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Abstract
Objective: To examine the behavioral functioning of children prenatally exposed to 
carbamazepine (CBZ), lamotrigine (LTG), levetiracetam (LEV), or valproate (VPA) 
monotherapy.
Methods: In collaboration with the European Registry of Antiepileptic Drugs and 
Pregnancy (EURAP), the Dutch EURAP & Development study was designed, a 
prospective observational study. Between January 2015 and March 2018, the Child 
Behavior Checklist and the Social Emotional Questionnaire were used to examine 
the nature and severity of behavioral problems. VPA‐exposed children were com-
pared to children exposed to CBZ, LTG, or LEV, taking potential confounders into 
account. A direct comparison was also made between LTG and LEV, as these are 
first‐choice treatments for many women with epilepsy of childbearing potential.
Results: Of the 405 invited, 181 children were included; 26 were exposed to VPA, 37 
to CBZ, 88 to LTG, and 30 to LEV. For most children, both parents completed the be-
havioral questionnaires. Across all four antiepileptic drug (AED) exposure groups, high 
percentages of children with clinically relevant behavior problems were found, with 
behavioral problems occurring in 32% of VPA‐exposed children, 14% of CBZ, 16% 
of LTG, and 14% of LEV. After controlling for potential confounders, VPA‐exposed 
children had significantly more social problems than those exposed to LTG (−2.8, 95% 
confidence interval [CI] = −5.2 to −0.4; P = 0.022) or LEV (−3.2, CI: −6.1 to −0.3; 
P  = 0.028), and significantly more attention problems than LEV‐exposed children 
(−3.7, CI: −6.7 to −0.8; P = 0.013). LTG‐exposed children had significantly more 
attention deficit (−9.2, CI: −17.3 to 1.1; P = 0.026), but significantly less anxious be-
havior when compared to LEV‐exposed children (9.0, CI: 0.3‐17.6; P = 0.042).
Significance: Compared to population norms, a high proportion of children of moth-
ers with epilepsy exposed prenatally to monotherapy with four common AEDs had 
clinical behavioral problems reported by parents. Different patterns were seen, with 
some but not all subscales raised for all AED exposure groups. It is important that 
prenatally AED‐exposed children are regularly screened for behavioral problems so 
that appropriate help can be provided.
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provided the original work is properly cited and is not used for commercial purposes.
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1 |  INTRODUCTION

The use of antiepileptic drugs (AEDs) in women of child-
bearing potential is of concern, as prenatal exposure is as-
sociated with increased risks of congenital malformations.1 
Knowledge about long‐term effects on cognitive function-
ing has increased,2 but behavioral functioning of children of 
mothers with epilepsy has been less well studied.3

Behavioral problems, such as disruptive, inattentive, aggres-
sive, anxious, or socially awkward behavior, can have detrimen-
tal effects on the daily lives of children. It can negatively affect 
their school functioning, relationships with peers, and parent‐
child interactions.4 Children of mothers with epilepsy exposed 
to AEDs in utero have been associated with increased behav-
ioral difficulties compared to unexposed children and children 
of mothers without epilepsy.5 Behavioral problems occur pre-
dominantly in valproate (VPA)‐exposed children3,6‒11; they 
have a higher risk of autism spectrum disorders (ASDs)12‒14 
and attention‐deficit/hyperactivity disorder (ADHD).9,13 
Behavioral problems have also been reported in children ex-
posed to carbamazepine (CBZ) and lamotrigine (LTG),15,16 
although other studies did not show increased risks.3,6,7,9 The 
only study that examined behavioral functioning of school‐aged 
children exposed to levetiracetam (LEV) found no risk of be-
havioral problems.11 Because most studies, so far, used differ-
ent methodologies, in children of different ages, using different 
rating systems, this may have led to different results.

Some studies were retrospective,7,15,17 with small sam-
ple sizes,6 made no distinction between AED types,5 or 
focused on adaptive functioning only.3,7,9 Symptoms of 
childhood psychiatric disorders have rarely been examined.18 
Systematic screening will provide more insight into the be-
havioral development of exposed children. Controlling for 
potential confounders, such as epilepsy‐ and pregnancy‐re-
lated factors (eg, prenatal alcohol or nicotine exposure, folate 
use, and breast‐feeding), as well as more genetic and environ-
mental components such as parental behavioral problems and 
educational level, is also important.5

We examined behavioral functioning in children of mothers 
with epilepsy prenatally exposed to VPA, CBZ, LTG, or LEV 
monotherapy, taking potential confounders into account. We 
compared VPA‐exposed children with the children exposed to 
the three other monotherapies and made a direct comparison 
between LTG and LEV, as these are first‐choice treatment op-
tions for women with epilepsy of childbearing potential. Based 
on previous findings, we hypothesized that VPA‐exposed chil-
dren would demonstrate more behavioral problems.

2 |  MATERIALS AND METHODS

2.1 | Study design and participants
In collaboration with the European Registry of Antiepileptic 
Drugs and Pregnancy (EURAP), we designed the Dutch 
EURAP & Development study, a prospective observational 
study of children of mothers with epilepsy. The current study 
is part of a larger longitudinal study in which long‐term ef-
fects of prenatal exposure to AEDs on neurocognitive and 
behavioral development are investigated from a family 
perspective.18

Participants were children of mothers with epilepsy iden-
tified from the EURAP‐NL database in The Netherlands, a 
national, single center pregnancy register that investigates 
the prevalence of major congenital malformations follow-
ing prenatal exposure to AEDs. Women are enrolled by the 
EURAP‐NL center through self‐referral or by their health 
professional. Recruitment of women ideally occurs within 
the first 16 weeks of pregnancy, facilitating prospective in-
formation about health and well‐being during the pregnancy. 
Mother‐child pairs with risk factors assessed prenatally, after 
delivery, or up until 3 years of age were eligible. Inclusion 
criteria were maternal CBZ, LTG, LEV, or VPA monother-
apy starting before conception and continuing during the en-
tire pregnancy, and child age between 6 years and 7 years 

K E Y W O R D S
antiepileptic drugs, behavior, child development, EURAP & Development, pregnancy, teratogenicity

Key Points
• The use of AEDs in women of childbearing age is 

a concern due to possible behavioral teratogenic 
risks

• High proportions of children with clinical behav-
ioral problems were found in all four AED expo-
sure groups

• After controlling for potential confounders (eg, 
maternal behavioral problems), valproate‐ex-
posed children were most affected

• Based on parental reports, prenatally exposed 
children showed an increased risk of behavioral 
problems, which can have detrimental effects on 
daily lives

• As these children bear multiple risks, it is impor-
tant to consider in future studies other possible 
contributing factors such as the impact of mater-
nal epilepsy
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11 months during the study period. Children were excluded 
if the mother was unable to take care of the child (eg, child 
was living in foster care), the child had a known chromo-
somal/genetic syndrome or prematurity (gestational age < 
37 weeks), or there were factors other than AED exposure 
that significantly modified child development, such that reli-
able assessment was not possible. Both parents were invited 
to participate in the study. Parents received an invitation letter 
around the time of the child's sixth birthday. Families who did 
not respond received a reminder after 1 month. If no reply 
had been received after 3  months, families were contacted 
by telephone to ask whether they were willing to participate. 
Further detailed information on procedures was reported 
previously.18

2.2 | Measures

2.2.1 | General information
Parents completed an online questionnaire on demographic 
information, development, and child needs. Parents were also 
asked to indicate whether the child had a psychiatric diagno-
sis (eg, autism) or learning disability (eg, dyslexia).

2.2.2 | Child behavioral problems
Mother and father completed the Child Behavior Checklist 
(CBCL)19 and the Social Emotional Questionnaire (SEV)20 
online to screen for child behavioral problems. These provide 
well‐known standardized indicators with good validity and 
reliability.

The CBCL/6‐18 contains 118 items each scored as “not 
true” (0 points), “somewhat or sometimes true” (1 point), 
or “very true or often true” (2 points). Each item presents a 
problem behavior, such as “Acts too young for his/her age.” 
The CBCL has two broadband scales (Internalizing Problems 
and Externalizing Problems) and eight narrow‐band prob-
lem scales (Anxious/Depressed, Withdrawn, Somatic 
Complaints, Social Problems, Thought Problems, Attention 
Problems, Delinquent Behavior, and Aggressive Behavior). 
Raw scores are summed and converted to T scores for each 
scale (standardized for gender and age with mean T score = 
50 and SD = 10).

The SEV contains 72 items with descriptions of problem 
behaviors, for example, “Is easily irritable or irritated.” The 
parent is asked to score the items using a 5‐point scale (from 
“the behavior does not occur” [0 points] to “the behavior 
occurs very often or daily” [4 points]). The specific social‐
emotional problems that can be distinguished are: (1) ADHD, 
with subscales for attention deficit, hyperactivity, and impul-
sivity; (2) social problem behavior, consisting of opposition‐
defiant behavior (ODD), aggressive behavior, and antisocial 
behavior (conduct disorder [CD]); (3) anxious behavior, with 

subscales for general anxiety, social anxiety, and anxious de-
pressed behavior; and (4) autistic behavior. Raw scores are 
summed and converted to percentile scores for each (sub)
scale (standardized for age and gender), with higher percen-
tile score indicating more symptoms of behavioral problems.

Scores can fall in the normal range (meaning that parents 
report few or no problems), the borderline range (meaning 
that parents report minor or occasional problems), or the 
clinical range (meaning that parents report clear or frequent 
problems). Clinical scores are seen as problematic behaviors 
that can negatively affect the development and daily life of 
the child.

2.2.3 | Adult behavioral problems
Mothers completed the Adult Self Report (ASR)21 on be-
havioral, emotional, and social problems (123 items, eg, “I 
am unhappy, sad, or depressed”). In an attempt to control for 
genetic factors of parental behavior that the child may have 
inherited, we controlled for maternal behavioral problems by 
using total behavior problems (ASR, T score) as a potential 
confounder in the analyses of child behavior.

2.3 | Statistical analyses
Data were analyzed using IBM SPSS Statistics 24. 
Descriptive analyses were performed for each AED taken, to 
describe the sample and to examine the nature and severity 
of behavioral problems. Percentages of borderline and clini-
cal scores were examined and compared to population norms 
(Binomial Proportion Test). To compare the four AEDs, we 
conducted multilevel regression analyses for each of the be-
havioral outcomes, including both mother and father report, 
with an indicator variable “father” to represent possible dif-
ferences between parents. To account for dependencies be-
tween parents reporting on the same child and dependencies 
between siblings within the same family, we included both 
between‐family variance and within‐family variance in the 
multilevel regression analyses. We compared VPA with the 
three other AED monotherapies and made in addition a direct 
comparison between LTG and LEV.

Potential confounders were selected by assessing their rela-
tionships with the medication and outcome variables (through 
analysis of variance [ANOVA] with post hoc Tukey tests, chi‐
square, Fisher's exact tests, and Pearson correlations). Variables 
included as potential confounders were maternal epilepsy type, 
tonic‐clonic seizures during pregnancy, periconceptional use of 
folic acid, alcohol and nicotine exposure during each trimester, 
breastfeeding, maternal age at delivery, maternal behavioral 
problems, and education. We included maternal education into 
the analyses instead of child intelligence quotient (IQ) because 
of missing child IQ scores (data available for 162 of 181 chil-
dren): gestational age; age of the child at the time of the study; 
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presence or absence of congenital malformations, and time of 
inclusion in the EURAP‐NL database (Table 1). Maternal edu-
cation was significantly correlated with child IQ and was com-
plete for all children (r = 0.39, P < 0.001). Variables showing a 
relationship (P < 0.15) with medication and outcome measure, 
or that were expected to influence child behavior (eg, maternal 
behavioral problems) were entered, each into a separate mul-
tilevel regression analysis. Variables that were related to AED 
use were maternal age at delivery, epilepsy type, alcohol use 
during first trimester, nicotine use during each trimester, age 
of the child, breast‐feeding, and presence of congenital mal-
formations. Variables that were related to behavioral outcomes 
were maternal behavioral problems, maternal education, age 
of the child, breast‐feeding, gestational age, alcohol use during 
first trimester, nicotine use during second or third trimester, 
and epilepsy type.

As maternal age, nicotine use during first trimester, and 
presence of congenital malformations were not related to 
the outcome measures, they were excluded from further 
analyses. Potential confounders included in the multilevel 
regression analyses were maternal behavioral problems, ma-
ternal education, breast‐feeding, child age, gestational age, 
epilepsy type, alcohol use during first trimester, and nico-
tine use during second or third trimester. AED exposure type 
was entered into the model, with the VPA‐exposed group 
as the reference group. In additional analyses, to directly 
compare LTG‐exposed children with LEV‐exposed chil-
dren, the LTG‐exposed group was set as reference. To guard 
against multicollinearity and overfitting, we applied a back-
ward selection method. Predictors were removed until only 
related confounders (P < 0.15) remained in the multilevel 
regression models. If there were any noticeable occurrences 
in the intermediate steps, they were described. Correlation 
analyses were used to examine relationships between AED 
dose (daily dose of CBZ, LTG, LEV, or VPA) and outcome 
measures. To compare dosages of different AEDs, the dose 
was standardized, taking the percentage relative to the me-
dian dose (100 × [(dose first trimester − median AED dose)/
median AED dose]). As dose did not correlate significantly 
with behavioral outcomes, it was not included in the regres-
sion analyses.

Full information maximum likelihood analyses were con-
ducted using all available information, but without imputa-
tion for missing data on outcome variables. Five mothers did 
not complete the ASR. To include this variable as a potential 
confounder, we therefore conducted missing value analyses 
for the total behavioral problem score using expectation max-
imization.22 This method ensured that all available outcome 
variables could be included in the multilevel regression anal-
ysis, without changing the data.

Two children in the VPA‐exposed group had recently 
been assessed within a clinical setting. For these children, we 
included behavioral scores from the CBCL and/or SEV from  
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the earlier psychological reports as well as parent information 
from the online questionnaire.

2.4 | Standard protocol approvals, 
registration, and consents
The study was approved by the Medical Ethics Committee 
of the Academic Medical Center (NL 45505.018.13). Prior 
to enrollment of the first participant, the study was registered 
in the Dutch trial register (www.trial regis ter.nl, NTR4800). 
Parents provided written consent prior to the assessment. 
When the questionnaire was completed at home, parents con-
sented by email or telephone.

3 |  RESULTS

3.1 | Participants
Between January 2015 and March 2018, the behavioral 
questionnaires were completed for 183 children from 157 
families (one set of twins and 25 sibling pairs; Figure 1). 
For most children (144), both parents completed at least 
one of the behavioral questionnaires. For 37 children only 

the mother reported and for two children only the father. 
The inclusion rate was around 45% of all initially invited 
mother‐child pairs.

Two children were excluded from analyses, one because 
the child was too old when parents completed the ques-
tionnaire, and the second child (exposed to VPA) because 
her mother only completed general information, and be-
havioral outcomes were missing; this child was apparently 
diagnosed with autism (not counted as such in Table 1). Of 
the included children, 26 were prenatally exposed to mono-
therapy VPA, 37 to CBZ, 88 to LTG, and 30 to LEV.

Children from the four AED‐exposed groups were 
comparable across most demographic variables (Table 1). 
Children from the VPA‐exposed group were significantly 
more likely to have been exposed to nicotine. The mothers 
of children exposed to VPA were also slightly but signifi-
cantly older at the child's birth. Mothers who used LTG 
were more likely to have consumed alcohol during the 
first trimester. Mothers who used VPA were significantly 
more likely to have generalized epilepsy (69%), whereas 
mothers who used CBZ were significantly more likely to 
have focal epilepsy (87%). Additionally, children exposed 
to LEV were significantly younger at the time of the study. 

F I G U R E  1  Flowchart Dutch EURAP & Development study—Behavioral domain. AED, antiepileptic drug

http://www.trialregister.nl
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VPA‐exposed children were significantly more likely to 
have congenital malformations.

Based on parental report of child diagnoses, valproate‐ex-
posed children significantly more often had a (psychiatric) 
diagnosis (31%; Table 1). This was a combination of diagno-
ses of autism, ADHD, or developmental language disorder. 
When diagnosis was specified for autism or ADHD sepa-
rately, there was no significant difference between exposure 
groups.

3.2 | Nature and severity of 
behavioral problems
Overall, children had average behavioral scores (Table 2). 
Mothers reported more behavioral problems than fathers 
(for significant differences see Table 4 and Table S4a). The 
scores show few differences between the AED groups, with 
no specific AED‐exposure group having the most or fewest 
behavioral problems, and confirmative ANOVA (including 
post hoc Tukey tests) with unadjusted means showing no sig-
nificant differences between the AED groups (Table 2).

However, a different pattern was found when examining the 
percentages of borderline (subclinical threshold) and clinical 
scores as reported by parents. Across all four AED exposure 
groups, high percentages of children within the borderline 
range and above the clinical cutoff were found (Table 3). For 
total behavioral problems, the range (clinical scores as reported 
by mothers) was between 14% and 32% (CBCL), with the high-
est percentage for VPA. VPA‐exposed children also showed a 
high percentage of social problems (16%, CBCL). Parental rat-
ings from all the exposure groups placed between 6% and 23% 
of the children in the clinical range for symptoms of CD (SEV).

Compared to Dutch population norms (SEV),20 LTG‐ex-
posed children were found to have a significantly higher pro-
portion of parent ratings of ODD (Table S3a). Significantly 
higher proportions of CD were found for VPA‐, LTG‐, and 
LEV‐exposed children. VPA‐ and LTG‐exposed groups had 
significantly higher proportions of children with clinical 
symptoms of autistic behavior. CBZ‐exposed children did not 
show higher proportions of clinical behavioral problems. No 
differences in proportions were found for parental report of 
ADHD or anxious behavior.

3.3 | Comparison between children exposed 
to different AED types
After controlling for potential confounders, multilevel regres-
sion analyses showed that VPA‐exposed children had signifi-
cantly more social problems than children exposed to LTG 
(−2.8, 95% CI = −5.2 to −0.4; P = 0.022) or LEV (−3.2, 95% 
CI = −6.1 to −0.3; P = 0.028; Table 4). Compared to LEV‐ex-
posed children, VPA‐exposed children had significantly more 
attention problems (−3.7, 95% CI = −6.7 to −0.8; P = 0.013). T
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T A B L E  4  Multilevel regression analyses (VPA as reference group): Significant differences on child behavior problems

CBCL

Social problems Attention problems

B (SE) CI P B (SE) CI P

Intercept 47.0 (2.5) 42.1 to 52.0 0.000 84.7 (14.0) 57.0 to 112.3 0.000

Fathera −0.7 (0.4) −1.6 to 0.2 0.107 −0.4 (0.4) −1.2 to 0.3 0.266

CBZ −2.5 (1.4) −5.3 to 0.2 0.072b −2.3 (1.4) −5.1 to 0.5 0.106

LTG −2.8 (1.2) −5.2 to −0.4 0.022* −2.2 (1.3) −4.7 to 0.3 0.078b

LEV −3.2 (1.5) −6.1 to −0.3 0.028* −3.7 (1.5) −6.7 to −0.8 0.013* 

Maternal behavioral problems 0.3 (0.04) 0.2 to 0.4 0.000** 0.2 (0.04) 0.1 to 0.3 0.000** 

Maternal education −2.0 (0.8) −3.6 to −0.4 0.016* −3.3 (0.9) −5.0 to −1.6 0.000** 

Breast-feeding −2.1 (1.0) −4.0 to −0.1 0.038* — — —

Age of child — — — — — —

Epilepsy type — — — — — —

Gestational age — — — −0.9 (0.3) −1.6 to −0.2 0.011

Alcohol exposure 1st trimester — — — — — —

Nicotine exposure 2nd/3rd 
trimester

— — — — — —

Random intercept: family 
variance

0.0 (0.0) — — 1.2 (7.6)   0.874

Random intercept: child 
variance

20.4 (3.2) 15.1 to 27.7 0.000 21.2 (8.1) 10.0 to 45.0 0.009

SEV

ADHD total ADHD attention deficit

B (SE) CI P B (SE) CI P

Intercept 110.2 (56.5) −1.2 to 221.6 0.063 106.6 (50.4) 7.2 to 206.0 0.036

Fathera −3.9 (1.9) −7.6 to −0.3 0.036 −3.1 (1.9) −7.0 to 0.7 0.109

CBZ −3.4 (5.7) −14.7 to 7.8 0.548 −5.6 (4.8) −15.0 to 3.8 0.242

LTG −6.2 (5.1) −16.2 to 3.8 0.221 −4.7 (4.2) −12.9 to 3.6 0.266

LEV −13.2 (6.0) −25.1 to −1.3 0.030* −11.7 (5.1) −21.7 to −1.7 0.022* 

Maternal behavioral problems 0.9 (0.2) 0.5 to 1.3 0.000 0.6 (0.2) 0.3 to 0.9 0.000** 

Maternal education — — — — — —

Breast-feeding — — — — — —

Age of child — — — 0.4 (0.2) −0.04 to 0.8 0.073b

Epilepsy type — — — — — —

Gestational age −2.2 (1.4) 0.5 to 1.3 0.102 −2.7 (1.2) −5.0 to −0.4 0.020* 

Alcohol exposure 1st trimester — — — — — —

Nicotine exposure 2nd/3rd 
trimester

— — — — — —

Random intercept: family 
variance

173.6 (84.7) 66.7 to 452.0 0.041 47.3 (73.0) 2.3 to 973.9 0.517

Random intercept: child 
variance

142.9 (80.8) 47.1 to 433.0 0.077 121.6 (79.3) 33.9 to 436.8 0.125

Note: Maternal behavioral problems: measured with the Adult Self Report (interval); maternal education: received higher education (yes/no, dichotomous); breast‐
feeding (yes/no, dichotomous); age of child at time of study (mo); epilepsy type: generalized epilepsy (yes, no, dichotomous); gestational age (wk); alcohol or nicotine 
exposure (yes, no, dichotomous).
Abbreviations: ADHD, attention‐deficit/hyperactivity disorder; B, unstandardized coefficients; CBCL, Child Behavior Checklist; CBZ, carbamazepine; CI, confidence 
interval; LEV, levetiracetam; LTG, lamotrigine; SE, standard error; SEV, Social Emotional Questionnaire; VPA, valproate.
aAs both parents are included in the analyses, this variable shows possible differences between mother and father report on child behavioral outcomes. 
bP <0.10. 
*P < 0.05.
**P < 0.001.
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VPA‐exposed children also had more symptoms of ADHD 
(total score; −13.2, 95% CI = −25.1 to −1.3; P = 0.030) and 
attention deficit than LEV‐exposed children (−11.7, 95% CI 
= −21.7 to −1.7; P = 0.022). No differences were found for 
other behavioral outcomes as reported by parents (Table S4a).

On parental ratings of autistic behavior, there appeared 
to be a difference between VPA‐ and LTG‐exposed children, 
with VPA‐exposed children showing more autistic behavior, 
but after removing nonsignificant confounders (to limit over-
fitting) this result was no longer significant.

A direct comparison between LTG and LEV, while con-
trolling for potential confounders, revealed few differences 
(Table S5). Parental ratings of LTG‐exposed children showed 
significantly more symptoms of ADHD attention deficit com-
pared to LEV‐exposed children (−9.2, 95% CI = −17.3 to 
1.1; P = 0.026). In comparison with LEV‐exposed children, 
parents of LTG‐exposed children reported significantly fewer 
symptoms of anxiety (total score; 9.0, 95% CI = 0.3‐17.6; 
P = 0.042). On other (sub)scales, no significant differences 
were found.

3.4 | AED dose
We did not find a significant relationship with the daily dose 
of VPA, CBZ, LTG, or LEV during pregnancy and behavio-
ral outcome measures.

4 |  DISCUSSION

Different patterns of behavioral problems were seen in pre-
natally AED‐exposed children, with some but not all (sub)
scales being raised. Based on parental ratings, VPA‐exposed 
children were shown to be most affected, but parents of CBZ‐, 
LTG‐, and LEV‐exposed children also reported behavioral 
problems. Against expectation, parental ratings placed a high 
percentage of children from all exposure groups within the 
clinical range on the total behavioral problems scale (CBCL, 
14%‐32%). For VPA‐exposed children, the proportion of 
behavioral problems was more than expected based on the 
worldwide prevalence of child psychiatric disorders (32% 
vs 13.4%),23 and much higher than LTG‐exposed (16%) or 
LEV‐exposed children (14%). For those exposed to LEV, 
LTG, or VPA, the proportion with parent‐reported CD symp-
toms was significantly higher than population proportions.20 
LTG‐exposed children also had a higher proportion of ODD. 
On other scales, VPA‐exposed children displayed more be-
havioral problems than LTG‐ or LEV‐exposed children. The 
mean score comparisons did not, however, lead to significant 
differences between the groups.

As there are multiple factors involved in behavioral de-
velopment, the finding of parental report of oppositional or 
aggressive behavior may not be directly attributable to the 

drug exposure. It is conceivable that, for LEV‐exposed chil-
dren and, to a lesser extent, for LTG‐exposed children, there 
is an indirect or an interaction effect with drug exposure via 
a disharmonic intelligence profile. In our previous report, 
LEV exposure was associated with a disharmonic profile in 
favor of verbal functioning. Although our sample was rela-
tively small and results need to be replicated, it is known that 
children with such a profile (verbal IQ > performance IQ) 
are at risk of being overestimated and may show more de-
fiant behavior. They are verbally strong, but may have more 
problems with keeping a broad view (eg, planning or thinking 
about consequences), which is also important in behavior.24 It 
is also known that children with low verbal functioning, such 
as VPA‐exposed children, may be quick to express them-
selves physically and aggressively, in frustration at not being 
understood.4 It would be worthwhile to explore this further 
in future studies.

The use of LEV in people with epilepsy is associated with 
an increase in behavioral problems, including aggressive be-
havior.25‒27 Future research could examine whether the symp-
toms of CD we observed in prenatally LEV‐exposed children 
have the same pharmacological mechanisms as those in indi-
viduals taking LEV for epilepsy. Alternatively, this could be 
related to exposure of the child to maternal behavioral prob-
lems at home.

Compared to LTG‐, LEV‐, and CBZ‐exposed children, 
those with VPA exposure showed more behavioral problems, 
with significant differences on social and attention problems 
and symptoms of ADHD. These results are in line with ear-
lier research reporting behavioral problems,5 especially after 
VPA exposure.3,6,7,9,10,13

Contrary to expectation, no significant difference was 
found on autistic behavior. When controlling for multiple po-
tential confounders, there was a difference between VPA‐ and 
LTG‐exposed children, with those exposed to VPA showing 
more autistic behavior; this result could, however, be (partly) 
due to overfitting. It may also be due to small sample sizes of 
the groups. Compared to population proportions, VPA‐ and 
LTG‐exposed children showed significantly more clinical 
symptoms of autistic behavior. This agrees with an increase 
in autistic traits reported by parents of toddlers exposed to 
VPA or LTG.16 Other studies, based on diagnoses, have seen 
an increased risk of autism after prenatal VPA exposure, but 
not after prenatal LTG.13,14

Based on parent information of child diagnoses, the pro-
portion of children with a diagnosis of an ASD (Table 1) 
was higher than expected based on population prevalence 
(1%‐1.5%),28 and was also higher in the non‐VPA exposed 
children (3%‐5%). In our study, there seemed, however, to 
be a discrepancy between the number of children with a di-
agnosis of ASD and the number of children with a clinical 
score on the autistic behavior scale. On the basis of the be-
havioral questionnaire (SEV), fewer children had symptoms 
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of autism. It is possible that parents with a child with autism 
have accepted the problem behavior, so that it is less reported 
as problematic.29

A direct comparison between LTG and LEV, which are 
the first choice of treatment for many women with epilepsy in 
their childbearing years, revealed some differences in behav-
ioral functioning. Parents of LTG‐exposed children reported 
more attention deficit compared to LEV‐exposed children, 
and LEV‐exposed children were shown to have more anxiety 
as reported by parents. Children exposed to LTG and LEV, 
however, had average mean scores on attention and anxiety 
problems (Table S3a). On other behavioral outcome mea-
sures, LTG and LEV did not significantly differ.

Strengths of our study are (1) the prospective design, with 
recruitment of children through the national pregnancy regis-
ter (EURAP‐NL); (2) the rigorous control for potential con-
founders, including maternal behavioral problems; (3) the use 
of reliable and valid standardized indicators to systematically 
examine symptoms of child psychiatric disorders; (4) moth-
ers and fathers both reporting; and (5) the inclusion of LEV, 
which is increasingly prescribed in women with epilepsy.

There are also some limitations. We used parental reports 
of child behavior problems. Parents were not blinded to AED 
exposure and therefore concerns about teratogenic effects 
could be hypothesized to be inflating ratings. Parental report 
is subjective and does not directly correspond with a diagno-
sis made by professionals.16 It does, however, clearly reflect 
the child's behavior that parents experience at home. We did 
not include the teacher's perspective. Another possible limita-
tion is that we did not exclude children who had experienced 
a head trauma or developed epilepsy themselves. Children 
with epilepsy frequently have behavioral problems.30,31 Only 
one child with epilepsy was included, however.

In our study, there were some children with a psychiatric 
diagnosis or learning disability. It is possible that nonpartic-
ipating families whose child already had such a diagnosis 
were less likely to participate, which may have led to an un-
derrepresentation of the problem. Follow‐up of children from 
early age on (before the time of child diagnosis) would there-
fore be recommended.

Equally, it is possible that families that participated had 
more suspicion of problems in their child. For example, the 
rates of congenital malformations in our study were higher in 
all of the AED exposure groups than traditionally reported 
from pregnancy registers.32‒34 Parents might have been more 
anxious about the development of their child because of 
known teratogenicity and hence more willing to participate. 
Potential information bias in the rating of child behavior is 
a possibility.16 Controlling for maternal behavioral problems 
and educational level should have provided some control for 
this potential reporter bias.

We made a comparison between different types of AED 
monotherapy and compared results with population norms. 

A comparison with norms provides insight into the severity 
of behavioral problems in children of mothers with epilepsy, 
but such population norms were collected ahead of our study. 
We did not, however, include a control group of nonexposed 
children. Children who were exposed to AED polytherapy 
were also not included. More research is needed to answer re-
lated questions about a comparison with same‐time included 
nonexposed children, both from mothers with epilepsy and 
from the general population, and children exposed to differ-
ent polytherapy combinations.

We did not correct the statistical threshold (P < 0.05) for 
the multitude of analyses. Therefore, some of the associations 
found might be spurious. The number of P values found to be 
significant was, however, greater than expected by chance. 
The sample size of some AED‐exposed groups was relatively 
small, so results should be interpreted with caution. Our find-
ings are of clinical importance and require replication. As 
children of mothers with epilepsy bear multiple risks,35 it is 
of importance to consider other possible contributing factors 
(eg, impact of maternal epilepsy on the child) to behavioral 
outcomes. Further research into child development in the 
context of prenatal AED exposure is necessary to understand 
the (ir)reversibility of the exposure; to what extent is the be-
havioral teratogenic risk that occurred susceptible to adjust-
ments? This may provide opportunities for interventions that 
help parents cope with, or ideally decrease child behavioral 
problems.

Based on parental ratings, this study showed that some 
but not all subscales of behavioral problems were raised for 
certain AED exposures. VPA‐exposed children were most 
affected, but parents of CBZ‐, LTG‐, and LEV‐exposed chil-
dren also reported behavioral problems within the clinical 
range.
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