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ABSTRACT

BACKGROUND
Maternal use of valproate during pregnancy has been associated with an increased
risk of neurodevelopmental disorders in children. Although most studies of other
antiseizure medications have not shown increased risks of these disorders, there
are limited and conflicting data regarding the risk of autism spectrum disorder
associated with maternal topiramate use.

METHODS
We identified a population-based cohort of pregnant women and their children
within two health care utilization databases in the United States, with data from
2000 through 2020. Exposure to specific antiseizure medications was defined on
the basis of prescription fills from gestational week 19 until delivery. Children
who had been exposed to topiramate during the second half of pregnancy were
compared with those unexposed to any antiseizure medication during pregnancy
with respect to the risk of autism spectrum disorder. Valproate was used as a
positive control, and lamotrigine was used as a negative control.

RESULTS

The estimated cumulative incidence of autism spectrum disorder at 8 years of
age was 1.9% for the full population of children who had not been exposed to
antiseizure medication (4,199,796 children). With restriction to children born to
mothers with epilepsy, the incidence was 4.2% with no exposure to antiseizure
medication (8815 children), 6.2% with exposure to topiramate (1030 children),
10.5% with exposure to valproate (800 children), and 4.1% with exposure to la-
motrigine (4205 children). Propensity score—adjusted hazard ratios in a com-
parison with no exposure to antiseizure medication were 0.96 (95% confidence
interval [CI], 0.56 to 1.65) for exposure to topiramate, 2.67 (95% CI, 1.69 to 4.20)
for exposure to valproate, and 1.00 (95% CI, 0.69 to 1.46) for exposure to la-
motrigine.

CONCLUSIONS
The incidence of autism spectrum disorder was higher among children prena-
tally exposed to the studied antiseizure medications than in the general popula-
tion. However, after adjustment for indication and other confounders, the as-
sociation was substantially attenuated for topiramate and lamotrigine, whereas
an increased risk remained for valproate. (Funded by the National Institute of
Mental Health.)

N ENGL J MED 390;12 NEJM.ORG MARCH 21/28, 2024

From the Department of Epidemiology,
Harvard T.H. Chan School of Public Health
(S.H.-D.), the Division of Pharmacoepide-
miology and Pharmacoeconomics, De-
partment of Medicine, Brigham and Wom-
en’s Hospital and Harvard Medical School
(L.S., Y.Z.,H.M., E.D., K.F.H.), the Division
of Maternal—Fetal Medicine, Department
of Obstetrics and Gynecology, Brigham
and Women'’s Hospital (KJ.G.), and the
Department of Psychiatry, Harvard Medi-
cal School (CJ.M.), Boston, and the Lurie
Center for Autism, Massachusetts General
Hospital, Lexington (CJ.M.) — all in Mas-
sachusetts; the Department of Anesthesi-
ology, Perioperative and Pain Medicine,
Stanford University School of Medicine,
Stanford, CA (B.T.B.); the Asher Center for
the Study and Treatment of Depressive
Disorders, Department of Psychiatry and
Behavioral Sciences, and the Department
of Obstetrics and Gynecology, Feinberg
School of Medicine, Northwestern Univer-
sity, Chicago (K.L.W.); the Center for the
Study of Children at Risk, Departments of
Psychiatry and Pediatrics, Alpert Medical
School of Brown University, and Women
and Infants Hospital, Providence, RI (B.L.);
and the Department of Neurology, Univer-
sity of Pittsburgh School of Medicine, Pitts-
burgh (P.B.P.). Dr. Herndndez-Diaz can be
contacted at shernan@hsph.harvard.edu or
at the Department of Epidemiology, Har-
vard T.H. Chan School of Public Health,
677 Huntington Ave., Boston, MA 02115.

N Engl ) Med 2024;390:1069-79.
DOI: 10.1056/NEJM0a2309359
Copyright © 2024 Massachusetts Medical Society.

at NEJM.org

1069



1070

The NEW ENGLAND JOURNAL of MEDICINE

OST WOMEN WITH EPILEPSY RECEIVE

treatment with antiseizure medication

throughout pregnancy.! However, val-
proate and, to a lesser degree, other traditional
antiseizure medications (e.g., phenobarbital and
carbamazepine) are known teratogens.” Among
the antiseizure medications approved within the
past 25 years, most (e.g., lamotrigine) do not
appear to substantially affect the risk of mal-
formations, with the exception of topiramate,
which is associated with an increased risk of
oral clefts.?

In addition to the teratogenic effects of val-
proate, maternal use of the drug during preg-
nancy has been associated with decreased neu-
rocognitive function in children,*"® and increased
risks of autism spectrum disorder?*?? and atten-
tion deficit-hyperactivity disorder (ADHD).*%%
In contrast, studies, with few exceptions,®® have
generally not linked maternal lamotrigine use
with adverse neurodevelopmental outcomes.!>2%24%
Data to inform neurodevelopmental outcomes
in children exposed to topiramate in utero
have been limited and mixed.?*1¢242627 A recent
Nordic study showed an increased risk of au-
tism spectrum disorder after prenatal exposure
to topiramate on the basis of a small number
of cases in exposed children.” Further evalua-
tion of the risk of autism spectrum disorder
among children with prenatal exposure to
topiramate is needed to inform its safety for
women with epilepsy or other potential indi-
cations, including bipolar disorder, migraine,
and weight loss.

We used two population-based U.S. health
care utilization databases to study the associa-
tion between topiramate treatment during preg-
nancy and risk of autism spectrum disorder
among offspring. Valproate- and lamotrigine-
exposed pregnancies were used as positive and
negative controls, respectively.

METHODS

DATA SOURCES

We identified pregnancy cohorts nested in the
Medicaid Analytic eXtract-Transformed Medicaid
Statistical Information System Analytic Files
(MAX-TAF) from 2000 through 2018, which in-
clude data on health care use for Medicaid benefi-
ciaries nationwide, and the Merative MarketScan

Commercial Claims and Encounters Database
(referred to hereafter as MarketScan) from 2003
through 2020, which includes data on commer-
cial health insurance.®? Both data sources
contain information on demographic character-
istics, diagnoses, and procedures received dur-
ing inpatient, outpatient, or emergency depart-
ment visits, as well as dispensed outpatient
prescription medications. The study design is
summarized in Figure S1 in the Supplementary
Appendix, available with the full text of this ar-
ticle at NEJM.org. The study was approved by
the institutional review board at Brigham and
Women’s Hospital, which waived the need for
informed consent.

STUDY POPULATION

The study population comprised persons of fe-
male sex and any gender identity 12 through 55
years of age (referred to hereafter as women),
linked with their liveborn children, and who had
insurance coverage from at least 3 months be-
fore the date of the estimated last menstrual
period to 1 month after delivery. For primary
analyses, the cohort was further restricted to
women with epilepsy, the main indication for
the antiseizure medications considered (see the
Supplementary Appendix for details on the algo-
rithm used to define epilepsy). Children with
chromosomal anomalies were excluded under
the assumption that the cause of potential neu-
rodevelopmental disorders in these children is
unlikely to be related to maternal use of antisei-
zure medications. Children with major congeni-
tal malformations were excluded in sensitivity
analyses given the potential for shared etiologic
pathways between anatomical and neurologic
anomalies.’

EXPOSURE GROUPS
The primary exposure group included women
with at least one dispensing for topiramate (or
valproate or lamotrigine as positive and nega-
tive controls, respectively) during the second
half of pregnancy (defined as week 19 of gesta-
tion to delivery), which is a period of substan-
tial synaptogenesis.3*3 The unexposed refer-
ence group included women without any
dispensing of antiseizure medication between
90 days before the last menstrual period and
delivery (i.e., presumed inactive or pharmaco-
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logically untreated epilepsy). To address expo-
sure misclassification, one sensitivity analysis
required at least two dispensings during the
exposure window, because women who refill a
prescription for antiseizure medication may
be more likely to have taken the medication
than those who do not refill the medication,
and another required a dispensing in the third
trimester, which is the peak synaptogenesis
period.>®3!

Several secondary analyses were conducted.
To account for concomitant use of more than
one antiseizure medication, we defined expo-
sure as monotherapy if the mothers had filled
prescriptions for only the specific antiseizure
medication of interest but no other antiseizure
medications during the exposure window. To
evaluate dose response, we defined low daily
doses as less than 200 mg for topiramate, less
than 1000 mg for valproate, and less than 300
mg for lamotrigine, on the basis of the first
dispensing of the drug of interest during the
assessment period. Alternative assessments with
respect to high or low dose were included in
sensitivity analyses. These cutoff points reflect
the median dose for patients with epilepsy
(Table S1). To evaluate alternative etiologically
relevant windows for fetal vulnerability, we con-
sidered exposures during the first half of preg-
nancy (defined as last menstrual period through
18 weeks after last menstrual period) irrespec-
tive of exposure thereafter, exposure only dur-
ing the first half of pregnancy but not after-
ward, and exposure only during the second half
of pregnancy but not earlier. To further improve
the comparability of the treatment strategies,
we used lamotrigine monotherapy as the active
reference group because previous studies sup-
ported overall safety with respect to neurode-
velopment and because it is a commonly pre-
scribed antiseizure medication in women of
reproductive age. We used the full cohort for
this comparative safety analysis (i.e., no restric-
tion with respect to epilepsy status) to improve
precision and adjusted for possible indications
for topiramate and lamotrigine. To assess the
generalizability of the results to antiseizure-
medication use for nonepilepsy indications, we
restricted the population to women without a
recorded epilepsy diagnosis and adjusted for
other indications.

OUTCOME
Clinical diagnoses of autism spectrum disorder
were ascertained with the use of a validated
claims-based algorithm that requires at least two
visits with codes for autism spectrum disorder at
or after the age of 1 year. This algorithm has a
positive predictive value of 94%.3

COVARIATES

We identified a broad list of potential confound-
ers, including demographic characteristics, ma-
ternal mental health and neurologic conditions
other than epilepsy (e.g., bipolar disorder, de-
pression, anxiety, and migraine), other potential
indications (e.g., weight loss), concomitant med-
ications, lifestyle factors, maternal coexisting con-
ditions, and health care use. A full list of covari-
ates and their assessment periods is provided in
Table S2.

STATISTICAL ANALYSIS

Descriptive statistics were calculated for all co-
variates according to exposure group with the
use of means and standard deviations for con-
tinuous variables and counts and percentages
for categorical variables and compared between
groups with the use of standardized mean dif-
ferences. Children were followed from birth until
the end of enrollment, diagnosis of autism spec-
trum disorder, the end of the study period, or
death, whichever occurred first. Crude and weight-
ed cumulative incidence of diagnosis of autism
spectrum disorder at 8 years of age was esti-
mated for each exposure group with the use of
the Kaplan—Meier method. Cox proportional-
hazard models were used to calculate crude and
weighted hazard ratios, overall and at each year
of age. Propensity score overlap weighting was
used to adjust for measured baseline confound-
ers when each antiseizure medication was com-
pared with the reference group.*®* An analysis to
adjust for censoring bias was conducted with the
use of inverse-probability weights constructed
with measured baseline covariates. Weighted 95%
confidence intervals were calculated with the
use of robust standard errors. Data from each
data source were combined by pooling at the
individual level and accounting for the data
source in the propensity-score models. All analy-
ses were conducted with the use of SAS soft-
ware, version 9.4 (SAS Institute), and R software.
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31 (4.3) 8,484 (0.5) 74 (10.1) 430 (5.9) 5(L.7) 38 (2.4)

47,822 (2.0)

282 (16.1)

Antipsychotics

35,952 (2.0) 36 (11.8) 742 (10.2) 19 (6.3) 83 (5.3)

90 (12.5)

113,323 (4.7)

310 (17.7)

Anxiolytics, hypnotics, or sedatives

106 (14.7) 28,997 (1.6) 54 (7.4) 299 (4.1) 20 (6.7) 54 (3.4)

37,099 (L.5)

208 (11.9)

Barbiturates

135 (18.8) 66,721 (3.8) 129 (17.7) 760 (10.5) 37 (12.3) 152 (9.7)

73,675 (3.0)

448 (25.6)

Benzodiazepines

2514 (34.7) 78 (26.0) 290 (18.5)

303 (41.5)

503,836 (20.7) 264 (36.7) 173,324 (9.8)

897 (51.3)

Opioids

6 (2.0) 40 (2.5)

131 (1.8)

13 (1.8)

19,981 (1.1)

37 (5.1)

20,802 (0.9)

85 (4.9)

Psychostimulants

* Plus—minus values are means +SD. Data were derived from the Medicaid Analytic eXtract-Transformed Medicaid Statistical Information System Analytic Files (MAX-TAF) and the

Merative MarketScan Commercial Claims and Encounters Database (MarketScan). ADHD denotes attention deficit-hyperactivity disorder, ASM antiseizure medication, and NA not

available.
T Race or ethnic group was determined on the basis of data that had been collected and coded from Medicaid applications and submitted to the Centers for Medicare and Medicaid

Services (CMS) by individual states.
i The number was suppressed in the MAX-TAF database owing to the cell-suppression policy of the CMS.

§ The number was suppressed to avoid back-calculation.

N ENGL J MED 390;12

RESULTS

DESCRIPTION OF STUDY POPULATION

Among 4,292,539 eligible pregnancies, 2469 had
at least one dispensation during the second half
of pregnancy for topiramate, 1392 for valproate,
and 8464 for lamotrigine; 4,199,796 did not have
dispensations for any antiseizure medications in
the 90 days before and during pregnancy (Fig. S2).
As compared with unexposed mothers, mothers
exposed to topiramate had a higher frequency
of epilepsy, bipolar disorder, migraine, neuro-
pathic pain, anxiety, depression, and ADHD. They
were also more likely than unexposed mothers
to be White (MAX-TAF population), to have re-
ceived a diagnosis of diabetes or obesity, to use
tobacco or have alcohol use disorder or sub-
stance use disorder, and to use antidepressants,
anxiolytic agents, or opioids; they also had
more frequent health care use. The characteris-
tics were more similar to those of the lamotri-
gine reference group, although the distribution
of neurologic and mental health diagnoses still
differed.

Among 28,952 women with a recorded epi-
lepsy diagnosis, 1030 had at least one dispensa-
tion during the second half of pregnancy for
topiramate, 800 for valproate, and 4205 for la-
motrigine; 8815 did not have dispensations for
any antiseizure medications in the 90 days be-
fore and during pregnancy. Among women with
epilepsy, characteristics were more balanced
across groups even before weighting on the ba-
sis of propensity scores (Table 1 and Tables S3,
S4, and S5).

The median follow-up was 2 years. Of the
more than 4.2 million children eligible at birth,
more than 400,000 were followed for at least
8 years.

INCIDENCE OF AUTISM SPECTRUM DISORDER

The cumulative incidence of autism spectrum
disorder at 8 years of age among children not
exposed to antiseizure medication was 1.89%
(95% confidence interval [CI], 1.87 to 1.92) in
the full population, in which the incidence of
autism spectrum disorder appeared to be higher
for all antiseizure medications considered rela-
tive to the unexposed group. On restriction of
the population to mothers with epilepsy, the
cumulative incidence curves largely overlapped,
except for children exposed to valproate, who had

NEJM.ORG MARCH 21/28, 2024
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a higher incidence of autism spectrum disorder
(Fig. S3). Within the group with maternal epi-
lepsy, the crude cumulative incidence of autism
spectrum disorder at 8 years of age was 4.21%
(95% CI, 3.27 to 5.16) with no exposure to anti-
seizure medication, 6.15% (95% CI, 2.98 to 9.31)
with exposure to topiramate, 10.51% (95% CI,
6.78 to 14.24) with exposure to valproate, and
4.08% (95% CI, 2.75 to 5.41) with exposure to
lamotrigine.

PRIMARY COMPARISONS

The weighted cumulative incidence curves for
each comparison are presented in Figure 1.
Within the group with maternal epilepsy, the
weighted average hazard ratios as compared
with no exposure to antiseizure medication were
0.96 (95% CI, 0.56 to 1.65) with exposure to
topiramate, 2.67 (95% CI, 1.69 to 4.20) with ex-
posure to valproate, and 1.00 (95% CI, 0.69 to
1.46) with exposure to lamotrigine (Fig. 2). The
hazard ratios at each year of age are shown in
Figure S4.

SECONDARY ANALYSES

Weighted hazard ratios for topiramate were con-
sistent with no substantive increase in risk with
monotherapy, with lower and higher doses, and
with exposures early in pregnancy with or with-
out discontinuation (Fig. 3 and Table S6). Simi-
lar results were found for lamotrigine. Results
were also similar when analyses were restricted
to a population without an epilepsy diagnosis
after adjustment for nonepilepsy indications and
other covariates, although the confidence inter-
vals were wider (Table S7). As compared with no
exposure to antiseizure medication, hazard ra-
tios associated with in utero valproate exposure
appeared to be higher with the use of higher
(rather than lower) doses and lower for exposure
only early (rather than late) in pregnancy, al-
though estimates were imprecise. Analyses with
alternative assessments with respect to high or
low dose yielded similar results (Fig. S5). As com-
pared with lamotrigine monotherapy, the adjust-
ed hazard ratios were 1.22 (95% CI, 0.76 to 1.98)
for topiramate and 1.79 (95% CI, 1.12 to 2.87) for
valproate.

SENSITIVITY ANALYSES
Findings for topiramate, valproate, and lamo-
trigine were materially unchanged in sensitivity

analyses limited to women with more than one
dispensing late in pregnancy or a dispensing in
the third trimester. Analyses that applied cen-
soring weights or excluded children with major
congenital malformations (Fig. 3) also yielded
similar results, as did post hoc analyses weight-
ing the population to the unexposed group
(Table S8).

DISCUSSION

In a large U.S. nationwide cohort of mother—
child dyads, the incidence of autism spectrum
disorder was higher among children exposed to
topiramate in the second half of pregnancy than
in the general population of children without in
utero exposure to antiseizure medication, but
not relative to other children born to women
with epilepsy. Overall, results suggest no sub-
stantially increased risk of autism spectrum
disorder after prenatal exposure to either topira-
mate or lamotrigine (the negative control group)
and a dose-dependent increased risk of autism
spectrum disorder associated with prenatal val-
proate exposure (the positive control group).
Given the well-known strong teratogenic and
neurotoxic effects of valproate on the fetus,*®
use during pregnancy is restricted to exceptional
circumstances. There is a dose-dependent rela-
tionship between valproate and both malforma-
tions and cognitive impairment in children, but
risks of these adverse outcomes are increased
even with the use of low doses of valproate.1018%
Topiramate is generally not considered to be a
favorable alternative to valproate in pregnancy
owing to increased risks of oral clefts and small
size for gestational age.>** Although there are
fewer data to inform risks of adverse neurodevel-
opmental outcomes after maternal topiramate
use, concern was raised by a recent Nordic reg-
ister-based study showing that prenatal topira-
mate exposure was associated with an increased
risk of autism spectrum disorder (adjusted
hazard ratio, 2.8; 95% CI, 1.4 to 5.7)." This as-
sociation appeared to be stronger with doses of
100 mg or more. Of the 246 mothers with epi-
lepsy who were prescribed topiramate after the
last menstrual period, too few had prescrip-
tions beyond the first trimester to estimate the
effects of late-pregnancy use (probably the etio-
logically relevant exposure window for neuro-
developmental disorders). Although there are some

N ENGLJ MED 390;12 NEJM.ORG MARCH 21/28, 2024
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A Exposure to Topiramate as Compared with No Exposure to ASM
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B Exposure to Valproate as Compared with No Exposure to ASM

P Valproate

--------------------------- Unexposed

14
12
10

Cumulative Incidence (%)
oo
|

C Exposure to Lamotrigine as Compared with No Exposure to ASM

........... Lamotrigine
PO — JE ool Unexposed

No. at Risk

Topiramate 1030 809 562 430 325 249
Valproate 800 631 455 353 282 216
Lamotrigine 4205 3203 2162 1511 1097 835
Unexposed 8815 6824 4375 3041 2238 1709

Age (yr)

207 le4 118 82 59 46 37
183 151 131 108 81 59 46
626 449 329 233 146 95 60
1236 950 707 506 383 260 170

95% confidence intervals.

Figure 1. Autism Spectrum Disorder in Children with Prenatal Exposure to Topiramate, Valproate, or Lamotrigine
as Compared with Those with No Exposure to Antiseizure Medication (ASM) within the Epilepsy-Restricted Cohort.

Propensity score overlap weighting was used to calculate cumulative incidence. The lighter curves represent

differences in characteristics between the Nordic
cohort and our cohort (Table S9), these would
not be expected to explain differences between
the Nordic study and our study in risks of autism

spectrum disorder associated with topiramate,
particularly given that risks associated with val-
proate and lamotrigine were similar in the two
studies.

N ENGLJ MED 390;12 NEJM.ORG MARCH 21/28, 2024
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Our study combined two nationwide maternal—
child cohorts with public or commercial health
insurance to obtain a representative sample of
the U.S. population (Table S10), considered ex-
posures that extended into the second half of
pregnancy, and controlled for confounding by
maternal indication for antiseizure medication.
Limitations of our study should be noted. Despite
the large number of pregnancies, a substantial
proportion of children were lost to follow-up by
8 years of age. However, the size of the cohort
remained large, and analyses that accounted for
censoring by observed covariates did not affect
the estimates, which makes selection bias un-
likely. Prescriptions filled were used as a proxy
for actual medication use, which could bias effect
estimates toward the null. However, the results
of sensitivity analyses that required two fills of
an antiseizure medication during the exposure
window were consistent with the main results.
In addition, the lack of long-term follow-up and
the relatively small number of cases of autism
spectrum disorder resulted in wide confidence
intervals, with hazard ratios for autism spec-
trum disorder associated with topiramate use
(vs. no use of antiseizure medication) in pregnant
women with epilepsy ranging from a 44% lower
risk to a 65% higher risk.

At least part of the crude association between
antiseizure medications and autism spectrum
disorder is due to confounding by indication. In
previous studies, the risk of neurodevelopmental
disorders among the offspring was consistently
larger in the subpopulations of women with
epilepsy.>"¥ In our study, epilepsy was also as-
sociated with an elevated risk of diagnosis of
autism spectrum disorder among the children,
and the risk was elevated across antiseizure
medications. Controlling for the indication for
use of antiseizure medication and adjusting for
other measured confounders shifted hazard-
ratio estimates to the null for topiramate and
lamotrigine, whereas an increased risk for val-
proate remained. Some residual confounding is
possible — for example, by factors for which we
did not have data (e.g., maternal epilepsy type
and maternal IQ) or for which data may have
been misclassified (e.g., mental health status,
alcohol intake, and substance use disorder).
However, because correcting for these factors
would tend to move the hazard ratios down-
ward, residual confounding would not explain
the results for topiramate. In addition, in clini-
cal studies that included adjustment for mater-
nal IQ and epilepsy type, children with prenatal
exposure to valproate still had lower IQ scores

Medication and
Cohort

Topiramate
Full cohort
Epilepsy cohort
Epilepsy cohort
Valproate
Full cohort
Epilepsy cohort
Epilepsy cohort
Lamotrigine
Full cohort
Epilepsy cohort
Epilepsy cohort

Analysis Exposed Unexposed
Exposed Unexposed
no. of cases/total no. percent

Crude 32/2469 24,947/4,199,796 4.75
Crude 17/1030  102/8,815 6.15
PS-weighted ~ 17/1030  102/8,815 5.81
Crude 38/1392 24,947/4,199,796 6.83
Crude 32/800 102/8,815 10.51
PS-weighted ~ 32/800 102/8,815 1031
Crude 93/8464 24,947/4,199,796 3.65
Crude 50/4205 102/8,815 4.08
PS-weighted ~ 50/4205  102/8,815 455

Cumulative Incidence at 8 Yr of Age

Hazard Ratio (95% Cl)

1.89 ! e 217 (154-3.07)
421 —-o— 1.16 (0.70-1.94)
4.77 —e— 0.96 (0.56-1.65)
1.89 ' —e— 3.69 (2.68-5.07)
421 | b—e— 253 (L70-3.78)
3.81 ! ——1 267 (1.69-4.20)
1.89 Lo 2.16 (1.76-2.64)
421 —— 1.01 (0.72-1.41)
4.41 —— 1.00 (0.69-1.46)

T T T T T
0.25 0.50 1.00 2.00 4.00

Exposed Better Unexposed Better

Figure 2. Autism Spectrum Disorder in Children with Prenatal Exposure to Topiramate, Valproate, or Lamotrigine as Compared with

Those with No Exposure to ASM, According to Cohort and Type of Analysis.

PS denotes propensity score.
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No. of Cases/Total No.

Subgroup of Exposed Children Hazard Ratio (95% Cl)
Topiramate E
Primary analysis 17/1030 —e— 0.96 (0.56-1.65)
Secondary analyses E
Monotherapy <11/623 ——— 0.75 (0.37-1.52)
High dose <11/295 —————— 1.26 (0.57-2.78)
Low dose <11/730 —e— 0.86 (0.44-1.69)
Early exposure 21/1680 I—Q—E—| 0.74 (0.44-1.24)
Early and not late exposure <11/817 -~ 0.53 (0.23-1.22)
Late and not early exposure <11/167 I : L { 1.48 (0.54-4.05)
Lamotrigine comparator 32/2469 ——— 1.22 (0.76-1.98)
Sensitivity analyses E
=2 Dispensings 14/779 ——— 1.09 (0.60-1.96)
Third-trimester exposure 15/905 I—:Q—| 1.01 (0.57-1.79)
Accounting for censoring 17/1030 —— 0.99 (0.56-1.76)
Excluding malformations 15/971 I—.:—i 0.96 (0.54-1.70)
Valproate \
Primary analysis 32/800 E —— 2.67 (1.69-4.20)
Secondary analyses i
Monotherapy 24/561 E —— 2.96 (1.79-4.89)
High dose 19/233 ! 6> 438 (2.42-7.93)
Low dose 12/554 ——— 1.77 (0.94-3.35)
Early exposure 46/1326 H —e—i 2.35 (1.57-3.50)
Early and not late exposure 16/691 |_;_¢_| 1.45 (0.80-2.62)
Late and not early exposure <11/165 >~— | 0.69 (0.16-2.89)
Lamotrigine comparator 38/1392 E —— 1.79 (1.12-2.87)
Sensitivity analyses H
=2 Dispensings 30/568 E —— 3.58 (2.23-5.74)
Third-trimester exposure 32/699 H —— 3.00 (1.90-4.72)
Accounting for censoring 32/800 E —— 2.81 (1.74-4.55)
Excluding malformations 26/719 i —— 2.50 (1.53-4.10)
Lamotrigine E
Primary analysis 50/4205 —— 1.00 (0.69-1.46)
Secondary analyses E
Monotherapy 32/3134 —a— 0.93 (0.60—1.44)
High dose 19/1525 e 0.95 (0.55-1.63)
Low dose 31/2679 —a— 0.99 (0.64-1.53)
Early exposure 51/4347 I—I:—i 0.94 (0.65-1.37)
Early and not late exposure <11/737 s 0.98 (0.49-1.94)
Late and not early exposure <11/595 I—E—I—| 1.32 (0.66-2.63)
Sensitivity analyses i
=2 Dispensings 39/3524 I—IE—| 0.91 (0.60-1.38)
Third-trimester exposure 41/3821 —a— 0.87 (0.58-1.31)
Accounting for censoring 50/4205 I—E—I—i 1.19 (0.80-1.77)
Excluding malformations 49/4010 —— 1.05 (0.71-1.54)
T

Exposed Better Unexposed Better

Figure 3. Primary, Secondary, and Sensitivity Analyses of Autism Spectrum Disorder in Children with Prenatal
Exposure to Topiramate, Valproate, or Lamotrigine as Compared with Those with No Exposure to ASM within the
Epilepsy-Restricted Cohort.

Propensity score overlap weighting was used to calculate hazard ratios. Arrows indicate that the confidence interval
extends past the graphed area. Early exposure was defined as prescriptions filled before 19 weeks’ gestation, and
late exposure was defined as prescriptions filled at 19 weeks’ gestation or later. Cutoff points to define high as com-
pared with low daily dose were based on the median dose of the first prescription for the drug of interest dispensed
to patients with epilepsy during the assessment period. The cutoff points were 200 mg for topiramate, 1000 mg for
valproate, and 300 mg for lamotrigine.
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than unexposed children’*!®* and had more autis-
tic traits.'”'*2? Differential risks among antisei-
zure medications may be explained by confound-
ing by characteristics associated with both the
choice of antiseizure medication and the risk of
neurodevelopmental disorders in the child. For
example, valproate is more often used for gener-
alized epilepsy and tends to be used by women
of childbearing potential only if their epilepsy
is refractory to other antiseizure medications.
However, neither maternal epilepsy type>1%1213.18.35
nor seizure type and frequency'®'>131® have been
associated with poorer child development in
most studies, although there are some excep-
tions.>’

The reasons for the higher risk of neurodevel-
opmental disorders among children when the
mother has an indication for treatment with
antiseizure medications are not well delineated.
Explanations may include shared genetic dispo-
sition for the maternal neuropsychiatric indica-
tion and the child’s disorder, an effect of ma-
ternal illness during childhood on the child’s
development, or differential surveillance or di-
agnosis of neurodevelopmental disorders when
the mother used antiseizure medications during
pregnancy and the assessments are unblinded.
Valproate may interfere with neurotransmission
critical for cell migration and differentiation or

may induce neuronal apoptosis during the synap-
togenesis period.**¥ Prenatal exposure to tradi-
tional antiseizure medications has been associat-
ed with reduced brain volume, which provides an
anatomical basis for the cognitive impairments.3®
Moreover, the effects of antiseizure medication
on neurotransmitters that are used by embryonic
cells during organogenesis may also play a role
in the cause of structural malformations.* A
common causal mechanism for teratogenicity and
fetal neurotoxicity would explain why valproate
carries the strongest risks for both. It would also
predict some neurotoxic effects for topiramate,
given its lower teratogenic potential.> However,
topiramate was not associated with increased
neuronal apoptosis in rodents.*°

In this large cohort study, the incidence of
autism spectrum disorder was higher among
children prenatally exposed to the studied anti-
seizure medications than in the general popula-
tion. However, after adjustment for indication,
the association was substantially attenuated for
topiramate and lamotrigine, whereas a dose-
dependent increased risk remained for valproate.

Supported by a grant (ROIMH116194) from the National
Institute of Mental Health. Dr. Straub is supported by a Train-
ing Grant (T32HDO040128) from the Eunice Kennedy Shriver
National Institute of Child Health and Human Development.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

REFERENCES

1. Tomson T, Battino D, Bromley R, et al.
Executive summary: management of epi-
lepsy in pregnancy: a report from the Inter-
national League Against Epilepsy Task
Force on Women and Pregnancy. Epilepsia
2019;60:2343-5.

2. Tomson T, Battino D, Perucca E. Tera-
togenicity of antiepileptic drugs. Curr Opin
Neurol 2019;32:246-52.

3. Hernandez-Diaz S, Huybrechts KF,
Desai RJ, et al. Topiramate use early in
pregnancy and the risk of oral clefts: a
pregnancy cohort study. Neurology 2018;
90(4):e342-e351.

4. Dean]C, Hailey H, Moore §J, Lloyd DJ,
Turnpenny PD, Little J. Long term health
and neurodevelopment in children ex-
posed to antiepileptic drugs before birth.
J Med Genet 2002;39:251-9.

5. Adab N, Kini U, Vinten J, et al. The
longer term outcome of children born to
mothers with epilepsy. J Neurol Neuro-
surg Psychiatry 2004;75:1575-83.

6. Veiby G, Daltveit AK, Schjolberg S, et
al. Exposure to antiepileptic drugs in utero
and child development: a prospective

N ENGL J MED 390;12

population-based study. Epilepsia 2013;
54:1462-72.

7. Shallcross R, Bromley RL, Cheyne
CP, et al. In utero exposure to levetirace-
tam vs valproate: development and lan-
guage at 3 years of age. Neurology 2014;
82:213-21.

8. Coste]J, Blotiere P-O, Miranda S, et al.
Risk of early neurodevelopmental disor-
ders associated with in utero exposure to
valproate and other antiepileptic drugs: a
nationwide cohort study in France. Sci
Rep 2020;10:17362.

9. Husebye ESN, Gilhus NE, Spigset O,
Daltveit AK, Bjork MH. Language impair-
ment in children aged 5 and 8 years after
antiepileptic drug exposure in utero —
the Norwegian Mother and Child Cohort
Study. Eur J Neurol 2020;27:667-75.

10. Meador K]J, Baker GA, Browning N, et
al. Cognitive function at 3 years of age
after fetal exposure to antiepileptic drugs.
N Engl J Med 2009;360:1597-605.

11. Cohen MJ, Meador KJ, Browning N,
et al. Fetal antiepileptic drug exposure:
adaptive and emotional/behavioral func-

tioning at age 6 years. Epilepsy Behav
2013;29:308-15.

12. 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;12:244-52.

13. 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;84:382-90.

14. Deshmukh U, Adams J, Macklin EA,
et al. Behavioral outcomes in children ex-
posed prenatally to lamotrigine, valproate,
or carbamazepine. Neurotoxicol Teratol
2016;54:5-14.

15. Daugaard CA, Pedersen L, Sun Y,
Dreier JW, Christensen J. Association of
prenatal exposure to valproate and other
antiepileptic drugs with intellectual dis-
ability and delayed childhood milestones.
JAMA Netw Open 2020;3(11):e2025570.
16. Blotiére PO, Miranda S, Weill A, et al.
Risk of early neurodevelopmental out-
comes associated with prenatal exposure
to the antiepileptic drugs most commonly

NEJM.ORG MARCH 21/28, 2024



RISK OF AUTISM AFTER PRENATAL TOPIRAMATE EXPOSURE

used during pregnancy: a French nation-
wide population-based cohort study. BMJ
Open 2020;10(6):e034829.

17. Bjork M-H, Zoega H, Leinonen MK, et
al. Association of prenatal exposure to
antiseizure medication with risk of au-
tism and intellectual disability. JAMA
Neurol 2022;79:672-81.

18. Bromley RL, Mawer G, Love J, et al.
Early cognitive development in children
born to women with epilepsy: a prospec-
tive report. Epilepsia 2010;51:2058-65.

19. Christensen J, Gronborg TK, S¢rensen
MJ, et al. Prenatal valproate exposure and
risk of autism spectrum disorders and
childhood autism. JAMA 2013;309:1696-
703.

20. Wiggs KK, Rickert ME, Sujan AC, et
al. Antiseizure medication use during
pregnancy and risk of ASD and ADHD
in children. Neurology 2020;95(24):e3232-
€3240.

21. Bromley RL, Mawer GE, Briggs M, et
al. The prevalence of neurodevelopmental
disorders in children prenatally exposed
to antiepileptic drugs. J Neurol Neuro-
surg Psychiatry 2013;84:637-43.

22. Wood AG, Nadebaum C, Anderson V,
et al. Prospective assessment of autism
traits in children exposed to antiepileptic
drugs during pregnancy. Epilepsia 2015;
56:1047-55.

23. Christensen J, Pedersen L, Sun Y,
Dreier JW, Brikell I, Dalsgaard S. Associa-
tion of prenatal exposure to valproate
and other antiepileptic drugs with risk for
attention-deficit/hyperactivity disorder in
offspring. JAMA Netw Open 2019;2(1):
€186606.

24. Bech LF, Polewiartek C, Kragholm K,
et al. In utero exposure to antiepileptic

N ENGL J MED 390;12

drugs is associated with learning disabili-
ties among offspring. J Neurol Neurosurg
Dsychiatry 2018;89:1324-31.

25. Meador KJ, Cohen MJ, Loring DW, et
al. Two-year-old cognitive outcomes in
children of pregnant women with epi-
lepsy in the maternal outcomes and neu-
rodevelopmental effects of antiepileptic
drugs study. JAMA Neurol 2021;78:927-
36.

26. Rihtman T, Parush S, Ornoy A. Pre-
liminary findings of the developmental
effects of in utero exposure to topiramate.
Reprod Toxicol 2012;34:308-11.

27. Bromley RL, Calderbank R, Cheyne CP,
et al. Cognition in school-age children
exposed to levetiracetam, topiramate, or
sodium valproate. Neurology 2016;87:
1943-53.

28. Palmsten K, Huybrechts KF, Mogun H,
et al. Harnessing the Medicaid Analytic
eXtract (MAX) to evaluate medications in
pregnancy: design considerations. PLoS
One 2013;8(6):e67405.

29. MacDonald SC, Cohen JM, Panchaud
A, McElrath TF, Huybrechts KF, Herndndez-
Diaz S. Identifying pregnancies in insur-
ance claims data: methods and applica-
tion to retinoid teratogenic surveillance.
Pharmacoepidemiol Drug Saf 2019;28:
1211-21.

30. Tau GZ, Peterson BS. Normal devel-
opment of brain circuits. Neuropsycho-
pharmacology 2010;35:147-68.

31. Estes ML, McAllister AK. Maternal
immune activation: implications for neu-
ropsychiatric disorders. Science 2016;353:
772-7.

32. Straub L, Bateman BT, Hernandez-
Diaz S, et al. Validity of claims-based al-
gorithms to identify neurodevelopmental

disorders in children. Pharmacoepidemiol
Drug Saf 2021;30:1635-42.

33. Li F, Thomas LE, Li F. Addressing ex-
treme propensity scores via the overlap
weights. Am J Epidemiol 2019;188:250-7.
34. Herndndez-Diaz S, McElrath TF, Pen-
nell PB, et al. Fetal growth and premature
delivery in pregnant women on antiepi-
leptic drugs. Ann Neurol 2017;82:457-65.
35. Ikonomidou C, Scheer I, Wilhelm T,
et al. Brain morphology alterations in
the basal ganglia and the hypothalamus
following prenatal exposure to antiepi-
leptic drugs. Eur J Paediatr Neurol 2007;
11:297-301.

36. Bittigau D, Sifringer M, Genz K, et al.
Antiepileptic drugs and apoptotic neuro-
degeneration in the developing brain.
Proc Natl Acad Sci U S A 2002;99:15089-
94.

37. Olney JW. New insights and new is-
sues in developmental neurotoxicology.
Neurotoxicology 2002;23:659-68.

38. Sreedharan RM, Sheelakumari R,
Anila KM, Kesavadas C, Thomas SV. Re-
duced brain volumes in children of wom-
en with epilepsy: a neuropsychological
and voxel based morphometric analysis
in pre-adolescent children. J Neuroradiol
2018;45:380-5.

39. Herndndez-Diaz S, Levin M. Altera-
tion of bioelectrically-controlled process-
es in the embryo: a teratogenic mecha-
nism for anticonvulsants. Reprod Toxicol
2014;47:111-4.

40. Glier C, Dzietko M, Bittigau P, Jarosz
B, Korobowicz E, Ikonomidou C. Thera-
peutic doses of topiramate are not toxic to
the developing rat brain. Exp Neurol 2004;
187:403-9.

Copyright © 2024 Massachusetts Medical Society.

NEJM.ORG MARCH 21/28, 2024

1079



