]) 

can be provided. Primary school builds the foundation for future learning. Being able 

to attend and participate in primary school is therefore essential. Since the 1990s, 

there has been a political trend towards inclusive education in the Netherlands, 

indicating that children with special educational needs are included in mainstream 

primary schools with additional support [33]. Besides teachers, the support staff of 

mainstream primary schools should therefore also be taken into account when it 

comes to education on the effects of preterm birth, since they will most likely be the 

ones working with the children who are in need of additional support. 

Implications for future research

The level of maternal education is an important predictor of functioning during school-

age. A high level of maternal education is a protective factor in children with milder 

forms of brain injury, indicating that children of mothers with a low level of education 

are especially at risk. Future research should focus on the complex intertwine of 

multiple factors, including genes, perinatal, postnatal and sociodemographic factors, 

such as socioeconomic status and parenting style to understand the pathways of how 

parental education influences functioning. This may also provide guidance towards 

targeted interventions for specific groups of preterm born infants and their families.

Most of the children within our cohort had relatively mild forms of neonatal brain 

injury. It would be of interest to see whether the predictive value of neonatal MRI 

on long-term functioning differs in cohorts with extremely preterm born children 

(gestational age below 28 weeks) and in children with higher brain abnormality 

scores, since other studies suggest that moderate-severe brain injury is predictive 

of cognitive development and motor skills in toddlers and school-aged children [34, 

35], whereas the predictive value seems limited in cohorts with less apparent brain 

injury [36]. 

Currently, neonatal MRI is not part of routine clinical care for preterm infants. With 

the results of this thesis in mind it is the question whether it should be, considering it 
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is only beneficial for a select group of children. However, within a research setting, it 

might be useful to assess the effect of medical interventions and new daily practices 

at the NICU on brain development and brain injury to see whether the incidence of 

brain abnormalities changes over time in consecutive cohorts of preterm infants. 

Since long-term outcome can be very different compared to short-term outcome, 

it is important to consider outcome at multiple timepoints in order to adequately 

assess the effectiveness of, for example, neonatal interventions. Furthermore, 

additional, quantitative, MR imaging techniques (for example based on volumetric 

MRI and Diffusion Tensor Imaging) may be able to better predict future functioning, 

but currently these techniques are not commonly used in clinical practice. 
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