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We previously reported that foetal valproate exposure impairs intelligence quotient. In this follow-up investigation, we exam-

ined dose-related effects of foetal antiepileptic drug exposure on verbal and non-verbal cognitive measures. This investigation is

an ongoing prospective observational multi-centre study in the USA and UK, which has enrolled pregnant females with epilepsy

on monotherapy from 1999 to 2004. The study seeks to determine if differential long-term neurodevelopmental effects exist

across four commonly used drugs (carbamazepine, lamotrigine, phenytoin and valproate). This report compares verbal versus

non-verbal cognitive outcomes in 216 children who completed testing at the age of three years. Verbal and non-verbal index

scores were calculated from the Differential Ability Scales, Preschool Language Scale, Peabody Picture Vocabulary Test and

Developmental Test of Visual-Motor Integration. Verbal abilities were lower than non-verbal in children exposed in utero to

each drug. Preconceptional folate use was associated with higher verbal outcomes. Valproate was associated with poorer

cognitive outcomes. Performance was negatively associated with valproate dose for both verbal and non-verbal domains and

negatively associated with carbamazepine dose for verbal performance. No dose effects were seen for lamotrigine and pheny-

toin. Since foetal antiepileptic drug exposure is associated with lower verbal than non-verbal abilities, language may be par-

ticularly susceptible to foetal exposure. We hypothesize that foetal drug exposure may alter normal cerebral lateralization.

Further, a dose-dependent relationship is present for both lower verbal and non-verbal abilities with valproate and for lower
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verbal abilities with carbamazepine. Preconceptional folate may improve cognitive outcomes. Additional research is needed to

confirm these findings, extend the study to other drugs, define the risks associated with drug treatment for seizures in the

neonates, and understand the underlying mechanisms.

Keywords: antiepileptic drugs; child development; cognitive neurology; epilepsy; pregnancy

Abbreviations: AED = antiepileptic drug; NEAD = neurodevelopmental effects of antiepileptic drugs

Introduction
Animal studies have demonstrated that foetal exposure to some

antiepileptic drugs (AEDs), at doses lower than those that result in

structural malformations, can produce behavioural and cognitive

deficits, alter neurochemistry and reduce brain weight (Fisher and

Vorhees, 1992; Gaily and Meador, 2007). Further, some AEDs can

produce widespread neuronal apoptosis in the immature brain

similar to alcohol (Bittigau et al., 2002, 2003; Glier et al., 2004;

Manthey et al., 2005; Katz et al., 2007; Kim et al., 2007;

Stefovska et al., 2008). The effect is dose dependent, occurs at

therapeutically relevant blood levels, and requires only relatively

brief exposure. The effect has been related to reduced expression

of neurotrophins and levels of protein kinases that promote neur-

onal growth and survival. These observations suggest that certain

AEDs might produce similar adverse effects in children exposed in

utero or in the neonatal period. In fact, some AEDs have been

associated with reduced cognitive abilities (e.g., IQ) in children

exposed in utero (Adab et al., 2004; Gaily et al., 2004;

Thomson et al., 2008, Meador et al., 2009, Brombley et al.,

2010). In this report, we examine the effects of foetal AED ex-

posure on specific cognitive functions rather than global cognitive

function. Verbal and non-verbal abilities were assessed at 3 years

of age in children of females with epilepsy.

Participants and methods

Design
The Neurodevelopmental Effects of Antiepileptic Drugs (NEAD) study

is a prospective observational study examining possible behavioural

teratogenesis of AEDs. We enrolled pregnant females with epilepsy,

who were on one of four AED monotherapies (carbamazepine, lamo-

trigine, phenytoin or valproate) from October 1999 through to

February 2004, across 25 epilepsy centres in the USA and UK. We

recently reported on IQ outcomes in these children at 3 years of age

(Meador et al., 2009). Here, we contrast verbal and non-verbal cog-

nitive outcomes at the age of 3 years and examine dose-dependent

effects.

Participants
Consent from participants was obtained according to the Declaration

of Helsinki. Institutional review boards at each centre approved the

study, and written informed consent was obtained prior to enrolment.

Pregnant females with epilepsy, taking carbamazepine, lamotrigine,

phenytoin or valproate monotherapy, were enrolled. These four AED

monotherapies were the most frequently employed during the

enrolment time period. Other AEDs were not included because of

insufficient numbers. Polytherapy was not included because of its as-

sociation with poorer outcomes (Kluger and Meador, 2008; Harden

et al., 2009a). A non-exposed control group was not included at the

direction of an NIH review panel. Mothers with IQ5 70 were

excluded to avoid floor effects and because maternal IQ is the

major predictor of child IQ in population studies (Sattler, 1992).

Other exclusion criteria included positive syphilis or HIV serology, pro-

gressive cerebral disease, other major disease (e.g. diabetes), exposure

to teratogenic agents other than AEDs, poor AED compliance, drug

abuse in the prior year, or drug abuse sequelae.

Procedures
Information was collected on potentially confounding variables, includ-

ing maternal IQ, age, education, employment, race, seizure/epilepsy

types and frequency, AED dosages, compliance, socio-economic status

(Hollingshead, 1975), UK/USA site, preconception folate use, use of

alcohol, tobacco or other drugs during pregnancy, unwanted preg-

nancy, abnormalities/complications in the present pregnancy or prior

pregnancies, enrolment and birth gestational age, birth weight, breast-

feeding and childhood medical diseases. Children were classified as

‘breastfed’ if they were breastfeeding at the time of the 3 month

follow-up phone call, after delivery. Cognitive outcomes were evalu-

ated by assessors (blinded to AED) using the Differential Ability Scales

(Elliott, 1990), Preschool Language Scale (4th edition) (Zimmerman

et al., 2002), Peabody Picture Vocabulary Test (fourth edition)

(Dunn and Dunn, 2007) and Developmental Test of Visual-Motor

Integration (fifth edition) (Beery and Beery, 2004). Testing was con-

ducted at 36–45 months of age; standardized scores were calculated.

Separate investigations with very similar designs in the USA and UK

were merged after initiation. Maternal IQs were determined by differ-

ent measures due to the later merger; these measures included the

Test of Non-Verbal Intelligence (third edition) (Brown et al., 1996) in

267 mothers (67 UK), Wechsler Abbreviated Scale of Intelligence

(Wechsler, 1999) in 20 (all UK) and National Adult Reading Test

(Nelson and Willison, 1991) in 17 (all UK). Training and monitoring

of neuropsychological evaluations were conducted to assure quality

and consistency. As part of the training, workshops were conducted

for all neuropsychological test batteries annually. In addition, each

assessor was required to identify errors and provide appropriate cor-

rection for videotaped testing sessions containing errors in administra-

tion and scoring. Assessors were also required to submit their own

videotape of a practice test session with record forms to the

Neuropsychology Core Director for review, feedback and approval. If

assessors failed, they submitted additional video assessments for

approval prior to testing children in the study.

To allow comparisons across AEDs, the dosages were standar-

dized (Meador et al., 2009). Average AED dose during pregnancy

was standardized relative to ranges observed within each AED
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group in the intent-to-treat population by the following

calculation:

100� ðobserved dose�minimum doseÞ

=range of doses ði:e: maximum�minimumÞ:

Statistical analysis
The primary analysis in this substudy included 216 children with com-

plete verbal and non-verbal outcomes at 3 years of age. Multivariate

regression models were used to examine group differences, adjusting

for covariates. The a priori hypothesis was that the specific AED, dose

and maternal IQ were important covariates, and so these were

included as predictors in a linear model with child verbal and

non-verbal indices as outcomes. Other covariates were added individu-

ally to the model and were included if found to be significant

(P5 0.05), or if they did not exhibit co-linearity with existing predict-

ors. The covariates in the final model were AED, maternal IQ, preg-

nancy average AED dose, maternal age, race (four categories), alcohol

use during pregnancy (yes/no) and preconception folate. The effects

of multiple additional covariates were also examined, which included:

gestational age at enrolment, gestational age at birth, epilepsy type

(localization related, generalized and generalized tonic clonic for which

it was unknown if localization related or generalized), seizure types

(convulsive, non-convulsive), seizure frequency during pregnancy,

education, employment, socio-economic status, paternal IQ, USA/UK

site, tobacco use during pregnancy, birth weight, unwanted preg-

nancy, breastfeeding, prior pregnancy birth defects and complications,

present pregnancy complications and AED compliance.

The dependent variables were verbal and non-verbal outcomes

at the age of 3 years. A verbal index score was created by aver-

aging the expressive communication and the auditory comprehen-

sion subtests of the Preschool Language Scale (Zimmerman et al.,

2002), the naming vocabulary and the verbal comprehension

subtests of the Differential Abilities Scales (Elliott, 1990), and the

Peabody Picture Vocabulary Test (Dunn and Dunn, 2007). A

non-verbal index score was the average of the block building

subtest of the Differential Ability Scales (Elliott, 1990) and the

Developmental Test of Visual-Motor Integration (Beery and

Beery, 2004).

Multivariate regression models were adjusted for AED group,

maternal IQ, standardized AED dose, maternal age at delivery,

race, alcohol use during pregnancy and preconception folate.

These covariates were found to be significant predictors in the

multivariate model, at the 0.05 level of significance. Secondary

analyses examined the following: (i) relative relationships of AED

exposures to verbal versus non-verbal abilities; (ii) correlations

of the individual index scores to the standardized AED doses;

(iii) sensitivity of results to baseline differences in covariates; and

(iv) sensitivity of results to missing data. Analyses were performed

at the NEAD Data and Statistical Centre using Statistical Analysis

System (SAS 9.2).

To investigate whether baseline differences in AED groups af-

fected the results, subgroup analyses were conducted in which

subgroups were defined by propensity scores (Rosenbaum and

Rubin, 1983; D’Agostino, 1998). Propensity scores are predicted

probabilities of receiving a treatment given baseline covariate

values. Covariates are approximately equally distributed within

propensity score subgroups. Propensity scores were estimated

using predicted probabilities from a logistic regression model

with AED treatment group (valproate versus non-valproate) as

outcome. Variables related to valproate group membership were

predictors in the propensity score model along with variables sig-

nificantly related to age 3 verbal and non-verbal outcomes

(Brookhart et al., 2006). The predictors in the propensity score

model included dose, maternal IQ, maternal and gestational age,

preconception folate, USA/UK site, epilepsy type, alcohol use

during pregnancy, tobacco use during pregnancy, education,

socio-economic status, employment status, unwanted pregnancy

and race.

To investigate sensitivity of primary results to missing data

(i.e. missing age 3 verbal and non-verbal outcomes), analyses

were also conducted using the intent-to-treat sample (n = 310

live births including six twin pairs). One or both index scores

were missing in 94 (30%); 78 (25%) had missing non-verbal

scores; and 91 (29%) had missing verbal scores. Monotone data

Markov Chain Monte Carlo methods were used in secondary ana-

lyses to impute missing age 3 outcomes (Li, 1988; Schafer, 1997;

Little and Rubin, 2002). Variables in the imputation model

included IQ scores at 2 and 3 years of age [Bailey Scales of

Infant Development (Bailey, 1993); Differential Ability Scales

(Elliott, 1990)], AED, dose, maternal IQ and age, gestational age

at delivery, preconception folate, socio-economic status, race,

tobacco use during pregnancy, employment status, education,

unwanted pregnancy and alcohol use during pregnancy. Least

squares mean index scores were estimated for the AED groups

adjusting for maternal IQ, AED group, maternal age, dose, alcohol

use during pregnancy, race and preconception folate. Standard

errors and confidence intervals (CIs) of parameter estimates incor-

porated imputation uncertainty.

Results
The primary analysis included 211 mothers and 216 children (five

sets of twins). Mean gestational age at enrolment was 17.5 weeks

(range = 3–19), which did not differ across the different AEDs.

Baseline maternal characteristics are shown in Table 1. The

statistical results for the primary analysis are presented in Table

2. Higher maternal IQ was associated with higher verbal (r = 0.40;

P50.0001) and non-verbal (r = 0.26; P50.0001) index scores in

the child. Maternal age was associated with higher verbal

(r = 0.37; P50.0001) and non-verbal (r = 0.17; P = 0.01) index

scores; this was due to lower scores in children with the youngest

mothers. Overall, scores were higher in children whose mothers

took preconception folate. Mean (95% CI) for verbal index score

adjusted for factors in the primary analysis model was 94 (91:98)

for children exposed to preconception folate, which differed

(P = 0.01) from children not exposed, who had mean of 89

(86:93). Adjusted means (95% CI) for non-verbal index were

102 (98:107) for children exposed to preconception folate versus

100 (96:104) for those who were not exposed, which did not

differ statistically. Verbal index scores were higher for

Caucasian than other races (P50.0001), but non-verbal index

scores did not differ across race. Children exposed to alcohol

during pregnancy (n = 18) had a mean verbal index score of 97,
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which did not differ from the mean (97) for those not exposed

(n = 198); however, non-verbal index scores differed (P = 0.02)

with means for exposed (99) and unexposed (105). Note that

means by race and alcohol history category used in the follow-up

analyses were unadjusted due to small sample sizes in some of the

subgroups.

Cognitive outcomes differed across AEDs. Mean verbal and non-

verbal index scores for children exposed in utero to valproate

were significantly lower than all other AEDs combined

(P4 0.0001) and across all individual pair-wise comparisons: carba-

mazepine (P = 0.0009), lamotrigine (P40.0001) and phenytoin

(P = 0.0006). Adjusted age 3 mean verbal and non-verbal index

scores along with 95% CIs for each AED group are listed in

Table 3. Overall, verbal abilities were significantly more affected

than non-verbal abilities; the mean difference between verbal and

non-verbal index scores across all drugs was �5.36 (95%

CI = 3.5:7.2), P5 0.0001 from a paired t-test. Verbal index scores

were also significantly lower than non-verbal for each AED. Using

a linear model controlling for maternal IQ, dose, age of mother,

alcohol use, race and folate, the mean differences (95% CI) between

non-verbal and verbal indices for each AED group were: carbamaze-

pine: 6.6 (2.1, 11.1), P = 0.0044; lamotrigine: 9.7 (5.2, 14.2),

P50.0001; phenytoin: 6.2 (1.1, 11.2), P = 0.0171; and valproate:

14.6 (9.3, 19.8), P50.0001.

Partial Pearson correlations for verbal and non-verbal indices to

pregnancy average standardized dose, controlling for maternal IQ,

are listed in Table 4, and scatter plots are depicted in Fig. 1.

Dose-dependent effects for valproate were seen for both indices.

Dose-dependent effects for carbamazepine were seen for the

verbal index. Partial correlations for each of the individual subtest

scores are given in Table 5. Similar results were found for separate

analyses using either the first or third trimester dosages. Median

dosages (in mg) for the whole pregnancy average dose were:

carbamazepine, 800; lamotrigine, 500; phenytoin, 400; and

Table 1 Demographics and IQ results for mothers of children with complete verbal and non-verbal index scores

Antiepileptic drug Carbamazepine Lamotrigine Phenytoin Valproate Totala Missingb

Mothers (n) 59 70 39 43 211 93

Mean maternal IQs (95% CI) 100 (96:105) 102 (98:106) 92 (87:98) 95 (91:100) 98 (96:101) 97 (94:100)

Mean maternal ages (95% CI) 31 (29:32) 31 (30:32) 30 (28:32) 28 (26:30) 30 (29:31) 29 (28:30)

Mean dosec (95% CI) (mg/day) 781 (676:887) 489 (430:547) 401 (363:438) 1012 (819:1204) N/A N/A

Standardized dosed (95% CI) 32 (28:37) 38 (33:43) 49 (43:54) 25 (20:31) 36 (33:38) 32 (28:37)

Gestational age at birth (95% CI) (weeks) 38 (38:39) 39 (39:40) 39 (38:39) 39 (39:40) 39 (39:39) 39 (38:39)

Preconception folate n (%) 34 (58) 41 (59) 17 (44) 28 (65) 120 (57) 53 (57)

Alcohol usee during pregnancy n (%) 6 (10) 6 (9) 2 (5) 4 (9) 18 (9) 6 (6)

Epilepsy typesf

Localization related n (%) 51 (86) 39 (56) 28 (72) 8 (19) 126 (60) 57 (61)

Idiopathic generalized n (%) 5 (8) 24 (34) 7 (18) 32 (74) 68 (32) 29 (31)

GTCSf n (%) 3 (5) 7 (10) 4 (10) 3 (7) 17 (8) 7 (8)

Non-convulsive seizures n (%) 18 (33) 23 (37) 14 (37) 12 (28) 67 (34) 21 (25)

Convulsionsg

None n (%) 46 (85) 46 (75) 28 (76) 33 (79) 153 (79) 71 (87)

45 Convulsions n (%) 3 (6) 0 (0) 3 (8) 1 (2) 7 (4) 1 (1)

Race

Caucasian 51 (86) 62 (89) 23 (59) 38 (88) 174 (82) 70 (75)

Black 3 (5) 1 (1) 3 (8) 1 (2) 8 (4) 6 (6)

Hispanic 2 (3) 3 (4) 12 (31) 2 (5) 19 (9) 12 (13)

Other 3 (5) 4 (6) 1 (3) 2 (5) 10 (5) 5 (5)

a Total across antiepileptic drugs for mothers whose children had age 3 verbal index or non-verbal index scores.
b Missing = mothers for whom their children’s verbal index or non-verbal index scores are missing.
c Average dose for pregnancy.
d Refer to ‘Partcipants and methods’ section for description of how dosages were standardized.
e Any alcohol use during pregnancy (yes/no).

f Epilepsy types: localization-related (includes cryptogenic and symptomatic); idiopathic generalized (includes absence, juvenile myoclonic, genetic and other idiopathic
generalized not otherwise classified).
g Convulsions = number (%) of mothers without convulsions or 45 during pregnancy. Seizure frequency during pregnancy not reported for n = 17 mothers.
GTCS = generalized tonic clonic seizures (unknown if generalized or secondary generalized); N/A = not applicable.

Table 2 Statistical results for multivariate analysis with
verbal and non-verbal index scores as dependent variables

Effect F-valuea df P-value

AED group 5.36 6 50.0001

Maternal IQ 9.37 2 0.0001

Standardized dose 8.61 2 0.0003

Maternal age 6.98 2 0.0012

Preconception folate 3.33 2 0.0379

Race (four categories) 3.89 6 0.0009

Any alcohol during pregnancy 3.05 2 0.0497

Based on age 3 completer population (n = 216).
a F-value = exact F-statistic for Wilk’s Lambda.
df = degrees of freedom.
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valproate, 1000. Means (ranges) of whole pregnancy average dos-

ages (in mg) were: carbamazepine, 781 (33–1800); lamotrigine,

489 (50–1217); phenytoin, 401 (67–750); and valproate, 1012

(133–3583).

The propensity score analyses demonstrated that the results are

not due to differences in baseline variables related to either the

child IQ outcome or chances of belonging to the valproate group.

The analysis examining sensitivity of results to missing data

Figure 1 Scatter plots of verbal index and non-verbal index versus standardized dose for each antiepileptic drug during pregnancy.

Table 3 Adjusteda mean age 3 cognitive scores (95% CI) for verbalb and non-verbalc index scores for each antiepileptic drug

Carbamazepine Lamotrigine Phenytoin Valproate Differences of
valproate with
other AEDsd

Verbal indexb 93.0 (88.6:97.3) 96.6 (92.3:100.9) 95.9 (91.0:100.8) 83.9 (78.8:89.0) 9.0–12.7

Non-verbal indexc 99.6 (95.0:104.2) 106.3 (101.7:110.9) 102.0 (96.9:107.2) 98.5 (93.1:103.8) 1.1–7.8

a Mean age 3 index scores adjusted for maternal IQ, maternal age, dose, race, alcohol use during pregnancy and folate.
b Verbal index included: (i) naming vocabulary and verbal comprehension subtests from the Differential Ability Scales (Elliott, 1990); (ii) expressive communication and
auditory comprehension subscales from the Preschool Language Scale (Zimmerman et al., 2002); and (iii) the Peabody Picture Vocabulary Test (Dunn and Dunn, 2007).
c Non-verbal index included: (i) block building subtest from the Differential Ability Scales (Elliott, 1990) and (ii) the Developmental Test of Visual-Motor Integration (Beery

and Beery, 2004).
d Mean difference between non-verbal and verbal index scores across all drugs was 5.36 (95% CI = 3.5:7.2), P5 0.0001 from a paired t-test.

Table 4 Partial Pearson correlations (significant P-values) for cognitive indices to pregnancy average
standardized dose, controlling for maternal IQ

Carbamazepine Lamotrigine Phenytoin Valproate

Verbal index �0.35 (0.007) �0.07 0.09 �0.48 (0.001)

Non-verbal ndex �0.05 �0.08 �0.20 �0.39 (0.010)

N 60 71 41 44

Significant findings in bold.
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demonstrates that the results cannot be explained by incomplete

data. In the intent-to-treat sample, including 310 of the originally

enrolled children, missing outcomes were imputed, and results

were similar.

Discussion
The present study demonstrates reduced verbal compared with non-

verbal abilities in children exposed in utero to each of four commonly

employed AED monotherapies. Since the verbal and non-verbal

indices are standard scores based upon normative data from healthy

populations, the two index scores would be expected to be equiva-

lent. We cannot rule out that the observation of consistently greater

impairments in verbal abilities is due to genetic or other environ-

mental factors, but there is a distinct possibility that they are due

to foetal AED exposure. A prior study reported reduced language

abilities in children of women with epilepsy, but did not assess

individual AEDs (Thomas et al., 2007). This raises the question

as to why language functions might be more susceptible. As noted

earlier, some AEDs can produce widespread neuronal apoptosis in

the immature brain (Bittigau et al., 2002, 2003; Glier et al., 2004;

Manthey et al., 2005; Katz et al., 2007; Kim et al., 2007; Stefovska

et al., 2008). However, it seems unlikely that the apoptosis occurs

to a greater degree in language-related neurons. In the immature

brain, alcohol can not only produce apoptosis (Ikonomidou et al.,

2000), but can also impair neural physiology in the remaining

neurons (Medina et al., 2003, 2005). AEDs may also impair the

physiology of remaining neurons, but it seems unlikely that AED-

induced physiological alterations at the neuronal level would be

greater in language related neurons. We hypothesize that the

foetal AED exposure alters cerebral lateralization, which has a more

profound effect on the neural networks underlying language

functions.

In addition, our study found that both verbal and non-verbal

cognitive outcomes were reduced in children exposed in utero

to valproate. The effect is dose-dependent, and the magnitude

of the effect is greater for verbal than non-verbal abilities.

Further, foetal exposure to carbamazepine was associated with

a dose-related reduction in language abilities. Strengths of our

study include its prospective design, blinded cognitive assessments

using standardized measures, and detailed monitoring of multiple

potential confounding factors. However, caution is advised due

to study limitations that include a relatively small non-population

based sample, loss of enrolled subjects to analysis, lack of ran-

domization, lack of AED blood levels, absence of an unexposed

control group during pregnancy, and the relatively young age

of the children at this planned interim analysis. Because the

NEAD study is not a randomized trial, it is possible that con-

founding factors related to baseline characteristics may have

affected the child’s IQ. However, analyses adjusting for base-

line characteristics, including the propensity analyses, suggest

that the results cannot be explained by differences in baseline

characteristics.

Recently, the American Academy of Neurology published new

practice parameters concerning management issues for females

with epilepsy (Harden et al., 2009a, b, c). With regards to cogni-

tive teratogenesis of AED (Harden et al., 2009a), they concluded

the following:

(i) cognition is probably not reduced in children of females with

epilepsy who are not exposed to AEDs in utero (two Class II

studies);

(ii) there is insufficient evidence to determine if the children of

females with epilepsy on AEDs in general are at increased

risk for reduced cognition (conflicting Class II studies);

(iii) carbamazepine probably does not increase poor cognitive

outcomes compared with unexposed controls (two Class II

studies);

(iv) valproate is probably associated with poor cognitive outcomes

compared with unexposed controls (two Class II studies);

(v) cognitive outcomes are probably reduced in children

exposed to valproate during pregnancy compared with

carbamazepine (two Class II studies);

(vi) cognitive outcomes are possibly reduced in children exposed

to valproate during pregnancy compared with phenytoin

(one Class II study);

(vii) phenytoin is possibly associated with poor cognitive out-

comes compared with unexposed controls (one Class II

and two Class III studies);

(viii) phenobarbital is possibly associated with poor cognitive out-

comes in male offspring of females with epilepsy compared

with unexposed controls (two Class III studies); and

(ix) cognitive outcomes are probably reduced in children

exposed to AED polytherapy as compared with monother-

apy in utero (three Class II studies).

Table 5 Partial Pearson correlations (significant P-values) for seven subtests to pregnancy average standardized dose,
controlling for maternal IQ

Carbamazepine Lamotrigine Phenytoin Valproate

Preschool Language Scale (expressive communication) �0.40 (0.002) �0.11 �0.02 �0.41 (0.006)

Preschool Language Scale (auditory comprehension) �0.29 (0.03) �0.005 �0.008 �0.51 (0.0004)

Differential Ability Scales (naming vocabulary) �0.22 �0.11 0.29 �0.45 (0.003)

Differential Ability Scales (verbal comprehension) �0.19 �0.007 0.21 �0.38 (0.01)

Peabody Picture Vocabulary �0.34 (0.008) �0.07 �0.12 �0.39 (0.01)

Differential Ability Scales (block building) �0.07 �0.11 �0.11 �0.47 (0.002)

Developmental Test of Visual-Motor Integration �0.02 �0.04 �0.23 �0.23

Significant findings in bold.
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These practice parameters were formulated prior to the publi-

cation of the recent NEAD results. The present and previously

published results from the NEAD study provide Class I evidence

that cognitive outcomes are reduced in children exposed in utero

to valproate compared with carbamazepine, lamotrigine and

phenytoin. In addition, the present study supports two prior stu-

dies demonstrating an adverse effect of valproate on verbal abil-

ities, which is greater in magnitude compared with its effect on

non-verbal abilities (Adab et al., 2004; Gaily et al., 2004). The

present finding of a dose-dependent effect of carbamazepine on

verbal abilities is in contrast to the two prior studies (Adab et al.,

2004; Gaily et al., 2004). The difference in results might be due to

the fact that the verbal IQ measures used in those studies included

some subtests without strong verbal factor loadings. For example,

the verbal IQ from the third edition of the Wechsler Intelligence

Scale for Children (Wechsler, 1991) used in the Adab et al. (2004)

study, and the verbal IQ from the Revised Wechsler Intelligence

Scale for Children (Wechsler, 1984) and the Revised Wechsler

Preschool and Primary Scale of Intelligence (Wechlser, 1995)

used in the Gaily et al. (2004) study include an arithmetic subtest.

In addition, other contributing factors might include Type I error

and differences across studies in AED dosage ranges and patient

characteristics of the samples under investigation. As a result,

further studies are needed to clarify this issue.

The majority of AED prescriptions in the USA are written for

pain or psychiatric indications rather than epilepsy or seizures (Zito

et al., 2006; Cascade et al., 2008). There are no published studies

on cognitive outcomes in children of females taking AEDs for

these other indications. However, one study found that congenital

malformation rate was similar in these children compared with

children of females taking AEDs for epilepsy (Holmes et al., 2001).

In clinical practice, females of childbearing potential who are

prescribed AEDs with known risks should be informed of these

risks. However, the observed risks of some AEDs to the child

have to be balanced against the risks of seizures to the mother

and child. Further complicating care, the risks for many AEDs are

still poorly defined. The most consistent and severe risks for both

anatomical and behavioural teratogenesis have been found for

valproate (Meador et al., 2008; Harden et al., 2009a), so it

seems a poor first choice for most females of childbearing poten-

tial. However, seizures in some females with generalized epilepsy

may only be controlled on valproate (Marson et al., 2007). Thus,

therapeutic decisions need to be individualized. Children exposed

in utero to AEDs, especially valproate, should be considered at risk

for cognitive deficits. Further, they may be at risk for behavioural

abnormalities (Williams et al., 2001; Bromley et al., 2008; Vinten

et al., 2009). Based on these findings, a raised index of suspicion

should translate into more careful follow-up and evaluation of

these children with appropriate referral for interventional therapies

when indicated.

In conclusion, our results combined with the findings of other

studies raise particular concerns that foetal valproate exposure im-

poses a risk of cognitive impairment, especially for higher doses

and for language functions. The implications of the observed

dose-dependent relationship of carbamazepine exposure to im-

paired verbal abilities in the present study is less clear given that

this finding is in contrast to two prior studies. Additional research

is needed to confirm these findings, examine risks of other AEDs,

define the risks associated with AEDs in the neonate for treatment

of seizures, and to understand the underlying mechanisms of ad-

verse AED effects on the immature brain.
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