
VU Research Portal

The Long Shadow of Very Preterm Birth

Twilhaar, E.S.

2019

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Twilhaar, E. S. (2019). The Long Shadow of Very Preterm Birth: Towards an understanding of the nature,
predictors, and underlying mechanisms of neurodevelopmental impairments in adolescents born very preterm.
[PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/2929c7ba-5874-45b4-967b-f92f0c91ef66


534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 109PDF page: 109PDF page: 109PDF page: 109

109

5
Academic Trajectories 
of Very Preterm Born 
Children at School Age



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 108PDF page: 108PDF page: 108PDF page: 108

108

Twilhaar ES, de Kieviet JF, van Elburg RM, Oosterlaan J. 

Academic trajectories of very preterm born children at school age. 
Arch Dis Child Fetal Neonatal. 2019;104:F419F423.



534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar534969-L-bw-Twilhaar
Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019Processed on: 3-9-2019 PDF page: 110PDF page: 110PDF page: 110PDF page: 110

The Long Shadow of Very Preterm Birth110

ABSTRACT

Background

Very preterm birth is associated with academic difficulties that affect later life poten
tial. It is currently unknown whether academic difficulties in very preterm born children 
increase, decrease, or remain stable over time. Knowledge about academic trajectories 
of these children is key for monitoring and support. The aim of this study was therefore 
to characterize the developmental trajectories of arithmetic, reading comprehension, 
and spelling abilities of very preterm and fullterm born children during primary school.

Methods

A longitudinal analysis of academic performance data of a Dutch cohort of 52 very 
preterm and 58 fullterm born children was performed. Academic performance was 
as sessed in grade 1 to 6 of primary school using a pupil monitoring system, with 11 
mea sure  ments of arithmetic and spelling performance and seven measurements of read
ing comprehension. Data were analyzed using mixedeffects models.

Results 

No group × time interactions were found for any of the academic domains, indicating 
no differences in progress between groups. Through the course of primary school, very 
preterm born children scored on average 0.53 SD lower on arithmetic (95% CI −0.71, 
–0.35, p < .001), 0.31 SD on reading comprehension (95% CI −0.48, –0.14, p < .001) and 
0.21 SD on spelling (95% CI −0.37, –0.05, p = .01) compared with fullterm peers.

Conclusions 

This is the first longitudinal study to show that the academic difficulties of very preterm 
born children persisted during primary school. Their progression was similar to full
term born peers, suggesting intact learning abilities. This provides opportunities for 
interventions to improve the academic outcomes of very preterm born children.
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INTRODUCTION

Very preterm birth (< 32 weeks’ gestation) is associated with academic difficulties.1 
These problems likely have important consequences as academic performance is sub
stantially associated with health and life chances.2 Close monitoring of children at risk 
for academic difficulties is crucial for early identification of problems and prevention 
of academic failure. Knowledge on developmental trajectories of very preterm born 
children is key in this respect. It is currently unknown whether academic development 
in this population is characterized by persisting deficits, delay with catch up at later 
ages or deficits that become increasingly evident over time. Crosssectional research3 
showed equal differences between very preterm and fullterm children on complex 
word reading, spelling and arithmetic across grades, while differences in simple word 
reading disappeared from grade 2 onwards, suggesting catchup. A recent metaanalysis 
found no association between age and arithmetic, reading and spelling out comes in 
pre term born children, implying stability of deficits.1 However, when making a distinc
tion between word decoding and reading comprehension, findings of Kovachy et al.4 
suggest stability of deficits in word decoding but increasing differences between pre
term and fullterm born children in reading comprehension.

Crosssectional studies provide valuable information about functioning at a 
certain point in development, but do not provide insight into developmental trajec tories. 
Longitudinal studies have the advantage to study individual change in a certain out
come over time.5 This provides information on the expected developmental trajectory 
of very preterm born children and may indicate time points at which problems may 
arise or worsen. This knowledge is crucial for monitoring and support. The present 
study focused on arithmetic, reading comprehension, and spelling performance as 
these are main subjects that are learned in all schools and most often assessed in follow
up studies, facilitating comparability between studies. The current study is the first to 
characterize academic trajectories of very preterm and fullterm born children during 
primary school using a longitudinal design.
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METHODS

Participants

This study reports on a cohort of very preterm (< 32 weeks’ gestation) born infants 
who were admitted to the level III neonatal intensive care unit of the Vrije Universiteit 
Medical Center in Amsterdam between September 2001 and July 2003. A total of 102 
very preterm born infants were enrolled in a randomized controlled trial on the effects 
of enteral glutamine supplementation in the first month of life.6 The inclusion and 
randomization process was described elsewhere.7 We previously showed no differences 
between very preterm born children in the glutaminesupplemented and placebo group 
on academic, neurocognitive, motor, and behavioral functioning at 13 years (chapter 4).8 
After 1 year, 88 children were alive and eligible for followup, of whom 61 agreed to par
tic ipate in the current followup at 13 years. Parents of six of these children gave no per
mission to request academic performance data from the school. Data were un available 
for another three children, resulting in a sample of 52 very preterm born children.

Controls were classmates of very preterm born participants or recruited from 
schools in the surroundings of Amsterdam, born at term (≥ 37 weeks’ gestation), and 
free of developmental, behavioral, or learning disorders. A total of 61 fullterm controls 
participated. Academic performance data were available for 58 controls because 
parents of one child gave no permission to request data from the school and data were 
not available for another two children.

Academic performance

The Dutch pupil monitoring system developed by the National Institute for Educational 
Measurement9 was used to assess academic performance. This system includes stan
dard ized tests10–12 to assess arithmetic and spelling performance twice a year in grade 
1 to 5 (halfway, end) and once in grade 6 (halfway or end), resulting in 11 measurements 
during primary school. Reading comprehension was assessed at the end of grade 1, 
twice in grade 2 (halfway, end) and once (halfway) in grade 3 to 6, resulting in seven 
measurements. The tests are based on itemresponse theory. Reliability coefficients for 
arithmetic, reading comprehension, and spelling are ≥ .90, .83 and .89, respectively.9 
Test performance is reflected in standardized ability scores on a unidimensional scale. 
This way, a pupil’s test performance at a certain time can be compared with other 
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pupils’ performance at the same time (between subjects) and with a pupil’s own 
performance at other time points (within subjects). To facilitate interpretation, ability 
scores were transformed into zscores using the sample mean and SD.

Type of education, special educational assistance and education level in secondary 
school were reported by parents. Special educational assistance comprised all forms of 
assistance regarding academic functioning within regular classes, received currently 
or in the past. In the Netherlands, secondary education is provided at different levels. 
These were clustered in four categories13: special or practical level, lower secondary 
level, higher secondary level, or grade 6 of primary school.

Parental education

Parental education level was classified according to the International Standard 
Classification of Education 2011.13 Because of a limited number of cases in lower 
categories, education level was recoded as a dichotomous variable describing whether 
the highest education level of either parent was equal to or higher than bachelor degree 
or equivalent.

Procedure

Written consent was obtained from both parents and children to request academic 
performance data from primary schools.

Statistical analyses

Group comparisons for demographic and perinatal characteristics were performed 
using independent samples ttest, χ2test, and Fisher’s exact test. The longitudinal 
relation between very preterm birth and academic performance was studied with mixed
effects models using MLwiN (V.2.22). Missing values were not imputed as mixed
effects models have been shown to adequately deal with missing data and imputation 
does not increase precision of estimates and may result in unstable outcomes.14,15 To 
adjust for measurements being clustered within individuals, a random intercept was 
included in all models, allowing intercepts to vary between individuals. A group variable 
was included to evaluate the longitudinal relationship between very preterm birth and 
academic outcomes. A time variable was included to study academic progress over 
time. Using dummy variables, academic progress over time was first modelled without 
assuming a certain shape (i.e. linear or nonlinear) of the relationship to decide on the 
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appropriate function for the continuous time variable.5 A group × time interaction was 
included to test whether the relation between very preterm birth and academic per
formance changes over time. Inclusion of a random slope allows regression co efficients 
to vary between individuals. A random slope for the time variable was added to the 
model if inclusion resulted in better model fit, as indicated by the likeli hood ratio test.5 
Interaction terms were used to test whether effects were moderated by sex and parental 
education level. Nonsignificant interaction terms were removed from the model. 
Instead, these variables were included as potential confounders (adjusted model). Sig
nifi cance level for all analyses was .05.

RESULTS

There were no differences between very preterm born children in the glutamine
supplemented and placebo group on any outcome (Appendix; Table A5.1). Hence, very 
preterm born children were analyzed as one sample. The sample of very preterm born 
children participating at 13 years had a higher birth weight and lower rate of intra ven
tricular hemorrhage grade I/II than those lost to followup (Appendix; Table A5.2). 
Sample characteristics are provided in Table 5.1.

Table 5.2 presents the type and level of education at 13 years, grade repetition 
and educational assistance for very preterm and fullterm born children. Very preterm 
born children attending regular education received more educational assistance 
(RR = 3.40, 95% CI 2.47, 4.33) and repeated grades more frequently (RR = 2.14, 95% CI 
1.32, 2.96) than controls.
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Table 5.1  
Demographic details of the very preterm and full-term sample and perinatal 
characteristics of the very preterm sample. Note: BPD =  bronchopulmonary 
dysplasia; BW = birth weight; GA = gestational age; IVH = intraventricular 
hemorrhage; NEC = necrotizing enterocolitis; PDA = patent ductus arteriosus; 
PVL = periventricular leukomalacia; ROP = retinopathy of prematurity; SGA = small 
for gestational age. a Sepsis, pneumonia, meningitis, pyelonephritis, or arthritis 
diagnosed based on a combination of clinical signs and positive culture.

Table 5.2  
Type and level of education, grade repetition, and educational assistance in very 
preterm and full-term born children. Note: All data are presented as n (%) and were 
analysed using χ2-test unless otherwise specified. a Fisher’s exact test.

 Very preterm 

(n = 61) 

Full-term 

(n = 61) p 

Sex, n (%) boys 31 (51) 27 (44) .37 

Parental education, n (%) ≥ bachelor degree or equivalent 38 (62) 35 (57) .94 

GA, weeks, M (SD) 29.19 (1.56)   

BW, grams, M (SD) 1238.79 (347.33)   

SGA, n (%) 15 (25)   

Caesarean section, n (%)  33 (54)   

BPD, n (%) 19 (31)   

IVH grade I/II, n (%) 13 (21)   

IVH grade III/IV, n (%) 2 (3)   

PVL, n (%) 3 (5)   

PDA, n (%) 7 (12)   

ROP, n (%) 4 (7)   

NEC, n (%) 0 (0)   

≥ 1 serious neonatal infectiona, n (%) 42 (69)   

Glutamine supplementation, n (%) 29 (48)   

 

Table 5.1  

Demographic details of the very preterm and full-term sample and perinatal characteristics of the very preterm 

sample. Note: GA = gestational age; BW = birth weight; SGA = small for gestational age; BPD =  

bronchopulmonary dysplasia; IVH = intraventricular haemorrhage; PVL = periventricular leukomalacia; PDA = 

patent ductus arteriosus; ROP = retinopathy of prematurity; NEC = necrotising enterocolitis. a sepsis, pneumonia, 

meningitis, pyelonephritis, or arthritis diagnosed based on a combination of clinical signs and positive culture. 

 

 

 Very preterm  

(n = 61) 

Full-term  

(n = 61) p 

Special education 8 (13) 0 (0) .006a 

Regular education 53 (87) 61 (100)  

Grade repetition 18 (30) 8 (13) .02 

Educational assistance 17 (28) 5 (8) .001 

Education level at age 13 years    

Grade 6 primary school 9 (15) 3 (5) .07 

Special secondary school 4 (7) 0 (0) .12a 

Lower secondary education 18 (30) 9 (15) .05 

Upper secondary education 30 (50) 49 (80) < .001 

 

Table 5.2  

Type and level of education, grade repetition, and educational assistance in very preterm and full-term born 

children. Note: All data are presented as n (%) and were analyzed using χ2-test unless otherwise specified. a 

Fisher’s exact test. 
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A nonmonotone pattern of missing data was observed with higher proportions of 
missing values for the first measurements (first grade, midsecond grade) than 
subsequent measurements (20%–24% vs 11%–12%, p = < .001–.002). This is due to the 
fact that not all schools started monitoring academic performance from the first 
grade. Importantly, for all academic domains proportions of missing values were not 
different between groups (p = .25–.59). The longitudinal relation between very preterm 
birth and academic outcomes was not moderated by sex and parental education level, 
but these variables were considered as potential confounders. There were no differences 
between crude analyses and analyses adjusted for sex and parental education. Hence, 
only adjusted results are reported. Based on the observed relationship between time 
and academic performance (see Figure 5.1), time was modelled by a linear function.

No group × time interaction was found for arithmetic (β = 0.01, 95% CI −0.008 
to 0.03, p = .23), reading comprehension (β = 0.01, 95% CI −0.03 to 0.06, p = .60) and 
spelling (β = −0.01, 95% CI −0.03 to 0.02, p = .58). Over the course of primary school, 
very preterm children scored on average 0.53 SD lower on arithmetic (95% CI −0.71 
to –0.35, p < .001), 0.31 SD lower on reading comprehension (95% CI −0.48 to –0.14, 
p < .001) and 0.21 SD lower on spelling (95% CI −0.37 to –0.05, p = .01) than controls. 
Arithmetic, reading comprehension and spelling scores increased with respectively 
0.27, 0.41 and 0.27 SD over time (p < .001). For all academic domains, inclusion of a 
random slope for time (i.e., allowing regression coefficients to vary among individuals) 
resulted in a significantly better model fit (p < .001). Figure 5.1 shows the longitudinal 
development of academic skills for very preterm and fullterm born children.
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Figure 5.1  
Longitudinal development of arithmetic (A), reading comprehension (B) and 
spelling abilities (C) of very preterm born children and full-term controls 
during primary school. Note: The plots show the predicted values at each 
measurement for both groups with an 80% prediction interval. M1 = mid-first 
grade; E1 = end first grade; M2 = mid-second grade, etc. The z-score for the 
control group at the first measurement was set to zero.
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DISCUSSION

Very preterm birth was associated with impaired arithmetic, reading comprehension 
and spelling performance. This relationship was stable over time, implying that deficits 
apparent in the first grades of primary school did not improve or worsen with pro
gression through later grades. Academic difficulties of very preterm born children 
were indicated by increased educational assistance and grade repetition, and lower sec
ondary education levels.

The persisting academic deficits in very preterm born children during primary 
school are in line with the stable differences in intelligence between very preterm 
and fullterm born children reported from comparable longitudinal analyses.16–18 
Furthermore, the findings are in agreement with a recent metaregression analysis that 
showed no association between age and arithmetic, reading and spelling performance,1 
but are inconsistent with an earlier metaregression that suggested increasing reading 
comprehension deficits with increasing age.4 This metaregression included only five 
studies, implicating cautious interpretation of these results. Moreover, the different 
types of analysis may explain the inconsistency in findings between studies. Using 
metaregression analysis, the association between studies’ effect sizes and the samples’ 
average age was assessed. In contrast, longitudinal studies allow assessing change in 
academic performance within subjects over time and examining whether this change 
differs between groups. This information is necessary to draw conclusions about 
academic trajectories of very preterm born children compared with fullterm peers. 
However, replication of our findings in other samples is warranted.

The present findings indicate that very preterm born children show academic 
growth to the same extent as fullterm children, suggesting intact learning abilities. 
This may have important implications for the potential of interventions. However, 
our study also showed that given the present education, including special educational 
assistance and grade repetition, very preterm born children in general were not able to 
reach similar performance levels as fullterm children. Brain abnormalities associated 
with very preterm birth and subsequently lower intelligence, attention problems and 
executive function deficits have previously been linked to poor academic outcomes.19–21 
This suggests that these children may simply lack capacities to perform at similar 
levels as their fullterm counterparts. Nevertheless, interventions may help children 
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reaching their full potential. Research focus has mostly been on early intervention 
and effects on academic or cognitive performance were limited to infancy and 
toddlerhood.22 Furthermore, a significant part of the very preterm born children with 
low achievement scores do not appear to receive any early support.23,24 Understanding 
the nature and origin of academic difficulties in very preterm born children is a first 
prerequisite for successful prevention and intervention. Subsequently, randomized 
controlled trials are necessary to clarify which skills and neurocognitive functions 
can be trained in what way, at which time in development, and in which children.

Taking interindividual variability into account significantly improved the fit of 
our model. This suggests there may be subgroups of children with varying academic 
tra jectories. Several medical and environmental factors may influence academic tra
jec  tories after very preterm birth. Parental education level is generally known to be 
directly related to children’s academic outcomes, and indirectly, through parenting 
and home environment.25 Children with biological or behavioral vulnerabilities may 
be disproportionally affected by adverse environmental influences, as stated by the 
diathesisstress model,26 or, according to the differential susceptibility theory, may be 
more susceptible for both adverse and beneficial environmental influences.27 Although 
parental education level did not affect the relation between very preterm birth and 
academic outcomes in the current study, possibly due to the high parental education 
level in our sample, parental education may serve as an extra risk or protective factor 
affecting outcomes after very preterm birth. Jaekel et al.28 tested the differential sus
ceptibility hypothesis in (very) low birth weight children by studying effects of 
maternal sensitivity on academic performance. Compared with normal birth weight 
peers, (very) low birth weight children were disproportionally susceptible to insensitive 
parenting, in line with the diathesisstress model, but did not disproportionately 
benefit from highly sensitive parenting, contradicting the differential susceptibility 
theory. More research is needed to identify risk factors, both medical and environmen
tal, that may be targets of preventive strategies for poor academic outcomes and to 
identify protective factors that may be stimulated through intervention.

A clear strength of this study is its longitudinal design, which allowed study ing 
individual development of academic performance over a significant time period. More
over, the large number of measurements provided a precise evaluation of academic 
development and all measurements were taken using the same, wellvalidated tests. A 
limitation of this study is the relatively small sample, recruited from a singlecenter 
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neonatal intensive care unit. Very preterm born children that participated in the 
current study did not differ from those who were lost to followup on the majority of 
perinatal and demographic characteristics, although birth weight was higher and the 
incidence of mild intraventricular hemorrhage was lower among participants. This 
suggests that attrition was to some extent selective. Moreover, the level of parental 
education in our sample was higher than one would expect in the very preterm 
population. These are common issues in longterm followup studies that also limited 
the current study. Consequently, the present findings may underestimate the academic 
difficulties in the population and generalizability of results to other samples may be 
affected. Indeed, effect sizes in this study were smaller compared with recent meta
analytic results.1 The large number of measurements per individual, together with the 
fact that effects that would have reached the significance threshold are very small, 
indicates that the study was sufficiently powered. However, the relatively small sample 
size limited possibilities to explore subgroups of very preterm born children with 
varying developmental trajectories based on medical or environmental characteristics.

CONCLUSION

To our knowledge, this study is the first to examine academic performance of very 
preterm born children in a longitudinal design. Very preterm born children showed 
difficulties in arithmetic, reading and spelling that persisted throughout primary 
school. However, they showed similar progression as fullterm born children. This 
suggests intact learning abilities, providing opportunities for intervention. Increased 
under standing of neurocognitive mechanisms underpinning these academic difficul
ties is necessary to help these children reach their full potential. Conversely, brain 
ab normalities and neurocognitive impairment may limit the abilities of very preterm 
born children to reach similar performance levels as their fullterm born peers. 
Identification of perinatal risk factors that are associated with poor academic outcomes 
in very preterm born children and the subsequent development of preventive strategies 
targeting these risk factors is crucial to minimize this gap.
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APPENDIX

Table A5.2  
Perinatal characteristics of very preterm participants and non-participants.  
Note: BPD = bronchopulmonary dysplasia; BW = birth weight; GA = gestational 
age; IVH = intraventricular hemorrhage; M = mean; NEC = necrotizing 
enterocolitis; PDA = patent ductus arteriosus; PVL = periventricular 
leukomalacia; ROP = retinopathy of prematurity; SD = standard deviation; 
SGA = small for gestational age. a t-test. b χ2-test. c Fisher’s exact test.  
d Birth weight < 10th percentile. e Oxygen requirement at 36 weeks post-
menstrual age. f Sepsis, pneumonia, meningitis, pyelonephritis, or arthritis 
diagnosed based on a combination of clinical signs and positive culture. 

Table A5.1  
Longitudinal relation between enteral glutamine 
supplementation and arithmetic, reading, and spelling 
performance adjusted for parental education level. 

 Participants  

(n = 52) 

Non-participants  

(n = 36) p 

Sex, n (%) boys 26 (50.00) 18 (50.00) 1.00b 

GA, weeks, M (SD) 29.37 (1.47) 28.83 (2.20) .20a 

BW, grams, M (SD) 1278.60 (354.67) 1054.94 (298.42) .003a 

SGAc, n (%) 12 (23.08) 12 (33.33) .29d 

Caesarean section, n (%) 29 (55.77) 20 (55.56) .98b 

BPDe, n (%) 13 (25.00) 14 (38.89 .17b 

IVH grade I/II, n (%) 7 (13.46) 14 (38.89) .01b 

IVH grade III/IV, n (%) 1 (1.92) 2 (5.56) .57d 

PVL, n (%) 2 (3.85) 4 (11.11) .22d 

PDA, n (%) 7 (13.46) 7 (19.44) .45b 

ROP, n (%) 4 (7.69) 4 (11.11) .71d 

NEC, n (%) 0 (0.00) 2 (5.56) .17d 

≥ 1 serious infectionf, n (%) 31 (59.62) 25 (69.44) .35b 

 

Table A5.2  

Perinatal characteristics of very preterm participants and non-participants. Note: GA = gestational age; BW = 

birth weight; SGA =  small for gestational age; BPD =  bronchopulmonary dysplasia; IVH = intraventricular 

haemorrhage; PVL = periventricular leukomalacia; PDA = patent ductus arteriosus; ROP = retinopathy of 

prematurity; NEC = necrotising enterocolitis. a t-test. b χ2-test test. c Fisher’s exact test. d Birth weight <10th 

percentile. e Oxygen requirement at 36 weeks postmenstrual age. f Sepsis, pneumonia, meningitis, pyelonephritis, 

or arthritis diagnosed based on a combination of clinical signs and positive culture.  

 

 β 95% CI p 

Arithmetic    

Glutamine –0.04 –0.32, 0.25 .79 

Reading    

Glutamine 0.003 –0.29, 0.30 .98 

Spelling    

Glutamine –0.08 –0.34, 0.17 .52 

 

Table A5.1  

Longitudinal relation between enteral glutamine supplementation and arithmetic, reading, and spelling 

performance adjusted for parental education level. Note: Analyses were adjusted for parental education level. 

 




