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ABSTRACT

Purpose: Preterm infants are known to be at a risk of neurodevelopmental delay;
however, limited data are available on the outcomes of moderate-to-late preterm
(MLPT) infants (born at 32 to 36 weeks’' gestation). The Korean Developmental
Screening Test (K-DST) for infants and children is a recently designed screening test
for Korean infants and children. The current study aimed to evaluate the neurode-
velopmental outcomes of MLPT infants and investigate the risk factors associated
with neurodevelopmental delay.

Methods: A total of 119 MLPT infants admitted to a neonatal intensive care unit
(NICU) of a tertiary hospital in Korea were enrolled. The infants were assessed during
two follow-up periods (first: 16 to 24 months of corrected age; second: 24 to 41 months
of corrected age). The perinatal factors in the NICU that were associated with delayed
development were analyzed.

Results: In all sections of the K-DST, the proportion of infants with developmental
delay was higher in the second period (5.6% to 9.3%) than in the first period (0.9% to
5.4%). A total of 10% to 17% of the infants presented with persistent delay throughout
the two periods based on five sections of the K-DST. Male sex, oxygen therapy duration,
and younger maternal age were the risk factors affecting at least one section during the
second period.

Conclusion: MLPT infants showed greater developmental delay than the general
infant population. Considering that early intervention is important for good long:
term outcomes, close observation of male MLPT infants and MLPT infants who
received oxygen therapy is warranted.
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INTRODUCTION

Moderate-to-late preterm (MLPT) infants are defined as infants born between the gesta-
tional age of 32 and 36 weeks, and they comprise up to 90% of all 15 million premature infants

born annually worldwide'?. Until recently, they were called “near-term” infants and were
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expected to have a similar prognosis to term infants. However, an
increasing number of reports have indicated that MLPT infants
show higher risks of mortality, morbidity, and neurodevelop-
mental delay than full-term infants**. Considering that early in-
tervention is vital for future neurodevelopmental prognosis early
identification and assessment of neurodevelopmental delay in
MLPT infants is crucial®”.

The Korean Developmental Screening Test (K-DST) for infants
and childrenis arecently developed screening testin the form of a
questionnaire. The K-DST has 20 different types of questionnaires,
and each questionnaire applies to different ages (4 to 71 months).
Each K-DST questionnaire is classified into six different sections:
gross motor, fine motor, cognition, communication, social inte-
raction, and self-control (the self-control section is included from
the 18-month questionnaire onward). An examiner scores the
test on the basis of the responses, and the result of the K-DST is
classified into four categories: further evaluation, follow-up test
required, peer level, and high level®. In a recent report using this
test, the K-DST was proved to be an appropriate screening test for
neurodevelopmental delay in comparison with other diagnostic
tests for neurodevelopmental disorders, and infants classified
into the “further evaluation” category (those who scored below
-2 standard deviation) accounted for 1.5% to 3% of the general
infant population®. To date, most studies on neurodevelopment
in preterm infants have focused on infants with a very low birth
weight (VLBW)""'®. Moreover, only a few follow-up studies on
MLPT infants in Korea have been published'”. The current study
aimed to evaluate the neurodevelopmental outcomes of MLPT
infants using the K-DST and to investigate the relevant risk factors
associated with delayed neurodevelopmental outcomes.

MATERIALS AND METHODS

1. Study population

In this retrospective study, the medical charts of infants born at
32 to 36 weeks of gestation and admitted to the Korea University
Anam Hospital neonatal intensive care unit (NICU) from Janu-
ary 2013 to June 2017 were reviewed. Infants who did not re-
ceive appropriate follow-up care or were not administered the
scheduled K-DST were excluded from this study.

2. Study design

All infants received regular follow-up care at an outpatient
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clinic after discharge from the NICU. The parents or guardians
were asked to respond to the K-DST questionnaire from 16 to 41
months of corrected age of the infant. The results of the K-DST
were analyzed during two follow-up periods: from 16 to 24
months of corrected age (first follow-up period) and from 24 to
41 months of corrected age (second follow-up period). The first
version of the K-DST questionnaire, which has been superseded
by the 2019 revised version, was used in this study. In the clinic,
infants categorized into the “further evaluation” group were re-
commended to undergo further neurodevelopmental evalua-
tions, such as Bayley Scales of Infant Development, Sequenced
Language Scale for Infants, and brain magnetic resonance ima-
ging (MRI). Appropriate interventions were recommended for
infants diagnosed with developmental disabilities.

The results for the six sections were investigated at each follow-
up period, and a subgroup analysis was performed according to
gestational age. In infants with results for both follow-up periods,
whether the neurodevelopmental delay was persistent or not was
additionally investigated.

To identify the potential early postnatal risk factors affecting
delayed neurodevelopmental outcomes, infants in the “further
evaluation” and “follow-up test required” categories were includ-
ed in the “delayed group,” whereas those in the “peer level” and
high level” categories were considered the “normal group.” The
characteristics during admission to the NICU of the delayed group
and the normal group at each follow-up period were analyzed.
The variables of neonatal characteristics were gestational age;
birth weight; sex; major morbidities including respiratory distress
syndrome requiring surfactant therapy, bronchopulmonary dys-
plasia, necrotizing enterocolitis (above stage II in the modified
Bell’s criteria), retinopathy of prematurity of any stage, patent
ductus arteriosus with surgical or medical intervention, culture-
proven sepsis, intraventricular hemorrhage of any grade, periven-
tricular leukomalacia, and hypoglycemia; duration of admission;
and duration of oxygen therapy including mechanical ventilation,
noninvasive ventilation, and oxygen inhalation through nasal
prongs. The variables of maternal characteristics were maternal
age and maternal morbidities including preeclampsia, gestational

diabetes mellitus, hypothyroidism, and oligohydramnios.

3. Statistical analysis
The differences in the results of the K-DST according to the
different gestational ages were analyzed using logistic regression.

Categorical variables were compared between the groups using
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the chi-square test or Fisher’s exact test. Independent #-test or
Mann-Whitney test was used for comparing continuous vari-
ables. The level of significance was set at P<0.05. IBM SPSS Sta-
tistics version 22.0 (IBM Co., Armonk, NY, USA) was used for data
processing.

RESULTS

1. Study population

A total of 385 MLPT infants were admitted to the NICU during
the study period. Of these, 231 infants had no available follow-
up data after 16 months of corrected age and 35 infants were not
administered the K-DST, although they continued their follow-
up visits. Therefore, a total of 119 infants were finally included in
the analysis.

Of the total study population of 119 infants, 113 infants were
administered the K-DST during the first follow-up period (16 to
24 months of corrected age) and 54 infants were administered the
K-DST during the second period (24 to 41 months of corrected
age) (Figure 1). During the first follow-up period, there were 28

)
Total MLPT infants
n=385
- Exclusion

i Loss of FU (n=231)
n=119 No K-DST data (n=35)

GA 32 weeks (n=18)
GA 33 weeks (n=25)
GA 34 weeks (n=27)
GA 35 weeks (n=38)
GA 36 weeks (n=11)

n=113
GA 32 weeks (n=16)
GA 33 weeks (n=25)
GA 34 weeks (n=25)
GA 35 weeks (n=36)
GA 36 weeks (n=11)

1st FU: 16-24 mo

Loss of FU
(n=65)

n=6 n=48
GA 32 weeks (n=2) || GA 32 weeks (n=8)
2nd FU: 24-41 mo | GA33 weeks (n=0) || GA 33 weeks (n=16)
GA 34 weeks (n=2) || GA 34 weeks (n=11)
GA 35 weeks (n=2) || GA 35 weeks (n=11)
GA 36 weeks (n=0) )\ GA 36 weeks (n=2)

Figure 1. Flow of participants. Abbreviations: MLPT, moderate-
to-late preterm; FU, follow-up; K-DST, Korean Developmental
Screening Test; GA, gestational age.
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infants with a corrected age of 16 to 17 months, 59 infants with a
corrected age of 18 to 19 months, 16 infants with a corrected age
of 20 to 21 months, and 10 infants with a corrected age of 22 to 23
months. Of the 113 infants who were administered the K-DST in
the first follow-up period, 48 infants (42%) were re-administered
the K-DST during the second follow-up period. Six infants
without a follow-up visit during the first follow-up period were
firstadministered the K-DST during the second follow-up period.
During the second follow-up period, there were 39 infants with a
corrected age of 24 to 26 months, 11 infants with a corrected age
of 27 to 29 months, two infants with a corrected age of 30 to 32
months, one infant with a corrected age of 33 to 35 months, and

one infant with a corrected age of 36 to 41 months.

2. Frequencies of delayed development

The proportion of infants in the “further evaluation” group
ranged from 0.9% to 5.4% during the first follow-up period and
from 5.6% to 9.3% during the second follow-up period (Table 1).
The proportion of infants in the “follow-up test required” group
ranged from 17.7% to 21.2% during the first follow-up period
and from 9.3% to 24.1% during the second follow-up period. The
proportion of infants in the delayed group (infants in the “further
evaluation” and “follow-up test required” categories) ranged
from 21.3% to 26.6% during the first follow-up period. The highest
proportion of MLPT infants with delayed development was
associated with the communication section (26.6%) followed by
the social interaction section (25.6%) of the K-DST. During the
second follow-up period, the proportion of infants in the delayed
group ranged from 18.6% to 29.7%, and the highest proportion
of MLPT infants with delayed development was associated was
the fine motor section (29.7%) followed by the social interaction
section (27.8%) of the K-DST.

We analyzed the proportion of infants in the delayed group
according to gestational age. No significant difference was iden-
tified in the proportion of infants in the delayed group according
to gestational age.

Ten infants underwent further neurodevelopmental evalua-
tion, including six infants who underwent brain MRI. These six
infants were diagnosed with tuberous sclerosis, bacterial menin-
gitis, and cerebral palsy. In addition, seven infants underwent
interventions such as speech therapy, play therapy, and physical
therapy.

We investigated whether the neurodevelopmental delay was

persistent or not among the 48 infants who were administered
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Table 1. Results of the Korean Developmental Screening Test at Each Follow-up Period

Development level Gross motor Fine motor Cognition Communication Social interaction  Self-control*
1st FU (n=113)
Further evaluation 1(0.9) 6(5.3) 3(2.7) 6(5.4) 5(4.4) 1(1.2)
Follow-up test 22(19.5) 20(17.7) 21(18.6) 24(21.2) 24(21.2) 18(21.2)
Peer-level 71(62.8) 66 (58.4) 71(62.8) 70 (61.9) 67(59.3) 50 (58.8)
High-level 19 (16.8) 21(18.6) 18 (15.9) 13 (11.5) 17 (15.0) 16 (18.8)
2nd FU (n=54)
Further evaluation 3(5.6) 3(5.6) 5(9.3) 3(5.6) 4(7.4) 5(9.3)
Follow-up test 11 (20.4) 13 (24.1) 5(9.3) 9(16.7) 11 (20.4) 8(14.8)
Peer-level 28 (51.9) 26(48.1) 34 (63.0) 32(59.3) 29(53.7) 32(59.3)
High-level 12 (22.2) 12(22.2) 10 (18.5) 10 (18.5) 10 (18.5) 9(16.7)

Values are expressed as number (%).
*Different number of patients in ‘self-control’ section due to absence of ‘self-control’ section in the 16th-17th month questionnaire (n=85).
Abbreviation: FU, follow-up.

Table 2. Frequencies of Persistent Neurodevelopmental Delay

S Tl Gross motor Fine motor Cognition Communication Social interaction Self-control
(n=48) (n=48) (n=48) (n=48) (n=48) (n=41)
Normal to normal 28 (58.3) 28 (58.3) 36 (75.0) 31(64.6) 30 (62.5) 27 (65.9)
Normal to delayed 5(10.4) 7(14.6) 3(6.3) 4(8.3) 5(10.4) 5(12.2)
Delayed to normal 9(18.8) 7(14.6) 4(8.3) 7(14.6) 6(12.5) 6(14.6)
Delayed to delayed 6(12.5) 6 (12.5) 5(10.4) 6(12.5) 7(14.6) 3(7.3)

Values are expressed as number (%).

the K-DST both in the first and second follow-up periods. A total
of 7.3% to 14.6% of the infants showed persistent delay in each
section (Table 2). The highest proportion of infants with persistent
delay was associated with the social interaction section (14.6%)
followed by the gross motor, fine motor, and communication
sections (12.5% each) of the K-DST. Two infants with persistent
delay were eventually diagnosed with muscular dystrophy and

one infant was diagnosed with tuberous sclerosis.

3. Risk factors for delayed development

The perinatal characteristics were analyzed as risk factors
for delayed development, and the analysis was performed for
each section. During the first follow-up period, male sex was a
significant risk factor for delayed development in the cognition,
communication, and social interaction sections. In addition,
younger maternal age was a significant risk factor for delayed
development in the fine motor and cognition sections (Table 3).
During the second follow-up period, male MLPT infants were
at a significantly higher risk of belonging to the delayed group
in the communication section (Table 4). Moreover, a longer

duration of oxygen therapy was associated with an increased risk

of being categorized into the “further evaluation” group in the
gross motor section (Table 5). None of the infants were diagnosed
with bronchopulmonary dysplasia, necrotizing enterocolitis
above stage II in the modified Bell’s criteria, intraventricular
hemorrhage above grade II, and retinopathy of prematurity. The
other characteristics showed no significant association with the
neurodevelopmental outcomes.

We also analyzed the risk factors and compared them between
the normal group and the delayed group with delayed develop-
ment in more than two sections. No significant differences in the
factors were found between the groups, even in the analysis of the
normal group and the delayed group with delayed development

in more than three sections.

DISCUSSION

Thefrequencyofneurodevelopmental delayin the MLPT infants
in our study was higher than that in the general infant population.
In the K-DST, the cutoff value separating the “further evaluation”
and “follow-up testrequired” categories was 2 standard deviations
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Table 3. Neonatal Outcomes of the Delayed Group and the
Normal Group at the First Follow-up Period
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Table 4. Neonatal Outcomes of the Delayed Group and the
Normal Group at the Second Follow-up Period

Variable Delayed Normal P-value Variable Delayed Normal P-value
Gross motor Gross motor
No. of patients 24 89 No. of patients 14 40
Male sex 10 (41.7) 50 (56.2) 0.252 Male sex 5(35.7) 17 (42.5) 0.453
Maternal age (yr) 33.63+4.41 33.13+4.27 0.621 Fine motor
Fine motor No. of patients 16 38
No. of patients 26 87 Male sex 8(50.0) 14 (36.8) 0.275
Male sex 17 (65.4) 43 (49.4) 0.183 Cognition
Maternal age (yr) 30.81+4.31 33.97+4.02 0.001* No. of patients 10 44
Cognition Male sex 6(60.0) 16 (36.4) 0.155
No. of patients 24 89 Communication
Male sex 19 (79.2) 41 (46.1) 0.005* No. of patients 12 42
Maternal age (yr) 31.67+5.19 33.66+3.93 0.042* Male sex 8(66.7) 14(33.3) 0.042*
Communication Social interaction
No. of patients 30 83 No. of patients 15 39
Male sex 24(80.0) 36 (43.4) 0.001* Male sex 7(46.7) 15(38.5) 0.402
Maternal age (yr) 32.37+4.08 33.55+4.33 0.194 Self-control
Social interaction No. of patients 13 41
No. of patients 29 84 Male sex 7(53.8) 15(36.6) 0.217
Male sex 22(75.9) 38 (45.2) 0.005* Values are expressed as number (%).
Maternal age (yr) 32.62+4.88 33.45+4.07 0.370 *P<0.05.
Self-control
No. of patients 19 67 in all sections except for the self-control section. Moreover, two
Male sex 11(57.9) 36 (53.7) 0.799 infants had a neurological disease. Therefore, the K-DST is an
Maternal age (yr) 33.56+4.19 32.42+4.10 0.182 appropriate method for assessing the neural development of

Values are expressed as number (%) or meantstandard deviation.
*P<0.05.

below the mean score, and the cutoff value separating the “follow-
up test required” and “peer level” categories was 1 standard de-
viation below the mean score”. Accordingly, the rate of “further
evaluation” and “follow-up test required” results was not expected
to be higher than 3% and 14%, respectively. However, in nearly all
sections of the test in our study, the proportion of MLPT infants
categorized into the “further evaluation” and “follow-up test re-
quired” groups was higher than 3% and 14%, respectively'.
These results correspond with those of previous studies from
other countries that concluded that MLPT infants have a higher
risk for neurodevelopmental delay than term infants>. In long-
term follow-up studies that evaluated preschool- or school-aged
children born as MLPT infants, the academic performance and
cognitive scores were lower in MLPT infants than in their full-term
counterparts'®'?, In our study, >10% of the MLPT infants showed
persistent neurodevelopmental delay in both follow-up periods

MLPT infants, detecting early neurodevelopmental delay, and
guiding the appropriate intervention.

Many reports have shown that the incidence of neurodevelop-
mental disorders increases as the gestational age decreases,
mainly in VLBW infants®?). A number of reports also contend
thatthe second half of pregnancyis crucial in neurodevelopment.
This is because brain development is accelerated in this period
and the interruption of normal brain development can lead to
irreversible changes in brain structure**®, However, no signifi-
cant association between gestational age and developmental
delay was observed in our study. Further studies are needed to
evaluate the relationship between gestational age and neurode-
velopmental delay in MLPT infants.

The risk factors for neurodevelopmental delay in our study
were male sex, prolonged oxygen therapy during admission,
and younger maternal age. Male sex has been suggested as a
risk factor for unfavorable neurodevelopmental outcomes in
previous studies?®*”, although few proven mechanisms for this

predominance were suggested. In addition, many of these stud-



Yun Sung Nam, et al.
Neurodevelopment of MLPT Infants

164

Table 5. Neonatal Outcomes of the “Further Evaluation” Group
and the Normal Group at the Second Follow-up Period

Further

Variable evaluation Normal P-value
Gross motor

No. of patients 3 40

Duration of oxygen therapy (d) 8.00+8.54  2.58+3.84  0.036*

Surfactant therapy 0 3(7.5) 0.801
Fine motor
No. of patients 3 38

Duration of oxygen therapy (d) 5.67+9.82  2.58+3.76  0.236

Surfactant therapy 0 3(7.9) 0.791
Cognition
No. of patients 5 44

Duration of oxygen therapy (d) 5.20+7.66  2.23+3.60  0.131

Surfactant therapy 0 2(4.5) 0.804
Communication
No. of patients 3 42

Duration of oxygen therapy (d) 5.67+9.82  2.45+3.72  0.207

Surfactant therapy 1(33.3) 6(14.2) 0.464
Social interaction
No. of patients 4 39

2.69+3.77  0.494
3(7.7) 0.741

Duration of oxygen therapy (d) 4.25+8.50
Surfactant therapy 0
Self-control
No. of patients 5 41
2.61+3.79 0.699
2(4.9) 0.792

Values are expressed as meantstandard deviation or number (%).
*P<0.05.

Duration of oxygen therapy (d) 3.40+7.60
Surfactant therapy 0

ies mainly focused on VLBW infants. This male disadvantage
seems to also be applicable to MLPT infants. Prolonged oxygen
therapy was not reported as a single independent risk factor for
neurodevelopmental delay in preterm infants, although there
have been many studies on the relationship between bronch-
opulmonary dysplasia and neurodevelopmental delay. Previous
studies observed that neurodevelopmental outcomes were in-
dependent of bronchopulmonary dysplasia, contrary to the
results of other prior studies®?. Given that no infant was diag-
nosed with bronchopulmonary dysplasia in our study, prolong:
ed oxygen therapy itself can be an independent risk factor for
neurodevelopmental delay even without a diagnosis of bron-
chopulmonary dysplasia. Recent studies on the association be-
tween maternal age and neurodevelopmental outcomes showed
that increased maternal age is not associated with unfavorable

neurodevelopmental outcomes**?,
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In a further investigation among infants with normal results in
the first K-DST, we analyzed the difference between infants with
normal development and those who had delayed development
in the second K-DST. Intraventricular hemorrhage (42.9% in
the delayed group and 7.1% in the normal group, P=0.044) was
identified as a significant risk factor for delayed development in
the fine motor section. This suggests that close observation and
serial evaluation are needed for infants with intraventricular
hemorrhage. However, further studies are needed to evaluate the
relationship between the severity of intraventricular hemorrhage
and neurodevelopmental delay in MLPT infants because all
infants in our study had grade I intraventricular hemorrhage.

A strength of this study is that it analyzed MLPT infants in
Korea and can thus contribute to new knowledge about this
infant population. Most of the MLPT infants in Korea do not re-
ceive appropriate follow-up care after discharge from the NICU.
Accordingly, few studies have investigated the correlation
between MLPT birth and neural development. Another strength
of this study is the use of the K-DST. Unlike other tests, the K-DST
can provide the examiner with serial developmental data of
one infant. Thus, the K-DST is suitable for follow-up studies for
observing the changes in the developmental stage of one infant.
The limitation of this study was its retrospective design. Because
of the retrospective nature, the timing of follow-ups after dis-
charge from the NICU considerably varied among the MLPT
infants in this study. Therefore, comparing neurodevelopmental
outcomes between different infants and within one infant was
difficult. As a result, many infants were excluded from the study.
In addition, among 385 infants admitted to the NICU during the
study period, 231 infants were excluded owing to loss to follow-
up. Further, among 113 infants who were administered the first
K-DST, 65 infants were not administered the second K-DST.
Thus, a selection bias might exist in this study. Finally, this study
was conducted at a single center, which means that the number
of analyzed infants was not sufficient for reaching a definitive
conclusion.

In conclusion, the neurodevelopmental outcomes of MLPT
infants assessed with the K-DST were unfavorable relative to the
general infant population. The risk factors of neurodevelopmental
delay were male sex, prolonged oxygen therapy during NICU
admission, and younger maternal age. These findings highlight
the need for a close observation of infants with these charac-
teristics. In addition, for children born as MLPT infants in Korea,

serial evaluation using the K-DST from an early stage of develop-
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ment is recommended. Furthermore, large-scale future studies
on the neurodevelopmental outcomes of MLPT infants in Korea

are required.
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