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Abstract

This study investigated the relationship between moderate-to-late preterm (MLPT) birth and
the risk of neurodevelopmental impairments (NIs) in young children compared with the risks
associated with very preterm (VPT) and full-term (FT) birth based on nationally representative
large-scale population data. Retrospective follow-up was conducted over 71 months for
738,733 children who were born and participated in the Korean National Health Screening Pro-
gram for Infants and Children (NHSPIC) between 2011 and 2013. Using a data linkage
between the NHSPIC and Korean healthcare claim information, data on birth year, sex, deliv-
ery type, birth weight, growth abnormality, gestational age, breastfeeding history, maternal
age, Nls, multiple gestation, preterm labor, premature rupture of membranes (PROM), gesta-
tional diabetes, gestational hypertension, smoking during pregnancy, and socioeconomic sta-
tus were collected and included in the final analysis. Cox proportional hazards models were
applied to identify the impact of gestational age on NI risk, with all variables adjusted as appro-
priate. Overall, 0.9% and 3.8% rates of VPT and MLPT births were identified, respectively. NI
incidence was highest among VPT children (34.7%), followed by MLPT (23.9%) and FT
(18.2%) children. Both VPT (hazard ratio [HR], 1.45; 95% confidence interval [CI], 1.03 to 2.05)
and MLPT (HR, 1.21; 95% ClI, 1.04 to 1.41) births were associated with increased NI risk. Low
birth weight, PROM, and smoking during pregnancy were also associated with increased NI
risk, while longer breastfeeding and higher socioeconomic status were associated with
decreased risk. Special attention must be given to Nlis for both VPT and MLPT children.

Introduction

The rate of preterm (PT) birth has steadily risen over the past 20 years, reaching approximately
11% of annual global births worldwide [1]. PT birth is a major healthcare problem, as it is the
leading cause of child mortality in countries with relatively low mortality due to infectious
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diseases. Children born PT are particularly susceptible to cognitive, motor, behavioral, and
academic impairment and are especially vulnerable to developmental complications such as
brain dysfunction [2].PT can be subclassified as extremely preterm (EPT) (<28 weeks), very
preterm (VPT) (28 to 32 weeks), and moderate-to-late preterm (MLPT) (32 to 37 weeks) [3].
In most studies on neurodevelopmental outcomes, the focus has been on EPT and VPT births,
as they have higher risk and greater clinical severity related to the relatively short gestational
age involved [2, 4-6]. However, some previous studies have also suggested that relative to full-
term (FT) birth, MLPT birth carries an increased risk of brain growth and maturation delay
[7] as well as brain injuries, such as intraventricular hemorrhage and white matter injury [7,
8]. Furthermore, children born MLPT have been found to have higher incidence rates of cere-
bral palsy; more frequent delayed development of cognitive, fine motor, and gross motor skills;
communication skill deficits; and delayed social skills [9-11].

However, studies of the impacts of MLPT birth on neurodevelopmental outcomes are still
lacking, and the results of most previous studies are mainly concerned with the short-term
effects within 24 months after MLPT birth, although the reduced brain volume and brain
injury of children born MLPT can affect their neurodevelopment at 2 years and even up to 9
years [12, 13], and the neurodevelopmental delay at the age of 2 years for children born MLPT
can persist into preschool age [14]. Even a study with a relatively long follow-up period
included only a small number of children born MLPT admitted to a hospital, without any
comparison group [15]. Another study included a community-based large-scale dataset of
children aged 1-59 months born MLPT, but it was limited by its cross-sectional design [16].

Therefore, a large population-based long-term follow-up study appears necessary to over-
come limitations due to the low incidence of MLPT-related diseases, as well as to explore the
long-term impact of MLPT birth on children’s neurodevelopmental outcomes.

In the Republic of Korea, the percentage of PT births has more than tripled from 2.55% in
1995 t0 9.12% in 2021 [17], and the vast majority (approximately 90%) of PT births are MLPT
[17]. However, very few studies have been published regarding the impact of MLPT birth on
neurodevelopmental outcomes in children.

Therefore, the current study was conducted to investigate this impact based on nationally
representative large-scale data from the National Health Screening Program for Infants and
Children (NHSPIC) and healthcare claim data from the National Health Insurance Sharing
Service (NHISS) in Korea using a retrospective cohort design.

Methods

Participants and data collection

This study was conducted using data from 2011 to 2018 that were obtained from the NHPIC
database in July 2021. The NHSPIC is a national health screening service that has been pro-
vided free of charge to infants and children under 6 years of age since November 2007 by the
Ministry of Health and Welfare of Korea to support the health management of young children.
The NHSPIC consists of self-reported questionnaires, anthropometric measurements, and
developmental screening tests, and it involves repeatedly gathering health information on
these measures at several intervals (4—6 months, 9-12 months, 18-24 months, 30-36 months,
42-48 months, 54-60 months, and 66-71 months after birth). To ensure the accuracy and reli-
ability of health screening results, the NHSPIC is conducted by trained doctors at designated
examination institutions in accordance with the Korea Disease Control and Prevention
Agency’s manual [18], and the screening rate is high (87.1% as of 2021) [19].

Children who were born and participated in the NHSPIC between 2011 and 2013 were included
in the current study as the baseline population; their data were linked to maternal data from the
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Infants born in 2011-2013
n=738,733

All missing information on the 2nd-7th Korean
Developmental Screening Test for Infants n=5,976

n=732,757

A4

Normal
n=596.757

Overall neurodevelopmental impairments n=136,000
Gross motor skills n=52,752
Fine motor skills n=53,715
Problem-solving skills n=66,057
Communication skills n=58,734
Self-help skills n=39 724

Fig 1. Schematic flow of study participants.
https://doi.org/10.1371/journal.pone.0294435.9001

Korean NHISS, and those data were also linked to NHISS healthcare claim data, which contains
information on gestational age and type of gestation based on the International Classification of Dis-
eases, Tenth Revision (ICD-10). All data in this study were provided through the review process
after submitting a data request with a study proposal and notification of IRB approval to NHISS of
the National Health Insurance Service (https://nhiss.nhis.or.kr/bd/ay/bdaya001iv.do).

In the final analysis, 732,757 of the 738,733 children were included after exclusion of 5,976 chil-
dren who were missing information from the second to seventh developmental screenings (Fig 1).

Ethical considerations

Review exemption was obtained from the Institutional Review Board (IRB No.: 1041495-
202005-HR-01-01/1041495-202108-HR-03-01) of the institution to which the researcher
belongs before proceeding with the current study, because this study was conducted using data
from the NHSPIC and healthcare claims data from 2011 to 2018 provided by the NHISS in the
Republic of Korea. We were provided suitable data for the purpose of this study, with no iden-
tifiable personal information, after the NIHSS granted approval for data provision. As the
acquired data can only be accessed from the NHISS Analysis Center, after study data construc-
tion was completed, the researcher visited the Analysis Center on a periodic basis from Sep-
tember 2021 to August 2022 to conduct data analysis.

Variables

From the NHSPIC data, information on birth year, sex, mother’s reported birth weight, weight
and height measured at each screening, and mother’s reported history of breastfeeding were
collected.
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Birth weight was classified as <2.5 kg, 2.5 to 3.9 kg, or >4.0 kg in accordance with World
Health Organization guidelines on low birth weight and overweight for children [20]. Weight
and height data measured at the fourth screening were classified as normal (both normal
weight and height) or abnormal (either abnormal weight or abnormal height of at least 3 or
fewer than -3 standard deviations) in accordance with the growth curve suggested by the
Korean National Growth Charts for Children and Adolescents in 2017 [21]. Breastfeeding his-
tory was classified as none, 6 months, or 1 year based on the duration of exclusive or partial
breastfeeding. The Korean Ages and Stages Questionnaires (K-ASQ) and Korean Develop-
mental Screening Test for Infants and Children (K-DST) were used before and after September
2014, respectively, to screen for neurodevelopmental impairments (NIs) including impair-
ments in gross motor skills, fine motor skills, problem-solving, communication, and self-help.
If the results of the K-ASQ and K-DST indicated “follow-up needed” (or “further testing
needed”) at least once during the screening follow-up, the child was classified as having
impairments [22]. Additionally, maternal health behavior (e.g., smoking during pregnancy)
was investigated using national medical checkup data for adults.

Maternal age was grouped as <40 years or >40 years, and socioeconomic status was classi-
fied by National Health Insurance Premium quintiles.

Using the NHISS healthcare claim data, the type of gestation was classified as single or mul-
tiple based on the presence or absence of records with the ICD-10 codes 030.0-O30.2 or
030.8-030.9. Gestational age was grouped into FT or PT, and PT was then subcategorized
into MLPT (32 weeks to fewer than 36 weeks based on the ICD-10 codes P07.31 and P07.32)
and VPT (28 weeks to fewer than 32 weeks based on the ICD-10 code P07.30). Obstetric fac-
tors, such as cesarean section delivery (ICD-10 codes O82 or 082.0-082.2 or 082.8-082.9 or
084.2, or fee-for-service codes R4507- R4510, or R5001-R5002 or R4514 or R4516- R4520),
gestational diabetes (ICD-10 code 024.4), gestational hypertension (ICD-10 code O13), pre-
term labor (ICD-10 codes 060.0-060.3), and premature rupture of membranes (PROM)
(ICD-10 codes 042.0-O42.2 or 042.9) were classified as “yes” or “no” based on the presence
or absence of records with the ICD-10 codes or fee-for-service codes corresponding to that.

Statistical analysis

The number of person-months was calculated from the date of first developmental screening
to the date of any NI screening, follow-up loss, or last follow-up, whichever came first. The fre-
quency distributions of the general characteristics of study participants were analyzed and pre-
sented by gestational group and sex. Multivariable Cox proportional hazards models were
used to identify the impact of gestational age on the risk of NI after adjusting for birth year,
sex, cesarean section delivery, birth weight, growth abnormality, history of breastfeeding,
maternal age, socioeconomic status, type of gestation, preterm labor, PROM, gestational diabe-
tes, gestational hypertension, and smoking during pregnancy. The results were presented as
hazard ratios (HRs) and 95% confidence intervals (CIs). A p-value of less than 0.05 was consid-
ered to indicate statistical significance. All statistical analyses were performed using SAS 9.4
(SAS Institute, Cary, NC, USA).

Results

The mean follow-up period of the 732,757 children was 3.1 years, and 136,000 children were
identified as having NIs (impairments of gross motor skills, 52,752; impairments of fine motor
skills, 53,715; impairments of problem-solving skills, 66,057; impairments of communication
skills, 58,734; or impairments of self-help skills, 39,724) (Fig 1).
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Among 732,757 children born between 2011 and 2013, the number of children born PT
was 38,660 (5.3%), including 6,460 children (0.9%) born VPT and 28,195 (3.8%) born MLPT.
The rate of PT birth increased with increasing birth year, male sex, underweight (<2.5 kg) sta-
tus, cesarean section delivery, shorter duration of breastfeeding, maternal age of 40 years or
older, lower socioeconomic status, multiple gestation, preterm labor, PROM, gestational dia-
betes, gestational hypertension, and maternal smoking during pregnancy. However, it did not
differ by growth abnormality. These patterns were similar in children born MLPT and VPT,
except for sex and socioeconomic status in the latter (Table 1).

The incidence of NI as indicated by K-ASQ and K-DST was higher in children born MLPT
(23.9%) than in children born FT (18.2%), although it was highest in children born VPT. This
result was observed regardless of sex. Children born MLPT as well as those born VPT showed
higher incidence rates of NI in both age-adjusted and full models relative to children born FT.
Although the HR of children born MLPT was lower than that of children born VPT, both
groups were significantly associated with NI, at 1.45 (95% CI, 1.03 to 2.05) and 1.21 (95% CI,
1.04 to 1.41), respectively (Table 2).

The risk of NI increased with increasing birth year from 2011 to 2013 and was doubled in
2013 compared to 2011 (all: HR, 2.20 [95% CI, 2.05 to 2.36]; boys: HR, 2.13 [95% CI, 1.95 to
2.33]; girls: HR, 2.34 [95% CI, 2.08 to 2.63]). The risk was also increased in children with low
birth weight (all: HR, 1.22 [95% CI, 1.10 to 1.36]; boys: HR, 1.24 [95% CI, 1.08 to 1.42]; girls:
HR, 1.20 [95% CI, 1.02 to 1.41]), PROM (all: HR, 1.28 [95% CI, 1.11 to 1.49]; boys: HR, 1.31
[95% CI, 1.09 to 1.58], and maternal smoking during pregnancy (all: HR, 1.49 [95% CI, 1.17 to
1.89]; boys: HR, 1.47 [95% CI, 1.08 to 1.99]).

However, both a longer duration of breastfeeding (all: HR, 0.87 [95% CI, 0.81 to 0.92]; boys:
HR, 0.88 [95% CI, 0.81 to 0.96]; girls: HR, 0.83 [95% CI, 0.75 to 0.93]) and higher socioeco-
nomic status (all: HR, 0.85 [95% CI, 0.76 to 0.95]; boys: HR, 0.85 [95% CI, 0.76 to 0.95]; girls:
HR, 0.80 [95% CI, 0.67 to 0.96]) were associated with reduced risk (Table 2).

Although the HRs of children born MLPT and VPT were elevated in a similar manner to
the risk of overall NI, children born VPT showed statistically significant elevations in the inci-
dence of NI for gross motor skills (HR, 2.15; 95% CI, 1.38 to 3.34) and fine motor skills (HR,
1.89; 95% CI, 1.18 to 3.04). Also, children born MLPT showed statistically significant eleva-
tions in the incidence of NI for only gross motor skills (HR, 1.44; 95% CI, 1.16 to 1.800bstetric
factors, such as PROM and gestational hypertension, were independent risk factors for
impaired problem-solving skills and self-help skills of children (S1 and S2 Tables).

Discussion

Based on the current study, the risk of NI was higher in children born MLPT, as well as in chil-
dren born VPT, than in those born FT. This study had a large-scale population-based retro-
spective cohort design based on data linkage between the NHSPIC and NHISS healthcare
claims data in Korea. The risk was correspondingly shown to be increased in the motor skills
(gross and fine) and social-cognitive (problem-solving, communication, and self-help)
domains of NI, although only the motor skills did reach statistical significance. These are cru-
cial and necessary findings due to the lack of studies on the impact of MLPT births on NI in
young children, as well as the continuously increasing frequency of MLPT births. Further-
more, to the authors’ knowledge, this is the first study in Korea to investigate the impact of
both MLPT and VPT births on NI using a large-scale population-based cohort design.
Although a few similar studies have been performed in other countries, most have limitations
including study design, short-term follow-up period, small sample size, and lack of compre-
hensiveness regarding NI domains to be considered to confirm the impact of MLPT birth on
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Table 1. General characteristics of study subjects by gestational age group.

Total (n = 732,757)

FT (n = 694,409)

PT

PT (n = 38,348) ‘ p value

| VPT (n = 6,460) | p value ‘ MLPT (n = 28,195) | p value

Children variables
Birth year
2011 246,499 234,418 (95.1) 12,081 (4.9) .0001 2,028 (0.9) | <.0001 8,889 (3.7) | <.0001
2012 254,547 241,369 (94.8) 13,178 (5.2) 2,199 (0.9) 9,699 (3.9)
2013 231,711 218,622 (94.4) 13,089 (5.7) 2,233 (1.0) 9,607 (4.2)
Sex
Boy 388,462 367,518 (94.6) 20,944 (5.4) .0001 3,480 (0.9) .1300 15,446 (4.0) | <.0001
Girl 344,295 326,891 (95.0) 17,404 (5.1) 2,980 (0.9) 12,749 (3.8)
Birth weight (kg)®
Normal (>2.5, <4.0) 649,485 638,365 (98.3) 11,120 (1.7) .0001 501 (0.1) | <.0001 9,419 (1.5) | <.0001
Low (<2.5) 61,451 34,321 (55.9) 27,130 (44.2) 5,940 (14.8) 18,714 (35.3)
High (>4.0) 21,765 21,672 (99.6) 93 (0.4) 17 (0.1) 59 (0.3)
Cesarean section delivery
No 456,660 438,745 (96.1) 17,915 (3.9) .0001 2,786 (0.6) | < .0001 13,318 (2.9) | < .0001
Yes 276,097 255,664 (92.6) 20,433 (7.4) 3,674 (1.3) 14,877 (5.4)
Abnormality of growth™
Normal 582,407 552,948 (94.9) 29,459 (5.1) 771 4,720 (0.9) .1462 21,927 (3.8) .7035
Abnormal 3,132 2,970 (94.8) 162 (5.2) 18 (0.6) 122 (4.0)
History of breastfeeding
No 148,274 138,797 (93.6) 9,477 (6.4) .0001 981 (0.7) | <.0001 7,608 (5.2) | < .0001
6month 111,358 107,633 (96.7) 3,725 (3.4) 348 (0.3) 3,045 (2.8)
lyear 132,706 129,567 (97.6) 3,139 (2.4) 238 (0.2) 2,615 (2.0)
Maternal variables
Age (years)
<40 710,878 674,357 (94.9) 36,521 (5.1) .0001 6,153 (0.9) | < .0001 26,843 (3.8) | < .0001
>40 21,879 20,052 (91.7) 1,827 (8.4) 307 (1.5) 1,352 (6.3)
Socioeconomic status®
1 95,424 90,331 (94.7) 5,093 (5.3) .0001 900 (1.0) .3796 3,712 (4.0) .0007
2 125,079 118,755 (94.9) 6,324 (5.1) 1,091 (0.9) 4,680 (3.8)
3 192,121 182,524 (95.0) 9,597 (5.0) 1,655 (0.9) 7,055 (3.7)
4 205,872 194,848 (94.7) 11,024 (5.4) 1,790 (0.9) 8,167 (4.0)
5 110,043 103,949 (94.5) 6,094 (5.5) 987 (0.9) 4,428 (4.1)
Multiple gestation
No 731,071 693,715 (94.9) 37,356 (5.1) .0001 6,228 (0.9) | < .0001 27,527 (3.8) | < .0001
Yes 1,686 694 (41.2) 992 (58.8) 232 (25.1) 668 (49.1)
Preterm labor
No 664,593 647,455 (97.4) 17,138 (2.6) .0001 2,151 (0.3) | < .0001 12,997 (2.0) | < .0001
Yes 68,164 46,954 (68.9) 21,210 (31.1) 4,309 (6.3) 15,198 (22.3)
PROM
No 710,791 683,423 (96.2) 27,368 (3.8) .0001 4,087 (0.6) | < .0001 20,258 (2.9) | <.0001
Yes 21,966 10,986 (50.0) 10,980 (50.0) 2,373 (10.8) 7,937 (36.1)
Gestational diabetes
No 654,607 621,662 (95.0) 32,945 (5.0) .0001 5,533 (0.8) | <.0001 24,222 (3.7) | < .0001
Yes 78150 72,747 (93.1) 5,403 (6.9) 927 (1.2) 3,973 (5.1)
Gestational hypertension
No 723,103 | 686,678 (950)|  36425(5.0) | <.0001 | 6,112 (0.8) | < .0001 | 26,740 (3.7) | < 0001
(Continued)
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Table 1. (Continued)

Total (n = 732,757) | FT (n = 694,409) PT
PT (n=38,348) | pvalue | VPT (n=6,460) | p value | MLPT (n = 28,195) | p value
Yes 9,654 7,731 (80.1) 1,923 (19.9) 348 (3.6) 1,455 (15.1)
Smoking during pregnancy
No 60,703 57,703 (95.1) 3,000 (4.9) 0.0112 489 (0.8) 0.050 2,178 (3.6) 0.051
Yes 515 477 (92.6) 38(7.4) 10 (1.9) 24 (4.7)

Note: P-values were obtained from the chi-square test for categorical variables. VPT: Gestational ages of less than 32 weeks. MLPT: Gestational ages of 32 weeks to less
than 36 weeks.

Abbreviations: FT, Full term; PT, Preterm; VPT, Very-preterm; MLPT, Moderate-to-late preterm; PROM, Premature rupture of membranes.

*Classified by the criteria for normal, low, and high birth weight according to the WHO recommendation [20].

PClassified as normal (having both normal weight and height) or abnormal (either abnormal weight or abnormal height) based on the weight and height data measured
at fourth screening following the growth curve suggested by Korean National Growth Charts for Children and Adolescents [21].

“National Health Insurance Premium quintiles (highest to lowest from 5 to 1).

https://doi.org/10.1371/journal.pone.0294435.t001

NI. Therefore, the results of the present study form a potential basis for the development of
intervention strategies for PT births and related impairments of young children in other coun-
tries, as well as in Korea.

Although the risk of NI is well known to increase along with a decrease in gestational age,
and most of the risk of NI has been identified in children born VPT, the current study con-
firmed that the risk of N1 is still quite elevated in children born MLPT relative to those born
FT (HR, 1.21; 95% CI, 1.04 to 1.41). A large population-based cohort study in China of pre-
schoolers aged 3-5 years suggested a non-linear association of gestational age with neurodeve-
lopmental delay. The risk of neurodevelopmental delay was elevated before 40 gestational
weeks but lowered afterwards, indicating that neurodevelopmental outcomes benefit from lon-
ger gestational age [4]. Those study results underscore impacts on the risk of suspected devel-
opmental delay regarding communication, problem-solving, personal social behaviors, gross
motor skills, and fine motor skills corresponding to the current results, although the current
study had a longer follow-up period of 6 years after birth. Another population-based cohort
study was conducted in rural China for children of 1-59 months, one in the United Kingdom
for children of 2 years, and another in Chile for children of 8 and 18 months, all of which had
relatively shorter follow-up periods than the current study, showed similar results to the cur-
rent one [10, 16, 23]. In particular, the study in the East Midlands of the United Kingdom
found that children born MLPT had 2.19 times higher risk of neurodevelopmental disability
than children born FT (95% CI, 1.27 to 3.75) [23]. Therefore, regarding the adverse effect of
MLPT births on NI identified in the current study and alignment with previous studies, careful
and close monitoring of NI should be emphasized for young children born MLPT as well as
VPT.

In the current study, to observe the independent effect of gestational age on NI in young
children, covariates such as birth year, sex, cesarean section delivery, birth weight, duration of
breastfeeding, maternal age, socioeconomic status, and multiple gestation, preterm labor,
PROM, gestational diabetes, gestational hypertension, and smoking during pregnancy were
included in the adjusted model to evaluate the impact of EPT and MLPT births on NI.

Low birth weight (<2.5 kg) has already been found to be associated with a high risk of NI
along with premature birth in several previous studies [5, 24]. The present study confirmed
that low birth weight was associated with high NI risk—both overall and in five specific NI
domains—independently of other covariates, including preterm birth. Furthermore,
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Table 2. HRs and 95% Cls for overall neurodevelopmental impairment by sex.

Total Boy Girl
Total Overall NI Total Overall NI Total Overall NI
Impairments HR HR Impairments HR HR Impairments HR | HR (95%
(0, %) 95% | (95% (0, %) 95% | (95% (0, %) 9% | cn®
cn® cn® cn? cnY cn®
Children variables
Gestational age
groups
FT 694,409 | 126,020 (18.2) Ref. Ref. 367,518 79,115 (21.5) Ref. Ref. 326,891 46,905 (14.4) Ref. Ref.
PT 38,348 9,980 (26.0) 1.62 1.23 20,944 6,153 (29.4) 1.55 1.08 17,404 3,827 (22.0) 1.72 1.51
(1.58- | (1.07- (1.51- | (0.90- (1.66- | (1.21-
1.65) 1.41) 1.59) 1.30) 1.78) 1.89)
MLPT 28,195 6,737 (23.9) 1.42 1.21 15,446 4,245 (27.5) 1.38 1.05 12,749 2,492 (19.6) 1.46 1.52
(1.39- | (1.04- (1.34- | (0.86- (1.41- | (1.20-
1.46) 1.41) 1.43) 1.28) 1.52) 1.93)
VPT 6,460 2,243 (34.7) 2.62 1.45 3,480 1,287 (37.0) 2.37 1.42 2,980 956 (32.1) 3.06 1.51
(2.52- (1.03- (2.24- (0.93- (2.87- (0.82-
2.74) 2.05) 2.50) 2.16) 3.26) 2.79)
Birth year
2011 246,499 35,652 (14.5) Ref. Ref. 130,852 22,192 (17.0) Ref. Ref. 115,647 13,460 (11.6) Ref. Ref.
2012 254,547 47,534 (18.7) 1.18 1.25 134,233 29,551 (22.0) 1.21 1.28 120,314 17,983 (15.0) 1.16 1.19
(1.17- (1.16- (1.19- (1.17- (1.13- (1.06-
1.20) | 0.34) 123) | 1.40) 1.19) | 1.34)
2013 231,711 52,814 (22.8) 1.96 2.20 123,377 | 33,525 (27.2) 2.00 2.13 108,334 19,289 (17.8) 1.92 2.34
(1.94- (2.05- (1.97- (1.95- (1.88- (2.08-
1.99) 2.36) 2.04) 2.33) 1.96) 2.63)
Sex
Boy 388,462 | 85,268 (22.0) Ref. Ref. - - - - - - - -
Girl 344,295 | 50,732 (14.7) 0.64 0.62 - - - - - - - -
(0.64- (0.59-
0.65) 0.65)
Cesarean
section delivery
No 456,660 | 82,230 (18.0) Ref. Ref. 241,041 | 51,631 (21.4) Ref. Ref. 215,619 | 30,599 (14.2) Ref. Ref.
Yes 276,097 | 53,770 (19.5) 1.10 1.02 147,421 | 33,637 (22.8) 1.08 1.02 128,676 | 20,133 (15.6) 1.12 0.99
(1.09- (0.96- (1.07- (0.96- (1.10- (0.91-
1.11) 1.07) 1.10) 1.10) 1.14) 1.09)
Birth weight
(kg)®
Normal 649,485 | 116,649 (18.0) Ref. Ref. 344,263 | 73,514 (21.4) Ref. Ref. 305,222 | 43,135 (14.1) Ref. Ref.
(>2.5, <4.0)
Low (<2.5) 61,451 15,259 (24.8) 1.45 1.22 29,574 8,641 (29.2) 1.45 1.24 31,877 6,618 (20.8) 1.52 1.20
(1.42- | (1.10- (1.42- | (1.08- (1.48- | (1.02-
1.47) 1.36) 1.48) 1.42) 1.56) 1.41)
High (>4.0) 21,765 4,083 (18.8) 1.07 0.89 14,597 3,107 (21.3) 1.02 0.85 7,168 976 (13.6) 0.99 0.97
(1.04- | (0.76- (0.98- | (0.71- 0.93- | (0.72-
1.11) 1.04) 1.05) 1.03) 1.06) 1.32)
Abnormality of
growth?
Normal 582,407 | 113,601 (19.5) Ref. Ref. 308,474 | 71,567 (23.2) Ref. Ref. 273,933 | 42,034 (15.3) Ref. Ref.
Abnormal 3,132 751 (24.0) 1.33 1.38 1,548 441 (28.5) 1.35 1.63 1,584 310 (19.6) 1.36 1.10
(1.24- (0.98- (1.23- (1.06- (1.22- (0.63-
1.43) 1.95) 1.48) 2.50) 1.53) 1.95)
History of
breastfeeding
(Continued)
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Table 2. (Continued)

Total Boy Girl
Total Overall NI Total Overall NI Total Overall NI
Impairments HR HR Impairments HR HR Impairments HR | HR (95%
(n, %) (95% | (95% (n, %) (95% | (95% (n, %) 95% | cp¥
cn® cn® cn? cn® cn®
No 148,274 | 31,389 (21.2) | Ref. Ref. 81,233 | 20,234 (24.9) | Ref. Ref. 67,041 | 11,155(16.6) | Ref. Ref.
6month 111,358 | 20,102 (18.1) | 0.83 0.88 59,594 | 12,746 (21.4) | 0.83 0.90 51,764 7,356 (14.2) | 0.84 0.84
0.82- | (0.83- (0.81- | (0.83- 0.81- | (0.76-
0.84) 0.93) 0.85) 0.97) 0.86) 0.93)
lyear 132,706 | 23,511 (17.7) | 0.79 0.87 67,893 | 14,473 (21.3) | 0.81 0.88 64,813 9,038 (13.9) | 0.80 0.83
(0.78- | (0.81- (0.79- | (0.81- (0.78- | (0.75-
0.81) 0.92) 0.83) 0.96) 0.82) 0.93)
Maternal
variables
Age (years)
<40 710,878 | 131,868 (18.6) |  Ref. Ref. | 376,756 | 82,707 (22.0) | Ref. Ref. | 334,122 | 49,161 (14.7) | Ref. Ref.
>40 21,879 4,132 (18.9) 1.09 1.04 11,706 2,561 (21.9) 1.07 1.03 10,173 1,571 (15.4) 1.12 1.07
(1.06- | (0.94- (1.03- | (0.91- (1.07- | (0.91-
1.12) 1.15) 1.11) 1.17) 1.18) 1.27)
Socioeconomic
status®
1 95,424 | 19,558 (20.5) | Ref. Ref. 50,706 | 12,227 (24.1) | Ref. Ref. 44,718 | 7,331 (16.4) | Ref. Ref.
2 125,079 | 24,853 (19.9) | 0.95 0.86 66,328 | 15,474 (23.3)  0.95 0.89 58,751 9,379 (16.0) | 0.95 0.82
(0.93- | (0.78- (0.92- | (0.79- (0.93- | (0.70-
0.97) 0.95) 0.97) 1.01) 0.98) 0.95)
3 192,121 36,486 (19.0) 0.91 0.85 101,579 22,785 (22.4) 091 0.86 90,542 13,701 (15.1) 0.91 0.83
(0.89- | (0.78- (0.89- | (0.77- (0.88- | (0.72-
0.92) 0.93) 0.93) 0.97) 0.93) 0.95)
4 205,872 36,365 (17.7) 0.85 0.82 109,166 22,897 (21.0) 0.86 0.85 96,706 13,468 (13.9) 0.85 0.79
(0.84- | (0.75- (0.84- | (0.76- (0.82- | (0.68-
0.87) 0.90) 0.88) 0.95) 0.87) 0.94)
5 110,043 | 18,041 (16.4) 0.83 0.85 58,422 | 11,442 (19.6) | 0.84 0.89 51,621 6,599 (12.8) | 0.81 0.80
0.81- | (0.76- (0.82- | (0.77- 0.79- | (0.67-
0.85) 0.95) 0.86) 1.02) 0.84) 0.96)
Multiple
gestation
No 731,071 | 135,583 (18.6) | Ref. Ref. | 387,575 | 85,011(21.9)| Ref. Ref. |343,496 | 50,572 (14.7) | Ref. Ref.
Yes 1,686 417 (24.7) | 1.40 0.99 887 257 (29.0) | 1.42 1.05 799 160 (20.0) | 1.40 0.91
(1.27- | (0.85- (1.26- | (0.87- (1.19- | (0.71-
1.54) 1.16) 1.61) 1.27) 1.63) 1.17)
Preterm labor
No 664,593 | 121,190 (18.2) | Ref. Ref. |352,071| 76,086 (21.6) | Ref. Ref. |[312,522| 45,104 (14.4) | Ref. Ref.
Yes 68,164 14,810 (21.7) 1.26 1.01 36,391 9,182 (25.2) 1.24 1.01 31,773 5,628 (17.7) 1.29 0.99
(1.24- | (0.92- (1.22- | (0.91- (1.26- | (0.85-
1.28) 1.10) 1.27) 1.13) 1.33) 1.16)
PROM
No 710,791 | 130,749 (18.4) | Ref. Ref. |376,482 | 82,028 (21.8) | Ref. Ref. |334,309 | 48,721 (14.6) | Ref. Ref.
Yes 21,966 5,251 (23.9) | 1.39 1.28 11,980 3,240 (27.0) | 1.33 1.31 9,986 2,011 (20.1) | 1.47 1.25
(1.35- | (1.11- (1.28- | (1.09- (1.41- | (0.98-
1.43) 1.49) 1.38) 1.58) 1.54) 1.59)
Gestational
diabetes
No 654,607 | 120,639 (18.4) | Ref. Ref. | 346,574 | 75,534 (21.8) | Ref. Ref. | 308,033 | 45,105 (14.6) | Ref. Ref.
(Continued)
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Table 2. (Continued)

Total
Yes 78,150
Gestational
hypertension
No 723,103
Yes 9,654
Smoking during
pregnancy
No 60,703
Yes 515

Total Boy Girl
Overall NI Total Overall NI Total Overall NI
Impairments HR HR Impairments HR HR Impairments HR | HR (95%
(n, %) (95% | (95% (n, %) (95% | (95% (n, %) (95% | cp®
cn® cn® cn? cn® cn®
15,361 (19.7) 1.07 1.03 41,918 9,764 (23.3) 1.07 1.04 36,262 5,627 (15.5) 1.06 1.02
(1.05- | (0.95- (1.05- | (0.94- (1.03- | (0.89-
1.09) 1.12) 1.09) 1.15) 1.09) 1.16)
Ref. Ref. | 383,552 83,963 (21.9) Ref. Ref. | 339,551 | 49,879 (14.7) Ref. Ref.
1.23 1.14 4,910 1,305 (26.6) 1.23 1.10 4,744 853 (18.0) 1.24 1.18
(1.17- | (0.93- (1.17- | (0.85- (1.16- | (0.85-
1.28) 1.40) 1.30) 1.44) 1.33) 1.64)
Ref. Ref. 32,029 6,681 (20.9) Ref. Ref. 28,584 3,892 (13.6) Ref. Ref.
1.60 1.49 288 85 (29.5) 1.57 1.47 227 49 (21.6) 1.63 1.48
(1.35- | (1.17- (1.27- | (1.08- (1.23- | (0.99-
1.90) 1.89) 1.95) 1.99) 2.15) 2.20)

Abbreviations: NI, Neurodevelopmental impairments; FT, Full term; PT, Preterm; MLPT, Moderate-to-late preterm; VPT, Very-preterm; PROM, Premature rupture of

membranes.
*Crude.

®Adjusted for gestational age groups, birth year, sex, cesarean section delivery, birth weight, abnormality of growth, history of breastfeeding, maternal age,

socioeconomic status, multiple gestation, preterm labor, PROM, gestational diabetes, gestational hypertension, and smoking during pregnancy.

“Classified by the criteria for normal, low, and high birth weight according to the WHO recommendation [20].

dClassified as normal (having both normal weight and height) and abnormal (either abnormal weight or abnormal height) based on the weight and height data

measured at 4th screening following the growth curve suggested by Korean National Growth Charts for Children and Adolescents [21].

“National Health Insurance Premium quintiles (highest to lowest from 5 to 1).

https://doi.org/10.1371/journal.pone.0294435.t1002

inappropriate weight or height measurements in children between 30 and 36 months of age
were associated with an increased risk of overall and specific domains of NI in those children
as well. A recent meta-analysis suggested that the height-for-age z-score is positively associated
with cognitive and motor development [25], which corresponds to the current study results.
These results indicate that proper growth may be an important factor in promoting child neu-
rodevelopment. In particular, the interval from birth to 36 months is known to be the growth
catch-up period for high-risk newborns without completion of intrauterine growth before
birth [26]. Therefore, weight or height measurements during this period could be highly mean-
ingful data that reflect the child’s health status after birth, and growth abnormalities should be
treated with sensitivity during this period.

PROM is the most common antecedent of preterm birth, and gestational age at birth fol-
lowing PROM is related to the child’s neurological prognosis [27]. However, in this study,
PROM was identified as an independent risk factor for NI even after adjusting for gestational
age and other covariates. This result supports a previous study [28], which showed that pre-
term infants born after PROM had a higher risk of severe NI at 2 years of age than infants born
after spontaneous preterm labor with intact membranes. This result is also similar to the find-
ings of a prior study [29] that prolonged PROM increased the risk of developmental problems
measured using the ASQ at in children born MLPT aged 4 and 5. However, there is a need to
elucidate the relationship between these two variables through further studies, such as
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prospective long-term studies, since there is still a weak theoretical basis for a causal relation-
ship between PROM and children’s neurological prognosis. Furthermore, in the current study,
maternal gestational hypertension increased the risk for NI in the social-cognitive (problem-
solving and self-help) domain. This echoes the finding that maternal hypertension was associ-
ated with a long-term decrease in verbal ability in children aged 10 years on average even after
adjusting for birth weight and gestational age [30]. An explanation for this finding is that phys-
iological factors interfere with prenatal brain development by reducing oxygen supply and
nutrient supply through placental blood flow in hypertensive diseases of pregnancy [31], and
caution is required regarding about long-term neurodevelopment in children born to mothers
with gestational hypertension.

One interesting finding from the current study is that children who breastfed until either 6
months or 12 months after birth had a lower risk of NI than children without breastfeeding
experience after adjustment for all other covariates. During infancy, breastfeeding is empha-
sized as a major strategy to promote growth and development even in healthy young children
[27]. Therefore, the WHO and United Nations Children’s Fund recommend exclusive breast-
feeding for up to 6 months [32] given the evidence that exclusive breastfeeding during the first
3-6 months of life is strongly associated with higher ASQ version 3 scores, especially in the
domains of communication, gross motor skills, and problem-solving [33]. Another study con-
ducted to assess the effect of breastfeeding for longer than 6 months indicated that it increased
Bayley scale scores in cognitive, language, and motor development [34]. In the current study
results, although children breastfed for more than 12 months had a slightly lower risk of neu-
rodevelopmental delay than children breastfed for 6 months, no meaningful risk difference
was observed between them overall and in all domains of NI. Regarding both these and previ-
ous study results, breastfeeding for at least 6 months after birth should be considered an inter-
vention to support appropriate growth and development in early life. The rate of breastfeeding
in Korea has been declining since 2012, and the rate of exclusive breastfeeding until 6 months
of age is 18.3%, which is very low compared to the international average of 38% [35]. Further-
more, in Korea, postpartum care centers, which are used by many Korean mothers to recover
after childbirth, are often environments in which mothers and children are separated, so the
breastfeeding rate is particularly low for the first 1 to 2 weeks after birth [36]. Therefore, it is
necessary to identify the obstacles to breastfeeding and to develop thorough strategies to
improve the rate of breastfeeding according to the specific situation in Korea.

As is well-known from recent study results, the socioeconomic status of parents, particu-
larly mothers, was the most important factor in areas of child neurodevelopment such as aca-
demic performance, intelligence quotient, and growth rate. The current study showed similar
results. Therefore, low socioeconomic status deleteriously affects children’s neurodevelopment
[37, 38]. In addition, parental socioeconomic status can play an important role in whether chil-
dren are provided appropriate sociocultural and economic environments, including accessibil-
ity and support for medical services, education, food, and other daily expenses, which could
impact growth and development both before and after birth.

Male sex and recent birth year were also independent factors associated with increased NI
risk in young children, which was consistent across all five domains in the current study. Male
sex had been previously identified as a risk factor for NI [39, 40], which has been explained by
the vulnerability of boys to the risk of developmental impairments in early childhood [41]. The
increased risk from 2011 to 2013 may be associated with the increase in newborns with risk
factors, such as premature birth and multiple gestation, due to the recent increase in artificial
insemination in response to infertility. However, further studies of this issue are required.

In this study, maternal smoking during pregnancy was identified as an independent factor
that significantly increased the risk of NI despite the very small number of cases. This result
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supports the findings of previous studies, according to which maternal smoking during preg-
nancy had a long-term negative effect on children’s cognitive development [42, 43] and neuro-
behavioral abnormalities [44] later in life. These findings can be interpreted as suggesting that
exposure to cigarettes during fetal life leads to defects in the development of the child’s central
nervous system. Therefore, maternal smoking during pregnancy should be emphasized as a
modifiable risk factor associated with cognitive problems in children.

Conclusion and practical implications

This study confirmed that children born MLPT and VPT had higher risks of NI than those
born FT, based on nationally representative large-scale population data from NHSPIC and
NHISS. In addition, a later birth year, male sex, low birth weight, and abnormal growth, which
were investigated as covariates, were child-related factors that increased the risk of NI, and a
longer duration of breastfeeding and higher socioeconomic status were found to lower the risk
of NI. A high-risk obstetric history (i.e., PROM) and smoking during pregnancy, as a maternal
health behavior, were also associated with an increased risk of NI.

Based on the results of this study, we can make the following suggestions. Healthcare pro-
fessionals must take into account the child’s gestational age and birth weight when caring for
young children and providing parental counseling and education regarding the risk of NI. In
particular, the low clinical and social interest in children born with MLPT hinders the provi-
sion of appropriate care for children born with MLPT and their families [45], so healthcare
professionals should pay special attention to these children and manage them in a way that
promotes their optimal growth and development. In addition, socioeconomic status must be
investigated to support the neurodevelopmental development of young children, and social
and national systematic support for the optimal development of low-income children is
strongly emphasized. In particular, high socioeconomic status has been found to be strongly
associated with breastfeeding practice in many countries [46-49], and in this study, the dura-
tion of breastfeeding and socioeconomic level were important independent factors affecting
the risk of NI. A possible explanation for these results is that wealthier mothers may practice
breastfeeding for a longer period of time, thereby contributing to their children’s better neuro-
development outcomes. Therefore, policy and practical strategies are required for short-term
success and long-term implementation of breastfeeding for mothers and families of low socio-
economic status. In this study, PROM was found to have an independent relationship with
long-term NI, and PROM is a very common cause of preterm delivery, accounting for approx-
imately 30% of all preterm births [50]. Although the cause of PROM has not yet been clearly
identified, potential risk factors include smoking, sexual activity, dietary or nutritional defi-
ciencies, vaginal bleeding, multiple gestation, a history of PROM and preterm delivery in a
previous pregnancy, and genital tract infection [51]. Therefore, close and careful management
by health professionals to prevent PROM is necessary for mothers at high risk of PROM, and
education to prevent spontaneous premature birth due to PROM needs to be provided in preg-
nancy and childbirth education. Additionally, close follow-up and management by health pro-
fessionals is required for NI in children born with PROM. In addition, this study emphasized
the importance of healthcare professionals’ management of maternal health behaviors, such as
maternal smoking, that can affect the neural development of the fetus during pregnancy.

Limitations and suggestions for future research

The current study presents the impacts of VPT and MLPT births on NIs in young children
with a large population-based long-term follow-up cohort study design. Some limitations are
as follows. First, 0.8% of the newborns enrolled from 2011 to 2013 were excluded from the
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final analysis, as they were missing information from the second to seventh developmental
screening tests. Additionally, since not all children participated in all rounds of the NHSPIC, it
was not possible to generate follow-up results on neurodevelopmental changes based on
repeated evaluation in each round of the NHSPIC. In addition, because preterm birth is the
result of a very complex and unpredictable mechanism, our results may have inherent limita-
tions in fully explaining the causal relationship regarding the impact of MLPT and VPT births
on NI. Additionally, in this study, NI was derived based on the results of screening tests of
K-ASQ and K-DST rather than a diagnostic test; thus, it is possible that children identified as
having NI did not actually have a developmental delay or disability. Therefore, caution must
be taken when interpreting the results of this study. Since the K-ASQ and K-DST are evaluated
based on parental reports, there may be limitations in ensuring the objectivity of test results
due to parents’ subjective and lenient evaluations. However, this approach was chosen to
improve the reliability of the test results since these assessments involve a process of reassess-
ing and finalizing the child’s development level by a doctor at the medical institution responsi-
ble for the examination. Finally, the data in this study were obtained through a retrospective
approach, meaning that there were limitations in securing some data that could have a causal
relationship with children’s neurodevelopment. In particular, certain potential factors (includ-
ing maternal health behaviors such as physical activity, drinking, and gestational weight gain)
that could be associated with both PT and NI were not considered because of data incomplete-
ness. Therefore, follow-up research should conduct a prospective longitudinal investigation to
establish causal relationships between PT and NI.
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