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	 Background:	 There is a high prevalence of cognitive and socioemotional dysfunction in very low birth weight (VLBW <1500 g) 
and extremely low birth weight (ELBW <1000 g) children. This study from the Czech Republic aimed to com-
pare the cognitive and socioemotional development at 5 and 9 years of age of children born with VLBW/ELBW 
with children born with normal birth weight (NBW ³2500 g).

	 Material/Methods:	 The clinical group consisted of 118 VLBW/ELBW children and the control group consisted of 101 children 
with NBW at ages 5 to 9 years. The research battery included selected subscales from the Intelligence and 
Development Scales (IDS), A Developmental Neuropsychological Assessment – second edition (NEPSY-II), and 
the Behavior Rating Inventory of Executive Function (BRIEF). Data were analyzed using STATA IC v. 15 software 
and G*Power (descriptive statistic, analysis of variance (ANOVA), correlations, multivariate analysis of variance 
– MANOVA, post hoc power analysis).

	 Results:	 We found a statistically significant difference in cognitive and socioemotional development between children 
with VLBW/ELBW and those with NBW. The average intelligence quotient (IQ) of VLBW/ELBW children was 
96.38, while that of NBW children was 12.98 points higher (P<0.001). NBW children achieved better results on 
all subtests of the IDS (P<0.001) as well as in affect recognition (P<0.001). All results for both groups were with-
in normal range. Parents of VLBW/ELBW children did not recognize impaired executive functioning (P=0.494).

	 Conclusions:	 This study has shown significant cognitive and socioemotional deficit in children born with VLBW and ELBW 
when evaluated at 5 and 9 years of age.
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Background

All citizens, residents, and employees in the Czech Republic 
have access to healthcare via compulsory general healthcare 
insurance [1]. However, current medical and psychological care 
provided for premature children and their families remains in-
adequate, as it is largely unsystematic and is directly depen-
dent on the varying capacities of the local perinatal centers [2]. 
Furthermore, continuous monitoring of mental development is 
mandated only from infancy through 2 years of age [2]. This is 
not sufficient for the care of low-birth-weight children and chil-
dren, as it is often impossible to generate an accurate prognosis 
of their developmental trajectory at this young age [2,3]. Birth 
weight is the first weight of the fetus or neonate obtained af-
ter birth. According to the World Health Organization (WHO), 
birth weight is divided into low birth weight (LBW <2500 g), 
very low birth weight (VLBW <1500 g), and extremely low 
birth weight (ELBW <1000 g) [4]. Premature birth before the 
37th week of pregnancy and/or growth faltering in the womb 
increase the risk of low birth weight [5]. The number of LBW 
children born in the Czech Republic has been increasing in re-
cent years. In 2018, 6.9% of all live children born in the Czech 
Republic were identified as LBW [6]. Along with efforts to re-
duce child mortality, experts have also focused on treatment 
options that might be used to reduce morbidity both in the 
neonatal period and later on in life [2]. Children with ELBW are 
the group that is most at risk for these complications [7-9].

There is strong evidence indicating that children born with 
VLBW and ELBW have a greater predisposition to develop cog-
nitive deficits and/or delayed cognitive development [11,13-18]. 
Impaired attention, memory, perceptual-motor skills, and visu-
al-motor skills are among the deficits that are most frequently 
reported in studies of cognitive development of VLBW/ELBW 
children [9,11,18-20]. Speech and language disabilities or de-
lays (both receptive and expressive) have also been report-
ed [12,21-25]. Impairment has also been reported in the areas 
that include executive functions [7,26-28]. The aforementioned 
deficits are detected most often at school age, when children 
are facing increasing demands, notably in mathematics, read-
ing, and spelling [25,29-34]. Although studies that address mea-
surements of intelligence quotient (IQ) in VLBW and ELBW chil-
dren show great variability [35-37], it is clear that VLBW/ELBW 
children may have a limited capacity for intellectual and over-
all cognitive development compared to children born at term 
at the normal birth weight (NBW ³2500 g) [37,38]. Some of 
the deficits observed among VLBW/ELBW children relate to 
the development of socioemotional competencies [7,8,39-42]. 
Johnson and Marlow described the “preterm behavioral phe-
notype”, which is characterized by an increased risk of devel-
oping symptoms and disorders associated with inattention/hy-
peractivity, emotional, and social difficulties. Individuals with 
this phenotype are also at an increased risk for internalizing 

rather than externalizing problems [43]. Children born with 
VLBW or ELBW are also more vulnerable to attention deficit 
hyperactivity disorder (ADHD) and impulsivity, with symptoms 
more likely to persist into adulthood [39,44,45]. Other studies 
report an increased risk of pervasive developmental disorders; 
the incidence of autism spectrum disorders (ASDs) has been 
reported to range from 3.65% to 8% among VLBW/ELBW chil-
dren [44,46]. These children also experience a higher incidence 
of depressive symptoms, low self-esteem, and anxiety disor-
ders [8,47]. However, a whole population longitudinal study 
from birth to adulthood found that VLBW children were not at 
persistently increased risk for anxiety and mood disorders [48]. 
Other studies have reported difficulties in affect recognition 
among VLBW/ELBW children at preschool age [42,49]; some of 
these deficits may persist into middle childhood, notably with 
those involving the recognition of anger [50,51]. Problems with 
affect recognition and facial expressions result in an overall 
impairment in social skills and social adaptation [50], and can 
also lead to problems with the regulation of emotions [52,53], 
with a significant impact on relationships with peers, parents, 
and teachers [54,55]. Difficulties with social adaptation tend 
to appear early and persist into adolescence [56]. Although a 
number of the above studies demonstrate that these impair-
ments can have a major long-term impact on children and their 
families and require long-term support and interventions, in 
the Czech Republic these children are not given the long-term 
attention they need [2].

To the best of our knowledge, there are no published studies 
that explore the relationship between birth weight and cogni-
tive and socioemotional development at 5 and 9 years of age 
of children residing in the Czech Republic. The development 
of these children has not yet been mapped. In 2015/2016, we 
conducted a research project entitled “New Methods in the 
Follow-Up Care for Children with Perinatal Stress” at the Center 
for Follow-up Care of Ex-preterm Babies within the Department 
of Pediatrics and Inherited Metabolic Disorders, First Faculty of 
Medicine, Charles University and General University Hospital 
in Prague. Most often, babies born in one of Prague’s mater-
nity hospitals with a perinatal burden come under the care 
of the center. This was a large-scale project focused on the 
development of multidisciplinary care for children with spe-
cific perinatal burdens. Over the course of a given day, each 
child underwent a comprehensive evaluation that included 
pneumatological, routine pediatric, rehabilitative, psycholog-
ical, and psychiatric assessments. One goal of the study was 
to evaluate the mental development of VLBW/ELBW children 
who were then between 5 and 9 years of age. Socioemotional 
and cognitive development was measured by subtests select-
ed from the Intelligence and Development Scales (IDS) [57] 
and Developmental Neuropsychological Assessment, second 
version (NEPSY-II) [58,59]. Executive functions were examined 
using the Behavior Rating Inventory of Executive Function 
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(BRIEF) [60]. This project was followed by the present study, 
which aimed to compare the cognitive and socioemotion-
al development at 5 and 9 years of age of 118 children born 
with VLBW/ELBW with 101 children born with NBW. Based on 
our review of the literature, we proposed 4 hypotheses. H1 
0: There is no statistically significant difference between the 
cognitive development of children with VLBW/ELBW and chil-
dren with normal birth weight. H1: Children with normal birth 
weight have statistically significantly better cognitive devel-
opment than children with VLBW/ELBW. H2 0: There is no sta-
tistically significant difference in socioemotional development 
between children with VLBW/ELBW and children with normal 
birth weight. H2: Children with normal birth weight have sta-
tistically significantly better socioemotional development than 
children with VLBW/ELBW.

Material and Methods

Ethics Statement

The research project has been carefully considered in all as-
pects of its research and ethical content by the institutional 
review board for “Medical Psychology and Psychopathology” 
at the First Faculty of Medicine, Charles University. The par-
ents of the children in both groups were informed of the goals 
and the procedures involved in this research project, and all 
signed a written informed consent form. An emphasis was 
placed on the current well-being of the child throughout the 
evaluation period.

Procedure and Participants

One hundred and eighteen children aged 5 to 9 years were 
selected for participation in this study. Inclusion criteria were: 
age 5 to 9 years who were VLBW or ELBW. All children were 
monitored and treated at the Center for Follow-up Care of Ex-
preterm Babies. This was a non-probability sampling method 
as the children and parents were selected from among those 
who were already receiving care in this center. Children with 
severe sensory impairments, mutism, and severe ASD were 
excluded from the study. The research studies took place pri-
marily during the morning hours at the Center for Follow-up 
Care of Ex-preterm Babies within the Department of Pediatrics 
and Inherited Metabolic Disorders, First Faculty of Medicine, 
Charles University and General University Hospital in Prague, 
Czech Republic. The duration of the assessment of the child 
was about 1 hour, plus an interview with the parent for about 
15 minutes.

A control group recruited in 2017-2019, included NBW children 
who were 5 to 9 years of age who were not receiving mental 
health care. The participants were selected from a voluntary 

response sample from Prague and its close surroundings. The 
control group included 101 children who underwent the psy-
chological examination only. The examination took place at the 
Institute of Psychology, Prague, Czech Republic.

Children came for the assessment with their parent (mostly 
with their mother). Subsequently, the child and the parents 
were told what the assessment entailed. The child underwent 
the assessment without the presence of the parent. During 
testing, an emphasis was placed on the current well-being of 
the child. If the test situation was too stressful for the child or 
caused any distress or anxiety, the child was given some time 
to familiarize him/herself with the situation, take a break from 
the test, or go back to the parent. An alternative testing date 
could have been arranged, but in neither case was it necessary.

Measures

IDS is appropriate for children at 5-10 years of age. The ad-
ministration of the entire battery of tests typically requires 
1.5-2 hours. For this reason, we administered selected sub-
tests only, including those focused on visual perception, se-
lective attention, phonological memory, visual-spatial memory, 
auditory memory, visual-motor skills, and receptive and expres-
sive language, using validated Czech language standards [57].

NEPSY-II is a comprehensive battery of neuropsychological tests 
designed to evaluate neurocognitive development in preschool-
ers, children, and adolescents (ie, 3-16 years of age) [58,59]. We 
used only the subtest designed to evaluate affect recognition.

BRIEF is a questionnaire for parents or teachers that allows 
them to assess executive function in children aged 5 to 18 
years. The BRIEF has 3 main indices: (1) Metacognition Index 
(MI) assesses the ability to initiate, organize, plan, and remem-
ber the steps needed to achieve a specific goal; (2) Behavior 
Regulation Index (BRI) evaluates the ability to manage and 
control behavior and emotional responses; and (3) Global 
Executive Composite (GEC – a composite of the 2 aforemen-
tioned indices) [60].

Statistical Analysis

Data were analyzed using STATA IC v. 15 software. Post hoc sta-
tistical power was calculated in G*Power. Birth weight was cod-
ed as a discrete dichotomous variable (0 – control, 1 – VLBW/
ELBW) and was used as the predictor (independent) variable 
in all of our analyses. IQ, IDS subscales, as well as the NEPSY-
II and BRIEF subscales were linear continuous variables that 
were included as outcome (dependent) variables.

The overall IQ score as determined by the IDS was used as 
the single-outcome variable, and analysis of variance (ANOVA) 
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was performed with the control group was used as a refer-
ence. ANOVA is a statistical method used to compare means 
of multiple groups to find out if the differences between them 
are statistically significant.

However, because the total IQ score is calculated from IDS sub-
scales, our second analysis included the simultaneous use of 
visual perception, selective attention, phonological memory, 
visual-spatial memory, auditory memory, visual-motor skills, 
and receptive and expressive language as dependent vari-
ables and birth weight as the independent variable. A multi-
variate analysis of variance (MANOVA) was performed to ac-
commodate the co-existence of multiple outcome variables. 
MANOVA is similar to ANOVA in that it is a mean comparison 
test with multiple dependent variables. Correlations were per-
formed in conjunction with this process because the depen-
dent variables evaluated in the MANOVA should be correlat-
ed with one another.

Socioemotional development was also evaluated using ANOVA. 
In this case, the birth weight group was the independent vari-
able, and the results of the affect recognition subtest of NEPSY-
II were the dependent variables.

Responses from parents were evaluated in a separate MANOVA 
in which the BRIEF BRI and MI subscales were included as 
the dependent variables and birth weight as the indepen-
dent variable.

The effect size was calculated using the η2 value obtained from 
the ANOVAs together with a post hoc power analysis.

Results

Descriptive Statistics

One hundred and eighteen LBW children were enrolled in our 
study, including 59 boys (50%) and 59 girls (50%). Forty-one 
(34.8%) of the participants were VLBW children and 77 (65.3%) 
were ELBW (65.3%) children. The mean age was 76.5 months 
(range, 60-115 months). The average birth weight was 918.07 
g (range 405-1470 g). The control group of 101 children includ-
ed 53 boys (52.5%) and 48 girls (47.5%) girls. The mean age 
was 81.2 months (range 60-107 months). The average birth 
weight was 3363.55 g (range 2600-4800 g). Quantitative anal-
ysis revealed no correlation between gender or age (preschool 
or young school-age) and the overall IQ. Likewise, our anal-
ysis revealed no significant differences between the groups 
of VLBW and ELBW children (t [71]=0.37, P=0.71). Therefore, 
we divided the participants into 2 groups according to birth 
weight (ie, NBW and VLBW/ELBW cohorts) for all subsequent 
statistical analyses.

Analyses of IDS

ANOVA revealed significant differences in cognitive develop-
ment (F [1.217]=41.49, P<0.001). Overall, birth weight explained 
only ~16% of the variance in IQ. The average IQ of VLBW/
ELBW children was 96.38, while the average IQ of NBW chil-
dren was 12.98 points higher (Table 1). The individual scores 
are presented in Figure 1. A post hoc power analysis of the 
IQ data revealed a statistical power of 0.99 (Table 2). Before 
computing the MANOVA for cognitive development, we eval-
uated the results from the IDS subscales in a correlation ma-
trix (Table 3). The results revealed a moderate correlation be-
tween the results from the IDS subscales (Table 4). The Wilks’ 
lambda value was significant (F [8.210]=7.73, P<0.001) as were 
all the IDS subscales. Furthermore, our findings revealed that 
NBW children as a group performed better than VLBW/ELBW 
children on all subscales evaluated. The strongest associa-
tions (as per the R2 value) were observed for subscales of vi-
sual perception, phonological memory, and selective atten-
tion. The partial h2 (=0.22) was used to calculate the effect 
size, ie, f2(V)=0.22/(1-0.22)=0.29. A post hoc power analysis 
of overall cognitive development revealed a high statistical 
power (0.99; Table 5). Collectively, our findings revealed that 
NBW children performed better than VLBW/ELBW children on 
all cognitive domains measured by the IDS scale when evalu-
ated at 5-9 years of age.

Analysis of NEPSY-II

ANOVA revealed significant differences in socioemotional de-
velopment (F [1.217]=11.79, P<0.001). Birth weight explained 
~4.7% of the total variance in affect recognition (Table 6). 
VLBW/ELBW children achieved an average score of 9 on this 
evaluation, while NBW children achieved significantly high-
er scores. The individual scores on this subtest are shown in 
Figure 2. A post hoc power analysis revealed a high statistical 
power for this evaluation (Table 7). Collectively, our results re-
vealed that NBW children (5-9 years of age) performed signif-
icantly better on subtests of affect recognition than children 
born with VLBW/ELBW.

Analysis of BRIEF

Finally, results from the BRI and MI BRIEF subscales were eval-
uated by MANOVA. The results from tests using these sub-
scales were based on responses to questionnaires complet-
ed by the parents of the study participants. The differences 
observed in this case did not reach statistical significance (F 
[2.216]=0.71, P=0.494).
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* p<0.001.

Table 1. �Analysis of Variance (ANOVA) comparison of intelligence quotient (IQ) and birth weight. The mean (M) IQ score was 100 
with a standard deviation (SD) of 15. ANOVA revealed significant differences (F [1.217]=41.49, P<0.001). Overall, birth weight 
explained only ~16% of the variance in IQ. The average IQ of children with very low birth weight (VLBW <1500 g) or extremely 
low birth weight (ELBW <1000 g) was 96.38, while the average IQ of children with normal birth weight (NBW ³2500 g) was 
12.98 points higher.

Means for each group

Mean IQ SD N

VLBW/ELBW 96.38 15.95 118

NBW 109.36 13.49 101

Total 102.36 16.193 219

Post-Hoc Bonferroni test

VLBW/ELBW

NBW 12.98*

 ANOVA

 SS df MS F Prob >F

Between groups 9175.75 1 9175.75 41.49 0.000

Within groups 47987.28 217 221.13

Total 57163.04 218 262.21

20

18

16

14

12

10

8

6

4

2

0

Visual perception*
Phonological memory*
Auditory memory*
Expressive language*

Very low/Extremely low
Birth weight

Normal

Sc
or

e

Selective attention*
Visual-spatial memory*
Visual motor skills*
Receptive language*

* Signi�cantly di�erent

Figure 1. �Scores on subscales of Intelligence and Development Scales (IDS). IDS subscale scores have a mean (M) of 10 with a 
standard deviation (SD) of 3. The test scores of children with very low birth weight (VLBW <1500 g) or extremely low birth 
weight (ELBW <1000 g) and with normal birth weight (NBW ³2500 g) were not below the standardized average. NBW 
children performed significantly better than their VLBW/ELBW counterparts on all IDS subtests evaluated. The figure was 
prepared in Microsoft Excel, version 2112, Microsoft 365.
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Input: Effect size f2(V) 0.44 Output: Noncentrality parameter l 42.39

a err prob 0.05 Critical F 3.88

Total sample size 219 Numerator df 1

Number of groups 2 Denominator df 217

Power (1-b err prob) 0.99

Table 2. Post hoc power analysis of intelligence quotient (IQ). A post-hoc power analysis revealed a statistical power of 0.99.

 
Visual 

perception
Selective 
attention

Phonological 
memory

Visual-spatial 
memory

Auditory 
memory

Visual-motor 
skills

Expressive 
language

Receptive 
language

Visual 
perception

1

Selective 
attention

0.34 1

Phonological 
memory

0.24 0.28 1

Visual-spatial 
memory

0.28 0.30 0.22 1

Auditory 
memory

0.24 0.33 0.32 0.38 1

Visual-motor 
skills

0.37 0.32 0.25 0.35 0.28 1

Expressive 
language

0.38 0.21 0.26 0.33 0.41 0.33 1

Receptive 
language

0.40 0.22 0.33 0.33 0.31 0.24 0.40 1

Table 3. �Correlation matrix of subscales of Intelligence and Development Scales (IDS). The results revealed a moderate correlation 
between the results from the IDS subscales.

Table 4. �Multivariate analysis of variance (MANOVA) for subscales of Intelligence and Development Scales (IDS) and birth weight. 
Number of observations (N)=219. The Wilks’ lambda value was significant (F [8.210]=7.73, P<0.001) as were all the IDS 
subscales. The strongest associations (as per the R2 value) were observed for subscales of visual perception, phonological 
memory, and selective attention. Children with normal birth weight (NBW ³2500 g) as a group perform better than children 
with very low birth weight (VLBW <1500 g) or extremely low birth weight (ELBW <1000 g) on all subscales evaluated.

W – Wilks’ lambda; P – Pillai’s trace; L – Lawley-Hotelling trace; R – Roy’s largest root; e – exact bound on F.

Source Statistic df F(df1) F(df2) F Prob >F

Birth weight W 0.77 1 8.0 210.0 7.73 0.000 e

P 0.22 8.0 210.0 7.73 0.000 e

L 0.29 8.0 210.0 7.73 0.000 e

R 0.29 8.0 210.0 7.73 0.000 e

Residual 217

 Total  218      
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Equation Observations Parameters RMSE R2 F p

Visual perception 219 2 2.73 0.12 30.56 <0.001

Selective attention 219 2 2.77 0.10 24.19 <0.001

Phonological memory 219 2 3.69 0.07 16.50 <0.001

Visual-spatial memory 219 2 2.66 0.02 5.39 0.021

Auditory memory 219 2 2.92 0.05 11.82 <0.001

Visual motor skills 219 2 2.61 0.11 26.94 <0.001

Expressive language 219 2 2.94 0.07 17.78 <0.001

Receptive language 219 2 2.86 0.06 16.13 <0.001

Table 4 continued. �Multivariate analysis of variance (MANOVA) for subscales of Intelligence and Development Scales (IDS) and birth 
weight. Number of observations (N)=219. The Wilks’ lambda value was significant (F [8.210]=7.73, P<0.001) as 
were all the IDS subscales. The strongest associations (as per the R2 value) were observed for subscales of visual 
perception, phonological memory, and selective attention. Children with normal birth weight (NBW ³2500 g) as 
a group perform better than children with very low birth weight (VLBW <1500 g) or extremely low birth weight 
(ELBW <1000 g) on all subscales evaluated.

 Coefficient SEM t P>t
95% Confidence 

interval [CI])

Visual perception  

	 Birth weight 2.04 0.37 5.53 <0.001 1.31-2.77

	 Constant 8.39 0.25 33.40 <0.001 7.90-8.89

Selective attention     

	 Birth weight 1.85 0.37 4.92 <0.001 1.10-2.59

	 Constant 8.40 0.25 32.90 <0.001 7.90-8.91

Phonological memory     

	 Birth weight 2.03 0.50 4.06 <0.001 1.04-3.02

	 Constant 10.86 0.34 31.92 <0.001 10.19-11.53

Visual-spatial memory     

	 Birth weight 0.83 0.36 2.32 0.021 0.12-1.54

	 Constant 10.21 0.24 41.69 <0.001 9.72-10.69

Auditory memory     

	 Birth weight 1.36 0.39 3.44 <0.001 0.58-2.14

	 Constant 9.85 0.26 36.65 <0.001 9.32-10.38

Visual-motor skills     

	 Birth weight 1.83 0.35 5.19 <0.001 1.14-2.53

	 Constant 8.16 0.24 33.92 <0.001 7.68-8.63

Expressive language     

	 Birth weight 1.68 0.39 4.22 <0.001 0.89-2.47

	 Constant 9.18 0.27 33.86 <0.001 8.65-9.72

Receptive language     

	 Birth weight 1.55 0.38 4.02 <0.001 0.79-2.32

	 Constant 9.67 0.26 36.71 <0.001 9.15-10.19
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Input: Effect size f2(V) 0.29 Output: Noncentrality parameter l 64.16

a err prob 0.01 Critical F 2.59

Total sample size 219 Numerator df 8

Number of groups 2 Denominator df 210

Response variables 8 Power (1-b err prob) 0.99

 Pillai V 0.05

Table 5. �Post hoc power analysis of subscales of Intelligence and Development Scales (IDS). A post-hoc power analysis of overall 
cognitive development revealed a high statistical power (0.99).

h2 ((8×7.73)/(8×7.73+210)=0.22)) was used to calculate the effect size, i.e., f2(V)=0.22/(1-0.22)=0.29.

Table 6. �Analysis of variance (ANOVA) for Affect recognition subtest of Developmental Neuropsychological Assessment, 
second version (NEPSY-II) and birth weight. The ANOVA revealed significant differences in socioemotional development 
(F [1.217]=11.79, P<0.001). Birth weight explained ~4.7% of the total variance in affect recognition.

* p<0.001.

Means for each group

Mean IQ SD N

VLBW/ELBW 9 2.89 118

NBW 10.30 2.70 101

Total 9.60 2.87 219

Post-Hoc Bonferroni test

VLBW/ELBW

NBW 1.30*

ANOVA

 SS df MS F Prob >F

Between groups 92.95 1 92.95 11.79 0.000

Within groups 1711.48 217 7.88

Total 1804.43 218 8.27
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Figure 2. �Scores on the affect recognition subtest of 
Developmental Neuropsychological Assessment, 
second version (NEPSY-II). Age-adjusted scaled scores 
include mean (M) 10 with a standard deviation (SD) 3. 
Children with very low birth weight (VLBW <1500 g) or 
extremely low birth weight (ELBW <1000 g) achieved 
an average score of 9 on this evaluation, while children 
with normal birth weight (NBW ³2500 g) achieved 
significantly higher scores. The figure was prepared in 
Microsoft Excel, version 2112, Microsoft 365.
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Discussion

The results of this study revealed that VLBW/ELBW children 
have diminished levels of cognitive and socioemotional de-
velopment compared to their NBW peers at 5-9 years of age. 
The average intelligence quotient (IQ) of children with NBW 
was higher. NBW children achieved better results on all sub-
tests of the IDS as well as in affect recognition. All the results 
for both groups were within normal range. Parents of VLBW/
ELBW children or children with NBW did not recognize im-
paired executive functioning.

While the average IQ of NBW children in our study was 109.36, 
ELBW/VLBW children had an average score of 96.38, repre-
senting a 12.98-point difference. These findings are consis-
tent with the results of a meta-analysis published by Gu et al 
that reported lower (albeit normal) IQs among VLBW/ELBW 
children compared to those born at NBW [37]. Recently pub-
lished systematic reviews document individuals with LBW to 
have around 5-12 points lower IQ scores [10,37,61]. These au-
thors also reported a gradient relationship between different 
levels of LBW and IQ score [37]; interestingly, our results did 
not confirm this finding. However, we recognize that only 5 of 
7 subscales used to determine IQ were performed in the study. 
The scores of the omitted subtests were included as weighted 
averages. Therefore, these results should be interpreted with 
caution. Our results revealed that NBW children performed sig-
nificantly better than their VLBW/ELBW counterparts on all IDS 
subtests evaluated. These findings are consistent with those 
previously reported in the medical literature and include dif-
ferences in selective attention, perceptual-motor skills, visual 
motor skills [9,11,19,20], memory (phonology, auditory, visual-
spatial) [21,45], and language development [12,21,22,24]. We 
also found that NBW children performed significantly better 
than VLBW/ELBW children on subtests of affect recognition. 
These results are also in agreement with those reported in pre-
viously published studies [42,49-51]. Interestingly, parents did 
not report impaired executive function on the BRIEF question-
naire. This implies that the parents believe that their children 
are all able to manage and control behavior and emotional re-
sponses and also can initiate, organize, plan, and remember 
the steps needed to achieve a specific goal. We recognize that 

this is a fully subjective evaluation. We cannot rule out the 
possibility of a bias based on social desirability. Several stud-
ies reported that VLBW/ELBW children have impairments in 
executive functions, predominantly those involving planning 
and organization, cognitive flexibility, working memory, atten-
tion, inhibition processes, verbal fluency, and behavioral and 
emotional control [7,26-28]. Overall, our results are in general 
agreement with findings reported in the literature [7,8,40,44]. 
Our quantitative analysis revealed significant differences in cog-
nitive and socioemotional development when comparing the 
VLBW/ELBW group to the NBW controls. However, it is impor-
tant to recognize that the results of all the psychological eval-
uations of children (including those in the VLBW/ELBW group) 
were within the normal range. In other words, while the test 
scores of the VLBW/ELBW children were statistically different 
from those of NBW children, the results as a whole were not 
below the standardized average.

The comparatively strong results achieved by the children in 
our VLBW/ELBW cohort may relate directly to the individual-
ized, long-term, and comprehensive care provided by a multi-
disciplinary team at our hospital. We recognize that this level 
of comprehensive care does not reach all VLBW/ELBW children 
in the Czech Republic. The review by Spittle et al (2015) sug-
gests that early developmental interventions improve cogni-
tive outcomes up to preschool age. Little evidence was found 
of an effect on long-term cognitive outcomes (up to school 
age). Were included 25 randomized or quasi-randomized con-
trolled trials of early developmental interventions for preterm 
children. Variability among these early developmental inter-
vention programs limits the conclusions that can be drawn 
about their effectiveness [62].

Going forward, it is important to focus on several steps. In the 
Czech Republic there are currently significant shortcomings in 
follow-up psychological care both for the premature baby and 
the parents and family. The availability of high-quality psycho-
logical services might be expanded together with efforts to 
provide standardized methods for screening, assessing, and 
increasing the awareness of the need to monitor the behavior 
of these children and their families [2]. Further insight into the 
potential mechanisms associated with the socioemotional and 

Input: Effect size f2(V) 0.22 Output: Noncentrality parameter l 10.59

a err prob 0.05 Critical F 3.88

Total sample size 219 Numerator df 1

Number of groups 2 Denominator df 217

 Power (1-b err prob) 0.89

Table 7. �Post hoc power analysis of Affect recognition subtest of Developmental Neuropsychological Assessment, second version 
(NEPSY-II). A post hoc power analysis revealed a high statistical power for this evaluation (0.89).
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cognitive development of LBW/preterm children could be pro-
vided by neuroscience, such as further study of changes in the 
structural and functional architecture of brain networks involved 
in emotion regulation and other parts of the brain. To better un-
derstand the whole issue, it is desirable to perform further re-
search, not only in young children, but also in adolescents and 
adults born with low birth weight. The consequences of low 
birth weight are not yet sufficiently mapped for these periods.

This study had several limitations. As noted above, all 
VLBW/ELBW children enrolled in this study have undergone 
extensive long-term monitoring at the Center for Follow-up 
Care of Ex-preterm Babies. This level of care far exceeds the 
current standards in the Czech Republic. Also, we recognize 
that all our participants were active volunteers. Thus, the par-
ticipants may have included only children with particularly 
motivated parents who also provided their children with su-
perior attention and care. We also recognize that our study 
lacked socio-economic demographic data. Parental education, 
employment, and income, as well as the number of siblings in 
the family, have all been identified as predictors of cognitive 
development [63-66].

As noted above, there is no standard Czech language version 
of the NEPSY-II. We had only limited decision-making capaci-
ty in this regard, as the instruments to be used for this study 
were selected by an outside expert commission. Furthermore, 
the omission of the structural and conceptual thinking sub-
scales of the IDS limited our overall analysis of cognition. 
Other limitations relate to the testing conditions. During the 
course of one day, the children underwent a comprehensive 

psychological and physical examination. Although we all agreed 
that the psychological examination would be performed first 
to avoid possible bias caused by fatigue, this plan was not fol-
lowed in all cases.

Conclusions

This study has shown significant cognitive and socioemotion-
al deficits in children born with VLBW and ELBW when eval-
uated at 5 and 9 years of age. Although the study had sever-
al limitations, our results confirm that LBW remains a major 
risk factor for delayed mental development. We hope that 
the results of the study will raise awareness of the effects of 
perinatal stress and its impact on mental development. Our 
results highlight the need to improve the availability of sys-
tematic follow-up focused on both medical and psychological 
care of VLBW/ELBW children even after their discharge from 
perinatal centers.
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