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BACKGROUND

Fetal exposure of animals to antiepileptic drugs at doses lower than those required 
to produce congenital malformations can produce cognitive and behavioral abnor-
malities, but cognitive effects of fetal exposure of humans to antiepileptic drugs are 
uncertain.

METHODS

Between 1999 and 2004, we enrolled pregnant women with epilepsy who were tak-
ing a single antiepileptic agent (carbamazepine, lamotrigine, phenytoin, or valproate) 
in a prospective, observational, multicenter study in the United States and the United 
Kingdom. The primary analysis is a comparison of neurodevelopmental outcomes 
at the age of 6 years after exposure to different antiepileptic drugs in utero. This 
report focuses on a planned interim analysis of cognitive outcomes in 309 children 
at 3 years of age.

RESULTS

At 3 years of age, children who had been exposed to valproate in utero had signifi-
cantly lower IQ scores than those who had been exposed to other antiepileptic drugs. 
After adjustment for maternal IQ, maternal age, antiepileptic-drug dose, gestational 
age at birth, and maternal preconception use of folate, the mean IQ was 101 for chil-
dren exposed to lamotrigine, 99 for those exposed to phenytoin, 98 for those exposed 
to carbamazepine, and 92 for those exposed to valproate. On average, children ex-
posed to valproate had an IQ score 9 points lower than the score of those exposed to 
lamotrigine (95% confidence interval [CI], 3.1 to 14.6; P = 0.009), 7 points lower than 
the score of those exposed to phenytoin (95% CI, 0.2 to 14.0; P = 0.04), and 6 points 
lower than the score of those exposed to carbamazepine (95% CI, 0.6 to 12.0; P = 0.04). 
The association between valproate use and IQ was dose dependent. Children’s IQs 
were significantly related to maternal IQs among children exposed to carbamazepine, 
lamotrigine, or phenytoin but not among those exposed to valproate.

CONCLUSIONS

In utero exposure to valproate, as compared with other commonly used antiepileptic 
drugs, is associated with an increased risk of impaired cognitive function at 3 years 
of age. This finding supports a recommendation that valproate not be used as a 
first-choice drug in women of childbearing potential.
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Women with epilepsy are at in-
creased risk for poor pregnancy out-
comes, although most of their children 

are normal.1 In animals, fetal exposure to anti-
epileptic drugs at doses lower than those that 
result in structural malformations can produce be-
havioral and cognitive deficits, alter neurochem-
istry, and reduce brain weight.2,3 The effects of in 
utero exposure to antiepileptic drugs in humans 
may contribute to poor neurodevelopmental out-
comes,4 but this risk must be balanced against 
potentially grave risks to both mother and fetus 
posed by seizures.5 Antiepileptic drugs may have 
differential risks in pregnancy, but studies have 
been lacking to guide the choice of antiepileptic 
drugs in women who are pregnant or may become 
pregnant. The most recent consensus guidelines 
by the American Academy of Neurology,6 the Amer-
ican College of Obstetricians and Gynecologists,7 
and the International League against Epilepsy8 do 
not distinguish among antiepileptic drugs in terms 
of teratogenetic risks. We performed a cohort study 
to assess the neurodevelopmental outcomes of 
children who were exposed in utero to one of 
several antiepileptic drugs.

Me thods

Study Design

The Neurodevelopmental Effects of Antiepileptic 
Drugs (NEAD) study is a prospective observational 
study that enrolled pregnant women who were us-
ing any of several antiepileptic-drug monothera-
pies from October 1999 through February 2004 in 
25 epilepsy centers in the United States and the 
United Kingdom. Separate investigations in the 
United States and the United Kingdom, which col-
laborated during design, were later combined. The 
primary outcome is cognitive performance of the 
children at 6 years of age. Here we report a planned 
interim analysis conducted when the children were 
3 years of age.

Participants

The institutional review boards at each center ap-
proved the study, and written informed consent 
was obtained from the women before enrollment. 
Pregnant women with epilepsy who were receiving 
monotherapy with carbamazepine, lamotrigine, 
phenytoin, or valproate were enrolled. Women tak-
ing other antiepileptic drugs were not included 
because of insufficient numbers of patients. Wom-

en receiving polytherapy were not included because 
of the association of polytherapy with poorer out-
comes1 and the inability of the study to assess 
multiple possible combinations of drugs. A control 
group of nonexposed children was not included, 
at the direction of a National Institutes of Health 
review panel. Mothers with IQ scores below 70 
were excluded to avoid floor effects and because 
maternal IQ is the major predictor of child IQ.9 
Other exclusion criteria included positive serologic 
tests for syphilis or human immunodeficiency vi-
rus, progressive cerebral disease, other major dis-
ease (e.g., diabetes), exposure to teratogenic agents 
other than antiepileptic drugs, poor adherence to 
antiepileptic-drug use, drug abuse in the previous 
year, and drug-abuse sequelae.

Procedures

Information was collected on potentially confound-
ing variables, including maternal IQ, age at deliv-
ery, education, employment, race or ethnic group, 
type of epilepsy, type and frequency of seizures, 
antiepileptic-drug dose, compliance with antiepi-
leptic therapy, socioeconomic status,10 preconcep-
tion use of folate, and use of alcohol, tobacco, or 
other drugs during pregnancy; whether the site 
was located in the United Kingdom or the United 
States; whether the current pregnancy was unwant-
ed; abnormalities or complications in the current 
pregnancy or previous pregnancies; gestational age 
at enrollment and at birth; weight of the infant at 
birth; whether the child was breast-fed; and the 
child’s history of disease. Assessors who were un-
aware of drug exposure evaluated cognitive out-
comes with the use of the Mental Developmental 
Index of the Bayley Scales of Infant Development, 
second edition11 (conducted in children from 21 to 
34 months of age) and Differential Ability Scales12 
(conducted in children from 33 to 45 months of 
age); standardized scores were calculated. Several 
measures were used to determine maternal IQ be-
cause of the later merger of data from the U.S. and 
United Kingdom sites; these measures included the 
Test of Nonverbal Intelligence13 in 267 mothers, 
the Wechsler Abbreviated Scale of Intelligence14 in 
18, and the National Adult Reading Test15 in 18. 
The neuropsychological evaluations were moni-
tored to ensure quality and consistency. Each as-
sessor was given face-to-face training on all neu-
ropsychological test batteries annually. The assessor 
was required to identify errors in administration 
and scoring from videotaped test sessions and 
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provide appropriate corrections. In addition, for 
each test instrument, the assessors submitted vid-
eotapes of themselves administering the test and 
record forms from the test to the neuropsychology 
core director for review, feedback, and approval. 
Assessors whose performance was not approved 
were required to submit additional videotapes and 
records for approval before they were allowed to 
test children in the study.

Statistical Analysis

The primary analysis was conducted on the inten-
tion-to-treat principle. There were 309 live births, 
including 6 twins. Secondary analyses were con-
ducted of children who completed testing at either 
2 or 3 years of age or at both ages (258 children), 
at 3 years only (232 children), and at 2 years only 
(187 children). Analyses were performed at the 
NEAD data and statistical center with the use of 
SAS software, version 9.1, and R software, ver-
sion 2.7.1.

Linear regression models were used to exam-
ine group differences in IQ after adjustment for 
maternal IQ, standardized maternal antiepileptic-
drug dose, maternal age at delivery, gestational 
age of the infant at delivery, and maternal precon-
ception use of folate. Additional covariates were 
type of epilepsy; type and frequency of seizures 
during pregnancy; maternal education, employ-
ment, race or ethnic group, socioeconomic status, 
alcohol and tobacco use, and adherence to anti-
epileptic-drug use; whether the site was located in 
the United States or the United Kingdom; weight 
of the infant at birth; whether the pregnancy was 
unwanted; whether the infant was breast-fed; birth 
defects or complications in previous pregnancies; 
and complications of the current pregnancy. The 
dose of antiepileptic drug was standardized rela-
tive to the ranges observed within each group 
according to the formula 100 × (observed dose – 
minimum dose) ÷ range of doses. The a priori hy-
pothesis was that the specific antiepileptic drug 
used, the dose, and maternal IQ were important 
covariates, and thus these were included as pre-
dictors in a linear model with child IQ as the 
outcome. Other covariates were added individu-
ally to the model and were included if they were 
found to be significant (P<0.05) or if they did not 
exhibit collinearity with existing predictors ac-
cording to inspection of condition indexes16; that 
is, maternal age, gestational age of the infant at 
delivery, and maternal preconception use of folate 

were included in the model along with the anti-
epileptic drug (four categories), drug dose, and 
maternal IQ. When they were added to the model, 
none of the baseline variables substantively changed 
inferences regarding differences related to the type 
of antiepileptic drug.

Data were available on seizure frequency for 
275 mothers (90.1%), breast-feeding for 217 moth-
ers (71.6%), antiepileptic-drug adherence for 237 
mothers (78.2%), and birth weight for 308 infants 
(99.7%). The data for the remaining covariates 
were complete. Outcomes at 3 years of age were 
missing for 77 children (24.9%). IQ scores mea-
sured at 2 and 3 years of age were highly corre-
lated (r = 0.70, P<0.001) in the 161 children who 
were tested at both ages. Markov-chain Monte 
Carlo methods for monotone missing data17-19 
were used in primary and secondary analyses to 
impute missing outcomes for 3-year-old children. 
In the primary analysis, missing outcomes for 
children at 3 years of age were imputed from the 
outcomes at 2 years for those tested at 2 years of 
age (26 children) or from baseline variables related 
to IQ outcome or to the probability of having miss-
ing IQ-outcome data (51 children). Baseline vari-
ables in the imputation model included type and 
dose of antiepileptic drug, maternal IQ and age, 
infant’s gestational age at delivery, maternal pre-
conception use of folate, maternal socioeconomic 
status, and whether the site was in the United 
States or the United Kingdom. In the secondary 
analysis of the 258 children who completed test-
ing at 2 or 3 years or at both ages, 26 missing 
outcomes were imputed from the outcomes at 
2 years. Standard errors and confidence intervals 
of parameter estimates incorporated uncertainty 
of imputation. Least-squares mean IQ scores were 
estimated for each group after adjustment for ma-
ternal IQ and age, dose of antiepileptic drug, in-
fant’s gestational age at delivery, and maternal 
preconception use of folate.

To investigate whether baseline differences ex-
plain the association of valproate with poorer 
cognitive outcomes, post hoc subgroup analyses 
were conducted and forest plots were created. Sub-
groups were defined by individual covariates re-
lated to valproate exposure and propensity scores.20 
Covariates related to valproate exposure were iden-
tified with the use of logistic-regression models 
with valproate group as outcome and baseline 
variables as individual predictors. Forest plots were 
created for each individual baseline variable when 
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the valproate group showed differences from the 
other antiepileptic-drug groups.

Propensity scores are predicted probabilities of 
receiving a treatment given baseline covariates. 
Covariates are approximately equally distributed 
within subgroups defined by propensity scores.20,21 
Propensity scores were estimated with the use of 
predicted probabilities from a logistic-regression 
model, with exposure to valproate as the outcome. 
Variables related to valproate exposure (Table 1) 
were predictors in the propensity-score model, 
along with variables significantly related to IQ at 
3 years of age.22 Given the resulting distributions 
of estimated propensity scores in the two groups 
(subjects exposed and those not exposed to val-
proate), the subjects were initially partitioned into 

two subgroups depending on whether their esti-
mated propensity score was above or below the 
median estimated propensity score for subjects 
exposed to valproate. The below-median propen-
sity group was further classified according to type 
of epilepsy (localization-related, idiopathic gener-
alized, or generalized tonic–clonic) to remove re-
sidual imbalances in this covariate. Within each 
of the four resulting subgroups, covariates were 
balanced between the groups exposed and those 
not exposed to valproate (P>0.05 by the t-test for 
continuous variables or chi-square test for cate-
gorical variables), which permitted us to compare 
mean IQ outcomes in the valproate group with 
those in the other three groups with the use of 
forest plots.

Table 1. Baseline Characteristics of the 303 Mothers According to Antiepileptic Drug Used during Pregnancy.*

Characteristic
Carbamazepine

(N = 92)
Lamotrigine

(N = 99)
Phenytoin
(N = 52)

Valproate
(N = 60)†

mean (95% CI)

Maternal IQ 99 (95–102) 101 (98–104) 92 (88–97) 96 (92–100)

Maternal age at delivery (yr) 30 (29–31) 30 (29–31) 31 (29–32) 28 (27–30)

Dose (mg/day)‡ 786 (698–873) 457 (406–507) 400 (364–435) 1040 (882–1197)

Standardized dose§ 32 (29–36) 35 (31–39) 49 (44–54) 26 (22–31)

Gestational age of infant at delivery (wk) 39 (38–39) 39 (39–40) 39 (38–39) 39 (39–40)

no./total no. (%)

Preconception folate use 54/92 (59) 59/99 (60) 21/52 (40) 38/60 (63)

United Kingdom site 36/92 (39) 29/99 (29) 7/52 (13) 31/60 (52)

Breast-feeding 27/62 (44) 34/73 (47) 21/46 (46) 11/36 (31)

Epilepsy type¶

Localization-related 80/92 (87) 51/99 (52) 40/52 (77) 12/60 (20)

Idiopathic generalized 7/92 (8) 39/99 (39) 8/52 (15) 42/60 (70)

Generalized tonic–clonic seizures 5/92 (5) 9/99 (9) 4/52 (8) 6/60 (10)

No. of convulsions during pregnancy

0 71/81 (88) 68/86 (79) 40/49 (82) 45/59 (76)

>5 3/81 (4) 1/86 (1) 3/49 (6) 1/59 (2)

*	The maternal racial or ethnic distribution was 80.2% white, 10.2% Hispanic, 4.6% black, and 5.0% other. Race or ethnic group was self- 
reported.

†	The valproate group differed significantly from the other groups combined in maternal age, standardized dose of antiepileptic drug, pres-
ence or absence of breast-feeding, U.S. versus United Kingdom site, and type of epilepsy (P<0.05, odds ratio from logistic-regression model 
with membership in the valproate group as the response variable).

‡	The average dose during the pregnancy is given.
§	The dose was standardized relative to the ranges observed within each group according to the formula 100 × (observed dose − minimum 

dose) ÷ range of doses.
¶	There were three types of epilepsy: localization-related, idiopathic generalized, and generalized tonic–clonic (uncertain whether partial or 

generalized). Of the seizures that occurred, 60% were partial (simple, complex, or secondary generalized tonic–clonic), 32% were general-
ized (absence, myoclonic, tonic–clonic, or tonic seizures with initial bilateral cerebral involvement as indicated by electroencephalogram or 
clinical syndrome), and 8% were generalized tonic–clonic (uncertain whether partial or generalized). All partial seizures were localization- 
related epilepsies (40% symptomatic and 60% cryptogenic). All generalized seizures were idiopathic epilepsies (17% genetic, 6% juvenile 
myoclonic, 5% absence, and 72% idiopathic and not otherwise classified).
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R esult s

Cognitive assessments were conducted in 258 
children (of 252 mothers) at either 2 or 3 years of 
age or at both ages. Of these children, 73 had been 
exposed to carbamazepine, 84 to lamotrigine, 48 
to phenytoin, and 53 to valproate. This sample con-
stituted 83.5% of the initial (i.e., intention-to-treat) 
group of 309 live births (93 exposed to carbam-
azepine, 100 to lamotrigine, 55 to phenytoin, and 
61 to valproate) from 303 mothers. The different 
sample sizes reflect the different frequencies of 
antiepileptic-drug use in NEAD centers. The orig-
inal United Kingdom study design did not include 
testing at 2 years of age, and 63 United Kingdom 
children passed this age before the study was 
merged with the U.S. study. Assessments includ-
ed 187 children at 2 years of age and 232 children 
at 3 years of age. There were no significant differ-
ences among the four antiepileptic-drug groups 
in the frequency of missing data or the method 
of assessment of maternal IQ.

Table 1 summarizes maternal demographic in-
formation. Logistic-regression analyses showed 
significant associations between the use of val-
proate and maternal age, dose of antiepileptic 
drug, type of seizure, type of epilepsy, whether the 
site was in the United States or the United King-
dom, and presence or absence of breast-feeding.

Table 2 presents the IQ scores and group dif-
ferences for the children at 3 years of age accord-
ing to the antiepileptic drug to which they were 
exposed in utero.23 Table 1 in the Supplementary 

Appendix (available with the full text of this article 
at NEJM.org) summarizes results of the regres-
sion models for the primary analysis. Significant 
independent predictors of child IQ included an-
tiepileptic drug, maternal IQ, maternal age, stan-
dardized dose of antiepileptic drug, gestational 
age at birth, and maternal preconception use of 
folate. No other variables were significant when 
they were added to the model. During pregnancy, 
2 women changed their antiepileptic drug and 
12 added a second antiepileptic drug; the results 
were materially unchanged after these women 
were excluded from the study. The results of 
analyses of children assessed at either 2 or 3 years 
of age or at both ages (258 children) were simi-
lar to those assessed at 3 years of age (232 chil-
dren) (Tables 2 and 3 in the Supplementary Ap-
pendix). The results of analyses of the group of 
children who had cognitive assessments at 2 years 
of age (187 children) are shown in Table 4 in the 
Supplementary Appendix (P = 0.08 for the associa-
tion between antiepileptic drug and IQ).

Children exposed to valproate in utero had 
lower IQs than did children exposed to any of 
the other antiepileptic drugs (Table 2). On aver-
age, children exposed to valproate had an IQ 
score 9 points lower than those exposed to lamo
trigine (95% confidence interval [CI], 3.1 to 14.6; 
P = 0.009), 7 points lower than those exposed to 
phenytoin (95% CI, 0.2 to 14.0; P = 0.04), and  
6 points lower than those exposed to carbam-
azepine (95% CI, 0.6 to 12.0; P = 0.04). IQ scores 
did not differ significantly among children ex-

Table 2. IQ Scores of Children at 3 Years of Age According to In Utero Exposure to Antiepileptic Drugs.*

Variable
Carbamazepine

(N = 73)
Lamotrigine

(N = 84)
Phenytoin
(N = 48)

Valproate
(N = 53)

Mean IQ (95% CI)† 98 (95–102) 101 (98–104) 99 (94–104) 92 (88–97)

Mean difference in IQ from valproate 
group (95% CI)‡

6 (0.6–12.0) 9 (3.1–14.6) 7 (0.2–14.0)

P value§ 0.04 0.009 0.04

*	The results are based on regression models for the intention-to-treat population (309 children). See Table 1 in the 
Supplementary Appendix for full results of the regression models. IQ at 3 years of age was imputed for 77 of the origi-
nal 309 children born alive who were not assessed at that age (1 of these children died from severe heart malformation, 
6 were enrolled in the NEAD study from the United Kingdom study after they had reached 3 years of age, 31 withdrew 
before 3 years of age, and 39 did not present for testing). 

†	Least-squares means from the primary analysis are given after adjustment for maternal IQ and age, antiepileptic-drug 
dose, infant’s gestational age at birth, and maternal preconception use of folate. 

‡	Although the confidence intervals for carbamazepine and phenytoin overlap with the confidence interval for valproate, 
the confidence intervals for the differences between carbamazepine and valproate and between phenytoin and valproate 
do not include zero.

§	P values are for the comparison with the valproate group. P values from tests of the null hypothesis of no difference 
from the valproate-group mean were adjusted for multiple comparisons.23
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posed to any of the other three antiepileptic drugs 
(P = 0.68). The association of valproate with poor 
cognitive outcomes persisted after adjustment for 
confounders with the use of two approaches: lin-
ear regression analysis and subgroup analysis 
with propensity scores and individual confound-
ing variables. In each propensity-score subgroup, 
the mean IQ for children exposed to valproate is 
lower than the mean IQ for children exposed to 
any of the other antiepileptic drugs (Fig. 1 and 2, 
and Fig. 1 through 4 in the Supplementary Appen-
dix). The pattern in the forest plots implies that 
baseline differences do not explain the associa-
tion of valproate with poor IQ outcome.

In analyses assessing associations between the 
average dose of an antiepileptic drug in pregnancy 
and a child’s IQ at the age of 3 years, only the 
dose of valproate was significantly correlated (in-
versely) with IQ (r = −0.38, P = 0.005) (see Fig. 5 in 
the Supplementary Appendix for the relation be-
tween the drug dose and the difference in IQ be-
tween child and mother). The results were simi-
lar when average doses in the third trimester, 
rather than those throughout pregnancy, were in-
cluded in the model. Among the subgroup of 38 
women in whom blood levels of valproate were 

measured, the dose was correlated with the blood 
level (r = 0.42, P = 0.008), but the level was not sig-
nificantly associated with the child’s IQ in this 
small sample. IQs did not differ significantly 
among children exposed to different antiepileptic 
drugs when the analysis was restricted to children 
exposed to low doses (below the median) (Fig. 1).

Higher maternal IQs were significantly asso-
ciated with higher IQs of children overall and 
within each antiepileptic-drug group except val-
proate (Fig. 3). Children with major malformations 
(previously described24) had lower IQs, but this 
effect did not explain the differences in cognitive 
outcomes associated with exposure to different 
antiepileptic drugs. 

Discussion

In utero exposure to valproate was associated with 
poorer cognitive outcomes than was exposure to 
other commonly used antiepileptic drugs. The ef-
fect of valproate was dose dependent. As in previ-
ous population studies,9 maternal IQ was strongly 
related to child IQ except for mothers who took 
valproate during pregnancy, a result suggesting 
that valproate disrupted this normally robust re-
lationship.

The strengths of our study include its prospec-
tive design, blinded cognitive assessments with the 
use of standardized measures, and detailed mon-
itoring of multiple potential confounding factors. 
Its limitations include its relatively small sample, 
lack of randomization, and lack of a control group 
of unexposed children. The relatively young age 
of the children at this planned interim analysis 
is an additional limitation, and we plan to obtain 
more detailed assessments of the children at the 
age of 6 years.

Because the NEAD study is not a randomized 
trial, a potential concern is that the results may 
be due to confounding factors related to baseline 
characteristics that might affect the child’s IQ. For 
example, antiepileptic-drug assignment was not 
randomized, and therefore the largest proportion 
of mothers taking valproate had idiopathic gen-
eralized epilepsy. However, the association be-
tween maternal valproate use and poor cognitive 
outcomes in the children persisted in analyses 
adjusted for many baseline characteristics, includ-
ing the propensity analyses.

Our results are consistent with those of previ-

22p3

80 85 90 95 100 105

High dose

Carbamazepine

Lamotrigine

Phenytoin

Valproate

Low dose

Carbamazepine

Lamotrigine

Phenytoin

Valproate

Mean IQ at Age 3 Yr (95% CI)

No. of
ChildrenAntiepileptic Drug

Mean
IQ

97

100

98

87

100

102

98

97

47

52

28

22

46

48

27

39

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd
3rd

Meador

1 of 3

04-16-09

ARTIST: ts

36016 ISSUE:

Figure 1. IQ Scores of Children Who Were Exposed to Antiepileptic Drugs 
In Utero, According to Drug and Dose.

The means (black squares) and 95% confidence intervals (horizontal lines) 
are given for the children’s IQ as a function of antiepileptic drug and dose. 
The children’s IQs were adjusted for factors in the primary model, except 
dose. Low doses are below the median for each antiepileptic drug, and high 
doses are equal to or above the median. The median doses were 750 mg 
per day for carbamazepine, 433 mg per day for lamotrigine, 398 mg per day 
for phenytoin, and 1000 mg per day for valproate. The vertical line is the 
mean IQ for all children, and the size of the black squares is proportional 
to the sample size.
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ous investigations. Retrospective studies in the 
United Kingdom found poorer outcomes among 
children exposed to valproate in utero as compared 
with children who were unexposed and with those 
exposed to other antiepileptic-drug monothera-
pies.5,25 These poor outcomes for valproate in-
cluded increased developmental delays in a cohort 
younger than 6 years of age, increased special-
education needs in a cohort 5 to 18 years of age, 
and reduced verbal IQ in a cohort 6 to 16 years 
of age, as compared with unexposed children 
(7 points), children exposed to carbamazepine (10 
points), and children exposed to phenytoin (15 
points). A prospective Finnish study reported a 
reduction in verbal IQ among children exposed to 
valproate as compared with unexposed controls 
(13 points) and with children exposed to carbam-
azepine (14 points).26 This prospective study was 
limited by a small sample of subjects exposed to 
valproate monotherapy (13 children) and lack of 
information on maternal IQ.26

Several studies have also shown that valproate 
is associated with an increased risk of congenital 
malformations24,27-32; this association is dose-
dependent.24-26,28,30 A recent meta-analysis indi-
cated that of various antiepileptic drug monothera-
pies, valproate was associated with the highest 
incidence of malformations (10.7%; 95% CI, 8.2 
to 13.3).33 The results of several studies showing 
an increased incidence of anatomical or behavioral 
teratogenesis in children exposed to valproate as 
compared with other antiepileptic drugs raise seri-
ous concern that valproate poses a particular risk 
to the unborn child.

Additional studies are needed to better define 
the risks associated with antiepileptic drugs and 
to understand the underlying mechanisms. Data 
currently being collected in registries of pregnant 
women taking antiepileptic drugs (e.g., the North 
American Antiepileptic Drug Pregnancy Registry 
and the International Registry of Antiepileptic 
Drugs and Pregnancy [EURAP]) should provide 
further information on the risks associated with 
antiepileptic drugs and modifiers of these risks.

The present results, together with other data, 
suggest that valproate should not be used as a 
first-line antiepileptic drug in pregnant women or 
— since data indicate that half of pregnancies are 
unplanned34 — in women of childbearing poten-
tial. Our finding that associations between the use 
of valproate in pregnancy and lower IQ in the off-

spring are dose-dependent suggests that lower 
doses may be safe. However, it should be recog-
nized that there is considerable individual vari-
ability among children exposed to similar doses.

For some patients, valproate is the only medi-
cation that adequately controls seizures. Such 
women should be informed of the potential risks 
associated with the use of this medication in preg-
nancy. If a woman taking valproate is already 
pregnant, it is critical that she not stop valproate 
without consultation with her physician, since 
stopping an antiepileptic drug could lead to sei-
zures and serious consequences for both the 
woman and her fetus.

Fewer than half of antiepileptic-drug prescrip-
tions are written for epilepsy or seizures; the ma-
jority are intended for pain management and psy-
chiatric indications. Although our study did not 
include women who were prescribed antiepileptic 
drugs for indications other than seizure, a previ-
ous report suggested that the risk of malforma-
tions in the offspring of these women is similar 
to that of children of women taking antiepileptic 
drugs for epilepsy.35

In summary, our interim analysis of the NEAD 
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Figure 2. IQ Scores of Children Who Were Exposed to Antiepileptic Drugs 
In Utero, According to Drug and Type of Maternal Epilepsy.

The means (black squares) and 95% confidence intervals (horizontal lines) 
are given for the children’s IQ as a function of antiepileptic drug and type 
of maternal epilepsy. The children’s IQs were adjusted for factors in the pri-
mary model. The vertical line is the mean IQ for all children, and the size of 
the black squares is proportional to the sample size. 
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study indicates that the maternal use of valproate 
during pregnancy is associated with an increased 
risk of cognitive impairment in children at 3 years 
of age. This information is relevant to counseling 
women of reproductive age regarding this drug 
class.
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Figure 3. Relationship between Child and Maternal IQ According to Antiepileptic Drug.

Child IQ at 3 years of age and maternal IQ are significantly correlated for all antiepileptic drugs except valproate. 
The data are from an intention-to-treat sample of 309 children. IQ was imputed for 77 children. 
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Appendix
The members of the NEAD Study Group are as follows: Arizona Health Sciences Center, Tucson: D. Labiner, J. Moon, S. Sherman; Baylor 
Medical Center, Irving, TX: D.T. Combs-Cantrell; University of Texas Southwestern Medical Center, Dallas: C. Silver; Case Western Reserve University, 
Cleveland: M. Goyal, M.R. Schoenberg; Columbia University, New York: A. Pack, C. Palmese, J. Echo; Emory University, Atlanta: K.J. Meador, 
D. Loring, P. Pennell, D. Drane, E. Moore, M. Denham, C. Epstein, J. Gess, S. Helmers, T. Henry; Georgetown University, Washington, DC: 
G. Motamedi, E. Flax; Harvard Medical School and Brigham and Women’s Hospital, Boston: E. Bromfield, K. Boyer, B. Dworetzky; Harvard 
Medical School and Massachusetts General Hospital, Boston: A. Cole, L. Halperin, S. Shavel-Jessop; Henry Ford Hospital, Detroit: G. Barkley, B. 
Moir; Medical College of Cornell University, New York: C. Harden, T. Tamny-Young; Medical College of Georgia, Augusta: G. Lee, M. Cohen; Min-
nesota Epilepsy Group, St. Paul: P. Penovich, D. Minter; Ohio State University, Columbus: L. Moore, K. Murdock; Riddle Health Care, Media, PA: J. 
Liporace, K. Wilcox; Rush University Medical Center, Chicago: A. Kanner, M.N. Nelson; Comprehensive Epilepsy Care Center for Children and Adults, 
St. Louis: W. Rosenfeld, M. Meyer; St. Mary’s Hospital, Manchester, United Kingdom: J. Clayton-Smith, G. Mawer, U. Kini; University of Alabama, 
Birmingham: R. Martin; University of Cincinnati, Cincinnati: M. Privitera, J. Bellman, D. Ficker; University of Kansas School of Medicine, Wichita: 
L. Baade, K. Liow; University of Liverpool, Merseyside, United Kingdom: D. Chadwick, G. Baker, A. Booth, R. Bromley, S. Dutton, J. Kelly, J. 
Mallows, L. McEwan, L. Purdy; University of Miami, Miami: E. Ramsay, P. Arena; University of Southern California, Los Angeles: L. Kalayjian, C. 
Heck, S. Padilla; University of Washington, Seattle: J. Miller, G. Rosenbaum, A. Wilensky; University of Utah, Salt Lake City: T. Constantino, J. 
Smith; Walton Centre for Neurology and Neurosurgery, Liverpool, United Kingdom: N. Adab, Gisela Veling-Warnke; Wake Forest University, Winston-
Salem, NC: M. Sam, C. O’Donovan, C. Naylor, S. Nobles, C. Santos, W. Bell. Executive Committee: Dartmouth Medical School, Hanover, NH: 
G. Holmes; Stanford University, Stanford, CA: M. Druzin, M. Morrell, L. Nelson; Texas A&M University Health Science Center, Houston: R. Finnell; 
University of Oregon, Portland: M. Yerby; University of Toronto, Toronto: K. Adeli, P. Wells. Data and Statistical Center: EMMES Corporation, 
Rockville, MD: T. Blalock, N. Browning, T. Crawford, L. Hendrickson, B. Jolles, M.K. Kunchai, M. LaMotteo, C. Murray-Krezan, S. Rus-
sell, C. Servis, J. Winestone, M. Wolff, P. Zaia, T. Zajdowicz.
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