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Abstract

Background. Recent guidance from UK health authorities strongly cautions against the use of
valproic acid (VPA) in persons under 55 because of reevaluated risk of teratogenicity.
Objective. To summarize the extant literature documenting VPA-associated anatomical,
behavioral, and cognitive teratogenicity.
Method. Pubmed,Medline, Cochrane Library, PsychInfo, Embase, Scopus,Web of Science, and
Google Scholar were searched in accordance with PRISMA guidelines. Collected data covered
study design, participant characteristics, anatomical, behavioral, or cognitive effects, and folic
acid outcomes.
Results. 122 studies were identified meeting inclusion comprised of studies evaluating ana-
tomical (n = 67), behavioral (n = 28), and cognitive (n = 47) teratogenicity. Twenty studies were
identified reporting on the risk mitigation effects of folic acid supplementation. Prenatal VPA
exposure is associated with anatomical teratogenicity including major congenital malforma-
tions (odds ratio [OR] 2.47–9.30; p < 0.005). Behavioral teratogenicity including autism
(OR 1.70–4.38), impaired motor development (OR 7.0), and ADHD (OR 1.39) are also
significantly associated with VPA exposure. VPA was associated with intellectual disability
and low IQ (hazard ratio [HR] 2.4–4.48, verbal intelligence: Spearman’s ρ = �0.436, respec-
tively). Teratogenic effects were dose-dependent across all domains and were significant when
compared with controls and other antiepileptic drugs (eg, carbamazepine, lamotrigine, and
levetiracetam). Folic acid supplementation does not significantly reduce the hazard associated
with VPA.
Conclusions. VPA is significantly associated with anatomical, behavioral, and cognitive tera-
togenicity. Folic acid supplementation does not abrogate the risk of teratogenicity associated
with VPA exposure. Available evidence supports recommendations to reduce VPA exposure in
women of reproductive age.

Introduction

Valproic acid (VPA) is an antiepileptic drug (AED) frequently prescribed for the treatment of
bipolar disorder, epilepsy, and migraine.1 In 2023, the Medicines and Healthcare products
Regulatory Agency (MHRA) provided guidance to healthcare practitioners that VPA should
not be prescribed in the treatment of male or female patients under 55 unless agreed upon by
independent consultants before its teratogenic risk.2 The MHRA opined that the teratogenic
risks warranted the proscriptive recommendation. The teratogenic effects of VPA are well
documented,3,4 including major congenital malformations (MCMs) (eg, neural tube defects
[NTD], cardiac malformations, and limb malformations),5 behavioral disturbance (eg, autism
spectrum disorder [ASD] and neurodevelopmental disorder [NDD]),6,7 and cognitive abnor-
malities (eg, intellectual disability [ID] and lower IQ).8–10

Recommendations from the US Preventive Services Task Force (USPSTF), Centers for Disease
Control and Prevention (CDC), and the World Health Organization (WHO) are that women
should receive 0.4 mg/daily starting 1–2 months before planned pregnancy up until 12 weeks of
pregnancy to prevent anatomical teratogenicity (ie, NTD).11–13 Notwithstanding the hazard-
mitigating effects of folic acid in the general population, its effect on mitigating or abrogating
the hazard of teratogenicity in women exposed to VPA has not been convincingly established.14,15

Herein, we systematically review and comprehensively estimate anatomical, behavioral, and
cognitive teratogenicity hazards associated with prenatal/early gestation VPA exposure as well as
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the hazard-mitigating effect of folic acid supplementation.
Although this topic has been reviewed elsewhere,16–18 given the
seriousness of this topic, there is an ongoing need for a real-time
up-to-date summary of this particular literature. Hence, the over-
arching aim is to provide an up-to-date risk assessment of VPA to
inform algorithmic recommendations for treatment and treatment
selection for bipolar disorder, epilepsy, and migraine.

Methods

Data sources and search strategy

This review was conducted based on the 2020 Preferred Reporting
Items for Systematic Reviews andMeta-Analyses (PRISMA) guide-
lines.19 A systematic search was conducted on PubMed, Medline,
Cochrane Library, PsycInfo, Embase, Scopus, and Web of Science
from inception to June 10, 2024. A manual search on Google
Scholar was also performed. The search string can be found in
eTable1.

Study selection

Study screening and selection were conducted independently by two
reviewers (KV and KT). Titles and abstracts were screened for
relevance. We sought articles reporting data relevant to any primary
outcome (ie, Anatomical, Behavioral, or Cognitive), as defined in
Table 1. Studies were eligible for inclusion if they: (1) followed a
cross-sectional, case–control, or cohort study design; (2) assessed
either the anatomical, behavioral, or cognitive effects of in uteroVPA
exposure or the effect of folic acid supplementation in reducing
VPA-associated teratogenicity, and (3) utilized validated scales for
measurement. Studies were excluded if they: (1) were not written in
English; (2) were not peer-reviewed; (3) did not have full-text
availability.

Data extraction

Published summary data from included articles were indepen-
dently extracted by KV and KT using a piloted data extraction
form, and then corroborated. Discrepancies were resolved through
discussion with all additional authors. Information to be extracted
was determined a priori and included: (1) year of publication,
(2) country/region of the population studied, (3) study design,
(4) sample size, (5) sample characteristics, (6) assessment tools,
and (7) data relevant to the primary outcome(s). Full statistics are
reported where relevant.

Quality assessment

The Newcastle–Ottawa Scale (NOS) was applied to assess cohort,
case–control, and cross-sectional studies.20 Studies where the
design was unclear were assessed using the cohort NOS. Cohort
studies were penalized if they failed to include a non-exposed
cohort, in addition to other items tested. All component studies
were independently rated by KV and KT and results were corrob-
orated, with discrepancies resolved via discussion with all addi-
tional authors. All applied NOSs can be found in eTables 2–4.

Results

Search results

The literature search yielded 795 studies. Following the removal of
duplicates and screening of titles and abstracts, 188 studies were
eligible for full-text screening against the eligibility criteria. Fol-
lowing the full-text screening, 41 studies were further excluded
before full-text unavailability. Details of study selection are pro-
vided in Figure 1. In total, 122 studies were included.

Study characteristics

Study characteristics and findings are summarized in eTable 5.
Sample sizes ranged from 31 to 4 494 926, and included 27 238 488
participants. Maternal age ranged from 12 to 55 years of age. The
age of sampled offspring ranged from neonates to 39 years of age.
Based on reported numbers, females made up 48.7% of the total
offspring. Reported follow-up periods ranged from 1 month to
6 years for anatomical studies, 2 years to 22 years for behavioral
studies, 7 months to 16 years for cognitive studies, and 3months to
8 years for folic acid studies. There were 82 prospective cohort
studies, 20 retrospective cohort studies, 9 prospective case–control
studies, 5 retrospective case–control studies, and 6 cross-sectional
studies. Exactly 67 studied anatomical outcomes associated with
prenatal VPA exposure, 28 studied behavioral outcomes, 47 studied
cognitive outcomes, and 20 studied folic acid. Measurement tools
can be found in eTable 6.

Quality appraisal

Quality appraisal results are presented in eTables 7–9. Awarded
stars varied from 5 to 9. In general, the studies received a moderate
rating. Themean score for case–control studies was 7.1/9, themean
score for cross-sectional studies was 6.7/8, and the mean score for
the cohort studies was 6.4/9. Common methodological limitations
were an insufficient adjustment for age and sex as baseline covari-
ates as well as whether the outcome of interest (eg, anatomical
teratogenicity) was present before VPA exposure.21–33

Anatomical teratogenicity

We identified 67 studies that reported anatomical events associated
with VPA use. Reported diagnoses include MCMs and congenital
anomalies (CAs) (eg, impaired hearing and low birth weight).

The odds ratio (OR) for MCMs and CAs ranged from 2.47 to
9.30 (p < 0.005).21,22 The OR for MCM and CA without including
neural tube defect (NTD) ranged from 4.86 to 5.71 (p = 0.008).23,34

Specific MCMs reported include but were not limited to, hypospa-
dias, cleft lip, polydactyly, kidney, gastrointestinal tract, limb
defects, and congenital heart defects.5,24,25 Dosage/blood levels

Table 1. Definition of primary outcomes

Primary outcome Definition

Anatomical
teratogenicity

Structural or functional anomalies that occur during
intrauterine life, determined via clinical diagnosis

Behavioral
teratogenicity

Adverse neurodevelopmental delay or behavioral
outcome determined via any validated tool for
behavior/neurodevelopment (eg, CARS, M-CHAT),
or clinical diagnosis of a relevant disorder (eg,
Autism, ADHD)

Cognitive
teratogenicity

Cognitive impairment determined by any validated
tool for cognitive performance (eg, GMDS, WISC-IV),
or clinical diagnosis
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were shown as a baseline covariate, where an increased dose was
associated with elevated odds of developing MCMs (p < 0.01)
(Unreported maternal levels),26,27 and maternal VPA blood level
was correlated with malformation occurrence (regression coeffi-
cient = 0.052, p = 0.005).28 Reducing VPA dose was also associ-
ated with reduced hazard, however, at the risk of reduced pre-
pregnancy seizure control.29,33 Results were consistent when
comparing prenatal VPA exposure to AED unexposed controls
or children exposed to a different AED (eg, carbamazepine [CBZ],
lamotrigine [LTG], and clonazepam [CZP]).25,26 Differences
between VPAmonotherapy and polytherapy including VPAwere
inconclusive.

Independent of MCMs, prenatal VPA exposure was signifi-
cantly associated with hearing impairments (adjusted OR [aOR]
6.88),30 low birth weight (OR 3.141, Kappa: 0.147 [p < 0.001], χ2:
14.623 [p < 0.001])35, and poorer Apgar scores (p = 0.0015) (the
clinical state of a newborn based on five physical signs).35

Neural tube defects

Neural tube defects (NTDs) were assessed in eight studies. TheORs
for NTD ranged from 3.9 to 19.45,36 and were significant when
compared with CBZ (OR 4.45; 95% CI [1.45, 13.69], p = 0.009) and
LTG (OR 11.29; 95% CI [2.54, 50.12], p = 0.0002).31 Dose was
positively correlated with spina bifida (+0.0010, p < 0.01).32 It was
reported in a single study that the mean VPA dose during the first
trimester was higher in mothers whose offspring had spina bifida
(2000 ± 707 vs 1257 ± 918 mg/day) (p < 0.05).30 A separate
observed an aOR of 19.4 for spina bifida (95% CI 8.6, 43.5).5

Behavioral teratogenicity

We identified 28 studies meeting our eligibility criteria that
reported on behavioral alterations associated with VPA exposure.
Reported outcomes include autism, attention-deficit/hyperactivity
disorder (ADHD), poor motor skills, and neurodevelopmental
delay.37–39Hazard ratios (HR) for autism ranged from 1.70 to 4.38
when compared with unexposed controls,6,37 with higher doses
tending to yield a higher OR.37 TheOR for ADHD associated with
VPA ranged from 1.39 to 1.77 when compared with unexposed
controls.35,37 When compared with LTG, CBZ, and CZP, the ORs
for ADHD were 2.16, 1.79, and 1.96, respectively.35 Ceasing VPA
use before pregnancy was associated with a reduced, but not
eliminated, risk of ADHD (aHR 1.66).38 Exposure to VPA during
the 2nd or 3rd trimester only was associated with a reduced risk of
autism (HR 3.44 to HR 1.94).40

The scales used tomeasuremotor development and functioning
varied across the included studies. A singular study reported anOR
of 7.0 (p < 0.05) using the Ages and Stages Questionnaire (ASQ).39

A separate study reported that relative to non-AED exposed con-
trols, VPA-exposed children scored �11.7 points (Standard Error
[SE]: 3.9, [95% CI �19.4, �4.1] p = 0.003) lower on gross motor
development, and�15.8 points (SE: 4.4, p < 0.001) lower relative to
levetiracetam (LEV) exposed children.41 VPA dose was also
inversely correlated with motor development (Pearson MoDQ
correlation: �0.239, p = 0.042; BSID-II Motor Index and VPA
correlation: �0.60 [p < 0.0001]).42,43

Similarly, prenatal VPA exposure was associated with poorer
adaptive function and behavioral development. ORs for neurode-
velopmental delay ranged from 2.44 to 26.1 relative to controls.40,43

Figure 1. Study selection flow diagram.
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A dose-dependent effect was observed relative to LTG and CBZ.44

A dose-related decline was also observed for adaptive functioning
(p = 0.0252).45 Additionally, themean adaptive behavior composite
for VPA-exposed children was significantly lower than CBZ- and
LTG-exposed children (ANOVA; p = 0.017).46

Poor language development was also associated with VPA
exposure. One study reported an adverse development in sentence
skills (OR 3.4; 95% CI [1.0, 12.0] p < 0.05).39 A separate study
reported an expressive language score to be on average�9.5 points
(p < 0.001) below levetiracetam (LEV) exposed children and poorer
language comprehension relative to non-AED exposed controls by
�8.7 points (p < 0.001).41 VPA plasma concentrations were also
correlatedwith a poor language score (r =�0.50, p = 0.04),47 and an
ASQ communication score (Spearman’s rho: �0.77, p = 0.02).48

Cognitive teratogenicity

We identified 47 studies reporting on cognitive teratogenicity asso-
ciated with VPA exposure. Outcomes included poorer IQ and
cognitive impairment, poorer performance on standardized tests,
and increased risk for mental disorders and learning disabilities.

IQ scores for VPA-exposed children were significantly lower than
non-VPA-exposed (p = 0.007),49,50 including CBZ-, LTG-, and LEV-
exposed children.51 Multivariate analysis demonstrated VPA expo-
sure to be predictive for full-scale IQ (FSIQ) (β,� 12.04; p = 0.006).52

When evaluating discrete domains of intelligence, verbal IQ (VIQ)
was associated with poorer outcomes. Specifically, a singular study
reported a significant negative correlation between dysmorphic face
features and verbal intelligence (Spearman’s ρ= �0.436, p = 0.007).49

A separate observed a significant relationship between VPA dose and
verbal comprehension (r = �0.265, p = 0.046).53 Another reported
impaired verbal abilities with VPA doses at <800 mg daily (VIQ:
�5.6, p = 0.04).50 Additional affected cognitive domains include
attention (r = �0.38, p = 0.0075),54 memory (free recall,
r =�0.402, p = 0.006; recognition, r = �0.292, p = .038),55 language
(Pearson correlation: �0.48, p = 0.001),56 executive function
(r = �0�42, p = 0�0004),57 perceptual–motor function (r = �0.46,
p = 0.02),58 and socialization (relative to LTG and CBZ) (p = 0.026).8

Hazard ratios (HR) for intellectual disability (ID) ranged from 2.40
to 4.48.7,40 HR formental retardationwas reported to be 5.1 relative to
unexposed controls.59 Further tests also showed that general memory
(p=0.0434),57workingmemory (p≤ 0.031),59 inhibition (p=0.069),51

and internalization skills (p = 0.05),60 were negatively affected by
prenatal VPA exposure relative to either AED-unexposed children
or exposure to other AEDs (CBZ, LEV, and LTG).

Prenatal VPA exposure was also associated with poorer perfor-
mance on academic and standardized tests. Relative to anti-seizure
medication (ASM) unexposed children, VPA exposure was asso-
ciated with lower 6th- and 8th-grade math and Danish scores.9,61

Ranging from a �0.33 to �0.13 difference in Z score for Danish,
and�0.33 to�0.08 for math. Results were similar when compared
with lamotrigine.

A final affected cognitive outcome associated with in utero
VPA exposure was mental disorders (HR 1.85),62 including Tic
Disorder (HR 1.56), Attachment Disorder (HR 1.91), and Neu-
ropsychiatric Developmental Delay (NDD) (OR 2.535, Kappa
0.099, χ2: 5.158).62,63

Risk-mitigating effects of folic acid supplementation

We identified 20 studies that sought to determine the teratogenic
risk-mitigating effects of folic acid supplementation in persons

prescribed VPA, 3 of which evaluated the folic acid prevention
effects in persons receiving VPA monotherapy. Results pooling
VPA and other AEDs were included.

Pooled results suggest that folic acid supplementation is not
proven effective in reducing VPA- or AED-associated malforma-
tions.With respect tomajor congenital malformations and folic acid
supplementation, a singular study reported an aOR of 1.75 with high
dose folic acid (≥ 5 mg daily) and 1.94 with low dose folic acid (<
5 mg daily), starting at least 4 weeks before conception
(periconceptionally).64 The aforementioned finding indicating no
hazard mitigating effects has been replicated, in other studies of
different methodologies.65,66 In contrast, some studies do suggest
that folic acidmay be effective in protecting against adverse cognitive
and behavioral outcomes. For example, it was reported that peri-
conceptional folic acid supplementation was associated with less
impaired language function (no dose specification) (OR 0.4,
p < 0.05).48 A separate analysis found that the absence of pericon-
ceptional folic acid supplementation was associated with an
increased risk of autism in AED-exposed women (aOR 5.9), with
higher doses of folic acid decreasing risk (β =�0.5; p < 0.001) (Low
dose = 0.4 mg/daily, high dose = 5.0 mg/daily).67 It was additionally
reported that the hazard for AED-associated language delay was
reduced in women prescribed folic acid periconceptionally when
compared with women receiving AEDs and not prescribed folic acid
(≥ 0.4 mg folic acid daily, OR 3.9, p < 0.001 to OR 1.7, p = 0.01).47

Studies separately evaluating VPA monotherapy reported that
folic acid supplementation does not significantly reduce the risk for
anatomic and cognitive teratogencity.31,57,68 For example, pericon-
ceptual folic acid supplementation (dose not specified) had no
significant risk-mitigating effect on the risk for MCM (p = 0.23)
and NTD (p = 0.78).32,65 Moreover, periconceptual folic acid did
not protect against VPA-associated impairment in childhood IQ.54

Discussion

A highly replicated finding is that VPA as monotherapy or in
combination with other AEDs is highly associated with all three
subtypes of teratogenicity evaluated herein. Moreover, available
evidence does not support the hypothesis that folic acid supple-
mentation abrogates or significantly mitigates the risk for anatom-
ical teratogenicity associated with any AED including VPA.31,64

The absence of compelling risk-mitigating effects contrasts with
findings in the general populationwherein theUSPSTF has aGrade
A recommendation for folic acid (0.4–0.8mg 1month prior and up
to 2–3 months post conception).11 Notwithstanding, preliminary
evidence suggests that folic acid supplementation may attenuate
the risk for behavioral and/or cognitive teratogenicity.48,67 Possibly
through the neurotrophic effects of maternal folic acid.69 Our
findings accord with published reviews and meta-analyses that
have also reported on teratogenic hazards associated with VPA
and the absence of an evidence-based mitigation study.16–18

Our analysis, to our knowledge, is the most updated synthesis of
the risk of teratogenicity associated with VPA and the impact of
folic acid supplementation. Notwithstanding, despite the calls to
decrease the exposure of VPA in reproductive-aged women and
some evidence of a downward trajectory of usage, overall rates of
rates of usage continue to be considerable.70 Population-level
literacy on the hazards of VPA with respect to teratogenicity is
highly inadequate insofar as it was reported in a European sample
that the majority of women were not familiar with hazards associ-
ated with VPA.71 Along with inadequate population awareness of
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the hazard, as most persons prescribed VPA by healthcare pro-
viders are not routinely informed of this risk.72

There are many methodological limitations that affect infer-
ences and interpretations of our findings. Firstly, the preponder-
ance of the data reporting on anatomical teratogenicity utilizes
observational designs of pregnancy registries and pharmacovigi-
lance databases. Additionally, most studies reported herein evalu-
ated prenatal VPA exposure in women with epilepsy and not in
women living with other disorders (eg, bipolar disorder). More-
over, there is limited data with respect to posology or plasma levels
of VPA and its association with teratogenicity. Also, most studies
we identified evaluated the teratogenicity risk of VPA as part of a
polytherapy regimen. However, we did not observe any lines of
evidence suggesting that commonly prescribed co-agents necessar-
ily accounted for the reported hazardous effects.

Conclusion

VPA is associated with anatomical, behavioral, and cognitive
teratogenicity. Folic acid supplementation, although beneficial
in the general population to mitigate the risk of congenital mal-
formation, has not been shown to mitigate the risk of anatomical
malformation specifically associated with VPA exposure. Avail-
able evidence supports limited and judicious use in reproductive-
age women. Future research should determine the effects of VPA
administration in males.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S1092852924002311.

Author contribution. Writing – review& editing: R.B.M., J.D.R., A.K., G.H.L.,
K.T., K.V., H.K.L., S.W., R.S.M.; Conceptualization: K.V., R.S.M.; Data curation:
K.V.; Formal analysis: K.V.; Writing – original draft: K.V.; Methodology:
R.S.M.; Supervision: R.S.M.

Disclosures. Roger S. McIntyre has received research grant support from
CIHR/GACD/National Natural Science Foundation of China (NSFC) and the
Milken Institute; speaker/consultation fees from Lundbeck, Janssen, Alkermes,
Neumora Therapeutics, Boehringer Ingelheim, Sage, Biogen, Mitsubishi
Tanabe, Purdue, Pfizer, Otsuka, Takeda, Neurocrine, Sunovion, Bausch Health,
Axsome, Novo Nordisk, Kris, Sanofi, Eisai, Intra-Cellular, NewBridge Pharma-
ceuticals, Viatris, Abbvie, Atai Life Sciences. Dr. Roger McIntyre is the CEO of
Braxia Scientific Corp.

Dr. Joshua D Rosenblat has received research grant support from the
Canadian Institute of Health Research (CIHR), Physician Services Inc (PSI)
Foundation, Labatt Brain Health Network, Brain and Cognition Discovery
Foundation (BCDF), Canadian Cancer Society, Canadian Psychiatric Associa-
tion, Academic Scholars Award, American Psychiatric Association, American
Society of Psychopharmacology, University of Toronto, University Health
Network Centre for Mental Health, Joseph M. West Family Memorial Fund
and Timeposters Fellowship and industry funding for speaker/consultation/
research fees from iGan, Boehringer Ingelheim, Braxia Health (Canadian Rapid
Treatment Centre of Excellence), Braxia Scientific, Janssen, Allergan, Lundbeck,
Sunovion, and COMPASS.

Kayla M. Teopiz has received fees from Braxia Scientific Corp.
All other authors declare no disclosures.

References

1. McIntyre RS, Berk M, Brietzke E, et al. Bipolar disorders. Lancet. 2020;396
(10265):1841–1856. doi:10.1016/s0140-6736(20)31544-0

2. Medicines and Healthcare products Regulatory Agency. Valproate: Review
of safety Data and Expert Advice on Management of Risks. 2023. https://

assets.publishing.service.gov.uk/media/65660310312f400013e5d508/
Valproate-report-review-and-expert-advice.pdf.

3. Robert E, Guibaud P. Maternal valproic acid and congenital neural tube
defects. Lancet. 1982;2(8304):937. doi:10.1016/S0140-6736(82)90908-4

4. Lindhout D, Omtzigt JG, CornelMC. Spectrum of neural-tube defects in 34
infants prenatally exposed to antiepileptic drugs. Neurology. 1992;42(4
Suppl 5):111–118.

5. Blotière PO, Raguideau F, Weill A, et al. Risks of 23 specific malformations
associated with prenatal exposure to 10 antiepileptic drugs. Neurology.
2019;93(2):e167–e180. doi:10.1212/WNL.0000000000007696

6. Christensen J, Grønborg TK, Sørensen MJ, et al. Prenatal valproate expo-
sure and risk of autism spectrum disorders and childhood autism. JAMA.
2013;309(16):1696–1703. doi:10.1001/jama.2013.2270

7. Daugaard CA, Pedersen L, Sun Y, Dreier JW, Christensen J. Association of
prenatal exposure to valproate and other antiepileptic drugs with intellectual
disability and delayed childhood milestones. JAMA Netw Open. 2020;3(11):
e2025570. Published 2020 Nov 2. doi:10.1001/jamanetworkopen.2020.25570

8. Nadebaum C, Anderson VA, Vajda F, Reutens DC, Barton S, Wood AG.
Language skills of school-aged children prenatally exposed to antiepileptic
drugs. Neurology. 2011;76(8):719–726. doi:10.1212/wnl.0b013e31820d62c7

9. Elkjær LS, Bech BH, Sun Y, Laursen TM, Christensen J. Association
between prenatal valproate exposure and performance on standardized
language and mathematics tests in school-aged children. JAMA Neurol.
2018;75(6):663–671. doi:10.1001/jamaneurol.2017.5035

10. Center for Drug Evaluation and Research. Valproate Anti-Seizure Products
Contraindicated for Migraine Preven… U.S. Food and Drug Administra-
tion. 2016. https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-
safety-communication-valproate-anti-seizure-products-contraindicated-
migraine-prevention

11. Folic acid supplementation to prevent neural tube defects: Preventive
medication. U.S Preventive Services Task Force. August 1, 2023. https://
www.uspreventiveservicestaskforce.org/uspstf/recommendation/folic-
acid-for-the-prevention-of-neural-tube-defects-preventive-medication

12. World Health Organization. Standards for Maternal and Neonatal Care.
2007. https://www.who.int/publications/i/item/standards-for-maternal-and-
neonatal-care.

13. Centers for Disease Control and Prevention. Folic Acid Safety, Interactions,
and Health Outcomes. 2024. https://www.cdc.gov/folic-acid/about/safety.
html

14. BjørkMH,VegrimH,Alvestad S et al. Pregnancy, folic acid, and antiseizure
medication. Clin Epileptol. 2023;36:203–211. doi:10.1007/s10309-023-
00602-3

15. VegrimHM,Dreier JW, Alvestad S, et al. Cancer risk in children ofmothers
with epilepsy and high-dose folic acid use during pregnancy. JAMANeurol.
2022;79(11):1130–1138. doi:10.1001/jamaneurol.2022.2977

16. Jentink J, Loane MA, Dolk H, et al. Valproic acid monotherapy in preg-
nancy and major congenital malformations. N Engl J Med. 2010;362(23):
2185–2193. doi:10.1056/nejmoa0907328

17. Honybun E, Thwaites R, Malpas CB, et al. Prenatal valproate exposure and
adverse neurodevelopmental outcomes: Does sex matter?. Epilepsia. 2021;
62(3):709–719. doi:10.1111/epi.16827

18. GotlibD, RamaswamyR, Kurlander JE,DeRiggi A, RibaM.Valproic acid in
women and girls of childbearing age. Curr Psychiatry Rep. 2017;19(9):58.
doi:10.1007/s11920-017-0809-3

19. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
Published 2021 Mar 29. doi:10.1136/bmj.n71

20. Luchini C, Veronese N, Nottegar A, et al. Assessing the quality of studies in
meta-research: review/guidelines on themost important quality assessment
tools. Pharm Stat. 2021;20(1):185–195. doi:10.1002/pst.2068

21. VeibyG, Daltveit AK, Engelsen BA, GilhusNE. Fetal growth restriction and
birth defects with newer and older antiepileptic drugs during pregnancy.
J Neurol. 2014;261(3):579–588. doi:10.1007/s00415-013-7239-x

22. Mawer G, Briggs M, Baker GA, et al. Pregnancy with epilepsy: obstetric and
neonatal outcome of a controlled study. Seizure. 2010;19(2):112–119. doi:
10.1016/j.seizure.2009.11.008

23. Kawai S, Pak K, Iwamoto S, et al. Association between maternal factors
in early pregnancy and congenital heart defects in offspring: the Japan

CNS Spectrums 5

https://doi.org/10.1017/S1092852924002311 Published online by Cambridge University Press

http://doi.org/10.1017/S1092852924002311
https://doi.org/10.1016/s0140-6736(20)31544-0
https://assets.publishing.service.gov.uk/media/65660310312f400013e5d508/Valproate-report-review-and-expert-advice.pdf
https://assets.publishing.service.gov.uk/media/65660310312f400013e5d508/Valproate-report-review-and-expert-advice.pdf
https://assets.publishing.service.gov.uk/media/65660310312f400013e5d508/Valproate-report-review-and-expert-advice.pdf
https://doi.org/10.1016/S0140-6736(82)90908-4
https://doi.org/10.1212/WNL.0000000000007696
https://doi.org/10.1001/jama.2013.2270
https://doi.org/10.1001/jamanetworkopen.2020.25570
https://doi.org/10.1212/wnl.0b013e31820d62c7
https://doi.org/10.1001/jamaneurol.2017.5035
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-valproate-anti-seizure-products-contraindicated-migraine-prevention
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-valproate-anti-seizure-products-contraindicated-migraine-prevention
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-valproate-anti-seizure-products-contraindicated-migraine-prevention
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/folic-acid-for-the-prevention-of-neural-tube-defects-preventive-medication
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/folic-acid-for-the-prevention-of-neural-tube-defects-preventive-medication
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/folic-acid-for-the-prevention-of-neural-tube-defects-preventive-medication
https://www.who.int/publications/i/item/standards-for-maternal-and-neonatal-care
https://www.who.int/publications/i/item/standards-for-maternal-and-neonatal-care
https://www.cdc.gov/folic-acid/about/safety.html
https://www.cdc.gov/folic-acid/about/safety.html
https://doi.org/10.1007/s10309-023-00602-3
https://doi.org/10.1007/s10309-023-00602-3
https://doi.org/10.1001/jamaneurol.2022.2977
https://doi.org/10.1056/nejmoa0907328
https://doi.org/10.1111/epi.16827
https://doi.org/10.1007/s11920-017-0809-3
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/pst.2068
https://doi.org/10.1007/s00415-013-7239-x
https://doi.org/10.1016/j.seizure.2009.11.008
https://doi.org/10.1017/S1092852924002311


environment and children’s study. J AmHeart Assoc. 2023;12(17):e029268.
doi:10.1161/jaha.122.029268

24. Battino D, Tomson T, Bonizzoni E, et al. Risk of major congenital mal-
formations and exposure to antiseizure medication monotherapy. JAMA
Neurol. 2024;81(5):481–489. doi:10.1001/jamaneurol.2024.0258

25. Vajda FJ, O’brien TJ, Hitchcock A, et al. Critical relationship between
sodium valproate dose and human teratogenicity: results of the
Australian register of anti-epileptic drugs in pregnancy. J Clin Neurosci.
2004;11(8):854–858. doi:10.1016/j.jocn.2004.05.003

26. Tomson T, Battino D, Bonizzoni E, et al. Comparative risk of major
congenital malformations with eight different antiepileptic drugs: a pro-
spective cohort study of the EURAP registry. Lancet Neurol. 2018;17(6):
530–538. doi:10.1016/s1474-4422(18)30107-8

27. Kaneko S, Battino D, Andermann E, et al. Congenital malformations due to
antiepileptic drugs. Epilepsy Res. 1999;33(2–3):145–158. doi:10.1016/
s0920-1211(98)00084-9

28. Güveli BT,Rosti RÖ,GüzeltaşA, et al. Teratogenicity of antiepileptic drugs.Clin
Psychopharmacol Neurosci. 2017;15(1):19–27. doi:10.9758/cpn.2017.15.1.19

29. Vajda FJE, O’Brien TJ, Graham JE, Hitchcock AA, Lander CM, Eadie MJ.
Pregnancy after valproate withdrawal-Fetal malformations and seizure
control. Epilepsia. 2020;61(5):944–950. doi:10.1111/epi.16505

30. Foch C, Araujo M, Weckel A, et al. In utero drug exposure and hearing
impairment in 2-year-old children A case-control study using the EFE-
MERIS database. Int J Pediatr Otorhinolaryngol. 2018;113:192–197. doi:
10.1016/j.ijporl.2018.07.035

31. Campbell E, Kennedy F, Russell A, et al. Malformation risks of antiepileptic
drug monotherapies in pregnancy: updated results from the UK and
Ireland Epilepsy and Pregnancy Registers. J Neurol Neurosurg Psychiatry.
2014;85(9):1029–1034. doi:10.1136/jnnp-2013-306318

32. Vajda FJE, Graham JE, Hitchcock AA, Lander CM, O’Brien TJ, Eadie MJ.
Antiepileptic drugs and foetal malformation: analysis of 20 years of data
in a pregnancy register. Seizure. 2019;65:6–11. doi:10.1016/j.seizure.
2018.12.006

33. Vajda FJ, O’Brien TJ, Graham JE, Lander CM, Eadie MJ. Dose dependence
of fetal malformations associated with valproate. Neurology. 2013;81(11):
999–1003. doi:10.1212/wnl.0b013e3182a43e81

34. Rodríguez-Pinilla E, Mejías C, Prieto-Merino D, Fernández P, Martínez-
Frías ML; ECEMC Working Group. Risk of hypospadias in newborn
infants exposed to valproic acid during the first trimester of pregnancy: a
case-control study in Spain. Drug Saf. 2008;31(6):537–543. doi:10.2165/
00002018-200831060-00008

35. Pennell PB, Klein AM, BrowningN, et al. Differential effects of antiepileptic
drugs on neonatal outcomes. Epilepsy Behav. 2012;24(4):449–456. doi:
10.1016/j.yebeh.2012.05.010

36. Medveczky E, Puhó E, Czeizel EA. The use of drugs in mothers of offspring
with neural-tube defects. Pharmacoepidemiol Drug Saf. 2004;13(7):
443–455. doi:10.1002/pds.900

37. Hernández-Díaz S, Straub L, Bateman BT, et al. Risk of autism after
prenatal topiramate, valproate, or lamotrigine exposure. N Engl J Med.
2024;390(12):1069–1079. doi:10.1056/nejmoa2309359

38. Christensen J, Pedersen L, Sun Y, Dreier JW, Brikell I, Dalsgaard S.
Association of prenatal exposure to valproate and other antiepileptic drugs
with risk for attention-deficit/hyperactivity disorder in offspring [pub-
lished correction appears in JAMA Netw Open. 2019 Feb 1;2(2):e191243.
doi:10.1001/jamanetworkopen.2019.1243]. JAMA Netw Open. 2019;2(1):
e186606. Published 2019 Jan 4. doi:10.1001/jamanetworkopen.2018.6606

39. Veiby G, Daltveit AK, Schjølberg S, et al. Exposure to antiepileptic drugs in
utero and child development: a prospective population-based study. Epi-
lepsia. 2013;54(8):1462–1472. doi:10.1111/epi.12226

40. Bjørk MH, Zoega H, Leinonen MK, et al. Association of prenatal exposure
to antiseizure medication with risk of autism and intellectual disability
[published correction appears in JAMA Neurol. 2022 Jul 1;79(7):727. doi:
10.1001/jamaneurol.2022.1964]. JAMA Neurol. 2022;79(7):672–681. doi:
10.1001/jamaneurol.2022.1269

41. Shallcross R, Bromley RL, Cheyne CP, et al. In utero exposure to levetir-
acetam vs valproate: development and language at 3 years of age.Neurology.
2014;82(3):213–221. doi:10.1212/wnl.0000000000000030

42. Thomas SV, Ajaykumar B, Sindhu K, NairMK, George B, Sarma PS.Motor
and mental development of infants exposed to antiepileptic drugs in utero.
Epilepsy Behav. 2008;13(1):229–236. doi:10.1016/j.yebeh.2008.01.010

43. CohenMJ,Meador KJ, BrowningN, et al. Fetal antiepileptic drug exposure:
motor, adaptive, and emotional/behavioral functioning at age 3 years.
Epilepsy Behav. 2011;22(2):240–246. doi:10.1016/j.yebeh.2011.06.014

44. Blotière PO, Miranda S, Weill A, et al. Risk of early neurodevelopmental
outcomes associated with prenatal exposure to the antiepileptic drugs most
commonly used during pregnancy: a French nationwide population-based
cohort study. BMJ Open. 2020;10(6):e034829. Published 2020 Jun 7. doi:
10.1136/bmjopen-2019-034829

45. CohenMJ,Meador KJ, BrowningN, et al. Fetal antiepileptic drug exposure:
Adaptive and emotional/behavioral functioning at age 6 years. Epilepsy
Behav. 2013;29(2):308–315. doi:10.1016/j.yebeh.2013.08.001

46. Deshmukh U, Adams J, Macklin EA, et al. Behavioral outcomes in children
exposed prenatally to lamotrigine, valproate, or carbamazepine. Neurotox-
icol Teratol. 2016;54:5–14. doi:10.1016/j.ntt.2016.01.001

47. Husebye ESN, Gilhus NE, Riedel B, Spigset O, Daltveit AK, Bjørk MH.
Verbal abilities in children of mothers with epilepsy: association to mater-
nal folate status. Neurology. 2018;91(9):e811–e821. doi:10.1212/wnl.00000
00000006073

48. Husebye ESN, Gilhus NE, Spigset O, Daltveit AK, Bjørk MH. Language
impairment in children aged 5 and 8 years after antiepileptic drug exposure
in utero – the Norwegian Mother and Child Cohort Study. Eur J Neurol.
2020;27(4):667–675. doi:10.1111/ene.14140

49. Kini U, Adab N, Vinten J, Fryer A, Clayton-Smith J; Liverpool and
Manchester Neurodevelopmental Study Group. Dysmorphic features: an
important clue to the diagnosis and severity of fetal anticonvulsant syn-
dromes. Arch Dis Child Fetal Neonatal Ed. 2006;91(2):F90–F95. doi:
10.1136/adc.2004.067421

50. Baker GA, Bromley RL, Briggs M, et al. IQ at 6 years after in utero exposure
to antiepileptic drugs: a controlled cohort study. Neurology. 2015;84(4):
382–390. doi:10.1212/wnl.0000000000001182

51. Huber-Mollema Y, van Iterson L, Oort FJ, Lindhout D, Rodenburg R.
Neurocognition after prenatal levetiracetam, lamotrigine, carbamazepine
or valproate exposure. J Neurol. 2020;267(6):1724–1736. doi:10.1007/
s00415-020-09764-w

52. Kasradze S, Gogatishvili N, Lomidze G, et al. Cognitive functions in
children exposed to antiepileptic drugs in utero – Study in Georgia. Epilepsy
Behav. 2017;66:105–112. doi:10.1016/j.yebeh.2016.10.014

53. Nadebaum C, Anderson V, Vajda F, Reutens D, Barton S, Wood A. The
Australian brain and cognition and antiepileptic drugs study: IQ in school-
aged children exposed to sodium valproate and polytherapy. J Int Neurop-
sychol Soc. 2011;17(1):133–142. doi:10.1017/s1355617710001359

54. Cohen MJ, Meador KJ, May R, et al. Fetal antiepileptic drug exposure and
learning and memory functioning at 6 years of age: The NEAD prospective
observational study. Epilepsy Behav. 2019;92:154–164. doi:10.1016/j.
yebeh.2018.12.031

55. Barton S, Nadebaum C, Anderson VA, Vajda F, Reutens DC, Wood AG.
Memory dysfunction in school-aged children exposed prenatally to anti-
epileptic drugs. Neuropsychology. 2018;32(7):784–796. doi:10.1037/neu
0000465

56. Meador KJ, Baker GA, BrowningN, et al. Foetal antiepileptic drug exposure
and verbal versus non-verbal abilities at three years of age. Brain. 2011;
134(Pt 2):396–404. doi:10.1093/brain/awq352

57. Meador KJ, Baker GA, Browning N, et al. Fetal antiepileptic drug exposure
and cognitive outcomes at age 6 years (NEAD study): a prospective
observational study. Lancet Neurol. 2013;12(3):244–252. doi:10.1016/
s1474-4422(12)70323-x

58. Rihtman T, Parush S, Ornoy A. Developmental outcomes at preschool age
after fetal exposure to valproic acid and lamotrigine: cognitive, motor,
sensory and behavioral function. Reprod Toxicol. 2013;41:115–125. doi:
10.1016/j.reprotox.2013.06.001

59. Nadebaum C, Anderson V, Vajda F, Reutens D, Barton S, Wood A. The
Australian brain and cognition and antiepileptic drugs study: IQ in school-
aged children exposed to sodium valproate and polytherapy. J Int Neurop-
sychol Soc. 2011;17(1):133–142. doi:10.1017/s1355617710001359

6 K. Valentino et al.

https://doi.org/10.1017/S1092852924002311 Published online by Cambridge University Press

https://doi.org/10.1161/jaha.122.029268
https://doi.org/10.1001/jamaneurol.2024.0258
https://doi.org/10.1016/j.jocn.2004.05.003
https://doi.org/10.1016/s1474-4422(18)30107-8
https://doi.org/10.1016/s0920-1211(98)00084-9
https://doi.org/10.1016/s0920-1211(98)00084-9
https://doi.org/10.9758/cpn.2017.15.1.19
https://doi.org/10.1111/epi.16505
https://doi.org/10.1016/j.ijporl.2018.07.035
https://doi.org/10.1136/jnnp-2013-306318
https://doi.org/10.1016/j.seizure.2018.12.006
https://doi.org/10.1016/j.seizure.2018.12.006
https://doi.org/10.1212/wnl.0b013e3182a43e81
https://doi.org/10.2165/00002018-200831060-00008
https://doi.org/10.2165/00002018-200831060-00008
https://doi.org/10.1016/j.yebeh.2012.05.010
https://doi.org/10.1002/pds.900
https://doi.org/10.1056/nejmoa2309359
https://doi.org/10.1001/jamanetworkopen.2019.1243
https://doi.org/10.1001/jamanetworkopen.2018.6606
https://doi.org/10.1111/epi.12226
https://doi.org/10.1001/jamaneurol.2022.1964
https://doi.org/10.1001/jamaneurol.2022.1269
https://doi.org/10.1212/wnl.0000000000000030
https://doi.org/10.1016/j.yebeh.2008.01.010
https://doi.org/10.1016/j.yebeh.2011.06.014
https://doi.org/10.1136/bmjopen-2019-034829
https://doi.org/10.1016/j.yebeh.2013.08.001
https://doi.org/10.1016/j.ntt.2016.01.001
https://doi.org/10.1212/wnl.0000000000006073
https://doi.org/10.1212/wnl.0000000000006073
https://doi.org/10.1111/ene.14140
https://doi.org/10.1136/adc.2004.067421
https://doi.org/10.1212/wnl.0000000000001182
https://doi.org/10.1007/s00415-020-09764-w
https://doi.org/10.1007/s00415-020-09764-w
https://doi.org/10.1016/j.yebeh.2016.10.014
https://doi.org/10.1017/s1355617710001359
https://doi.org/10.1016/j.yebeh.2018.12.031
https://doi.org/10.1016/j.yebeh.2018.12.031
https://doi.org/10.1037/neu0000465
https://doi.org/10.1037/neu0000465
https://doi.org/10.1093/brain/awq352
https://doi.org/10.1016/s1474-4422(12)70323-x
https://doi.org/10.1016/s1474-4422(12)70323-x
https://doi.org/10.1016/j.reprotox.2013.06.001
https://doi.org/10.1017/s1355617710001359
https://doi.org/10.1017/S1092852924002311


60. Bluett-Duncan M, Astill D, Charbak R, et al. Neurodevelopmental out-
comes in children and adults with fetal valproate spectrum disorder: a
contribution from the ConcePTION project. Neurotoxicol Teratol. 2023;
100:107292. doi:10.1016/j.ntt.2023.107292

61. Ren T, Lee PMY, Li F, Li J. Prenatal carbamazepine exposure and academic
performance in adolescents: a population-based cohort study. Neurology.
2023;100(7):e728–e738. doi:10.1212/wnl.0000000000201529

62. Dreier JW, Bjørk MH, Alvestad S, et al. Prenatal exposure to antiseizure
medication and incidence of childhood- and adolescence-onset psychiatric
disorders. JAMA Neurol. 2023;80(6):568–577. doi:10.1001/jamaneurol.
2023.0674

63. Li R, Chen Q, Cao X, et al. Pregnancy characteristics and adverse outcomes
in offspring of women with epilepsy: a prospective registry study from
Mainland China. Front Neurol. 2023;14:1195003. Published 2023 Aug 11.
doi:10.3389/fneur.2023.1195003

64. Ban L, Fleming KM, Doyle P, et al. Congenital anomalies in children of
mothers taking antiepileptic drugs with and without periconceptional high
dose folic acid use: a population-based cohort study. PLoS One. 2015;10(7):
e0131130. Published 2015 Jul 6. doi:10.1371/journal.pone.0131130

65. Vajda FJ, O’Brien TJ, Hitchcock A, Graham J, Lander C. The Australian
registry of anti-epileptic drugs in pregnancy: experience after 30 months.
J Clin Neurosci. 2003;10(5):543–549. doi:10.1016/s0967-5868(03)00158-9

66. Vajda FJE, Graham JE, Hitchcock AA, Lander CM, O’Brien TJ, Eadie MJ.
Antiepileptic drugs and foetal malformation: analysis of 20 years of data
in apregnancy register. Seizure. 2019;65:6–11. doi:10.1016/j.seizure.2018.12.006

67. BjørkM, Riedel B, Spigset O, et al. Association of folic acid supplementation
during pregnancy with the risk of autistic traits in children exposed to
antiepileptic drugs in utero [published correction appears in JAMANeurol.
2018 Apr 1;75(4):518. doi: 10.1001/jamaneurol.2018.0085]. JAMA Neurol.
2018;75(2):160–168. doi:10.1001/jamaneurol.2017.3897

68. Morrow J, Russell A, Guthrie E, et al. Malformation risks of antiepileptic
drugs in pregnancy: a prospective study from the UK Epilepsy and Preg-
nancy Register. J Neurol Neurosurg Psychiatry. 2006;77(2):193–198. doi:
10.1136/jnnp.2005.074203

69. Chen H, Qin L, Gao R, et al. Neurodevelopmental effects of maternal
folic acid supplementation: a systematic review and meta-analysis.
Crit Rev Food Sci Nutr. 2023;63(19):3771–3787. doi:10.1080/
10408398.2021.1993781

70. Samalin L, Godin O, Olié E, et al. Evolution and characteristics of the use of
valproate in women of childbearing age with bipolar disorder: results from
the FACE-BD cohort. J Affect Disord. 2020;276:963–969. doi:10.1016/j.
jad.2020.07.078

71. Mulryan D, McIntyre A, McDonald C, Feeney S, Hallahan B. Awareness
and documentation of the teratogenic effects of valproate among women of
child-bearing potential. BJPsych Bull. 2018;42(6):233–237. doi:10.1192/
bjb.2018.48

72. Paton C, Cookson J, Ferrier IN, Bhatti S, Fagan E, Barnes TRE. A UK
clinical audit addressing the quality of prescribing of sodium valproate for
bipolar disorder in women of childbearing age. BMJ Open. 2018;8(4):
e020450. Published 2018 Apr 12. doi:10.1136/bmjopen-2017-020450

CNS Spectrums 7

https://doi.org/10.1017/S1092852924002311 Published online by Cambridge University Press

https://doi.org/10.1016/j.ntt.2023.107292
https://doi.org/10.1212/wnl.0000000000201529
https://doi.org/10.1001/jamaneurol.2023.0674
https://doi.org/10.1001/jamaneurol.2023.0674
https://doi.org/10.3389/fneur.2023.1195003
https://doi.org/10.1371/journal.pone.0131130
https://doi.org/10.1016/s0967-5868(03)00158-9
https://doi.org/10.1016/j.seizure.2018.12.006
https://doi.org/10.1001/jamaneurol.2018.0085
https://doi.org/10.1001/jamaneurol.2017.3897
https://doi.org/10.1136/jnnp.2005.074203
https://doi.org/10.1080/10408398.2021.1993781
https://doi.org/10.1080/10408398.2021.1993781
https://doi.org/10.1016/j.jad.2020.07.078
https://doi.org/10.1016/j.jad.2020.07.078
https://doi.org/10.1192/bjb.2018.48
https://doi.org/10.1192/bjb.2018.48
https://doi.org/10.1136/bmjopen-2017-020450
https://doi.org/10.1017/S1092852924002311

	Anatomical, behavioral, and cognitive teratogenicity associated with valproic acid: a systematic review
	Introduction
	Methods
	Data sources and search strategy
	Study selection
	Data extraction
	Quality assessment

	Results
	Search results
	Study characteristics
	Quality appraisal
	Anatomical teratogenicity
	Neural tube defects
	Behavioral teratogenicity
	Cognitive teratogenicity
	Risk-mitigating effects of folic acid supplementation

	Discussion
	Conclusion
	Supplementary material
	Author contribution
	Disclosures
	References


