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Original article

Background: There is increasing concern that moderate 
preterm (32–33 weeks’ gestation) and late preterm (34–36 
weeks’ gestation) birth may be associated with minor neurode­
velopmental problems affecting poor school performance.
Purpose: We explored the cognitive function, cognitive visual 
function, executive function, and behavioral problems at school 
age in moderate to late preterm infants.
Methods: Children aged 7–10 years who were born at 32+0 to 
36+6 weeks of gestation and admitted to the neonatal intensive 
care unit from August 2006 to July 2011 at the National Health 
Insurance Service Ilsan Hospital were included. We excluded 
children with severe neurologic impairments, congenital malfor­
mations, or chromosomal abnormalities. Neuropsychological 
assessments consisted of 5 neuropsychological tests and 3 que­
stionnaires.
Results: A total of 37 children (mean age, 9.1±1.2 years) 
participated. The mean gestational age at birth was 34.6±7.5 
weeks, while the mean birth weight was 2,229.2±472.8 g. The 
mean full-scale intelligence quotient was 92.89±11.90; 24.3% 
scored between 70 and 85 (borderline intelligence functioning). 
An abnormal score was noted for at least one of the variables on 
the attention deficit hyperactivity disorder diagnostic system 
for 65% of the children. Scores below borderline function for 
executive quotient and memory quotient were 32.4% and 
24.3%, respectively. Borderline or clinically relevant internalizing 
problems were noted in 13.5% on the Child Behavior Check 
List. There were no significant associations between perinatal 
factors or socioeconomic status and cognitive, visual perception, 
executive function, or behavior outcomes.
Conclusion: Moderate to late preterm infants are at risk of 
developing borderline intelligence functioning and attention 
problems at early school age. Cognitive and executive functions 
that are important for academic performance must be carefully 
monitored and continuously followed up in moderate to late 
preterm infants.
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Key message

Question: Infants born at moderate to late preterm gestations 
are known to have little problem later on, but is that really true?
Finding: At school age, cognitive problem was observed in 
about a quarter of the children. In addition, more than half of the 
children was suspected of having attention problems.
Meaning: Moderate to late preterm infants are at risk of 
developing abnormal intelligence and attention problems at 
early school age, therefore they should not be neglected on long-
term follow-up evaluation.

Introduction

Moderate preterm (32–33 weeks’ gestation) and late preterm 
(34–36 weeks’ gestation) births account for the major proportion 
of all preterm births, and these populations potentially have a 
large influence on public health. Because they are considered to be 
at low risk for abnormal neurodevelopmental outcomes and may 
not show signs of abnormal brain function in early infancy, they 
are usually not followed up properly. Major neurodevelopmental 
morbidities are usually detected during the first 2 years of life. 
Nevertheless, minor neurodevelopmental problems may not 
become apparent until school age, when more complex skills such 
as reading and writing are required for scholastic performance.1) 
Previous studies demonstrated that premature children up to 
school age present with higher rates of difficulties with language 
skills, cognitive function, visuo-motor integration, and behavior 
adaptation than do their peers born at term.2,3) There is increasing 
concern that moderate to late preterm birth is associated with 
long-term medical and behavioral morbidities with attention 
problems and impaired cognitive and academic performance at 
school age.4-11)
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1) Cognitive function
The Korean version of Wechsler Scale of Intelligence for 

Children – fourth edition (K-WISC-IV) was used.12) Ten subsets 
provide a full-scale intelligence quotient (FSIQ) score and 4 index 
scores: verbal comprehension index (VCI), perceptual reasoning 
index (PRI), working memory index (WMI), and processing 
speed index (PSI). In addition to the 4 main index scores, 2 ad­
ditional composite scores, the general abilities index (GAI) and the 
cognitive proficiency index (CPI), were used. The GAI is obtained 
by combining VCI and PRI index scores and is considered an 
alternate measure of global cognitive functioning that minimizes 
the impact of working memory and processing speed. The CPI 
composite index score is comprised of the WMI and PSI scores 
and measures efficient and proficient information processing. 
These scales have population means of 100 and standard de­
viations (SD) of 15. Scores of 70–84 are considered borderline 

We aimed to evaluate neurodevelopmental outcomes including 
cognitive function, executive function, and emotional and be­
havioral development in school-aged children who were born 
moderate to late preterm, and who appear to be free of major 
neurological disabilities.

Methods

1. Subjects

Children aged 7–10 years who were born at 32+0–36+6 weeks 
of gestation and admitted to neonatal intensive care unit (NICU) 
during the period from August 2006 to July 2011 in the National 
Health Insurance Service Ilsan Hospital were eligible. During this 
period, a total of 1,398 neonates were born at our center, and 
329 neonates were moderate to late preterm infants. Of these 
329, 266 were admitted to the NICU (Fig. 1). Children with 
chromosomal abnormalities, congenital anomalies, and severe 
neurodevelopmental problems that would make it difficult to 
perform tests were excluded. After excluding 12 children, we 
randomly called 112 children who were living in 5 districts within 
20-km radius of the hospital, and 37 of them agreed to participate 
(Fig. 1). The main reasons for refusal were long distance due to 
moving, difficulty in making time to participate, and incorrect 
phone numbers. The children and at least one of the parents came 
together to the hospital and conducted the tests.

2. General assessments

Physical and neurological examinations were performed by 
3 pediatricians. General information was obtained by question­
naires and maternal and clinical data from NICU were retro­
spectively reviewed from medical records.

3. Neuropsychological assessments

Five neuropsychological tests and 3 questionnaires were used 
in this study. All neuropsychological tests were performed by 2 
well trained clinical psychologists.

1,398 Total infants born between Aug 2006 and Jul 2011 

266 Moderate to late preterm infants admitted at NICU 

12 Children who met exclusion criteria 
  5 Severe neurologic impairmenta)  
  4 Congenital malformationb) 
  1 Chromosomal abnormalitiesc) 
  1 No precise gestational age 
  1 Expire due to other health problem 

112 Children randomly called 

37 Participants 

75 Children who did not participate 
  41 Declined to participate 
  20 Incorrect telephone number 
  9 No show 
  5 Moved out of town 

Fig. 1. Flow chart of the study participations. a)Severe neurologic im
pairment includes epilepsy, cerebral palsy, and hypoxic ischemic ence
phalopathy. b)Congenital malformation includes tracheoesophageal 
fistula, polydactyly, gastrointestinal tract malformation, and hypoplastic 
left heart syndrome. c)Chromosomal abnormalities includes Down 
syndrome. NICU, neonatal intensive care unit.

Graphical abstract
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intelligence functioning, and scores <70 suggest intellectual dis­
ability.

2) Cognitive visual function
We used the Developmental Test of Visual Perception, 2nd 

edition (DTVP-2)13) and the 3rd edition (DTVP-3)14) to assess 
general visual perception (GVP). This test is composed of 2 cate­
gories: motor-reduced visual perceptual (MRP) tasks and motor-
enhanced visual-motor tasks (visual-motor integration, VMI). A 
composite quotient score of <80 is considered abnormal.

3) Attention, memory, and executive function
The attention deficit hyperactivity disorder diagnostic system 

(ADS) is a computerized continuous performance test for dia­
gnosis attention deficit hyperactivity disorder (ADHD).15) Four 
test variables are recorded: omission errors, commission errors, 
reaction time, and reaction time variability. If there is at least 
one T-score >70 of the 4 variables, then ADHD is suspected.15) 
Memory was assessed using the Rey-Kim memory test.16) Based 
on the scores of verbal and visual memory tests, a memory quo­
tient (MQ) was calculated. Kim’s Frontal-Executive Function Test 
was used to estimate executive quotient (EQ).17) This test eval­
uates attention, language, visual-spatial function, and memory 
function.

4) Emotional and behavioral problems
The Child Behavior Check List (CBCL) is a widely used 

questionnaire to screen for emotional, behavioral, and social 
problems.18) It measures T-scores for 8 behavioral problem scales 
that are combined to form broad-band scales of internalizing 
problems (anxious/depressed, somatic complaints, withdrawn 
subscales) and externalizing problems (aggression, rule-breaking 
behavior subscales). The Kovac’s Children’s Depression Inven­
tory (CDI) is a psychological questionnaire that rates the severity 
of depression or dysthymic disorder. We used the Korean version 
CDI with cutoff points of scores of >13.19) The Korean version of 
a Revised Children’s Manifest Anxiety Scale (RCMAS) to assess 
the level and nature of anxiety was used, in which total scores 
>13 are considered clinically significant.20)

4. Statistical analyses

Statistical analyses were performed using the SAS ver. 9.4 (SAS 
Institute, Cary, NC, USA). Categorical variables were expressed as 
number (%) and continuous variables were expressed as mean± 
SD. We compared the scores of K-WISC-IV using the paired t test. 
The distributions of each index scores were represented by a box 
plot and the means were compared by repeated-measures analysis 
of variance. A P value of <0.05 was considered statistically signi­
ficant.

5. Ethics statement

This study was reviewed and approved by the Institutional 
Review Boards of the National Health Insurance Service Ilsan 
Hospital (approval number: 2017-63). Informed consent was 

obtained from the parents when they were enrolled.

 
Results

1. Demographics and clinical characteristics

Of the 37 children, 28 (75.7%) were late preterm (34–36 
weeks’ gestation) and 9 (24.3%) were moderate preterm (32–33 
weeks’ gestation) (Table 1). The mean gestational age at birth 
was 34.6±7.5 weeks (range, 32+1–36+3 weeks) and the mean 
birth weight was 2,229.2±472.8 g (range, 1,100–3,110 g). The 
mean maternal age at delivery was 31.0±4.2 years. Among the 
mothers, 70.3% were complicated pregnancy and 13.5% re­
ceived antenatal steroids. Four children with respiratory distress 
syndrome were treated with surfactant and none had bronch­
opulmonary dysplasia. All children had one or more cranial 
ultrasound during admission and none had intraventricular 
hemorrhage of grade 3 or 4.

There were no significant differences between infants who 
were enrolled (n=37) and those who were not enrolled (n=217) 
with respect to gestational age (34.6±7.5 vs. 34.6±9, P=0.812), 

Table 1. Demographics and clinical characteristics (n=37)

Variable Value

Gestational age (wk) 34.6±7.5 (32+1–36+3)

  Moderate preterm (n=9) 33.0±0.4

  Late preterm (n=28) 35.0±0.7

Birth weight (g) 2,229.2±472.8 (1,100–3,110)

Male sex 22 (59.5)

Vaginal delivery 12 (32.4)

Apgar score <7 at 5 min   5 (13.2)

IUGR   9 (24.3)

Twins 12±32.4

Maternal age at delivery (yr) 31±4.2

Complicated pregnancya) 26 (70.3)

IVF-ET 8 (21.6)

Antenatal steroid 5 (13.5)

Duration of hospitalization (day) 16±10.1

Respiratory distress syndrome 4 (10.8)

Mechanical ventilator care 6 (16.2)

IVH grade 1–2 6 (16.2)

IVH grade 3–4 0 (0)

Child's age at test (yr) 9.1±1.2 (7.2–10.9)

Economic status

  Poor 12 (32.4)

  Average 19 (52.8)

  Good   5 (13.5)

Maternal education level

  Completed high school or less 17 (45.9)

  University or above 20 (54.1)

Values are presented as mean±SD (range), mean SD, or number (%).
SD, standard deviation; IUGR, intrauterine growth restriction; IVF-ET, in 
vitro fertilization and embryo transfer; IVH, intraventricular hemorrhage.
a)Complicated pregnancy included preeclampsia, premature rupture of 
the membranes, pregnancy-induced hypertension, gestational diabetes 
mellitus, placenta abruptio, amniotic fluid problems, and fetal distress.
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ren who scored over 200 were deemed to have performed incor­
rectly and were excluded (Table 3). The proportion of children 
with abnormal T-scores (≥70) in the ADS is shown in Table 3. In 
the visual ADS, 69.7% of the children showed abnormal results 
in at least one of the 4 variables. In the auditory ADS, 66.7% of 
children showed abnormal in at least 1 of 4 variables. Abnormal 
(<70) or borderline scores (70–84) of MQ and EQ were 24.3% 
and 32.4%, respectively. Two children scored <70 on EQ and 3 
children did so on MQ (Table 3).

5. Emotional and behavioral problems

On the CBCL, borderline clinically relevant internalizing pro­
blems were noted in 13.5% of the children, and 29.7% of the 
children had socialization problems. The mean CDI score was 
3.86±4.23 and 5.6% of the children scored more than 13 points. 
Using RCMAS, 18.9% of children were reported to be at risk for 
anxiety problems. The mean RCMAS score was 9.43±4.81.

There were no significant associations with perinatal or socio­
economic factors and neuropsychological results. (post hoc 
P-values of FSIQ vs. economic status and FSIQ vs. maternal edu­
cational level were 0.7406 and 0.2483, respectively.)

Discussion

Although the overall birth rate has been declining in Korea, 
the preterm birth rate has continued to increase and efforts have 

birth weight (2,229.2±472.8 vs. 2,273.5±412.0, P=0.557), 
respiratory distress syndrome (10.8% vs. 14.3%, P=0.571), and 
duration of hospital days (16±10.1 vs. 14±7.2, P=0.324).

The mean age at examination was 9.1±1.2 years (range, 7.2– 
10.9 years). Eight children (21.6%) wore glasses and corrected 
visual acuity were all >0.8. No child showed any deficit on neuro­
logical examination. One child had been treated for language 
delay. All children were attending regular classes at school and 6 
children (16.1%) answered the questionnaire that their academic 
performance was poor. Over half of mothers (54.1%) had uni­
versity education or above. Two-third of families (66.3%) were of 
above average economic status.

2. Cognitive function

The results of K-WISC-IC showed a mean FSIQ of 92.89± 
11.90, a VCI of 92.70±10.29, a PRI of 101.5±11.10, a WMI 
of 92.86±14.61, and a PSI of 92.43±13.12 (Fig. 2). Although 
statistically insignificant, the mean FSIQ score was 4.9 points 
lower for moderate preterm children than for late preterm-born 
children. Although no child had intellectual disability (FSIQ 
<70), borderline intellectual functioning (FSIQ, 70–84) was 
observed in 24.3% of the children. Fig. 2 shows that children 
achieved lower score on VCI, WMI, and PSI than on the PRI (P< 
0.001). The mean GAI score (95.84±10.52) was higher than the 
mean FSIQ with a difference of -2.95, but this was not statistically 
significant (P=0.053) (Table 2). The mean GAI score was higher 
than the mean CPI with a significant difference of 4.51 (P=0.037) 
(Table 2).

3. Cognitive visual function

All children were normal in GVP on DTVP. The MRP score 
was abnormal in only 1 child (2.7%): however, VMI score was 
abnormal in 5 children (13.5%). Abnormal subset scores (<5) on 
VMI were observed in 18.9% of the children.

4. Attention, memory, and executive function

The ADS test was performed in all children: however, 4 child­

Fig. 2. Cognitive performance of the children (K-WISC-IV). K-WISC-IV, Korean Wechsler Intelligence Scale for 
Children – fourth edition; FSIQ, full-scale intelligence quotient; VCI, verbal comprehension index; PRI, perceptual 
reasoning index; WMI, working memory index; PSI, processing speed index; GAI, general abilities index; CPI, 
cognitive proficiency index; SD, standard deviation. Post hoc P value of GPI vs. CPI was 0.037. P<0.05 signifies 
statistical significance.

Table 2. Mean differences in FSIQ-GAI, FSIQ-CPI, and GAI-CPI of 
the K-WISC-IV

Index Mean Mean difference value T value P value

FSIQ - GAI 92.89–95.84 -2.95 -2 0.053

FSIQ - CPI 92.89–91.3 1.6 1.42 0.163

GAI - CPI 95.84–91.3 4.54 2.17 0.037

Values of P<0.05 are statistically significant.
FSIQ, full-scale intelligence quotient; GAI, general ability index; CPI, cognitive 
proficiency index; K-WISC-IV, Korean Wechsler Intelligence Scale for 
Children – fourth edition.
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been concentrated on improving survival rates and decreasing 
morbidity in high-risk extreme premature babies. However, 
since, moderate to late preterm babies account for the majority 
(85%–90%) of preterm births,21) greater attention should be paid 
to the increasing risks of adverse long-term neurodevelopmental 
outcomes in late preterm-born babies. To our knowledge, this is 
the first report of neurodevelopmental outcomes of moderate to 
late preterm infants at school age in Korea.

We found that early school-aged children showed a lower 
mean FSIQ of 92.89±11.90 compared to normal population 
mean of 100. A sample size of 37 achieves 94% power to detect 
a difference of 7.1 between normal population mean of 100 and 
our participations mean of 92.9 with an estimated SD of 11.9 
and with a significance level of 0.0500 using a 2-sided 1-sample 
t test. When analyzed categorically, borderline FSIQ (70–84) was 
found in 24.3% of the children. According to the distribution 
curve, borderline intellectual functioning is found in 13.6% of 
the normal population.22) A study of late preterm outcomes at 6 
years of age showed that FSIQ of late preterm was 100.58, lower 
than FSIQ of full-term control 101.94, with FSIQ scores <85 in 
21% of late preterm versus 12% in full-term children (odds ratio, 
2.17).4)

Our results are comparable with those of a Korean study 
(mean gestational age, 30.6±3.2 weeks) with no major neurode­
velopmental impairments, in which 27.5% of children were with 
FSIQ<85.23) Because data for late preterm children are scarce, 
our data showing 24.3% of children with FSIQ<85 add to the 
current knowledge, to the effect that moderate to late preterm 
infants are considered “at-risk” rather than “low-risk” in terms 

of cognitive outcomes.5,24,25) Because intelligence quotient (IQ) 
is thought to be an important predictor of social and vocational 
outcome, late preterm infants with lower IQ may grow up with 
lower levels of educational achievement and income.26) In other 
studies of moderate to late preterm infants, children were at 
greater risk for poor school outcome than were full-term infants, 
with lower reading and math scores.27,28) The brain almost 
doubles in size between 32–36 weeks’ gestation as differentiation 
proceeds throughout the cortex and myelination continues.6) 
Preterm birth with exposure to the extrauterine environment 
may increase the risk for disruption of growth and development 
in the vulnerable preterm brain.

Cognitive impairment is a strong predictor of ADHD symp­
toms in extremely preterm-born children with minor neurode­
velopmental impairments.29) Our data showed that mean GAI 
was significantly higher than mean CPI with a difference of 4.51. 
A GAI−CPI discrepancy (GAI>CPI), meaning weakness in in­
formation processing, is frequently found in ADHD patients. 
23,30,31) Our ADS data also showed that more than half of the child­
ren had at least one abnormal T-score on the visual or auditory 
testing. Since abnormal scores are expected in 2.3% of normal 
children, much higher percentage of abnormal scores in our 
study suggest increased risk for attention--deficit problem.15) Our 
findings are consistent with those of a previous report that showed 
even preterm infants with a low risk of neurodevelopmental de­
ficits achieved lower scores on attention tasks.32) The attention 
problems in moderate preterm children indicate regulation di­
fficulties that may underlie their cognitive and behavioral pro­
blems.6) Premature birth causing early brain development distur­
bances and their related treatment may have contributed to this 
outcome, in addition to the underlying causes of premature 
birth or epigenetic processes.5) Prematurity induces alterations 
of white matter connectivity for visual information processing in 
dorsolateral systems, which are neural networks responsible for 
coordination of goal-directed behavior.33,34)

Below borderline scores of MQ in 24.3% and EQ in 32.4%, 
further suggest the existence of impaired executive function in 
moderate to late preterm children.35) Below borderline score was 
reported in 15.9% of normal children population.16,17) Strong 
correlations have been shown between executive functions and 
academic achievement and behavioral functioning.3) Because 
deficits in executive function in early childhood persist into 
adulthood, longitudinal follow-up may facilitate early detection 
and timely intervention.

We found increased risk for anxiety problems (18.9%) on 
RCMAS and slightly increased internalization problems (13.5%) 
on the CBCL. Although we did not have full-term control group, 
it is worthwhile comparing several studies suggesting increased 
risk of developmental and behavioral problems in late preterm 
infants, especially as they enter school.4-7) In a study using the 
CBCL, 23.3% of preterm infants (26–33 weeks’ gestation) in 
a brain-sparing group had behavioral and attention problems 
at the age of 11 years.36) A follow-up study with questionnaire 
data of 7-year-old children born at 32–35 weeks of gestation 

Table 3. Attention, memory, and executive function

Variable No. (%)

Attention deficit hyperactivity disorder diagnostic system (n=33)

Visual omission error ≥70 14 (42.4)

Visual commission error ≥70 11 (33.3)

Visual mean reaction time ≥70 10 (30.3)

Visual SD of reaction time ≥70 14 (42.4)

Auditory omission error ≥70 13 (39.4)

Auditory commission error ≥70 4 (12.1)

Auditory mean reaction time ≥70 12 (36.4)

Auditory SD of reaction time ≥70 15 (45.5)

Rey-Kim Memory Test

   MQ (n=37)

   ≤69 (abnormal) 3 (8.1)

   70–84 (borderline) 6 (16.2)

   85–115 (average) 24 (64.9)

   ≥115 (superior) 4 (10.8)

Kim’s Frontal Executive Function Neuropsychological Test

EQ (n=37)

  ≤69 (abnormal) 2 (5.4)

  70–84 (borderline) 10 (27.0)

  85–115 (average) 23 (62.1)

  ≥115 (superior) 2 (5.4)

SD, standard deviation; MQ, memory quotient; EQ, executive quotient
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showed that almost one-third of the children had learning diffi­
culties, and 19% of them showed an abnormal hyperactivity 
score when the population norm was 10%.5) A Korean study of 
preterm birth with no major neurodevelopmental impairments 
also reported 14.0%–26.7% of behavioral problems on the 
CBCL.23) Interruption of maturation processes of the brain, 
higher morbidity in premature infants, and treatment procedures 
in the NICU have negative impacts and can amplify long-term 
consequences on behavior and quality of life of children born late 
preterm.

Our study has some limitations that suggest the need for more 
research in this area. Our study included a relatively small number 
of children from a single center. There is also the possibility 
that parents who agreed to participate may have had concerns 
regarding their children’s development and behavior, and that 
participants may therefore have been skewed toward children 
who were not doing well at school. Another limitation is that we 
did not have a full-term born control cohort for comparison.

A major strength of our study is that we investigated a wide 
range of neurodevelopmental outcomes, including various do­
mains of cognitive and executive function in school-aged children 
using direct, objective, standardized assessments.

In conclusion, moderate to late preterm infants are at risk 
for developing borderline intelligence at school age. Executive 
function deficits, especially attention problems, were prominent. 
Our study supports the importance of periodic assessments and 
long-term follow-up in moderate to late preterm children, even 
if they have no signs of disabilities in early life, as these subtle or 
minor problems tend to become more obvious as the child grows 
to school age. Because minor neurodevelopmental problems such 
as borderline intelligence, and behavioral and adaptive function­
ing problems are more responsive to early interventions,23) closer 
follow-up monitoring of neurodevelopment after discharge for 
early detection and referral to early intervention is needed. The 
impact of this large and growing population of moderate to late 
preterm infants should not be underestimated or neglected on 
long-term follow-up evaluation.
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