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BACKGROUND: The global increase in maternal obesity has raised concerns regarding its potential impact on offspring
neurodevelopment. This study investigated the association between maternal pre-pregnancy body mass index (BMI) and the risk of
neurodevelopmental disorders in offspring using a large-scale national cohort in South Korea.
METHODS: We conducted a retrospective cohort study using data from the Korean National Health Information Database merged
with the National Health Screening Program data. Maternal BMI, measured within three years prior to delivery, was categorized
based on the Asia-Pacific guidelines. Neurodevelopmental disorders, including epilepsy, cerebral palsy, intellectual disability, autism
spectrum disorder, and attention-deficit/hyperactivity disorder, were identified using diagnostic codes from the International
Classification of Diseases, Tenth Revision (ICD-10) up to five years of age. Multivariable Poisson and Cox regression models were
used to estimate the relative risks and hazard ratios, adjusting for neonatal and maternal covariates.
RESULTS: This study analyzed a cohort of 2,285,943 live births in South Korea (January 1, 2014–December 31, 2021) to assess the
association between maternal pre-pregnancy BMI and neurodevelopmental disorders in offspring. After excluding neonates lacking
complete medical records or follow-up data, 779,091 neonates were included in the study. Maternal obesity (BMI ≥ 30.0) was
independently associated with an elevated risk of epilepsy (adjusted hazard ratio 1.13; 95% CI, 1.08–1.18) and intellectual disability
(aHR 1.37; 95% CI, 1.12–1.68), following adjustment for neonatal and maternal covariates. Maternal underweight status (BMI < 18.5)
was not significantly associated with neurodevelopmental outcomes. Elevated maternal BMI prior to conception was independently
associated with an increased risk of epilepsy and intellectual disability in offspring.
CONCLUSIONS: The results underscore the importance of preconception weight management and support public health strategies
to reduce neurodevelopmental disorders in children of mothers with overweight or obesity.
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INTRODUCTION
The prevalence of overweight and obesity among women of
childbearing age has been steadily increasing in the UK, the
United States, and across Asia, including Korea, and represents a
significant public health concern [1–7]. Recent epidemiological
studies have shown that the prevalence of maternal obesity is
15–20% in the UK, with the highest rates observed in North
America (obesity 18.7%; overweight/obesity 47.0%) [3, 7]. In
contrast, Asian countries report substantially lower prevalence,
with Japan documenting 7.8% overweight and 3.1% obesity [4],
China reporting 21.8% overweight and 6.1% obesity [5], and
Taiwan reporting 18.4% overweight and 10.0% obesity in recent
decades [6]. In Korea, national data from 2023 demonstrated age-
specific increases in obesity prevalence, reaching 22.1% among
women aged 19–29 years, 28.4% among those aged 30–39 years,
and 24.5% among those aged 40–49 years [8]. This East–West

disparity in maternal obesity prevalence has led the World Health
Organization (WHO) to propose Asia-Pacific guidelines, which
adopt lower BMI thresholds to better reflect obesity-related risks
in Asian population [9]. While maternal overweight and obesity
remain substantially more prevalent in Western than in Asian
populations, increasing trends are evident across all regions. Given
this increasing trend, particular attention has been directed
toward the impact of maternal obesity on offspring. It is well
established that maternal obesity is associated with an increased
risk of obesity in offspring [10, 11]. Furthermore, emerging
evidence suggests that maternal obesity may negatively affect
neonatal cognitive development, mental health, and brain
development [10, 12–14]. This study aimed to evaluate the
association between maternal pre-pregnancy body mass index
(BMI) and the risk of neurodevelopmental disorders in offspring,
including epilepsy, cerebral palsy, intellectual disability, autism
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spectrum disorder (ASD), and attention-deficit/hyperactivity dis-
order (ADHD), across BMI categories defined by WHO guidelines.

METHODS
Data source and patient selection
This study was conducted using data obtained from the Korean National
Health Information Database (NHID), which is maintained by the National
Health Insurance Service (NHIS) of South Korea. The NHID integrates
comprehensive healthcare utilization records, including claims and
reimbursement data for all insured individuals, and health-screening data
aimed at disease prevention and early detection. For the present analysis,
we employed information from two key components of the NHID data and
the National Health Screening Program (NHSP) for Adults and the NHSP for
Infants and Children. Maternal health data were obtained from the NHSP
for Adults, whereas neonatal and child health outcomes were derived from
the NHSP for Infants and Children. To construct a mother–infant paired
cohort, maternal and neonatal records were linked using the NHIS family
tree database, which was established by combining health insurance
eligibility data with resident registration records and applying a novel
family code system to logically define parent–child relationships [15]. This
linkage approach ensured accurate identification of mother–offspring
pairs, with validation studies demonstrating parent–child matching rates
exceeding 95% for births between 2010 and 2017. This approach enabled
the longitudinal tracking of neonatal and early childhood developmental
outcomes based on maternal pre-pregnancy health status. All the data
were retrieved from the NHIS website (http://nhiss.nhis.or.kr). The study
protocol was approved by the Institutional Review Board of the Konkuk
University Medical Center (IRB No. 2023-10-023). As the dataset was de-
identified prior to analysis, informed consent from the study participants
was waived.

Maternal variables
Maternal BMI was determined using the NHSP for adult health check-up
data collected within three years prior to delivery. It was calculated by
dividing weight by height squared (kg/m²) and categorized according to
the Asia-Pacific guidelines as follows: underweight (BMI < 18.5), normal
range (18.5–22.9), overweight at risk (23.0–24.9), obese class I (25.0–29.9),
and obese class II (BMI ≥ 30.0; considered severely obese) [9]. Maternal
chronic hypertension was identified using the International Classification
of Diseases, Tenth Revision (ICD-10) codes I10–I15 and O10. Pregnancy-
induced hypertension was defined using ICD codes O12–O15. Pregesta-
tional diabetes mellitus was identified using codes O24.0–O24.3,
E10.0–E10.9, E11.0–E11.9, E12.0–E12.9, E13.0–E13.9, and E14.0–E14.9.
Gestational diabetes mellitus was defined using codes O24.4 and O24.9.

Neonatal and perinatal variables
Gestational age at birth was estimated based on responses to the NHSP
check-up questionnaire for infants and children. Information regarding
gestational age at delivery, preterm birth status, and birth weight was also
collected. Preterm birth, defined as delivery before 37 weeks of gestation,
was identified using the expected date of delivery reported by parents for
premature infants. Small for gestational age was defined as birth weight
below the 10th percentile using the ICD-10 diagnostic codes P05.0, P05.1,
and P05.9. The mode of delivery, specifically cesarean section, was
identified using the ICD codes O82.0, O82.1, O82.2, O82.8, and O82.9. Major
congenital anomalies were identified using the ICD codes Q00–Q98.4.
Neonatal intensive care unit (NICU) admissions were recorded according to
the following procedure codes: AJ101, AJ111, AJ121, AJ131, AJ144, AJ161,
AJ201, AJ211, AJ221, AJ231, AJ244, AJ261, AJ301, AJ311, AJ321, AJ331,
AJ351, and AJ051–AJ054. Cardiopulmonary resuscitation was performed
using the M587 and M158 codes.

Neurodevelopmental outcomes
Neurodevelopmental outcomes were identified based on the ICD-10
codes. Epilepsy was determined using codes G40, G41, and R56.8;
however, cases diagnosed with febrile convulsions (R56.0) or convulsions
of the newborn (P90) were excluded to enhance the diagnostic specificity.
Cerebral palsy and intellectual disability (previously referred to as mental
retardation) were identified using ICD-10 codes G80.0, G80.3, G80.4, G80.8,
G80.9, and F70–F79, respectively. ASD was defined the code F84, whereas
ADHD was identified using the code F90. In this study, neurodevelop-
mental disorders were defined based on the presence of corresponding

diagnostic codes assigned to the infant during the follow-up period, which
extended from birth to five years of age. Incidence rates are expressed per
1000 person-years.

Statistical analysis
Baseline maternal and neonatal characteristics were compared across
maternal pre-pregnancy BMI categories of <18.5, 18.5–23, 23–25, 25–30,
and ≥30 kg/m². Continuous variables were expressed as mean ± standard
deviation (SDs), and categorical variables were presented as counts and
percentages. Differences in continuous variables across BMI groups were
assessed using analysis of variance (ANOVA), and categorical variables
were compared using the chi-square test. We estimated the incidence
rates (IRs) per 1000 person-years for each neurodevelopmental disorder,
including epilepsy, cerebral palsy, intellectual disability, ASD, and ADHD,
across categories of maternal pre-pregnancy BMI. Hazard ratios (HRs) and
95% confidence intervals (CIs) were calculated using the Cox proportional
hazards models. The BMI group of 18.5–23.0 kg/m² was used as the
reference category in all analyses. Both unadjusted and adjusted models
were constructed. The adjusted models controlled for potential confound-
ing variables, including neonatal variables (sex, mode of delivery, multiple
gestations, major anomalies, small for gestational age, birth weight, NICU
admission, neonatal resuscitation, and preterm birth) and maternal
variables (maternal age, hypertension, pregnancy-induced hypertension,
pregestational diabetes mellitus, gestational diabetes mellitus, and
depression). All statistical tests were two-sided, and a P-value < 0.05 was
considered statistically significant. All analyses were conducted using
appropriate statistical software (version 9.4; SAS Institute Inc., Cary,
NC, USA).

RESULTS
Characteristics of the study population
This study analyzed a cohort of 2,285,943 live births in South Korea
from January 1, 2014, to December 31, 2021. A total of 1616
neonates with chromosomal abnormalities were excluded, result-
ing in 2,284,327 live births. From this group, 886,641 neonates
whose mothers had medical records available for at least three
years prior to delivery (including the gestational period and two
years before conception) were included in the analysis. After
further excluding neonates without general health screenings or
lacking follow-up examinations during infancy, the final popula-
tion of 779,091 neonates was analyzed (Fig. 1). The number of
study participants in each group, categorized by maternal pre-
pregnancy BMI, was as follows: underweight (<18.5 kg/m²,
n= 90,379), normal range (18.5–23.0 kg/m², n= 461,871), over-
weight at risk (23.0–25.0 kg/m², n= 106,951), obese class I
(25.0–30.0 kg/m², n= 96,516), and obese class II (≥30.0 kg/m²,
n= 23,374). In the overall population, BMI was measured on
average 1.39 ± 0.75 years before delivery.
Maternal and neonatal characteristics according to maternal

pre-pregnancy BMI classifications were also examined and are
summarized in Table 1. All assessed maternal characteristics,
including maternal age, proportion of advanced maternal age
(>35 years), chronic hypertension, pregnancy-induced hyperten-
sion, gestational diabetes mellitus, and depression, increased
significantly with higher pre-pregnancy BMI. Regarding neonatal
characteristics, increasing maternal pre-pregnancy BMI was
associated with lower gestational age at birth, higher rates of
preterm birth, increased cesarean section rates, a higher incidence
of congenital anomalies, and more frequent NICU admissions and
cardiopulmonary resuscitation (Table 1). A higher maternal pre-
pregnancy BMI was associated with increased birth weight and a
lower incidence of small for gestational age, whereas sex
distribution did not differ significantly between the groups.

Associations of maternal pre-pregnancy BMI with
neurodevelopmental disorders in offspring
In the unadjusted model analysis of neurodevelopmental disorder
risks in offspring based on maternal pre-pregnancy BMI (Table 2),
a maternal pre-pregnancy BMI of ≥30.0 was associated with
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significantly increased risks of epilepsy, cerebral palsy, intellectual
disability, and ASD compared to the reference group (BMI
18.5–23 kg/m²) (Table 2). In contrast, no statistically significant
association was observed between maternal BMI and ADHD in the
adjusted model (P > 0.05).
In adjusted model 1 (Table 2), which was controlled for neonatal

variables, maternal overweight and obesity (BMI ≥ 25.0 kg/m²)
were significantly associated with an increased risk of both

epilepsy and intellectual disability in the offspring. Additionally,
maternal obesity (BMI ≥ 30.0) was associated with an increased
risk of ASD (adjusted hazard ratio 1.14; 95% CI, 1.00–1.30) and
ADHD (aHR, 1.16; 95% CI, 1.02–1.31). Maternal underweight status
(BMI < 18.5) was not associated with cerebral palsy, intellectual
disability, ASD, or ADHD but was significantly associated with a
modestly increased risk of epilepsy (aHR 1.03; 95% CI, 1.00–1.05).
In adjusted model 2 (Table 2), which accounted for both neonatal

Fig. 1 Flowchart of study population selection.
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and maternal variables, the association between epilepsy and
intellectual disability remained statistically significant. Maternal
overweight (BMI 25.0–30.0 kg/m²) was associated with an
increased risk of epilepsy (aHR 1.08; 95% CI, 1.05–1.10) and
intellectual disability (aHR 1.19; 95% CI, 1.07–1.34). Maternal
obesity (BMI ≥ 30.0 kg/m²) was also significantly associated with an
elevated risk of epilepsy (aHR, 1.13; 95% CI, 1.08–1.18) and
intellectual disability (aHR 1.37; 95% CI, 1.12–1.68). However, the
previously observed associations between ASD and ADHD were
no longer statistically significant after adjustment for both
neonatal and maternal variables. Maternal underweight status
(BMI < 18.5 kg/m²) was not associated with any of the assessed
neurodevelopmental outcomes.

DISCUSSION
This study examined the association between maternal pre-
pregnancy BMI and the risk of neurodevelopmental disorders in
offspring in a large Korean population-based cohort. We found
that higher maternal BMI before pregnancy was associated with
an increased risks of epilepsy and intellectual disability in children,
even after adjusting for relevant neonatal and maternal factors.
Additionally, higher pre-pregnancy BMI was associated with
increased risks of both maternal and neonatal complications,
including hypertension, diabetes, cesarean delivery, and adverse
neonatal outcomes, such as NICU admission and preterm birth
(Table 1). These findings are consistent with previous studies
reporting that maternal obesity contributes not only to perinatal
complications but also to neurodevelopmental disorders such as
ADHD, ASD, cerebral palsy, and cognitive impairment [16–22].
Moreover, our results support previous meta-analyses and cohort
studies indicating a dose–response relationship between maternal
BMI and offspring neurodevelopmental morbidity [20–22].
Obesity among women of childbearing age has risen world-

wide, with the prevalence in the U.S. reaching 39.7% among
women aged 20–39 years and 43.3% among those aged 40–59
years in 2017–2018 [23]. Similarly, Similarly, NHIS data show that

the prevalence of obesity among Korean adult women has
increased from 23.4% in 2012 to 27.8% in 2021 [2]. In the present
study, 15.4% of mothers were classified as obese I or II (BMI ≥ 25).
Because the NHSP for adults is conducted biennially, BMI was
measured ~1.39 ± 0.75 years before childbirth, and gestational
weight gain data were not available.
In cases of maternal obesity, the fetus may be exposed during

critical periods of brain development to altered levels of fatty
acids, glucose, hormones such as leptin and insulin, and increased
inflammation [24–26]. These exposures can disrupt not only brain
development but also neuroendocrine maturation and the
formation of key neural pathways, potentially contributing to an
increased risk of neurodevelopmental disorders in offspring. In
addition, alterations in maternal and fetal microbiomes, as well as
epigenetic modifications, have also been proposed as mechan-
isms through which maternal obesity may affect neurodevelop-
ment in offspring [24, 25, 27, 28]. Consequently, maternal obesity
has been associated with a spectrum of offspring outcomes,
including perinatal complications, neurodevelopmental disorders
(ADHD, ASD, cerebral palsy, and cognitive impairment), and other
psychiatric conditions such as anxiety, depression, and schizo-
phrenia [24, 25].
In the present study, maternal obesity, defined as a BMI ≥ 25,

was associated with an increased risk of epilepsy and intellectual
disability, and these associations remained robust even after
adjustment for a wide range of maternal and neonatal variable
(Table 2). These findings are consistent with a Swedish cohort
study reporting that epilepsy in offspring of mothers with obesity
may result not only from impaired brain development but also
from perinatal complications such as nervous system malforma-
tions, hypoxic-ischemic encephalopathy, neonatal hypoglycemia,
and jaundice [20].
With respect to other neurodevelopmental outcomes, our study

did not identify significant associations between maternal obesity
and ADHD, ASD, or cerebral palsy within the five-year follow-up
period. Similarly, Neuhaus et al. [21] found no significant
association between maternal obesity and cerebral palsy (OR

Table 1. Maternal and neonatal characteristics stratified by maternal pre-pregnancy body mass index classification.

Maternal pre-pregnancy BMI (kg/m2) <18.5 18.5–23 23–25 25–30 ≥30 p-
valuea

N (%) 90,379 (11.6) 461,871 (59.3) 106,951 (13.7) 96,516 (12.4) 23,374 (3.0)

Maternal characteristics

Age 31.86 ± 3.71 32.52 ± 3.85 33.05 ± 4.03 33.26 ± 4.11 33.42 ± 4.22 <0.001

Age >35 years 20,006 (22.1) 131,016 (28.4) 36,656 (34.3) 35,459 (36.7) 9233 (39.5) <0.001

Chronic hypertension 1536 (1.7) 8869 (1.9) 2773 (2.6) 4240 (4.4) 2437 (10.4) <0.001

PIH 12,328 (13.6) 73,773 (16.0) 20,296 (19.0) 21,418 (22.2) 7024 (30.1) <0.001

Pregestational DM: 189 (0.2) 1745 (0.4) 1004 (0.9) 2128 (2.2) 1580 (6.8) <0.001

Gestational DM (GDM) 11,643 (12.9) 66,619 (14.4) 18,807 (17.6) 20,860 (21.6) 6804 (29.1) <0.001

Neonatal characteristics

Preterm birth 4482 (5.0) 21,699 (4.7) 5177 (4.8) 5224 (5.4) 1625 (7.0) <0.001

GA at birth (week) 35.51 ± 2.44 35.4 ± 7.39 35.2 ± 2.51 34.24 ± 57.71 34.72 ± 2.91 0.008

Birth weight (g) 3.07 ± 0.42 3.16 ± 0.43 3.21 ± 0.46 3.25 ± 0.48 3.28 ± 0.53 <0.001

SGA 1098 (1.2) 4427 (1.0) 915 (0.9) 701 (0.7) 201 (0.9) <0.001

Gender (male) 46,563 (51.5) 237,650 (51.5) 55,251 (51.7) 49,431 (51.2) 11,998 (51.3) 0.365

Delivery mode (C/S) 34,467 (38.1) 207,632 (45.0) 55,876 (52.2) 56,817 (58.9) 16,322 (69.8) <0.001

Major anomaly 7914 (8.8) 40,865 (8.9) 9899 (9.3) 9587 (9.9) 2783 (11.9) <0.001

NICU admission 5582 (6.2) 29,922 (6.5) 7602 (7.1) 7721 (8.0) 2569 (11.0) <0.001

CPR 20 (0.02) 146 (0.03) 50 (0.05) 50 (0.05) 10 (0.04) 0.001

BMI body mass index, PIH pregnancy-induced hypertension, DM diabetes mellitus, GA gestational age, SGA small for gestational age, C/S cesarean section, NICU
neonatal intensive care unit, CPR cardiopulmonary resuscitation.
aP-values are derived from one-way analysis of variance (ANOVA) for continuous variables and chi-square tests for categorical variables.
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1.1, 95% CI: 0.35–3.45) or ADHD (OR 2.09, 95% CI: 0.77–5.66) in
offspring. However, the incidence of ASD was significantly higher
in the offspring of mothers with obesity (OR: 8.73, 95% CI:
2.63–28.91) [21], and the cohort was followed up to 18 years of
age. Although no significant differences in the incidence of
neuropsychiatric disorders were observed between the groups
during the early follow-up period, this study demonstrated an
increased risk over time among offspring of mothers with obesity.
In the present study, maternal pre-pregnancy BMI was initially
associated with the risk of cerebral palsy in the unadjusted model.
However, after adjusting for neonatal factors, including preterm
birth, NICU admission, and neonatal resuscitation, which are
associated with neonatal brain injury, the association was no
longer statistically significant.
A meta-analysis [22] reported a dose–response relationship

between maternal pre-pregnancy BMI and ASD, indicating that for
every 5 kg/m² increase in BMI, the risk of ASD in offspring
increased by 16% (HR 1.16, 95% CI: 1.01–1.33). However, it is
important to note that not only obesity but also maternal diabetes
may independently increase the risk of ASD. In the present study,
we adjusted for both pregestational diabetes mellitus and
gestational diabetes mellitus to account for potential confounding
effects. Moreover, Zhang et al. [29] demonstrated that both
maternal overweight (OR 1.14, 95% CI: 1.10–1.18) and maternal
obesity (OR 1.39, 95% CI: 1.33–1.45) were significantly associated
with an increased risk of mental disorders in offspring, based on a
meta-analysis examining the relationship between parental over-
weight and obesity and offspring mental health. Specifically,
maternal pre-pregnancy overweight and obesity were linked to a
higher risk of cognitive or intellectual delay (OR 1.40 (95% CI:
1.21–1.63)). Consistent with these findings, the present study also
demonstrated an association between maternal pre-pregnancy
BMI and intellectual disability in offspring and further identified a
dose–response relationship according to BMI classification.

Limitations and considerations
This study has several limitations. First, although BMI values were
obtained from the NHSP for Adults conducted within three years
prior to delivery, they may not precisely represent the actual pre-
pregnancy BMI. Nevertheless, given that the mean interval between
BMI measurement and delivery was 1.39 ± 0.75 years, and consider-
ing the duration of pregnancy, these values are likely to reasonably
reflect pre-pregnancy status. In addition, because the NHSP was
conducted biennially, information on gestational weight gain could
not be obtained. Second, while obesity in offspring may also
contribute to the development of neurodevelopmental disorders
later in life [30], the present study is limited by its relatively short
follow-up period of up to five years. Neurodevelopmental disorders
are conditions that typically manifest early in life due to disruptions
in brain development [24] in this study, they were identified based
on the presence of relevant diagnostic codes recorded from birth to
five years of age. Third, certain factors that may influence neonatal
development, such as socioeconomic status, maternal smoking, and
maternal diet, were not available in the dataset obtained from the
NHID and therefore could not be included in our analysis. Instead,
we adjusted for a comprehensive set of neonatal and maternal
variables that are relevant to early brain development. The adjusted
models incorporated neonatal factors (e.g., preterm delivery, birth
weight, and NICU admission) to improve clinical relevance; however,
their inclusion may have introduced an overcontrol bias by acting as
intermediates, thereby attenuating the observed associations.
Nonetheless, the unadjusted model demonstrated crude associa-
tions between maternal BMI and neurodevelopmental outcomes,
which in this study were significant for epilepsy, cerebral palsy,
intellectual disability, and ASD, but not for ADHD.
Taken together, these limitations indicate that our findings

should be interpreted with caution, as they may represent
conservative estimates of the overall effect of maternal BMI on

offspring neurodevelopment. Nonetheless, the risk of systematic
bias is considered low, and the use of a large-scale nationwide
cohort strengthens the validity and generalizability of the results.

CONCLUSION
This study examined the relationship between maternal pre-
pregnancy BMI and the occurrence of various neurodevelop-
mental disorders in the offspring within a large birth cohort.
Increases in pre-pregnancy BMI have been associated not only
with adverse neonatal and maternal outcomes, but also with long-
term neurodevelopmental consequences in offspring, such as
epilepsy and intellectual disability, as demonstrated in this study.
These findings emphasize the importance of implementing
effective weight management strategies. It is essential to manage
pre-pregnancy BMI, because it can influence fetal brain develop-
ment, and address excessive gestational weight gain, which is
more likely to occur in women with obesity during the pre-
pregnancy period. In women of reproductive age, it is crucial to
regulate both pre-pregnancy BMI and gestational weight gain [11],
in accordance with established guidelines [31], particularly for
those with a high pre-pregnancy BMI, to improve both immediate
and long-term health outcomes for both mothers and their
children.
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