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Background: For women of childbearing age, the risks of uncontrolled epilepsy
to the mother and fetus need to be balanced against the potential teratogenic
effects of antiepileptic drugs (AEDs). The combined use of different types of AEDs
has become a potential treatment option for the effective control of epileptic
symptoms, while different studies present significant difference between the
combined use of AEDs and foetal toxicity, which need a large comprehensive
study to clarify the relation.

Objective: The study aims to analyze data from the U.S. Food and Drug
Administration (FDA) Adverse Event Reporting System (FAERS) to explore the
impact of monotherapy or polytherapy of AEDs on foetal and infant disorders.

Methods: Bayesian analysis and non-proportional methods were employed
to assess the association between AED use and foetal disorders based on
the FAERS database from the first quarter of 2004 to the fourth quarter of
2023. The clinical characteristics and outcome of patients were also
investigated.

Results: The study identified significant correlation between foetal disorders
and the first and second generation AEDs, with RORs of 3.8 and 4.9,
respectively. Valproic acid monotherapy showed the highest correlation with
foetal disorders (ROR = 15.8, PRR = 16.3, IC025 = 3.8) and was uniquely
associated with male reproductive toxicity. The risk of foetal disorders
associated with combination therapies varied depending on the specific
AEDs combination, with some increasing and others decreasing the risk
compared to monotherapy.

Conclusion: The analysis of the reports from FAERS database identified
correlation between foetal disorders and AEDs and provided a comprehensive
overview of the incidence and prognosis of different AEDs monotherapy and
combination, which may provide some advice for the selection of drug for
women of childbearing age.
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1 Introduction

Epilepsy is a common nervous system disease, which affects about
1% of the world’s population, and the prevalence rate of women of
childbearing age is about 0.3%–0.7% (Thigpen and Owens, 2022). For
women of childbearing age, the risks of uncontrolled epilepsy to the
mother and fetus need to be balanced against the potential teratogenic
effects of antiepileptic drugs (AEDs) (Perucca et al., 2024), thus the
selection of AEDs, either as monotherapy or in combination is a focus
of clinical research. Studies have shown that different AEDs are
associated with specific disease risks in offspring (Tomson et al.,
2019; Asranna et al., 2018). For example, valproic acid may increase
the risk of neural tube defects, cardiac abnormalities, urogenital
malformations and skeletal deformities (Tomson et al., 2016);
carbamazepine, phenytoin and phenobarbital may be associated
with a higher risk of neural tube defects, cardiovascular defects
and oral clefts (Hernández-Díaz et al., 2000); topiramate shows a
higher association with oral cleft and hypospadias. While some newer
AEDs show a trend of reduced foetal toxicity (Reimers and Brodtkorb,
2012). The different teratogenicity of AEDs may significantly
influence the medication choice for women of childbearing age.

During pregnancy, due to changes in the physiological
environment of pregnant women, the blood concentration of
AEDs may significantly decrease (Pennell et al., 2022; Arfman
et al., 2020; Pennell et al., 2022; Arfman et al., 2020), often
requiring an increase in dosage to maintain effective control of
epilepsy. However, the teratogenic potential of some AEDs shows a
strong correlation with increased dosage (Hernández-Díaz et al.,
2000), which may add complexity to the treatment. Besides, the
combined use of different types of AEDs has become a potential
treatment option for the effective control of epileptic symptoms. It is
worth noting that different studies present significant difference
between the combined use of AEDs and foetal toxicity (Vajda et al.,
2019), which need a large comprehensive study to clarify the
relation. Therefore, the pharmacovigilance study aims to analyze
data from the U.S. Food and Drug Administration (FDA) Adverse
Event Reporting System (FAERS) to explore the impact of
monotherapy or polytherapy from different generations of AEDs
on foetal and infant disorders, and to compare the effects of two
AEDs used in combination versus monotherapy on foetal and infant
disorders. The study may provide a comprehensive overview of
foetal disorders associated with AEDs, serving as a supplement of
previous studies which only include limited outcomes such as
growth restriction, congenital malformations, and death.

2 Methods

2.1 Data source

The FAERS is a publicly accessible database maintained by the
US FDA, which contains data voluntarily reported by individuals
involved in drug use. OpenVigil 2.1 is an open-source
pharmacovigilance data extraction, mining, and analysis tool
specifically designed for use with the FAERS database. It is
important to note that OpenVigil 2.1 operates exclusively on
preprocessed FAERS data, which has been filtered to remove
most duplicates and reports with incomplete information. Some

fetuses have not yet been born, and related reports may be filed
under the identity of the mother.

In the FAERS database, adverse events (AEs) are classified using
preferred terms (PTs) from the Medical Dictionary for Regulatory
Activities (MedDRA) (version 25.0). A specific PT may be linked
with multiple higher-level terms (HLTs), higher-level group terms
(HLGTs), and system organ classes (SOCs). Additionally, PTs that
indicate symptoms, signs, investigations, or diagnoses of potential
significance are organized into Standardized MedDRA Queries
(SMQs) to portray specific medical conditions. The research
concentrated on the specific SMQ concerning foetal disorders,
including 118 PTs (Supplementary Table S1).

2.2 Data extraction

In this study, data from the FAERS database of AEDs between
the first quarter of 2004 and the fourth quarter of 2023 was collected
and retrospectively analyzed. Among the AEDs, the first generation
of drugs are phenytoin, phenobarbital, valproic acid, and
carbamazepine, the second generation drugs include lamotrigine,
oxcarbazepine, topiramate and evetiracetam, while the third
generation drugs comprise zonisamide and lacosamide. Duplicate
entries with the same PSR number were removed prior to analysis.
The narrow SMQ and PT dimensions were used to analyze the
correlation between foetal disorders and AEDs, also the correlation
of the combined application of two AEDs with foetal disorders
was analyzed.

2.3 Data mining

A disproportionality analysis was performed using a case/non-
case methodology. The Reporting Odds Ratio (ROR) (Sakaeda et al.,
2013) and Proportional Reporting Ratio (PRR) (Slattery et al., 2013),
were calculated to identify potential reporting disproportionality
signals in foetal disorder related to AEDs. An exploratory
disproportionality approach comparing foetal disorder related to
AEDs versus all other drugs (non-cases) reported in the FAERS
database was conducted. The study also paid close attention to the
AEs of foetal disorders with a positive ROR (lower limit of the 95%
CI > 1 with at least 3 cases) especially those were not documented in
the FDA label. The Bayesian Information Component (IC) (Hauben
and Bate, 2009), which is considerd more accurate for the analysis of
the small sample size of reports, was calculated to decrease the risk of
detecting false signals. The equations and criteria for the three
algorithms are shown in Supplementary Table S2.

2.4 Statistical analysis

All data were statistically analyzed using IBM® SPSS® Statistics
(version 26), and Sankey plot were used to demonstrate the clinical
characteristics of cases with AEDs-related foetal disorders. Pearson
chi-square test or Fisher exact test was used to compare the
congenital malformation rate and mortality rate among different
AEDs. p-value less than 0.05 was considered statistically significant.
All graphs were plotted online with the help of chiplot.
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3 Results

3.1 Descriptive analysis

A total of 3,046 reports of foetal disorders associated with AEDs
were included in this study, of which the number of reports
associated with second-generation AEDs was highest, accounting

for more than 50%, showing in Figures 1, 2. Reports of foetal diseases
associated with the third-generation AEDs remained relatively rare.
However, there had been an increasing reports of the third-
generation AEDs since 2012, which may be related to the
perceived greater safety and subsequently widespread clinical use
of third-generation AEDs. Among the reported cases of foetal
disorders related to AEDs, Europe accounted for a relatively high

FIGURE 1
Sankey plot of clinical characteristics of patients with AED-related foetal disorders.

FIGURE 2
The outcomes of reports related to AEDs and foetal diseases.
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proportion, more than 50%, and a relatively high proportion (>30%)
was reported between 2008 and 2011. removing those with unknown
age in the reported cases, the reporting proportion of infants was
higher than that of adults, and the proportion of boys among infants
was higher than that of girls, while 93.1% of adults were females. foetal
disorders related toAEDs are often accompanied by adverse outcomes
such as prolonged hospital stays, congenital anomalies/disabilities and
death. Among them, congenital anomalies accounted for a relatively
high proportion of 62.0%, and more than 10% of fetuses may be life-
threatening or die. The third-generation AEDs showed significantly
higher rates of foetal hospitalization and mortality than the first and
second generation AEDs.

3.2 Bayesian and nonproportional analyses

According to the positive criteria, the first and second
genenration AEDs all indicated a strong correlation between the
AEs and the drugs use, when comparing the group “Monotherapy +
Polytherapy” and group “Monotherapy”, there was a statistically
significant difference between the two groups for the first and second
genenration AEDs, as shown in Table 1. However, in the
“Monotherapy” group, there was no positive correlation between
foetal disorders and the third generation AEDs. As for the specific
drugs, there was no significant statistical significance between foetal
disorders and phenytoin, zonisamide, or lacosamide. Valproic acid
in group “Monotherapy” showed the highest correlation with foetal
disorders (ROR = 15.8, PRR = 16.3, IC025 = 3.8).

The analysis of AEDs with PTs including in the narrow SMQ of
foetal disorders was also counducted. 3,567 AEs were reported for
10 AEDs, as shown in Figure 3. Among them, the most frequently

reported PTs were: maternal drugs affecting foetus (1,261), foetal
anticonvulsant syndrome (797), foetal growth restriction (424),
foetal malformation (184), oligohydramnios (102), and foetal
distress syndrome (100). All of the ten AEDs contained the PTs
of maternal drugs affecting foetus, foetal growth restriction, and
foetal malformation. For the PTs of foetal anticonvulsant syndrome,
valproic acid, phenobarbital, phenytoin, zonisamide,
carbamazepine, lamotrigine, levetiracetam, and topiramate
showed statistically significant correlation, besides, valproic acid
accounted for 64.9% of the total AEs, and the correlation was the
highest (n = 517, ROR = 264.5). A total of 11 cases of foetal
megacystis were reported, which showed a strong correlation
with levetiracetam (n = 9, ROR = 83.4). Paternal drugs affecting
foetus was reported in 15 cases, which was related to the use of
valproic acid, carbamazepine, levetiracetam, and lamotrigine, while
only valproic acid showed positive correlation (n = 10, ROR = 6.8).
Umbilical cord shortening showed a strong correlation with
lamotrigine (n = 7, ROR = 30.6). Enlarged foetal cisterna magna
showed a strong correlation with carbamazepine (n = 4, ROR =
30.6). The third generation drug lacosamide showed strong
correlation with foetal alcohol syndrome (n = 7, ROR = 46.4),
hydrops foetalis (n = 13, ROR = 11.8), and foetal malformation (n =
6, ROR = 2.3).

3.3 Correlation between two AEDs
combined and foetal disorders

In the study, the number of reported cases involving the
combination use of two AEDs was 1,264, and the correlation
between foetal disorders and combination use was analyzed, as

TABLE 1 Signal strength of AEDs related foetal disorders.

Drug Monotherapy Monotherapy + polytherapy

N PRR (χ2) ROR (95%two-
sided CI)

IC(IC025) N PRR (χ2) ROR (95%two-
sided CI)

IC(IC025)

First generation 801 3.8(1601.7) 3.8(3.5–4.1) 2.9(2.8) 1211 8.5(7672.1) 8.6(8.2–9.2) 3.0(2.9)

Phenytoin 39 1.5 (5.4) 1.4 (1.1–2.0) 0.5 (0.0a) 149 3.8 (304.4) 3.8 (3.3–4.5) 1.9 (1.6)

Phenobarbital 15 5.9 (56.7) 5.9 (3.6–9.8) 2.4 (1.5) 77 8.2 (478.8) 8.3 (6.6–10.4) 3.0 (2.6)

Valproic acid 599 15.8 (8131) 16.3 (15.0–17.7) 3.9 (3.8) 796 14.4 (9593.4) 14.7 (13.7–15.8) 3.8 (3.7)

Carbamazepine 151 4.0 (345) 4.0 (3.4–4.7) 2 (1.7) 336 6.2 (1428.8) 6.2 (5.6–6.9) 2.6 (2.4)

Second generation 905 4.9(2682.8) 4.9(4.6–5.2) 2.2(2.1) 1531 6.1(6167.8) 6.2(5.9–6.5) 2.5(2.5)

Lamotrigine 393 5.0 (1237.6) 5.0 (4.6–5.6) 2.3 (2.1) 729 7.0 (3631.3) 7.1 (6.6–7.6) 2.8 (2.6)

Oxcarbazepine 24 1.6 (4.7) 1.6 (1.1–2.4) 0.7 (0) 63 2.8 (68.7) 2.8 (2.2–3.5) 1.4 (1.0)

Topiramate 189 4.5 (513.3) 4.6 (3.9–5.3) 2.2 (1.9) 376 6.6 (1770.6) 6.7 (6.1–7.4) 2.7 (2.5)

Levetiracetam 299 5.5 (1090.1) 5.6 (5.0–6.2) 2.4 (2.2) 643 6.7 (3016.6) 6.7 (6.2–7.3) 2.6 (2.5)

Third generation 21 1.1(0.3) 1.1(0.7–1.8) 0.1(-0.6) 92 2.3(65.6) 2.3(1.9–2.8) 1.1(0.8)

Zonisamide 8 1.9 (2.7) 1.9 (1.0b-3.9) 0.8 (-0.4) 39 4.3 (97.0) 4.4 (3.2–6.0) 2.0 (1.5)

Lacosamide 13 0.9 (0) 0.9 (0.5–1.6) −0.2 (-1.1) 55 1.7 (15.7) 1.7 (1.2–2.2) 0.7 (0.3)

aReal value greater than 0.
bReal value less than 1. Bold: sum of data.
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shown in Figure 4 and Table 2. The most commonly reported
combination of the two AEDs were lamotrigine and levetiracetam
(n = 192), lamotrigine and valproic acid (n = 86), and lamotrigine
and topiramate (n = 73), followed by levetiracetam and
carbamazepine (n = 67). Lamotrigine combined with other AEDs

was more frequently reported (519 cases, 41.1%). The combination use
of lamotrigine and levetiracetam showed a highest correlation with
foetal disorders, with ROR values higher than themonotherapy of each
(10.0 vs. 5.0, 10.0 vs. 5.6). The combination use of lamotrigine with
phenytoin/phenobarbital/topiramate/carbamazepine/lacosamide

FIGURE 3
Correlation heatmap of AEDs-related foetal disorders (A). The number of reports of AEDS-related fetal disorders. (B) ROR025 value of AEDS-related
fetal disorders.

FIGURE 4
Correlation heatmap of foetal disease caused by combined treatment with two AEDs. Lower right: Number of foetal disorders reports of two AEDs;
Upper left: IC025 values of foetal disorders of two AEDs.
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TABLE 2 ROR and PRR values for fetal diseases associated with the combined use of two antiepileptic drugs.

Drugs phenytoin Phenobarbital valproic acid carbamazepine Lamotrigine Oxcarbazepine Topiramate Levetiracetam Zonisamide Lacosamide

Phenytoin 5.0 (82.5) 5.5 (103.1) 7.4 (224.6)* 9.4 (312.7)* 1.1 (0)† 8.1 (210.3)* 2.7 (28.4) 3.4 (6.3)* 2.7 (9.5)*

Phenobarbital 5.0 (3.4–7.4) 6.1 (84.7) 8.4 (196.2)* 8.3 (133.3)* 0.8 (0)† 1.7 (1.2)† 3.4 (39.8)† 6.6 (32.7)* 4.3 (24.4)

Valproic acid 5.6 (3.9–8.0) 6.2 (4.0–9.5) 7.8 (307.2) 6.8 (421.9) 2.5 (5.7) 3.8 (57.0)† 4.6 (168.9)† 5.0 (37.8) 0.7 (0.1)†

Carbamazepine 7.5 (5.5–10.1) 8.6 (6.0–12.2) 7.9 (6–10.4) 5.1 (138.5)* 1.7 (0.6) 8.2 (309.0)* 5.6 (249.1)* 4.0 (18.0) 2.6 (7.4)

Lamotrigine 9.5 (7.0–12.9) 8.4 (5.5–12.8) 6.9 (5.6–8.6) 5.2 (3.8–7.0) 2.9 (16) 7 (375.8)* 9.8 (1503.3)* 4.3 (34.5) 5.4 (106.1)*

Oxcarbazepine 1.1 (0.3–4.5) 0.8 (0.1–5.5) 2.5 (1.2–5.0) 1.7 (0.6–4.5.0) 2.9 (1.7–5.0) 5.1 (58.3)* 2.7 (19.3) 1.5 (0)† 0.4 (0.5)†

Topiramate 8.2 (5.9–11.4) 1.7 (0.8–3.9) 3.8 (2.6–5.5) 8.3 (6.3–11.0) 7.2 (5.7–9.0) 5.1 (3.3–8.1) 4.9 (173.4) 1.3 (0)† 0.5 (0.7)†

Levetiracetam 2.7 (1.9–3.8) 3.4 (2.3–5.0) 4.6 (3.6–5.9) 5.7 (4.4–7.2) 10 (8.7–11.5) 2.7 (1.8–4.3) 4.9 (3.8–6.3) 4.0 (42.3) 1.5 (3.7)

Zonisamide 3.4 (1.4–8.3) 6.7 (3.3–13.4) 5 (2.9–8.7.0) 4.1 (2.1–7.9) 4.3 (2.6–7.2) 1.5 (0.4–6.1) 1.3 (0.4–4.2) 4 (2.6–6.3) 3.1 (8.2)*

Lacosamide 2.8 (1.5–5.1) 4.3 (2.4–7.8) 0.7 (0.2–2.3) 2.6 (1.4–5.0) 5.4 (3.8–7.7) 0.4 (0.1–2.7) 0.5 (0.1–1.9) 1.5 (1.0–2.2) 3.2 (1.5–6.6)

Lower left: ROR, value (95% confidence interval); Upper right: PRR, value (χ2); *: Higher than the monotherapy of either drug; †: Lower than the monotherapy of either drug.

Fro
n
tie

rs
in

P
h
arm

ac
o
lo
g
y

fro
n
tie

rsin
.o
rg

0
6

Ji
e
t
al.

10
.3
3
8
9
/fp

h
ar.2

0
2
5
.15

5
6
5
9
8

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1556598


showed a higher association with foetal disorders compared to the
single-drug use. There were 304 cases of valproic acid combination use
with other AEDs, while the ROR values for these combinations were
lower than those observed in valproic acid monotherapy.
Additionally, some combinations also showed lower ROR values
compared to the individual drugs, including oxcarbazepine with
phenytoin/phenobarbital, topiramate with phenobarbital/valproic
acid, levetiracetam with phenobarbital/valproic acid, zonisamide
with oxcarbazepine/topiramate, and lacosamide with valproic acid/
oxcarbazepine/topiramate. Interestingly, zonisamide and lacosamide
showed no statistical association with foetal disorders when used as
monotherapy, while used in combination, they demonstrated a
significant statistical association.

4 Discussion

The objective of the study was to analyze the correlation between
the use of AEDs and foetal disorders, utilizing these data to
understand the clinical characteristics and difference among
various drug interventions. To our knowledge, this is the first
study to retrospectively analyze the impact of monotherapy or
polytherapy with antiepileptic drugs on foetal disorders from a
pharmacovigilance perspective leveraging the FAERS database.

The analysis indicates that the correlation between the different
combined use of two AEDs and foetal disorders is not consistent,
primarily depending on the specific AEDs combined. Compared to
monotherapy, the combined use of certain AEDs may increase the
correlation with foetal disorders, but it is challenging to accurately
identify which drugs contribute most to adverse outcomes. Valproic
acid showed a particularly strong association with foetal disorders in
both monotherapy and combination use, previous studies have
confirmed its association with a high incidence of adverse foetal
outcomes in reproductive populations (Ornoy et al., 2023). While
valproic acid demonstrated a higher ROR for monotherapy with
foetal disorders compared with combined use. Previous studies have
observed that the incidence of congenital malformations in offspring
is higher when valproic acid is used in combination with
lamotrigine, carbamazepine, and phenobarbital than with
monotherapy of these drugs (Holmes et al., 2011; Matalon et al.,
2002; Zaccara and Perucca, 2014), confirming that valproic acid is a
major factor influencing foetal disorders when used in combination
(Ornoy et al., 2023; Morrow et al., 2006; Ornoy et al., 2023; Morrow
et al., 2006). The use of specific combinations of AEDs, such as
phenytoin with oxcarbazepine, valproate with topiramate,
phenobarbital with levetiracetam, and lacosamide with
topiramate, can significantly reduce the correlation with foetal
disorders compared to the monotherapy of these AEDs. The
phenomenon may be attributed to the reduced dosage of
individual AEDs when used in combination, thereby decreasing
the risk of foetal disorders (Tomson et al., 2015; Verrotti et al., 2015)
(Tomson et al., 2015; Verrotti et al., 2015), as previous studies have
found that the reproductive toxicity of AEDs such as valproate,
phenytoin, phenobarbital, and lacosamide is dose-dependent, with
increased reproductive toxicity risks at higher doses (Tomson et al.,
2019; Mete et al., 2016; Tomson et al., 2019; Mete et al., 2016). It may
be possible to reduce the potential risks to the fetus while ensuring
therapeutic efficacy through the rational use of AED combinations.

Lamotrigine and levetiracetam also demonstrated a high
reporting frequency, which may be related to their superior
efficacy, tolerability, and fewer side effects compared to the first-
generation AEDs, leading to their prioritized recommendation in
guidelines for populations with reproductive needs (Pack et al., 2024;
Singh and Verma, 2019). An interesting finding contrary to previous
studies is that lamotrigine and levetiracetam also showed a high
correlation with foetal disorders, which may be related to their
frequent co-administration with other AEDs, an article shows
comedication altered the clearance of lamotrigine to the greatest
extent ±70% because it is affected by both enzyme inducers and
inhibitors (Johannessen Landmark et al., 2012). A total of 797 cases
related to foetal anticonvulsant syndrome were reported, with 65%
related to valproic acid, making it the most common AED causing
the syndrome (Ornoy et al., 2023). Phenytoin and carbamazepine
both showed high ROR associated with the syndrome, previous
literature also indicates that phenytoin and carbamazepine are high-
risk factors for foetal anticonvulsant syndrome and should be
avoided during pregnancy (Moore et al., 2000; Clayton-Smith
et al., 2019). Foetal growth restriction is one of the most
commonly used indicators to assess the toxicity of AEDs in
offspring exposed during pregnancy (Viale et al., 2015). This
study showed that all AEDs were reported causing foetal growth
restriction, particularly for topiramate, which showed a significant
correlation with (Christensen et al., 2024; Hernández-Díaz et al.,
2018). Lamotrigine, levetiracetam, and carbamazepine were
reported with higher frequencies of foetal cardiac rhythm
abnormalities. Carbamazepine showed a higher correlation with
foetal cardiac arrest, phenytoin was associated with baseline foetal
heart rate variability disorder, and oxcarbazepine was related to
foetal heart rate disorder. This may be due to these AEDs causing
embryonic hypoxia, subsequent reoxygenation, and reactive oxygen
species production, leading to tissue damage and induction of
embryonic arrhythmias (Etemad et al., 2012). It has also been
found that AEDs use by males can cause foetal disorders, but
only with valproic acid, previous literature demonstrates that
valproic acid affects male fertility, while no such association is
found with levetiracetam or lamotrigine, or oxcarbazepine, thus
males with reproductive needs should avoid using valproic acid
(Markoula et al., 2020; Asghar et al., 2024). The study also found that
in some reports, other drugs were used together, such as
levothyroxine, folic acid, sedative hypnotics and antidepressants.
Although these medications were not the focus of the current
investigation, their potential impact on foetal disorders will be a
focus of future research.

This study capitalizes on the analysis of real-world clinical data
and employs data mining techniques, however, it is accompanied by
several inherent limitations. Firstly, our methodology could not
reliably differentiate between accurate and erroneous or inaccurate
reported data, which may introduce bias. Secondly, although we
extracted statistics from basic patient information, the precision of
comorbidities and medication history remained uncertain,
potentially introducing confounding factors and uncertainties
into our analysis. Besides, for the limited information of the
database, it is hard to acquire the accurate dosage and biological
level of the drug. Thirdly, data mining utilizing Bayesian and
proportional hazard analysis can only ascertain statistical
association, not causality between AEs and drug administration.
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Despite the limitations, our analysis indicates that the use of two
AEDs in combination often shows a stronger correlation with foetal
disorders compared to monotherapy, although the outcomes vary
significantly with different AED combination. However, due to the
lack of in-depth research on the mechanisms of action of AED
combinations on foetal disorders, establishing a clear causal
relationship between the combination use of these drugs and
adverse outcomes remains challenging. Therefore, it is necessary
to conduct large-scale clinical trials to more comprehensively
delineate these relationships.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

Ethical approval was not required for the studies involving
humans because The data utilized in this study were sourced
from the legitimate public database, the FDA Adverse Event
Reporting System (FAERS), and their acquisition and use comply
with relevant legal regulations. Consequently, this study does not
require ethical review. The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin in
accordance with the national legislation and institutional
requirements because All data are de-identified, meaning they do
not contain any personal identifiers, ensuring the privacy rights of
the participants. Written informed consent was not obtained from
the minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article because
The data utilized in this study were sourced from the legitimate
public database, the FDAAdverse Event Reporting System (FAERS),
and their acquisition and use comply with relevant legal regulations.
All data are de-identified, meaning they do not contain any personal
identifiers, ensuring the privacy rights of the participants.
Consequently, this study does not require ethical review.

Author contributions

ZJ: Conceptualization, Methodology, Software, Writing–original
draft. JN: Investigation, Software, Visualization, Writing–original
draft. QS: Investigation, Software, Visualization, Writing–review
and editing. ZF: Data curation, Writing–review and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1556598/
full#supplementary-material

References

Arfman, I. J., Wammes-van der Heijden, E. A., Ter Horst, P. G. J., Lambrechts, D. A.,
Wegner, I., and Touw, D. J. (2020). Therapeutic drug monitoring of antiepileptic drugs
in women with epilepsy before, during, and after pregnancy. Clin. Pharmacokinet. 59
(4), 427–445. doi:10.1007/s40262-019-00845-2

Asghar, M. A., Tang, S., Wan, B., Han, H., Wong, L. P., Zhang, X., et al. (2024).
Understanding the impact of valproate on male fertility: insights from preclinical and
clinical meta-analysis. BMC Pharmacol. Toxicol. 25 (1), 69. doi:10.1186/s40360-024-
00791-1

Asranna, A., Jose, M., Philip, R. M., Sarma, P. S., and Thomas, S. V. (2018). Do Anti-
Epileptic Drug modifications after first trimester of pregnancy influence fetal
malformation or cognitive outcome? Epilepsy Res. 146, 121–125. doi:10.1016/j.
eplepsyres.2018.07.017

Christensen, J., Zoega, H., Leinonen, M. K., Gilhus, N. E., Gissler, M., Igland, J., et al.
(2024). Prenatal exposure to antiseizure medications and fetal growth: a population-
based cohort study from the Nordic countries. Lancet Reg. Health Eur. 38, 100849.
doi:10.1016/j.lanepe.2024.100849

Clayton-Smith, J., Bromley, R., Dean, J., Journel, H., Odent, S., Wood, A., et al. (2019).
Diagnosis andmanagement of individuals with fetal valproate spectrumdisorder; a consensus
statement from the European reference network for congenitalmalformations and intellectual
disability. Orphanet J. Rare Dis. 14 (1), 180. doi:10.1186/s13023-019-1064-y

Etemad, L., Moshiri, M., andMoallem, S. A. (2012). Epilepsy drugs and effects on fetal
development: potential mechanisms. J. Res. Med. Sci. 17 (9), 876–881. doi:10.5144/0256-
4947.2012.549

Hauben, M., and Bate, A. (2009). Decision support methods for the detection of
adverse events in post-marketing data. Drug Discov. Today 14 (7-8), 343–357. doi:10.
1016/j.drudis.2008.12.012

Hernández-Díaz, S., McElrath, T. F., Pennell, P. B., Hauser, W. A., Yerby, M., Holmes,
L. B., et al. (2018). Fetal growth and premature delivery in pregnant women on
antiepileptic drugs. Ann. Neurol. 83 (4), 872. doi:10.1002/ana.25215

Hernández-Díaz, S., Werler, M. M., Walker, A. M., and Mitchell, A. A. (2000). Folic
acid antagonists during pregnancy and the risk of birth defects.N. Engl. J. Med. 343 (22),
1608–1614. doi:10.1056/NEJM200011303432204

Frontiers in Pharmacology frontiersin.org08

Ji et al. 10.3389/fphar.2025.1556598

https://www.frontiersin.org/articles/10.3389/fphar.2025.1556598/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1556598/full#supplementary-material
https://doi.org/10.1007/s40262-019-00845-2
https://doi.org/10.1186/s40360-024-00791-1
https://doi.org/10.1186/s40360-024-00791-1
https://doi.org/10.1016/j.eplepsyres.2018.07.017
https://doi.org/10.1016/j.eplepsyres.2018.07.017
https://doi.org/10.1016/j.lanepe.2024.100849
https://doi.org/10.1186/s13023-019-1064-y
https://doi.org/10.5144/0256-4947.2012.549
https://doi.org/10.5144/0256-4947.2012.549
https://doi.org/10.1016/j.drudis.2008.12.012
https://doi.org/10.1016/j.drudis.2008.12.012
https://doi.org/10.1002/ana.25215
https://doi.org/10.1056/NEJM200011303432204
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1556598


Holmes, L. B., Mittendorf, R., Shen, A., Smith, C. R., and Hernandez-Diaz, S. (2011).
Fetal effects of anticonvulsant polytherapies: different risks from different drug
combinations. Arch. Neurol. 68 (10), 1275–1281. doi:10.1001/archneurol.2011.133

Johannessen Landmark, C., Baftiu, A., Tysse, I., Valsø, B., Larsson, P. G., Rytter, E.,
et al. (2012). Pharmacokinetic variability of four newer antiepileptic drugs, lamotrigine,
levetiracetam, oxcarbazepine, and topiramate: a comparison of the impact of age and
comedication. Ther. Drug Monit. 34 (4), 440–445. doi:10.1097/FTD.0b013e31825ee389

Markoula, S., Siarava, E., Kostoulas, C., Zikopoulos, A., and Georgiou, I. (2020). An
open study of valproate in subfertile men with epilepsy. Acta Neurol. Scand. 142 (4),
317–322. doi:10.1111/ane.13311

Matalon, S., Schechtman, S., Goldzweig, G., and Ornoy, A. (2002). The teratogenic
effect of carbamazepine: a meta-analysis of 1255 exposures. Reprod. Toxicol. 16 (1),
9–17. doi:10.1016/s0890-6238(01)00199-x

Mete, M., Gurcu, B., Collu, F., Unsal, U. U., Duransoy, Y. K., Tuglu, M. I., et al. (2016).
Effects of lacosamide a novel antiepileptic drug in the early stages of chicken embryo
development. Childs Nerv. Syst. 32 (9), 1715–1719. doi:10.1007/s00381-016-3181-4

Moore, S. J., Turnpenny, P., Quinn, A., Glover, S., Lloyd, D. J., Montgomery, T., et al.
(2000). A clinical study of 57 children with fetal anticonvulsant syndromes. J. Med.
Genet. 37 (7), 489–497. doi:10.1136/jmg.37.7.489

Morrow, J., Russell, A., Guthrie, E., Parsons, L., Robertson, I., Waddell, R., et al.
(2006). Malformation risks of antiepileptic drugs in pregnancy: a prospective study from
the UK Epilepsy and Pregnancy Register. J. Neurol. Neurosurg. Psychiatry 77 (2),
193–198. doi:10.1136/jnnp.2005.074203

Ornoy, A., Echefu, B., and Becker, M. (2023). Valproic acid in pregnancy revisited:
neurobehavioral, biochemical and molecular changes affecting the embryo and fetus in
humans and in animals: a narrative review. Int. J.Mol. Sci. 25 (1), 390. doi:10.3390/ijms25010390

Pack, A. M., Oskoui, M., Williams, R. S., Donley, D. K., French, J., Gerard, E. E., et al.
(2024). Teratogenesis, perinatal, and neurodevelopmental outcomes after in utero
exposure to antiseizure medication: practice guideline from the AAN, AES, and
SMFM. Neurology 102 (11), e209279. doi:10.1212/WNL.0000000000209279

Pennell, P. B., Karanam, A., Meador, K. J., Gerard, E., Kalayjian, L., Penovich, P., et al.
(2022). Antiseizure medication concentrations during pregnancy: results from the
maternal outcomes and neurodevelopmental effects of antiepileptic drugs
(MONEAD) study. JAMA Neurol. 79 (4), 370–379. doi:10.1001/jamaneurol.2021.5487

Perucca, P., Bourikas, D., Voinescu, P. E., Vadlamudi, L., Chellun, D., Kumke, T., et al.
(2024). Lacosamide and pregnancy: data from spontaneous and solicited reports.
Epilepsia 65 (5), 1275–1284. doi:10.1111/epi.17924

Reimers, A., and Brodtkorb, E. (2012). Second-generation antiepileptic drugs and
pregnancy: a guide for clinicians. Expert Rev. Neurother. 12 (6), 707–717. doi:10.1586/
ern.12.32

Sakaeda, T., Tamon, A., Kadoyama, K., and Okuno, Y. (2013). Data mining of the
public version of the FDA adverse event reporting system. Int. J. Med. Sci. 10 (7),
796–803. doi:10.7150/ijms.6048

Singh, K. P., and Verma, N. (2019). Teratogenic potential of third-generation
antiepileptic drugs: current status and research needs. Pharmacol. Rep. 71 (3),
491–502. doi:10.1016/j.pharep.2019.01.011

Slattery, J., Alvarez, Y., and Hidalgo, A. (2013). Choosing thresholds for statistical
signal detection with the proportional reporting ratio. Drug Saf. 36 (8), 687–692. doi:10.
1007/s40264-013-0075-1

Thigpen, J., and Owens, H. D. (2022). The use of antiepileptic drugs during pregnancy
and fetal outcomes. Neonatal Netw. 41 (4), 226–231. doi:10.1891/NN-2021-0048

Tomson, T., Battino, D., Bonizzoni, E., Craig, J., Lindhout, D., Perucca, E., et al.
(2015). Dose-dependent teratogenicity of valproate in mono- and polytherapy: an
observational study. Neurology 85 (10), 866–872. doi:10.1212/WNL.
0000000000001772

Tomson, T., Battino, D., and Perucca, E. (2016). Valproic acid after five decades of use
in epilepsy: time to reconsider the indications of a time-honoured drug. Lancet Neurol.
15 (2), 210–218. doi:10.1016/S1474-4422(15)00314-2

Tomson, T., Battino, D., and Perucca, E. (2019). Teratogenicity of antiepileptic drugs.
Curr. Opin. Neurol. 32 (2), 246–252. doi:10.1097/WCO.0000000000000659

Vajda, F. J. E., Graham, J. E., Hitchcock, A. A., Lander, C. M., O’Brien, T. J., and Eadie,
M. J. (2019). Antiepileptic drugs and foetal malformation: analysis of 20 years of data in
a pregnancy register. Seizure 65, 6–11. doi:10.1016/j.seizure.2018.12.006

Verrotti, A., Mencaroni, E., Castagnino, M., and Zaccara, G. (2015). Foetal safety of
old and new antiepileptic drugs. Expert Opin. Drug Saf. 14 (10), 1563–1571. doi:10.1517/
14740338.2015.1084288

Viale, L., Allotey, J., Cheong-See, F., Arroyo-Manzano, D., Mccorry, D., Bagary, M.,
et al. (2015). Epilepsy in pregnancy and reproductive outcomes: a systematic review
and meta-analysis. Lancet 386 (10006), 1845–1852. doi:10.1016/S0140-6736(15)
00045-8

Zaccara, G., and Perucca, E. (2014). Interactions between antiepileptic drugs, and
between antiepileptic drugs and other drugs. Epileptic Disord. 16 (4), 409–431. doi:10.
1684/epd.2014.0714

Frontiers in Pharmacology frontiersin.org09

Ji et al. 10.3389/fphar.2025.1556598

https://doi.org/10.1001/archneurol.2011.133
https://doi.org/10.1097/FTD.0b013e31825ee389
https://doi.org/10.1111/ane.13311
https://doi.org/10.1016/s0890-6238(01)00199-x
https://doi.org/10.1007/s00381-016-3181-4
https://doi.org/10.1136/jmg.37.7.489
https://doi.org/10.1136/jnnp.2005.074203
https://doi.org/10.3390/ijms25010390
https://doi.org/10.1212/WNL.0000000000209279
https://doi.org/10.1001/jamaneurol.2021.5487
https://doi.org/10.1111/epi.17924
https://doi.org/10.1586/ern.12.32
https://doi.org/10.1586/ern.12.32
https://doi.org/10.7150/ijms.6048
https://doi.org/10.1016/j.pharep.2019.01.011
https://doi.org/10.1007/s40264-013-0075-1
https://doi.org/10.1007/s40264-013-0075-1
https://doi.org/10.1891/NN-2021-0048
https://doi.org/10.1212/WNL.0000000000001772
https://doi.org/10.1212/WNL.0000000000001772
https://doi.org/10.1016/S1474-4422(15)00314-2
https://doi.org/10.1097/WCO.0000000000000659
https://doi.org/10.1016/j.seizure.2018.12.006
https://doi.org/10.1517/14740338.2015.1084288
https://doi.org/10.1517/14740338.2015.1084288
https://doi.org/10.1016/S0140-6736(15)00045-8
https://doi.org/10.1016/S0140-6736(15)00045-8
https://doi.org/10.1684/epd.2014.0714
https://doi.org/10.1684/epd.2014.0714
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1556598

	Antiepileptic drugs and foetal disorders: analysis of 20-year data from the pharmacovigilance center
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Data extraction
	2.3 Data mining
	2.4 Statistical analysis

	3 Results
	3.1 Descriptive analysis
	3.2 Bayesian and nonproportional analyses
	3.3 Correlation between two AEDs combined and foetal disorders

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


