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Social cognition, autistic behavior and autistic
traits in children prenatally exposed to valproate,
carbamazepine, lamotrigine or levetiracetam
monotherapy

This chapter is based on: Huber-Mollema, Y., Oort, F. J., Lindhout, D., & Rodenburg, R. (2019).
Social cognition, autistic behavior and autistic traits in children prenatally exposed to valproate,
carbamazepine, lamotrigine or levetiracetam monotherapy. Manuscript submitted for publication.
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Abstract
Objective: To investigate autism characteristics using multiple methods and multiple
informants by examining social cognition, autistic behavior and traits in children
prenatally exposed to levetiracetam, lamotrigine, carbamazepine or valproate
monotherapy.
Methods: 182 children of mothers with epilepsy (AED-exposed group) were identified
from the European Registry of Antiepileptic Drugs and Pregnancy database in the
Netherlands and 85 children from the general population (non-exposed control group).
Social cognition was measured with Affect Recognition and Theory of Mind tests.
Autistic behavior was examined using parent-report. Autistic traits were rated blindly
using the Childhood Autism Rating Scale (CARS2-HF-NL).
Results: Parents of exposed-group children reported significantly more autistic behavior
than non-exposed control children. After controlling for age, children exposed to
valproate, carbamazepine or lamotrigine, but not levetiracetam, scored significantly
lower on Affect Recognition than non-exposed control children. Valproate-exposed
children performed significantly lower on Theory of Mind tests than non-exposed
control children, and lower than those exposed to other antiepileptic drugs. Valproateexposed children also had the highest score on autistic traits. A relationship with dose
was found for some aspects of social cognition, but not for autistic behavior or traits.
Significance: In a population of children of mothers with epilepsy we found differences in
social cognition, autistic behavior and traits using standardized measures. As expected,
valproate-exposed children were most affected, with these children showing more
symptoms of autism rather than having a severe autism spectrum disorder. Parentreport of autistic behavior was not associated with child assessment of social cognition,
and parents reported fewer problems than were evident on child scores of social
cognition. Clinicians and researchers need to be aware of this discrepancy.
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Introduction
Prenatal exposure to antiepileptic drugs (AEDs) is associated with an increased risk of
congenital malformations, with different AEDs and dosages showing different teratogenic
risks1. Cognitive impairments after prenatal exposure have also been reported2–4.
Valproate has the largest impact, and is no longer routinely prescribed in women of
childbearing potential5, paralleled by a shift to newer AEDs, such as lamotrigine and
levetiracetam. We previously found an increased risk of autistic behavior, reported by
parents, in children prenatally exposed to valproate or lamotrigine monotherapy6. This
prompted us to investigate autism characteristics further in children of mothers with
epilepsy, using a multiple informant and multiple method approach: parent-report of
autistic behavior, clinical observations of autistic traits, and child assessment of social
cognition.
Autism is a neurobiological developmental disorder, characterized by social and
communication problems and stereotyped or repetitive behaviors and interests7. Autism
spectrum disorders (ASD) have a worldwide prevalence of around 1-1.5%, and are more
common in boys8,9. Children with ASD have more problems with social cognition10.
Social cognition refers to understanding social situations, perspective taking, and
solving social problems11. As the development of social cognition forms the basis for
later interpersonal relationships, problems with social cognition can have far-reaching
consequences for the child’s future11. If social cognition is not well developed, it can
be difficult for a child to receive and understand social signals and to empathize with
others, which makes communication and social skills difficult12.
ASD is assumed to be a dimensional spectrum of impairment, in which some children
show more severe characteristics of autism than others, with milder non-clinical forms
known as the broad autistic phenotype also present in the general population13,14. There
are several diagnostic tools to assess symptoms of autism in children: through parentreport of autistic behavior, clinicians’ observations of autistic traits, or child assessment
of components of social cognition.
The relation between prenatal valproate exposure and increased risk of autism has
been known for some time, initially from case reports, and retrospective and animal
studies15–20, but more recently also from prospective studies21,22. The frequency of ASD
among children of mothers with epilepsy prenatally exposed to valproate was 4.2%
compared with 2.4% in children of mothers with epilepsy not exposed to valproate and
with an ASD prevalence of 1.5% in the general population23. Exposure to lamotrigine or
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carbamazepine monotherapy was not found to be associated with increased frequency
of autism, while exposure to levetiracetam was not examined23.
Autistic traits, as seen by parents in children of women with epilepsy, were reported
more frequently at 18 months in prenatally AED-exposed toddlers, and at 36 months
in lamotrigine-exposed children24. Symptoms of autism, assessed with the Childhood
Autism Rating Scale (CARS), were associated with increasing dose of prenatal valproate
exposure22. These studies were limited to younger children or focused mainly on
valproate.
Little attention has been paid to the social cognitive development of exposed
children. More knowledge is needed about social cognition and the prevalence of
symptoms of autism in school-aged children exposed prenatally to newer AEDs. This
may help understand the severity of the problem, and to identify children with milder
variants of autism.
We examined autistic behavior, autistic traits and social cognition at the age of six
or seven years in children prenatally exposed to valproate, carbamazepine, lamotrigine,
or levetiracetam monotherapy. We compared AED-exposed children to non-exposed
children from the general population, and made a comparison between children from
the respective AED-exposure groups. We hypothesized that valproate-exposed children
would be most affected. We also investigated to what extent the spectrum of autism
characteristics differs from other AED exposure groups and from the general population.

Methods
Design and participants
Participants were children of mothers with epilepsy on monotherapy with levetiracetam,
carbamazepine, lamotrigine, or valproate (AED-exposed group), and children of mothers
without epilepsy from the general population (non-exposed control group). The control
group children were recruited through regular primary schools in the Netherlands.
The children from the AED-exposed group were included on the basis of an earlier
inclusion of the mother with epilepsy in the European Registry of Antiepileptic Drugs
in Pregnancy (EURAP-NL) database1. The current study is part of the Dutch EURAP &
Development study25.
AED-exposed children were eligible for inclusion if the mother had taken AED
monotherapy starting before conception and continuing during the entire pregnancy.
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Inclusion criteria for non-exposed children were: children from the general population,
without a mother with epilepsy and without a psychiatric diagnosis. All children (exposed
and non-exposed) were aged between 6;0 and 7;11 years at the time of the study.

Procedure
Detailed information on procedures in the AED-exposed children were previously
reported25. Information on maternal epilepsy and wellbeing during pregnancy was
collected through the pregnancy registry26.
After written informed consent by the parents, the control group children were
individually assessed at school. The assessment lasted 90 minutes in the morning
(with a break after 45 minutes), and consisted of a short intelligence test (WISC-IIINL; 6 subtests)27,28 and a number of neuropsychological tasks29. Parents were asked to
complete an online questionnaire on child behavior and parenting. The control group
was recruited at school-age, so no prospective pregnancy-related information such as
maternal alcohol use, smoking, folic acid use or breastfeeding was collected. Assessors
were trained and supervised students of the University of Amsterdam. Control group
data was collected as part of their research practice course in 2015 and 2016. The study
was approved by the Medical Ethics Committee of the Academic Medical Center (AMC:
NL 45505.018.13).

Measures
General information
Parents completed an online questionnaire on demographic information, in which they
were also asked to indicate whether the child had a psychiatric diagnosis (e.g., autism).
Social cognition
We used the subtests Affect Recognition and Theory of Mind of the developmental
neuropsychological assessment (NEPSY-II-NL)29 to assess components of social cognition.
Affect Recognition measures whether the child can recognize and compare emotions.
During the task the child is shown photos of children’s faces. The child is asked to point
out which faces show the same emotion. The task consists of 35 items with a different
starting item and stop criterion for six- and seven-year-old children. The scores are
summed and converted into percentile scores (standardized for age). For comparison
reasons the percentile scores were transformed to standard scores.
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The Theory of Mind task consists of two parts: verbal and contextual reasoning. The
verbal task consists of 15 items, and measures whether the child can understand views,
intentions, needs, wishes, thoughts and emotions of others. This is done on the basis
of stories, pictures and questions. The contextual task consists of one practice item,
followed by six items, which measure whether the child understands how emotions are
connected within a social context. The child is asked to look at an image with a social
context and chooses, from four photos of faces with different emotions, the matching
emotion in that context. The verbal task and the contextual task together form the total
score of Theory of Mind. The verbal task also has its own score. There is however no
separate score for the contextual task. Scores are summed and converted into standard
scores (standardized for age). Standard scores, of Affect Recognition and Theory of
Mind, have a mean score of 10 (SD 3), and are classed as below average when a child
achieves a score of less than 8.
Autistic behavior
Parents completed the Social Emotional Questionnaire (SEV)30 to screen for childhood
behavioral problems. The SEV contains 72 items with descriptions of problem behaviors.
The parent is asked to score the items using a five-point scale, from ‘the behavior does
not occur’ (0) to ‘the behavior occurs very often or daily’ (4). For this study we used
the autistic behavior scale (10 items, e.g., ‘does not seem to be able to see whether
someone is angry, happy or sad’). Raw scores are summed and converted to percentile
scores (standardized for age and gender), with higher scores indicating more symptoms
of autistic behavior. Cut-off scores of the autistic behavior scale are percentile 95-97
subclinical and ≥ 98 clinical.
Autistic traits
All AED-exposed children were observed using the Childhood Autism Rating Scale
– Second Edition (CARS2)31. We used a Dutch translation of the Higher Functioning
Version (CARS2-HF-NL). The CARS is a clinician-rated behavioral observation scale used
to assess the presence and severity of symptoms of ASD. It consists of 15 items, each
indicating a specific character trait, skill, or behavior. The different rating areas are:
Social-Emotional Understanding; Emotional Expression and Regulation of Emotions;
Relating to People; Body Use; Object Use in Play; Adaptation to Change/Restricted
Interests; Visual Response; Listening Response; Taste, Smell, and Touch Response and
Use; Fear or Anxiety; Verbal Communication; Nonverbal Communication; Thinking /
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Cognitive Integration Skills; Level and Consistency of Intellectual Responses; General
Impressions of Autism.
After observation of the child and an interview with the parents, the clinician rates
the child on a 7-point scale as to what extent the behavior of the child deviates from
normal developing peers (choosing from 1. Age-appropriate; 2. Mildly impaired; 3.
Moderately impaired; 4. Severely impaired; and scores in-between 1.5; 2.5; or 3.5). The
total score is calculated by adding the 15 items together, so total scores may range from
15 to 60. The degree of autism is based on cut-off scores. Categories are: [0] minimal
to no symptoms of ASD (score 15-27.5); [1] mild to moderate symptoms of ASD (score
28-33.5) and [2] severe symptoms of ASD (score 34 and higher)31. Scores of 30 or higher
have been consistent with a diagnosis of autism. Scores above 27 have been associated
with Pervasive Developmental Disorder Not Otherwise Specified (PDD-NOS)22. The CARS
corresponds well with clinician diagnoses and with the Autism Diagnostic Observation
Schedule (ADOS)32 and the Autism Diagnostic Instrument-Revised (ADI-R)33. In this study,
we classified a score equal to or higher than 27 as indicating autistic traits, in accordance
with a previous study which used the CARS in prenatally drug-exposed children22.
For about one-third of the children the CARS was completed on the day of
the assessment. For the other children the CARS was completed on the basis of
comprehensive video recording, reports of the assessment, and the parent interview,
since a translated version of the CARS2-HF was not available at the start of the study.
To minimize bias, assessors were blinded for drug exposure type.

Statistical analyses
Data were analyzed using IBM SPSS Statistics 24. Descriptive analyses were performed
for control group and AED-exposure group and for each AED taken, to describe the
sample and to examine the nature and severity of social cognition, autistic behavior
and traits. Percentages of below average scores on social cognition and clinical scores
on autistic behavior were examined. The number of children with autistic traits within
each AED exposure group was determined. With correlation analyses the relationships
between subtests of social cognition, autistic behavior and the total score of the CARS
were investigated.
Independent T-tests were used for comparison between the non-exposed group
and the AED-exposed group on the outcome measures. Analyses of variance (ANOVA)
were used to compare the children exposed to different AED types to the control group
children on social cognition and autistic behavior. Subsequently, multiple regression
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analyses were performed for each outcome measure while taking potential confounders
into consideration. Child age at assessment and maternal educational level were used
as potential confounders in the analyses with the control group as reference. The
relationship between potential confounders and outcome measures was examined first.
Variables showing a relationship (p < 0.15) with the outcome measure, were entered
one by one, each in a separate multiple regression analysis. Affect Recognition was
significantly related to child age at assessment and borderline significantly to maternal
educational level. The variables of Theory of Mind were significantly related to maternal
educational level. The total score of Theory of Mind was also significantly related to
child age at assessment. The verbal task was borderline significantly related to child age
at assessment. Autistic behavior was only significantly related to maternal educational
level.
For social cognition and the total score of the CARS, we made a comparison
between different exposure groups by performing multiple regression analyses with
the valproate- exposed group as reference. (Multilevel analyses on autistic behavior
were reported in our previous paper on behavioral outcomes)6. For these analyses
we considered maternal-epilepsy and pregnancy-related variables as potential
confounders. Variables included as potential confounders were: type of maternal
epilepsy, tonic-clonic seizures during pregnancy, use of folic acid, alcohol and nicotine
exposure during each trimester, breastfeeding, maternal age at delivery, maternal IQ
and educational level, gestational age, gender, age at assessment, and presence or
absence of congenital malformations (Table 1).
Variables found to be related to Affect Recognition were maternal IQ, age at
assessment, epilepsy type, and breastfeeding. Theory of Mind was related to maternal
IQ, maternal educational level, age at assessment and breastfeeding, but not to maternal
epilepsy type. Variables related to the CARS were gender, maternal educational level
and maternal IQ. Nicotine exposure and presence of congenital malformations were
also found to be associated, but since the interaction term with AED was nonsignificant,
these variables were not included in further analyses. As maternal educational level
and maternal IQ were intercorrelated only maternal IQ was included.
Correlation analyses were used to examine relationships between AED dose
(daily dose of carbamazepine, lamotrigine, levetiracetam or valproate) and outcome
measures. To compare dosages of different AEDs, the dose was standardized, taking the
percentage relative to the median dose [100 x ((dose first trimester– median AED dose)
/ median AED dose)]. As dose did not significantly correlate with autistic behavior and
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the CARS, it was not included in the regression analyses of these outcome measures.
Social cognition was significantly associated with dose, therefore dose was included in
the subsequent regression analyses.
Analyses were conducted with all available scores on the outcome variables, without
imputation for missing data on outcome variables. For 18 mothers from the control
group demographic information (including educational level) was missing. To include
maternal educational level as a potential confounder we therefore conducted missing
value analyses using expectation-maximization (EM)34. This method ensured that all
available outcome variables could be included in the multilevel regression analysis,
without changing the data.

Results
Between January 2015 and March 2018, a total of 267 children participated in the
study; 85 children in the non-exposed group and 182 in the AED-exposed group (Figure
1). In the AED-exposed group, 26 children were prenatally exposed to valproate, 38
to carbamazepine, 88 to lamotrigine and 30 to levetiracetam. Four children from the
control group were excluded from analyses, three because of a childhood psychiatric
diagnosis and one because the child did not speak Dutch, which affected the assessment.
The number of children per outcome measure differed, because sometimes the child
had an assessment but there was no parental questionnaire, and sometimes the parents
completed the questionnaire but there was no child assessment (Figure 1).
Children from the non-exposed control group were significantly older at assessment
than AED-exposed children, with more children who were seven years old (Table 1).
Levetiracetam-exposed children were the youngest. The numbers of boys and girls were
equally divided over the groups. More mothers in the control group had received higher
education than mothers with epilepsy, but no significant difference in intelligence were
found between the non-exposed and the AED-exposed children.
Mothers who took valproate were slightly but significantly older at birth of the child,
and were more likely to use nicotine during pregnancy. Mothers who took lamotrigine
were more likely to use alcohol during pregnancy. Maternal epilepsy type differed
significantly: mothers who used valproate were more likely to have generalized epilepsy
and those using carbamazepine were more likely to have focal epilepsy. Children
exposed to valproate were more likely to have congenital malformations (Table 1).
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Figure 1. Study participants: available data from non-exposed and AED-exposed children

Note. AED = antiepileptic drug; SEV= Social Emotional Questionnaire; ADHD = attention deficit
hyperactivity disorder.

Relationship between child assessment, parent-report and clinician
observations in AED-exposed and non-exposed children
Child assessment of Affect Recognition was significantly associated with assessment of
Theory of Mind (verbal and contextual task) (r = .25, p < .001) and clinician observations
of Autistic traits (r = -.18, p = .026), but not with parent-report of autistic behavior
(r = -.04, p = .565) (Table 2). The combined verbal and contextual task of Theory of Mind
were significantly associated with clinician observations of Autistic traits (r = .30, p <
.001), but not with parent-report of autistic behavior (r = -.09, p = .196). Parent-report of
autistic behavior was only significantly associated with clinician observations of Autistic
traits (r = .35, p < .001).

Comparison between non-exposed and AED-exposed children on social
cognition and autistic behavior
Descriptive analyses showed differences between the non-exposed and the AEDexposed groups on child assessment of social cognition and parent-report of autistic
behavior (Table 3). No difference appeared on Theory of Mind (Total score: T-test,
p = .443; ANOVA p = .412): AED-exposed and non-exposed children had average
scores. On Affect Recognition, there was a significant difference between the groups
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Table 1. Demographic information for non-exposed and AED-exposed children
Control
group

VPA

CBZ

LTG

LEV

81

26

38

88

30

p value

83 (7)

82 (6)

80 (6)

82 (8)

78 (5)

.004a

Gender, n (%) male

35 (43%)

13 (50%)

19 (50%)

45 (51%)

19 (63%)

.457b

FSIQ, mean (SD) ║

107.6 (13) 103.2 (14.8) 105.2 (13.5) 109.2 (14.9) 110.8 (14.8)

Sample size
Child characteristics
Age at assessment, mo, mean
(SD)

.259a

×Gestational age, wk, mean
(SD)

-

40.4 (1.3)

39.9 (1.3)

39.8 (1.1)

40.2 (1.2)

.145a

×Congenital malformations, n
(%) yes

-

6 (23%)

4 (11%)

4 (5%)

2 (7%)

.036c

Maternal characteristics: epilepsy and pregnancy information
╞Maternal education, n (%)
higher education

49 (78%)

13 (57%)

17 (49%)

44 (60%)

16 (64%)

.045b

FSIQ, mean (SD) ╟

-

104 (13)

100 (17)

104 (13)

108 (15)

.282a

×AED daily dose first trimester,
mg/day mean (range min max)

-

937
(500-1500)

637
(200-1400)

266
(50-600)

1183
(250-3000)

NA

×Maternal age at birth of baby,
mean (SD)

-

33 (3)

32 (5)

31 (4)

32 (4)

.019a

×Folate supplementation, n
(%) yes†

-

22 (88%)

26 (72%)

71 (81%)

22 (73%)

.382c

×Alcohol exposure, n (%) yes
first trimester
second and/or third trimester

-

3 (12%)
1 (4%)

4 (11%)
1 (3%)

27 (31%)
8 (9%)

5 (17%)
1 (3%)

.034c
.564c

×Nicotine exposure, n (%) yes
first trimester
second and/or third trimester

-

8 (31%)
5 (19%)

3 (8%)
0 (0%)

4 (5%)
2 (2%)

2 (7%)
2 (7%)

.003c
.005c

×Maternal epilepsy type, n (%)
generalized
focal
unknown

-

18 (69%)
6 (23%)
2 (8%)

2 (5%)
33 (87%)
3 (8%)

23 (26%)
57 (65%)
8 (9%)

12 (40%)
17 (57%)
1 (3%)

<.001c

×Tonic-clonic seizures, n (%) yes

-

2 (8%)

5 (13%)

14 (16%)

4 (13%)

.774b

×Breastfeeding, n (%) yes

-

6 (23%)

15 (40%)

18 (21%)

4 (13%)

.068c

Note. VPA= valproate; CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. FSIQ = Full Scale
intelligence, measured with the Wechsler Intelligence Scale for Children (WISC-III-NL)
║ 78 non-exposed control group children with intelligence scores and 163 AED-exposed children. × These
variables were only available for the AED-exposed children based on information from the pregnancy
register EURAP-NL. ╞ maternal educational level was unknown for 18 children of the control group. For
AED-exposed children this is based on 156 mothers, because some AED-exposed children have the same
mother.╟ Maternal IQ was measured with the Wechsler Adult Intelligence Scale (WAIS-III-NL) for 138
mothers with epilepsy. † Appropriate use of folic acid was defined as at least 4 weeks before conception with
a minimum dose of 0.4 mg/ day. 3 missing because of unknown start date of folic acid.
a
Analyses of Variance, b Chi-square, c Fisher exact
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(T-test and ANOVA, p < .001), especially when ages were separated. Nearly all children
performed below the average standard score at six years (Table 3a). After controlling
for age at assessment, maternal educational level and AED dose, levetiracetam became
a nonsignificant predictor of Affect Recognition whereas the effects of valproate,
carbamazepine and lamotrigine remained (Table 4).

Table 2. Correlations between Child assessment of Affect Recognition and Theory of Mind, Parentreport of Autistic behavior and Clinician observations of Autistic traits
Variable

N

M (SD)

1

2

3

4

1. Affect Recognition

236

5.9 (3.1)

-

2. Theory of Mind (verbal task)

233

10.8 (2.8)

.20**

-

3. Theory of mind (verbal and
contextual task)

229

10.2 (2.5)

.25**

.91**

-

4. Autistic behavior

239

66.0 (19.4)

-.04

-.07

-.09

-

5. Autistic traits

163

18.6 (4.2)

-.18*

-.32**

-.30**

.35**

5

-

Pearson correlations with pairwise deletion (2-tailed), as sample size per variable differed. Child
assessment of Affect recognition and Theory of Mind, and parent report of autistic behavior was
completed for non-exposed and AED-exposed children, while Autistic traits was only measured in
AED-exposed children.
N = sample size; M = mean; SD = standard deviation
* p < .05 ** p < .01

Table 3a. Mean and standard deviation of Affect Recognition by age at assessment
Affect Recognition
6 years

7 years

N

M (SD)

N

M (SD)

Control group

39

4.1 (1.2)

37

10.5 (1.9)

VPA

15

4.2 (1.1)

4

8.3 (3.3)

CBZ

28

4.3 (1.6)

5

8.2 (3.9)

LTG

57

4.2 (1.3)

26

8.4 (3.3)

LEV

22

4.4 (1.4)

3

11.3 (1.2)

Note. VPA = valproate; CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam.
Affect Recognition is a task of social cognition within the neuropsychological assessment NEPSY-IINL. Scores are standardized for age. Scores below standard score 8 are classified as below average
performance.
N = sample size; M = mean; SD = standard deviation

19

33

83

25

Exposure group

VPA

CBZ

LTG

LEV

<.001

5.2 (2.7)

5.5 (2.9)

4.9 (2.5)

5.1 (2.4)

5.3 (2.7)

7.2 (3.6)

M (SD)

88.0%

84.3%

90.9%

89.5%

86.9%

59.2%

<8

25

83

33

20

161

72

N

.106

11.1 (2.8)

11.1 (2.7)

10.3 (3.1)

9.4 (3.2)

10.7 (2.9)

10.8 (2.6)

M (SD)

4.0%

6.0%

12.1%

25.0%

9.3%

6.9%

<8

Theory of mind (verbal task)

24

83

32

19

158

71

N

20.8%

10.4 (2.7)
.412

12.0%

10.3 (2.4)

26

31.6%
15.6%

9.2 (2.7)
10.0 (2.6)

10.1 (2.5)

30

87

37

59
180

14.1%
16.5%

10.4 (2.6)

N

<8

M (SD)

Theory of mind (verbal and
contextual task)

.039

67.5 (18.8)

67.3 (20.6)

69.0 (19.6)

70.9 (19.8)

68.2 (19.9)

59.4 (16.4)

M (SD)

Parent-report of
Autistic behavior

3.3%

4.6%

0%

7.7%

3.9%

0%

≥98

Note. VPA = valproate; CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. Social cognition was measured with tasks of the neuropsychological
assessment NEPSY-II-NL. Scores are standardized for age. Scores below standard score 8 are classified as below average performance. Autistic behavior was
measured with the Social Emotional Questionnaire (SEV), scores of 98 or higher are classified as clinical. N = sample size; M = mean; SD = standard deviation
a
Analyses of variance

p valuea

76

160

Control group

N

Affect Recognition

Child assessment of Social cognition

Table 3. Mean, standard deviations and percentage below average or above clinical cut-off for social cognition tasks and autistic behavior
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5

0.007 (0.004)

0.01 (0.007)

LTG dose

LEV dose

CI

-0.002 to 0.02

0.00 to 0.01

-0.02 to 0.01

-0.05 to 0.03

-0.1 to 1.2

0.2 to 0.3

-1.7 to 0.4

-2.5 to -1.0

-2.4 to -0.5

-2.7 to -0.4

-20.6 to -13.5

.101

.053

.556

.525

.114

<.001***

.223

<.001***

.004**

.011*

<.001

p value

10.5 (4.5)

8.5 (4.1)

7.3 (3.2)

7.6 (4.3)

-4.3 (2.6)

VPA

CBZ

LTG

LEV

Maternal educational level

09.5 to 0.8

-0.9 to 16.0

0.9 to 13.7

0.6 to 16.5

1.5 to 19.4

56.4 to 69.1

CI

.100

.078

.025*

.036*

.022*

<.001

p value

-0.006 (0.008)

0.001 (0.004)

0.01 (0.01)

-0.06 (0.02)

1.5 (0.4)

0.03 (0.03)

0.6 (0.6)

0.6 (0.5)

-0.1 (0.6)

-1.6 (0.7)

6.9 (2.2)

B (SE)

-0.02 to 0.009

-0.009 to 0.008

-0.008 to 0.03

-0.1 to -0.02

0.7 to 2.3

-0.02 to 0.08

-0.6 to 1.9

-0.4 to 1.5

-1.3 to 1.0

-3.0 to -0.2

2.7 to 11.2

CI

.418

.870

.221

.010*

<.001***

.198

.321

.231

.840

.023*

.002

p value

Theory of Mind (verbal task)

Child assessment of Social cognition

-0.003 (0.007)

-0.001 (0.004)

0.01 (0.009)

-0.03 (0.02)

1.6 (0.4)

0.05 (0.02)

0.4 (0.6)

0.2 (0.4)

0.1 (0.5)

-1.1 (0.7)

4.9 (2.0)

B (SE)

-0.02 to 0.01

-0.009 to 0.007

-0.008 to 0.03

-0.07 to 0.01

0.9 to 2.3

0.005 to 0.1

-0.8 to 1.5

-0.6 to 1.0

-1.0 to 1.1

-2.4 to 0.2

1.0 to 8.8

CI

.723

.809

.270

.159

<.001***

.029*

.524

.623

.891

.088

.014

p value

Theory of Mind (verbal and contextual task)

Note. VPA = valproate; CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. Maternal education: higher educated (yes/no, dichotomous), Age at assessment
(months).
B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.
*p < 0.05 ** p < 0.01 *** p < 0.001

62.8 (3.2)

Constant

B (SE)

Parent-report of Autistic behavior

-0.01 (0.02)

-0.005 (0.009)

CBZ dose

0.5 (0.3)

Maternal educational level

VPA dose

-0.7 (0.5)

0.3 (0.02)

-1.7 (0.4)

LTG

Age at assessment

-1.4 (0.5)

CBZ

LEV

-1.6 (0.6)

VPA

B (SE)

-17.0 (1.8)

Constant

Affect Recognition

Table 4. Multiple regression analyses of tasks of social cognition and autistic behavior with control group as reference

178
Chapter 5

Autism characteristics in children of mothers with epilepsy

179

After controlling for maternal educational level, child age at assessment, and AED
dose, multiple regression analyses showed that valproate-exposed children scored
significantly lower than non-exposed children on the verbal task of Theory of Mind,
which was dose related (see below). For the total score of Theory of Mind no significant
differences were found (Table 4).
Parents of AED-exposed children reported significantly more autistic behavior than
parents of non-exposed children (T-test, p =.002; ANOVA p = .039). After controlling for
maternal educational level, multiple regression analyses showed that children exposed
to valproate, carbamazepine, or lamotrigine had significantly more symptoms of autistic
behavior than non-exposed control children (Table 4).

Comparison between children exposed to different AEDs on social cognition
Multiple regression analyses, controlled for maternal IQ, child age, breastfeeding,
standardized dose and valproate dose revealed differences between the AED groups
on Theory of Mind (Table 5). Valproate-exposed children scored significantly lower on
the verbal task of Theory of Mind when compared to carbamazepine-, lamotrigine-,
and levetiracetam-exposed children. On the total score of Theory of Mind valproateexposed children scored significantly lower than carbamazepine- and lamotrigineexposed children. A significant effect of valproate dose was found in the verbal task of
Theory of Mind. On Affect Recognition nonsignificant differences were found between
AED exposure groups, but there was a significant effect of standardized dose.

Clinician observations of autistic traits
Valproate-exposed children had the highest unadjusted mean score on the CARS2-HFNL (Table 6). None of the exposed children had a score within the category “severe
symptoms of ASD”. Autistic traits (with a score of 27 or higher) were more likely to be
seen in valproate-exposed children (27.3%). After controlling for maternal IQ and child
gender regression analyses showed that valproate-exposed children scored significantly
higher than children exposed to carbamazepine, lamotrigine, or levetiracetam on
symptoms of autism (Table 7).

5

CI

-0.07 to 0.004

0.001 to 0.01

-0.9 to 0.8

-1.5 to 0.1

0.2 to 0.3

0.02 to 0.06

-0.8 to 1.9

-1.4 to 0.9

-1.6 to 1.1

-21.8 to -11.3

.080

.025*

.964

.090

<.001***

.001***

.449

.685

.738

<.001

p value

-0.06 (0.03)

0.00004 (0.004)

-1.0 (0.5)

-

0.01 (0.03)

0.05 (0.02)

2.1 (0.8)

2.3 (0.7)

1.9 (0.8)

2.8 (3.3)

B (SE)

-0.1 to -0.01

-0.007 to 0.007

-2.0 to 0.09

-

-0.05 to 0.08

0.02 to 0.08

0.4 to 3.8

0.8 to 3.7

0.3 to 3.5

-3.7 to 9.3

CI

.014*

.991

.072

-

.691

.002**

.016*

.002**

.020*

.396

p value

Theory of Mind (verbal task)

Child assessment of Social cognition

-0.03 (0.02)

0.0 (0.003)

-0.7 (0.5)

-

0.03 (0.03)

0.06 (0.01)

1.3 (0.8)

1.4 (0.6)

1.6 (0.7)

0.4 (2.9)

B (SE)

-0.08 to 0.01

-0.006 to 0.007

-1.6 to 0.3

-

-0.03 to 0.09

0.03 to 0.08

-0.2 to 2.8

0.1 to 2.7

0.2 to 3.0

-5.3 to 6.0

CI

.134

.949

.170

-

.291

<.001***

.081

.032*

.030*

.899

p value

Theory of Mind (verbal and contextual task)

Note. CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. Breastfeeding (yes/no, dichotomous); Age at assessment (months); Maternal epilepsy type:
generalized epilepsy (yes, no, dichotomous); B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.
*p < 0.05 ** p < 0.01 *** p < 0.001

-0.03 (0.02)

-0.02 (0.4)

Breastfeeding

VPA dose

-0.7 (0.4)

Maternal epilepsy type

0.006 (0.003)

0.2 (0.03)

Standardized dose

0.04 (0.01)

0.5 (0.7)

LEV

Age at assessment

-0.2 (0.6)

LTG

Maternal IQ

-0.2 (0.7)

CBZ

B (SE)

-16.6 (2.7)

Constant

Affect Recognition

Table 5. Multiple regression analyses of tasks of social cognition with valproate exposed children as reference group
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Table 6. Nature and severity of Autistic traits (Clinician observations) by antiepileptic drug exposure group
All AEDs

VPA

CBZ

LTG

LEV

163

22

33

83

25

p value

CARS Total score, mean (SD)

18.6 (4.2)

21.4 (6.5)

18.6 (3.5)

18.1 (3.6)

18.1 (3.2)

.009a

Minimal to no symptoms of
ASD, n (%)

154 (94.5%)

16 (72.7%)

32 (97.0%

81 (97.6%)

25 (100%)

9 (5.5%)

6 (27.3%)

1 (3.0%)

2 (2.4%)

0 (0%)

Sample size

Mild to moderate symptoms of
ASD, n (%)
Severe symptoms of ASD, n (%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

Score of 27 or higher, n (%)

11 (6.7%)

6 (27.3%)

1 (3.0%)

4 (4.8%)

0 (0.0%)

Score of 30 or higher, n (%)

3 (1.8%)

2 (9.1%)

0 (0%)

1 (1.2%)

0 (0%)

Note. VPA = valproate; CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. CARS = Childhood
Autism Rating Scale
a
Analyses of variance
Table 7. Multiple regression analyses of clinician observations of Autistic traits with valproate exposed
children as reference group
B (SE)

CI

p value

Constant

30.5 (2.4)

25.7 to 35.3

<.001

CBZ

-2.9 (1.1)

-5.0 to -0.8

.007**

LTG

-3.3 (0.9)

-5.1 to -1.5

<.001***

LEV

-3.2 (1.1)

-5.4 to -1.0

.005**

Maternal IQ

-0.1 (0.02)

-0.1 to -0.02

.006**

Gender child

-1.9 (0.6)

-3.1 to -0.7

.002**

Note. CBZ = carbamazepine; LTG = lamotrigine; LEV = levetiracetam. B = unstandardized coefficients,
SE = standard error, CI = Confidence Interval. *p < 0.05 ** p < 0.01 *** p < 0.001

Antiepileptic drug dose
A negative association was found between valproate dose and Affect Recognition and
the verbal task of Theory of Mind, with higher doses of valproate related to lower
scores. We did not find a dose relationship with the contextual task of Theory of Mind,
autistic behavior or autistic traits. For carbamazepine or levetiracetam we found no
dose relationship. Lamotrigine dose showed a positive, but non-significant, association
with Affect Recognition, with children exposed to higher doses of lamotrigine having
a higher score. On other outcome measures no dose effect for lamotrigine was found.
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Discussion
Child assessment of Affect Recognition showed differences between the non-exposed
and the AED-exposed children. Children exposed to valproate, carbamazepine or
lamotrigine scored significantly lower than non-exposed control children from the
general population. Valproate-exposed children also performed significantly lower
on the verbal task of Theory of Mind. Based on parent-report, children exposed to
valproate, carbamazepine or lamotrigine had significantly more autistic behavior than
non-exposed children.
On the basis of these findings, children of mothers with epilepsy, especially those
prenatally exposed to valproate, seem to have more difficulty with social cognition. A
low score on Affect Recognition suggests that a child may have trouble assessing other
people, which can have impact on social relationships. The lower score of valproateexposed children on specifically the verbal task of Theory of Mind is in line with previous
studies, which showed that prenatal valproate exposure is associated with lower verbal
functioning2,3. It is known that problems with Theory of Mind, are common in people
with ASD29.
Children exposed to valproate scored significantly higher than those exposed to
carbamazepine, lamotrigine, or levetiracetam on the clinician observation ratings of
symptoms of autism, consistent with an earlier report22. They were also more likely
to show autistic traits (score of 27 or higher). Two valproate-exposed children had
a score of 30, although there were no children in the severe category (score of 34
or higher). Earlier results suggested that valproate polytherapy and higher doses of
valproate were more likely to be associated with autistic traits22. We did not include
polytherapy combinations, nor did we find a significant association between maternal
valproate dose and CARS scores.
Our group of children was high-functioning, so it is possible that we missed more
severe cases of valproate-exposure17,22,35. Nevertheless, our study showed significantly
more autistic traits in valproate-exposed children. Future research could compare
valproate-exposed children with children with a diagnosis of autism without prenatal
exposure to AEDs, in order to determine the severity of autism in prenatal valproateexposed children, or to investigate whether these autistic traits are part of atypical
development.
Clinician observations of autistic traits were significantly associated with parentreport of autistic behavior and child assessment of social cognition. Autistic behavior
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was, however, not related to social cognition. It is possible that parents of children
with a diagnosis of autism may perceive fewer behavioral problems because they have
accepted the behavior, while the autistic behavior may still be present when observed
or measured by a clinician36,37. It is also likely that tasks of social cognition and parentreport of autistic behavior measure different constructs. In any case it seems important
to examine autism from different perspectives with various diagnostic tools9.
Because of the consistent discrepancy in standard scores between six-year-old
and seven-year-old children on the Affect Recognition task (Table 3a), both in the
exposed and non-exposed group, it was necessary to control for age in our analyses.
Re-evaluation of the population norms of the NEPSY-II-NL is possibly required though.
Strengths of this study are different measures of autism, including an objective
observation with the CARS2-HF with blinded assessors22, the observational design,
having a control group of non-exposed children from the general population3, and
the inclusion of children exposed prenatally to levetiracetam, which is increasingly
prescribed to women with epilepsy of childbearing potential4.
There are also limitations. For the non-exposed children, we did not have pregnancyrelated information. The control group was only recruited at school-age, the nonexposed children were not matched to exposed children and recruitment was not
random (non-exposed children were from four regular primary schools in the NorthWest of the Netherlands). We also had no information on intelligence from mothers of
control children; we used maternal education as confounder instead.
This multiple informant and multiple method study contributes to knowledge about
social cognitive development and possible autistic characteristics in children prenatally
exposed to AEDs. It shows the importance of screening these children for autistic traits,
so that symptomatic children can be referred in a timely manner and appropriate
support can be provided. Animal and human studies have shown an association
between prenatal valproate exposure and autism19,21–23,38, but there is still much that
is unknown about this relationship, especially the biomolecular basis including gene
teratogen interactions, which needs more research. This may ultimately increase the
knowledge needed to guide and inform women with epilepsy who need AEDs during
pregnancy to remain seizure-free, especially for those for whom valproate is the only
choice39,40.
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