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Theoretical background: Premature birth is in the focus of research interest as it is the most
common perinatal risk endangering the development of children. However, the
implications of prematurity for the long-term outcome are far from fully understood.
Compromised development of cognitive and executive functions may be underlying
academic underachievement in school-age preterm children. Aim: to assess the school-age
outcomes of Hungarian VLBW/ELBW preterm children in basic cognitive abilities and
executive function as compared to typically developing, full-term children as well
as to investigate the background of individual differences. Method: 54 preterm children
(27 ELBW, 27 VLBW) and a matched group of 27 healthy full-term children, aged 9-10
years, were tested using the Wechsler Intelligence Scales for Children (WISC-1V), the Corsi
Block Tapping Task (digital version) for measuring spatial-visual working memory and
the Wisconsin Card Sorting Test (WCST, digital version) for testing cognitive flexibility.
As background variables perinatal and socioeconomic factors were entered in the analysis.
Results: In each measure of the WISC-1V all three groups performed in the normal range.
The ELBW children displayed certain developmental lags. They scored significantly lower
in the Full-Scale IQ and the Processing Speed than the other two groups, and in the
Perceptual Reasoning and one measure of spatial-visual working memory as compared
to the non-risk comparison group. Perinatal complications and maternal education were
related to the outcome. Conclusions: With the improved perinatal care preterm children
have fair chances for good developmental outcomes. However, the individual variations
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are great and various perinatal and social factors may hamper the development of
cognitive and executive functions. A birthweight below 1000 grams is a notable risk,
particularly if combined with perinatal complications.

Keywords: prematurity, IQ, working memory, cognitive flexibility, perinatal complications

1. Introduction

According to an international consensus neonates born before the 37th
week of gestation are considered preterms. Prematurity is the most common
perinatal risk: the average rate of preterm births is between 9% and 12% of
all live births in the higher- and lower-income countries, respectively
(WHO, 2018). In Hungary 8,1% of the newborn babies were preterms in
2017 (HCSO, 2018).

The degree of risk for the development of the individual involved in
premature birth depends on a range of factors. The population of premature
babies is very heterogeneous. The earlier the baby is born and the less the
birthweight, the greater the risk. According to the degree of immaturity
three categories are distinguished: moderate to late preterms (gestational
age [GA]: 32-37 weeks), very preterms (GA: 28-32 weeks), extremely
preterms (GA < 28 weeks) (WHO, 2018). Birth weight serves as a basis for a
classification of preterm neonates most frequently used in medical praxis
according to the recommendation by the BNO 10. The categories are the
following: extremely low birth weight (BW <1000 grams, ELBW); very low
birth weight (1000-1499 grams, VLBW); low birth weight (1500-2499 grams,
LBW) (Behrman & Butler, 2007). The Hungarian figures regarding the
distribution of the preterm neonates in 2017 were as follows: GA 32-37
weeks 84,6%, GA 28-31 weeks 10,4%, GA 24-27 weeks 4,5%, GA < 24 weeks
0,5%; normal birth weight (> 2500 g) 38%, LBW 46,5%, VLBW 8,7%, ELBW
6,7% (HCSO, 2018).

Perinatal complications may further increase the risk. The immature
organism is more vulnerable to diseases affecting the respiratory organs
(respiratory distress-syndrome, RDS), the central nervous system, and the
sensory systems. The prevalence of the intraventricular haemorrhage (IVH)
among the ELBW infants is 50% (Balla & Szab¢, 2013) and the more
immature the baby the IVH tends to be more severe (stades III and IV) with
the rates of 39.9% in babies born at 24 weeks gestation, 24% at 26 weeks
gestation, and 9.7% at 28 weeks gestation (Ertl, 2018). 14,1% of the ELBW,
while 11% VLBW preterms suffer severe IVH (Behrman & Butler, 2007;
Glass et al., 2015). Periventricular white matter lesion (PVL) is a typical
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white-matter injury in preterm infants which, along with the more severe
degrees of IVH, may cause cerebral palsy and the loss of oligodendroglial
cells (Mulder, Pitchford, Hagger, & Marlow 2009).

A chronic lung disease, bronchopulmonary dysplasia (BPD) is also a
common concomitant of premature birth, occurring in more than 40% of
ELBW preterms (Glass et al., 2015). The prevalence considerably varies
across hospitals (in VLBW infants 3-43%, Behrman & Butler, 2007). The
BPD most frequently occurs in preterm infants who require prolonged
ventilatory support (Hargitai & Marton, 2018). Ventilatory therapy (mostly
by hyperoxia) may cause an abnormal vascular proliferation of the im-
mature retina, leading to an ocular disease called retinopathy of prematurity
(ROP) (Beke, 2019).

The development of the central nervous system in preterm infants
deviates from that in their full-term counterparts. Anomalies are often
found in the structure of both the white and the gray matter. The entorhinal
cortex and the corpus callosum can be thinner (Feldman, Lee, Yeatman, &
Yeom, 2012; Skranes et al., 2012) and the volume of the hippocampus
(Beauchamp et al., 2008) as well as that of the cerebellum can be smaller
than in term newborns (de Kieviet, Zoetebier, Van Elburg, Vermeulen, &
Oosterlaan 2012). The effects of prematurity on the CNS development seem
to differ across the brain regions. One region may be affected severely while
others may remain intact. In low-risk preterm infants there were no
significant differences in the volume of the dorsal prefrontal and the
orbitofrontal lobe which are related to the executive function (Peterson,
2000).

It is apparent that the neurodevelopmental consequences of premature
birth affect the development of cognitive functions and academic abilities,
although the bulk of research evidence is not consistent. The IQs of
the VLBW/ELBW preterm children as a group were found to fall into
the average (Grunewaldt et al., 2014) or low-average zone (Stalnacke,
Lundequist, BShm, Frossberg, & Smedler, 2018). However, according to a
recent meta-analysis reviewing 71 studies comparing the IQs of very
preterm children to those of term comparison groups the preterms
significantly lagged behind (Twilhaar et al., 2018). The authors of the meta-
analysis also noted the heterogeneity of results across studies. In the studies
by Grunewaldt et al. (2014) and Rushe et al. (2001), e.g., the preterms had
deficits only on a single cognitive measure out of several ones.

Research interest in executive functions (EFs) - which is an umbrella
term encompassing the conscious, goal-directed problem-solving thinking
and the higher-order control processes (Zelazo, Carlson, & Kesek, 2008) - is
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relatively recent. A universally accepted theoretical model of EF is not yet
available, but inhibition, working memory, and cognitive flexibility have
been generally regarded as its core components (Diamond, 2013). As
inhibition failed to explain variance above the common EF factor it was
omitted from a revised model which consists of a shifting specific factor
(cognitive flexibility) and an updating specific factor (working memory)
(Miyake & Friedman, 2012; Stalnacke et al., 2018). The importance of EF is
increasingly recognized since EFs have been found to influence school
readiness more strongly than IQ (Blair & Razza, 2007).

Premature birth involves a risk for executive deficits. Four year-old
preterm children performed more poorly than the term comparison group
on direct measures of EF, and their teachers reported that they had more
difficulties with inhibition, working memory, planning/organisational
skills, and self-control (O’Meagher, Kemp, Norris, Anderson, & Skilbeck,
2017). School-age ELBW /VLBW preterms scored poorer as compared to
their non-risk counterparts in tasks requiring inhibition, working memory,
and shifting (i.e., cognitive flexibility) (Aarnoudse-Moens, Duivenvoorden,
Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2011; Ford et al., 2011;
Stdlnacke et al., 2018). In the study of Ritter, Nelle, Perrig, Steinlin and
Everts (2013) 8-10 year-old VLBW children performed significantly poorer
than the controls in inhibition, working memory, and shifting, whereas the
10-13 year old VLBW children reached the same level as the controls in all
three EFs. The authors concluded that the poor performances of the younger
VLBW children might reflect a delay rather than a deficit. The catch-up
tendency presumably stems from the plasticity of function and organisation
of the human brain (Ford et al., 2011). In addition, Ritter and colleagues
(2013) argued for the potential remedial effects of environmental factors.
The age of the subjects may explain the results reported by Rushe and
colleagues (2001), conflicting the majority of findings presented in the
literature. In this research 14-15 year-old adolescents who were born very
preterm, even those with MRI abnormalities performed in the normal range
on measures of EFs. The study by Costa and colleagues (2017) calls attention
to the variety of developmental trends of executive functions in ELBW
children. In the majority of their subjects the EFs remained stable between 8
and 18 years of age, with more than half of them scoring in the typical range
and 15% performing persistently low. However, the EF performances of
about Y4 of the subjects changed markedly, with late-onset difficulties and
remitting trends occurring in equal proportions.

The substantial inter-individual variations within the preterm children
underline the issue of prediction of the development of EFs. O’Meagher et
al. (2017) found that social risks, particularly low maternal education were
the strongest associates of impaired EF outcomes while the perinatal
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variables had no predictive power. In contrast, a study by Ford et al. (2011)
provided evidence on the impact of neurobiological risks on EF per-
formances and revealed interactions between neurobiological risk factors
and maternal education in ELBW children. It suggests that the adverse
effects of neurobiological risks can be attenuated by favourable social
backgrounds. A recent 18-year long longitudinal study by Stalnacke and
colleagues (2018) revealed a complex mechanism underlying the develop-
ment of EFs, using a serial multiple mediator model. The results showed a
remarkable stability of both working memory and cognitive flexibility from
52 to 18 years of age. Parental education had direct effect on both 5 4-year
EF measures, while perinatal medical complications and intrauterine
growth had direct effects on cognitive flexibility at 18 years. In addition,
mental development at 10 months of age mediated the influences of
perinatal variables and gender by having direct relation to the 5 %2-year EF
measures.

The aim of our study was to evaluate the school-age outcomes of
Hungarian VLBW /ELBW preterm children in basic cognitive abilities and
executive function as compared to typically developing, full-term children.
The assessment of the EF was based on the revised model proposed by
Miyake and Friedman (2012), distinguishing two specific factors, a shifting-
specific and an updating-specific factor, i.e., cognitive flexibility, and
working memory. We were attempting to tap the background of individual
differences in the outcomes by analysing the effects of perinatal and social-
economic factors.

2. Method

The study was approved by the Scientific and Research Ethics Committee of
the Health Science Council (13425-2/2016/EKU)

2.1. Subjects

The subjects were 81 children, aged 9-10 years. 54 children were born
preterm. The majority of the preterm sample were participants in the
follow-up program of the Department of Obstetrics and Gynaecology,
Semmelweis University, Budapest. Further subjects were recruited via the
internet. Half of the preterm sample was born with birthweights <1000
grams (ELBW) and the other half with birthweights between 1000-1499
grams (VLBW). The perinatal characteristics and complications are shown
in Table 1.
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Table 1. Perinatal characteristics and complications of the preterm groups

ELBW VLBW Comparison
statistics
Birth weight (BW)
Mean 825 grams 1260 grams £(52) = -11.88
SD 109.6 156.1 p <0.0001
Range 550-990 1050-1490
Gestational age (GA)
Mean 27 weeks 30 weeks £(52) = -5.06
SD 21 2.04 p < 0.0001
Range 24-32 28-34
Bronchopulmonary dysplasia (BPD) 8 (30%) - x*(1) =9.39
p =0.002
Intraventricular haemorrhage (IVH)
Mild 4 (15%) 4 (15%) x*(1) =0.36
Severe 1 (4%) 2 (7%) p =0.837
Retinopathy of prematurity (ROP)

Mild 8 (30%) 8 (30%) ¥(1) =127
Severe 4 (15%) - p=0.260
Small for Gestational Age (SGA) 13 (48%) 6 (22%) Y1) =3.98

p =0.046

The non-risk comparison group (control) was recruited from schools. The
criteria of inclusion were full-term birth, birth weight > 2500 grams, lack of
perinatal complications, and a typical developmental course. The 27 full-
term comparison children (FT) were born at 38-41 weeks gestation (mean =
40; SD = 1,2), with birthweights of 2560-4320 grams (mean = 3501; SD =
410). The three groups (ELBW, VLBW, FT) were matched on age, gender,
and maternal education triad-wise. Each group consisted of 11 boys and 16
girls. The ages of the children in each group were the following: ELBW
mean 113 months (SD = 3,14; range 108-118), VLBW mean 114 months (SD
=3,96; 108-119), FT mean 113 months (SD = 3,49; range 108-119). As far as
maternal education is concerned, in each group 7% of the mothers
completed general school, 7% had vocational school certificate, 7% passed
matriculation, and 59% had college or university degree.

All of the children attended mainstream general schools and none of
them was diagnosed with ADHD or learning disability.
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2.2. Instruments and procedure

The instruments were the Wechsler Intelligence Scales for Children (WISC-
IV; Wechsler, 2008), the Corsi Block Tapping Task (Corsi, 1972; Milner,
1971) for measuring spatial-visual working memory (ie, the updating-
specific factor of EF) and the Wisconsin Card Sorting Test (WCST; Grant &
Berg, 1948; Heaton, Chelune, Talley, Kay, & Curtiss, 1993) for testing
cognitive flexibility (ie, the shifting-specific factor of EF).

The tests of executive functions were administered in digital versions
(PEBL version 0.13 test package (Mueller & Piper, 2014) using a personal
computer (PC Intel Core i7 2.8 GHz with windows 7, 64 bit operating
system; with a BenQ V4200 Eco monitor of 1920x1080 resolution).

In the WCST four target cards differing in colour, shape, and number
were shown at the top of the screen. Below the four cards which remained
the same in the entire test a 5th one appeared which was different in each
trial. For each trial this 5th card could be matched to different target cards
based on similarity in one particular stimulus dimension in each card.
However, in each trial only one sorting principle was correct according to a
rule generated by the programme. The subject received a feedback after
each match on whether or not it conformed to the principle. The task of the
subject was to find out this principle. After 10 consecutive correct matches
the rule changed. The sequence of the sorting principles was constant: color,
form, and number. This sequence was repeated twice. The test ended either
after the subject found the correct sorting principle six times or after
matching 128 cards.

In the Corsi Block Tapping Task the subjects had to remember sequences
of locations. Nine blue squares were shown irregularly arranged on the
screen. In each trial certain target squares flashed in yellow, one at a time, in
a sequence. The subject was instructed that after the sequence was finished
s/he should click on each of the target squares in the same order as
demonstrated (“forward” rule). The task started with a sequence of two
squares, then the sequence increased one by one with two trials for each
sequence length. The same task was repeated using the “backward” rule:
the subject had to click on the target squares in reverse order relative to the
demonstration.

The children were tested individually in the laboratory of the university
with only the child and the tester psychologist (the first author) present. The
session started with a short conversation about the child’s experiences with
computers. All of the children were familiar with the devices and the use of
them caused no difficulty. As the children considered the digital tasks com-
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puter games the tasks proved to be quite attractive and motivating. After
each test the children were allowed to have short breaks. Altogether the
testing took 1 %2 hours.

2.3. Measures

WISC-1V: Full Scale IQ (FSIQ), Verbal Comprehension Index (VCI),
Perceptual Reasoning Index (PeRI), Working Memory Index (WMI),
Processing Speed Index (PrSI).

Corsi Block Tapping Task: Reaction time and the number of correct trials in
the forward and backward tasks.

WCST: Number of completed categories, numbers of perseverational and
non-perseverational errors).

Background variables: Perinatal characteristics and complications in the
preterm children: birth weight, gestational age, bronchopulmonal dysplasia,
intraventricular haemorrhage, rethinopathy of prematurity. The grades of
the complications are indicated in the hospital reports. However, as the
severe grades were scarce in the sample, the complications were included in
the analysis as dichotomous variables.

Maternal education for representing the socioeconomic background:
the 5 grades were (1) less than 8 completed classes of general school;
(2) 8 completed classes of general school; (3) vocational school certificate;
(4) matriculation; (5) college or university degree.

2.4. Statistical analysis

The data analysis was performed using the SPSS 22 (IBM, Armonk, NY,
USA). The results were considered significant if p < 0.05 (two-sided). The
data had normal distributions for each variable.

The three groups were compared using a one-way MANOVA with
Bonferroni correction. In order to test the contribution of the background
variables to the results General Linear Models were computed. The first
models (models 1) covered the total sample with gender and maternal
education as independent variables. Further models (models 2) applied only
to the preterm subjects aiming to check the role of perinatal variability. In
this model maternal education, birth weight, gestational age, and the
perinatal complications were included in the analysis. The dependent
variables were WISC-IV FSIQ (models 1a, 2a), WISC-IV indices (models 1b,
2b), Corsi measures (models 1c, 2c) and WCST measures (models 1d, 2d).
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3. Results

The mean scores of each measure of the WISC-IV fell within the normal
range in all three groups. The ELBW children scored significantly lower in
the Full-Scale IQ and the Processing Speed Index than the other two groups,
and in the Perceptual Reasoning Index and one measure of the Corsi Block
Tapping Task as compared to the non-risk comparison group. The WCST
did not discriminate the groups. The performances of each group are shown
in Table 2.

Table 2. The performances of the three groups

Statistical results

Measure Group | Mean | SD | Range (MANOVA,

post-hoc Bonferroni)
Pairwise group

comparisons
ELBW | 101,9 | 13,8 | 78-126 | F(2,78)=5.33, p =0.007,
WISC- | FsIQ VLBW | 111,1 | 10,3 | 83-126 n*=0.12
v Control | 112,1 | 13,7 | 85-132 | ELBW < Control p = 0.012

ELBW < VLBWp = 0.027
VLBW < Control p =1.00

ELBW | 107,9 | 10,9 | 89-123 F(2,78) =2.4,p=0.098,
VCI VLBW 114 8,1 93-127 n*=0.058
Control | 112,6 | 12,5 | 85-134 | ELBW < Control p = 0.336
ELBW < VLBW p = 0.119
Control < VLBW p =1.00

ELBW | 1009 | 14,1 | 70-130 | F(2,78) =3.46, p = 0.036,
PeRI VLBW | 105,9 | 10,2 | 78-126 n?=0.081

Control | 109,8 | 12,6 | 84-136 | ELBW < Control p =0.031
ELBW < VLBW p = 0.440
VLBW < Control p = 0.750

ELBW 98 13 71-117 | F(2,78)=297,p=0.057,

WMI VLBW | 106,1 | 12,6 | 77-129 n*=0.07

Control | 105,7 | 15,5 | 77-134 | ELBW < Control p = 0.130
ELBW < VLBW p = 0.101
Control < VLBW p =1.00

ELBW | 96,4 | 13,5 | 65-120 | F(2,78)=6.80,p =0.002,
PrSI VLBW | 107 | 13,7 | 74-143 n?=0.149

Control | 107,8 | 10,5 | 89-129 | ELBW < Control p = 0.004
ELBW < VLBW p = 0.009
VLBW < Control p =1.00
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Statistical results
Measure Group | Mean | SD | Range (MANOVA,
post-hoc Bonferroni)
Pairwise group
comparisons
Reaction time | ELBW | 4053 | 44,1 | 264-497 | F(2,77)=1.21,p=0.303,
Corsi (sec) VLBW | 402 | 34,9 | 310-474 n*=0.031
Block forward Control | 416 21,2 | 369-457 | ELBW < Control p = 0.791
Tapping VLBW <ELBW p =1.00
Task VLBW < Control p = 0.419
Correct trials ELBW 5,5 1,9 2-8 F(2,77) =231, p=0.106,
(number) VLBW 6,3 1,5 3-8 n*=0.057
forward Control | 6,6 19 2-10 | ELBW < Control p =0.118
ELBW < VLBW p = 0.425
VLBW < Control p =1.00
Reaction time ELBW | 401,9 | 51,5 | 207-498 | F(2,78) =0.48, p =0.621,
(sec) VLBW | 396,6 | 33,5 | 319-476 n*=0.012
backward Control | 407 | 27,7 | 356-491 | ELBW < Control p =1.00
VLBW <ELBW p =1.00
VLBW < Control p =1.00
Correct trials ELBW 6,1 1,9 2-10 F(2,78) =5.21, p = 0.008,
(number) VLBW | 69 1,7 1-9 n*=0.118
backward Control 7,3 1,7 4-11 ELBW < Control p = 0.006
ELBW < VLBW p =0.285
VLBW < Control p = 0.386
Completed ELBW | 51 2,5 0-9 F(2,78) =0.45, p = 0.642,
WCST | categories VLBW | 51 2,2 1-9 n*=0.011
(number) Control | 5,3 2,4 2-9 ELBW < Control p = 1.00
ELBW = VLBW p =1.00
VLBW < Control p =1.00
Number of ELBW | 234 |11,7 | 0-54 F(2,78) =0.92, p = 0.403,
perseverational | VLBW 21,4 9,2 7-50 n*=0.023
errors Control | 19,8 7,9 11-48 | Control < ELBW p = 0.538
VLBW < ELBW p =1.00
Control < VLBW p =1.00
Number of ELBW | 174 | 165 | 1-86 F(2,78) =1.21, p = 0.305,
non- VLBW | 17,8 9,6 5-37 n*=0.03
perseverational | Control | 13,3 | 7,2 2-27 | Control < ELBW p = 0.609
errors ELBW < VLBW p =1.00
Control < VLBW p = 0.497

Note: ELBW = extremely low birth weight (< 1000 grams), VLBW = very low birth weight
(1000-1499 grams), WISC-IV = Wechsler Intelligence Scales for Children, FSIQ = Full Scale
IQ, VCI = Verbal Comprehension Index, PeRI = Perceptual Reasoning Index, WMI =
Working Memory Index, PrSI = Processing Speed Index, WCST = Wisconsin Card Sorting

Test.




Intelligence and executive functions in 9-10 year-old preterm children 431

In searching for the background of the performances and the explanation
of the massive within-group scatters of scores General Linear Models were
computed.

According to the models covering the total sample (Table 3) gender had
no significant effect on any of the dependent variables, while maternal
education was a significant covariate for each measure of the WISC-IV and
two measures of the Corsi Block Tapping Task.

Table 3. General Linear Models: Total sample

Model Measure Independent variables F(df) P
FsIQ Gender 0.41 (1) |0.526
la WISC- Maternal education 342 (1) |<0.0001
v
VCI Gender 041 (1) |0.518
Maternal education 35,96 (1) | <0.0001
1b PeRI Gender 0.52 (1) |0.472
Maternal education 23,52 (1) | <0.0001
WMI Gender 0.07 (1) |0.788
Maternal education 8.13 (1) |0.006
PrSI Gender 0.9 (1) 0.347
Maternal education 11,51 (1) | 0.001
Reaction time Gender 0.27 (1) | 0.603
1c Corsi (sec) forward Maternal education 0.002 (1) | 0.966
,]IB,IOCk. Correct items Gender 1.29 (1) |0.260
nglf ng (number) forward | Maternal education 7,52 (1) |0.008
Reaction time Gender 0.05(1) |0.825
(sec) backward Maternal education 0.09(1) |[0.76
Correct items Gender 3.37(1) |0.071
(number) Maternal education 20.75 (1) | <0.0001
backward
Completed Gender 1.13 (1) |0.290
1d WCST categories Maternal education 2.08 (1) |0.153
(number)
Number of Gender 3.06 (1) | 0.084
perseverational Maternal education 0.27 (1) |0.608
errors
Number of non- | Gender 0.78 (1) |0.381
perseverational Maternal education 0.24 (1) |0.627
errors

Note: ELBW = extremely low birth weight (< 1000 grams), VLBW = very low birth weight
(1000-1499 grams), WISC-IV = Wechsler Intelligence Scales for Children, FSIQ = Full Scale
IQ, VCI = Verbal Comprehension Index, PeRI = Perceptual Reasoning Index, WMI =
Working Memory Index, PrSI = Processing Speed Index, WCST = Wisconsin Card Sorting
Test.
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In the models consisting only the preterm groups (Table 4) maternal
education remained a significant covariate. After entering birth weight
(BW) as a categorical variable dividing the preterm children into VLBW and
ELBW subgroups BW had no significant linear effect on any of the
dependent variables. Gestational age, intraventricular haemorrhage, and
rethinopathy of prematurity had no significant contribution either.

Children with BPD had lower scores in the WISC-IV Full Scale 1Q,
Perceptual Reasoning Index, and Processing Speed Index. In addition, they
completed fewer categories and made more perseverational errors in the
WCST. The small for gestational age children scored higher in the WISC-IV
Verbal Comprehension Index and had shorter reaction times in the Corsi
Block Tapping Task.

Table 4. General Linear Models: Preterm sample

Model Measure Independent F(df) p
variables
BW 1.04 (1) 0.318
WISC-1V | FsIQ GA 0.1(1) 0.757
2a IVH 0.5 (1) 0.484
ROP 2.03 (1) 0.167
BPD 10.38 (1) 0.004
SGA 3.07 (1) 0.092
BW 0.09 (1) 0.762
VCI GA 0.87 (1) 0.360
b IVH 0.39 (1) 0.536
ROP 0.02 (1) 0.880
BPD 2.75 (1) 0.110
SGA 451 (1) 0.044
BW 0.43 (1) 0.518
PeRI GA 1.02 (1) 0.323
IVH 0.01 (1) 0.930
ROP 2.8 (1) 0.107
BPD 499 (1) 0.035
SGA 1.71 (1) 0.203
BW 1.13 (1) 0.297
WMI GA 0.69 (1) 0.414
IVH 0.40 (1) 0.532
ROP 0.72 (1) 0.403
BPD 407 (1) 0.054
SGA 0.18 (1) 0.678
BW 0.29 (1) 0.594
PrSI GA 0.20 (1) 0.655
IVH 0.79 (1) 0.381
ROP 2.03 (1) 0.167
BPD 11.27 (1) 0.003
SGA 1.21 (1) 0.281
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Model Measure Independent F(df) p
variables
Reaction time BW 1.70 (1) 0.204
Corsi (sec) GA 3.50 (1) 0.074
2¢c Block forward IVH 0.62 (1) 0.437
Tapping ROP 2.81 (1) 0.107
Task BPD 0.49 (1) 0.491
SGA 6.25 (1) 0.020
Correct trials BW 0.99 (1) 0.331
(number) GA 0.90 (1) 0.353
forward IVH 0.00 (1) 0.997
ROP 0.16 (1) 0.692
BPD 0.74 (1) 0.787
SGA 0.20 (1) 0.661
Reaction time BW 0.19 (1) 0.669
(sec) GA 1.16 (1) 0.292
backward IVH 0.45 (1) 0.509
ROP 1.53 (1) 0.228
BPD 0.14 (1) 0.712
SGA 13.91 (1) 0.001
Correct trials BW 0.00 (1) 0.951
(number) GA 0.96 (1) 0.337
backward IVH 0.04 (1) 0.74
ROP 0.38 (1) 0.541
BPD 0.22 (1) 0.644
SGA 0.35 (1) 0.558
Completed BW 0.26 (1) 0.612
2d WCST categories GA 0.09 (1) 0.761
(number) IVH 0.49 (1) 0.489
ROP 0.03 (1) 0.859
BPD 4.51 (1) 0.044
SGA 1.11 (1) 0.303
Number of BW 0.43 (1) 0.520
perseverational GA 210 (1) 0.159
errors IVH 0.21 (1) 0.650
ROP 0.44 (1) 0.514
BPD 8.21 (1) 0.008
SGA 0.20 (1) 0.661
Number of BW 2.75 (1) 0.110
non- GA 0.00 (1) 0.997
perseverational IVH 0.06 (1) 0.811
errors ROP 0.93 (1) 0.343
BPD 2.92 (1) 0.100
SGA 0.57 (1) 0.459

Note: ELBW = extremely low birth weight (< 1000 grams), VLBW = very low birth weight (1000~
1499 grams), BW = birth weight, GA = gestational age, IVH = intraventricular haemorrhage, ROP
= retinopathy of prematurity, BPD = bronchopulmonary dysplasia, SGA = small for gestational
age, WISC-IV = Wechsler Intelligence Scales for Children, FSIQ = Full Scale I1Q, VCI = Verbal
Comprehension Index, PeRI = Perceptual Reasoning Index, WMI = Working Memory Index, PrSI
= Processing Speed Index, WCST = Wisconsin Card Sorting Test.
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4. Discussion

The aim of our study was to evaluate the school-age outcomes of Hungarian
preterm children in basic cognitive abilities and executive functions as
compared to typically developing full-term children. The preterm children
were born with birthweights below 1500 grams. They were divided into
two groups, the first group consisted of the children with very low birth
weights (VLBW, 1000-1499 grams) while the children in the second group
had extremely low birth weights (ELBW, BW<1000 grams). Some of them
suffered certain perinatal complications - mostly of milder degrees (Table
1), and they were free from serious CNS injuries. We were attempting to tap
the background of individual differences by analysing the effects of
perinatal and social-economic factors on the performances.

Following recommendations in the literature (Ford et al 2011; Ritter et al.,
2013) we decided to test children born within a one-year interval rather
than covering a larger age range. The reasons of choosing the age of 9-10
years were manifold. In spite of the major changes occurring in cognitive
development around 9 years there was little information available on the
executive functions in preterm children of this age. Moreover, a curious
inconsistence in the past research rendered this age specifically interesting.
According to brain imaging data there were no differences between 8-year-
old preterm and term children in dorsal prefrontal and orbitofrontal
volumes (Peterson et al., 2000), nevertheless 8-10-year-old VLBW children
performed significantly poorer than the controls in tasks measuring
executive functions (Aarnoudse-Moens et al., 2011; Ritter et al., 2013).

The mean IQ of our VLBW/ELBW preterm subjects fell in the average
range and it was true also for the subscale scores of the WISC-1V (Table 2),
similarly to the results published by Grunewaldt et al. (2014) and Stalnacke
et al. (2018). However, the picture is really reassuring only as far as our
VLBW subgroup is considered. According to a recent meta-analysis
reviewing 71 studies which compared the IQs of very preterm children to
those of term comparison groups the preterms significantly lagged behind
(Twilhaar et al., 2018), and same applies to our ELBW children who had a
mean Full-Scale IQ significantly lower as compared not only to the IQ of the
term controls but even to that of their VLBW counterparts. The deficits of
our ELBW children in the Full-Scale IQ mainly stemmed from poorer
performances in Processing Speed and Perceptual Reasoning. It is also
notable that there were massive within-group scatters with particularly
some ELBW preterms scoring rather low.

Out of the tested factors of executive function the ELBW children dis-
played a certain shortcoming in spatial-visual working memory (fewer
correct items in the Corsi blocks backward task). This result is in line with
findings published by Ford and colleagues (2011), Stdlnacke and colleagues
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(2018), and Ritter and colleagues (2013). However, in the light of the
performances of the older (10-13 years old) subjects in the Ritter et al. (2013)
study in our 9-10 year-old preterms the underachievement may still reflect
a delay rather than a deficit. In cognitive flexibility (cognitive set shifting,
Wisconsin Card Sorting Test) our preterm children performed at the same
level as their controls. Our results support the model that differentiates the
EF into two separable major components which may follow distinct
developmental pathways over time (Stdlnacke et al., 2018). In cognitive
flexibility even our ELBW preterms seem to have caught up with the non-
risk counterparts by 9-10 years of age that Ritter and colleagues (2013)
found only in their 10-13 year-olds.

In search for the explanation of the individual variability of the EF
development the links between the outcome measures and the available
background variables (gender, maternal education, perinatal characteristics
and complications) were examined. Using the variables which proved
meaningful, General Linear Models were computed. Maternal education
was a significant covariate for the full-scale IQ and within it for each
measured component, and also for spatial-visual working memory. The
impact of socio-economic conditions, notably maternal education on
children’s intelligence is generally acknowledged, and the heightened role
of social factors in the development of preterm children has been widely
documented (e.g. Kalmar, 2007; O’'Meagher et al., 2017). Our results provide
partial support for other studies which found that socio-economic back-
ground influenced the development of the executive functions as well (Ford
et al,, 2011; Miyake & Friedman, 2012; O’'Meagher et al., 2017; Stdlnacke et
al., 2018).

The role of birthweight is worth of attention. Using it as a categorical
variable (VLBW vs ELBW) the result of the analysis pointed to a heightened
vulnerability of children born with birthweights below 1000 grams. On the
other hand, after dividing the preterm children into the above subgroups,
birthweight had no linear effect on the outcome. The ELBW subgroup had
shorter mean gestation (although the range was overlapping with that of
the VLBW children), but in the multivariate analysis gestational age did not
prove to be significant either. Neither intraventricular haemorrhage nor
rethinopathy of prematurity had any significant main effect on the
measured abilities. It may be explained by the scarcity of the more severe
degrees of these complications in our preterm sample, and it is good news
that in the milder cases the perinatal medical care seems to be efficient. In
contrast, bronchopulmonal dysplasia was identified as underlying deficits
both in intelligence and executive functions which is in line with other
recently published results (e.g. Sriram et al., 2018, and the meta-analysis by
Twilhaar et al., 2018). As BPD only occurred in ELBW children it may be the
factor responsible for the poorer performances of the ELBW preterms in
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Processing Speed and Perceptual Reasoning, as well as in cognitive
flexibility as indicated by the WCST scores. BPD causes a chronic hypoxia
which is likely to be responsible for its untoward long-term effects (Deakins,
2009). In the background of the cognitive and executive function deficits of
the ELBW children it is very hard to disentangle the impacts of various
factors such as premature birth, extremely low birthweight, perinatal
complications, and potentially also social disadvantages.

The main conclusions of the study are the following. On the one hand,
our results suggest that the birthweight classification of preterm children is
meaningful even as late as in 9-10 years of age, in evaluating the long-term
outcomes it is far more informative than using birthweight as a numerical
variable. The children born below 1000 grams are at particular risk of
compromised cognitive and executive function development. On the other
hand, the massive scatter behind the group mean values, especially in the
light of the variability of developmental trends (Costa et al., 2017) is a
serious warning that risk children need individual attention and should be
followed up at least until their late school years.

5. Limitations of the study

Our sample was not representative in various aspects. In maternal
education it was biased towards the higher levels which is not a unique
problem as it is usually difficult to secure the cooperation of parents with
lower education. In addition, our preterm groups were not representative
of the respective birthweight categories. The composition of the samples is a
common problematic issue of the research with atypical subjects due to the
enormous individual variability of the factors directly or indirectly related
to the target independent variable. We hope that despite the necessary
compromises the careful multivariate analysis helped to interpret our
findings reliably. It would have been of interest to check the effects of
intervention. Unfortunately the participation in intervention (whether or
not, method, duration, etc.) varied across subjects to an extent that it was
not feasible to handle.
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Igen alacsony sziiletési stlyt és extrém alacsony sziiletési salya
korasziilottek intelligencidjanak
és végrehajto funkcidinak vizsgalata 9-10 éves korban

NAGY ANETT - KALMARMAGDA - BEKE ANNA MARIA -
GRAF ROZSA - HORVATH ENDRE

Elméleti hdttér: A korasziilottségre igen jelentSs kutatasi érdeklédés iranyul, mivel ez a
leggyakoribb perinatalis riziko, amely a zavartalan fejlédést veszélyezteti. A korasziilottség
hossza tava hatasdra vonatkozéan azonban megoszlanak a kutatasi eredmények.
Lehetséges, hogy a korasziilott gyermekek iskolai teljesitményproblémainak hatterében a
kognitiv és a végrehajto funkciok fejlédésének zavara éll. Cél: Iskolaskort, magyar, extrém
alacsony és igen alacsony sziiletési stlya korasziildttek kognitiv képességeinek és
végrehajté funkciéinak felmérése, 6sszehasonlitva tipikusan fejl6d6, idére sziiletett
gyermekek teljesitményével, tovadbbd a fejlédést befolyasolé hattértényez6k azonositasa.
Modszer: 54 korasziilott gyermek (két csoport: 27 {6 extrém alacsony sziiletési sulyud, 27 £6
igen alacsony sziiletési sulyt) és a csoportokhoz nemben, életkorban és az anya iskolai
végzettségében illesztett 27 id6re sziiletett, tipikusan fejl6d6 gyermek vizsgalata tortént
9-10 éves korukban a Wechsler-féle intelligenciateszttel (WISC-IV), valamint a Corsi kockak
teszt és a Wisconsin kartyaszortirozo teszt digitalizalt verzidjaval. A hattértényezsk
elemzése kiterjedt a sziiletési stlyra, a gesztacios korra, a perinatalis szovédményekre és az
anya iskolai végzettségére. Eredmények: A WISC-1V intelligenciateszt minden mutatéjanak
atlaga mindharom csoport esetében a normal 6vezetbe esett. Az extrém alacsony sziiletési
sulyt korasziilotteknek azonban a tobbiekhez viszonyitva fejlédési hatranya mutatkozott:
a teljes IQ és a feldolgozési sebesség mutatokban mindkét masik csoportndl szignifikdnsan
gyengébb eredményt értek el, mig a perceptualis kovetkeztetés indexben és a téri-vizuélis
munkamemoridban az id6re sziiletett kontrollcsoporthoz képest teljesitettek szignifikdnsan
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rosszabbul. A hattértényez6k koziil a perinatalis szovédmények és az anya iskolai
végzettsége bizonyultak meghatarozénak. Konkliizié: A javuld perinatalis ellatas
kovetkeztében a korasziilotteknek j6 esélyiik van a megfelel6 fejlédésre. Azonban nem
hagyhatok figyelmen kiviil a korasziilott csoporton beliili nagy egyéni kiilonbségek és a
fejlédést befolyasolé kdrnyezeti tényezék, amelyek befolyasolhatjak a kognitiv és a
végrehajté funkciok fejlédését. Az 1000 gramm alatti sziiletési suly jelent6s riziko, féleg,
ha perinatélis szov6dmények is kialakulnak a korasziilottnél.

Kulcsszavak: korasziilottség, 1Q, munkamemoria, kognitiv flexibilitas, perinatélis
szovédmények
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