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ABSTRACT

Objectives

This study investigates prediction of separate cognitive abilities at age 5 by cognitive development 

at the ages of both 2 and 3, and the agreement between these measurements, in very preterm 

born children. 

Methods

Preterm born children (n = 102, 44 males and 58 females, with a gestational age < 30 weeks and/

or birth weight < 1000 grams) were assessed at age 2 and 3 using the second version of the Bayley 

Scales of Infant Development, Child Behavior Checklist and a neurological examination, and at age 

5 the third version of the Wechsler Preschool and Primary Scale of Intelligence.

Results 

Cognitive development at age 2 and 3 explained 44% and 57% respectively of full scale intelligence 

at age five. Adding psychomotor, neurological and behavioural outcomes and perinatal and 

sociodemographic characteristics to the regression model increased explained variance to 57% 

and 64% respectively. These percentages were comparable for verbal intelligence. Processing 

speed quotient and especially performance intelligence were predicted less accurately.

Interpretation 

Not all aspects of intelligence are predicted sufficiently by MDI at age 2 and 3. Follow-up of very 

preterm children until at least age 5 is needed to distinguish between different aspects of cognitive 

development.
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Follow-up (FU) assessments of very preterm (VPT) born children are necessary in order to guarantee 

continued patient care and evaluation of treatments during the perinatal period.1 Because FU 

rates are highest in the first years after the neonatal intensive care unit (NICU) period and because 

FU is expensive and time consuming, outcomes at 18-24 months of age are frequently reported as 

an endpoint of neurodevelopmental FU.2 Content and timing of FU have to be attuned as much as 

possible to the problems and disabilities often seen in VPT children.3

Outcomes of several FU studies suggest that evaluation at 18-24 months should rather be seen as 

an intermediate point.4,5 Developmental disabilities can only become fully apparent when the child 

starts to develop complex functions that can be assessed.6 Roberts et al.4 reported low agreement 

between assessments at 24 months and 8 years, especially on the cognitive domain (κ = 0.11), in 

their cohort of extremely preterm born children. Hack et al.5 also found a poor predictive validity 

of cognitive development at the age of 20 months in a preterm born sample. Agreement appears 

to be more optimal in predicting outcome of children with severe disabilities.7

From preschool age on, different cognitive abilities can be distinguished.8 Moreover, studies reveal 

that besides global cognitive disabilities, specific learning deficits are present in preterm born 

infants.6 To our knowledge, the only study that reports on the prediction of specific aspects by 

early cognitive development is a study by Crowe et al.,9 in which a more heterogeneous group was 

studied and older versions of developmental tests were used. Crowe et al concluded that cognitive 

abilities can only be predicted to a small extent.

This study focuses on the prediction of distinct cognitive abilities at the age of 5 from a viewpoint 

of early FU in VPT children with a gestational age of < 30 weeks and/or a birth weight (BW) of          

< 1000 grams who were able to complete an intelligence test. Other studies have already shown 

that cognitive assessment at toddler age does not predict later cognitive functioning well enough. 

In the current study we investigate to what extent cognitive functioning at the age of both 2 and 

3 predicts not only full scale, but also verbal and performance intelligence and processing speed 

at age 5, and what the agreement between these measurements is. Because the younger a child 

is, the harder it is to distinguish between different developmental domains, we hypothesise that 

domains of development other than cognition at toddler age (psychomotor, neurological and 

behaviour) will improve the prediction of cognitive development at age 5.  It is not clear whether 

perinatal morbidities already have its full impact on development at toddler age or alternatively, 

still have an additional impact on outcomes at school age.10 We therefore aim to explore whether 

perinatal morbidities improve the prediction of cognitive outcomes at 5 years when development 

at age 2 or 3 is already accounted for, and which consequences of perinatal events manifest 

themselves after toddler age. Finally, sociodemographic factors tend to become more important 

as children grow up;6 additional effects of these factors will therefore be investigated.
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PATIENTS AND METHODS

This is a single centre longitudinal cohort study. In the Netherlands, NICU-care is centralized in only 

10 specialized hospitals.

Participants

The study sample consisted of a cohort of 5-year old VPT children, of whom earlier FU data were 

available. Children born before 30 weeks gestation and/or with birth weights below 1000 grams, 

who reached the corrected age of five between December 2007 and June 2009, were included. 

Other inclusion criteria were 1) hospitalization in the NICU of our hospital, 2) the availability of at 

least one developmental FU score at age 2 and/or 3 and 3) residency in The Netherlands. Exclusion 

criteria were: 1) participation in one of two other studies11,12 because of the use of different 

instruments and different timing of FU, 2) having a genetic syndrome, or 3) being too disabled 

to be assessed. Disability was defined by a considerable cognitive delay (Mental Developmental 

Index (MDI) score of below 55 at the age of 2 and/or 3, when age was corrected for prematurity), 

cerebral palsy with the inability for the child to point to pictures, or severe hearing problems 

making regular intelligence assessment impossible.

Test protocol

Ethical approval of this study was given by the Medical Ethical Committee of the Academic Medical 

Centre. Informed consent to the research and publication of results was given by parents of all 

children. At age 5, the child’s intelligence was assessed by a trained child psychologist. Data 

concerning the child’s functioning at 2 and 3 of age (neurological, cognitive and psychomotor 

as assessed by a trained paediatrician and child psychologist, and behaviour measured with 

questionnaires completed by parents) were available. For reasons of comparability over       

time,4,13 all scores were calculated on the basis of the child’s corrected age. Cognitive scores were 

considered mildly or severely abnormal if more than 1 or 2 standard deviations (SD) below the 

mean respectively.

Measures

Intelligence at age 5 was assessed using the Dutch standardization of the third version of the 

Wechsler Preschool and Primary Scale of Intelligence (WPPSI-III-NL).14 Four composite scores 

were calculated: full scale, verbal, and performance intelligence quotient and processing speed 

quotient (from now on referred to as FSIQ-5 VIQ-5, PIQ-5 and PSQ-5). 

The Dutch standardization of the Bayley Scales of Infant Development Second Edition (BSID-II-

NL)15 was used to assess MDI and the Psychomotor Development Index (PDI) at age 2 and 3. MDI 
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and PDI at the age of 2 and 3 will be referred to as MDI-2, PDI-2, MDI-3 and PDI-3 respectively. 

Emotional and behavioural problems were assessed at the age of 2 and 3 years using the Dutch 

version of the Child Behavior Checklist (CBCL 1 ½-5).16 The total problem T-score was used.

Neurological development was assessed at age 2 and 3 using the Hempel neurological 

examination.17 Neurological development was classified as normal, suspect or abnormal. 

Baseline characteristics

Perinatal data were abstracted from an ongoing prospective database used for all infants admitted 

to our NICU. Level of parental education was used as a measure of socioecomic status. Parents 

who had the lowest type of college of less are rated ‘low level of education’ (total years post 

elementary schooling: < 6.) Parents who graduated form middle level of college were rated with 

‘middle level of education’ (total years post elementary schooling: 6-8). Parents who had highest 

level college or university were rated with ‘high level of education’ (total years post elementary 

schooling: > 8). The combined parental education score was low if one or both parents had low 

level of education, middle if both parents had middle, and high if one or both parents had high 

education. 

Statistical analysis

Univariate analyses were carried out to study differences in baseline characteristics between 

participants and excluded children and non-participants. Mean differences between measurement 

occasions were tested using repeated measures ANOVA and post-hoc paired samples t-tests. The 

agreement between MDI at the age of 2 and 3 and cognitive measures at the age of 5 was determined 

with a linearly weighted kappa. Categories were interpreted as proposed by Landis and Koch 18       

(0 < κ < 0.2: slight; 0.2 < κ < 0.4: fair; 0.4 <  κ < 0.6: moderate; 0.6 <  κ < 0.8: substantial; 0.8 < κ < 1: 

almost perfect).  Hierarchical regression analyses were performed to predict the continuous scores 

of FSIQ-5, VIQ-5, PIQ-5 and PSQ-5. In each step an independent variable or group of variables was 

added. If the new model added significantly (p < .05) to the explained variance of the dependent 

variable, the new model was accepted and the next step was analyzed. MDI was entered in the 

first step. In the following five steps, PDI, neurological examination, behaviour, perinatal and 

sociodemographic characteristics were added consecutively. Only perinatal characteristics that 

were significantly associated with the dependent variable in univariate analyses (p < .10) were 

added. Via a backwards procedure, perinatal characteristics were removed from the model until 

the model was significant with a p-value of < .05, and the individual variables had p-values of < .10. 

For sociodemographic characteristics the same procedure was followed. Regression analyses were 

performed separately for the assessments performed at 2 and 3 years of age. 
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RESULTS

Participants

One hundred-fifty children, born before 30 weeks gestation and/or BW below 1000 grams, turned 

5 years old in the period of recruitment. Thirty-seven children were excluded; sixteen participated 

in another study, nine children had no developmental score available from earlier FU, four 

children were too disabled, three had a genetic syndrome and five families had moved abroad. 

One hundred thirteen children remained eligible and were invited. Eleven children were lost to 

FU or parents refused participation. With respect to baseline characteristics, displayed in Table 

1, participants (n = 102) received indomethacin more often than non-participants and excluded 

children (n = 48, p = .02). 

Of 102 participating children, 101 children were assessed at age 2 and 96 at age 3. MDI, PDI, 

neurological examination, and CBCL scores at the age of 2 were obtained for respectively 100, 100, 

102 and 95 children and at the age of 3 for respectively 96, 94, 94 and 90 children. WPPSI-III scores 

were obtained for all children. 

Course of development

Table 2 displays mean scores on developmental tests and the proportions of children with 

abnormal scores. 

Significant differences were found between MDI-2, MDI-3 and FSIQ-5 (p = .000). MDI-3 scores 

were on average 11 and 9 points higher than MDI-2 and FSIQ-5 respectively (p = .000 and .000).
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Table 1 Perinatal and sociodemographic characteristics

Participants 
  

n = 102

Excluded children  
and non-participants 

n = 48

 
 
p

Perinatal and child characteristics

     Gestational age (wk), mean (SD) 28 5/7 (1  4/7) 28 6/7 (1  5/7) .58

     Birth weight (g), mean (SD) 1040 (253) 1093 (260) .23

     Sex: male (%) 44 (43.1%) 27 (56.3%) .13

     Gestational age ≥ 30 weeks and birth weight < 1000  
     grams (%)

14 (13.7%) 5 (10.4%) .57

     Very small for gestational age (BW < p 2.3 for  
     gestational age) (%)

15 (14.7%) 8 (16.7%) .76

     Postnatal dexamethasone (%) 4 (3.9%) 4 (8.3%) .44

     Indomethacin for patent ductus (%) 28 (27.5%) 5 (10.4%) .02*

     Oxygen support at 36 weeks pma (%) 15 (14.7%) 5 (10.4%) .47

     Sepsis and meningitis (%) 28 (27.5%) 16 (36.4%) .46

     Necrotizing enterocolitis, stage 2 and 3 (%) 2 (2.0%) 1 (2.1%) 1.00

     Periventricular leucomalacia (PVL) 1b (%) 5 (4.9%) 4 (8.3%) .47

     Subependymal hemorrhage (%) 25 (24.5%) 13 (27.1%) .74

     Intraventricular hemorrhage 2 (%) 3 (2.9%) 2 (4.2%) 1.00

     Intraventricular hemorrhage 3b (IVH 3) (%) 3 (2.9%) 0 (-) .55

     Post hemorrhagic hydrocephalus (4 mm > p 97 of  
     Levene curves) (%)

4 (3.9%) 0 (-) .31

     Severely abnormal ultrasound (PVL 2-4, IVH 3-4
     and/ or PHH) (%)

4 (3.9%) 0 (-) .31

     Cerebral palsy at the age of 5 5 (4.9%) 4 (10.5%)c .23

Sociodemographic characteristics

     Parental foreign country of birthd (%) 31 (30.4%) - -

     Parental education at child’s age of 5 
          High (%) 
          Low - middle (%)

 
44 (43.1%) 
58 (56.9%)

 
- 
-

-

Data are presented as n(%) or M±SD. 
* p < .05
b There were no cases of PVL 2-4 or intraparenchymal hemorrhage 4. 
c Neurological examination was done for 38 of all excluded children and non-participants, either at the age of 
5 (12 children) or at younger age. Ten children were 
not included in the denominator; 7 were lost to follow-up and 3 had a genetic syndrome. 
d Of parents born outside the Netherlands, 23% was from Suriname, 19% from Turkey, 14% from Marocco, 44% 
from other countries. 
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Table 2 Outcome of assessment of cognitive development at 2, 3 and 5 years of age of VPT born children

Preterm group
n = 102

Corrected age of 2 years (n = 101)

     MDI (BSID-II)  (n = 100)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

91 (18)
20 (20.0%)
13 (13.0%)

Corrected age of 3 years (n = 96)

     MDI (BSID-II)  (n = 96)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

102 (14)
11 (11.5%)

3 (3.1%)

Corrected age of 5 years (n = 102)*

     FSIQ (WPPSI-III)  (n = 102)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

93 (17)
16 (15.7%)
10 (9.8%)

     VIQ (WPPSI-III)  (n = 102)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

95 (17)
21 (20.6%)

9 (8.8%)

     PIQ (WPPSI-III)  (n = 102)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

93 (15)
19 (18.6%)

8 (7.8%)

     PSQ (WPPSI-III)  (n = 102)
     Mean (SD)
          Mildly abnormal (%)
          Severely abnormal (%)

93 (18)
19 (18.6%)
12 (11.8%)

     All (I)Q-scores
          Normal (%)
          At least one abnormal (I)Q-score (mild or severe) (%)
          At least one severely abnormal (I)Q-score (%) 

56 (54.9%)
46 (45.1%)
17 (16.7%)

Data are presented as n (%), or M ± SD.
Scores are considered mildly abnormal when < - 1 SD and severely abnormal when < - 2 SD.

Agreement in cognitive scores

Figure 1 shows the correlation between MDI-2 and FSIQ-5. Children with an MDI-2 of 97 or higher 

all had FSIQ-5 scores in the normal range. Only in children with an MDI-2 score of 118 or higher    

(n = 5), 100% had scores in the normal range on all 5-year cognitive outcomes. 
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Correlation coefficient (r) between MDI-2 and FSIQ-5 (.715) and MDI-3 and FSIQ-5 (.737) were not 

statistically different.

Appendix 1 displays the number of children with (ab)normal MDI-2/3 and IQ-5 scores, and the 

movement of children across categories over time. 

Agreement between MDI and FSIQ was moderate (κ = 0.48 for MDI-2 and 0.40 for MDI-3). Of 

all different cognitive abilities measured at age 5, MDI-2 had the highest agreement with VIQ-5             

(κ = 0.63). PIQ-5 and PSQ-5 showed lower agreement with MDI-2 (κ = 0.36 and 0.47 respectively). 

Agreement of MDI-3 with VIQ, PIQ and PSQ was 0.42, 0.41 and 0.37 respectively.

Figure 1 Correlation between MDI-2 and FSIQ-5 scores.

Data are presented as n (%).
Agreement (κ with linear weighting) for categories of scores between the age of 2 and 5 is 0.48, and between 
the age of 3 and 5 is 0.40.

Prediction of 5 year outcome

Table 3 displays the prediction models for cognitive outcomes at age 5. MDI-2 and MDI-3 were 

positively associated with FSIQ-5 (44% and 56% explained variance respectively). PDI-2, PDI-3 and 

neurological functioning did not improve the prediction of FSIQ-5, with MDI already in the model. 

Adding behaviour problems at age 2 somewhat improved the prediction. Neonatal sepsis and/

or meningitis in both models and postnatal dexamethasone in the MDI-3 model increased the 

amount of explained variance and were 
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negatively associated with FSIQ-5. Middle/low parental education and foreign parental country of 

birth were negatively associated with FSIQ-5 and improved the amount of explained variance in 

the final step. A total of 57% and 64% of the variance of FSIQ-5 was explained in the MDI-2 and 

MDI-3 model respectively.

MDI-2 and MDI-3 were positively associated with VIQ-5 (54% and 59% explained variance 

respectively). Psychomotor development, neurological functioning and behaviour problems did 

not improve the prediction of VIQ-5. Neonatal sepsis and/or meningitis in both models and very 

small for gestational age in the MDI-3 model added to the explained variance and were negatively 

associated with VIQ-5. Sociodemographic characteristics that were subsequently negatively 

associated with VIQ-5 were foreign parental country of birth, and only in the 2-year model middle/

low parental education. 

MDI-2 and MDI-3 were positively associated with PIQ-5 (24% and 28% explained variance 

respectively). Middle/low parental education and foreign country of birth increased the amount 

of explained variance of PIQ-5 in the 2-year model only.

MDI-2 and MDI-3 were positively associated with PSQ-5 (30% and 39% explained variance 

respectively). With MDI in the model, PDI-2 and PDI-3 were also positively associated with PSQ-

5. An abnormal neurological outcome at age 2 was negatively associated with PSQ-5. Perinatal 

and child characteristics that improved the amount of explained variance and were negatively 

associated with PSQ-5, were male sex in both models, sepsis and/or meningitis in the MDI-2 

model, and postnatal dexamethasone in the MDI-3 model. 

DISCUSSION

In this study, the association between cognitive development at the age of 2 and 3 and full scale, 

verbal and performance intelligence and processing speed at the age of 5 was investigated in 

VPT born children who were able to complete an intelligence test. Agreement between cognitive 

development at the age of 2 and 3 and cognitive functioning at the age of 5 was moderate to 

substantial for full scale and verbal intelligence and fair to moderate for performance intelligence 

and processing speed. 

We found a relatively high mean cognitive score at age 3, compared to the scores at age 2 and age 

5 (all corrected for gestational age). Apparently, the relatively high cognitive scores we found in 

an earlier study at age 313 did not persist until age 5. The question arises whether the differences 

in mean test scores represent true development, or that the favourable outcome at age 3 is an 

artefact of the test. General stability of developmental scores19-21 lends support to the latter, in the 
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absence of a theoretical foundation supporting the specifically high developmental scores at age 

3 in preterm born children. Regarding the preferability of test age (2 or 3 years), the results of our 

study are not univocal. Agreement and correlation statistics point to different preferred test ages, 

but the differences are too small for a well founded recommendation. In spite of this, the age of 

2 appears to be preferable, because 1) the number of false negatives will be much lower and 2) 

priority should be given to the earliest possible age to start intervention in case of developmental 

problems.

Research has shown that agreement between the BSID-II MDI and later intelligence is poor and the 

predictive validity of MDI is low.4,5 In the study of Crowe et al,9 in which children were followed up 

after NICU treatment at age 2 and 4 1/2, explained variance of verbal and performance intelligence 

by MDI (first edition of the BSID) was 21% and 17% respectively. The current study reports higher 

proportions of explained variance, especially for verbal intelligence. An explanation for this 

difference may be the use of different versions of the BSID. A substantial part of the cognitive scale 

of the second edition consists of items that require verbal comprehension or response. 

Performance intelligence and processing speed predominantly require non-verbal responses. It 

is not surprising, therefore, that only one quarter of the variance of performance intelligence 

was explained by MDI. The prediction of performance intelligence was not improved by other 

domains of toddler development. Lags in performance and processing speed development 

occur equally frequent as lags in verbal development in our study group. A study of Mulder et 

al.22 showed that deficits in processing speed explained significant group differences in academic 

attainment between VPT and term children in middle childhood. The present study results add to 

this that early developmental assessments only marginally predict performance and processing 

speed development. Therefore, FU timed at toddler age is insufficient to reveal the full impact 

of preterm birth on all affected areas of cognitive development. In line with the above, we also 

found that only children with an MDI-2 of 118 or higher had normal scores (>85) on every aspect 

of intelligence at age 5. Moreover, almost half of the children in our study group had a (mildly) 

abnormal score for one of the areas of intelligence at age 5, while at the age of 2 and 3, only 33% 

and 15% respectively had a (mildly) abnormal MDI score. Note that children too disabled to be 

assessed, are not included in these percentages. 

In this study, it was shown that developmental domains other than cognition at age 2 and 3 could 

not or only marginally improve the prediction of cognitive functioning at age 5. The hypothesis 

that a broad developmental assessment can be used to substantially contribute to a prediction of 

cognition at later age was not confirmed. 

A study by the NICHD Neonatal Research Network23 in extremely low BW infants showed that 
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neonatal infections are associated with poor neurodevelopmental outcomes at the age of 18-22 

months. The present study demonstrates that the age of 2 is too early to show the full impact of 

infections. As complex cognitive functions develop until young adulthood,24 longer term FU might 

reveal further impact of perinatal events.

In an earlier paper on outcomes in this cohort, we described the interaction of level of parental 

education with preterm birth on cognitive development at age 5.25 In the present study it was, as 

expected, shown that sociodemographic factors have additional impact on 5 year outcome even if 

MDI at age 2/3 is already accounted for. 

Strengths of the present study were the focus on different cognitive abilities and the availability 

of longitudinal developmental assessment at three time points. A study limitation was the lack 

of a term born control group. Another limitation was the exclusion of children too disabled to 

be assessed. Results cannot be generalized to all low functioning children. As the third version 

of the BSID is increasingly being used, the predictive value of that version also requires further 

examination. Nevertheless, still many papers are being published using the BSID-II as main 

outcomes.2 This study can be of help to interpret these studies with respect to later outcomes. 

CONCLUSION

In a cohort of VPT born children without severe disabilities, early cognitive development predicted 

verbal intelligence more accurately than performance intelligence and processing speed. FU of 

VPT children until at least age 5 is needed to distinguish between different aspects of cognitive 

development and find effects of interventions aiming to improve cognitive outcomes. 
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Appendix

Appendix 1 Number of children with (ab)normal MDI-scores at the age of 2 and 3 and IQ-scores at the age of 5

Normal FSIQ Mildly  
abnormal FSIQ

Severely  
abnormal FSIQ

Total

Age 2 Normal MDI 61 (61.0%) 6 (6.0%) 0 (0%) 67 (67%) 

Mildly abnormal MDI 13 (13.0%) 3 (3.0%) 4 (4.0%) 20 (20.0%)

Severely abnormal MDI 2 (2.0%) 5 (5.0%) 6 (6.0%) 13 (13.0%)

     Total      76 (76.0%)      14 (14.0%)      10 (10.0%)      100 (100%)

Age 3 Normal MDI 69 (71.9%) 11 (11.5%) 2 (2.1%) 82 (85.4%)

Mildly abnormal MDI 4 (4.2%) 2 (2.1%) 5 (5.2%) 11 (11.5%)

Severely abnormal MDI 0 (0%) 1 (1.0%) 2 (2.1%) 3 (3.1%)

     Total      73 (76.0%)      14 (14.6%)      9 (9.4%)      96 (100%)

Data are presented as n (%).
Agreement (κ with linear weighting) for categories of scores between the age of 2 and 5 is 0.48, and between 
the age of 3 and 5 0.40.






