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A B S T R A C T

Purpose: Antiseizure medications (ASMs) are used during pregnancy for both epilepsy and non-epilepsy in-
dications, yet the neurodevelopmental safety of prenatal ASM exposure remains uncertain, particularly in Asian 
populations. We evaluated the risk of neurodevelopmental disorders (NDDs) following in utero ASM exposure 
using a nationwide Korean database.
Methods: This population-based cohort study (2009–2021) used the Korea National Health Insurance Database to 
identify 3663,052 mother–infant pairs. ASM exposure was defined as ≥1 prescription between the last menstrual 
period and delivery. Using 1:5 propensity score matching to balance baseline covariates, we estimated adjusted 
hazard ratios (aHRs) for autism spectrum disorder (ASD) and intellectual disability (ID).
Results: After matching, 9587 ASM-exposed and 47,935 unexposed mother–infant pairs were included; among 
ASM users, 48.2% had epilepsy. Prenatal ASM exposure was associated with significantly increased risks of ASD 
(aHR 1.57; 95% CI 1.15–2.15) and ID (aHR 2.40; 95% CI 1.80–3.19). A dose–response pattern was observed, 
with higher risks for duotherapy (ID: aHR 3.23; 95% CI 1.79–5.83) than for monotherapy (ID: aHR 1.74; 95% CI 
1.24–2.45). Prolonged exposure and later pregnancy recognition were associated with the highest risks. Among 
single-trimester exposures, first-trimester-only exposure showed the strongest association with composite 
outcomes.
Conclusion: In this nationwide Korean cohort, prenatal ASM exposure was associated with dose-dependent risks 
of ASD and ID. These findings underscore the importance of preconception counseling and early pregnancy 
management for all women receiving ASMs, beyond those with epilepsy.

1. Introduction

Antiseizure medications (ASMs) were originally developed for the 
management of epilepsy, which affects approximately 50 million in-
dividuals worldwide [1], and effectively control seizures in

approximately two-thirds of patients with epilepsy [2]. However, the 
clinical use of ASMs has expanded considerably to encompass several 
non-epilepsy conditions, including neuropathic pain, psychiatric disor-
ders such as bipolar disorder, and migraine prophylaxis [3–5]. In 
Europe, ASM prescribing has shifted from older to newer agents, with
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lamotrigine and levetiracetam frequently prescribed in women of 
childbearing potential, while valproate use has declined following reg-
ulatory restrictions due to its teratogenic and neurodevelopmental risks 
[6]. ASM prescribing in South Korea shares broad similarities with Eu-
ropean trends, although valproate continues to be prescribed in 
approximately 30% of women of childbearing age with epilepsy [1,7]. 

A growing body of evidence suggests that prenatal exposure to spe-
cific ASMs may increase the risk of neurodevelopmental disorders 
(NDDs) in offspring [8,9]. NDDs, including autism spectrum disorder 
(ASD) and intellectual disability (ID), are characterized by neuro-
developmental impairments that can lead to lifelong cognitive and 
behavioral deficits [10]. Previous research using Nordic registry data 
indicated that monotherapy with valproate or topiramate during preg-
nancy was associated with a two- to four-fold increased risk of ASD and 
ID [8]. In contrast, a recent large-scale US cohort study found no sig-
nificant association between topiramate monotherapy and ASD [11], 
highlighting ongoing uncertainty regarding the long-term safety of 
specific ASM regimens.

The association between in utero ASM exposure and NDD risk thus 
remains inconclusive. In addition, because ASM exposure in real-world 
populations does not reflect maternal epilepsy alone, the relevant target 
population for safety assessment extends well beyond women with ep-
ilepsy. Existing evidence, however, is predominantly derived from 

Western registries, with a notable scarcity of large-scale studies in Asian 
populations, where distinct genetic backgrounds, environmental factors, 
and healthcare systems may alter risk profiles. To address this knowl-
edge gap, we conducted a nationwide, population-based cohort study 
using the Korea National Health Insurance Service mother–child linkage 
database. Findings from this study may inform evidence-based guidance 
for optimized ASM prescribing and safer pregnancy management for

women in Asia.

2. Methods

2.1. . Study data

We used the National Health Insurance Database provided by the 
Korea National Health Insurance Service (NHIS). This database includes 
pseudonymized data on eligibility, healthcare utilization, prescription 
drugs, and health check-ups for all individuals covered by the NHIS 
[12]. To identify pregnant individuals, we linked the Pregnancy and 
Childbirth Medical Expenses dataset, which contains specific informa-
tion related to pregnancy including the date of pregnancy confirmation 
by a healthcare professional [13]. Additionally, to identify their 
offspring, we used the NHIS Family Tree database [14]. This study was 
approved by the Institutional Review Board of the National Institute of 
Food and Drug Safety Evaluation (approval no. 3078, Office of Cardio-
vascular and Neurological Products; approved on 14 November 2022).

2.2. . Study population

The selection process for the study population is illustrated in Fig. 1. 
We included all women who had a live birth between January 2009 and 
April 2022, had available information on the last menstrual period 
(LMP) and the date of delivery (N = 3829,177). We excluded women 
who delivered before age 19 or after age 46, those with gestational ages 
outside the normal range (<154 days or >314 days), mothers of mul-
tiples, and women who had prescribed ASM within 90 days before the 
LMP but no ASM prescription during pregnancy to minimize the po-
tential for carry-over effects. In addition, we excluded children

Fig. 1. Flowchart of study population selection.
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diagnosed with chromosomal disorders before the end of follow-up.

2.3. . Exposure

ASMs identified in this study were: acetazolamide, carbamazepine, 
clobazam, clonazepam, divalproex sodium, ethosuximide, fosphenytoin 
sodium, gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarba-
zepine, perampanel, phenobarbital, phenytoin, pregabalin, primidone, 
rufinamide, topiramate, valproic acid, vigabatrin, and zonisamide. 
Women who were prescribed at least one dose of any ASMs between the 
LMP and the birth date were classified as ASM users, while those who 
were not prescribed any ASMs during pregnancy were classified as non-
users. Monotherapy was defined as the use of a single ASM type during 
pregnancy without the addition of other ASMs. Duotherapy was defined 
as the concurrent prescription of two different ASMs within the same 
trimester. To account for varying potencies, the mean daily dose was 
calculated using the WHO-defined daily dose (DDD) [15]. The cumu-
lative dose was calculated as follows for all prescriptions during the 
gestational period:

Cumulativedose = 
∑

i=prescription

(
∑

j=ingredient

Dose ij ×Numberof prescriptiondays ij
DefinedDailyDose(DDD) j

)

2.4. . Outcome

Neurodevelopmental outcomes were identified as at least one diag-
nosis of one of the following codes: [1] ASD, including autism (F84.0), 
atypical autism (F84.1), and Asperger syndrome (F84.5); and [2] ID, 
including mild (F70), moderate (F71), severe (F72), and profound ID 
(F73). We also considered two composite neurodevelopmental out-
comes: Composite Outcome 1 included any of the above diagnoses, as 
well as unspecified ID (F79), other childhood disintegrative disorder 
(F84.3), disorder of mental retardation with stereotyped movements 
(F84.4), other pervasive developmental disorders (F84.8), unspecified 
pervasive developmental disorder (F84.9), and other psychological 
developmental disorders (F88). Composite Outcome 2 comprised spe-
cific developmental disorders of speech and language (F80), specific 
developmental disorders of scholastic skills (F81), specific develop-
mental disorder of motor function (F82), unspecified in addition to all 
diagnoses in Composite Outcome 1. All infants were followed from birth 
to the earliest date of the first NDD diagnosis, death, or the end of study 
period (April 2023).

2.5. . Statistical analysis

Descriptive statistics were used to summarize the baseline charac-
teristics of the study population. Categorical variables are present as 
numbers and percentages, while continuous variables are expressed as 
means (standard deviations, SD). We calculated crude incidence rates by 
dividing the total number of cases by the total person-time in each 
exposure group. Missing data was regarded as missing.

To address potential selection bias and confounding by indication, 
we performed 1:5 propensity score matching (PSM) to balance the ASM-
exposed and unexposed cohorts. Covariates included delivery-related 
characteristics (delivery year, mode of delivery, prior delivery history, 
history of pregnancy-related complications), maternal characteristics 
(age, income level, lifestyle factors, medical history, including autism 

spectrum disorder and intellectual disability diagnosed before delivery, 
and medication exposure from 90 days before the last menstrual period 
to delivery, including opioids, antipsychotics, anxiolytics, sedative-
hypnotics, and antidepressants), and child-related characteristics (sex, 
medical history, health status at birth) [8,16]. Covariates that remained 
imbalanced after PSM were additionally adjusted for in the Cox pro-
portional hazards model.

We employed Cox proportional hazards models to estimate adjusted

hazard ratios (aHRs) and 95% confidence intervals (CIs). To account for 
the typical age of NDD diagnosis, sensitivity analyses were conducted by 
limiting the cohort to children diagnosed at ≥36 months (for ASD, ID, 
and Composite 1) and ≥72 months (for Composite 2). Additional sub-
group analyses were conducted based on ASM dosage and duration by 
categorizing the level of exposure as low (< median) or high (≥ median), 
timing (trimester) at pregnancy confirmation, and by history of 
maternal epilepsy.

3. Results

From 2009 to 2021, 3836,536 mother-infant pairs were screened, 
with 3663,052 meeting eligibility criteria. Following propensity score 
matching, the final cohort comprised 57,522 pairs (9587 ASM-exposed; 
47,935 unexposed) (Fig. 1, Table A.1). The mean maternal age was 32.5 
years (Table 1). Epilepsy was documented in 10% of the total matched 
cohort, though the prevalence was markedly higher among ASM users 
(48.2%) compared to non-users (2.3%). The indication profile varied 
substantially across individual ASMs, with gabapentin, pregabalin, and 
clonazepam predominantly prescribed in women without maternal ep-
ilepsy, whereas levetiracetam, lamotrigine, and oxcarbazepine were 
predominantly prescribed in women with maternal epilepsy 
(Table A.2). While several comorbidities—including depression, dia-
betes, and hypertension—were more prevalent in the exposed group 
initially (p < 0.001), propensity score matching achieved a robust bal-
ance across all baseline covariates (Table 1).

The most frequently prescribed ASMs were gabapentin (18.62%), 
clonazepam (17.89%), and lamotrigine (16.54%) (Table A.2). Mono-
therapy was the predominant treatment strategy (83.52%) (Table 2). 
Over half of the users (51.49%) were exposed only during the first 
trimester, reflecting a high rate of early-pregnancy exposure 
(Table A.3).

Prenatal ASM exposure was associated with a significantly increased 
risk of ASD (aHR 1.57; 95% CI 1.15–2.15) and ID (aHR 2.40; 95% CI 
1.80–3.19) (Table 3). These associations remained consistent in sensi-
tivity analyses restricted by age at diagnosis (36 or 72 months) 
(Table A.4). A clear dose–response relationship was observed, with risks 
increasing in correlation with higher daily doses and longer exposure 
durations (Tables A.5, A.6).

While the association between monotherapy and ASD did not reach 
statistical significance (aHR 1.34; 95% CI 0.93–1.91), it significantly 
increased the risk of ID (aHR 1.74; 95% CI 1.24–2.45). Notably, duo-
therapy carried a markedly higher risk, particularly for ID (aHR 3.23; 
95% CI 1.79–5.83) (Table 3).

The timing of pregnancy confirmation significantly influenced NDD 
risk; women who confirmed pregnancy after the first trimester exhibited 
higher risks of adverse outcomes compared to those with early confir-
mation (Table 4). Furthermore, among single-trimester exposures, first-
trimester-only exposure showed the strongest association with Com-
posite Outcome 2 (Table A.7). After stratification by maternal history of 
epilepsy, incidence rates of composite neurodevelopmental outcomes 
were highest in ASM-exposed mothers with epilepsy, followed by ASM-
unexposed mothers with epilepsy, ASM-exposed mothers without epi-
lepsy, and ASM-unexposed mothers without epilepsy (Table A.8).

4. Discussion

This nationwide retrospective cohort study provides robust evidence 
regarding the neurodevelopmental safety of ASM exposure in a cohort of 
57,522 mother-child pairs in Korea. Our findings demonstrate that 
children exposed to ASMs in utero have a significantly higher risk of 
being diagnosed with a neurodevelopmental outcome, with adjusted 
hazard ratios of 1.57 for ASD, and 2.40 for ID compared to the general 
population, in a cohort that included both epilepsy and non-epilepsy 
mothers. These results are particularly salient when considering the 
dose-response relationships and the heightened risk associated with
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Table 1
Baseline characteristics of participants following propensity score matching according to anti-seizure medication use.

Characteristics Total Non-users Users P

N % N % N %
Total 57,522 100 47,935 83.33 9587 16.67

Year of Delivery ​ ​ ​ ​ ​ ​ ​
2009 4138 7.19 3459 7.22 679 7.08 0.989
2010 4407 7.66 3669 7.65 738 7.7
2011 4327 7.52 3604 7.52 723 7.54
2012 4339 7.54 3631 7.57 708 7.39
2013 4677 8.13 3911 8.16 766 7.99
2014 4565 7.94 3789 7.9 776 8.09
2015 4461 7.76 3707 7.73 754 7.86
2016 4541 7.89 3793 7.91 748 7.8
2017 4834 8.40 4028 8.4 806 8.41
2018 5147 8.95 4306 8.98 841 8.77
2019 4879 8.48 4063 8.48 816 8.51
2020 5028 8.74 4181 8.72 847 8.83
2021 2179 3.79 1794 3.74 385 4.02
Mode of Delivery ​ ​ ​ ​ ​ ​ ​
Cesarean section 25,718 44.71 20,823 43.44 4895 51.06 <0.001
Induced labor 13,703 23.82 11,634 24.27 2069 21.58
Spontaneous vaginal delivery 18,101 31.47 15,478 32.29 2623 27.36
Parity ​ ​ ​ ​ ​ ​ ​
Primipara 31,471 54.71 26,258 54.78 5213 54.38 0.47
Multipara 26,051 45.29 21,677 45.22 4374 45.62
Pregnancy-related Complications ​ ​ ​ ​ ​ ​ ​
Malnutrition 21 0.04 17 0.04 4 0.04 0.77
Small for Gestational Age 73 0.13 51 0.11 22 0.23 0.002
Fetal distress 270 0.47 212 0.44 58 0.6 0.033
Placental abruption 227 0.39 186 0.39 41 0.43 0.572
Premature Rupture of Membranes 11,879 20.65 10,067 21 1812 18.9 <0.001
Polyhydramnios / Oligohydramnios 3689 6.41 3061 6.39 628 6.55 0.547
Infection during pregnancy 590 1.03 484 1.01 106 1.11 0.395
Gestational hypertension 1091 1.90 905 1.89 186 1.94 0.732
Gestational diabetes 20,531 35.69 17,055 35.58 3476 36.26 0.205
Preeclampsia / Eclampsia 806 1.40 621 1.3 185 1.93 <0.001
Maternal Characteristics ​ ​ ​ ​ ​ ​ ​
Age, mean (SD) 32.50 (4.21) 32.50 (4.20) 32.53 (4.25) 0.487
Insurance Type ​ ​ ​ ​ ​ ​ ​
Medical Aid 325 0.57 5374 11.21 1114 11.62 0.676
Self-employed, Income Quintile 1–2 6488 11.28 5191 10.83 1036 10.81 ​
Self-employed, Income Quintile 3–5 6227 10.83 14,663 30.59 2894 30.19 ​
Employee-insured, Income Quintile 1–2 17,557 30.52 16,016 33.41 3175 33.12 ​
Employee-insured, Income Quintile 3–5 19,191 33.36 6427 13.41 1307 13.63 ​
Missing 7734 13.45 264 0.55 61 0.64 ​
Disability Status, Yes 252 0.44 201 0.42 51 0.53 0.127
Smoking 907 1.58 733 1.53 174 1.81 0.05
Alcohol consumption 4774 8.30 3918 8.17 856 8.93 0.01
Total comorbidities, mean (SD) 0.63 (1.51) 0.60 (1.46) 0.74 (1.78) <0.001
Asthma 6622 11.51 5434 11.34 1188 12.39 0.003
Hypertension 1493 2.60 1123 2.34 370 3.86 <0.001
Renal disease 42 0.07 32 0.07 10 0.1 0.214
Rheumatoid arthritis 715 1.24 538 1.12 177 1.85 <0.001
Thyroid disease 13,467 23.41 11,208 23.38 2259 23.56 0.701
Heart disease 1745 3.03 1360 2.84 385 4.02 <0.001
Diabetes 2646 4.60 2026 4.23 620 6.47 <0.001
Depression 6741 11.72 5009 10.45 1732 18.07 <0.001
Anxiety disorder 14,962 26.01 12,480 26.04 2482 25.89 0.766
Personality disorder 132 0.23 85 0.18 47 0.49 <0.001
Autism Spectrum Disorder 15 0.03 6 0.01 9 0.09 <0.001
Intellectual disability 159 0.28 122 0.25 37 0.39 0.025
Obesity 146 0.25 120 0.25 26 0.27 0.711
Mental/Behavioral disorders due to substance use 13 0.02 7 0.01 6 0.06 <0.004
Poisoning by drugs or biological substances 40 0.07 26 0.05 14 0.15 0.002
Total pre-pregnancy hospitalizations, mean (SD) 0.51 (0.91) 0.50 (0.88) 0.56 (1.03) <0.001
Medications ​ ​ ​ ​ ​ ​ ​
Opioids 8305 14.44 7177 14.97 1128 11.77 <0.001
Antipsychotics 1043 1.81 439 0.92 604 6.3 <0.001
Anxiolytics 8415 14.63 6835 14.26 1580 16.48 <0.001
Hypnotics and Sedatives 2491 4.33 1942 4.05 549 5.73 <0.001
Antidepressants 3430 5.96 2133 4.45 1297 13.53 <0.001
Neonatal Characteristics ​ ​ ​ ​ ​ ​ ​
Sex ​ ​ ​ ​ ​ ​ ​
Male 29,536 51.35 24,548 51.21 4988 52.03 0.144
Female 27,986 48.65 23,387 48.79 4599 47.97 ​
Epilepsy 2003 3.48 1515 3.16 488 5.09 <0.001
Preterm/Low Birth Weight 2439 4.24 1973 4.12 466 4.86 0.001
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polytherapy. Notably, our data revealed that the timing of pregnancy 
awareness is a critical determinant of NDD risk.

These findings contribute to the ongoing global debate regarding 
ASM safety. The overall magnitude of increased risk observed in our 
study is consistent with the Nordic registry study by Bjørk et al., which 
reported up to 1.6- and 2.5-fold increases in the risk of ASD and ID, 
respectively [8]. A subtle distinction lies in the prescribing patterns 
unique to Korea, with a high prevalence of gabapentin and clonazepam 

use, agents frequently prescribed not only for epilepsy but for neuro-
pathic pain and anxiety disorders [17]. The findings suggest that the 
neurodevelopmental risks identified here may extend beyond classical

teratogenic ASMs to medications commonly used in broader psychiatric 
and primary care settings, necessitating a shift in how we counsel pa-
tients of childbearing potential, regardless of their primary diagnosis. 

To further examine whether the observed associations could be 
attributed to maternal epilepsy itself rather than to ASM exposure, we 
performed an additional subgroup analysis stratified by maternal history 
of epilepsy before pregnancy. Incidence rates of neurodevelopmental 
outcomes were the highest among ASM-exposed mothers with epilepsy, 
followed by ASM-unexposed mothers with epilepsy, ASM-exposed 
mothers without epilepsy, and lowest in ASM-unexposed mothers 
without epilepsy. These descriptive comparisons should be interpreted 
with caution as they were not formally evaluated through inferential 
statistics. This observed trend suggests that both ASM exposure and 
maternal epilepsy may each contribute to offspring neurodevelopmental 
risk, consistent with previous findings by Bjørk et al. and Hernandez-
Diaz et al [8,11].

Our analysis revealed a clear dose-response relationship, where high-
dose exposure (≥ median DDD) significantly increased the hazard for ID 
(aHR 2.14), thereby strengthening the biological plausibility of the as-
sociation between NDD and ASM exposure. Previous studies have sug-
gested that ASMs may interfere with critical neuro-migratory processes 
or neurotransmitter signaling in the fetus in a concentration-dependent 
manner [18,19]. Furthermore, the synergistic escalation of risk observed 
with duotherapy (ID aHR 3.23) underscores the clinical imperative to 
simplify regimens to monotherapy—ideally with safer alternatives like 
lamotrigine or levetiracetam—well before conception [9,20].

Another notable finding was that children born to mothers who 
confirmed pregnancy during the second trimester faced a 3.11-fold 
higher risk for ASD. This significantly higher risk compared to the 
first-trimester confirmation group (aHR 1.53) likely reflects a missed 
window for medication adjustment or folate supplementation during the 
most vulnerable period of organogenesis [20]. Our single-trimester 
analysis further confirmed that the first trimester carried the highest 
risk for composite neurodevelopmental outcomes. These findings un-
derscore the importance of proactive preconception care and early 
pregnancy detection to minimize unintended exposure during preg-
nancy. Optimizing ASM regimens by switching to safer alternatives and 
initiating folic acid supplementation before conception may improve 
both short- and long-term pregnancy outcomes [21].

The primary strength of this study is the use of the Pregnancy and 
Childbirth Medical Expenses dataset to precisely identify the pregnancy

Table 2
Specific anti-seizure medications prescribed during pregnancy.

Category N %
Total 9587 100

Monotherapy 8007 83.52
Gabapentin 1693 17.66
Clonazepam 1486 15.50
Lamotrigine 986 10.28
Carbamazepine 871 9.09
Levetiracetam 681 7.10
Pregabalin 576 6.01
Topiramate 538 5.61
Oxcarbazepine 332 3.46
Valproic acid 260 2.71
Phenobarbital 179 1.87
Clobazam 173 1.80
Divalproex sodium 82 0.86
Acetazolamide 68 0.71
Zonisamide 50 0.52
Phenytoin 30 0.31
Duotherapy* 868 9.05
Lamotrigine + Oxcarbazepine 112 1.17
Levetiracetam + Oxcarbazepine 80 0.83
Lamotrigine + Topiramate 62 0.65
Levetiracetam + Carbamazepine 61 0.64
Levetiracetam + Topiramate 59 0.62
Carbamazepine + Topiramate 51 0.53
Lamotrigine + Carbamazepine 35 0.37
Others 712 7.42
Two ingredients in different trimesters 301 3.14
Three or more ingredients 411 4.28

Cells with N < 30 are not displayed. * Used 2 ingredients in the same trimester.

Table 3
Association between anti-seizure medication use and risk of neurodevelopmental disorders.

Category Cases Incidence Rate (per 10,000 P-Y) HR (95% CI) aHR (95% CI)

n % P-Y IR 95% CI HR 95% CI HR 95% CI

Autism Spectrum Disorder 
Non-users (N = 47,935) 159 0.33 331,539 4.80 3.99–5.60 1 - 1 -
Users (N = 9587) 60 0.63 65,949.7 9.10 6.94–11.71 1.90* 1.41–2.55 1.57* 1.15–2.15
Monotherapy (N = 8007) 51 0.54 54,553.6 7.70 5.55–10.41 1.61* 1.15–2.26 1.34 0.93–1.91
Duotherapy (N = 868) 5 0.67 6522.7 12.26 5.30–24.17 2.55 1.26–5.20 2.05 0.99–4.23
Intellectual Disability 
Non-users (N = 47,935) 150 0.31 331,537 4.52 3.74–5.31 1 - 1 -
Users (N = 9587) 92 0.96 65,821.42 13.98 11.27–17.14 3.10* 2.38–4.02 2.40* 1.80–3.19
Monotherapy (N = 8007) 73 0.77 54,508.5 10.27 7.76–13.34 2.28* 1.68–3.11 1.74* 1.24–2.45
Duotherapy (N = 868) 12 1.60 6489.9 26.19 15.26–41.94 5.57 3.38–9.20 3.23* 1.79–5.83
Composite Outcome 1 
Non-users (N = 47,935) 439 0.92 331,350 13.25 12.04–14.55 1 - 1 -
Users (N = 9587) 212 2.21 65,739.6 32.25 28.05–36.89 2.81* 2.23–3.54 2.16* 1.68–2.77
Monotherapy (N = 8007) 183 1.94 54,446.3 27.37 23.15–32.13 2.18* 1.67–2.86 1.67* 1.25–2.24
Duotherapy (N = 868) 25 3.34 6483.6 50.90 35.04–71.48 4.32 2.67–6.99 2.54* 1.45–4.44
Composite Outcome 2 
Non-users (N = 47,935) 1645 3.43 325,711 50.50 48.00–53.01 1 - 1 -
Users (N = 9587) 691 7.21 63,480.1 108.85 100.89–117.28 2.17* 1.97–2.38 1.90* 1.72–2.10
Monotherapy (N = 8007) 651 6.91 52,739.0 98.98 90.67–107.84 1.97* 1.78–2.19 1.72* 1.55–1.92
Duotherapy (N = 868) 69 9.22 6175.2 137.65 109.95–170.2 2.70 2.17–3.36 2.27* 1.78–2.88

* p < 0.05.
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confirmation date. Also, we used the NHIS-Family Tree database, which 
allowed for a nearly exhaustive inclusion of mother-child pairs in South 
Korea over a 12-year period [13]. Furthermore, this research addresses a 
major knowledge gap by providing large-scale evidence in an Asian 
population, where ethnic-specific pharmacokinetic profiles—such as the 
lower clearance of lamotrigine in Asians—make Western data poten-
tially less applicable [22].

Several limitations warrant consideration when interpreting these 
results. First, because our cohort included all ASM users—including 
those prescribed these medications for non-neurological indications 
such as psychiatric disorders—residual confounding by indication may 
persist. While we employed propensity score matching to balance 
maternal comorbidities, the severity of the underlying maternal condi-
tion remains difficult to fully quantify in claims data. Furthermore, re-
sidual confounding by the underlying maternal condition and 
unmeasured shared genetic factors between mothers and offspring 
cannot be entirely excluded. Second, the substantially lower rate of ASD 
diagnosis observed in our Korean cohort (0.63%) compared to Nordic 
populations (1.61%) suggests that cultural stigma may have led to 
under-reporting or delayed diagnoses [23,24]. Nevertheless, our longi-
tudinal follow-up period provides a substantial window for capturing 
the majority of primary neurodevelopmental diagnoses. Third, as a 
claims-based study, we could not verify actual medication adherence. In 
addition, detailed clinical data relevant to treatment management dur-
ing pregnancy—including the reasons for treatment cessation and

information on drug level monitoring for specific ASMs—were not 
available. This limitation may have affected our ability to capture in-
dividual variations in seizure control during pregnancy. Finally, due to 
sample size constraints for certain specific agents, individual ASM-level 
analyses and sibling-matched analyses were not performed; 
sibling-matched designs would have further addressed unmeasured 
confounding by shared family-level factors. Also, in mothers with epi-
lepsy only, the lack of statistically significant associations likely reflects 
limited statistical power, given the small number of unexposed women 
in this subgroup.

5. Conclusions

In this nationwide Korean cohort, prenatal ASM exposure was 
associated with an increased risk of ASD and ID in offspring. The 
heightened risk associated with delayed pregnancy confirmation em-
phasizes a critical need for proactive preconception counseling. Because 
ASM use during pregnancy extends beyond women with epilepsy, 
indication-aware preconception planning is essential for all women of 
childbearing potential receiving ASMs, with ASM regimens optimized to 
the lowest effective dose before the critical first trimester. These findings 
should not discourage necessary treatment for epilepsy or other in-
dications, but rather facilitate shared decision-making to improve long-
term outcomes for both mother and child.

Table 4
Association between anti-seizure medication use and risk of neurodevelopmental disorders by the timing of pregnancy confirmation.

Category Cases Incidence Rate (per 10,000 P-Y) Unadjusted HR (95% CI) Adjusted HR (95% CI)

n % P-Y IR 95% CI HR 95% CI HR 95% CI

Autism Spectrum Disorder 
1st-trimester
Non-users (N = 44,594) 141 0.32 29,6621.3 4.75 3.90–5.61 1 - 1 -
Users (N = 8784) 51 1.61 57,913.6 8.81 6.56–11.58 1.85* 1.35–2.55 1.53* 1.09–2.16
2nd-trimester
Non-users (N = 2431) 11 0.45 24,982.7 4.40 0.93–7.88 1 - 1 -
Users (N = 605) 8 1.32 5927.4 13.50 5.88–26.59 3.04* 1.22–7.55 3.11* 1.23–7.88
3rd-trimester
Non-users (N = 910) 7 0.77 9935.2 7.05 0–14.52 1 - 1 -
Users (N = 198) 1 0.51 2108.6 4.74 0.12–26.42 1.62 0.96–2.72 0.46 0.04–5.62
Intellectual Disability 
1st-trimester
Non-users (N = 44,594) 134 0.3 29,6592.7 4.52 3.69–5.35 1 - 1 -
Users (N = 8784) 76 1.53 57,810.5 13.15 10.36–16.45 2.92* 2.20–3.87 2.26* 1.65–3.10
2nd-trimester
Non-users (N = 2431) 11 0.45 24,995.3 4.40 0.93–7.87 1 - 1 -
Users (N = 605) 12 1.98 5918.7 20.27 10.48–35.42 4.65* 2.05–10.54 3.61* 1.40–9.37
3rd-trimester
Non-users (N = 910) 5 0.55 9949.7 5.03 0–11.73 1 - 1 -
Users (N = 198) 4 2.02 2092.1 19.12 5.21–48.95 3.82* 1.03–14.25 2.20 0.28–17.5
Composite Outcome 1 
1st-trimester
Non-users (N = 44,594) 388 0.87 296,500 13.09 11.72–14.46 1 - 1 -
Users (N = 8784) 183 4.42 57,740.91 31.69 27.27–36.63 2.86* 2.23–3.68 2.19* 1.66–2.88
2nd-trimester
Non-users (N = 2431) 32 1.32 24,931.0 12.84 7.55–18.12 1 - 1 -
Users (N = 605) 21 3.47 5910.7 35.53 21.99–54.31 2.62* 1.31–5.23 2.37* 1.16–4.85
3rd-trimester
Non-users (N = 910) 19 2.09 9919.0 19.16 8.40–29.91 1 - 1 -
Users (N = 198) 8 4.04 2087.9 38.31 16.54–75.49 2.15 0.75–6.20 1.02 0.22–4.65
Composite Outcome 2 
1st-trimester
Non-users (N = 44,594) 1460 3.27 291,685.1 50.05 47.42–52.69 1 - 1 -
Users (N = 8784) 593 16.62 55,890.8 106.10 97.73–114.99 2.13* 1.94–2.34 1.87* 1.68–2.08
2nd-trimester
Non-users (N = 2431) 128 5.27 24,372.9 52.52 42.59–62.44 1 - 1 -
Users (N = 605) 79 13.06 5596.4 141.16 111.76–175.93 2.71* 2.05–3.59 2.50* 1.85–3.37
3rd-trimester
Non-users (N = 910) 57 6.26 9652.9 59.05 41.59–76.51 1 - 1 -
Users (N = 198) 19 9.6 1992.8 95.34 57.40–148.89 1.62 0.96–2.72 1.23 0.67–2.24

* p < 0.05.
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