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AbstrAct
Background: Very preterm children often have difficulties in behavioral functioning, but 
there is large heterogeneity in the severity of these difficulties and in the combination of the 
difficulties observed. Few studies so far addressed this heterogeneity by examining whether 
more homogeneous subtypes of behavioral functioning can be identified.
Aims: To identify behavioral subtypes in a group of very preterm children, examine whether 
such subtypes are related to neonatal medical complications and/or parental education 
level (to better understand origins) and to examine whether such subtypes are associated 
with IQ and neurocognitive deficits in attention and executive function (to study underlying 
mechanisms of dysfunction).
Study design: Cross-sectional cohort study.
Subjects: 135 very preterm (gestational age < 30 weeks and/or birthweight < 1000 grams) 
children aged 8-12 years.
Measures: Parent and teacher questionnaires covering a broad range of behavioral domains, 
parental education level, neonatal medical complications, short-form Wechsler Intelligence 
Scale for Children-III and performance-based attention and executive function measures.
Results: Cluster analysis indicated two behavioral subtypes: a subtype characterized by low 
behavioral problems (76% of children) and a subtype characterized by high behavioral prob-
lems across behavioral domains (24% of children). Lower parental education level, lower 
IQ and poorer verbal working memory, visuospatial working memory and inhibition were 
associated with the high problems subtype, but neonatal medical complications were not.
Conclusions: The majority of very preterm children was assigned to the low behavioral 
problems subtype. However, if problems do occur, they are wide-spread across behavioral 
domains and accompanied by problems in neurocognitive domains.
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iNtroductioN
Very preterm birth (< 32 weeks of gestation) is associated with difficulties in various domains 
of behavioral functioning. For example, very preterm children have a two to four times higher 
risk of receiving a diagnosis of Attention Deficit/Hyperactivity Disorder (ADHD)1, 2. Regardless 
of a diagnosis of ADHD, very preterm children are also reported to have 0.4-0.6 standard 
deviation (SD) higher levels of symptoms of inattentiveness than term-born children3. In 
addition, they have more problems in emotional and social functioning, as reflected by a 
four times higher risk of having an emotional disorder and a 4 to 12 times higher risk of being 
diagnosed with an Autism Spectrum Disorder (ASD)4-11. A literature review has suggested 
that impairments in the domains of attentional, emotional and social functioning may go 
hand in hand6, but only a few studies have actually investigated whether differential profiles 
of impairments in behavioral domains exist in preterm children12-14. It has been shown that 
some preterm children have substantial impairments in behavioral functioning, while others 
have behavioral functioning comparable to that of term-born children 12-14. There is thus 
heterogeneity in the severity of behavioral problems and possibly also in the combination of 
the difficulties observed.

One way to address this heterogeneity is by using a statistical approach to examine 
whether more homogeneous subtypes of behavioral functioning exist within the group of 
very preterm children. Such subtypes might be particularly informative if they are associated 
with distinctive etiologies, underlying mechanisms of dysfunction, developmental courses 
and responses to treatment. This statistical approach has been successfully applied before 
in the field of psychiatric disorders. Finding subtypes of behavioral symptoms that cluster 
together has originally led to the development of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM) , which is widely used in clinical practice, and has greatly boosted 
research into the etiologies, underlying mechanisms and treatments of psychiatric disor-
ders15. This is a continuing process in which refinement still takes place as more research 
becomes available.

Only three studies so far have tried to identify behavioral subtypes in very preterm chil-
dren by using this statistical approach, one in moderate to late preterm 2-year-olds12, one in 
very preterm 5-year-olds13 and one in extremely preterm 7 to 8-year-olds14. These studies all 
identified multiple subtypes. The study in moderate to late preterm 2-year-olds found three 
subtypes, differing both in severity of problems and in the combination of behavioral do-
mains affected12. The study in very preterm 5-year-olds and the study in extremely preterm 
7/8-year-olds both found four subtypes, also differing in severity and the combination of be-
havioral domains affected13, 14. These studies also reported that socio-economic and family-
level factors were associated with subtypes with more severe impairments in behavior12-14, 
while neonatal medical complications were not12, 13. Cognitive and academic functioning14 
and working memory13 were associated with subtypes with more severe impairments in 
behavior, while neurocognitive aspects of attention and other executive functions were 
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not13. Only one of the three previous studies examined both social and neonatal risk fac-
tors for the subtypes and also examined associations with other developmental domains13. 
Furthermore, no studies are available examining subtypes, risk factors and/or associations 
with other developmental domains in children above the age of 8 years.

The current study aimed to extend the findings of previous studies to very preterm chil-
dren later in development, at age 8-12 years, by investigating (1) whether different behavioral 
subtypes could be distinguished in a sample of very preterm (i.e. < 30 weeks of gestation 
and/or < 1000g birthweight) children, (2) whether the identified subtypes were related to 
neonatal medical complications and/or parental education level (to better understand their 
origin) and (3) whether the identified subtypes show a distinctive relationship with IQ and 
neurocognitive deficits in attention and executive functions that have often been reported in 
very preterm children1-3, 16-20 (to study underlying mechanisms of dysfunction).

methods
Study design and participants
This study included very preterm children (GA < 30 weeks and/or birthweight < 1000g) 
with a chronological age of 8 up to and including 12 years. Participants were recruited from 
the sample that had participated in neonatal follow up of two hospitals in the Netherlands 
(Amsterdam University Medical Centers and University Medical Center Utrecht). As part of 
neonatal follow-up care in these hospitals, 434 parents of very preterm children aged 8-12 
years filled out a questionnaire and were invited to participate in a larger research study. Ex-
clusion criteria were an estimated intelligence quotient (IQ) < 80, no Dutch language spoken 
at home (so that parents would be able to fill out Dutch questionnaires) and motor problems 
too profound to allow use of a computer (because of the use of computerized attention and 
executive function tests). Of those participating (n=170), children with complete parent and 
teacher questionnaires of behavioral functioning were eligible for inclusion in the current 
study. The study protocol was approved by the Medical Ethical Committee of Amsterdam 
UMC (location AMC) and execution of the study procedures was according to the Declara-
tion of Helsinki. Written informed consent for all participating children was obtained from 
both parents and, if applicable, from all children aged 12.

Measures
Behavioral functioning
Behavior was measured with three questionnaires, each completed by both parents and 
teachers. From these three questionnaires, 15 subscales were derived: (1) Inattention and 
Hyperactivity/Impulsivity, (2) Inhibit, Shift, Emotional Control, Initiate, Working Memory, 
Plan and Organize, Organization of Materials and Monitor and (3) Hyperactivity, Emotional 
Problems, Conduct Problems, Peer Problems and Prosocial Behavior.
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Attention was measured with the Strengths and Weaknesses of ADHD-symptoms and 
Normal Behavior (SWAN) questionnaire21, comprising 18 items that mapped onto two sub-
scales: Inattention and Hyperactivity/Impulsivity. Outcome measures were raw scores on 
the two subscales (range 9-63 for both scales), with higher scores reflecting more severe 
problems.

Daily-life executive functions were measured with the Behavior Rating Inventory of 
Executive Function (BRIEF)22, comprising 75 items that mapped onto the subscales Inhibit, 
Shift, Emotional Control, Initiate, Working Memory, Plan and Organize, Organization of Ma-
terials and Monitor. Raw scores were transformed into age and sex adjusted T scores with a 
mean of 50 and SD of 10, with higher scores reflecting more severe problems.

The Strengths and Difficulties Questionnaire (SDQ)23 was used to assess behavioral and 
emotional difficulties. This questionnaire contains 25 items mapping onto the subscales Hy-
peractivity, Emotional Problems, Conduct Problems, Peer Problems and Prosocial behavior 
(range 0-10 for all scales). Raw subscale scores were used, with higher scores reflecting more 
problems, except for the prosocial behavior subscale.

Parental education level
First, both parents’ education level was categorized according to the Dutch Central Office 
of Statistics (CBS) distinguishing between low (<6 years post-elementary schooling), middle 
(6-8 years post-elementary schooling) and high (>8 years post-elementary schooling) educa-
tion levels24. Then, both parents’ education level was combined into a combined measure of 
parental education: combined parental education level was considered low if both parents 
had low education or one parent low and the other middle, middle if both parents had 
middle level education or one low and the other high and high if both parents had high level 
education or one high and the other middle24.

Neonatal medical complications
Medical data from the neonatal period were obtained from medical records. Sepsis was 
defined as either treatment with antibiotics for a minimum of five consecutive days or a 
positive blood culture. Bronchopulmonary dysplasia was defined as requiring oxygen at 36 
weeks postmenstrual age. Small for gestational age was defined as a birthweight below the 
10th percentile. Hemodynamically significant patent ductus arteriosus (PDA) was defined as 
a PDA treated with medication and/or surgical ligation. Any ventilator support included high 
frequency oscillatory and conventional mechanical ventilation.

Cognitive functioning
IQ was estimated using a short version of the Dutch version of the third edition of the 
Wechsler Intelligence Scale for Children (WISC-III-NL)25, including the subtests Vocabulary 
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and Block Design. Estimated IQ based on these two-subtests correlates highly with full scale 
IQ (r = .90)26.

Neurocognitive aspects of attention and executive function
Neurocognitive aspects of attention were operationalized as efficiency of the alerting, ori-
enting and executive attention networks and were measured with the Child version of the 
Attention Network Test (Child-ANT), of which an elaborate description can be found in Rueda 
et al.27. Outcome measures were efficiency of the alerting, orienting and executive attention 
networks, calculated as described in Rueda et al.27. For the alerting and orienting networks, 
higher values reflect higher network efficiency. For the executive attention network, higher 
values reflect lower network efficiency.

Neurocognitive aspects of executive function were operationalized as performance-
based tests of working memory, inhibition and cognitive flexibility. Verbal working memory 
was measured using the Digit Span Backward subtest of the WISC-III-NL26. A sequence of 
digits was read out loud by the test administrator and children were asked to repeat this se-
quence in reverse order. Sequence length started with two digits. Per sequence length, two 
trials were administered. The task was ended if the child failed on both trials for a sequence 
length. Visuospatial working memory was measured using the Grid Task28, backwards condi-
tion. On an iPad, a sequence of yellow dots was presented in a 4x4 grid and children were 
asked to repeat this sequence in the reverse order. Sequence length started with two dots. 
Per sequence length, four trials (two easy and two difficult) were administered. The task 
was ended if the child failed on both trials of a difficulty level within a span length. For 
both verbal and visuospatial working memory, the outcome measure was the product of 
the largest span length performed correctly at least once, and the total number of correctly 
repeated sequences.

Inhibition was measured with the Stop Signal Task, of which a full description can be 
found in Aarnoudse-Moens et al.29. In short, this task consisted of frequent ‘go’ and infre-
quent ‘stop’ trials and children were instructed to press a button as quickly as possible when 
a target stimulus was presented, but to refrain from responding when a stop stimulus was 
presented. Outcome measures were the number of errors on go trials and the Stop Signal 
Reaction Time (SSRT) measuring the speed of the inhibitory process, which is calculated by 
subtracting the mean stop signal delay from the mean go reaction time30.

Cognitive flexibility was measured with the Multisensory Integration Test (MSIT), of 
which a full description can be found in Königs et al.31. In short, in this task, a penguin was 
presented that tilted to the left or right. In the set condition, children were asked to press the 
button on the side the penguin tilted to. In the visual shift condition, a visual shift stimulus 
was presented concurrent with the tilt of the target and children were asked to press the 
button on the opposite side as the penguin tilted. Outcome measure was Shifting Reaction 
Time, defined as the difference in reaction time between the set condition and the visual 
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shift condition, reflecting the increase in reaction time in the visual shift condition compared 
to the set condition, with higher values corresponding to poorer shifting abilities.

Procedure
Very preterm children were invited to either Amsterdam UMC location AMC or UMC Utrecht 
for assessment. During a period of approximately 3.5 hours (including two breaks), a neu-
ropsychological assessment, including the measures described above, was administered to 
the children. IQ was always assessed first, as an estimated IQ < 80 was an exclusion criterion. 
Meanwhile, parents completed behavioral questionnaires. Questionnaires for teachers were 
sent to the parents by mail before the assessment.

Statistical Analyses
IBM SPSS Statistics version 24 was used for the statistical analyses32. Outliers were winsorized 
at 3 SDs33. Percentage of missing values for IQ, combined parental education level, neonatal 
medical complications, ANT scores, Grid Task scores, Stop Signal Task scores and MSIT scores 
ranged between 0 and 14.1%. More than 10% of data was missing for ANT scores and Stop 
Signal Task scores, due to technical problems. Missing values were not imputed.

To assess internal consistency of the subscales of the parent and teacher questionnaires, 
Cronbach’s alpha was computed. Subscales with a Cronbach’s alpha < 0.65 were excluded 
from the subsequent cluster analysis.

Hierarchical cluster analysis was performed to investigate whether subtypes of be-
havioral functioning could be identified within the group of very preterm children. These 
analysis used all subscales of the parent and teacher SWAN, BRIEF and SDQ showing 
adequate reliability (Cronbach’s alpha ≥ 0.65). Between-groups linkage with the squared 
Euclidean distance was used34. Since the subscales from the different questionnaires were 
measured on different scales, subscale scores were transformed to a z-distribution in the 
cluster analysis. The number of subtypes was decided on after combining information from 
the agglomeration schedule with careful consideration of the dendogram34.

To allow for interpretation of the subtypes revealed, one-way ANOVAs were used to 
assess possible differences between the subtypes that were revealed by the hierarchical 
cluster analysis on all parent and teacher SWAN, BRIEF and SDQ subscales.

One-way ANOVA’s and chi-square tests were performed to investigate whether distinc-
tive risk factors (age, parental education level and neonatal medical complications) were 
associated with the subtypes that were revealed by the hierarchical cluster analysis.

One-way ANOVA’s were performed to investigate whether the subtypes that were 
revealed by the hierarchical cluster analysis showed distinctive relationships with IQ and key 
neurocognitive aspects of attention and executive function.
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For the one-way ANOVA’s, Cohen’s d values were computed. A Cohen’s d of 0.20 is 
considered a small effect, a Cohen’s d of 0.50 is considered a medium effect and a Cohen’s d 
of 0.80 is considered a large effect 35.

results
Participants
A total of 135 children participating in the research study had complete parent and teacher 
questionnaire data and were included in the current study. Demographic and neonatal 
medical characteristics of the sample are described in Table 1.

Table 1. Demographic and neonatal medical characteristics of the sample.

Very preterm children
(n = 135)

GA (weeks, M, SD) 28.1 (1.4)

BW (grams, M, SD) 1061 (270)

Age (years, M, SD) 10.5 (1.2)

Sex (n boys, %) 71 (52.6%)

IQ 103.5 (13.4)

Combined parental education level

Low 11 (8.1%)

Middle 26 (19.3%)

High 90 (66.7%)

SGA (n, %) 25 (18.5%)

Ventilator support (n, %) 92 (68.1%)

BPD (n, %) 22 (16.3%)

IVH I or II (n, %) 31 (23.0%)

IVH III or IV (n, %) 3 (2.2%)

PVL I (n, %) 7 (5.2%)

PVL II, III or IV (n, %) 1 (0.7%)

PDA treated (n, %) 49 (36.3%)

Sepsis (n, %) 96 (71.1%)

GA = Gestational Age; BW = Birthweight; SGA = Small for Gestational Age; wks = weeks; IQ = Intelligence 
Quotient; BPD = Bronchopulmonary Dysplasia; IVH = Intraventricular Hemorrhage; PVL = Periventricular 
Leukomalacia; PDA = patent ductus arteriosus.
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Subtypes of behavioral functioning
Cronbach’s alpha was > 0.65 for all subscales except for the Emotional Problems subscale 
of the parent SDQ and the Inhibition subscale of the parent BRIEF, which were therefore 
excluded from subsequent analyses. The hierarchical cluster analysis indicated the exis-
tence of two subtypes of behavioral functioning. With the exception of the Hyperactivity/
Impulsivity scale of the SWAN teacher questionnaire, the two subtypes differed significantly 
on all parent and teacher questionnaire subscales, with one subtype consistently showing 
substantially poorer behavioral functioning than the other cluster (see Table 2 for details). 
Effect sizes of the significant differences ranged between 0.73 and 1.71 standard deviation 
(SD), indicating large to very large effects. The clusters were thus labeled ‘low problems 
subtype’ and ‘high problems subtype’.

Risk factors
Age at assessment did not differ significantly between the low problems and high problems 
subtypes. Combined parental education level was significantly lower in the high problems 
subtype than in the low problems subtype. Nevertheless, parental education was still labeled 
as high in 47% of the children in the high problems cluster. None of the neonatal medical 
complications differed significantly between the low problems and high problems subtypes 
(Table 3).

Associations with IQ and neurocognitive aspects of attention and executive 
function
Although IQ was in the normal range for both subtypes, IQ was significantly lower (7 IQ 
points) in the high problems subtype than in the low problems subtype. Children in both 
behavioral subtypes had similar efficiency of the orienting, alerting and executive attention 
networks and showed similar performance in terms of cognitive flexibility. However, children 
in the high problems subtype had significantly poorer verbal working memory, visuospatial 
working memory and inhibition than children in the low problems subtype (effect sizes 
small-to-moderate and moderate, see Table 4).
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Table 2. Performance of the subtypes on all subscales of the parent and teacher questionnaires.

Low problems
(n = 103)

High problems 
(n = 32)

Test statistic, p-value Cohen’s 
d

SWAN questionnaire

Parent inattention 33.0 (8.97) 45.5 (5.3) F(1,133) = 55.8, p <.001* 1.52

Parent hyperactivity/impulsivity 32.0 (8.9) 43.1 (5.8) F(1,133) = 43.9, p <.001* 1.35

Teacher inattention 31.5 (9.8) 45.1 (6.2) F(1,133) = 55.0, p <.001* 1.51

Teacher hyperactivity/impulsivity 29.4 (11.0) 28.9 (5.8) F(1,133) = 0.06, p = .81 0.05

BRIEF questionnaire

Parent Shifting 45.4 (7.0) 56.8 (12.9) F(1,133) = 42.0, p <.001* 1.32

Parent Emotional Control 43.2 (8.9) 58.2 (13.0) F(1,133) = 54.4, p <.001* 1.50

Parent Initiate 45.8 (9.9) 60.4 (9.2) F(1,133) = 54.8, p <.001* 1.51

Parent Working Memory 46.5 (10.1) 62.5 (6.8) F(1,133) = 69.9, p <.001* 1.71

Parent Plan and Organize 44.4 (8.0) 57.9 (7.9) F(1,133) = 70.4, p <.001* 1.71

Parent Organization of Materials 42.4 (8.7) 51.8 (8.3) F(1,133) = 28.6, p <.001* 1.09

Parent Monitor 43.7 (8.0) 57.2 (9.0) F(1,133) = 65.9, p <.001* 1.66

Teacher Inhibit 46.0 (7.8) 56.5 (10.7) F(1,133) = 37.6, p <.001* 1.25

Teacher Shift 47.8 (8.7) 59.6 (12.9) F(1,133) = 35.2, p <.001* 1.21

Teacher Emotional Control 46.1 (6.8) 55.9 (12.1) F(1,133) = 33.8, p <.001* 1.19

Teacher Initiate 47.2 (8.5) 60.9 (13.5) F(1,133) = 47.4, p <.001* 1.40

Teacher Working Memory 49.6 (9.5) 67.0 (13.4) F(1,133) = 66.7, p <.001* 1.67

Teacher Plan and Organize 46.4 (7.9) 61.0 (13.7) F(1,133) = 56.7, p <.001* 1.54

Teacher Organization of Materials 47.2 (7.1) 57.2 (11.8) F(1,133) = 34.0, p <.001* 1.19

Teacher Monitor 47.1 (8.4) 61.1 (10.7) F(1,133) = 58.9, p <.001* 1.56

SDQ questionnaire

Parent Conduct Problems 0.6 (0.9) 2.6 (2.0) F(1,133) = 59.5, p <.001* 1.57

Parent Hyperactivity 3.0 (2.7) 7.0 (1.9) F(1,133) = 63.7, p <.001* 1.63

Parent Peer Problems 1.0 (1.4) 2.8 (2.1) F(1,133) = 31.0, p <.001* 1.14

Parent Prosocial Behavior 9.0 (1.3) 7.5 (1.8) F(1,133) = 26.6, p <.001* 1.05

Teacher Emotional Problems 1.0 (1.3) 2.1 (2.1) F(1,133) = 12.7, p = .001* 0.73

Teacher Conduct Problems 0.4 (0.8) 1.2 (1.6) F(1,133) = 16.1, p <.001* 0.82

Teacher Hyperactivity 2.5 (2.7) 6.5 (2.4) F(1,133) = 55.8, p <.001* 1.52

Teacher Peer Problems 1.1 (1.7) 2.4 (2.2) F(1,133) = 14.1, p <.001* 0.77

Teacher Prosocial Behavior 8.6 (1.5) 6.7 (2.3) F(1,133) = 29.7, p <.001* 1.11

* = significant at p < .05 level. Depicted are Means (Standard Deviations). SWAN = Strengths and Weaknes-
sess of ADHD-symptoms and Normal Behavior; BRIEF = Behavior Rating Inventory of Executive Functions; 
SDQ = Strengths and Difficulty Questionnaire.
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Table 4. Differences in cognitive functioning and performance-based attention and executive functioning 
between the two subtypes.

Low problems 
(n = 103)

High problems 
(n = 32)

Test statistic, p-value Cohen’s d

IQ 105.2 (13.3) 98.1 (12.3) F(1,133) = 7.25, p = .008* 0.55

Alerting attention network 62.5 (54.0) 54.6 (56.8) F(1,121) = 0.47, p = .49 0.14

Orienting attention network 27.8 (56.5) 27.6 (57.0) F(1,121) = 0.00, p = .98 0.00

Executive attention network 91.9 (57.6) 79.7 (59.5) F(1,121) = 1.01, p = .32 0.21

Verbal working memory 20.8 (15.0) 15.1 (10.0) F(1,133) = 4.09, p = .045* 0.41

Visuospatial working 
memory

45.4 (29.9) 31.0 (23.6) F(1,130) = 6.15, p = .014* 0.51

Inhibition 272.7 (77.9) 325.4 (165.5) F(1,114) = 5.34, p = .023* 0.50

Cognitive Flexibility 183.1 (93.2) 174.9 (104.2) F(1,130) = 0.18, p = .68 0.09

* = significant at p < .05 level. IQ = intelligence quotient.

Table 3. Differences in risk factors between the two subtypes.

Low problems (n 
= 103)

High problems 
(n = 32)

Test statistic, p-value

Age (years) 10.6 (1.2) 10.3 (1.1) F(1,133) = 1.31, p = .26

Combined parental education level χ2(2) = 9.81, p = .01*

Low (n, %) 8 (7.8%) 3 (9.4%)

Middle (n, %) 14 (13.6%) 12 (37.5%)

High (n, %) 75 (72.8%) 15 (46.9%)

GA (wks) 28.1 (1.5) 28.0 (1.3) F(1,133) = 0.06, p = .80

BW (grams) 1065 (267) 1047 (283) F(1,133) = 0.12, p = .73

SGA (n, %) 20 (19.4%) 5 (15.6%) χ2(1) = 0.13, p = .80

Ventilator support (n, %) 68 (66.0%) 24 (75.0%) χ2(1) = 0.91, p = .39

BPD (n, %) 15 (14.6%) 7 (21.9%) χ2(1) = 0.87, p = .41

IVH I or II (n, %) 21 (20.4%) 10 (31.3%) χ2(1) = 1.63, p = .23

IVH III or IV (n, %) 3 (2.9%) 0 (0.0%) χ2(1) = 0.95, p = 1.0

PVL I (n, %) 6 (5.8%) 1 (3.1%) χ2(1) = 0.36, p = 1.0

PVL II, III or IV (n, %) 1 (1.0%) 0 (0.0%) χ2(1) = 0.31, p = 1.0

PDA treated (n, %) 34 (33.0%) 15 (46.9%) χ2(1) = 2.03, p = .20

Sepsis (n, %) 74 (71.8%) 22 (68.8%) χ2(1) = 0.11, p = .82

* = significant at p < .05 level. GA = Gestational Age; BW = Birthweight; SGA = Small for Gestational Age; BPD 
= Bronchopulmonary Dysplasia; IVH = Intraventricular Hemorrhage; PVL = Periventricular Leukomalacia; 
PDA = patent ductus arteriosus.
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discussioN
The current study aimed to identify subtypes of behavioral functioning in very preterm 
children. Furthermore, we tried to identify risk factors for these subtypes and associations 
between these subtypes and IQ and neurocognitive aspects of attention and executive func-
tion. Two subtypes were identified, one with low behavioral problems and one with high 
behavioral problems across domains of behavioral functioning. Lower parental education 
level was a risk factor for the high problems subtype, but neonatal medical complications 
were not. Children assigned to the high problems subtype had lower IQ, poorer verbal 
and visuospatial working memory and poorer inhibition than children assigned to the low 
problems subtype.

A positive outcome of our study was that the vast majority of very preterm children 
(76%) was assigned to the low problems subtype. Although the high problems subtype 
performed significantly and substantially worse than the low problems subtype on all be-
havioral domains, with effect sizes ranging between 0.73 and 1.71, their average scores were 
in the mildly abnormal (subclinical) range when compared to test norms22, 36. Even though 
compared to test norms the behavioral problems in the high problems subtype may not 
seem profound, the entire distribution of scores of the children belonging to this subtype 
is shifted, and consequently a higher percentage of children will fall in the clinical range. 
This is nicely illustrated by the BRIEF questionnaire, which has scores that are standardized 
to a T-distribution, with a mean of 50 and accompanying SD of 10. Following the normal 
distribution, we expect 50% of children to have a T-score of 50 or less, 15.9% of children 
to have a T-score above 60 (mildly abnormal) and 2.3% of children to have a T-score above 
70 (abnormal)37. We computed the mean percentages of children scoring below or above 
those T-scores, averaged across all parent and teacher BRIEF subscales, for both the low 
problems subtype and the high problems subtype. In the high problems subtype, only 25.2% 
of children had a T-score of 50 or less, while 41.3% and 17.7% of children had a T-score 
above 60 and above 70, respectively. Thus, the mildly abnormal scores observed at a group 
level for the high problems subtype have substantial implications for the number of children 
exhibiting abnormal scores in this subtype. In contrast, as many as 75.5% of children in the 
low problems subtype had a T-score of 50 or less, while only 7.4% and 1.4% of children had 
a T-score above 60 and above 70, respectively.

So far, our study is the only study finding two subtypes of behavioral functioning, with 
three or four subtypes being found in previous studies12-14. A normal behavior subtype and 
a subtype with impaired behavioral functioning were consistently reported across the previ-
ous studies12-14, and two out of three also identified a subtype with subclinical problems in 
behavioral functioning, comparable to the high problems subtype found in our study13, 14. 
Thus, previous studies all found more subtypes than we did, and all found a subtype with 
more severe impairments in behavioral functioning than our ‘high problems subtype’. This 
could be explained by the relatively high parental education level in our study, as it is known 
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that lower socio-economic status is associated with poorer behavioral functioning in the 
general population38. Furthermore, we excluded children with an estimated IQ below 80, 
while IQ was not an exclusion criterion in the previous studies12-14. As lower IQ is also known 
to be related to poorer behavioral functioning and higher risk for psychiatric disorders later 
in life39, 40, this is also likely to have impacted the magnitude of the problems found in our 
subtypes.

The observed association between the high problems subtype and poorer socio-eco-
nomic status and the absence of an association between this subtype and neonatal medical 
complications, is consistent with results reported in previous studies12-14. Given that approxi-
mately 50% of children in the high problems subtype had high parental education level, high 
socio-economic status in itself does not prevent problems in behavioral functioning after 
very preterm birth. This may suggest that the neonatal medical complications included in 
these analyses are not fine-grained enough to capture the relationship with functional out-
comes. Future studies need to incorporate more fine-grained measures, like neonatal brain 
MRI’s, and examine whether such measures are related to subtypes with more problems in 
behavioral functioning. Furthermore, more research is necessary to unravel the observed 
associations with indicators of socio-economic status, by also examining environmental fac-
tors associated with socio-economic status, such as parental stress13 and parenting styles38.

Children in the high problems subtype had lower IQ, poorer verbal and visuospatial 
working memory and poorer inhibition than children in the low impairment subtype. Be-
sides the known relationship between lower IQ and behavioral functioning problems, both 
working memory and inhibition are also associated with problems in behavioral functioning. 
Impaired executive functioning has been considered to play an important role in the un-
derlying neuropsychological mechanisms in both ADHD and ASD41-50, as well as in problems 
in behavioral functioning in very preterm children51-53. Executive functions rely on fronto-
striatal and fronto-parietal circuits, that are affected in ADHD and ASD, as well as by very 
preterm birth54-62. Results of our study suggest that IQ, working memory and inhibition are 
key neurocognitive functions involved in the underlying mechanism of behavioral dysfunc-
tion in very preterm children. However, future studies need to unravel how these factors 
affect behavioral functioning. An alternative explanation for the combination of behavior 
problems, lower IQ, and executive function problems is a common underlying mechanism 
like perinatal brain damage. Indeed, studies like that of Botellero et al. 63 have found indica-
tions fur such a mechanism. Incorporating measures such as neonatal brain MRI’s in future 
research may thus also allow for the drawing of more robust conclusions on the underlying 
mechanisms of behavioral dysfunction in very preterm children.

Strengths & limitations
A limitation of the current study is that our sample had relatively high parental education 
level, which means results cannot be generalized to the entire very preterm population. 
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Strengths of the study include the use of cluster analysis, the use of diverse questionnaires 
filled in by both parents and teachers and the examination of both risk factors for the sub-
types (both neonatal medical complications and parental education level) and associations 
of the subtypes with other neurocognitive domains.

Future directions
To be able to draw robust conclusions on the specific subtypes that exist in the entire 
population of very preterm children, identification of subtypes should be performed in large 
cohort-studies and with a comprehensive set of behavioral functioning measures. Future 
studies should also investigate trajectories of behavioral subtypes from childhood to adult-
hood, to examine whether behavioral subtypes are stable over time and to provide more 
insight into the future perspectives of children in subtypes with impairments in behavioral 
functioning. Last, interventions for very preterm children, targeting factors identified as key 
players in the underlying mechanism of behavioral dysfunction, should be developed to 
prevent the impairments in behavioral functioning from affecting success later in life.

Conclusion
In very preterm children aged 8-12 years, a low behavioral problems and a high behavioral 
problems subtype can be identified. The majority of very preterm children was assigned to 
the low behavioral problems subtype, but children in the high behavioral problems subtype 
had subclinical elevations in scores across behavioral domains at the group level. The high 
behavioral problems subtype was associated with lower parental education level, lower IQ, 
poorer verbal and visuospatial working memory and poorer inhibition. Taken together, this 
suggests that if behavioral problems are encountered, they are wide-spread across behav-
ioral domains and accompanied by problems in neurocognitive domains.
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