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General introduction

General introduction
A few years ago, a mother with epilepsy stated in a Dutch newspaper ‘Have I poisoned
my child?’ During pregnancy, she had been using valproate, a commonly prescribed
antiepileptic drug (AED)1. The placenta does not protect the unborn child against
teratogens; environmental factors that can produce permanent abnormality in structure
or function, abnormal growth, or death of the embryo or fetus2–4. It is not the first
time that a drug is identified as bearing teratogenic risks. A well-known example is
thalidomide, known in the Netherlands as Softenon®, which caused severe birth defects
in more than 10,000 children, between 1957 and 19625.
Teratogens can be classified into different categories: infections and infestations,
maternal diseases with transplacental effects, radiation, prescription drugs, over-thecounter-drugs, nutrition, social drugs, and occupational and environmental exposures
(Table 1). A very recently discovered infectious teratogen is the Zika virus causing
a spectrum of central nervous system and other abnormalities including severe
microcephaly due to a disruption of brain development6,7.
Although the mechanisms of teratogens are varied, Wilson described in 1977
‘six general principles of teratology’8, which still form the basis for research on
teratogenesis9: “1. Susceptibility to teratogenesis depends on the genotype of the
conceptus and the manner in which this interacts with environmental factors. 2.
Susceptibility to teratogenic agents varies with the developmental stage at the time of
exposure. 3. Teratogenic agents act in specific ways (mechanisms) on developing cells and
tissues to initiate abnormal embryogenesis (pathogenesis). 4. The final manifestations
of abnormal development are death, malformation, growth retardation, and functional
disorder. 5. The access of adverse environmental influences to developing tissues depends
on the nature of the influences (agent). 6. Manifestations of deviant development
increase in degree as dosage increases from the no-effect to the totally lethal level.” 8
As an implication of these principles, teratogens may cause different effects on the
pregnancy, or embryo/fetus. Table 2 describes possible manifestations of teratogenicity.
When studying outcome in exposed pregnancies different confounding factors should
be considered that are related to the outcome measure. These can be factors related to
maternal disease, maternal characteristics (e.g., age, social economic status30), paternal
factors (e.g., selective partner choice31,32), pregnancy-related factors, environmental
factors, genetic factors and interactions with exposure.
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Table 1. Categories× of human teratogens and examples
Category

Teratogen

Main effect

Infections

Rubella virus

Cataracts/congenital glaucoma, hearing
impairment, mental retardation11,12
Spontaneous abortion, stillbirth, preterm delivery13
Microcephaly6,7

Listeria monocytogenes10
Zika virus
Infestations

Toxoplasmosis

Miscarriage, stillbirth, birth defects, cerebral
calcifications, retinopathy14

Maternal
disease

Diabetes mellitus

Congenital malformation, e.g. caudal regression
syndrome16, abnormal growth patterns17

Radiation
(diagnostic,
therapeutic,
accidental)

Systemic lupus
erythematosus, SLE15

Congenital heart block, spontaneous abortion,
stillbirth, neonatal death, intrauterine growth
retardation15,18
Microcephaly14

Prescription
drugs

Thalidomide
Antiepileptic drugs

Phocomelia5
Cleft lip/palate, heart defects, spina bifida, mental
retardation, fetal AED syndromes19–21

Over-thecounter-drugs

Vitamin A & congeners
Paracetamol

Retinoic acid embryopathy
Generally assumed to be safe, however studies
suggest increased risk of attention-deficithyperactivity-disorder (ADHD)22
Some show teratogenic risks and health care
professionals should consider these when
prescribing to pregnant and lactating women23

Ionizing radiation

Antibiotics

Nutrition

Vitamin A deficiency
Folic acid deficiency

Occupational26

Any here described and
other exposures

Social drugs

Alcohol
Nicotine

Cranial-neural-crest birth defects24
Neural tube defects25

Microcephaly, lower IQ, fetal alcohol syndrome
(FAS)27
Pregnancy complications, fetal growth restriction,
preterm delivery, behavioral problems such as
ADHD28

Environmental29 Pollution / All above
× Categories are not mutually exclusive

As a result, the use of AEDs in women with epilepsy of childbearing potential is of
continuous concern34–36. Various AEDs have shown teratogenic risks, and increased
rates of major congenital malformations have been reported in exposed children19,20,31.
Over the last two decades, more attention has been paid also to long-term effects of
prenatal AED exposure on child neurocognitive and behavioral development21. However,
still more knowledge is needed, specifically on newer AEDs, the potential spectrum
of developmental side-effects, and the role of factors modifying the teratogenic risks
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Table 2. Different endpoints of teratogenicity
Manifestations of teratogenesis

Examples

Reduced fertility
Pregnancy complications

Miscarriage, stillbirth, preterm delivery

Fetal growth abnormality

Reduced or excessive growth / abnormal growth patterns

Perinatal problems

Functional maladaptation

Major malformations

Cleft lip/palate, heart defects, neural tube defects

Minor anomalies / dysmorphic
features

Size or shape of head, ears (low-set), eyes (telecanthus),
mouth (thin upper lip), chin (micrognathism), hands (single
transverse palmar crease, reduction defects)

Malignancies

Vaginal carcinoma in DES daughters

Cognitive deficits

Intellectual disability, developmental delay

Behavioral problems

Autism spectrum disorder, ADHD

Third generation effects

Fertility problems in DES daughters33

DES = diethylstilbestrol

and eventual outcome, in order to help women and their treating physicians to make
a well-informed choice on medication use during pregnancy36,21,37–39.
The present dissertation focuses on the long-term effects of prenatal exposure to
AED monotherapy on child developmental and behavioral outcomes, and, in addition,
investigates the contribution to the child’s development of having a mother with
epilepsy, a chronic medical condition. Parent and parenting characteristics of mothers
with epilepsy are examined from a family perspective, to give more insight in family
factors that may be involved in child development.
Epilepsy is one of the most common neurological disorders worldwide, with an
estimated prevalence between 0.4 and 1.0% of the population40. In the Netherlands,
epilepsy concerns more than 180,000 people, of whom less than half are women41.
Epilepsy is characterized by seizures42,43, which are mainly treated with AEDs. About a
third of people receiving AEDs are women of childbearing age44. Women with epilepsy
who (want to) become pregnant have to make a difficult decision. It is believed that
seizures can cause harm to the mother and the fetus that is greater than the potential
adverse effects of medications on the embryonic development during pregnancy45. The
majority of women with epilepsy is therefore recommended to continue using AEDs
during pregnancy39,46. About 0.4% of all newborns have been exposed to AEDs during
pregnancy47,48.
Although most children are born apparently healthy, we know that the use of AEDs
increases the risk of birth defects in the child20,49. Already since the late 60s, associations
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have been found between prenatal exposure to AEDs and congenital malformations50,51.
In the past years, international pregnancy registers have acquired more knowledge
about the risks of different AEDs in monotherapy and at different dosages20,35,52,53. The
European Registry of Antiepileptic Drugs and Pregnancy (EURAP) is one of these ongoing
international prospective evaluation studies, aimed at studying the comparative safety
of various AEDs used in pregnancy. The main outcome measure of EURAP is the presence
or absence of structural birth defects in the child54,55. In the Netherlands, UMC Utrecht
has coordinated EURAP Benelux from 2002 till 2013. Thereafter, the EURAP-NL database
was moved to the Netherlands pharmacovigilance center Lareb where it currently is
integrated into pREGnant56. Till now, EURAP-NL has registered over 1,000 pregnancies
with maternal AED use, the vast majority for maternal epilepsy.
There are several types of AEDs, the most commonly used are valproate,
carbamazepine, lamotrigine and levetiracetam20, which are the subject of the present
thesis. AEDs taken by the mother enter the bloodstream of the unborn child readily
through the placenta3. The level of teratogenic risk is dependent on the type of AED, its
dose, the timing of exposure, co-medication, and supposedly pharmacogenetic factors
of both the mother and the embryofetus as well as the pharmacodynamic genetic
make-up of the embryofetus19,21. The pathogenetic mechanisms of AED teratogenesis
has been subject of a large number of experimental in vivo and in vitro studies, but
failed to identify a unique mechanism for each of the AEDs involved or each of the type
of abnormal outcome associated with each exposure. Multiple different mechanisms
and interacting factors probably play a role37,57–60 (Table 3).
Early case reports, retrospective studies and more recent prospective studies
have documented developmental delay, learning disabilities, and lower IQ in children
prenatally exposed to AEDs, especially those exposed to valproate21,62. A summary of
studies on long-term neurocognitive and behavioral functioning after prenatal exposure
to AEDs is given in Chapter 1. Most knowledge is obtained about valproate62–102, while
only a few studies have investigated the newer AEDs such as levetiracetam82,93,97,99.
Table 3. Examples of proposed mechanisms of teratogenesis
Folate deficiency61
Abnormal neuronal migration
Decreased proliferation
AED-induced apoptosis
Altered synaptogenesis
Genetic modification / epigenetic
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Teratogenic effects of AEDs show a wide spectrum of severity. At the one end of
the spectrum, teratogenic effects may be incompatible with life or may lead to major
physical defects and malformations, such as cleft lip/palate, heart defects, hypospadias
and neural tube defects. They may also lead to intellectual disability. At the milder end
of the spectrum, minor anomalies, specific cognitive and behavioral developmental
problems may be found62. While earlier studies have focused mainly on the more severe
physical consequences of in utero exposure to AEDs19,47,103, in the last two decades
studies of pregnancy outcome have broadened to include the “milder” cognitive
and behavioral problems38,58. In reality, mild cognitive problems may not always be
particularly mild and may be associated with chronic learning problems, and need for
special educational support21. Likewise, the behavioral problems may require special
guidance pertaining to child rearing and parenting methods while taking account of
possible interference with maternal epilepsy and family background104.
There is little knowledge regarding how mothers with epilepsy experience the
upbringing of their child, whether they feel competent to take proper care of their
children, whether they experience parenting stress, and whether they have sufficient
social support. As children grow up, family factors may weaken or strengthen child
development105, independently or in interaction with the maternal condition, its
treatment, and the genetic and teratogenic make-up of the child. Family factors and
parenting are also important as, together with AED exposure, they could exacerbate
preexisting developmental problems. Compared to control groups, families with a
child with epilepsy had fewer positive family factors (e.g., they had lower parent-child
relationship quality and more parental depression), which was associated with more
behavioral problems in children106,107. In utero exposure to AEDs can be considered a risk
factor for child development, but parenting and other family factors may have additional
influence. This influence can be positive or negative: family factors may act as a risk
factor for or may act as a buffer against developmental problems in children108,109. Given
an established risk of AED exposure during the prenatal and the lactational period, more
knowledge about parenting as an additional risk or protective factor in the development
of children could help fine tune the parental guidance of these children.
Having a mother with a chronic medical condition affects not only the child but also
the whole family110. Literature about parental epilepsy in relation to family functioning
and parenting is scarce; existing literature on chronically ill parents focuses on diseases
such as cancer, stroke, MS, HIV/AIDS or mixed populations111. These studies suggest
that children with a parent with a chronic medical condition are more likely to have
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behavioral problems, especially internalizing problem behavior111. Several studies
conclude that behavioral problems in children of parents with a chronic condition are
determined by the number of daily hassles and the perception of stress rather than by
the severity of the illness112,113.
It is generally assumed that a chronic condition is accompanied by functional
impairment including mobility limitations and dependence in activities of daily living111.
Epilepsy can be controlled with medication, but it still requires adherence to various
life style rules. The impact of the condition may therefore not only be experienced
by the mother with epilepsy, but also by those around her. Partners and children are
also exposed to the various psychological, economic, and social stressors which may
accompany the condition114–116. For example, worries about the health of the parent
and about becoming ill themselves are widespread among children with a parent
with a chronic condition113. Comorbid disorders may also affect parental and family
functioning, and women with epilepsy have a higher risk of comorbid psychiatric
disorders, especially depression117,118. Parental depression is often accompanied by
decreased emotional availability and may directly or indirectly affect parenting and
the quality of family relationships119, which may therefore impact child development.
However, health care professionals usually pay attention to the ill parent and spouse,
and less so to their child(ren)111.
There are various theoretical models which describe the relationship between
parental chronic illness and child adjustment. One such model is the Family SystemsIllness (FSI) model120, which explains a child’s stress level based on the type of illness of
the parent, and individual, family and illness life cycles. The type of illness is determined
by the presence or absence of physical disability, the onset (acute or gradual), the
course of the illness (progressive, episodic, or constant), the stage of the illness (crisis,
chronic, or terminal) and by whether or not the illness is fatal120. Family life cycles are
characterized by life events (e.g., marriage, birth of first child, adolescence, children
leaving home) which mark the transition from one phase to the next. Keeping family
life running requires a constant balance of the needs and abilities of family members.
Individual and family factors which reestablish the family balance are beliefs and family
communication, including marital state and parent-child communication120.
Another model to examine child and family adaptation in relation to different family
factors is the ABCX model of stress and coping121,122. This model states that stress and
adaptation (X) results from family stressors and demands (A), family resources and
strengths (B), and coping behaviors (C)122. In Chapter 2 we combined elements of
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the FSI model with the ABCX model into a model of stress and coping with maternal
epilepsy and family factors. Based on the ABCX model, maternal epilepsy and the
possible teratogenic effects of in utero exposure to AEDs can be seen as stressors, while
parenting and family factors can contribute to resilience. If parenting is less optimal it
would then function as a risk factor. Based on the ABCX model, it can be assumed that
if a parent has a chronic medical condition, the child may experience more stress, which
may have impact on child development. It is therefore important to consider parenting
stress, parental mental health, parenting and family functioning as mediating factors
between earlier fetal exposure of the child, the current epilepsy of the mother and
child developmental outcomes. Thus, the ABCX model helps to relate family factors
and child development to each other106.
To examine distinct family factors in children of mothers with epilepsy we followed
the socio-ecological model of Bronfenbrenner123 and the transactional model of
Belsky124. With these models four types of family factors are distinguished, based on
their proximity to the child: proximal, distal, contextual and global family factors108,109.
Chapter 6 gives a more comprehensive description of these distinct family factors and
how we examined family factors within this thesis.
Over the past years, several guidelines on epilepsy and pregnancy have
appeared39,125–127. In 2018 the European Medicines Agency (EMA) came with a new
guideline, which advised to avoid valproate in girls and women of childbearing potential
where possible128. In addition, research has paid special attention to maternal wellbeing
before, during and shortly after pregnancy129–135. These studies focus on how women
with epilepsy experience the pregnancy, how they rate their quality of life and what
their information needs are around epilepsy and pregnancy. There are however few
studies on motherhood with epilepsy136. Timely and personal guidance for women
with epilepsy who want to become pregnant is essential137. Having a child is more
than being pregnant though and continued attention is needed for the welfare of
mothers with school-aged children. Guidelines about maternal epilepsy, pregnancy,
and parenting provide practical recommendations on the need for the infant to grow
up in a safe home environment138,139, but family factors such as parenting skills, parental
psychopathology, parenting stress and the impact of maternal epilepsy on the child
should not be overlooked.
This thesis contributes to more information on neurocognitive profiles of prenatally
exposed children of mothers with epilepsy, including those exposed to the newer AEDs:
lamotrigine and levetiracetam. It provides information on the behavioral development
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of exposed children, with a screening of child psychiatric disorders, including autism.
Moreover, this dissertation provides information on the influence of family factors in
families with a mother with epilepsy, a domain that has rarely been studied.

Outline of the thesis
The central aim of this thesis is to obtain more knowledge about the long-term effects
of prenatal exposure to AEDs on the neurocognitive and behavioral development
of school-aged children. The nature and severity of neurocognitive and behavioral
problems will be examined in relation to prenatal exposure and possible effects of AED
dose. The contribution of distinct family factors in families with a mother with epilepsy,
a chronic medical condition, is also investigated, including the wellbeing of mothers
with epilepsy. With this thesis we hope to provide more information to future women
with epilepsy who are or want to become pregnant and to provide starting points for
treatment and support of children who have been exposed to AEDs during pregnancy
and their families.
Chapter 1 describes the study protocol of the central research project EURAP &
Development. It provides an overview of studies on long-term neurocognitive and
behavioral functioning after prenatal exposure, and gives a comprehensive description
of the study procedures and methods of the Dutch EURAP & Development study.
Chapter 2 presents a new perspective on the possible influence of family factors in
the development of children of mothers with epilepsy. It consists of a literature review
pertaining prenatal AED exposure and associations between child development and
distinct family factors.
Subsequent chapters describe the various outcome measures of the Dutch EURAP &
Development study. This concerns results from the first measurement when the children
were six or seven years old, with consecutive focus on neurocognitive functioning
(Chapter 3), behavioral development (Chapter 4), and specifically the risk of autism in
prenatal exposed children (Chapter 5). Chapter 6 examines the mediating role of family
factors in the relationship between maternal epilepsy and child behavior problems.
Lastly, Chapter 7 gives a description of the mothers who participated in the study, and
examines the wellbeing of mothers with epilepsy. The dissertation ends with a general
discussion, which gives a reflection on the overall results, strengths and limitations of
the study, possible future directions and clinical implications.
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Chapter 1

Abstract
Background: Children exposed to antiepileptic drugs (AEDs) in utero are at higher
risk for congenital malformations. Less is known about the long-term association
with neurocognition and behavior. Research into family factors related to long-term
developmental outcomes of children of women with epilepsy is also rare. We present
a protocol to investigate the neurocognitive and behavioral development in children
of mothers with epilepsy from a family perspective.
Methods: This is a prospective observational longitudinal study, of children exposed in
utero to monotherapy carbamazepine, lamotrigine, valproate or levetiracetam whose
mother were previously included in the European Registry of Antiepileptic Drugs and
Pregnancy (EURAP-NL) database. Children are tested at age six or seven years (T1)
and at eight or nine years (T2). Children, mothers and fathers are asked to undergo
neuropsychological assessments and to complete questionnaires on behavioral
functioning and distinct family factors.
Discussion: This study contributes to future counseling of women with epilepsy who
have children or wishes to start a family. Strengths are the inclusion of levetiracetam,
the longitudinal design, and alongside neurocognition, the inclusion of differential
behavioral and family outcome measures. Anticipated limitations are discussed.
Trial registration: Dutch Trial register: NTR4800. Registered 22 September 2014.
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Introduction
Epilepsy is a common neurological disorder occurring in 0.4-1.0% of the population1.
Prenatal exposure to antiepileptic drugs (AEDs) is also common: 0.3-0.5% of all pregnant
women have epilepsy and most use AEDs2. Women with epilepsy wanting to get
pregnant or already pregnant have to make difficult decisions regarding use of AEDs.
Seizures can cause greater harm to the mother and the fetus compared to the potential
adverse effects of medication on embryonic development. Most are advised to continue
using AEDs during pregnancy3. About 0.4% of all newborns have been exposed to AEDs
in utero4.
The use of AEDs increases the risk of birth defects, such as heart defects, cleft lip or
palate, dysmorphic disorders, defects in the limbs, defects in the genitals and urinary
tract, and neural tube defects5–7. It is not fully known which AEDs play a role, but the
risk seems especially related to valproate (VPA), higher doses and polytherapy7.
In utero exposure to AEDs is also associated with difficulties in cognitive and
behavioral functioning. A correlation between prenatal VPA exposure and a lower verbal
IQ (VIQ) has been found8–16. Delays in speech and motor development, conduct disorder,
ADHD, and school problems have also been associated with prenatal exposure9,17–20. VPA
exposure also appears to be related to an increased risk of autism spectrum disorders
(ASD), as up to 11% of children were diagnosed with autism or Asperger syndrome19,21.
Certain cognitive and behavioral developmental outcomes such as language
development, memory, executive functioning, and child psychiatric problems, including
ASD, can only be assessed later in childhood. Previous assessments of children of
mothers with epilepsy were often inadequate as studies used retrospective designs or
small samples. High quality prospective research is warranted to assess the safety of
AED use during pregnancy regarding developmental outcomes. Therefore, the central
project commission (EURAP CPC) developed a neurocognitive extension protocol (NCEP)
to follow prospectively neurocognitive development of children exposed in utero22. The
NCEP includes an extensive neuropsychological screening, with VIQ at the age of six
years as main outcome measure22.
As it is unknown whether effects of AEDs used during pregnancy are persistent or
whether children catch up later, it’s important to investigate long-term development
prospectively. A systematic screening for attention deficit disorder, autism, and other
behavioral problems, will provide better insight of behavioral development. It is not
known how mothers with epilepsy experience the upbringing of their children, whether
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they feel competent to care, whether they experience parenting stress, and whether
they receive social support. These topics need addressing as parenting and family
factors could also contribute to developmental problems in children from special
populations23–25. As in utero AED exposure seems a risk factor for child development,
parenting and other family factors should be also examined as they may buffer against
developmental problems or may help parents to cope better with child behavior26. Thus,
further data on parenting as either a risk or a protective factor in the development of
exposed children could contribute to fine-tuning treatment and guidance for these
children and their families.
The aim of the Dutch EURAP & Development study is to extend the NCEP further:
firstly through a longitudinal design with two measurement points at six or seven
years and at eight or nine years of age, secondly, by including behavioral and family
outcomes in addition to neurocognitive outcomes and lastly by also including children
prenatally exposed to levetiracetam (LEV) as monotherapy, in addition to those exposed
to monotherapy VPA, carbamazepine (CBZ) or lamotrigine (LTG).

Long-term neurocognitive and behavioral functioning after prenatal exposure
An increasing attention for the long-term neurocognitive and behavioral functioning of
children exposed to AEDs in utero has developed since the NCEP started and prospective
studies have reported27–29. A summary of these is provided in Table 4. Studies vary by
children’s age and measures. Cognition appeared to be the main focus, with intelligence
(IQ) or the developmental quotient (DQ) in younger children as primary measures. Most
data is on children exposed to VPA, with only a few studies on the exposure to newer
AEDs such as LEV14,30–32.
Valproate exposed children
VPA exposure is most strongly associated with long-term cognitive and behavioral
functioning. Compared to healthy children, children of mothers with epilepsy without
prenatal exposure, exposure to other AEDs or standardized norms, infants and toddlers
have been shown to have a developmental delay14,18,30,32–35, and lower IQ scores in school
age5,10,13,31,36–40. Verbal functioning seems to be particularly affected10,13,41 and, to a lesser
extent, attention and memory functions9,42. Children seem at risk for learning problems
and have more frequent additional educational needs17.
Children seem more likely to show poor adaptive functioning in daily life43 and
are at an increased risk for neurodevelopmental disorders such as attention-deficit
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hyperactivity disorder (ADHD) and ASD44,45. Elevated scores on the Child Autism Rating
Scale (CARS)46 suggest a dose-related effect47. Other studies have also found dose
effects, with higher doses associated with more problems13,31,36,37,48. Some studies did not
find significant neurocognitive or behavioral problems after prenatal VPA exposure9,49–51.
These different outcomes may be due to lower doses or small sample sizes.
Carbamazepine exposed children
Most studies did not find differences in cognitive functioning compared to
controls5,9,10,37,52–54. Other studies, however, reported increased rates of developmental
delay18,32,55–57. A recent meta-analysis showed that differences were associated with
study methodologies27. No dose effect has been found for cognitive outcome measures27.
It seems that CBZ poses less of a risk for development compared with VPA. Children
seem comparable to non-exposed on Full Scale IQ (FSIQ)37. Whether certain particular
child characteristics or behavioral functioning are susceptible to CBZ exposure needs
further studies28.
Lamotrigine exposed children
Many women of childbearing age use LTG58, but less research has been done into
the long-term effects of prenatal exposure. LTG seems to have little or no effect on
cognitive and behavioral development. Available reports do not suggest issues in the
neurodevelopment of infants32,34,57. However, a higher risk was found for parenteral
reports of impaired fine motor skills at age six months, and lower language skills at age
36 months35. Deficits have been found in nonverbal abilities, with lower scores on tasks
of fine motor skills in early development compared to controls34, but after controlling
for confounders (e.g. maternal IQ), this was not significant.
Studies in school-age children showed no difference in IQ compared to controls37,50.
No abnormal language development was found41. In comparison to VPA and CBZ,
preschoolers exposed to LTG did not significantly differ from CBZ on cognitive
functioning, and had less cognitive problems than VPA exposed preschoolers12,34,57. This
was also true for school-aged children13,36,59. A risk for specific neurocognitive skills such
as motor and sensory integration skills may exist for higher LTG dose50. Other studies
did not find any dose effect12,13,37. Children seem to have less behavioral problems
and better adaptive functioning compared to VPA at six years of age48. Compared to
controls, no differences were found on behavior and attention measures50. No risk
for neurodevelopmental disorders was seen44. Parents, however, reported increased
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concerns about autistic traits at 36 months60. No increased educational support was
seen37.
Levetiracetam exposed children
Only a few studies have investigated the long-term effects of prenatal LEV exposure
showing no impairments in neurodevelopment and IQ in infants, toddlers, and schoolaged children14,30–32. In comparison with children exposed to VPA, higher levels of early
and preschool development were found, indicating less problems. No effect of dose
was found.

Confounding factors
There are many other factors that may contribute to cognitive and behavioral
development of exposed children. Controlling for potential confounders is crucial.
Confounders have seldom been included61. Factors that may influence developmental
outcomes are diverse and interrelated, and include aspects of maternal epilepsy
and pregnancy, as well as child characteristics and features of the child’s family
environment61. Possible confounders are maternal IQ, socio-economic status, maternal
age at birth, gestational age, maternal use of tobacco or alcohol, maternal preconception
folate use and breastfeeding62.
Frequent convulsions during pregnancy have been found to be associated with
reduced child cognitive functioning5, but this has not been replicated10,13. Given the
association between type of epilepsy and the choice of AED, the issue of confounding
by indication persists: are relationships between long-term child development and
AED exposure actually inherent to the type of maternal epilepsy? Of importance also
is AED doses taken during pregnancy. Dose related deleterious effects have been found
for VPA7,13.

Family factors
As parenting stress, parental psychiatric problems, parenting and family functioning
can act as mediating factors between earlier fetal exposure, the current epilepsy and
the development of the child, we consider it important that these family factors are
included in the research into children of mothers with epilepsy63.
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Aim of this study
The purpose of the study is to address the following questions: 1. What is the nature
and severity of cognitive and behavioral problems in children at ages six or seven and
at follow-up at ages eight or nine? 2. Are there differences between the four AEDs in
monotherapy and is there a dose effect? 3. What is the course of child developmental
problems at ages eight or nine when compared to when children were six or seven? 4.
Which additional epilepsy and family factors contribute to developmental problems
in these children?

Methods
Study design and participants
This is a prospective longitudinal observational study, with assessors blinded to the
AED exposures. Participants are mother-child pairs identified from the European
Registry of Antiepileptic Drugs and Pregnancy database in the Netherlands (EURAP-NL).
EURAP registers the prevalence of major congenital malformations following prenatal
exposure to AEDs7,64. Women with epilepsy are enrolled in EURAP-NL through referral
by their health professional or by self-referral. Recruitment is national and preferably
occurs within the first sixteen weeks of pregnancy facilitating prospective collection
of information about epilepsy, seizures, health, and well-being during the pregnancy
and other potential risk factors64.
In order to compare different types of AEDs, a child is only invited if its mother had
been on monotherapy. Children receive a complete neuropsychological examination
and parents complete behavioral and family factor questionnaires at T1 (six or seven
years) and at T2 (eight or nine years). Mothers and fathers complete a short-form
intelligence test at T1 65,66. The study was approved by the medical ethics committee of
the Academic Medical Center (AMC: NL 45505.018.13) and registered with the Dutch
trial register (www.trialregister.nl: NTR4800) prior to enrollment of the first participant.
Inclusion criteria
Mother – child pairs must meet the following eligibility criteria: (1) enrolled in the
EURAP-NL database with pregnancy ascertained and risk factors assessed prenatally,
after delivery, or up until three years of age (possible exposure through breast feeding),
(2) with the child born between 2007-2011, (3) prenatally exposed to CBZ, LTG, VPA,
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or LEV monotherapy during the entire pregnancy, (4) and aged between six years, 0
months and seven years, 11 months, at T1 and between eight years, 0 months and nine
years, 11 months at T2, with two years (minimum 22 months and maximum 30 months)
between the first and second neurocognitive assessment.
All pregnancies have also been submitted to the central EURAP registry in Milan.
Every effort will be made to enroll all consecutive mother-child pairs. Information about
reasons for not participating are recorded and analyzed to minimize possible selection
bias. Before the start of the study, and each subsequent year, addresses are checked
in the municipal administration.
Exclusion criteria
Participants are excluded if: (1) the mother is unable to take care of the child (e.g., due
to severity of epilepsy), (2) the child has a known chromosomal/genetic syndrome or
prematurity (gestational age less than 37 weeks), or (3) there are factors other than AED
exposure which significantly modify child development, such that reliable assessment
is not possible.
Sample size
The sample size was calculated to enable us to find differences in change between
children of mothers who use different AEDs. With a medium expected effect size of f
(V) = 0.25 (e.g., a 0.5 SD difference between the most and least changing groups and
a 0.5 autocorrelation67), a total sample size of 179 suffices for a 80% chance of finding
a group by time interaction effect at a 5% level of significance, whereas a sample size
of 231 suffices for a 90% chance to find a medium sized effect. Other analyses require
smaller sample sizes.
A total of 517 children enrolled in EURAP-NL and born between 2007 and 2011 is
invited (Table 1). Assuming that half will agree to join the study, we expect to include
about 260 children and their parents. Based on earlier experiences, we assume that
parents are interested in, but may also be concerned about, the development of their
child, and in general willing to participate.

Procedure
Participants who meet the inclusion criteria receive an invitation letter around the
time of the child’s sixth birthday. Parents may use a reply card, email or the website
(www.sein.nl/eurap) to indicate whether or not they want to participate. Families who
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Table 1. Number of mother-child pairs in EURAP-NL database born from 2007-2011 and total expected
number of children to be included
Year

CBZ

LTG

VPA

LEV

Total of potential
children

Expected
inclusion 50%

2007

34

38

16

7

95

47

2008

23

29

16

11

79

39

2009

29

39

16

16

100

50

2010

40

47

16

17

120

60

2011

20

57

12

34

123

61

Study population
517

Sample size
257

do not respond receive a reminder after one month. If no reply has been received
after three months, families are contacted by telephone to ask whether they are
willing to participate. Parents who do not wish to participate are asked to complete
the survey part of the study by completing online questionnaires. If the child has had a
psychological examination within the last year, we ask parents for the reports (e.g., IQ
test). For families willing to participate, an appointment is made at one of our test sites
for the first assessment with, ideally, both parents and the child. If the father is unable
to attend, he is asked to complete the online questionnaires at home.
The study is carried out within one day, from 9:30 in the morning until approximately
15:00 hours (Daily schedule, Table 2). A fixed test sequence is used for children and
parents (Figure 2 and 3). To minimize the study load for the family, mother, father, and
child have their assessments simultaneously. To minimize bias, the parent interview
about the child is at the end of the day. The parents and the child are examined by
assessors in nearby rooms. Assessors are child (neuro)psychologists who are authorized
to conduct clinical testing in children, and who are trained and monitored according
to the test protocol. If the child does not want to be examined without the presence
of the parent, changes in the protocol are made to accommodate to this. Any change
in procedure is noted in the case record form; the child’s assessment is recorded on
video for possible clinical consultation.
At T1 there are two assessors and at T2 one assessor, because at T2 only the child
has an assessment. Prior to the assessment, parents sign a written informed-consent
form for the child and themselves. Parents are enabled to claim traveling expenses
and receive a voucher of 50 euros as a reward for participation. After participating in
both T1 and T2 parents receive a report with feedback from the child’s assessment. If
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necessary, parents receive further explanation, advice, or a referral (i.e., to their family
doctor, neurologist or child psychologist).
Table 2. Daily schedule Dutch EURAP & Development study
T1

Parent(s)

9:30

Arrival / introduction, informed consent

10:00-12:00

Mother: short intelligence test and vocabulary task
Father: questionnaires and vocabulary task

12:00-13:00

Lunch break

13:00-14:30

Father: short intelligence test
Mother: questionnaires
Mother and father: interview about child

14:30/15:00

Close of day

T2

Parent (s)

9:30

Arrival / introduction, informed consent

10:00-12:00

Questionnaires

12:00-13:00

Lunch break

13:00-14:00

Child
First part test assessment

Second part test assessment

Child
First part test assessment
Second part test assessment

14:00-14:30

Parent interview (meanwhile child will play/draw)

14:30

Close of day

Study settings
Participants live all across the Netherlands, and therefore the study is conducted in
different locations. If travel to one of the study locations is not possible, the examination
takes place at home. The study locations are at: Heemstede (epilepsy center SEIN),
Amsterdam (University of Amsterdam), Rotterdam and Zwolle (outpatient clinics SEIN)
and Heeze (epilepsy center Kempenhaeghe).

Measures
The study examines different domains of development from a bio-ecological
perspective68: (1) child neurocognition, (2) child behavior, and (3) family factors (Figure
1). Primary study parameters are: (1) Verbal IQ (VIQ), Performance IQ (PIQ), Full Scale IQ
(FSIQ) and processing speed index (PSI), attention and executive functioning, language
skills, verbal fluency and vocabulary, visuospatial skills, fine motor skills, memory
and learning, and social cognition (theory of mind and affect recognition); (2) Child
behavioral problems and psychiatric symptoms, including ADHD and autism. Secondary
outcome measures (3) are parenting stress, parental psychiatric symptoms, impact of
maternal epilepsy on self and family, quality of parent child relationship, parenting and
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family functioning. Table 3 presents an overview of the measures and the time points
of study assessments.
Figure 1. Dutch EURAP & Development study domains

1

Note: EURAP: European Registry of Antiepileptic Drugs and Pregnancy, AED: antiepileptic drug.

Table 3. Dutch EURAP & Development Study constructs with concomitant child- and parent-measures
Construct

Measure

Time points
T1

T2

Child assessment
Intelligence (verbal, performance, full scale and
processing speed)

WISC-III-NL
(9 subtests)

X

X

Attention and executive functioning, Language
skills, Memory and learning, Fine motor skills,
Visuospatial skills and Social cognition

NEPSY-II-NL
(18 plus 2 delayed tasks)

X

X

Vocabulary

PPVT-III-NL

X

Verbal fluency

Lindeboom

X

X

Visual attention

Tea-CH

X

X

TvK

X

Auditory synthesis
Phoneme deletion
Autism

DST

X

X

CARS2-HF

X

X
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Table 3. Continued
Construct

Measure

Time points
T1

T2

Parent Assessment
Intelligence

WAIS-III-NL

X

Vocabulary

PPVT-III-NL

X

Demographics, health and education child and
parents

General information

X

Development of child from birth until 6

Development history

X

CBCL, SEV

X

X

CARS2-QPC

X

X

ASR

X

Questionnaires

Child behavioral problems
Autism
Adult behavioral problems

X

Impact of maternal epilepsy on self/family

IPES

X

X

Quality of life of mother with epilepsy

Qlife

X

X

Parenting stress

OBVL

X

X

Family functioning

VGFO

X

X

Parenting

VSOG

X

X

VMG

X

X

OKIV-R

X

X

Family events
Quality of parent child relationship

Note. WISC-III-NL: Wechsler intelligence scale for children - third edition , NEPSY-II-NL:
developmental neuropsychological assessment - second edition71, PPVT-III-NL: peabody picture
vocabulary test - third edition72, Lindeboom: verbal fluency task73, Tea-ch: Test of everyday attention
for children74, TvK: taaltest voor kinderen [“language test for children”]75, DST: dyslexie screening
test [“dyslexia screening test”]76, CARS2-HF: Childhood autism rating scale – second edition - higher
functioning version46, WAIS-III-NL: Wechsler adult intelligence scale – third edition77, CBCL: Child
Behavior Checklist78, SEV*: Sociaal Emotionele Vragenlijst [“Social Emotional Questionnaire”]79,
CARS2-QPC: childhood autism rating scale, parent questionnaire46, ASR: Adult self-report80,
IPES: adapted version from ‘Impact of Pediatric Epilepsy on the Family’81, Qlife: Quality of life82,
OBVL*: Opvoedingsbelasting Vragenlijst [“Parenting Stress Questionnaire”] 83, VGFO*: Vragenlijst
Gezinsfunctioneren [Family Functioning Questionnnaire”]84, VSOG*: Vragenlijst Ouderlijk Gedrag
[“ Parenting Behavior Questionnaire ”]85, VMG*: Vragenlijst Meegemaakte Gebeurtenissen [“Life
Events Questionnaire”]85, OKIV-R: Ouder-Kind Interactie Vragenlijst Revised [“The Parent-Child
Interaction Questionnaire-Revised PACHIQ-R”]86. * These questionnaires are only available in Dutch.
70
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Figure 2. Test sequence child assessment Dutch EURAP & Development study T1
WISC-III-NL
PC
WISC-III-NL
IN
WISC-III-NL
OA
WISC-III-NL
SI
max. WISC-III-NL
BD
75
WISC-III-NL
CO
min
WISC-III-NL
CD
WISC-III-NL
SS
WISC-III-NL
DS
5 min small water break
NEPSY-II-NL
SN
NEPSY-II-NL
MF
NEPSY-II-NL
ST
45
NEPSY-II-NL
AA+RS
min NEPSY-II-NL
VP
Lindeboom
NEPSY-II-NL
MFD
NEPSY-II-NL
CI
NEPSY-II-NL
TM

5-10 min
5 min
10-15 min
5-10 min
10 min
10 min
5 min
5 min
5 min

Picture Completion
Information
Object Assembly
Similarities
Block Design
Comprehension
Coding (A)
Symbol Search (A)
Digit Span

5 min
5 min
2-3 min
10 min
3 min
2 min
2 min
5 min
10-15 min

Speeded Naming
Memory for Faces [after 15-25 min MFD!]
Statue (only for 6 year olds)
Auditory Attention and Response Set (all ages)
Visuomotor Precision
version B
[depending on time first MFD]
Memory for Faces Delayed
Comprehension of Instructions
Theory of Mind

6-10 min
4-6 min
6 min
10 min
5-7 min
5 min
5 min
5 min
3-4 min
4 min
2 min
8 min
10-15 min

Inhibition
Affect Recognition
Narrative Memory
Memory for Names [after 25-35 min MND!]
Arrows
Fingertip Tapping
Imitating Hand Positions
Design Copying
Word Generation (extra)
Design Fluency (extra)
Memory for Names Delayed
Animal Sorting (extra) [only for 7+ years old]
Peabody Picture Vocabulary Test

60 min Lunchbreak

90100
min

NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
NEPSY-II-NL
PPVT-III-NL

IN
AR
NM
MN
AW
FT
IH
DC
WG
DF
MND
AS

Extra:
Visual Sky Search
(“Ruimteschepen” task from Tea-Ch) - version A
5-10 min
Auditory synthesis
(part of language test “Taaltest voor kinderen”)
3-5 min
Phoneme Deletion task (“Klanksplitsing” from Dyslexia screening test) >> from 6;6 years! 3-5 min

Note. The sequence of subtests taken may have an impact on the test results, e.g., because of initial
shyness of the child at the beginning of the day, or fatigue occurring during the course of the day.
Therefore, the sequence of subtests was hold the same for all children. This may also help to repeat
our study.
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Figure 3. Test sequence child assessment Dutch EURAP & Development study T2

Statistical analyses
The nature and severity of cognitive and behavioral problems in children at ages six
or seven (T1) and at follow-up at ages eight or nine (T2) are investigated through
descriptive analyses, and by comparing the mean scores of prenatally exposed
children with normative mean scores. This gives a comprehensive description of the
neurocognitive and behavioral development of prenatally exposed children.
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Regression analysis will be used to investigate whether there are significant
differences between the children from the four AED groups at T1 as well as T2, and
whether there is a dose effect, while taking into account potential confounders. In
order to select confounding factors, we first check the relationships of confounders
with medication as well as with the outcome variables. Variables included as potential
confounders are type of maternal epilepsy, occurrence of tonic-clonic seizures during
pregnancy, use of folic acid, alcohol and nicotine exposure during the first trimester and
during the second and third trimesters, breastfeeding, maternal age at birth, maternal
IQ, paternal IQ, socioeconomic status (based on parental education), gestational age,
gender, age at assessment, congenital malformations and time of inclusion in EURAPNL database. Variables showing a relationship (p < 0.15) with both medication and
outcome measures, or variables that are expected to influence child development (e.g.,
maternal IQ) are entered one by one, each in a separate multiple regression analysis
that also includes AED-exposure type (with the VPA-exposed group as the reference
group) and standardized dose (taking the percentage relative to the median according
to the formula [dose 1st trimester – median AED dose / median AED dose] x 100%).
To examine the course of child developmental problems at ages eight or nine when
compared to children aged six or seven, multilevel multiple regression analyses are
conducted with repeated measures ‘nested’ within children. Factors such as epilepsy,
parenting, family factors that may contribute to developmental problems are included
in the models to investigate interaction effects.

Discussion
We hope to obtain insights in neurocognitive, behavioral and family functioning of
children who were exposed to AEDs in pregnancy. Findings may help future parents
to minimize developmental problems or to cope better with child behavior 26. We
anticipate that strengths are the extensive developmental, neurocognitive and
behavioral measurements of both children and parents, with standardized tests and
trained assessors blinded to AED exposure. This study extends the NCEP protocol by
including children exposed to LEV, which is increasingly prescribed for pregnant women
with epilepsy. LEV seems to be associated with fewer malformations after birth69, but
the long-term neurocognitive and behavioral outcomes should also be investigated30,31.
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The follow up on children at eight or nine years allows us to investigate whether
their development will improve or deteriorate over time. To date, no studies are
available on the long-term outcome for these AEDs in relation to epilepsy and family
factors. Examining children at an older age allows us to examine areas of neurocognitive
functioning, such as executive functioning, which emerge only later in development.
Previous studies have included children up to six years only, or were cross-sectional,
using a wider age range9,13,15,31,37,42,51.
An anticipated limitation is that the presence of early developmental concerns in
children may lead to a bias in the participation in the study. Families of children who
experienced problems at a younger age and who may already have been diagnosed
may not want to participate. The opposite may also be conceivable, that parents who
experience problems with their child are more likely to participate.
Our study is expected to contribute to clinical practice, offering new information
to treating neurologists and other health care professionals to help fine-tuning the
counselling of women with epilepsy, before, during, and after pregnancy. The study
may not only be of help with the choice of a suitable AED but may also reveal which
topics associated with the upbringing of the child should be discussed. Professionals
counselling mothers with epilepsy may use the outcomes to ask about family life,
parenting, and child development. As such, mothers with epilepsy can be continuously
given appropriate support and referral if needed. We hope that this will contribute to
the quality of life in mothers with epilepsy, their children, and their families. Finally, by
publishing this study protocol, we intend to provide other researchers and healthcare
professionals with the tools to set up future studies into child developmental outcome
in the context of having been exposed to AEDs and growing up with a mother with
epilepsy.

Videman et
al. (2016)
Finland

Wide et al.
(2000)
Sweden

Veiby et al.
(2013)
Norway
[Norwegian
Mother and
Child Cohort
Study:
MoBa]

1

2

3

Infants

Country

Study
(publication
year)

Prospective

Prospective

Prospective

Design

503 CME,
with 223
exposed to
AED; 471
children had
a father with
epilepsy and
77770
reference
group

81 exposed
81 nonexposed

56 exposed
59 nonexposed

Sample size

Monotherapy
(182): LTG (71),
CBZ (48), VPA
(27)
Polytherapy
(41)

Monotherapy
(65): including
CBZ (35),
PHT (21)
Polytherapy
(16)

Monotherapy
(40): CBZ (9),
OXC (10), VPA
(5), LTG (8),
LEV (7)
Polytherapy
(16)

AEDs (n)

6 months

9 months

7 months

Age of
assessment

Ages and
Stages
Questionnaire;
BSID
(motor and
communication
skills, social
skills and
language skills)

Griffiths’ test

DQ (GMDS)
clinical
neurological
status (HINE)

DQ /
developmental
outcomes
IQ

Visual attention
(attention
orienting and
attentional bias
for faces)

Neurocognition

Temperament
(Infant
Characteristics
Questionnaire);
Autistic traits
(Checklist
for Autism
in Toddlers);
ADHD/conduct
problems
from CBCL/
DSM-IV; Social
Communication
Questionnaire

Behavior

Domain of measurement

Table 4. Studies on long-term associations between child development and prenatal exposure to antiepileptic drugs

Family/
parenting

Children of mothers using AEDs had
higher risk of impaired fine motor
skills than reference group; similar
risks for monotherapy LTG, CBZ and
VPA. Polytherapy highest risks significant effects on fine motor and
social skills. Other developmental
measures within normal range.
Continuous breastfeeding associated
with less impaired development than
breastfeeding < 6 months. CME who did
not use AEDs and children of fathers
with epilepsy - normal development.

Drug exposure did not influence
Griffiths’ score. No significant difference
between the exposed and the nonexposed children.

CBZ, OXC, and VPA, but not LTG or LEV,
were each associated with impaired
early language abilities compared to
control children. The general speed of
visuospatial orienting or attentional bias
for faces did not differ between AEDexposed and control children.
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1

Thomas et
al. (2008)
India

Bromley et
al. (2010)
UK

4

5

Country

Study
(publication
year)

Table 4. Continued

Prospective

Prospective

Design

194 CME
with 167
exposed
and 27 nonexposed and
230 control

395 CME
with 363
exposed
32 nonexposed

Sample size

Polytherapy
(30)
monotherapy
(137): CBZ
(48); VPA (42);
LTG (34); PHT
(7)

Monotherapy
(246): CBZ
(101); VPA
(71); PB (41);
PHT (29)
Polytherapy
(122)

AEDs (n)

2-24
months
(M age 10
months)

1-1,5 years
(M age 15.3
months)

Age of
assessment

GMDS

Motor and
mental
development
(Indian BSID)

DQ /
developmental
outcomes
IQ

Neurocognition

Behavior

Domain of measurement
Family/
parenting

VPA significantly increased risk of
delayed early development compared
to control children. 29% of children
exposed to VPA fell below average (<84)
with a relative risk of 3.6. CBZ or LTG
did not differ significantly from control
children. Dose-dependent relationship
was found for VPA, with daily doses
>900 mg being associated with
statistically poorer scores. No other
AED showed a significant relationship
with dose.

Mean MeDQ 89.1 and mean MoDQ
90.7, was impaired (<84) for 37.6% and
33.5% children respectively. Maternal
age, type of epilepsy, seizure frequency,
or use of folic acid did not correlate.
Maternal education was significantly
correlated with MoDQ, but not with
MeDQ. Non-exposed had higher scores
than exposed. Polytherapy significantly
lower DQ than monotherapy. Multiple
regression analysis showed that
polytherapy was stronger predictor of
lower DQ than dose. Compared with
CBZ monotherapy, VPA monotherapy
was associated with significantly lower
scores, but the differences between
other AEDs were not significant.
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Shallcross et
al. (2011)
UK

Veiby et al.
(2013)
Norway
[Norwegian
Mother and
Child Cohort
Study:
MoBa]

6

7

Country

Study
(publication
year)

Table 4. Continued

Prospective

Prospective

Design

726 CME,
with 333
exposed to
AED; 653
children with
a father with
epilepsy and
107597
control group

95 exposed
97 nonexposed

Sample size

Monotherapy :
LTG (104), CBZ
(69), VPA (40),
LEV (17)
Polytherapy
(62)

LEV (51); VPA
(44)

AEDs (n)

18 months
36 months

3-24
months;
(M age 14
months)

Age of
assessment

Questionnaire
motor,
language
and social
development

GMDS

DQ /
developmental
outcomes
IQ

Neurocognition

Questionnaires
with symptoms
of ASD and
ADHD

Behavior

Domain of measurement
Family/
parenting

Mothers of exposed children reported
more concerns about their child’s
development and had more referrals
to a specialist. Compared to children
of parents without epilepsy, exposed
children had with 18 months an
increased risk of abnormal scores for
gross motor skills (7.1% vs. 2.9%) and
autistic traits (3.5% vs. 0.9%). At 36
months, the exposed children had
increased risk of abnormal gross motor
skills (7.5% vs.3.3%), sentence skills
(11.2% vs. 4.8%), and autistic traits
(6.0% vs. 1.5%). LTG exposed children
had higher risk for adverse scores
on autistic traits and language at 36
months. CBZ exposure was associated
with impaired fine motor and personal
social skills at 18 months and aggressive
symptoms at 36 months. VPA exposure
was associated with adverse gross
motor skills at 18 months and language
at 36 months. Children born to WWE
not using AEDs had no increased risks.
Children of fathers with epilepsy
generally - within the normal range.

LEV exposed children had higher scores
compared to VPA exposed children. LEV
did not differ from control children. 8%
of LEV exposed with DQ <84, compared
to 40% of children exposed to VPA.
After controlling for maternal epilepsy
and demographic factors, exposure to
LEV was not associated with outcome.
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1

Scolnik et al.
(1994)
Canada

Rovet et al.
(1995)
Canada

9

10

Prospective

Prospective

Meador et
Prospective
al. (2009)
North
America /UK
[NEAD
study]

Design

8

Toddlers

Country

Study
(publication
year)

Table 4. Continued

58 exposed
58 noneposed

70 exposed
70 nonexposed

258 exposed
CME

Sample size

Monotherapy
CBZ (29);PHT
(29)

CBZ (36); PHT
(34)

Monotherapy:
CBZ (73); LTG
(84); PHT (48);
VPA (53)

AEDs (n)

7-85
months
(M age 30
months; 3
years)

18-36
months

2-3 years

Age of
assessment

BSID /
McCarthy

BSID /
McCarthy

DQ /
developmental
outcomes

BSID-II;
DAS

IQ

Language
(Reynell)

Language
(Reynell)

Neurocognition

Temperament

Behavior

Domain of measurement
Family/
parenting

PHT affected younger age and
particularly language development,
CBZ only showed effects past age 3.
Regression analyses found maternal
IQ and type of epilepsy as significant
predictors of language. No effect of
predictors on intelligence. Findings
suggest effects due to AED regardless
of seizure activity and more favorable
outcome in treatment with CBZ than
PHT. There were no differences on any
of the temperament scales.

PHT global IQ 10 points lower than
controls and more often IQ < 84.
Language development similar trend,
with children exposed to PHT scoring
significantly lower than controls. CBZ
did not differ from controls.

VPA significantly lower IQ than
those exposed to other AEDs. After
adjustment for maternal IQ, maternal
age, dose, gestational age at birth,
and maternal preconception use of
folate, the mean IQ was 101 for LTG,
99 for PHT, 98 for CBZ, and 92 for VPA.
The association between VPA and IQ
was dose dependent. Child IQ was
significantly related to maternal IQ for
CBZ, LTG, and PHT but not with VPA.
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Cummings et Observational 186 exposed
al. (2011)
cohort study CME; 44
Northern
control
Ireland /UK

13

229 exposed
CME

Cohen et al. Prospective
(2011)
North
America /UK
[NEAD
study]

12

216 exposed
CME

Sample size

Meador et
Prospective
al. (2011)
North
America /UK
[NEAD
study]

Design

11

Country

Study
(publication
year)

Table 4. Continued

LTG (35); VPA
(58); CBZ (49)

Monotherapy:
CBZ (61); LTG
(76); PHT (40 );
VPA (46)

Monotherapy:
CBZ (59); LTG
(70); PHT (39);
VPA (43)

AEDs (n)

9-60
months
(M age CME
3 years;
control 4
years)

3 years
(36-45
months )

3 years
(36-45
months )

Age of
assessment

BSID; GMDS

BSID-II

DQ /
developmental
outcomes
DAS

IQ
Preschool
language scale;
PPVT-IV; Beery

Neurocognition

ABAS-II; BASC

Behavior

Domain of measurement

Parental
stress (PSI)

Family/
parenting

39.6% of VPA, 20.4% of CBZ and
2.9% of LTG exposed had mild (≥1,
<2 SD below the mean) or significant
developmental delay (score ≥2 SD
below the mean), compared to 4.5% of
control children. Multivariable analysis
demonstrated exposure to VPA (OR
26.1) and CBZ (OR 7.7) but not LTG
had a significant detrimental effect on
neurodevelopment.

Adjusted mean scores for the four
AED groups were in the low average
to average range for motor, adaptive,
and emotional/behavioral functioning.
Dose-related performance decline in
motor functioning for both VPA and CBZ
and performance decline in adaptive
functioning for VPA. Parents endorsed
a significant decline in social skills for
VPA that was dose related. VPA exposed
children at higher risk for future
diagnosis of ADHD. No significant group
differences on Parenting Stress Index.

Verbal abilities lower than nonverbal in all exposed children. Folate
use associated with higher verbal
outcomes. VPA associated with poorer
cognitive outcomes and negatively
associated with dose for both verbal
and non-verbal domains. CBZ dose
associated with verbal performance. No
dose effects for LTG and PHT.
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1

16

Kasradze et
al. (2017)
Georgia
[EURAP]

Prospective

Ornoy &
Prospective
Cohen, 1996 (national
teratogen
information
service)

15

School age children

Shallcross et
al. (2014)
UK

Prospective

Design

14

Country

Study
(publication
year)

Table 4. Continued

50 exposed
50 nonexposed

47 exposed
47 nonexposed

228 CME
with
97 exposed
and 131
control

Sample size

VPA (18); CBZ
(16); Other
AED: 3 LTG; 3
PB;1 LEV

CBZ (47)

LEV (53); VPA
(44)

AEDs (n)

36-72
months
(M age 4
years)

6 months –
6 years

3 - 4,5 years
(M age 3,5
years)

Age of
assessment

Developmental
milestones

Bayley
developmental
scales for
children
up to 2.5 years
of age, or
McCarthy’s
developmental
scales for
children above
3 years.

GMDS

DQ /
developmental
outcomes

WPSI-4

IQ
Reynell
Language
Development
Scale

Neurocognition

Behavior

Domain of measurement
Family/
parenting

Exposure to VPA was associated with
lowest cognitive performance regarding
FSIQ and verbal comprehension (VCI).
Maternal IQ, and child’s age at first
phrases were independent factors
negatively associated with the cognitive
development of children.

6 of the 47 children exposed to
monotherapy CBZ had typical facial
features of ‘carbamazepine syndrome’.
Cognitive scores of exposed children
significantly lower than non-exposed.
All six children with CBZ syndrome
had DQ or IQ below 90. No differences
between the two groups in physical
growth, rate of major anomalies or
motor scores.

After controlling for confounding
variables, children exposed to LEV
did not differ from unexposed control
children. VPA scored, on average, 15.8
points below children exposed to LEV
on measures of gross motor skills,
6.4 points below on comprehension
language abilities, and 9.5 points below
on expressive language abilities. No
dose effect was detected for either
LEV or VPA. Maternal seizures during
pregnancy were predictive of poorer
developmental outcomes.
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Meador et
Prospective
al. (2012)
North
America /UK
[NEAD
study]

Kjaer et al.
(2013)
Denmark

18

19

Follow-up
study

McVearry et
al. (2009)
North
America
[substudy of
NEAD]

Prospective

Design

17

Country

Study
(publication
year)

Table 4. Continued

81 exposed
CME, 208
non-exposed
CME and 828
control

209 exposed
CME

42 exposed
CME

Sample size

4,5 years
(51-61
months)

4 – 5 years

Not enough
power to
analyze
between
different AEDs

M age 4.2
years

Age of
assessment

Monotherapy
CBZ (53); LTG
(72); PHT (40);
VPA (38)

Monotherapy
CBZ (16); LTG
(17); VPA (9)

AEDs (n)
DQ /
developmental
outcomes

DAS

IQ
Cognitive
fluency (TCAM)

Neurocognition

SDQ

Behavior

Domain of measurement
Family/
parenting

Prenatal AED exposure may increase
risk of behavioral problems even after
adjustment for potential confounders
and maternal epilepsy. Children
prenatally exposed to AEDs more often
abnormal total SDQ score as compared
with children of women without
epilepsy and compared with CME not
on AEDs during pregnancy.

IQ of VPA was lower compared to other
AEDs and negatively associated with
dose. Adjusted means were CBZ 106,
LTG 106, PHT 105, VPA 96. Maternal
IQ correlated with child IQ for children
exposed to the other AEDs, but not
VPA. Age 4.5 IQ correlated with age 2
BSID and age 3 IQ. Frequency of marked
intellectual impairment diminished with
age except for VPA (10% with IQ < 70).
Verbal abilities were impaired for all
4 AED groups compared to nonverbal
skills.

Both for cognitive fluency and
originality, main effect was found for
exposure to AEDs. For fluency and
originality, the group mean for VPA was
significantly different from LTG and
CBZ. No significant difference found
between LTG and CBZ.
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1

Vanoverloop Retrospective 20 exposed
et al. (1992)
98 nonexposed

55 exposed
55 nonexposed

22

Prospective

Natarajan
(2016)
India

21

67 exposed
66 nonexposed

Sample size

Wide et al.
(2002)
Sweden

Prospective

Design

20

Country

Study
(publication
year)

Table 4. Continued

PHT
monotherapy
and
polytherapy
with PB

Monotherapy:
PHT (10; CBZ
(5); VPA (10);
Polytherapy
(30)

CBZ (35); PHT
(16)

AEDs (n)

4-8 years

3-10 years

4,5 – 5
years

Age of
assessment

Vineland social
maturity scale

Griffiths’test

DQ /
developmental
outcomes

WPPSI/
WISC-R

Binet
Kamat
scale

IQ

Visual motor
integration
(VMI); Gramatic
closure and
Auditory
Association
(language)

Neurocognition

Spontaneous
activity (play)

Behavior

Domain of measurement
Family/
parenting

No children with below average IQ.
PHT-exposed children significantly
lower scores for both PIQ, FSIQ, Visual
Motor Integration Test and time in
quadrant, as well as several subtests.

Compared to non-exposed children
monotherapy VPA and polytherapy had
significantly more neurodevelopmental
delay. Polytherapy and VPA exposed
had low IQ scores 79.4 and 82.8,
respectively. PHT IQ score of 94.2
and CBZ 95.2. Exposed children had
lower scores in language, vocabulary,
sentence building, similarities and
differences, analogies sentence
repetition and conceptual thinking. No
significant difference on visuomotor
tasks, auditory perception, and social
skills between exposed and nonexposed children.

No significant difference between the
two groups of children. PHT showed a
significant but subtle reduction in the
scores for locomotor development
compared to the unexposed children.
No such difference for the children
exposed to CBZ.
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Rihtman et
al. (2013)
Israel

Bromley et
al. (2016)
UK [overlap
in sample
with
Shallcross
et al., 2011,
2014]

23

24

Country

Study
(publication
year)

Table 4. Continued

Prospective

Prospective

Design

130 exposed
55 nonexposed

72 exposed
52
unexposed

Sample size

Monotherapy:
LEV (42); TPM
(27); VPA (47);
GBT (14)

VPA (30)
LTG (42)

AEDs (n)

5-9 years

3-6.11
years (M
age 50-60
months)

Age of
assessment
DQ /
developmental
outcomes

WISC-IV/
WPSI-III

SB5

IQ

Behavior

NEPSY

BASC

Fine and gross
Conners’rating
motor (DCDQ; scale (behavioral
M-FUN),
problems
Visual motor
and attention
integration
problems)
(BEERY) Sensory
processing
(SP), Executive
function (BRIEF)

Neurocognition

Domain of measurement
Family/
parenting

Prenatal exposure to LEV and TPM
were not associated with reductions
in child cognitive abilities, and adverse
outcomes were not associated with
increasing dose. Increasing dose of VPA
was associated with poorer FSIQ, verbal
and nonverbal abilities. Doses of 800
mg VPA was significantly associated
with a 10.6-point reduction in FSIQ,
11.2-point reduction in verbal abilities,
and 11.1-point reduction in nonverbal
abilities. VPA was also associated with
poorer outcomes on expressive naming
index as well as behavioral variables
of withdrawal, adaptability, and daily
living skills but not on other measures
of language, memory, attention and
executive functioning, or behavioral
outcomes.

In both comparison between AED
vs control and VPA-LTG vs control,
control children performed better in
all areas. No significant differences
were found between VPA and LTG.
But more differences were found
between VPA and control than LTG and
control. Compared to control group
VPA exposed children scored lower on
motor and sensory tasks, and according
to parent report higher on behavior
/ attention problems. LTG exposed
children had lower scores on motor
and sensory tasks when compared
to control children, but did not have
behavior / attention problems. Notable
were relatively low doses, with mean
daily dose of 546.3 mg for VPA.
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1

Thomas et
al. (2007)
India

Bromley et
al. (2013)
UK

25

26

Country

Study
(publication
year)

Table 4. Continued

Prospective

Prospective

Design

AEDs (n)

201 CME
214 control

Monotherapy:
CBZ; LTG; VPA;
Polytherapy

71 exposed
PB; PHT; CBZ;
CME, 201
VPA
non-exposed

Sample size

6 years

6 years
(M age 6.4
years)

Age of
assessment
DQ /
developmental
outcomes
Indian IQ
test

IQ
Indian language
test

Neurocognition

Neurodevelopmental problems
(e.g. diagnoses
ASD/ADHD)

Behavior

Domain of measurement
Family/
parenting

Neurodevelopmental disorders more
frequently reported in children of WWE
(7.46%) than in control group (1.87%).
Increase in risk of neurodevelopmental
disorders in children exposed to
monotherapy VPA (12.0%; a OR 6.05)
and in those exposed to polytherapy
with VPA (15.0%; a OR 9.97) compared
with control children. ASD was the
most frequent diagnosis. No significant
increase was found among children
exposed to CBZ or LTG. Children of
women with untreated epilepsy had no
neurodevelopmental disorders.

FSIQ and language scores were
significantly lower for CME (87.7 and
73.4) compared to control children
(93.0 and 83.2). CME scored poor
on all subtests of language but their
impairment was confined to only
some of the subtests of IQ. Maternal
education and maternal IQ significantly
correlated with low IQ and language
scores for CME whereas type of
epilepsy, seizures during pregnancy or
low birth weight did not. Polytherapy
and higher dose of AEDs were
associated with significant impairment
in outcome measures. The FSIQ or
language score of CME did not vary
significant according to monotherapy
exposure.
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Meador et
Prospective
al. (2013)
North
America /UK
[NEAD
study]

Cohen et al. Prospective
(2013)
North
America /UK
[NEAD
study]

28

Design

27

Country

Study
(publication
year)

Table 4. Continued

195 exposed
CME

224 exposed
CME

Sample size

Monotherapy:
CBZ (53); LTG
(63); PHT (31);
VPA (45)

Monotherapy
CBZ (61); LTG
(74); PHT (40);
VPA (49)

AEDs (n)

6 years

6 years
(70-87
months,
M age 74
months)

Age of
assessment
DQ /
developmental
outcomes
DAS

IQ
CMS; BRIEF;
NEPSY; Beery

Neurocognition

ABAS-II; BASC

Behavior

Domain of measurement

Parental
stress (PSI)

Family/
parenting

Adjusted mean scores for all AED
groups were in the low average
to average range for adaptive and
emotional/behavioral functioning.
VPA had significantly lower adaptive
functioning than LTG and PHT. With
dose-related performance decline for
VPA and PHT. VPA had more atypical
behaviors and inattention than children
exposed to LTG and PHT. Children
exposed to VPA at a significantly
greater risk for a diagnosis of ADHD.
No significant group differences on
Parenting Stress Index.

IQ was lower after exposure to VPA (97)
than CBZ (105), LTG (108), or PHT (108).
VPA did poorly on verbal and memory
abilities compared with those exposed
to other AEDs and on non-verbal and
executive functions compared with
LTG (but not CBZ or PHT). High doses
of VPA were negatively associated with
IQ, verbal ability, non-verbal ability,
memory, and executive function,
but other AEDs were not. Age-6 IQ
correlated with IQs at younger ages,
and IQ improved with age for infants
exposed to any AED. Verbal abilities
were worse than non-verbal abilities
and in the LTG and VPA groups in
particular.
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1

Moore et al. Retrospective 57 exposed
(2000)
clinical study
Scotland /UK

30

198 CME
with
173 exposed
and 25 nonexposed and
210 control

Sample size

Baker et al.
(2015)
UK
[overlap in
sample with
NEAD study
by Meador
et al., 2013]

Prospective

Design

29

Country

Study
(publication
year)

Table 4. Continued

6 years

Age of
assessment
DQ /
developmental
outcomes

VPA (46
0-16 years Developmental
with 34
(M age 6.48
delay
monotherapy);
years)
PHT(4); CBZ(4)

Monotherapy:
VPA (51); CBZ
(50); LTG (29);
other (13) and
polytherapy
(30)

AEDs (n)

DAS

IQ

Neurocognition

Fetal
anticonvulsant
syndrome;
behavioral
problems
(symptoms/
diagnosis of
ASD/ADHD)

Behavior

Domain of measurement
Family/
parenting

81% reported behavioral problems,
39% with hyperactivity or poor
concentration of whom 7% had a
diagnosis of ADHD. 60% reported two
or more autistic features, of whom four
had a diagnosis of autism and two of
Asperger’s syndrome. 77% had learning
difficulties, 81% speech delay, 60%
gross motor delay, and 42% fine motor
delay.

Adjusted mean IQ 9.7 points lower for
children exposed to high-dose VPA
(>800 mg daily); similar significant
effect for verbal, nonverbal, and
spatial subscales. VPA > 800 mg had an
8-fold increased need of educational
intervention relative to control children.
VPA at doses <800 mg daily was not
associated with reduced IQ, but was
associated with impaired verbal abilities
and a 6-fold increase in educational
intervention. CBZ or LTG did not have
a significant effect on IQ, but CBZ was
associated with reduced verbal abilities
and increased frequency of IQ <85. No
association with increased educational
intervention and no dose effect for CBZ.
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Mawer et al.
(2002)

Nadebaum
et al. (2011)
Australia

31

32

Country

Study
(publication
year)

Table 4. Continued

Prospective

Prospective

Design

57 exposed
CME

69 exposed
(56 follow
–up)

Sample size

Monotherapy
VPA (23);
Polytherapy
with VPA
(15) and (19)
without VPA

Monotherapy:
VPA (23); CBZ
(18); PHT
(7); LTG (4);
Polytherapy
(15)

AEDs (n)

6-8 years
(M age 7.4
years)

4 months –
10 years

Age of
assessment

Developmental
delay,
dysmorphic
features and
structural
anomalies

DQ /
developmental
outcomes

WISC-IV

IQ

Neurocognition

Behavior

Domain of measurement
Family/
parenting

All groups had elevated frequencies of
Extremely Low (<70) or Borderline (70–
79) FSIQ. Verbal Comprehension and
Working Memory scores in all groups
fell significantly below the standardized
test mean, while Perceptual Reasoning
and Processing Speed scores were
relatively intact. Multivariate analysis
of covariance analysis revealed
significant main effects of VPA on
Verbal Comprehension and Working
Memory, and of polytherapy on Verbal
Comprehension and Processing Speed.
Results suggest that VPA has a dosedependent negative impact on verbal
intellectual abilities, and may also affect
working memory.

Dysmorphic features in more than half
of the children and developmental
delay in about one-quarter. Structural
anomalies were found in about onethird. Adverse features were mild but
in about 10% moderate or severe.
Developmental delay was associated
with dysmorphic features but not
with structural anomalies. Positive
association between adverse outcome
in all domains and VPA dose. With VPA
<1000 mg adverse features were absent
or mild but at higher doses moderate
or severe. No significant association
between adverse outcome and CBZ
dose.
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1

Nadebaum
et al. (2011)
Australia

Gaily et al.
(2004)
Finland

Adab et al.
(2001)
UK

Christensen
et al. (2013)
Denmark

33

34

35

36

Country

Study
(publication
year)

Table 4. Continued

Population
based cohort
study; followup

retrospective

Prospective

prospective

Design

655615, of
which 2644
exposed and
655107 nonexposed

400 CME
with
224 exposed
and
176 nonexposed

182 CME
with 137
exposed, 45
non-exposed
and 141
control

102 exposed
CME

Sample size

VPA (508)

Monotherapy
(150); CBZ
(63); VPA
(56); LTG (5);
PHT (22);
polytherapy
(74)

Monotherapy
(107): CBZ
(86); VPA
(13) and
Polytherapy
(30, with VPA
17)

Monotherapy:
VPA (23); CBZ
(34); LTG (9);
polytherapy
with VPA (15)
and without
VPA (10)

AEDs (n)

M age at
follow-up
8.84 years
(4-14 years)

4-18 years
(M age
8.95)

M age CME
7.0 years
control:7.4
years

6-8 years
(M age 7.4
years)

Age of
assessment

Additional
educational
needs

DQ /
developmental
outcomes

WPPSI-R

IQ
Language
(CELF-4)

Neurocognition

ASD diagnoses

Behavior

Domain of measurement
Family/
parenting

Maternal use of VPA during pregnancy
was associated with a significantly
increased risk of ASD and childhood
autism, even after adjusting for
maternal epilepsy. Absolute risk was
1.53% for ASD and 0.48% for childhood
autism. VPA had an absolute risk of
4.42% for ASD and an absolute risk of
2.50% for childhood autism.

The OR of additional educational
needs (AENs) for all exposed children
compared with those unexposed was
1.49. VPA monotherapy had an OR of
3.4 by contrast with an OR of 0.26 for
CBZ. Polytherapy including VPA had
similarly high ORs for AENs compared
with those unexposed of 2.51 versus OR
of 1.51 for polytherapy without VPA.

Mean verbal and nonverbal IQ in
children exposed to CBZ monotherapy
were 96 and 103 and did not differ from
control children. Significantly reduced
verbal IQ in children exposed to VPA
(82) and polytherapy ( 85) compared
with the other study group children and
control children.

Language scores of children exposed to
VPA monotherapy (91.5) or polytherapy
(73.4) were significantly below the
standardized test mean of 100. Children
exposed to CBZ or LTG monotherapy,
or polytherapy without VPA, were not
significantly different from normal.
First-trimester VPA dose was negatively
correlated with language.
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Wood et al.
(2015)
Australia

Dean et al.
(2002)
Scotland/UK

37

38

Country

Study
(publication
year)

Table 4. Continued

105 exposed

Sample size

Retrospective 293 CME
with 255
exposed
and 38
nonexposed

Prospective
follow up
study

Design

CBZ; PB; VPA;
PHT

VPA (26); CBZ
(34); other
monotherapy
(11) and
polytherapy
(34 including
15 with VPA)

AEDs (n)

Age 2 days
– 39 years
(M age 9
years)

6-8 years
M age 7.4
years

Age of
assessment

Developmental
delay, including
speech delay

DQ /
developmental
outcomes
IQ

Neurocognition

Behavioral
problems

CARS

Behavior

Domain of measurement
Family/
parenting

Developmental delay occurred in
24% of exposed children, compared
with 11% of non-exposed sibs. The
frequency of developmental delay in
PB was not significantly different from
non- exposed, while the frequencies
for those exposed to CBZ, VPA, PHT,
and polytherapy were significantly
higher. Of exposed children 20% had
behavior disorders (vs 5% of nonexposed). Behavior disorders were not
significantly more common in exposed
children, but analysis of specific drug
exposure groups showed significantly
more behavior problems in CBZ and
VPA monotherapy, and polytherapy
group.

Children exposed to polytherapy with
VPA scored significantly higher than all
other groups. Linear regression analysis
showed that the mean VPA dose during
pregnancy was a significant predictor
of CARS scores after controlling for
polytherapy, mean CBZ dose, folic acid
use, seizures during pregnancy, tobacco
and marijuana use, maternal IQ, and
SES.
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1

40

Sample size

Retrospective 260 of which
14 exposed
children
are further
reviewed

Design

Erikson et al. Population
26 exposed
(2005)
based
13 nonFinland
observational exposed
study

39 Rasalam et
al. (2005)
Scotland/UK
[subgroup
Dean 2002]

Country

Study
(publication
year)

Table 4. Continued

VPA (13); CBZ
(13)

VPA ; CBZ

AEDs (n)

6.6-13.4
years (M
age 9.7
years)

M age 9;10
years

Age of
assessment

Characteristics
of fetal
anticonvulsant
syndrome;
speech and
language
development

DQ /
developmental
outcomes

WISC-III

IQ

Touwentest;
NEPSY
(Attention
and Executive
functions,
Language,
Sensormotor
and Visuospatial
domain, and
Memory and
Learning
functions )

Neurocognition
Social and
behavior
problems;
ASD diagnosis
(DSM-IV)

Behavior

Domain of measurement
Family/
parenting

Prevalence of low intelligence (FIQ <
80) was 19%, and exceptionally low
intelligence (FIQ < 70) 10% in VPA
exposed children. Children exposed to
CBZ and children of WWE not exposed
to AED during pregnancy had all at
least low average intelligence. Mean
IQs of children exposed to VPA were
11–17 points lower than CBZ and
non-exposed group, however mean
difference of children on FIQ, VIQ and
PIQ were not statistically significant. On
NEPSY subtests VPA exposed children
performed significantly lower on
Memory for Faces compared with CBZ
and lower than non-exposed on List
Learning.

Prenatal exposure to AED is a risk factor
for the development of an ASD. 26
children were reported by parents to
have social or behavioral difficulties. 11
children fulfilled the criteria for autistic
disorder and one fulfilled the criteria for
Asperger syndrome (AS). These children
comprised 4.6% of the exposed children
studied, and 1.9% of all exposed
children born during the study period.
VPA was most associated with autistic
disorder, 8.9% of children exposed to
VPA had either autistic disorder or AS.
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Retrospective 249 CME
with 169
exposed and
80 nonexposed

Adab, Kini et
al. (2004)
UK

42

Sample size

Viinikainen
Observational 26 exposed
et al. (2006) population
13 non[Same
based
exposed
sample as
Erikson et al.
2005)

Design

41

Country

Study
(publication
year)

Table 4. Continued

6.6-13.4
years (M
age 9.7
years)

Age of
assessment

Monotherapie: 6-16 years
CBZ (52); VPA
(M age 10.4
(41); PHT (21);
years)
other (6)
polytherapy
(49)

VPA (13); CBZ
(13)

AEDs (n)

-

School
problems/
additional
educational
needs

DQ /
developmental
outcomes

WISC

IQ

Neurocognition
Conners
teacher rating
scale (CTRS)

Behavior

Domain of measurement
Family/
parenting

FSIQ was at the low end of the
average range for children exposed to
monotherapy and was similar to the
mean score in unexposed children.
The mean PIQ was within or close to
the average range in all AED groups,
with no significant difference among
the different exposures. Mean VIQ
was significantly lower in VPA group
compared to unexposed and other
monotherapy groups. Multiple
regression analysis showed that both
VPA exposure and frequent tonic-clonic
seizures in pregnancy were significantly
associated with lower verbal IQ despite
adjusting for other confounding factors.

62% of children exposed to VPA
and 15% each in the CBZ-exposed
and non-exposed groups required
educational support. Children exposed
to VPA had higher scores in all the
domains analyzed, indicating behavioral
problems, but because of small
number, these differences did not reach
statistical significance. However, results
in two domains (Social Problems,
p = 0.07, and Cognitive Problems/
Inattention, p = 0.09) indicated a trend
for the VPA-exposed children to have
more behavioral problems. CBZexposed and non-exposed children had
very similar scores, and no statistical
differences were found between these
two groups.
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1

Vinten et al.
(2005)
UK
[Same
sample as
Adab, Kini,
et al. 2004]

Vinten et al.
(2009)
UK
[Same
sample as
Adab, Kini,
et al. 2004]

KantolaSorsa et al.
(2007)
Finland

43

44

45

Country

Study
(publication
year)

Table 4. Continued

Sample size

Prospective

154 exposed
130 nonexposed

Retrospective 242 CME
with
162 exposed
80
unexposed

Retrospective 249 CME
with
169 exposed
and 80 nonexposed

Design

Age of
assessment

Among
others CBZ
and VPA both
mono- and
polytharpy

Monotherapy:
CBZ (49); VPA
(41); PHT (20);
Polytherapy
with VPA (28)
and without
(24)

5-11 years
(M age 7
years)

6-16 years
(M age 10.4
years)

Monotherapie: 6-16 years
CBZ (52); VPA
(M age 10.4
(41); PHT (21);
years)
other (6)
polytherapy
(49)

AEDs (n)

WISC-III

IQ

Developmental WPPSI-R;
interview
WISC-R

DQ /
developmental
outcomes

Attention,
Language
skills, Fine
motor skills,
Visuospatial
skills and
Memory
and learning
(NEPSY)

Memory test
(RMBTC)

Neurocognition

Adaptive
behavior and
maladaptive
behavior (VABS)

Behavior

Domain of measurement

Parental
stress (PSI)

Family/
parenting

Despite similar IQ CME scored
significantly lower than control children
on measures of attention, memory,
and fine-motor function. Deficits were
more marked in but not limited to the
subset of the study group exposed to
maternal AEDs. Group differences on
auditory attention were found only
in younger children. VPA-exposed
children had lower scores on sentence
repetition and on the more demanding
part of auditory attention, than other
children in the study group, suggesting
weaknesses in working memory.

VPA exposure was associated with
high levels of parental stress induced
by child maladaptive behavior. VPA
exposed children also had poorer daily
living skills and socialization skills.
VABS and PSI were strongly affected
by child FSIQ; however, no significant
differences were found between the
groups on FSIQ.

Children exposed to VPA had a
significantly lower VIQ when compared
to children exposed to other AEDs or
non-exposed children. VPA exposed
were more likely to have IQ < 69 and
more likely to have memory impairment
when compared to other groups.
Maternal IQ, exposure to VPA, and
number of tonic-clonic seizures during
pregnancy were significant predictors
of VIQ.
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Gopinath et
al. (2015)
India

Prospective

Design

190 CME
with 115
exposed
11 nonexposed and
149 controls

Sample size

Monotherapy
(67): VPA
(36); PB (22);
PHT (11); CBZ
(40); LTG (1);
CNZ (1) and
polytherapy
(48)

AEDs (n)

10-12 years
(M age 11.4
years)

Age of
assessment
DQ /
developmental
outcomes
WISC-IV

IQ
Attention
(TMT), Visual
and verbal
memory (RAVLT;
WMS-VR)

Neurocognition

Behavior

Domain of measurement
Family/
parenting

IQ, attention and memory of CME were
significantly lower compared to control
children. Predictors of low FSIQ were
AED dose, maternal IQ, and parental
education. FSIQ of CME (77.9) was
with 8.5 points significantly lower than
controls (86.4). FSIQ of polytherapy was
significantly lower than monotherapy
group. In monotherapies, PB was
significantly associated with low IQ,
whereas VPA had FSIQ comparable
to CBZ, LTG and PHT. This apparent
difference is suggested to be possible
due to low dose of VPA (M 480.06 mg/
day) .

Results

Note. CME: children of mothers with epilepsy; WWE: women with epilepsy; AED: antiepileptic drug; VPA: valproate; CBZ: carbamazepine; LTG: lamotrigine; PHT: phenytoin;
PB: Phenobarbital; LEV: levetiracetam; OXC: oxcarbazepine; TPM: topiramate; GBT: gabapentine; BSID: Bayley Scale of Infant Development; GMDS: Griffiths Mental
Development Scale; WISC: Weschler Intelligence Test for Children; WPPSI: Wechsler Preschool and Primary Scale of Intelligence; DAS: Differential Ability Scale; SB: Stanford
Binet Intelligence Scales; SDQ: strength and difficulties questionnaire; ABAS: Adaptive behavior assessment system; BASC: behavior assessment system for children; CBCL:
Child Behavior Checklist; NEPSY: Developmental Neuropsychological Assessment; TMT: Trail Making Test; RAVLT: Rey Auditory Verbal Learning test; WMS-VR: Wechsler
Memory Scale - Visual Reproduction; TCAM: Thinking Creatively in Action and Movement; BRIEF: Behavior Rating Inventory of Executive Function; CELF: Clinical Evaluation
of Language Fundamentals; DCDQ: Developmental Coordination Disorder Questionnaire; M-FUN: Miller Functions & Participation Scales; CMS: Children’s Memory Scale;
BEERY: Visual Motor Integration; PPVT: Peabody Picture Vocabulary Test; CARS: Childhood Autism Rating Scale; VABS: Vineland Adaptive Behavior Scales; PSI: Parenting
Stress Index; DQ: Developmental Quotient; IQ: Intelligence Quotient; FSIQ: Full Scale IQ; VIQ: Verbal IQ; PIQ: Performace IQ; MeDQ: Mental Developmental Quotient;
MoDQ: Motor Development Quotient; ADHD: Attention Deficit Hyperactivity Disorder; ASD: Autism Spectrum Disorder.
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Exposure to antiepileptic drugs in pregnancy:
The need for a family factor framework

This chapter is based on: Huber-Mollema, Y., van Iterson, L., Sander, J. W., Oort, F. J., Lindhout,
D., & Rodenburg, R. (2018). Exposure to antiepileptic drugs in pregnancy: The need for a family
factor framework. Epilepsy & Behavior, 86, 187-192. doi: 10.1016/j.yebeh.2018.06.043

70

Chapter 2

Abstract
Purpose: Children exposed to antiepileptic drugs (AEDs) in utero are at risk for
developmental problems. Maternal epilepsy, its impact on the family system, and other
family factors may also contribute. We reviewed the possible associations between
family factors and developmental outcome in children who had been exposed to AED
during pregnancy.
Methods: We conducted a narrative review and searched MEDLINE, Embase, Google
Scholar, and PsycINFO on the following terms: in utero exposure, pregnancy outcome,
and AEDs. A family factor framework (the ABCX model) served as the basis to review
distinct family factors in children who were exposed to AEDs in pregnancy.
Results: Few studies have investigated these factors. Mothers with epilepsy have
problems caring for themselves and for the child and experience more parenting
stress. There is a paucity of studies of the possible impact of family factors on the
neurocognitive and behavioral development of children of mothers with epilepsy.
Discussion: Further work is required to ascertain which family factors are associated
with child development in addition to the effects of AED exposure and their potential
interaction. As epilepsy may have considerable impact on intrafamily factors and as
children are especially vulnerable to such effects, study designs incorporating family
factors should be encouraged.
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Introduction
Children of women with epilepsy exposed to antiepileptic drugs (AEDs) during pregnancy
bear multiple risks. Being raised by a parent with a chronic medical condition as well
as the possible teratogenic effects of prenatal exposure to AEDs may significantly
contribute to the child’s developmental outcomes. Knowledge is growing about the
long-term effects of prenatal exposure to AEDs on neurocognitive and behavioral
development1–3, but less is known about the effects of family factors such as parenting
skills or the impact of maternal epilepsy on the family4,5. It is germane to account for the
impact of family factors on child development when assessing the long-term outcome
of children exposed in utero to AEDs6–12. We conducted an exploratory narrative review
on AED exposure during pregnancy and the associations between family factors and
child developmental outcomes to improve understanding of which family factors play
a role in the development of children exposed to AEDs in utero.

Methods
Family factor framework: the ABCX model
We applied the ABCX model (Figure 1) as a framework to categorize distinct family
factors13. The ABCX model, based on stress and coping theory14, states that stress and
adaptation (X) results from family stressors and demands (A), family resources and
strengths (B), and coping behaviors (C)15. Coping processes are essential in shaping
reactions to stress and are influenced by environmental and individual variables16.
Stress and coping are thus interrelated in an ongoing process that balances demands
and available resources13. Maternal epilepsy and the possible teratogenic effects of
AEDs exposure can be seen as stressors while parenting and family factors contribute
to resilience.

Selection of studies
We searched the following databases: MEDLINE, Embase, Google Scholar, and PsycINFO.
Other sources were trial registers and reference lists of eligible studies and review
articles. The following terms were searched: in utero exposure, pregnancy outcome,
and AEDs. Only human studies were searched. No language restrictions were made.
The search strategy was designed by YH and RR, helped by two librarians. The full
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search strategy is available in Appendix 1. Titles and abstracts of the articles found
were screened and selected based on the following criteria.
Figure 1. Exposure to AEDs in pregnancy: ABCX model of stress and coping with maternal epilepsy
and family factors

Inclusion criteria
1. Studies including children (0-18 years) of mothers with epilepsy prenatally exposed
to AEDs (monotherapy or polytherapy) or through breastfeeding, AND
2. Studies reporting on the associations between family factors (e.g., parenting stress,
child rearing practices) and child development in families with a mother with
epilepsy, AND
3. Studies including the following control groups: children of mothers without epilepsy,
children of mothers with epilepsy not taking AEDs during pregnancy, or children
of mothers with epilepsy taking AED monotherapy and who were compared with
children exposed to other AED monotherapies.
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Results
Study characteristics
The search was conducted in July 2014 and repeated in April 2017. Seven studies were
included (Table 1): a questionnaire survey4; five observational studies, focusing on
mothers with epilepsy17 or child developmental outcome18–21; and an experimental
study on child rearing22.
Family stressors and demands (A)
A few studies examined parenting stress in relation with behavior of preschool and
school-aged children18–20. A retrospective study found an association between valproate
exposure and high levels of parental stress induced by the child’s maladaptive behavior
(e.g., constant crying and frequent demand for help and attention, inability to adapt
to changes in routine, overactivity, restlessness and short attention span, and being
unhappy or depressed)18. Two prospective studies did not find significant differences
between parents from children exposed to four commonly used AEDs on the Parenting
Stress Index at three and six years of age19,20.
Family resources and strengths (B)
Some studies examined child-rearing knowledge and practices4,17,22. An online UK survey
on the risks of caring for the baby and information provision on fulfilling the caring role
reported that mothers with epilepsy experience problems with baby care4. From a list
of common childcare activities (e.g., carrying / holding, ensuring safety, and feeding),
caring outside the home and bathing were rated as being the most problematic, whereas
breastfeeding was much less problematic. Approximately 50% of the mothers had been
provided with information about caring and managing risk during their pregnancy.
The knowledge and child-rearing skills were examined in two studies including
women with and without epilepsy. Those with epilepsy had less knowledge and
performed less well in all domains of child-rearing practices: feeding, growth and
development, cleaning and protection, and infant stimulation17. Effects of a randomized
study with a self-instructional module (SIM) during pregnancy on child-rearing
knowledge and practice showed a significant increase in child-rearing knowledge
three months postpartum22. The correlation did not reach statistical significance, but
child-rearing knowledge appeared to be positively associated with child developmental
outcome at one year of age. The developmental quotient (DQ) was higher in children
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Saramma, Sarma,
and Thomas

Vinten et al.

Cohen et al.

Cohen et al.

Titze et al.

1

2

3

4

5

6

7

Study authors

2008

2013

2011

2009

2014

2011

2008

Publication
year

242 children of mothers with
epilepsy: 162 exposed and 80
non-exposed

88 women with epilepsy

100 women with epilepsy and
93 women without epilepsy

84 mothers with epilepsy

Sample size

Germany

67 children of mothers with
epilepsy (54 exposed and 13
non-exposed) and 49 control
children

North America 195 exposed children of
/ UK
mothers with epilepsy

North America 229 exposed children of
/ UK
mothers with epilepsy

UK

India

India

UK

Country

Table 1. Selected studies of family factors and parenting

Problems that mothers’
with epilepsy experience
when caring for their
children

Research domain

Prospective

Prospective

Prospective

Retrospective

Experimental

Family environment

Parenting stress

Parenting stress

Parenting stress

Child rearing knowledge
and practice

Observational Child rearing knowledge
and practice

Survey

Design

Home Observation for
the Measurement of the
Environment inventory

Parenting Stress Index

Parenting Stress Index

Parenting Stress Index

Child rearing knowledge
and practice scale

Child rearing knowledge
and practice scale

Questionnaire

Measure
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whose mothers followed the SIM intervention than in children whose mothers received
treatment as usual. Child-rearing practices of women did not significantly improve at
three months postpartum22. In terms of resources and strengths, it can be derived from
these studies that women with epilepsy have more a “lack of strengths” in child-rearing
practices and fewer child-rearing “resources”.
Coping behaviors (C)
A long-term prospective German study used the HOME (Home Observation for the
Measurement of the Environment) inventory to investigate quality and quantity of
“family stimulation” in children of women with epilepsy21. Family stimulation was
measured as access to sufficient toys and cultural experiences, maternal involvement,
sensitivity with the child, and parental styles at two years of age. Children of mothers
with and without epilepsy were followed from birth to adolescence. Differences in
intelligence at adolescence were examined. A comparison was made between children
who were exposed to prenatal risks (presence or absence of AED exposure, seizures or
non-optimal obstetric conditions) and those who were exposed to family risks (poor
or good quality of family environment). Children with prenatal risks appeared to be
more vulnerable to environmental disadvantage (e.g., poor quality of parent-child
relationship) than control children without prenatal risks are. In addition, children
who had been cumulatively exposed to prenatal and family risks were found to have
significantly lower intelligence quotients (IQs) in adolescence compared with children
with only one or no risk factors21.

Discussion
Thus far, research has focused predominantly on stressors and demands in mothers with
epilepsy while less attention has been given to resiliency factors pertaining to family
resources and strengths. The number of studies examining family factors in children is
limited, but available studies suggest that mothers experience problems with parenting,
including parenting stress. It is important though to consider a broader spectrum of
family factors relating to child development and adaptation for children exposed to
AEDs in utero and whose mothers have active epilepsy. That is, family factors may
weaken or strengthen child development23, independently or in interaction with the
maternal condition, its treatment, and the genetic and teratogenic make-up of the child.
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For example, it is important to acknowledge the impact of active epilepsy on the child6,7.
Difficulties associated with the mother’s epilepsy such as sleep deprivation, worries
about taking care of the baby or raising a child, may directly or indirectly contribute
to the child’s development5,24–26. Guidelines about maternal epilepsy, pregnancy, and
parenting provide practical recommendations on the need for the child to grow up in
a safe home environment5,26, but family factors such as parenting skills should not be
overlooked.
Mothers with epilepsy seem to experience specific problems with caring for the
baby4. Possible associations between parenting and child development were not
examined, however. Results suggest that only about half of the mothers received
information about caring and epilepsy management during pregnancy. This is in line with
a review into pregnancy-related knowledge and information needs which concluded that
more counseling for women with epilepsy is needed27. The relationship between childrearing knowledge and practice and child developmental outcome at one year of age has
been examined22, but not with regard to long-term outcome. The SIM mainly focused
on practical baby care in the first few months but not on parenting and development
of the child later on in life. It is stated that epilepsy-related factors may influence childrearing practice17, but this was not further investigated. The importance of the family
environment in early child development for long-term cognitive development was also
shown when the child had prenatal risk of exposure to AEDs21. This study examined
family environment at two years of age, but did not provide information about the
contribution of current parenting at the time of child’s assessment. As family and
parenting factors can positively contribute to the development of the child28, future
studies may address relationships between caring, parenting, and child factors such
as infant regulation. This may also hold for relationships between parenting and later
child development.
In a retrospective study18, high levels of parenting stress were associated with child
maladaptive behavior. Another prospective study did not find differences between
parents of children exposed to four commonly used AED types on parenting stress19,20.
The levels of parenting stress, however, were not given. It therefore remains unclear
whether the parents in this study experienced more stress than those from normative
populations. It is known that parents of children from other special populations (e.g.,
with behavioral problems or with a chronic condition) experience more parenting
stress29,30. As prenatal exposure to AEDs is a potential risk factor for child development,
it is important to include parenting stress as this may add cumulatively to child outcome.
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Causal relationships between parenting stress and child behavior should also be
examined in the context of AED exposure and long-term child outcomes31.
Thus, further studies are needed to assess the interrelationship between child
development, exposure to AEDs during pregnancy, and the contribution of distinct
family factors. Child developmental outcome should also be investigated in the context
of active maternal epilepsy and its relation with current parenting, maternal mental
health, and family functioning given the early exposure to AEDs in utero and the already
established biological effects on the developing embryo and fetus. We recommend the
use of specific measuring instruments for family factors and a measure to examine the
impact of maternal epilepsy on the family and the child32.
At present, we are conducting a study into children of mothers with epilepsy
exposed in utero to AEDs investigating the mediational role of family factors between
child outcome at six or seven years of age and in two years’ time at eight or nine years
of age. Study procedures have been previously described33. As the burden of epilepsy
may have considerable impact on family factors34,35 and since children are especially
vulnerable to these family factors28, we encourage further studies in which distinct
family factors are incorporated. This may shed light on the needs of families and may
be used for the (development of) psychoeducational approaches or other interventions
before, during, and following pregnancy26,36. Ultimately, this will contribute to enhance
the quality of life of the child, the mother, and the whole family.
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Appendix 1
Search strategy: Antiepileptic Drugs and Pregnancy
Databases
Medline			

5.168 results (July 4, 2014)

PsycINFO		

862 results (July 4, 2014)

Embase			

5.692 results (July 1, 2014)

Total			

11.722 results

Total, deduplicated

9.456 results

Google scholar		

200 results were scanned,

			

62 results were selected (June 27, 2014)

Google scholar		

1830 results (since 2013) (April 14, 2017)

Medline
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R)
#1 Pregnancy
pregnancy outcome/ OR maternal epilepsy.ti,ab. OR mothers with epilepsy.ti,ab. OR
women with epilepsy.ti,ab. OR WWE.ti,ab. OR CME.ti,ab. OR teratogen*.ti,ab. OR during
pregnancy.ti,ab. OR prenatal exposure delayed effects/ OR maternal-fetal exchange/
OR ((pregnancy/ OR pregnan*.ti,ab. OR prenatal*.ti,ab. OR fetal.ti,ab. OR foetal.ti,ab. OR
uter*.ti,ab. OR antenatal*.ti,ab. OR ante natal.ti,ab.) AND (expos*.ti,ab. OR outcome*.
ti,ab. OR long term consequences.ti,ab. OR follow up.ti,ab. OR observation*.ti,ab.)) OR
breast feeding/ OR breastfeeding.ti,ab. OR breast feeding.ti,ab.
Results: 300.524 (July 4, 2014)
#2 Antiepileptic drugs
exp anticonvulsants/ OR anticonvuls*.ti,ab. OR anti-convuls*.ti,ab. OR anti-epilep*.ti,ab.
OR antiepilep*.ti,ab. OR AED.ti,ab. OR AEDs.ti,ab. OR exp epilepsy/ OR epilep*.ti,ab.
OR Clonazepam/ OR Clonazepam.ti,ab. OR Klonopin.ti,ab. OR Naze.ti,ab. OR Rivotril.
ti,ab. OR Ethosuximide/ OR Ethosuximid*.ti,ab. OR Emeside.ti,ab. OR Zarontin*.ti,ab. OR
Felbama*.ti,ab. OR Felbatol.ti,ab. OR Taloxa.ti,ab. OR Lacosamid*.ti,ab. OR Erlosamide.
ti,ab. OR Vimpat.ti,ab. OR Levetiracetam*.ti,ab. OR LEV.ti,ab. OR Keppra.ti,ab. OR
Oxcarbazepin*.ti,ab. OR Trileptal.ti,ab. OR Phenobarbital/ OR Phenobarbit*.ti,ab.
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OR Fenobarbit*.ti,ab. OR Luminal.ti,ab. OR Retigabin*.ti,ab. OR Rufinamid*.ti,ab. OR
Primidone/ OR Primidon*.ti,ab. OR Liskantin.ti,ab. OR Mylepsinum.ti,ab. OR Mysoline.
ti,ab. OR Prysoline.ti,ab. OR Sertan.ti,ab. OR Vigabatrin/ OR Vigabatrin*.ti,ab. OR Sabril.
ti,ab. OR Zonisamid*.ti,ab. OR Acetazolamide/ OR Acetazolamid*.ti,ab. OR Diamox.
ti,ab. OR Carbamazepine/ OR Carbamazepin*.ti,ab. OR CBZ.ti,ab. OR Equetro.ti,ab.
OR Tegretol.ti,ab. OR Clobazam.ti,ab. OR Frisium.ti,ab. OR Onfi.ti,ab. OR Ezogabin*.
ti,ab. OR Gabapentin.ti,ab. OR Gabarone.ti,ab. OR Gabrion.ti,ab. OR Gralise.ti,ab. OR
Neurontin.ti,ab. OR Hydantoins/ OR Hydantoin*.ti,ab. OR Lamotrigin*.ti,ab. OR LTG.
ti,ab. OR Lamitor.ti,ab. OR Lamictal.ti,ab. OR Lamotragin*.ti,ab. OR Nitrazepam/ OR
Nitrazepam*.ti,ab. OR Arem.ti,ab. OR Mogadon*.ti,ab. OR Phenytoin/ OR Phenytoin*.
ti,ab. OR PHT.ti,ab. OR Dilantin.ti,ab. OR Diphantoin*.ti,ab. OR Diphenylhydantoin.ti,ab.
OR Epanutin.ti,ab. OR Eptoin.ti,ab. OR Fenytoin*.ti,ab. OR Phenytek.ti,ab. OR Sulthiam*.
ti,ab. OR Pregabalin*.ti,ab. OR Lyrica.ti,ab. OR Tiagabin*.ti,ab. OR Gabitril.ti,ab. OR
Topirama*.ti,ab. OR Topamax.ti,ab. OR Valproic acid/ OR Valproic.ti,ab. OR VPA.ti,ab.
OR Convulex.ti,ab. OR Depakin*.ti,ab. OR Depakote.ti,ab. OR Epilim.ti,ab. OR Orfiril.ti,ab.
OR Stavzor.ti,ab. OR Valparin.ti,ab. OR Valpro.ti,ab. OR Valproat*.ti,ab. OR Vilapro.ti,ab.
Results: 298.936 (July 4, 2014)
#3 Animals
animal/ NOT human/
#4 Trials and research teams
NCT01730170.af. OR NCT00021866.af. OR NCT01097720.af. OR NCT00353886.af. OR
NCT00345475.af. OR NEAD study group.au. OR MONEAD.ti,ab. OR RNEAD.ti,ab. OR
LMNDG.ti,ab,au. OR “Liverpool and Manchester Neurodevelopment*”.ti,ab,au.
Results: 19 (June 23, 2014)
1 AND 2		

7.189 results (July 4, 2014)

NOT 3		

5.167 results (July 4, 2014)

OR 4		

5.168 results (July 4, 2014)
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PsycINFO
OvidSP
#1 Pregnancy
pregnancy/ OR pregnancy outcomes/ OR pregnan*.ti,ab,id. OR maternal epilepsy.
ti,ab,id. OR mothers with epilepsy.ti,ab,id. OR women with epilepsy.ti,ab,id. OR WWE.
ti,ab,id. OR CME.ti,ab,id. OR prenatal exposure/ OR ((prenatal* OR fetal OR foetal OR
uter* OR antenatal* OR ante natal).ti,ab,id. AND (expos* OR outcome* OR long term
consequences OR follow up).ti,ab,id.) OR teratogen*.ti,ab,id. OR breast feeding/ OR
breastfeeding.ti,ab,id. OR breast feeding.ti,ab,id. OR mothers/
Results: 68.210 (July 4, 2014)
#2 Antiepileptic drugs
exp anticonvulsive drugs/ OR anticonvuls*.ti,ab,id. OR anti-convuls*.ti,ab,id. OR AED.
ti,ab,id. OR AEDs.ti,ab,id. OR antiepilep*.ti,ab,id. OR anti-epilep*.ti,ab,id. OR epilepsy/
OR epileptic seizures/ OR epilep*.ti,ab,id. OR Clonazepam/ OR Clonazepam.ti,ab,id.
OR Klonopin.ti,ab,id. OR Naze.ti,ab,id. OR Rivotril.ti,ab,id. OR Ethosuximid*.ti,ab,id. OR
Emeside.ti,ab,id. OR Zarontin*.ti,ab,id. OR Felbama*.ti,ab,id. OR Felbatol.ti,ab,id. OR
Taloxa.ti,ab,id. OR Lacosamid*.ti,ab,id. OR Erlosamide.ti,ab,id. OR Vimpat.ti,ab,id. OR
Levetiracetam*.ti,ab,id. OR LEV.ti,ab,id. OR Keppra.ti,ab,id. OR Oxcarbazepin*.ti,ab,id. OR
Trileptal.ti,ab,id. OR Phenobarbital/ OR Phenobarbit*.ti,ab,id. OR Fenobarbit*.ti,ab,id.
OR Luminal.ti,ab,id. OR Retigabin*.ti,ab,id. OR Rufinamid*.ti,ab,id. OR Primidone/ OR
Primidon*.ti,ab,id. OR Liskantin.ti,ab,id. OR Mylepsinum.ti,ab,id. OR Mysoline.ti,ab,id.
OR Prysoline.ti,ab,id. OR Sertan.ti,ab,id. OR Vigabatrin/ OR Vigabatrin*.ti,ab,id. OR
Sabril.ti,ab,id. OR Zonisamid*.ti,ab,id. OR Acetazolamide/ OR Acetazolamid*.ti,ab,id.
OR Diamox.ti,ab,id. OR Carbamazepine/ OR Carbamazepin*.ti,ab,id. OR CBZ.ti,ab,id. OR
Equetro.ti,ab,id. OR Tegretol.ti,ab,id. OR Clobazam.ti,ab,id. OR Frisium.ti,ab,id. OR Onfi.
ti,ab,id. OR Ezogabin*.ti,ab,id. OR Gabapentin.ti,ab,id. OR Gabarone.ti,ab,id. OR Gabrion.
ti,ab,id. OR Gralise.ti,ab,id. OR Neurontin.ti,ab,id. OR Hydantoin*.ti,ab,id. OR Lamotrigin*.
ti,ab,id. OR LTG.ti,ab,id. OR Lamitor.ti,ab,id. OR Lamictal.ti,ab,id. OR Lamotragin*.ti,ab,id.
OR Nitrazepam/ OR Nitrazepam*.ti,ab,id. OR Arem.ti,ab,id. OR Mogadon*.ti,ab,id. OR
Phenytoin*.ti,ab,id. OR PHT.ti,ab,id. OR Dilantin.ti,ab,id. OR Diphantoin*.ti,ab,id. OR
Diphenylhydantoin/ OR Diphenylhydantoin.ti,ab,id. OR Epanutin.ti,ab,id. OR Eptoin.
ti,ab,id. OR Fenytoin*.ti,ab,id. OR Phenytek.ti,ab,id. OR Sulthiam*.ti,ab,id. OR Pregabalin/
OR Pregabalin*.ti,ab,id. OR Lyrica.ti,ab,id. OR Tiagabin*.ti,ab,id. OR Gabitril.ti,ab,id. OR
Topirama*.ti,ab,id. OR Topamax.ti,ab,id. OR Valproic acid/ OR Valproic.ti,ab,id. OR VPA.
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ti,ab,id. OR Convulex.ti,ab,id. OR Depakin*.ti,ab,id. OR Depakote.ti,ab,id. OR Epilim.
ti,ab,id. OR Orfiril.ti,ab,id. OR Stavzor.ti,ab,id. OR Valparin.ti,ab,id. OR Valpro.ti,ab,id.
OR Valproat*.ti,ab,id. OR Vilapro.ti,ab,id.
Results: 42.739 (July 4, 2014)
#3 Animal studies
animal.po NOT human.po
#4 Trials and research teams
NCT01730170.af. OR NCT00021866.af. OR NCT01097720.af. OR NCT00353886.af. OR
NCT00345475.af. OR NEAD.ti,ab,ca,gs. OR MONEAD.ti,ab,ca,gs. OR RNEAD.ti,ab,ca,gs.
OR LMNDG.ti,ab,ca,gs. OR “Liverpool and Manchester Neurodevelopment*”.ti,ab,ca,gs.
Results: 56 (July 4, 2014)
1 AND 2		

1.081 results (July 4, 2014)

NOT 3		

827 results (July 4, 2014)

OR 4		

862 results (July 4, 2014)

Embase
OvidSP
#1 Pregnancy
pregnancy outcome/ OR maternal epilepsy.ti,ab,kw. OR mothers with epilepsy.ti,ab,kw.
OR women with epilepsy.ti,ab,kw. OR WWE.ti,ab,kw. OR CME.ti,ab,kw. OR teratogen*.
ti,ab,kw,sh. OR during pregnancy.ti,ab,kw. OR prenatal exposure/ OR ((pregnancy/
OR pregnan*.ti,ab,kw. OR prenatal*.ti,ab,kw. OR fetal.ti,ab,kw. OR foetal.ti,ab,kw. OR
uter*.ti,ab,kw. OR antenatal*.ti,ab,kw. OR ante natal*.ti,ab,kw.) AND (exposure/ OR
expos*.ab,ti,kw. OR outcome*.ab,ti,kw. OR long term consequences.ti,ab,kw. OR follow
up.ti,ab,kw,sh. OR observation*.ab,ti,kw,sh.)) OR breast feeding/ OR breastfeeding.
ti,ab,kw. OR breast feeding.ti,ab,kw.
#2 Antiepileptic drugs
(Clonazepam.ti,ab,kw,sh. OR Klonopin.ti,ab,kw. OR Naze.ti,ab,kw. OR Rivotril.ti,ab,kw.
OR Ethosuximid*.ti,ab,kw,sh. OR Emeside.ti,ab,kw. OR Zarontin*.ti,ab,kw. OR Felbama*.
ti,ab,kw,sh. OR Felbatol.ti,ab,kw. OR Taloxa.ti,ab,kw. OR Lacosamid*.ti,ab,kw,sh. OR
Erlosamide.ti,ab,kw. OR Vimpat.ti,ab,kw. OR Levetiracetam*.ti,ab,kw,sh. OR LEV.
ti,ab,kw. OR Keppra.ti,ab,kw. OR Oxcarbazepin*.ti,ab,kw,sh. OR Trileptal.ti,ab,kw. OR
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Phenobarbit*.ti,ab,kw,sh. OR Fenobarbit*.ti,ab,kw. OR Luminal.ti,ab,kw. OR Retigabin*.
ti,ab,kw,sh. OR Rufinamid*.ti,ab,kw,sh. OR Primidon*.ti,ab,kw,sh. OR Liskantin.ti,ab,kw.
OR Mylepsinum.ti,ab,kw. OR Mysoline.ti,ab,kw. OR Prysoline.ti,ab,kw. OR Sertan.
ti,ab,kw. OR Vigabatrin*.ti,ab,kw,sh. OR Sabril.ti,ab,kw. OR Zonisamid*.ti,ab,kw,sh.)
OR ((exp anticonvulsive agent/ OR anticonvuls*.ti,ab,kw. OR anti-convuls*.ti,ab,kw.
OR anti-epilep*.ti,ab,kw. OR antiepilep*.ti,ab,kw. OR AED.ti,ab,kw. OR AEDs.ti,ab,kw.
OR Acetazolamid*.ti,ab,kw,sh. OR Diamox.ti,ab,kw. OR Carbamazepin*.ti,ab,kw,sh. OR
CBZ.ti,ab,kw. OR Equetro.ti,ab,kw. OR Tegretol.ti,ab,kw. OR Clobazam.ti,ab,kw,sh. OR
Frisium.ti,ab,kw. OR Onfi.ti,ab,kw. OR Ezogabin*.ti,ab,kw,sh. OR Gabapentin.ti,ab,kw,sh.
OR Gabarone.ti,ab,kw. OR Gabrion.ti,ab,kw. OR Gralise.ti,ab,kw. OR Neurontin.ti,ab,kw.
OR Hydantoin*.ti,ab,kw,sh. OR Lamotrigin*.ti,ab,kw,sh. OR LTG.ti,ab,kw. OR Lamitor.
ti,ab,kw. OR Lamictal.ti,ab,kw. OR Lamotragin*.ti,ab,kw. OR Nitrazepam*.ti,ab,kw,sh. OR
Arem.ti,ab,kw. OR Mogadon*.ti,ab,kw. OR Phenytoin*.ti,ab,kw,sh. OR PHT.ti,ab,kw. OR
Dilantin.ti,ab,kw. OR Diphantoin*.ti,ab,kw. OR Diphenylhydantoin.ti,ab,kw. OR Epanutin.
ti,ab,kw. OR Eptoin.ti,ab,kw. OR Fenytoin*.ti,ab,kw. OR Phenytek.ti,ab,kw. OR Sulthiam*.
ti,ab,kw,sh. OR Pregabalin*.ti,ab,kw,sh. OR Lyrica.ti,ab,kw. OR Tiagabin*.ti,ab,kw,sh.
OR Gabitril.ti,ab,kw. OR Topirama*.ti,ab,kw,sh. OR Topamax.ti,ab,kw. OR Valproic.
ti,ab,kw,sh. OR VPA.ti,ab,kw. OR Convulex.ti,ab,kw. OR Depakin*.ti,ab,kw. OR Depakote.
ti,ab,kw. OR Epilim.ti,ab,kw. OR Orfiril.ti,ab,kw. OR Stavzor.ti,ab,kw. OR Valparin.ti,ab,kw.
OR Valpro.ti,ab,kw. OR Valproat*.ti,ab,kw. OR Vilapro.ti,ab,kw.) AND (exp epilepsy/ OR
“seizure, epilepsy and convulsion”/ OR epilep*.ti,ab,kw. OR antiepilep*.ti,ab,kw. OR
anti-epilep*.ti,ab,kw. OR seizure/ OR seizure*.ti,ab,kw. OR convulsion/ OR convulsi*.
ti,ab,kw. OR epilepsy abstracts.ec.))
#3 Animal studies
NOT ((animal/ OR animal experiment/ OR animal model/ OR nonhuman/) NOT human/)
#4 Trials and research teams
NCT01730170.cn. OR NCT00021866.cn. OR NCT01097720.cn. OR NCT00353886.cn. OR
NCT00345475.cn. OR NEAD.ti,ab,kw,cn. OR MONEAD.ti,ab,kw,cn. OR RNEAD.ti,ab,kw,cn.
OR LMNDG.ti,ab,kw. OR “Liverpool and Manchester Neurodevelopment*”.ti,ab,kw.
((1 AND 2) NOT 3) OR 4

5.692 results (July 1, 2014)
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Google Scholar
(“maternal epilepsy” | “mothers with epilepsy” | “prenatal exposure” | breastfeeding)
(antiepileptics | anti-epileptics | anticonvulsants | anti-convulsants)
NCT01730170 | NCT00021866 | NCT01097720 | NCT00353886 | NCT00345475 |
“NEAD study group” | MONEAD | RNEAD | LMNDG | “Liverpool and Manchester
Neurodevelopment”
or
((“maternal epilepsy” | “mothers with epilepsy” | “prenatal exposure”) (antiepileptics
| anticonvulsants)) | (NCT00021866 | NCT00345475 | “NEAD study” | “Liverpool and
Manchester Neurodevelopment”)
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Neurocognition after prenatal levetiracetam,
lamotrigine, carbamazepine or valproate
exposure

This chapter is based on: Huber-Mollema, Y., van Iterson, L., Oort, F. J., Lindhout, D., & Rodenburg,
R. (2019). Neurocognition after prenatal levetiracetam, lamotrigine, carbamazepine or valproate
exposure. Manuscript submitted for publication.
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Abstract
Objective: To examine neurocognitive functioning of children exposed prenatally to
carbamazepine, lamotrigine, levetiracetam or valproate monotherapy.
Methods: In a prospective observational study, children aged six or seven years,
identified from the European Registry of Antiepileptic Drugs and Pregnancy database
in the Netherlands, were assessed using the Wechsler Intelligence Scale for Children
(WISC-III-NL) and the developmental neuropsychological assessment (NEPSY-II-NL).
Maternal IQ was measured using the Wechsler Adult Intelligence Scale (WAIS-III-NL).
The assessors were blinded to drug exposures.
Results: One hundred and sixty-one children (one set of twins and 21 sibling pairs)
of 139 mothers were included. As a group, children achieved average scores on
neurocognitive outcomes. Children exposed to valproate (n=22) performed lower on all
six neurocognitive domains, especially language, than those exposed to carbamazepine
(n=32), lamotrigine (n=82) or levetiracetam (n=25). After controlling for maternal IQ
and drug dose, the verbal IQ of valproate-exposed children was on average 9.1 points
lower than those exposed to carbamazepine (95% confidence interval [CI] 1.3 to 17.0;
p = 0.023), 10.3 lower than lamotrigine-exposed children (CI 3.4 to 17.3; p = 0.004)
and 13.4 lower than levetiracetam-exposed children (CI 5.2 to 21.6; p = 0.002). No
significant dose-effect was found. Virtually no significant differences were found
between lamotrigine and levetiracetam or lamotrigine and carbamazepine exposed
children.
Conclusions: Consistent with previous research, valproate-exposed children experienced
more problems compared to three other common antiepileptic drugs, while children
exposed to lamotrigine, carbamazepine or levetiracetam revealed little to no problems.
This illustrates the need for systematic follow-up of prenatally exposed children, to
support pre-pregnancy counseling and treatment decisions in women of reproductive
age.
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Introduction
Epilepsy affects up to 1% of the population1, and antiepileptic drugs (AEDs) are the main
treatment. About a third of people receiving AEDs are women of reproductive age2,
and women in three to four per 1,000 pregnancies take AEDs3. Treatment continuation
during pregnancy is a must for most women with active epilepsy4.
Knowledge of AED teratogenicity has increased in the past decade5,6. Children of
mothers with epilepsy are at higher risk of congenital malformations and, for a number
of maternal AEDs, these risks show a dose–effect relationship7. Increasing attention
has also been paid to the long-term neurocognitive and behavioral effects of prenatal
exposure to AEDs6. The greatest impact has been observed for valproate (VPA)5,6,8,9. As
this drug is associated with major malformations and neurocognitive effects it is no
longer routinely prescribed to women with child-bearing potential10, which has resulted
in increased use of newer AEDs such as lamotrigine (LTG) and levetiracetam (LEV)11,12. To
date, few or no effects on neurocognition have been found with carbamazepine (CBZ)
or LTG6,13. However, current available data on long-term development of prenatally
LTG exposed children is fairly limited, and even less is known about possible effects
of LEV8,14.
We examined neurocognitive functioning of children aged six or seven years,
prenatally exposed to monotherapy with CBZ, LTG, LEV or VPA. It was hypothesized that
children exposed to VPA would have impaired neurocognitive functioning compared
to children exposed to CBZ, LTG or LEV. In addition, LTG and LEV were exploratively
examined as these are first choice treatments for many women with epilepsy of
childbearing age.

Methods
Study design and participants
We collaborated with the European Registry of Antiepileptic Drugs and Pregnancy
(EURAP) to design the Dutch EURAP & Development study15. EURAP & Development is
a prospective observational study of children of mothers with epilepsy, with assessors
blinded to drug exposures. The current study is part of a larger longitudinal study in
which long-term effects of prenatal exposure to AEDs on neurocognitive and behavioral
development are investigated from a family perspective15.
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Participants were mother-child pairs identified from the EURAP-NL database in the
Netherlands, a national, single center pregnancy register that investigates the prevalence
of major congenital malformations following prenatal exposure to AEDs. Women are
enrolled by the EURAP-NL center through self-referral or by their health professional.
Recruitment occurs preferably within the first sixteen weeks of pregnancy – relevant
for the evaluation of major malformations – facilitating prospective information about
health and well-being during the pregnancy7. Mother-child pairs with risk factors (e.g.,
seizure occurrence, alcohol or nicotine use during pregnancy) assessed prenatally, after
delivery, or up until three years of age, were eligible. Inclusion criteria were maternal
CBZ, LTG, LEV or VPA monotherapy starting before conception and continuing during the
entire pregnancy, and the child aged between 6;0 and 7;11 years at the neurocognitive
assessment. Children were excluded if (1) the mother was unable to take care of the
child (e.g., lives in foster care), (2) the child has a known chromosomal/genetic syndrome
or prematurity (gestational age less than 37 weeks), or (3) there were factors other
than AED exposure which significantly modified child development, such that reliable
assessment was not possible.
As participants lived all across the Netherlands, the study was conducted at
different locations (e.g., Heemstede (epilepsy center SEIN), Amsterdam (University
of Amsterdam), Rotterdam, Zwolle and Groningen (outpatient clinics SEIN), Nijmegen
(Radboud University), Eindhoven (center for child psychiatry) and Heeze (epilepsy center
Kempenhaeghe)). If travel to one of the study locations was not possible, the child
assessment took place at home. All assessors (in total thirteen child psychologists,
including (and under supervision of) YH-M) were (video) trained and monitored
according to the test protocol, to ensure standardized procedures. Further detailed
information on procedures are provided in the study protocol15.

Measures
General information
Parents completed an online questionnaire on demographic information, developmental
milestones, school performance and additional educational needs.
Intelligence
Nine subtests of the Wechsler Intelligence Scale for Children (WISC-III-NL)16 were used to
assess child intelligence: picture completion; information; object assembly; similarities;
block design; comprehension; coding; symbol search and digit span. The WISC-III
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short form assesses full-scale IQ (FSIQ), verbal IQ (VIQ), performance IQ (PIQ) and the
processing speed index (PSI)17; parents completed the short form of the Wechsler Adult
Intelligence Scale (WAIS-III-NL)18 (seven subtests).
Attention and Executive Functioning
We used the subtests Auditory Attention, Response Set, Inhibition, Statue, and Design
Fluency of the developmental neuropsychological assessment (NEPSY-II-NL)19, which
allows the measurement of subcomponents of attention and executive functions. These
are: inhibition of learned and automated responses; monitoring and self-regulation;
alertness, selective and sustained attention; ability to establish maintain and change
responses; nonverbal problem solving, planning and organizing a complex response; and
production of patterns . In contrast to the first edition of the NEPSY, NEPSY-II-NL does
19

not include a visual attention task. We therefore used the Visual Sky Search task of the
Test of Everyday Attention for Children (Tea-CH)20. With this task the child is asked to
search an A3 sheet with numerous pairs of spaceships which are randomly distributed
and to try to circle as many pairs of identical spaceships as quickly as possible.
Language Skills
From the Language domain of the NEPSY-II-NL we assessed Speeded Naming,
Comprehension of Instructions and Word Generation. These subtests measure fast
semantic access to, and production of, words (e.g. names of colors, shapes, or sizes);
the ability to receive, process, and execute oral instructions of increasing complexity;
and verbal productivity through the ability to generate words within specific semantic
categories19. We used the Peabody Picture Vocabulary Test (PPVT-III-NL) to measure
vocabulary21. Verbal fluency was assessed with the Lindeboom22. This is a short
confrontational naming task where the child is asked to name rapidly 15 common
pictures. The time score is used as outcome measure, with shorter times indicating
better performance. To measure phonological processing (not included in the NEPSY-IINL), we applied two short language tasks: Auditory Synthesis23 and Phoneme Deletion24.
Memory and Learning
Short and long-term memory were measured with Memory for Faces, Memory for Faces
Delayed, Memory for Names, Memory for Names Delayed and Narrative Memory of
the NEPSY-II-NL. The subcomponents that were assessed included: encoding of facial
features, as well as face discrimination and recognition; the ability to learn names of
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children; and the ability to remember organized verbal material, under free recall, cued
recall and recognition conditions19.
Fine Motor Skills
From the Sensorimotor domain of the NEPSY-II-NL Fingertip Tapping, Imitating
Hand Positions and Visuomotor Precision were measured for fine motor skills. The
subcomponents that were assessed included the ability to imitate hand positions, to
produce repetitive and sequential finger movements and to use a pencil with speed
and precision19. Handedness was observed during the assessment.
Visuospatial Skills
From the Visuospatial Processing domain of the NEPSY-II-NL, Arrows and Design Copying
were used to measure visuospatial skills. The subcomponents that were assessed
included the ability to judge line orientation and the ability to copy two-dimensional
geometric figures with paper and pencil19.

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
neurocognitive development and the frequency of additional educational needs. All
neurocognitive measures are standardized by age of the child based on population
norms from the different test manuals. Some raw scores of the NEPSY-II-NL are originally
standardized as percentile scores19. To facilitate interpretation, all NEPSY-II-NL scores
were transformed to standard scores with mean 10 and standard deviation 3. Scores
between 8 and 12 are considered average; scores of 7 or lower are interpreted as below
average and scores of 12 or higher as above average. IQ scores (WISC-III-NL; PPVT-IIINL) have an average of 100, with scores lower than 90 interpreted clinically as below
average and scores of 110 and higher classified as above average25. In line with DSM
classifications, the statistical cut-off score of < 85 is used for percentage of children
with below average intelligence26.
We performed multiple regression analyses for each neurocognitive outcome to test
the hypothesis that VPA-exposed children have impaired neurocognitive functioning
compared to those exposed to the other AEDs. As LTG was the largest group, and
as we also wanted to make a comparison between LTG- and LEV-exposed children
(as first choice treatments for many women with epilepsy of childbearing age) and
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between LTG- and CBZ-exposed children, we performed additional analyses with LTG
as reference group. As our sample also included a number of siblings, we conducted
multilevel regression analyses to account for within family dependencies.
Potential confounders were selected by assessing their relationships with the
medication and outcome variables (through ANOVA with post hoc Tukey tests, KruskalWallis, Chi-square, Fisher’s exact tests and Pearson correlations). 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; presence or absence of congenital malformations and
time of inclusion in the EURAP-NL database (Table 1). Variables showing a relationship
(p < 0.15) with medication and outcome measure, or that were expected to influence
child development (e.g., maternal IQ) were entered one by one, each into a separate
multiple regression analysis. Variables related to AED use were maternal age at delivery,
gestational age, age at assessment, epilepsy type, alcohol use during the first trimester,
nicotine use during each trimester, and presence of congenital malformations. As these
variables were not found to be related to the outcome measure, we included only
maternal IQ in the multiple regression analyses (see bivariate correlations between
potential confounders and cognitive outcome measures in Table 1a). AED exposure type
was entered into the model, with the VPA-exposed group as the reference group. To
enable additional comparisons, we repeated the analyses with the LTG-exposed group
as group of reference.
Dose effect was included in the regression analyses as the percentage relative to
the median group AED dose [100 x ((dose first trimester– median group AED dose) /
median group AED dose)]. An interaction term between AED type and dose (e.g., VPA
dose) was also included separately in the regression models. Correlation analyses were
used to examine relationships between AED dose (CBZ, LTG, LEV, VPA) and outcome
measures. We examined relationships with first trimester as well as third trimester dose.
Analyses were conducted with all available scores on the outcome variables,
without imputation for missing data on outcome variables. Specific neurocognitive
scores were missing on two children in the VPA-exposed group, since we only obtained
information from their parents. Both children had previously been assessed within a
clinical setting; we therefore included IQ scores based on the psychological report and
parent information from the online questionnaire. For one mother without IQ scores,
we used the average IQ in her education group.
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We performed sensitivity analyses with only one child from each family (the firstborn child within the study) and with only the children included in EURAP-NL before
16 weeks of gestation to avoid possible bias.

Standard Protocol Approvals, Registration, and Consent
The study was approved by the Medical Ethics Committee of the Academic Medical
Center (AMC: NL 45505.018.13). Prior to enrollment of the first participant, the study
was registered in the Dutch trial register (www.trialregister.nl: NTR4800). Parents
provided written consent for themselves and the child.

Data Availability
The study protocol is available on PsyArXiv, doi: 10.17605/OSF.IO/B8DYJ. Anonymized
data will be restrictedly available after project completion from the corresponding
author on reasonable request by a qualified investigator.
Table 1. Group demographic information by antiepileptic exposure group
Sample size

VPA

CBZ

LTG

LEV

22

32

82

25

p value

Maternal characteristics: epilepsy and pregnancy information
AED daily dose 1st trimester,
mg/day mean (range min max)

913.6
656.3
(500-1500) (200-1400)

277.4
(50-600)

1120.0
(250-3000)

AED daily dose 3rd trimester,
mg/day mean (range min max)

940.9
656.3
334.2
(500-1500) (200-1600) (50-1000)

1150.0
(250-2500)

Dose changes, n (%),
increased / decreased

NA

3 (14%)
2 vs 1

3 (9%)
2 vs 1

50 (61%)
49 vs 1

6 (24%)
4 vs 2

33 (3)

32 (5)

31 (4)

32 (4)

.018a

╞ Maternal FSIQs, mean (SD)
VIQs, mean (SD)
PIQs, mean (SD)

103 (14)
102 (13)
104 (9)

100 (17)
100 (16)
100 (10)

104 (14)
102 (13)
104 (9)

108 (15)
105 (13)
106 (11)

.287a
.548a
.125a

╞Maternal education, n (%) higher
education

12 (60%)

14 (47%)

41 (61%)

14 (70%)

.720b

Folate supplementation, n (%) yes†

19 (91%)

23 (77%)

67 (82%)

21 (84%)

.693c

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

3 (14%)
1 (5%)

3 (9%)
1 (3%)

26 (32%)
8 (10%)

4 (16%)
0

.036c
.369c

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

6 (27%)
3 (14%)

3 (9%)
0

3 (4%)
2 (2%)

1 (4%)
1 (4%)

.007c
.064c

Maternal age at birth of baby, mean
(SD)
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Table 1. Continued
VPA

CBZ

LTG

LEV

22

32

82

25

Maternal epilepsy type, n (%)
generalized
localization-related
unknown

16 (73%)
4 (18%)
2 (9%)

2 (6%)
28 (88%)
2 (6%)

22 (27%)
52 (63%)
8 (10%)

9 (36%)
15 (60%)
1 (4%)

.000c

Tonic-clonic seizures, n (%) yes

2 (9%)

5 (16%)

14 (17%)

4 (16%)

.843b

Breastfeeding, n (%) yes

5 (23%)

12 (38%)

18 (22%)

4 (16%)

.261c

║Paternal FSIQ, mean (SD)
VIQs, mean (SD)
PIQs, mean (SD)

108 (13)
103 (16)
104 (9)

104 (14)
104 (12)
102 (10)

111 (13)
110 (13)
105 (9)

113 (11)
113 (16)
106 (4)

.192a
.120a
.429a

║Paternal education, n (%) higher
education

11 (55%)

10 (33%)

43 (63%)

13 (62%)

.178b

Age at assessment, mo, mean (SD)

81.5 (6.2)

81.0 (6.1)

82.7 (7.7)

78.2 (5.6)

.051a

Gestational age, wk, mean (SD)

40.6 (1.3)

39.9 (1.4)

40.0 (1.1)

40.3 (1.1)

.089a

Child sex, n (%) male

11 (50%)

15 (47%)

42 (51%)

15 (60%)

.804b

Congenital malformations, n (%) yes

5 (23%)

4 (13%)

4 (5%)

1 (4%)

.043c

Sample size

p value

Paternal characteristics

Child characteristics

Sibling, n (%) yes

2 (9%)

1 (3%)

14 (17%)

4 (16%)

14 (64%)
6 (27%)
2 (9%)

22 (69%)
6 (19%)
4 (13%)

62 (76%)
11(13%)
9 (11%)

19 (76%)
3 (12%)
3 (12%)

.812 b

Special education, n (%)

2 (9%)

0 (0%)

3 (4%)

0 (0%)

.227c

Repeating a year of school, n (%)

4 (18%)

3 (9%)

9 (11%)

1 (4%)

.491c

Additional educational needs, n (%)

8 (36%)

5 (16%)

11 (13%)

3 (12%)

.099c

Developmental delay, n (%)

7 (32%)

4 (13%)

8 (10%)

3 (12%)

.088c

Physiotherapy, n (%)

10 (46%)

9 (28%)

21 (26%)

7 (28%)

.347c

Speech therapy, n (%)

7 (32%)

11(34%)

24 (29%)

4 (16%)

.447c

Inclusion moment EURAP-NL, n (%)
before 16th week pregnancy
between 16th week and birth after
birth
Parental report of child needs

Abbreviations: AED= antiepileptic drug, VPA= valproate, CBZ= carbamazepine, LTG= lamotrigine,
LEV=levetiracetam. TIQs = estimated total intelligence, VIQs= estimated verbal intelligence,
PIQs = estimated performance intelligence.
a
Analysis of variance (continuous data), bChi-square, cFisher exact (dichotomous data), ╞ 139
mothers. One mother without IQ scores. † 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. ║ 139 fathers of which 85 with IQ scores.

3

98

Chapter 3

Table 1a. Bivariate correlations between potential confounders (a - p) and cognitive outcome measures
VIQ

PIQ

FSIQ

PSI

a. Maternal IQ

,389

,257

,382

,300**

b. Type of maternal epilepsy

-,016

,035

,010

-,019

c. Tonic-clonic seizures during pregnancy

,093

,028

,074

-,045

d. Use of periconceptional folic acid

-,013

,047

,016

,001

e. Alcohol exposure during first trimester

-,052

-,047

-,057

-,042

**

**

**

f. Alcohol exposure during second or third trimester

-,065

-,020

-,045

-,033

g. Nicotine exposure during first trimester

-,083

-,087

-,103

,016

h. Nicotine exposure during second or third trimester

-,122

-,121

-,145

-,103

i. Breastfeeding

-,126

-,049

-,109

-,072

j. Maternal age at delivery

-,012

,017

,002

,007

k. Maternal education

,384

,294

,404

,249**

l. Gestational age

,077

,022

,055

,094

m. Gender

-,041

-,037

-,046

,101

n. Age at assessment

-,029

,055

,018

-,051

o. Presence or absence of congenital malformations

-,124

-,167*

-,175*

-,344**

p. Time of inclusion in the EURAP-NL database

,055

,100

,089

-,006

**

**

**

Cognitive outcome measures: VIQ = verbal intelligence, PIQ = performance intelligence, FSIQ = full
scale intelligence, PSI = processing speed index.
Potential confounders: a. Maternal IQ measured with WAIS-III-NL; b. generalized epilepsy (yes, no,
dichotomous); c. Tonic-clonic seizures during pregnancy (yes, no, dichotomous); d. Periconceptional
use of folic acid (yes, no dichotomous); e. Alcohol use during first trimester ((yes, no dichotomous);
f. Alcohol use during second or third trimester (yes, no dichotomous); g. Nicotine use during
first trimester (yes, no dichotomous); h. Nicotine use during second or third trimester (yes, no
dichotomous); i. Breastfeeding (yes, no dichotomous); j. Maternal age at delivery (years, interval); k.
Maternal education: higher educated (yes/no, dichotomous); l. Gestational age (weeks, interval); m.
Gender (boy, girl, dichotomous); n. Age of child at time of study (months, interval); o. Presence or
absence of congenital malformations (yes, no dichotomous); p. Time of inclusion, prospective (yes,
no, dichotomous). * p < .05 ** p < .01

Results
Participants
405 Invitations to participate were sent with 173 positive responses received (42.9%).
117 families declined participation (28.9%), and 126 did not respond (31.3%) (Figure 1).
Between January 2015 and February 2018 one hundred and sixty-one children of 139
mothers (one pair of twins and 21 pairs of siblings) were included for this neurocognition
study (mean age 82 months; range 72-97 months – one child was 8;1 years at assessment
because of a rescheduled appointment). This was approximately 40% of the original
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mother-child pairs who participated in EURAP-NL. The inclusion rate per AED was VPA
37%, CBZ 28%, LTG 51%, and LEV 36%.
Figure 1. Flowchart inclusion Dutch EURAP & Development study

3

For the outcome variables there were few missing values (Table 2 and 3). Extra
tasks to the test protocol (Design Fluency, Word Generation, Visual Attention, and
Phonological Processing) were not assessed in all children, due to lack of time or
motivation. Some tasks were available only for certain ages (Statue and Auditory
Synthesis at 6 years only; Phoneme Deletion from 6½ years).
Children from the four AED-exposed groups were comparable across most
demographic variables (Table 1). Significant differences were found in children exposed
to nicotine in the first trimester, with highest rates seen for children from the VPAexposed group (27%). The mothers of children exposed to VPA were also slightly
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but significantly older at the child’s birth. Mothers who used LTG were significantly
more likely to have consumed alcohol during the first trimester (32%). Epilepsy type
differed significantly between groups. Mothers who used VPA significantly more often
had generalized epilepsy (73%) while mothers who used CBZ significantly more often
had focal epilepsy (88%). Children who were exposed to VPA had significantly more
congenital malformations (23%) than those who were exposed to CBZ (13%), LTG (5%)
or LEV (4%).
Parent-reports showed that the majority of children attended mainstream schools
(Table 1). Many children, however, received additional support at school, speech
therapy, or physiotherapy. VPA exposed children tended to have higher frequencies of
additional educational needs (36%) but this was not significant (p = .099, Fisher test).
No significant differences were found for rates of children with developmental delay
according to type of AED, as per parent reported (p = .088, Fisher test).

The nature and severity of neurocognitive development
Across the AED groups, VPA-exposed children had the lowest unadjusted mean scores
for Full Scale intelligence (FSIQ), Verbal intelligence (VIQ) and Processing Speed (PSI)
(Table 2), and across most specific neurocognitive domains (Table 3).
Compared to the norms, all children generally scored within the average range on
neurocognitive outcome measures, except for VPA-exposed children, who performed
below average on the tasks of Statue and Memory for Names Delayed. VPA-exposed
children and LEV-exposed children also performed below average on Speeded Naming
(total correct) and Visuomotor Precision (total errors). CBZ-exposed children performed
below average on Visuomotor Precision (time score). On other outcome measures
children performed at least low on average (standard score 8) and sometimes above
average (Table 2 and 3).
Children exposed to VPA scored lower on verbal intelligence. The mean score
on verbal IQ is average but the distribution of verbal IQ scores appears somewhat
shifted to the left, indicating overall lowered scores when contrasted to the other
AED groups (Figure 2). Similar distributions were found for the other neurocognitive
outcome measures. LEV-exposed children scored above average on verbal intelligence,
comprehension of instructions and vocabulary.
Because maternal IQ is an important confounder for child IQ, we also calculated
outcome variable means adjusted for maternal IQ, but this gave similar results (Table
2a). Adjusted verbal IQ was for VPA 100.5 (SE 2.9; 95% CI 94-106), for CBZ 107.9 (SE

161

161

153

VIQ

PIQ

PSI

107.4 (18.6) 72-143 3 (14.3)

105.3 (17.0) 77-140 3 (13.6)

100.6 (14.9) 70-126 4 (18.2)
108.7 (12.1) 75-137 1 (3.3)

102.8 (15.5) 62-127 4 (12.5)

106.2 (14.2) 86-138 0 (0)

105.3 (13.7) 70-125 3 (9.4)

M (SD) range No.(%)<85

M (SD) range No. (%)<85

103.2 (14.8) 73-138 1 (4.5)

CBZ (32)

VPA (22)

111.0 (14.4) 75-140 3 (3.9)

106.0 (14.9) 77-146 6 (7.3)

109.7 (15.7) 64-150 6 (7.3)

109.2 (15.0) 71-148 3 (3.7)

M (SD) range No.(%)<85

LTG (82)

p Value
.188a
.014a
.796a
.722a

M (SD) range No.(%)<85
110.8 (14.8) 77-136 1 (4.0)
114.0 (13.1) 88-140 0 (0)
104.4 (14.8) 73-129 3 (12.0)
111.2 (16.7) 69-142 1 (4.0)

LEV (25)

161

161

153

VIQ

PIQ

PSI

Mean (SE) 95% CI

Mean (SE) 95% CI

107.8 (3.1) 102-114

105.2 (3.2) 99-111

100.5 (2.9) 95-106

103.1 (2.9) 97-109

109.9 (2.6) 105-115

104.0 (2.6) 99-109

107.9 (2.5) 103-113

106.9 (2.4) 102-112

a

CBZ (32)

a

VPA (22)

110.8 (1.6) 108-114

105.9 (1.6) 103-109

109.6 (1.5) 107-113

109.1 (1.5) 106-112

Mean (SE) 95% CI
a

LTG (82)

109.8 (2.9) 104-116

103.3 (3.0) 97-109

112.3 (2.9) 107-118

109.2 (2.8) 104-115

Meana (SE) 95% CI

LEV (25)

Note. WISC-III-NL16 = Wechsler Intelligence Scale for Children-third edition, FSIQ= full scale intelligence, VIQ= verbal intelligence, PIQ= performance intelligence,
PSI= processing speed index. VPA= valproate, CBZ= carbamazepine, LTG= lamotrigine, LEV=levetiracetam. a Means are adjusted for maternal IQ (mean 104.65).
SE = standard error, CI = confidence interval

161

FSIQ

WISC-III-NL Sample
size

Table 2a. Adjusted means of full scale, verbal and performance intelligence and processing speed

Note. WISC-III-NL16 = Wechsler Intelligence Scale for Children-third edition, FSIQ= full scale intelligence, VIQ= verbal intelligence, PIQ= performance intelligence,
PSI= processing speed index. VPA= valproate, CBZ= carbamazepine, LTG= lamotrigine, LEV=levetiracetam. M = mean, SD = standard deviation. Means are
unadjusted for covariates. Test mean is 100 with a standard deviation of 15. IQ below 85 is classed as a below average performance.
a
Analysis of variance (normal distribution)

161

FSIQ

WISC-III-NL Sample
size

Table 2. Means and standard deviations of full scale, verbal and performance intelligence and processing speed, and percentage of children scoring below 85, by
AED group
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2.5; 95% CI 103-113), for LTG 109.6 (SE 2.5; 95% CI 107-113), and for LEV 112.3 (SE 2.8;
95% CI 107-118).
LEV-exposed children frequently had a disharmonic profile – meaning a significant
difference of more than 16 points between VIQ and PIQ – in favor of verbal skills (seven
had VIQ > PIQ vs one who had VIQ < PIQ). In VPA-exposed children it was the opposite
with more disharmonic profiles in favor of performance skills (two VIQ > PIQ vs four
VIQ < PIQ). For CBZ- and LTG-exposed children this was more evenly distributed (six vs
five and 20 vs 10 respectively).
Table 3. Means and standard deviations by AED group for specific neurocognitive outcomes
NEPSY-II-NLa, Tea-CHa,
PPVT-III-NLb, Lindebooma

Sample
size

VPA (20)

CBZ (32)

LTG (82)

LEV (25)

p value

Auditory Attention p

157

9.8 (2.2)

9.8 (2.7)

9.4 (2.6)

9.9 (2.4)

.790 f

Response Set p

148

8.3 (3.1)

8.9 (2.5)

9.1 (2.2)

9.2 (2.8)

.762 f

Inhibition – Naming total errorsp

156

8.5 (2.3)

8.6 (2.4)

8.8 (2.3)

9.3 (2.5)

.526 f

Inhibition – Naming time score

156

9.9 (3.1)

11.0 (2.3)

11.4 (2.1)

11.5 (2.4)

.069 d

Inhibition – Inhibition total errors p

156

8.5 (2.2)

8.8 (2.4)

8.9 (2.5)

9.5 (2.2)

.593 f

Inhibition – Inhibition time score

156

8.2 (2.5)

8.9 (2.3)

8.9 (1.8)

9.1 (1.9)

.501f

117

6.8 (2.0)

8.6 (2.5)

9.0 (3.2)x

8.6 (2.9)

.052 f

100

9.2 (3.1) x

11.1 (3.5) x

11.2 (3.1) x

11.4 (3.2) x

.234d

102

11.1 (3.4)

11.7 (3.1)

11.3 (2.6)

10.4 (3.1)

.610 d

Comprehension of Instructions

157

9.2 (2.1)

10.6 (2.3)

11.2 (3.0)

12.0 (3.5)

.004 e

Speeded Naming time score p

155

8.2 (2.7)

9.2 (2.5)

9.3 (2.4)

9.4 (2.5)

.313 f

Speeded Naming total correct p

155

7.2 (3.1)

8.6 (3.3)

7.8 (3.2)

.190 f

Word Generation

118

8.9 (2.9)

10.0 (3.1)

10.7 (3.2)

.075 d

Verbal fluency a - time score

157

9.7 (4.6)

8.5 (4.3)

11.1 (4.4)

10.3 (4.6)

.048 d

Vocabulary - WBQ

157

105.7
(11.3)

110.1
(10.8)

111.0
(13.2)

114.9 (9.8)

.105 d

Auditory Synthesisc

75

7.3 (1.5) x

7.0 (2.0) x

8.3 (1.8) x

.118 d

Phoneme Deletion

46

9.7 (4.1)

10.3 (2.9)

9.8 (1.5)

.857 d

Memory for Faces

158

9.2 (4.0)

11.3 (3.4)

10.6 (2.6)

9.9 (3.5)

.211e

Memory for Faces Delayed

157

10.6 (4.7)

12.1 (3.0)

11.2 (2.5)

11.6 (2.7)

.427 e

Memory for Names

155

8.8 (3.0)

8.7 (2.7)

8.9 (2.7)

9.8 (2.9)

.448 d

Memory for Names Delayed

155

7.7 (3.9)

8.1 (3.6)

8.1 (3.7)

8.8 (4.5)

.778 d

Narrative Memory-free and cuedp

156

9.2 (2.2)

9.1 (2.4)

9.4 (2.2)

9.5 (2.4)

.852 f

Attention and Executive Functioning

p

Statue p
Design Fluency
Visual Attention

a

x

x

Language Skills

b

a

x

8.7 (3.1)
x

10.9 (2.5)

x

7.2 (2.0) x
x

10.6 (2.4)

x

x

Memory and Learning
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Table 3. Continued
NEPSY-II-NLa, Tea-CHa,
PPVT-III-NLb, Lindebooma

Sample
size

VPA (20)

CBZ (32)

LTG (82)

LEV (25)

p value

Imitating Hand Positions

155

10.6 (3.0)

11.2 (3.0)

11.1 (2.5)

11.5 (3.2)

.762 d

Fingertip Tapping-repetition DH

154

12.0 (1.2)

12.4 (1.3)

11.9 (2.0)

12.2 (1.9)

.556 f

Fingertip Tapping-repetition NDH

154

11.7 (1.3)

11.7 (1.1)

11.5 (1.9)

11.8 (1.4)

.946 f

Fingertip Tapping-series DH

151

9.0 (3.3)

10.5 (1.7)

10.6 (2.1)

10.6 (2.2)

.201 f

Fingertip Tapping-series NDH p

151

8.4 (3.2)

9.6 (2.3)

9.3 (2.3)

9.4 (2.5)

.624 f

Visuomotor Precision time score p

157

9.1 (2.6)

7.9 (2.5)

8.0 (2.6)

8.8 (2.6)

.245 f

Visuomotor Precision total errors

157

6.5 (2.6)

8.4 (2.1)

8.7 (2.5)

7.5 (2.3)

.004 f

Arrows

155

11.1 (3.8)

12.2 (3.3)

12.5 (3.1)

12.3 (3.0)

.358 d

Design Copyingp

156

8.3 (2.5)

9.3 (2.2)

9.2 (1.9)

9.0 (2.2)

.293 d

Fine Motor Skills

p

Visuospatial Skills

Note. NEPSY-II-NL19 = developmental neuropsychological assessment – second edition. Tea-CH 20 = Test
of Everyday Attention for Children. PPVT-III-NL 21 = Peabody Picture Vocabulary Test – third edition.
Lindeboom22 - verbal fluency task. Auditory Synthesis from “language test for children”23. Phoneme
Deletion from “Dyslexia Screening Test”24. VPA= valproate, CBZ= carbamazepine, LTG= lamotrigine,
LEV=levetiracetam. Means are unadjusted for covariates. DH = dominant hand, NDH = non-dominant
hand. a Test mean is 10 with a standard deviation of 3. Standard score 8-12 is average. b Test mean is 100
with a standard deviation of 15. IQ scores between 90 and 110 are interpreted as average. c Decile scores.
d
Analysis of variance (normal distribution). e Welch (no homogeneous group). f Kruskal Wallis (skewed).
p
Original percentile score, converted to standard scores19; standard score between 8 and 12 are average.
x
More than 25% missing.

Figure 2. Distribution of verbal IQ scores of exposed children across the four AED groups
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Comparison between children exposed to different antiepileptic drug types
After controlling for maternal IQ, standardized dose and VPA-dose, multiple regression
analyses showed that VPA-exposed children scored significantly lower on FSIQ than
those exposed to LTG, and significantly lower on VIQ than CBZ-, LTG-, and LEV-exposed
children. No significant differences were found for PIQ or PSI (Table 4).
On specific neurocognitive domains, VPA-exposed children performed significantly
lower on the following sub-scores of Attention and Executive Functions: [Statue: VPA <
CBZ, LTG, LEV; Inhibition Naming (time score): VPA < CBZ, LTG, LEV; Design Fluency: VPA
< LTG], Language Skills [Comprehension of Instruction: VPA < CBZ, LTG, LEV; Speeded
Naming (total correct): VPA < LTG; Word Generation: VPA < LTG; Vocabulary: VPA <
LEV], Memory and Learning [Memory for Faces and Memory for Faces Delayed: VPA <
CBZ], Fine Motor Skills [Fingertip tapping series dominant hand: VPA < LTG; Visuomotor
Precision (total errors): VPA < CBZ, LTG], and Visuospatial Skills [Arrows: VPA < LTG;
Design Copying: VPA < CBZ and LTG] (Table 5).
Additional analyses with LTG-exposed group as reference and maternal IQ,
standardized dose and LTG dose as confounders, revealed virtually no significant
differences between children exposed to LTG and LEV or LTG and CBZ (Table 6). LTGexposed children only performed significantly better than LEV-exposed children
on Visuomotor Precision (total errors; -1.3, CI -2.4 to -0.2, p = .022) and achieved a
significantly higher score on the Verbal Fluency task (Lindeboom) compared to children
exposed to CBZ (-2.3, CI -4.2 to -0.4, p = .017).

Antiepileptic drug dose
For children exposed to LEV, LTG or CBZ no dose-effect was found. The effect of VPA
dose was significant for a number of outcome measures (Statue (p = 0.032), Phoneme
Deletion (p = 0.017), Memory for Names (p = 0.032), Memory for Names Delayed
(p = 0.029) and Narrative Memory (p = 0.025)). The association between child IQ
and VPA-dose was nonsignificant. It made no difference whether we examined first
trimester dose or third trimester dose, for both we found no significant relationship
between neurocognitive outcome measures and dose.

10.3 (3.5)

13.4 (4.2)

0.4 (0.1)

LTG

LEV

Maternal IQ

-0.02 to 0.05

0.3 to 0.6

5.2 to 21.6

3.4 to 17.3

1.3 to 17.0

38.7 to 73.0

95% CI

VIQ

.417

.000**

.002**

.004**

.023*

.000

p Value

-0.01 (0.02)

0.3 (0.08)

-0.6 (4.5)

2.3 (3.8)

0.1 (4.3)

75.2 (9.4)

B (SE)

-0.05 to 0.03

0.1 to 0.4

-9.5 to 8.3

-5.3 to 9.8

-8.3 to 8.6

56.7 to 93.7

95% CI

PIQ

.677

.001**

.901

.551

.973

.000

p Value

0.005 (0.02)

0.4 (0.08)

7.7 (4.1)

7.5 (3.5)

5.6 (3.9)

60.3 (8.6)

B (SE)

0.2 to 0.5

-3.3 to 13.5

-0.01 (0.01) -0.05 to 0.02

.774

-0.03 to 0.04

-3.9 to 13.6

4.9 (4.4)
0.3 (0.08)

.064†

6.3 (3.8)

.033*
.000**

-1.1 to 13.7

5.1 (4.2)

.157

53.6 to 90.2

71.9 (9.2)

.000

95% CI

PSI
B (SE)

p Value

0.2 to 0.5

-0.4 to 15.8

0.6 to 14.4

-2.2 to 13.4

43.3 to 77.3

95% CI

FSIQ

.476

.000**

.275

.097†

.229

.000

p Value

VPA Dose
-0.2 (0.1)
-0.5 to 0.02
.071
-0.1 (0.1)
-0.4 to 0.1
.284
-0.2 (0.1)
-0.4 to 0.3
.081
-0.2 (0.1)
-0.5 to 0.02
.065
Note. WISC-III-NL: Wechsler intelligence scale for children third edition; VIQ: verbal intelligence; PIQ: performance intelligence; FSIQ: Full Scale intelligence; PSI:
processing speed index; VPA: valproate; CBZ; carbamazepine; LTG: lamotrigine; LEV: levetiracetam. Dose was standardized based on the formula: [100 x ((dose 1st
trimester– median AED dose) / median AED dose)].
B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.
†<.10 *p < 0.05 ** p < 0.01

0.02 (0.02)

9.1 (4.0)

Dose

55.9 (8.7)

CBZ

B (SE)

Constant

WISC-III-NL

Table 4. Multiple regression analyses of intelligence outcomes with VPA as reference group
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0.05 (0.01)

LEV

Maternal IQ

2.2 (1.7)

1.7 (0.8)

Constant

CBZ

B (SE)

0.002 (0.02)

VPA Dose

95% CI

-0.04 to 0.04

-0.006 to 0.006

-0.02 to 0.03

-0.7 to 2.2

-1.0 to 1.4

-1.3 to 1.4

5.1 to 11.1

0.1 to 3.3

-1.2 to 5.7

95% CI

Comprehension of
Instruction

0.004 (0.01)

0.000 (0.003)

0.7 (0.7)

LEV

Dose

0.2 (0.6)

LTG

Maternal IQ

0.04 (0.7)

CBZ

B (SE)

8.1 (1.5)

-0.03 to 0.06

Inhibition –
naming total errors

0.01 (0.02)

Constant

VPA Dose

-0.006 to 0.006

0.02 to 0.08

-1.7 to 1.3

-1.7 to 0.8

-1.2 to 1.6

1.3 to 7.6

95% CI

Auditory Attention

-0.001 (0.003)

-0.2 (0.8)

LTG

Dose

0.2 (0.7)

-0.4 (0.6)

CBZ

4.4 (1.6)

Constant

B (SE)

.033*

.201

p Value

.921

.962

.745

.314

.731

.957

.000

p Value

.597

.994

.000**

.826

.494

.780

.006

p Value

B (SE)

1.2 (0.7)

4.4 (1.6)

B (SE)

-0.02 (0.02)

0.001 (0.03)

0.04 (0.01)

1.4 (0.7)

1.5 (0.6)

1.3 (0.7)

5.2 (1.5)

-0.02 to 0.07

-0.008 to 0.005

0.03 to 0.08

-1.0 to 1.9

-0.7 to 1.8

-0.9 to 2.0

0.02 to 6.2

95% CI

Response Set

95% CI

-0.2 to 2.6

1.3 to 7.5

.381

.747

.001**

.049*

.011*

.046*

.000

p Value

.264

.572

.000**

.546

.385

.445

.049

p Value

0.03 (0.02)

.093†

.005

p Value

2.1 (1.0)

2.5 (0.8)

2.3 (0.9)

3.6 (2.1)

B (SE)

1.8 (0.9)

4.0 (2.0)

B (SE)

-0.009 (0.02)

0.005 (0.003)

0.01 (0.01)

0.8 (0.7)

0.1 (0.6)

0.3 (0.7)

7.0 (1.5)

B (SE)

-0.1 to -0.005

-0.005 to 0.01

-0.01 to 0.06

0.1 to 4.1

0.8 to 4.1

0.5 to 4.2

-0.5 to 7.7

95% CI

Statue

-0.04 to 3.6

.667

.085

.282

.250

.815

.707

.000

0.07 (0.02)

1.9 (1.2)

2.0 (1.0)

2.1 (1.1)

2.3 (2.5)

B (SE)

.055†

.053

1.5 (0.9)

3.3 (2.0)

B (SE)

-0.01 (0.02)

-0.06 to 0.08

-0.02 to 0.004

0.02 to 0.1

-0.5 to 4.2

0.04 to 4.0

-0.1 to 4.4

-2.6 to 7.2

95% CI

Design Fluency

-0.3 to 3.3

-0.7 to 7.2

95% CI

Word Generation

-0.05 to 0.02

-0.001 to 0.009

-0.003 to 0.04

-0.4 to 2.1

-0.4 to 1.7

-0.4 to 1.9

3.6 to 8.6

95% CI

Inhibition –
inhibition time score

0.004 (0.003)

0.02 (0.01)

0.8 (0.6)

0.6 (0.5)

0.8 (0.6)

6.1 (1.3)

B (SE)

0.006 (0.04)

-0.006 (0.005)

p Value

p Value

.032*

.468

.152

.037*

.004*

.016*

.082

p Value

-0.05 to 8.0

95% CI

Speeded Naming
total correct

-0.05 to 0.03

-0.001 to 0.01

-0.01 to 0.04

-0.6 to 2.3

-1.1 to 1.4

-1.1 to 1.6

4.0 to 10.0

95% CI

Inhibitioninhibition total errors

-0.06 (0.03)

0.003 (0.004)

Language Skills
Speeded Naming
time score

-0.06 to 0.02

-0.005 to 0.007

0.02 to 0.07

0.01 to 2.8

0.4 to 2.7

0.03 to 2.6

2.4 to 8.1

95% CI

Inhibition –
naming time score

0.03 (0.02)

-0.002 (0.003)

0.05 (0.01)

0.5 (0.8)

0.6 (0.6)

0.5 (0.7)

3.1 (1.6)

B (SE)

Attention and Executive functioning

Table 5. Multiple regression analyses of specific neurocognitive outcomes with VPA as reference group

.109

.105

p Value

.447

.119

.082

.171

.229

.187

.000

p Value

.861

.262

.003**

.115

.046*

.064†

.352

p Value
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Maternal IQ

0.6 (1.3)

LEV

1.2 (0.8)

0.4 (0.9)

LTG

LEV

-0.1 to 0.06

-0.02 to 0.007

0.01 to 0.1

-2.1 to 3.2

-0.5 to 4.0

-3.2 to 1.8

-2.2 to 8.8

95% CI

Verbal Fluency

-0.06 to 0.03

-0.009 to 0.005

0.04 to 0.1

0.8 to 4.1

0.6 to 3.4

0.004 (0.004)

-0.007 (0.03)

VPA Dose

-0.06 to 0.05

-0.004 to 0.01

0.005 to 0.07

-1.4 to 2.3

-0.4 to 2.7

0.4 to 4.0

1.2 to 9.0

95% CI

Memory for Faces

Dose

0.04 (0.02)

2.2 (0.9)

CBZ

Maternal IQ

5.1 (2.0)

B (SE)

-0.02 (0.04)

-0.004 (0.006)

Constant

VPA Dose

Dose

0.06 (0.03)

1.7 (1.1)

LTG

Maternal IQ

3.3 (2.8)

-0.7 (1.3)

CBZ

B (SE)

-0.02 (0.02)

Constant

VPA Dose

-0.002 (0.004)

0.07 (0.02)

LEV

Dose

2.0 (0.7)

2.5 (0.8)

LTG

Table 5. Continued

.005**

.801

.345

.024*

.645

.150

.015*

.010

p Value

.595

.447

.017*

.671

.125

.577

.241

p Value

.531

.601

.000**

.004**

1.1 (0.6)

-0.3 to 0.1

-0.03 to 0.04

0.1 to 0.4

1.1 to 15.1

-0.7 to 11.2

-1.0 to 12.3

63.0 to 92.1

95% CI

Vocabulary WBQ

-0.06 to 0.03

-0.005 to 0.008

0.008 to 0.06

-0.4 to 2.6

-0.2 to 2.3

B (SE)

-0.05 (0.03)

0.002 (0.004)

0.04 (0.02)

1.2 (0.9)

0.9 (0.8)

2.0 (0.9)

6.2 (1.9)

95% CI

-0.1 to 0.004

-0.005 to 0.01

0.006 to 0.07

-0.6 to 3.0

-0.6 to 2.4

0.3 to 3.7

2.4 to 9.9

.371

.750

.000**

.023*

.082†

.094†

.000

p Value

.432

.729

.012*

.151

.091†

.069

.547

.022*

.188

.257

.022*

.001

p Value

B (SE)

-0.05 (0.02)

0.00005 (0.004)

0.03 (0.02)

1.3 (0.8)

0.6 (0.7)

0.4 (0.8)

5.6 (1.7)

.110
.693
.184

-0.007 to 0.06
-0.01 to 0.007
-0.09 to 0.02

95% CI

.998
.032*

-0.007 to 0.007
-0.1 to -0.005

-0.08 (0.03)

-0.007 (0.005)

0.02 (0.02)

1.8 (1.2)

.112

1.3 (1.0)

.417

.085

1.2 (1.1)

.597

-0.3 to 3.0

B (SE)
4.8 (2.4)

-0.004 to 0.06

-0.8 to 2.0

-1.2 to 2.0

2.1 to 9.0

-0.09 to 0.02

-0.006 to 0.01

0.02 to 0.09

-0.2 to -0.02

-0.006 to 0.02

0.009 to 0.1

-2.1 to 3.9

-0.8 to 4.3

-1.1 to 4.7

-4.4 to 8.2

95% CI

95% CI

-0.1 to -0.008

-0.02 to 0.003

-0.02 to 0.06

-0.5 to 4.1

-0.6 to 3.2

-1.0 to 3.4

0.002 to 9.6

.074†

.011*

.029*

.171

.316

.122

.187

.268

.050

p Value

.017*

.259

.024*

.545

.183

.207

.549

p Value

.202

.605

.004**

Memory for Names Delayed

-0.1 (0.04)

.002

.309

-0.08 to 0.02

0.007 (0.006)

p Value

.156

-0.002 to 0.01

0.07 (0.03)

0.9 (1.5)

.175

.866

.523

1.7 (1.3)

.763

-0.5 to 2.9

1.9 (3.1)
1.8 (1.4)

.001

B (SE)

0.5 to 3.7
-0.2 to 3.6

Phoneme Deletion

-0.04 (0.03)

0.002 (0.004)

p Value

-0.02 to 0.04

-1.6 to 1.3

-1.9 to 1.4

2.6 to 9.6

95% CI

Memory for Names

-0.03 (0.03)

1.7 (1.0)

.444
0.05 (0.02)

2.1 (0.8)

.033*

0.1 to 3.4
-1.2 to 2.7

Auditory Synthesis

0.005 (0.004)

0.01 (0.02)

1.2 (0.8)

-0.1 (0.7)

-0.2 (0.8)

6.1 (1.8)

B (SE)

-0.04 (0.03)

-0.002 (0.004)

0.03 (0.02)

0.7 (1.0)

1.8 (0.8)

Memory and Learning
Memory for Faces Delayed

-0.09 (0.1)

0.005 (0.02)

0.3 (0.07)

8.1 (3.5)

5.2 (3.0)

5.7 (3.4)

77.6 (7.4)

B (SE)

-0.02 (0.02)

0.001 (0.003)

0.04 (0.01)

1.1 (0.8)

Language Skills
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0.6 (0.7)

LEV

0.5 (0.5)

-0.06 (0.5)

0.1 (0.5)

LTG

LEV

-0.002 (0.002)

0.002 (0.02)

Dose

VPA Dose

0.02 (0.01)

10.3 (1.1)

B (SE)

CBZ

Maternal IQ

0.007 to 0.06

-0.09 to -0.006

-0.007 to 0.005

-0.03 to 0.03

-0.006 to 0.003

-0.003 to 0.04

-1.0 to 1.2

-1.0 to 0.8

-0.5 to 1.5

8.1 to 12.5

95% CI

Fingertip Tapping
repetition dominant hand

-0.05 (0.02)

-0.001 (0.003)

Constant

VPA Dose

Dose

-0.7 to 2.0

-0.5 to 1.8

-0.9 to 1.7

2.6 to 8.3

95% CI

Narrative Memory

0.03 (0.01)

0.6 (0.6)

LTG

Maternal IQ

5.5 (1.4)

0.4 (0.7)

CBZ

B (SE)

Constant
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.887

.516

.102

.854

.892

.317

.000

p Value

.025*

.797

.014*

.363

.274

.511

.000

p Value

-0.03 to 0.07

-0.007 to 0.008

-0.02 to 0.04

-1.1 to 2.3

-1.3 to 1.6

-1.2 to 2.0

6.2 to 13.3

95% CI

0.007 (0.02)

-0.002 (0.002)

-0.005 (0.009)

0.09 (0.5)

-0.2 (0.4)

-0.09 (0.5)

12.3 (1.1)

B (SE)

-0.02 to 0.04

-0.006 to 0.003

-0.02 to 0.01

-0.9 to 1.1

-1.0 to 0.6

-1.0 to 0.9

10.2 to 14.4

95% CI

.620

.416

.580

.859

.641

.847

.000

p Value

.366

.851

.499

.491

.802

.635

.000

p Value

Fingertip Tapping
repetition non-dominant hand

0.02 (0.03)

0.001 (0.004)

0.01 (0.02)

0.6 (0.9)

0.2 (0.7)

0.4 (0.8)

9.7 (1.8)

B (SE)

Imitating Hand Positions

0.04 (0.02)

0.002 (0.003)

-0.001 (0.01)

1.3 (0.7)

1.2 (0.6)

1.1 (0.7)

9.5 (1.5)

B (SE)

-0.05 to 0.04

-0.008 to 0.005

-0.04 to 0.02

-1.7 to 1.4

-2.2 to 0.5

-2.6 to 0.4

6.6 to 13.2

95% CI

-0.003 to 0.08

-0.004 to 0.008

-0.03 to 0.03

-0.1 to 2.6

0.02 to 2.4

-0.2 to 2.4

6.6 to 12.3

95% CI

Fingertip Tapping
series dominant hand

-0.004 (0.02)

-0.001 (0.003)

-0.009 (0.02)

-0.1 (0.8)

-0.9 (0.7)

-1.1 (0.8)

9.9 (1.7)

B (SE)

Visuomotor Precision
time score

Fine Motor Skills

.072

.524

.956

.076†

.047*

.111

.000

p Value

.847

.670

.529

.877

.194

.158

.000

p Value

-0.05 to 0.04

-0.01 to 0.001

-0.002 to 0.05

-0.5 to 2.4

1.1 to 3.5

0.6 to 3.4

0.9 to 6.9

95% CI

0.02 (0.02)

-0.002 (0.003)

-0.02 (0.01)

0.9 (0.8)

0.8 (0.7)

1.0 (0.7)

10.3 (1.6)

B (SE)

-0.03 to 0.06

-0.008 to 0.005

-0.04 to 0.01

-0.6 to 2.4

-0.5 to 2.1

-0.5 to 2.5

7.1 to 13.5

95% CI

Fingertip Tapping
series non-dominant hand

-0.003 (0.002)

-0.005 (0.003)

0.03 (0.01)

0.9 (0.7)

2.3 (0.6)

2.0 (0.7)

3.9 (1.5)

B (SE)

Visuomotor Precision
total errors

.416

.621

.265

.254

.244

.180

.000

p Value

.877

.092

.066

.197

.000**

.004**

.010

p Value
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1.7 (0.8)

1.2 (1.0)

LTG

LEV

-0.01 (0.03)

-0.005 (0.004)

-0.07 to 0.04

0.03 to 0.1

0.03 to 0.1

-0.7 to 3.1

0.1 to 3.3

-0.3 to 3.4

0.3 to 8.3

95% CI

Arrows

.644

.253

.000**

.226

.036*

.093†

.033

p Value

-0.01 (0.02)

-0.003 (0.003)

0.03 (0.01)

0.7 (0.6)

1.1 (0.5)

1.3 (0.6)

5.3 (1.3)

B (SE)

Visuospatial Skills

-0.05 to 0.02

-0.009 to 0.002

0.005 to 0.05

-0.6 to 1.9

0.07 to 2.2

0.1 to 2.5

2.7 to 7.9

95% CI

Design Copying

.493

.238

.017*

.289

.037*

.033*

.000

p Value

-0.02 (0.03)

-0.09 to 0.04

-0.01 to 0.009

-0.03 to 0.05

-2.8 to 1.7

-1.5 to 2.4

-1.3 to 3.0

5.2 to 14.6

95% CI

Visual Attention

-0.001 (0.005)

0.009 (0.02)

-0.5 (1.1)

0.4 (1.0)

0.8 (1.0)

9.9 (2.4)

B (SE)

.486

.856

.659

.633

.641

.434

.000

p Value

†< .10 *p < 0.05 ** p < 0.01

Note. VPA: valproate; CBZ; carbamazepine; LTG: lamotrigine; LEV: levetiracetam. Dose was standardized based on the formula: [100 x ((dose 1st trimester– median AED
dose) / median AED dose)]. B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.

VPA Dose

Dose

0.06 (0.02)

1.6 (0.9)

CBZ

Maternal IQ

4.3 (2.0)

B (SE)

Constant

Table 5. Continued
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0.4 (0.1)

Maternal IQ

0.1 (0.01)

Maternal IQ

0.001 (0.007)

0.3 (0.6)

LEV

LTG Dose

0.6 (0.5)

CBZ

-0.002 (0.006)

0.3 (0.6)

VPA

-0.04 to 0.1

-0.1 to 0.04

0.2 to 0.6

-2.8 to 10.2

-6.7 to 5.3

-15.3 to -1.8

50.7 to 83.4

95% CI

Verbal IQ

-0.01 to 0.02

-0.01 to 0.009

0.03 to 0.08

-0.9 to 1.5

-0.4 to 1.7

-0.9 to 1.5

1.0 to 6.9

95% CI

Auditory Attention

Dose

4.0 (1.5)

Constant

B (SE)

0.04 (0.04)

3.7 (3.3)

LEV

LTG Dose

-0.7 (3.0)

CBZ

-0.02 (0.03)

-8.5 (3.4)

VPA

Dose

67.0 (8.3)

Constant

B (SE)

.832

.722

.000

.643

.242

.624

.009

p Value

.297

.535

.000

.265

.809

.014

.000

p Value

0.01 (0.007)

-0.01 (0.006)

0.1 (0.01)

0.1 (0.6)

0.2 (0.5)

-0.7 (0.6)

3.2 (1.5)

B (SE)

-0.01 (0.04)

0.001 (0.03)

0.3 (0.1)

-3.0 (3.6)

-2.3 (3.3)

-1.0 (3.7)

78.3 (8.9)

B (SE)

Table 6. Multiple regression analyses with LTG as reference group

.782

.975

.002

.402

.481

.778

.000

p Value

0.02 (0.04)

-0.01 (0.03)

0.4 (0.1)

0.5 (3.3)

-1.7 (3.0)

-5.8 (3.4)

68.8 (8.2)

B (SE)

-0.001 to 0.03

-0.02 to 0.001

0.03 to 0.08

-1.0 to 1.3

-0.8 to 1.3

-1.9 to 0.5

0.3 to 6.1

95% CI

Response Set

.060

.075

.000

.802

.649

.224

.032

p Value

-0.004 (0.009)

0.004 (0.008)

0.02 (0.02)

-0.5 (0.8)

-0.3 (0.7)

-2.1 (0.8)

6.7 (2.0)

B (SE)

Attention and Executive functioning

-0.1 to 0.1

-0.1 to 0.1

0.1 to 0.4

-10.0 to 4.0

-8.8 to 4.2

-8.4 to 6.3

60.7 to 96.0

95% CI

Performance IQ

Intelligence

-0.02 to 0.02

-0.01 to 0.02

-0.02 to 0.06

-2.0 to 1.1

-1.7 to 1.2

-3.7 to -0.4

2.7 to 10.6

95% CI

Statue

-0.1 to 0.1

-0.1 to 0.1

0.2 to 0.5

-6.0 to 6.9

-7.7 to 4.2

-12.5 to 1.0

52.6 to 85.0

95% CI

Full Scale IQ

.696

.602

.239

.560

.708

.014

.001

p Value

.627

.729

.000

.882

.564

.093

.000

p Value

0.008 (0.01)

0.04 to 0.2

-0.2 to -0.04

0.2 to 0.5

-5.8 to 7.7

-5.3 to 7.2

-10.7 to 3.4

59.6 to 93.5

-0.01 to 0.03

-0.03 to 0.009

0.03 to 0.1

-1.8 to 1.9

-1.4 to 2.0

-3.9 to -0.1

-0.7 to 8.6

95% CI

Design Fluency

-0.009 (0.009)

0.07 (0.02)

0.04 (0.9)

0.3 (0.9)

-2.0 (1.0)

3.9 (2.3)

B (SE)

0.1 (0.04)

-0.1 (0.03)

0.3 (0.1)

0.9 (3.4)

1.0 (3.2)

-3.7 (3.6)

76.5 (8.6)

95% CI

Processing Speed Index
B (SE)

.480

.314

.002

.963

.741

.041

.095

p Value

.003

.002

.000

.789

.761

.306

.000

p Value
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0.6 (0.7)

LEV

-0.008 (0.006)

0.008 (0.008)

Dose

LTG Dose

0.07 (0.02)

-0.2 (0.6)

CBZ

Maternal IQ

-2.0 (0.7)

4.1

B (SE)

VPA

Constant

0.02 (0.007)

LTG Dose

0.006 to 0.03

-0.02 to -0.002

-0.02 to 0.03

-0.2 to 2.0

-0.8 to 1.2

-0.007 to 0.02

-0.02 to 0.004

0.04 to 0.1

-0.7 to 1.9

-1.4 to 1.0

-3.3 to -0.6

0,9 to 7.4

95% CI

Comprehension of
Instruction

-0.01 (0.005)

Dose

0.9 (0.6)

LEV

0.007 (0.01)

0.2 (0.5)

CBZ

-1.3 to 1.1

5.0 to 10.6

95% CI

Inhibition –
naming total errors

Maternal IQ

7.8 (1.4)

-0.1 (0.6)

VPA

B (SE)

Constant

Table 6. Continued

.269

.211

.000

.373

.773

.005

.013

p Value

.004

.023

.600

.105

.697

.872

.000

p Value

B (SE)

0.01 (0.007)

-0.006 (0.006)

0.04 (0.01)

0.2 (0.6)

0.3 (0.5)

-0.9 (0.6)

5.4 (1.5)

-0.002 to 0.03

-0.02 to 0.01

0.008 to 0.1

-1.0 to 1.4

-0.8 to 1.4

-2.1 to 0.3

2.5 to 8.3

95% CI

.039

.092

.001

.863

.959

.015

.000

p Value

.106

.249

.010

.726

.559

.130

.000

p Value

Language Skills

0.001 to 0.03

-0.02 to 0.001

0.02 to 0.07

-1.0 o 1.2

-1.0 to 1.0

-2.5 to -0.3

3.9 to 9.3

95% CI

Speeded Naming
time score

0.01 (0.006)

-0.009 (0.005)

0.05 (0.01)

0.1 (0.5)

0.03 (0.5)

-1.4 (0.6)

6.6 (1.4)

B (SE)

Inhibition –
naming time score

0.003 to 0.03

-0.02 to 0.005

-0.01 to 0.04

-0.1 to 2.1

-0.6 to 1.4

0.004 (0.009)

-0.01 to 0.02

-0.02 to 0.01

-0,008 to 0.06

-2.5 to 0.6

-1.3 to 1.5

-3.1 to 0.1

2.0 to 9.7

95% CI

Speeded Naming
total correct

-0.005 (0.007)

0.03 (0.02)

-1.0 (0.8)

0.1 (0.7)

-1.5 (0.8)

5.8 (1.9)

B (SE)

0.02 (0.007)

-0.005 (0.005)

0.02 (0.01)

1.0 (0.6)

0.4 (0.5)

-1.2 to 1.1

4.1 to 9.7

95% CI

Inhibitioninhibition total errors

-0.01 (0.6)

6.9 (1.4)

B (SE)

Attention and Executive functioning

0.0 (0.005)
0.006 (0.006)

.321
.019

-0.005 to 0.02

-.009 to 0.009

-0.003 to 0.04

-0.6 to 1.3

-0.7 to 1.1

-1.5 to 0.4

4.4 to 9.1

95% CI

-3.4 to -0.3
-1.8 to 0.9

-1.9 (0.8)

.066

95% CI
.003

0.02 to 0.1
-0.02 to 0.006

0.05 (0.02)
-0.008 (0.007)
0.01 (0.009)

.127
.514
.634

-0.005 to 0.03

-1.7 to 1.3

-0.5 (0.7)
-0.2 (0.8)

.914
.219

1.6 to 9.1

B (SE)
5.4 (1.9)

p Value

Word Generation

0.3 (0.5)
0.02 (0.01)

.465

.251

0.2 (0.4)

.986

.083

6.7 (1.2)
-0.5 (0.5)

.000

B (SE)

p Value

Inhibition –
inhibition time score

.154

.270

.005

.819

.511

.019

.005

p Value

.294

.923

.091

.530

.625

.275

.000

p Value
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0.01 (0.010

LTG Dose

0.04 (0.02)

Maternal IQ

-0.2 (0.6)

-0.1 (0.5)

0.2 (0.6)

VPA

CBZ

LEV

B (SE)

6.2 (1.4)

Constant

-0.004 to 0.03

-0.02 to 0.008

0.006 to 0.1

-2.0 to 0.9

-0.1 to 2.6

-2.6 to 0.4

2.5 to 9.8

95% CI

-0.9 to 1.2

-1.1 to 0.9

-1.4 (0.9)

3.4 to 8.9

95% CI

Narrative Memory

0.01 (0.009)

-0.5 (0.7)

LEV

LTG Dose

1.3 (0.7)

CBZ

-0.006 (0.007)

-1.1 (0.8)

VPA

-0.02 to 0.03

-0.03 to 0.01

0.01 to 0.1

-3.1 to 1.0

-4.2 to -0.4

-3.7 to 0.6

-0.3 to 10.1

95% CI

Verbal Fluency

Memory for Faces

Dose

6.1 (1.9)

Constant

B (SE)

0.1 (0.02)

-0.01 (0.01)

LEV

Dose

-1.0 (1.0)

CBZ

Maternal IQ

-1.6 (1.1)

-2.3 (1.0)

VPA

4.9 (2.6)

B (SE)

Constant
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.775

.894

.688

.000

p Value

.142

.416

.021

.486

.068

.144

.001

p Value

.492

.239

.016

.324

.017

.154

.063

p Value

B (SE)

0.6 (0.7)

0.4 (0.6)

-0.3 (0.7)

9.5 (1.7)

-0.7 to 2.0

-0.8 to 1.6

-1.7 to 1.1

6.2 to 12.9

95% CI

.905

.882

.036

.703

.118

.410

.000

p Value

.366

.510

.639

.000

p Value

Fine Motor Skills

-0.02 to 0.02

-0.01 to 0.01

0.002 to 0.1

-1.2 to 1.7

-0.3 to 2.4

-2.1 to 0.9

3.9 to 11.1

95% CI

Imitating Hand Positions

0.001 (0.008)

-0.001 (0.007)

0.04 (0.02)

0.3 (0.7)

1.0 (0.7)

-0.6 (0.8)

7.5 (1.8)

B (SE)

.300

.502

.000

.490

.823

.061

.000

p Value

0.01 (0.02)

1.3 (0.7)

-0.2 (0.6)

0.2 (0.7)

6.3 (1.7)

B (SE)

0.002 to 0.03

-0.03 to 0.0

-0.005 to 0.1

-0.2 to 2.4

-1.1 to 1.3

-1.4 to 1.3

2.8 to 9.3

95% CI

0.7 (0.6)

-0.2 (0.6)

1.0 (0.6)

9.1 (1.6)

-0.5 to 2.0

-1.3 to 0.9

-0.3 to 2.2

6.0 to 12.1

95% CI

Visuomotor Precision
time score

0.02 (0.008)

-0.01 (0.006)

B (SE)

-0.02 to 0.02

Memory for Names

0.03 (0.02)

1.1 (0.7)

0.1 (0.6)

-0.1 (0.7)

6.1 (1.6)

B (SE)

0.0 (0.01)

-0.01 to 0.02

-0.02 to 0.04

-0.1 to 2.6

-1.4 to 1.1

-1.2 to 1.6

2.9 to 9.6

95% CI

Auditory Synthesis

0.004 (0.01)

Memory and Learning

-0.1 to 0.03

-0.03 to 0.1

0.1 to 0.4

-3.6 to 7.4

-5.6 to 4.5

-11.2 to 0.3

71.0 to 98.6

95% CI

Vocabulary WBQ

Memory for Faces Delayed

-0.03 (0.03)

0.02 (0.03)

0.3 (0.1)

1.9 (2.8)

-0.6 (2.6)

-5.4 (2.9)

84.8 (7.0)

B (SE)

Language Skills

.241

.711

.142

.000

p Value

.030

.047

.096

.105

.850

.917

.000

p Value

.955

.502

.613

.065

.788

.832

.000

p Value

-0.02 to 0.04

-1.3 (0.6)

-0.2 (0.5)

-2.3 (0.6)

6.1 (1.4)

B (SE)

95% CI

-0.009 to 0.03

-0.03 to 0.001

-0.02 to 0.1

-1.1 to 2.5

-1.6 to 1.8

-2.6 to 1.2

1.6 to 10.8

-2.4 to -0.2

-1.3 to 0.8

-3.5 to -1.2

3.3 to 9.0

95% CI

Visuomotor Precision
total errors

0.01 (0.01)

-0.02 (0.009)

0.02 (0.02)

0.7 (0.9)

0.1 (0.9)

-0.7 (1.0)

6.2 (2.3)

B (SE)

Memory for Names Delayed

0.01 (0.02)

-0.03 to 0.02

-0.001 to 0.1

-3.3 to 1.8

-2.2 to 2.5

-3.5 to 1.8

-2.2 to 10.7

95% CI

Phoneme Deletion

-0.001 (0.01)

0.1 (0.03)

-0.7 (1.3)

0.1 (1.2)

-0.9 (1.3)

4.3 (3.2)

B (SE)

.022

.635

.000

.000

p Value

.275

.061

.365

.439

.906

.490

.008

p Value

.590

.960

.054

.578

.906

.506

.187

p Value
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0.7 (0.4)

0.3 (0.4)

CBZ

LEV

0.006 (0.005)

LTG Dose

0.1 (0.02)

Maternal IQ

-0.004 to 0.02

95% CI

-0.03 to 0.01

-0.02 to 0.01

0.03 to 0.1

-2.2 to 0.8

-1.7 to 1.0

-3.3 to -0.2

2.5 to 10.0

95% CI

Arrows

-0.004 to 0.02

-0.01 to 0.002

-0.002 to 0.04

-0.06 to 1.1

-0.1 to 1.5

-0.8 to 0.9

8.0 to 12.2

0.01 (0.02)

.419

.857

.001

.342

.631

.029

.001

p Value

-0.005 to 0.03

-0.02 to 0.01

-0.02 to 0.04

-0.001 (0.01)

-0.001 (0.004)

-0.01 (0.01)

0.3 (0.4)

0.1 (0.4)

0.1 (0.4)

12.0 (1.0)

B (SE)

B (SE)

0.01 (0.01)

-0.01 (0.01)

0.03 (0.01)

-0.3 (0.5)

0.3 (0.5)

-1.0 (0.5)

6.3 (1.2)

-0.01 to 0.02

-0.02 to 0.002

0.01 to 0.1

-1.3 to 0.6

-0.6 to 1.2

-2.0 to 0.01

3.9 to 8.8

95% CI

Design Copying

-0.01 to 0.01

-0.01 to 0.01

-0.2 to 0.01

-0.5 to 1.1

-0.7 to 0.8

-0.7 to 1.0

10.1 to 14.0

95% CI

.181

.338

.405

.295

.113

.015

.496

.542

.052

.000

p Value

.861

.728

.616

.491

.792

.748

.000

p Value

Fingertip Tapping
repetition non-dominant hand

0.01 to 0.008

-0.006 to 0.006

Visuospatial Skills

.221

.132

.081

.525

.082

.909

.000

p Value

.162

.149

.019

-0.01 (0.02)

0.01 (0.01)

-0.01 (0.01)

0.01 (0.02)

-0.8 (0.9)

0.5 (0.8)

-0.1 (0.9)

10.3 (2.2)

B (SE)

0.001 (0.01)

0.002 (0.01)

0.001 (0.01)

0.1 (0.6)

-0.1 (0.5)

-1.5 (0.6)

10.4 (1.4)

B (SE)

-0.02 to 0.01

-0.01 to 0.01

-0.04 to 0.02

-0.01 to 0.03

-0.02 to 0.01

-0.03 to 0.1

-2.6 to 0.9

-1.1 to 2.2

-2.0 to 1.7

5.8 to 14.7

95% CI

Visual Attention

-0.01 to 0.01

-0.01 to 0.01

-0.02 to 0.03

-1.0 to 1.2

-1.1 to 0.9

-2.6 to -0.4

7.7 to 13.2

95% CI

Fingertip Tapping
series dominant hand

-0.002 (0.01)

0.001 (0.01)
0.01 (0.01)

.757

0.0 to 0.05

-0.01 to 0.02

-0.02 to 0.001

-0.02 to 0.01

0.3 (0.6)
0.2 (0.6)
-0.01 (0.01)
-0.01 (0.01)
0.01 (0.01)

.869
.891
.928
.659
.925

.468

.421

.669

.350

.515

.879

.000

p Value

-0.04 to 0.01

-0.9 (0.6)

.011

95% CI

.000

-0.01 to 0.02

-1.0 to 1.4

-0.8 to 1.4

-2.2 to 0.3

7.7 to 13.8

B (SE)
10.8 (1.5)

p Value

Fingertip Tapping
series non-dominant hand

0.03 (0.01)
-0.01 (0.01)

.517
.910

.054

.496

.418

.321

.726

.559

.153

.000

p Value

.481

.080

†< .10 *p < 0.05 ** p < 0.01

Note. VPA: valproate; CBZ; carbamazepine; LTG: lamotrigine; LEV: levetiracetam. Dose was standardized based on the formula: [100 x ((dose 1st trimester– median AED
dose) / median AED dose)]. B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.

-0.01 to 0.01

-0.7 (0.8)

LEV

-0.001 (0.01)

-0.3 (0.7)

CBZ

LTG Dose

-1.7 (0.8)

VPA

Dose

6.3 (1.9)

Constant

B (SE)

-0.006 (0.004)

Dose

0.02 (0.01)

0.1 (0.4)

VPA

B (SE)

10.1 (1.1)

Constant

Maternal IQ

0.005 to 0.1

-0.02 to 0.003

Fingertip Tapping
repetition dominant hand

0.009 (0.006)

LTG Dose

0.03 (0.01)

-0.008 (0.005)

Dose

Maternal IQ

Table 6. Continued
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Confounding factors
Epilepsy type differed significantly between the different types of AED used. Mothers
using VPA mainly had generalized epilepsy which could suggest confounding by
indication. Epilepsy type was, however, not associated with the outcome measures. The
presence of convulsions during pregnancy was also not associated with the outcome
measures. The presence of congenital malformations was associated with some of
the outcome measures (e.g., FSIQ), but after controlling for type of AED (interaction
term between malformations and AED), this was no longer significant. As expected,
higher maternal IQ was associated with improved child performance on intelligence
and specific neurocognitive measures (Table 4 and 5). Maternal education, which we
used as proxy for social economic status (SES), was also associated with child outcome
measures, but because they are intercorrelated, only maternal IQ was included in the
analyses. Other potential confounders have been thoroughly examined but were not
found to be associated with the outcome measures (Table 1a).

Sensitivity analyses
Some children shared the same mother, father, and family environment, which may
cause dependency between outcome measures. Multilevel analyses, however, did not
suggest significant dependency. To confirm this, we also conducted a sensitivity analysis
with only one child from each family (n = 139). This yielded similar results. Sensitivity
analyses with only children included before 16 weeks of gestation (n = 117) showed
also similar results (not shown, available on request).

Discussion
This study showed differences in neurocognitive functioning between children exposed
prenatally to four common AED monotherapies. Consistent with previous observational
studies5,8,13,27–29, VPA-exposed children performed less-well in all neurocognitive
domains than children exposed to CBZ, LTG, or LEV, especially on language skills (9-13
points lower on VIQ). A direct comparison, between the largest group of school-aged
LTG-exposed children and LEV- or CBZ-exposed children, showed virtually no significant
differences, after controlling for potential confounders. Children exposed to LTG, CBZ
or LEV performed at average to above average levels on intelligence and specific
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neurocognitive functions. This is consistent with previous studies finding no or fewer
problems after exposure to CBZ, LTG or LEV5,8,13,27.
We noticed that LEV-exposed children more often had disharmonic profiles which
were opposite to VPA-exposed children’s profiles. LEV-exposed children appeared
to have higher developmental scores than VPA-exposed children, indicating fewer
problems. However, no increased verbal intelligence was found in the previous reported
study on school-aged LEV-exposed children8. Our group of children exposed to LEV was
relatively small, so new studies using larger samples are needed to examine long-term
functioning in LEV-exposed children.
We found no dose-effect for LEV, LTG or CBZ. Within the VPA-exposed group, the
dose-effect for cognition (intelligence) was nonsignificant, some other neurocognitive
measures showed a dose effect for VPA though. The median dose of 1,000 mg of VPA
is, from a therapeutic perspective, a relatively low dose. Other studies have reported
that the risk of VPA is dose-related, with higher doses giving more problems5,7,27. Our
negative finding may be due to the relatively low doses (range 500-1500), or the small
sample size of the VPA-exposed group.
Third trimester dose appears to be particularly important for cognitive
development30. Correlation analyses with third trimester dose showed no differences
compared to first trimester dose. In particular the dose of LTG was often increased
(Table 1). It is known however, that the clearance of LTG changes during pregnancy
because of pharmacokinetics31. It would therefore be more reliable to use AED blood
levels, but those were not available. Therefore, we examined the median AED dose
within the first trimester.
Frequent convulsions during pregnancy have previously been associated with
reduced cognitive functions in the child32, but this has not been found in other
studies5,13. In our study there was no significant difference between mothers from the
four AED groups regarding tonic-clonic seizures. No associations were found between
tonic-clonic seizures and outcome measures. There was also no association found for
type of epilepsy.
Preconceptional folate has been associated with higher intelligence scores in
children of mothers with epilepsy5, and was recently associated with a reduced risk of
autistic traits33. We have seen no associations between preconception folic acid use
and outcomes.
The number of children with congenital malformations differed significantly
between the different types of AED, with VPA-exposed children most affected. The
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rate of malformations within the VPA and CBZ exposed group showed to be higher than
typically reported within pregnancy registers7,12. When type of AED and its interaction
with presence or absence of malformations was controlled for, the association between
malformations and neurocognitive outcomes was, however, no longer significant.
Positive associations seem to exist between breastfeeding and outcome
measures34,35. In our study no such association was found. This may be due to the
rather small proportion of breast-fed children in our study (16-38%). Over the years
(2007-2011), a slight increase in breastfeeding can been seen in our study, but most
women were advised not to breastfeed their children. For mothers with epilepsy who
wish to breastfeed, the benefits are usually considered to outweigh the risks36. This
calls for providing more accurate information about breastfeeding and AEDs to women
with epilepsy37.
This study has several strengths. First, the prospective design of the study with
recruitment of mother-child pairs through the national pregnancy register (EURAPNL). Secondly, children and their mothers and fathers were extensively assessed
by assessors blinded to AED exposure type, using standardized neuropsychological
measures30. Thirdly, a major methodological strength was the rigorous control for
potential confounders, including AED-dose and maternal IQ38. Finally, the large size
of the LTG-exposed group and inclusion of LEV-exposed children allowed us to obtain
more insights into associations between these increasingly prescribed AEDs and child
outcomes8.
There also are limitations to our study. The statistical threshold (p < .05) used for
the multiple regression analyses was uncorrected for the multitude of analyses. This
gives a risk of probability capitalization. We consider, however, that the number of
significantly found p-values was greater than could be expected on the basis of 5%
chance. In addition, the mean differences were large across the outcome measures on
the whole and support the statistical findings thereby reducing the likelihood that the
findings were by chance,
We also note that pregnancy registers only reach part of the women with epilepsy.
This may limit the generalization of the results to the population of mothers with
epilepsy. Generalization may also be limited due to the relatively high educational level
of mothers across all four exposure groups. This may explain the average to aboveaverage IQ in the children. Future studies should aim to recruit families from lower
educational levels.
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The Flynn effect may also explain the apparently average or above average
functioning of the children. The Flynn effect is the increase in intelligence scores
within a population over the years39. The Flynn effect may have been enhanced by
using the WISC-III-NL16. In other countries the WISC-IV or WISC-V are used, but in the
Netherlands these WISC-versions were not available at the start of the study period. In
other countries using a wide range of different cognitive tests and test versions, children
of mothers with epilepsy score average5,8,27, or below average28,40,41.
Because the purpose of this study was a comparison between different types of
AEDs monotherapy, a control group of non-exposed children was not included. Children
who were exposed to AED polytherapy were also not included. More research is needed
to answer related questions about respectively a comparison with non-exposed children
or children exposed to different polytherapy combinations .
6

The number of children within each AED group differed, with a larger number of
children exposed to LTG and a relatively smaller group of children exposed to VPA,
LEV, and CBZ. The inclusion rate of children for the four AEDs, however, was similar
(approximately 40%), but lowest for CBZ and highest for LTG. Our inclusion rate is
comparable with other prospective observational studies8, but not with studies with
multiple follow-ups from early age on5,27. The lower number of children exposed to
VPA can be explained by a steady decline over the years in the Netherlands of the
number of women using VPA during pregnancy paralleled by an increase in LTG or LEV
monotherapy. The use of VPA is declining but for some women with epilepsy other AEDs
are not a suitable choice42. VPA is also increasingly prescribed for psychiatric disorders43.
More insight into contributing factors to vulnerability in VPA-exposed children is
warranted. Based on current reproductive toxicological knowledge, VPA prescriptions
for epilepsy in women of reproductive age may be replaced by prescriptions of AEDs
with lower teratogenic profile, such as LEV or LTG44,45. Meanwhile, further confirmation
of these findings by future studies of neurocognitive functioning in LEV- and LTGexposed children is required. Collaborative studies and pooling of data may facilitate
this.
In summary, VPA-exposed children performed worse than children exposed to CBZ,
LTG and LEV, while few differences were found within a comparison between the three
other AEDs. This has implications for pre-pregnancy counseling. To date, healthcare
for women with epilepsy has paid little attention to continued monitoring of children
of mothers with epilepsy46. It is essential that children of mothers with epilepsy be
followed over time. Developmental problems may then be detected in a timely manner
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and treated accordingly. In this study we did not consider the role of active maternal
epilepsy during infant and child development. It will be worthwhile examining these
aspects in future studies as they are of importance for developing interventions47. This
may ultimately enhance the quality of life of children who have been exposed to AEDs
in utero, their mothers, and their families.
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Abstract
Objective: To examine the behavioral functioning of children prenatally exposed to
carbamazepine, lamotrigine, levetiracetam, or valproate 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 (CBCL) and the Social Emotional Questionnaire (SEV) were used to examine the
nature and severity of behavioral problems. Valproate-exposed children were compared
to children exposed to carbamazepine, lamotrigine or levetiracetam, taking potential
confounders into account. A direct comparison was also made between lamotrigine
and levetiracetam, as these are first choice treatments for many women with epilepsy
of childbearing potential.
Results: Of the 405 invited children 181 were included; 26 were exposed to valproate
(VPA), 37 to carbamazepine (CBZ), 88 to lamotrigine (LTG), and 30 to levetiracetam
(LEV). For most children both parents completed the behavioral questionnaires. Across
all four AED-exposure groups high percentages of children with clinically relevant
behavior problems were found, with Total Behavioral Problems occurring in 32% of VPAexposed children, 14% of CBZ, 16% of LTG and 14% of LEV. After controlling for potential
confounders valproate-exposed children had significantly more social problems than
those exposed to LTG (-2.8, CI -5.2 to -0.4; p = .022) or LEV (-3.2, CI -6.1 to -0.3; p = .028),
and significantly more attention problems than LEV-exposed children (-3.7, CI -6.7 to
-0.8; p = .013). LTG-exposed children had significantly more attention deficit (-9.2, CI
-17.3 to 1.1.; p = .026), but significantly less anxious behavior when compared to LEVexposed children (9.0, CI 0.3 to 17.6; p = .042).
Significance: A high proportion of children of mothers with epilepsy exposed prenatally
to four common AED monotherapy 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 prenatal AED-exposed children are regularly
screened for behavioral problems so that appropriate help can be provided.
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Introduction
The use of antiepileptic drugs (AED) in women of childbearing potential is of concern
as prenatal exposure is associated with increased risks of congenital malformations1.
Knowledge about long-term effects on cognitive functioning has increased2, but
behavioral functioning of children of mothers with epilepsy has been less well studied3.
Behavioral problems, such as disruptive, inattentive, aggressive, anxious or socially
awkward behavior, can have detrimental effects on the daily lives of children. It can
negatively affect their school functioning, relationships with peers, and parent-child
interactions4. Children of mothers with epilepsy exposed to AEDs in utero have been
associated with increased behavioral difficulties compared to unexposed children and
children of mothers without epilepsy5. Behavioral problems occur predominantly in
valproate-exposed children (VPA)3,6–11; they have a higher risk of autism spectrum
disorders (ASD)12–14 and ADHD9,13. Behavioral problems have also been reported in
children exposed to carbamazepine (CBZ) and lamotrigine (LTG)15,16, although other
studies did not show increased risks3,6,7,9. The only study that examined behavioral
functioning of school-aged children exposed to levetiracetam (LEV) found no risk of
behavioral problems11. Because most studies, so far, used different methodologies, in
children of different ages, using different rating systems, this may have led to different
results.
Some studies were retrospective7,15,17, with small sample sizes6, made no distinction
between AED types5, or focused on adaptive functioning only3,7,9. Symptoms of childhood
psychiatric disorders have rarely been examined18. Systematic screening will provide
more insight into the behavioral development of exposed children. Controlling for
potential confounders, such as epilepsy- and pregnancy-related factors (e.g., prenatal
alcohol or nicotine exposure, folate use and breastfeeding), as well as more genetic
and environmental components such as parental behavioral problems and educational
level, is also important5.
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 options for women with epilepsy of childbearing potential. Based
on previous findings we hypothesized that VPA-exposed children would demonstrate
more behavioral problems.
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Methods
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 effects of prenatal exposure to AEDs on neurocognitive and
behavioral development are investigated from a family perspective18.
Participants were children of mothers with epilepsy identified from the EURAPNL database in the Netherlands, a national, single center pregnancy register that
investigates the prevalence of major congenital malformations following 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
sixteen weeks of pregnancy facilitating prospective information about health and wellbeing during the pregnancy. Mother-child pairs with risk factors assessed prenatally,
after delivery, or up until three years of age were eligible. Inclusion criteria were
maternal CBZ, LTG, LEV or VPA monotherapy starting before conception and continuing
during the entire pregnancy, and the child aged between 6;0 and 7;11 years during
the study period. Children were excluded if the mother was unable to take care of the
child (e.g., lives in foster care), the child had a known chromosomal/genetic syndrome
or prematurity (gestational age less than 37 weeks), or when there were factors other
than AED exposure which significantly modified child development, such that reliable
assessment is 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 one month. If no reply had been received
after three months, families were contacted by telephone to ask whether they were
willing to participate. Further detailed information on procedures were reported
previously18.

Measures
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
diagnosis (e.g., autism) or learning disability (e.g., dyslexia).
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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), ‘somewhat or
sometimes true’(1), or ‘very true or often true’(2). Each item presents a problem
behavior, such as: ‘Acts too young for his/her age’. The CBCL has two broad band scales:
Internalizing problems and Externalizing problems, and eight narrow band problem
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 fivepoint scale (from ‘the behavior does not occur’ (0) to ‘the behavior occurs very often
or daily’(4)). The specific social-emotional problems that can be distinguished are: [1]
Attention Deficit Hyperactivity Disorder (ADHD), with subscales of Attention Deficit,
Hyperactivity and Impulsivity; [2] Social Problem Behavior, consisting of OppositionDefiant Behavior (ODD), Aggressive and Antisocial Behavior (CD – conduct disorder);
[3] Anxious Behavior, with subscales of General Anxiety, Social Anxiety and Anxious
Depressed 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
percentile 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 which can negatively affect the development
and daily life of the child.
Adult behavioral problems
Mothers completed the Adult Self Report (ASR)21 on behavioral, emotional and social
problems (123 items, e.g., ‘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.
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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 clinical scores were examined
and compared to population norms (Binomial Proportion Test). To compare the four
AEDs, we conducted two-level regression analyses for each of the behavioral outcomes,
including both mother and father report, with an indicator variable ‘father’ to represent
possible differences between parents. To account for dependencies between 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 two-level
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 relationships with the
medication and outcome variables (through ANOVA with post hoc Tukey tests, Chisquare, 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;
gestational age; age of the child at time of the study; presence or absence of congenital
malformations and time of inclusion in the EURAP-NL database (Table 1). Variables
showing a relationship (p < 0.15) with medication and outcome measure, or that were
expected to influence child behavior (e.g., maternal behavioral problems) were entered,
each into a separate multilevel 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, breastfeeding and presence of
congenital malformations. Variables that were related to behavioral outcomes were
maternal behavioral problems, maternal education, age of the child, breastfeeding,
gestational age, alcohol use during first trimester, nicotine use during second or third
trimester and epilepsy type (see Appendix 1).
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, maternal education, breastfeeding, child age,
gestational age, epilepsy type, alcohol use during first trimester and nicotine use during
second or third trimester. AED exposure type was entered into the model, with the
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VPA-exposed group as the reference group. In additional analyses, to directly compare
LTG-exposed children with LEV-exposed children, the LTG-exposed group was set as
reference. To guard against multicollinearity and overfitting, we applied a backwards
selection method. Predictors were removed until only related confounders (p < .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 median dose [100 x ((dose first trimester– median
AED dose) / median AED dose)]. As dose did not correlate significantly with behavioral
outcomes, it was not included in the regression analyses.
Full information maximum likelihood analyses were conducted using all available
information, but without imputation for missing data on outcome variables. Five
mothers did not complete the ASR. To include this variable as potential confounder
we therefore conducted missing value analyses for the Total Behavioral Problem score
using expectation-maximization (EM)22. This method ensured that all available outcome
variables could be included in the multilevel regression analysis, 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 CBCL and/or
SEV from the earlier psychological reports as well as parent information from the online
questionnaire.

Standard Protocol Approvals, Registration, and Consents
The study was approved by the Medical Ethics Committee of the Academic Medical
Center (AMC: NL 45505.018.13). Prior to enrollment of the first participant, the study
was registered in the Dutch trial register (www.trialregister.nl: NTR4800). Parents
provided written consent prior to the assessment. When the questionnaire was
completed at home, parents consented by e-mail or telephone.
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Results
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 questionnaire, and the second child - exposed to VPA
- because her mother only completed general information, and behavioral 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 monotherapy VPA, 37
to CBZ, 88 to LTG and 30 to LEV.
Figure 1. Flowchart Dutch EURAP & Development study – behavioral domain
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Table 1. Group demographic information by antiepileptic exposure group
VPA
CBZ
Sample size
26
37
Maternal characteristics, epilepsy and pregnancy information
AED daily dose 1st trimester,
mg/day mean (range min max)

LTG
88

LEV
30

p value

936.54
(500-1500)

637.84
(200-1400)

270.17
(50-600)

1183.00
(250-3000)

NA

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

33 (3)

32 (5)

31 (4)

32 (4)

.022a

*Maternal education, n (%) higher education

13 (57%)

17 (49%)

44 (60%)

16 (64%)

.647b

*Maternal behavioral problems, mean (SD)╞

47.9 (9.6)

49.8 (9.1)

50.7 (9.0)

50.3 (9.5)

.636a

Family type, n (%) two parent

23 (89%)

33 (89%)

80 (91%)

27 (90%)

.950c

Folate supplementation, n (%) yes†

22 (88%)

25 (71%)

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%)

.039c
.606c

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

8 (31%)
5 (19%)

3 (8%)
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%)
32 (87%)
3 (8%)

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

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

Tonic-clonic seizures, n (%) yes

2 (8%)

5 (14%)

14 (16%)

4 (13%)

.788b

Breastfeeding, n (%) yes

6 (23%)

14 (38%)

18 (21%)

4 (13%)

.105c

Age, mo, mean (SD)

81.7 (6.1)

80.1 (6.1)

82.3 (7.6)

78.0 (5.3)

.024a

Gestational age, wk, mean (SD)

40.4 (1.3)

39.9 (1.3)

39.8 (1.1)

40.2 (1.2)

.161a

Child sex, n (%) male

13 (50%)

19 (51%)

45 (51%)

19 (63%)

.680b

Congenital malformations, n (%) yes

6 (23%)

4 (11%)

4 (5%)

2 (7%)

.034c

.000c

Child characteristics

Sibling in the study, n (%) yes

3 (12%)

1 (3%)

16 (18%)

5 (17%)

Inclusion time in EURAP-NL, n (%)
before 16th week pregnancy
between 16th week and birth after birth

17 (65%)
7 (27%)
2 (8%)

25 (68%)
7 (19%)
5 (14%)

67 (76%)
11(13%)
10 (11%)

21 (70%)
5 (17%)
4 (13%)

.725 b

Any diagnosis ║

8 (31%)

4 (11%)

10 (11%)

1 (3%)

.015 b

Diagnosis of Autism Spectrum Disorder

3 (12%)

2 (5%)

4 (5%)

1 (3%)

.577 b

Diagnosis of ADHD

2 (8%)

2 (5%)

5 (6%)

0 (0%)

.648 b

Child diagnosis

Abbreviations: AED = antiepileptic drug, VPA = valproate, CBZ = carbamazepine, LTG = lamotrigine,
LEV = levetiracetam, ADHD = Attention Deficit Hyperactivity Disorder. aAnalysis of variance (continuous
data), bChi-square, cFisher exact (dichotomous data), * 156 mothers, ╞ Maternal behavioral problems
measured with the Adult Self Report (ASR), T-scores (M 50, SD 10). Missing values for 5 mothers.
† 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. ║ Any diagnosis included: Autism, ADHD,
Anxiety, Trauma, Conduct Disorder, Developmental Language Disorder and Dyslexia. Some children only had
symptoms or a suspicion of an autism spectrum disorder or ADHD, but no official diagnoses. For ADHD, the
age of the children may have played a role, because the majority of children were 6 years old and ADHD is
often diagnosed later in life. Only one child of the 181 children was diagnosed with epilepsy.
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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 significantly 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%), while mothers
who used CBZ were significantly more likely to have focal epilepsy (87%). Additionally,
children exposed to LEV were significantly younger at time of the study. VPA-exposed
children were significantly more likely to have congenital malformations.
Based on parent-report of child diagnoses, valproate-exposed children had
significantly more often a (psychiatric) diagnosis (31%) (Table 1). This was a combination
of diagnoses of Autism, ADHD or Developmental Language Disorder. When specified for
Autism or ADHD separate, there was no significant difference between exposure groups.

Nature and severity of behavioral problems
Overall, children had average behavioral scores (Table 2). Mothers reported more
behavioral problems than fathers (see for significant differences Table 4 and Table
4a). The scores show few differences between the AED groups with no specific AEDexposure group having the most or fewest behavioral problems, and confirmative
ANOVA (including post hoc Tukey tests) with unadjusted means showing no significant
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 highest percentage for VPA. VPA-exposed children also showed a high percentage
of Social Problems (16%, CBCL). Parental ratings from all the exposure groups placed
between 6 and 23% of the children in the clinical range for symptoms of Conduct
Disorder (CD, SEV).

55.4 (9.8)

54.0 (10.2)

55.1 (9.8)

Internalizing problems

Externalizing problems

Total problem behavior

55.5 (5.6)

Attention problems

56.7 (8.0)

56.6 (7.1)

Thought problems

Aggressive behavior

56.4 (6.7)

Social problems

Delinquent behavior

57.3 (7.1)

56.6 (6.9)

Somatic complain

56.2 (7.1)

56.6 (6.9)

Withdrawn

178

Mothers

53.3 (9.8)

52.8 (9.9)

52.9 (10.0)

55.4 (6.5)

55.4 (6.1)

55.9 (5.5)

55.4 (6.2)

55.8 (6.3)

56.3 (6.8)

56.0 (6.3)

54.6 (6.4)

144

Fathers

55.5 (11.7)

52.8 (12.3)

55.3 (10.3)

56.8 (7.9)

55.3 (5.7)

58.0 (7.0)

56.4 (6.7)

58.1 (8.1)

56.8 (7.7)

56.2 (7.8)

56.4 (7.8)

25

Mothers

55.4 (11.2)

53.0 (11.4)

55.1 (10.8)

56.1 (6.3)

56.5 (7.0)

57.3 (6.5)

56.5 (6.5)

58.2 (7.8)

58.0 (7.0)

56.5 (6.4)

56.5 (8.2)

22

Fathers

M (SD)

M (SD)

Anxious / depressed

Sample size

CBCL

VPA (26)

All children (181)

56.5 (7.8)

56.3 (6.9)

55.6 (8.9)

56.9 (6.1)

56.6 (4.8)

56.7 (4.7)

56.3 (7.0)

56.0 (5.9)

57.3 (7.5)

56.9 (6.3)

56.1 (6.4)

37

Mothers

54.7 (10.7)

54.3 (9.8)

53.4 (10.7)

55.9 (6.7)

56.8 (6.0)

56.5 (5.1)

55.9 (6.5)

55.8 (5.7)

57.7 (8.3)

54.4 (5.5)

55.3 (6.6)

28

Fathers

M (SD)

CBZ (37)

Table 2. Means and standard deviations (standard scores) of child behavior outcome measures

56.7 (7.9)
56.3 (7.0)
55.9 (6.3)

54.3 (5.4)
54.4 (5.1)
57.5 (9.8)
54.7 (9.8)

53.7 (5.6)
56.1 (6.4)
55.8 (6.5)
55.5 (6.1)
54.9 (6.1)
55.7 (5.7)
54.7 (5.7)
55.2 (6.4)

56.1 (7.0)
56.8 (7.0)
57.9 (7.1)
56.6 (6.9)
56.6 (6.9)
57.0 (8.3)
55.5 (6.0)
56.4 (8.2)

51.9 (10.2)
51.9 (10.0)
52.3 (9.5)

55.5 (10.1)
53.3 (10.7)
54.8 (10.1)

53.9 (9.5)

54.4 (9.9)

55.9 (6.4)

56.3 (7.6)

28

70

88

Mothers

Fathers

52.4 (8.0)

53.2 (8.3)

53.4 (8.3)

55.0 (7.0)

55.3 (6.4)

54.2 (4.3)

55.6 (6.3)

54.6 (5.7)

54.6 (4.6)

57.3 (6.8)

54.7 (6.2)

24

Fathers

M (SD)

M (SD)
Mothers

LEV (30)

LTG (88)

.732

.447

.982

.940

.454

.244

.971

.684

.616

.973

.977

178

.479

.747

.589

.882

.382

.250

.719

.232

.217

.403

.290

144

p Values a
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59.2 (28.2)

64.1 (25.6) 59.6 (25.8)

56.4 (25.8) 56.7 (24.8)

ADHD Hyperactivity

ADHD Impulsivity

68.2 (19.9) 67.0 (19.2)

Anxious Depressed

Autistic Behavior

71.0 (19.8)

64.0 (18.3)

59.8 (26.8)

64.6 (20.6)

62.2 (23.6)

70.1 (24.9)

69.6 (20.5)

63.9 (18.9)

55.9 (26.6)

63.8 (23.9)

56.5 (28.6)

65.9 (24.5)

69.5 (12.6)

58.1 (27.7)

58.0 (28.9)

56.8 (25.9)

57.0 (26.4)

52.1 (25.0)

54.7 (25.9)

23

Fathers

69.0 (19.9)

62.9 (15.5)

61.1 (28.5)

65.5 (20.1)

61.2 (24.0)

74.9 (20.7)

73.0 (13.6)

64.4 (23.0)

69.3 (23.2)

61.0 (24.1)

68.6 (24.0)

56.0 (22.1)

64.5 (24.3)

36

Mothers

68.9 (18.7)

61.0 (16.2)

49.9 (23.9)

58.1 (20.7)

49.2 (22.3)

72.0 (22.3)

72.5 (12.0)

61.1 (25.3)

64.9 (25.1)

57.7 (24.8)

59.6 (23.7)

49.2 (18.7)

54.2 (23.1)

28

Fathers

M (SD)

CBZ (37)

67.3 (20.6)

63.8 (18.4)

61.1 (27.7)

63.9 (21.1)

60.0 (25.2)

71.7 (21.0)

72.0 (13.0)

61.1 (25.9)

63.3 (25.0)

54.8 (25.1)

61.9 (26.5)

56.0 (23.8)

58.1 (26.2)

87

Mothers

65.3 (18.6)

59.7 (15.4)

55.1 (26.7)

58.3 (20.7)

52.0 (24.3)

71.8 (21.5)

69.1 (10.9)

60.3 (26.5)

63.5 (25.5)

57.0 (24.8)

63.1 (25.6)

55.5 (23.9)

59.3 (24.8)

68

Fathers

M (SD)

LTG (88)

67.1 (18.2)

64.2 (19.2)

66.3 (24.9)

61.5 (21.4)

61.1 (25.2)

68.2 (23.6)

72.7 (14.1)

62.4 (29.6)

62.3 (28.3)

52.6 (27.8)

60.5 (24.6)

45.4 (20.9)

52.2 (27.4)

28

Mothers

67.0 (21.1)

63.8 (17.2)

66.2 (21.7)

57.8 (20.5)

62.1 (21.9)

71.6 (21.8)

68.5 (11.5)

62.0 (23.7)

65.3 (21.9)

54.8 (25.5)

51.8 (27.7)

45.7 (21.0)

48.8 (27.6)

24

Fathers

M (SD)

LEV (30)

.853

.991

.807

.898

.979

.662

.903

.880

.657

.502

.331

.073

.180

177

.746

.625

.138

.709

.217

.712

.560

.964

.746

.978

.303

.273

.349

143

p Values a

p Values a

Note. CBCL = child behavior checklist; mean T-score 50, SD 10. Cut-off scores: Narrow band (I t/m VIII): T-score 65-69 = borderline; ≥ 70 = clinical; Broad band
(INT, EXT, Tot): T-score 60-63 = borderline; ≥ 64 = clinical. SEV = Social Emotional Questionnaire; percentile scores – higher scores indicating more problems.
Cut-off scores: Autistic Behavior scale: percentile 95-97 subclinical; ≥ 98 clinical; All other scales: percentile 90-94 subclinical; ≥ 95 clinical. VPA = valproate,
CBZ = carbamazepine, LTG = lamotrigine, LEV = levetiracetam. ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiant Disorder; CD = Conduct
Disorder. aAnalysis of Variance (ANOVA), with post-hoc Tukey tests showing no differences between the antiepileptic drug exposure groups.

61.7 (27.2) 56.1 (25.6)

63.7 (17.8) 61.3 (16.4)

Social Anxiety

60.7 (24.5) 53.9 (24.4)

63.9 (20.7) 59.1 (21.1)

71.6 (21.9) 70.8 (22.1)

CD Antisocial

General Anxiety

72.6 (13.5) 69.7 (11.5)

CD Aggression

Anxiety Total

65.0 (27.4)

62.5 (26.0) 60.4 (25.8)

ODD
74.2 (14.7)

65.2 (28.5)

Social Problem Behavior 64.7 (25.6) 63.2 (25.3)

69.4 (25.3)

61.2 (23.5)

64.9 (25.4)

59.5 (26.1) 55.8 (25.2)

26

55.1 (23.3) 52.1 (22.8)

143

Mothers

ADHD Attention Deficit

177

Fathers

M (SD)

M (SD)

Mothers

VPA (26)

All children (181)

ADHD Total

Sample size

SEV

Table 2. Continued

134
Chapter 4

Aggressive behavior 6.7% / 10.4%

15.2% / 9.0%

Delinquent behavior 2.8% / 6.3%

Total problem
behavior

8.4% / 3.5%

Attention problems

10.7% / 9.0%

8.4% / 3.5%

10.1% / 6.3%

Thought problems

Externalizing
problems

3.4% / 4.9%

6.7% / 9.0%

Social problems

13.5% / 7.6%

3.9% / 1.4%

9.0% / 10.4%

Somatic complain

Internalizing
problems

3.9%/ 4.2%

17.4% / 17.4%

16.9% / 14.6%

23.6% / 18.1%

6.7 / 4.2%

6.7% / 3.5%

7.9% / 3.5%

7.3% / 4.2%

16.9%/10.4%

Withdrawn

8% / 9.1%

4% / 13.6%

16% / 0%

8% / 9.1%

8% / 9.1%

20% / 4.5%

8% / 9.1%

8% / 9.1%

8% / 9.1%

28% / 4.5%

4% / 9.1%

borderline

32% /27.3%

24% / 18.2%

20% / 27.3%

12% / 0%

0% / 9.1%

4% / 4.5%

8% / 4.5%

16% / 13.6

8% / 4.5%

0% / 9.1%

12% / 9.1%

clinical

Mother / Father

clinical

Mother / Father

borderline

Anxious / depressed 8.4% / 6.3%

CBCL

VPA (26)

All children (181)

27.0% /7.1%

24.3% /7.1%

13.5% / 0%

10.8% / 14.3%

0% / 7.1%

5.4% / 3.6%

8.1% / 3.6%

2.7% / 10.7%

8.1% / 7.1%

13.5% / 10.7%

8.1% / 14.3%

borderline
7.1% / 0%

10.7% / 0%
0% / 8.3%

4.5% / 4.3%
8.0% / 1.4%
4.5% / 1.4%
5.7% / 2.9%
6.8% / 1.4%
4.5% / 4.3%
9.1% / 2.9%

10.8% / 10.7% 10.2% / 14.3%
10.2% / 10.0%
11.4% / 7.1%
5.7% / 4.3%
3.4% / 4.3%
5.7% / 10.0%

3.6% / 0%

13.5% /21.4%

13.5% /21.4%

15.9%/11.4%
15.9% /15.7%

9.1% /10.0%
14.8% /8.6%

7.1% /12.5%

3.6% /4.2%

14.3% /8.3%

17.9% /12.5%

21.4% / 12.5%

18.9% / 21.4% 14.8% / 10.0% 27.3% / 15.7% 7.1% / 16.7%

3.6% / 4.2%

0% / 0%

3.6% / 4.2%

7.1% / 4.2%

10.7% / 4.2%

10.7% / 4.2%

0% / 4.2%

7.1% / 4.2%

7.1% / 4.2%

7.1% / 4.2%

3.6% / 8.3%

2.7% / 7.1%

2.7% / 3.6%

0% / 0%

10.8% / 7.1%

5.4% / 0%

7.1% / 16.7%

6.8% / 2.9%

10.2% / 4.3%
18.2% / 10.0%

2.7% / 0%

5.4% / 3.6%

clinical

Mother / Father
borderline

Mother / Father
borderline

LEV (30)

LTG (88)
clinical

clinical

Mother / Father

CBZ (37)

Table 3. Percentages of children within the borderline range and above the clinical cutoff on behavior outcome measures.
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4.0% / 2.8%

2.3% / 0.7%

ADHD Attention
Deficit

clinical

5.6% / 7.0%

General Anxiety

4.0% / 1.4%

5.1% / 0.7%

6.8% / 2.8%

5.6% / 0.7%

4.5% / 1.4%

11.3% / 7.0%

9.6% / 7.0%

8.5% / 4.2%

subclinical

clinical

23% / 8.7%

3.8% / 0%

7.7% / 4.3%

0% / 0%

7.7% / 0%

3.8% / 4.3%

3.8% / 0%

3.8% / 4.3%

7.7% / 13%

7.7% / 0%

3.8% / 8.7%

3.8% / 4.3%

7.7% / 4.3%

7.7% / 4.3%

0% / 4.3%

3.8% / 4.3%

3.8% / 4.3%

11.5%/17.4% 11.5% / 4.3%

3.8% / 4.3%

11.5% / 8.7%

11.5% / 0%

3.8% / 0%

11.5% / 4.3%

7.7% / 0%

3.8% / 8.7%

CBZ (37)

8.3% / 7.1%

0% / 3.6%

11.1% / 3.6%

8.3% / 10.7%

5.6% / 3.6%

16.7% / 3.6%

13.9% / 0%

8.3% / 7.1%

5.6% / 10.7%

5.6% / 3.6%

5.6% / 3.6%

0% / 3.6%

5.6% / 7.1%

subclinical

0% / 3.6%

0% / 0%

5.6% / 0%

2.8% / 0%

0% / 0%

5.6% / 10.7%

5.6% / 10.7%

2.8% / 3.6%

5.6% / 0%

2.8% / 7.1%

11.1% / 7.1%

2.8% / 0%

2.8% / 0%

clinical

Mother / Father

LTG (88)

4.6% / 2.9%

10.3% / 2.9%

4.6% / 1.5%

5.7% / 7.4%

9.2% / 1.5%

9.2% / 8.8%

8.0% / 4.4%

4.6% / 8.8%

3.4% / 5.9%

3.4% / 1.5%

6.9% / 4.4%

2.3% / 0%

6.9% / 2.9%

subclinical

4.6% / 0%

4.6% / 0%

8.0% / 2.9%

6.9% / 0%

5.7% / 1.5%

12.6% / 4.4%

6.9% / 4.4%

11.5% / 5.9%

12.6% / 5.9%

5.7% / 1.5%

11.5% / 5.9%

4.6% / 4.4%

5.7% / 1.5%

clinical

Mother / Father

LEV (30)

0% / 8.3%

3.6% / 12.5%

7.1% / 4.2%

3.6% / 0%

7.1% / 4.2%

0% / 4.2%

7.1% / 0%

3.6% / 0%

3,6% / 0%

0% / 0%

7.1% / 0%

0% / 0%

0% / 4.2%

subclinical

3.6% / 0%

10.7% / 0%

10.7% / 4.2%

7.1% / 0%

7.1% / 0%

14.3% / 12.5%

10.7% / 8.3%

10.7% / 4.2%

14.3% / 4.2%

7.1% / 4.2%

3.6% / 4.2%

3.6% / 0%

7.1% / 0%

clinical

Mother / Father

Note. CBCL = child behavior checklist; SEV = Social Emotional Questionnaire. VPA = valproate, CBZ = carbamazepine, LTG = lamotrigine, LEV = levetiracetam.
ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiant Disorder; CD = Conduct Disorder.

4.5% / 4.9%

7.3% / 2.8%

Anxiety Total

Autistic Behavior

9.6% / 8.4%

CD Antisocial

6.8% / 2.1%

8.5% / 2.8%

CD Aggression

6.8% / 6.3%

6.2% / 7.0%

ODD

Anxious Depressed

5.1% / 2.8%

Social Problem
Behavior

Social Anxiety

3.4% / 1.4%

ADHD Impulsivity

10.7% / 6.3%

9.6% / 4.9%

4.5% / 2.8%

ADHD Hyperactivity 7.3% / 3.5%

5.1% / 2.1%

subclinical

5.1% / 3.5%

Mother / Father

ADHD Total

VPA (26)
Mother / Father

All children (181)

SEV

Table 3. Continued
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Compared to Dutch population norms (SEV)20, LTG-exposed children were found to
have a significantly higher proportion of parent ratings of ODD (Table 3a). Significantly
higher proportions of CD were found for VPA-, LTG- and LEV-exposed children. VPAand LTG-exposed groups had significantly higher proportions of children with clinical
symptoms of Autistic Behavior. CBZ-exposed children showed no higher proportions
of clinical behavioral problems. No differences in proportions were found for parentreport of ADHD or Anxious Behavior.
Table 3a. Percentage of children with clinical behavioral problems – comparison with population norms
of the Social Emotional Questionnaire (SEV)
Sample size

Proportion children with
clinical scores

z-score

p Value

ADHD SEV

2536

0.043

ADHD VPA

26

0.038

0.1251

.897

ADHD CBZ

37

0.028

0.4476

.653

ADHD LTG

88

0.057

-0.6332

.529

ADHD LEV

30

0.071

-0.7489

.453

ODD SEV

2536

0.047

ODD VPA

26

0.038

0.2159

.826

ODD CBZ

37

0.028

0.5436

.589

ODD LTG

88

0.115

-2.8972

.004**

ODD LEV

30

0.107

-1.5329

.126

CD SEV

2536

0.033

CD VPA

26

0.173

-3.8958

.0001***

CD CBZ

37

0.056

-0.7738

.441

CD LTG

88

0.098

-3.2537

.001**

CD LEV

30

0.125

-2.7612

.006**

Anxiety SEV

2536

0.087

Anxiety VPA

26

0.038

0.8843

.379

Anxiety CBZ

37

0.0

1.8764

.06

Anxiety LTG

88

0.057

0.9868

.322

Anxiety LEV

30

0.071

0.3094

.757

Autism SEV

2536

0.015

Autism VPA

26

0.077

-2.5358

.01**

Autism CBZ

37

0.0

0.7506

.453

Autism LTG

88

0.046

-2.2757

.02*

Autism LEV

30

0.036

-0.9332

.352

Note. SEV = Social Emotional Questionnaire. ADHD = Attention Deficit Hyperactivity Disorder;
ODD = Oppositional Defiant Disorder; CD = Conduct Disorder. VPA = valproate, CBZ = carbamazepine,
LTG = lamotrigine, LEV = levetiracetam. *p < 0.05 ** p < 0.01 *** p < 0.001
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Table 4. Multilevel regression analyses (VPA as reference group): significant differences on child behavior problems
CBCL

Social problems

Attention problems

B (SE)

CI

p Value

B (SE)

CI

p Value

Intercept

47.0 (2.5)

42.1 to 52.0

.000

84.7 (14.0)

57.0 to 112.3

.000

Father ╞

-0.7 (0.4)

-1.6 to 0.2

.107

-0.4 (0.4)

-1.2 to 0.3

.266

CBZ

-2.5 (1.4)

-5.3 to 0.2

.072†

-2.3 (1.4)

-5.1 to 0.5

.106

LTG

-2.8 (1.2)

-5.2 to -0.4

.022*

-2.2 (1.3)

-4.7 to 0.3

.078†

LEV

-3.2 (1.5)

-6.1 to -0.3

.028*

-3.7 (1.5)

-6.7 to -0.8

.013*

Maternal behavioral problems

0.3 (0.04)

0.2 to 0.4

.000***

0.2 (0.04)

0.1 to 0.3

.000***

Maternal education

-2.0 (0.8)

-3.6 to -0.4

.016*

-3.3 (0.9)

-5.0 to -1.6

.000***

Breastfeeding

-2.1 (1.0)

-4.0 to -0.1

.038*

-

-

-

Age of child

-

-

-

-

-

-

Epilepsy type

-

-

-

-

-

-

Gestational age

-

-

-

-0.9 (0.3)

-1.6 to -0.2

.011

Alcohol exposure 1st trimester

-

-

-

-

-

-

Nicotine exposure 2 /3 trimester

-

-

-

-

-

-

10.0 to 45.0

.009

nd

rd

Random intercept: Family variance

0.0 (0.0)

-

-

1.2 (7.6)

Random intercept: Child variance

20.4 (3.2)

15.1 to 27.7

.000

21.2 (8.1)

p Value

B (SE)

CI

p Value

.063

106.6 (50.4)

7.2 to 206.0

.036

SEV

ADHD Total
B (SE)

Intercept

CI

110.2 (56.5) -1.2 to 221.6

.874

ADHD - Attention Deficit

Father ╞

-3.9 (1.9)

-7.6 to -0.3

.036

-3.1 (1.9)

-7.0 to 0.7

.109

CBZ

-3.4 (5.7)

-14.7 to 7.8

.548

-5.6 (4.8)

-15.0 to 3.8

.242

LTG

-6.2 (5.1)

-16.2 to 3.8

.221

-4.7 (4.2)

-12.9 to 3.6

.266

LEV

-13.2 (6.0)

-25.1 to -1.3

.030*

-11.7 (5.1)

-21.7 to -1.7

.022*

Maternal behavioral problems

0.9 (0.2)

0.5 to 1.3

.000

0.6 (0.2)

0.3 to 0.9

.000***

Maternal education

-

-

-

-

-

-

Breastfeeding

-

-

-

-

-

-

Age of child

-

-

-

0.4 (0.2)

-0.04 to 0.8

.073†

Epilepsy type

-

-

-

-

-

-

Gestational age

-2.2 (1.4)

0.5 to 1.3

.102

-2.7 (1.2)

-5.0 to -0.4

.020*

Alcohol exposure 1st trimester

-

-

-

-

-

-

Nicotine exposure 2 /3 trimester

-

-

-

-

-

-

nd

rd

Random intercept: Family variance 173.6 (84.7) 66.7 to 452.0

.041

47.3 (73.0)

2.3 to 973.9

.517

Random intercept: Child variance

.077

121.6 (79.3) 33.9 to 436.8

.125

142.9 (80.8) 47.1 to 433.0

Note. CBCL = Child Behavior Checklist; SEV = Social Emotional Questionnaire; VPA = valproate,
CBZ = carbamazepine, LTG = lamotrigine, LEV = levetiracetam. ADHD = Attention Deficit Hyperactivity Disorder;
ODD = Oppositional Defiant Disorder; CD = Conduct Disorder. ╞ As both parents are included in the analyses, this
variable shows possible differences between mother and father report on child behavioral outcomes. Maternal
behavioral problems: measured with the Adult Self Report (interval); Maternal education: higher educated (yes/
no, dichotomous); Breastfeeding (yes/no, dichotomous); Age of child at time of study (months); Epilepsy type:
generalized epilepsy (yes, no, dichotomous); Gestational age (weeks); Alcohol or Nicotine exposure (yes, no,
dichotomous). B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.
†<.10 *p < 0.05 ** p < 0.01 *** p < 0.001
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Comparison between children exposed to different antiepileptic drug types
After controlling for potential confounders, multilevel regression analyses showed that
VPA-exposed children had significantly more Social Problems than children exposed
to LTG (-2.8, CI -5.2 to -0.4; p = .022) or LEV (-3.2, CI -6.1 to -0.3; p = .028) (Table
4). Compared to LEV-exposed children, VPA-exposed children had significantly more
Attention Problems (-3.7, CI -6.7 to -0.8; p = .013). VPA-exposed children also had more
symptoms of ADHD (Total score) (-13.2, CI -25.1 to -1.3; p = .030) and Attention Deficit
than LEV-exposed children (-11.7, CI -21.7 to -1.7; p = .022). No differences were found
for other behavioral outcomes as reported by parents (Table 4a).
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 overfitting - this
result was no longer significant.
A direct comparison between LTG and LEV, while controlling for potential
confounders, revealed few differences (Table 5). Parental ratings of LTG-exposed
children showed significantly more symptoms of ADHD Attention Deficit compared to
LEV-exposed children (-9.2, CI -17.3 to 1.1; p = .026). In comparison with LEV-exposed
children, parents of LTG-exposed children reported significantly fewer symptoms of
Anxiety (Total score) (9.0, CI 0.3 to 17.6; p = .042). On other (sub)scales no significant
differences were found.

4

7.3 to 37.1

0.7 to 53.0

-

-

-

-3.7 to 0.6

-

-4.2 to 0.01

-

0.1 to 0.3

-5.2 to 1.3

-5.6 to 0.04

-5.0 to 1.6

-2.5 to -0.5

45.5 to 56.6

51.0 (2.6)

-1.0 (0.5)

-0.6 (1.5)

-0.8 (1.3)

-0.9 (1.6)

0.1 (0.05)

CBZ

LTG

LEV

Maternal behavioral problems

0.05 to 0.2

-4.0 to 2.3

-3.5 to 1.8

-3.5 to 2.4

-2.0 to -0.005

45.8 to 56.2

CI

Thought Problems

Father ╞

B (SE)

Intercept

CBCL

rd

16.5 (6.8)

nd

Random intercept: Child variance

-

Alcohol exposure 1st trimester
-

-

Gestational age

5.9 (6.6)

-1.6 (1.1)

Epilepsy type

Random intercept: Family variance

-

Age of child

Nicotine exposure 2 /3 trimester

-2.1 (1.1)

Breastfeeding

-

0.2 (0.04)

Maternal behavioral problems

Maternal education

-2.8 (1.4)

-2.0 (1.6)

-1.7 (1.7)

CBZ

LEV

-1.5 (0.5)

LTG

51.0 (2.8)

CI

Anxious/depressed

Father ╞

B (SE)

Intercept

CBCL

.003**

.582

.531

.692

.049

.000

p Value

.015

.373

-

-

-

.148

-

.051†

-

.001**

.229

.053†

.300

.004

.000

p Value

9.0 to 37.6

-

-

-

-

-

-

-

0.1 to 0.3

-3.2 to 2.9

-3.1 to 2.0

-3.7 to 2.1

-1.6 to 0.5

42.7 to 52.4

CI

Withdrawn

0.2 (0.04)

-0.9 (1.4)

-0.4 (1.2)

0.7 (1.3)

0.3 (0.5)

0.08 to 0.2

-3.7 to 1.8

-2.7 to 1.9

-1.8 to 3.3

-0.6 to 1.2

44.7 to 53.8

CI

Delinquent behavior
49.2 (2.3)

B (SE)

18.4 (6.7)

0.5 (5.7)

-

-

-

-

-

-

-

0.2 (0.04)

-0.2 (1.5)

-0.5 (1.3)

-0.8 (1.5)

-0.5 (0.5)

47.6 (2.4)

B (SE)

.000***

.505

.739

.578

.530

.000

p Value

.006

.933

-

-

-

-

-

-

-

.000***

.915

.673

.578

.317

.000

p Value

Table 4a. Multilevel regression analyses with child behavior problems and VPA as reference group (nonsignificant results)

17.1 to 31.8

-

-

-

-

-

-

-4.9 to -0.7

-3.3 to 0.2

0.1 to 0.3

-6.0 to 0.3

-3.8 to 1.5

-3.3 to 2.7

-2.0 to -0.1

44.0 to 54.6

CI

Somatic complain

0.3 (0.05)

-1.0 (1.8)

-1.4 (1.5)

-0.9 (1.7)

-0.7 (0.5)

0.2 to 0.4

-4.6 to 2.6

-4.4 to 1.6

-4.2 to 2.5

-1.7 to 0.3

39.2 to 51.0

CI

Aggressive behavior
45.1 (3.0)

B (SE)

23.3 (3.7)

0.0 (0.0)

-

-

-

-

-

-2.8 (1.1)

-1.5 (0.9)

0.2 (0.05)

-2.8 (1.6)

-1.2 (1.3)

-0.3 (1.5)

-1.1 (0.5)

49.3 (2.7)

B (SE)

.000***

.579

.347

.614

.143

.000

p Value

.000

-

-

-

-

-

-

.010*

.089†

.000***

.073†

.383

.852

.025

.000

p Value
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-3.1 (1.8)

-3.2 (1.2)

-3.3 (1.4)
-

Maternal education

Breastfeeding

Age of child

Epilepsy type

Gestational age

Alcohol exposure 1 trimester

-3.1 (1.8)

LTG

0.4 (0.07)

-0.4 (2.1)

CBZ

Maternal behavioral problems

-1.6 (0.6)

LEV

39.0 (3.7)

Father╞

B (SE)

Intercept

-

18.9 (9.2)

23.4 (9.3)

Random intercept: Child variance

rd

Random intercept: Family variance

nd

Nicotine exposure 2 /3 trimester

st

2.1 to 30.2

5.1 to 30.5

-

-

-

-

-

-

-3.5 to 0.07

10.7 to 50.9

7.3 to 49.3

-

-

-

-

-

-6.0 to -0.5

-5.6 to -0.8

0.3 to 0.6

-8.0 to 0.6

-6.7 to 0.5

-4.4 to 3.7

-2.8 to -0.3

31.7 to 46.4

CI

.143

.029

-

-

-

-

-

-

.060†

.012

.040

-

-

-

-

-

.020

.010

.000

.093†

.088†

.859

.014

.000

p Value

Total Behavior problems

7.9 (5.4)

CBCL

rd

Random intercept: Child variance

nd

-

-

Alcohol exposure 1 trimester

12.4 (5.7)

-

Gestational age

Random intercept: Family variance

-

Epilepsy type

Nicotine exposure 2 /3 trimester

-

st

-

Age of child

-1.7 (0.9)

Breastfeeding

Maternal education

Table 4a. Continued

0.4 (0.07)

-3.0 (2.3)

-2.6 (1.9)

-0.8 (2.2)

-2.5 (0.7)

40.5 (3.8)

B (SE)

26.8 (11.1)

19.1 (11.0)

-

-

-

-

-

-4.1 (1.5)

-

-

9.6 to 20.5

16.5 (6.2)

-

7.8 to 34.6

5.4 to 34.2

-5.4 to 2.2
-4.9 to 4.2

-0.7 (0.7)
1.4 (2.2)
-1.6 (1.9)

.001
.706
.170

-5.1 to 3.5

19.6 (9.4)

.016

-

-

11.9 to 60.2

-

-

-

-

-

-

26.4 (10.0)

-

-

-

-

.006

.084

-

-

-2.6 (1.3)

-

7.6 to 50.4

12.5 to 55.6

-

-

-

-

-5.1 to 0.03

0.3 to 0.6

-0.3 (2.3)
0.4 (0.07)

.170

-2.8 to 5.7

.000

6.1 to 59.3

-

-

-

-

-7.0 to -1.2

-

0.2 to 0.5

-7.5 to 1.6

-6.4 to 1.1

-2.0 (0.7)

26.8 to 41.9

34.3 (3.8)

.000

-3.8 to -1.1

33.1 to 47.9

CI

p Value

CI

B (SE)

Externalizing problems

13.6 (6.4)

.000

-

.025*

-3.7 to -0.2

-

-

-

-

-

-3.7 to 0.4

-

-

-

-

-

-

-1.7 (1.0)

.060†

-

-

-

-

-3.0 to 0.06

Internalizing problems

0.0 (0.0)

14.0 (2.7)

-

-2.0 (0.9)

-

-

-

-

-1.5 (0.8)

.038

.009

-

-

-

-

-

-

.052

.000

.890

.407

.504

.316

.000

p Value

.008

.033

-

-

-

-

-

-

.105
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-

158.3 (63.0)

60.6 (61.4)

Gestational age

Alcohol exposure 1st trimester

Nicotine exposure 2nd/3rd trimester

Random intercept: Family variance

Random intercept: Child variance

-11.0 (6.0)

0.9 (0.2)

LTG

LEV

Maternal behavioral problems
-

-1.3 (5.8)

-6.3 (5.1)

CBZ

-4.7 (1.8)

Father ╞

B (SE)

107.2 (57.0)

Intercept

Maternal education

CI

8.3 to 440.9

72.5 to 345.5

-

-

-

-

-

-

-

0.6 to 1.3

-12.5 to 9.9

-10.6 to 8.0

-6.2 to 14.9

-5.6 to 2.8

-2.3 to 33.8

-

0.5 to 1.3

-23.0 to 0.9

-16.3 to 3.8

-12.7 to 10.2

-8.3 to -1.2

-5.4 to 219.7

CI

ADHD - Hyperactivity

-

Epilepsy type

SEV

-

1.0 (0.2)

Maternal behavioral problems

Age of child

-1.3 (5.7)

LEV

-

-1.3 (4.7)

LTG

-

4.3 (5.3)

CBZ

Breastfeeding

-1.4 (2.1)

Father╞

Maternal education

15.7 (9.1)

B (SE)

-

.000***

.069†

.219

.825

.009

.062

p Value

.323

.012

-

-

-

-

-

-

-

.000

.824

.782

.417

.505

.087

p Value

Social Problem Behavior

Intercept

SEV

Table 4a. Continued
B (SE)

-

0.6 (0.2)

-4.4 (6.0)

-4.0 (5.1)

1.9 (5.8)

0.2 (2.0)

75.7 (59.2)

B (SE)

CI

158.9 to 335.9

-

-

-

-

-

0.08 to 1.0

-

-

0.6 to 1.2

-9.4 to 11.8

-15.6 to 1.8

-14.5 to 5.5

-10.5 to -3.0

-59.9 to 14.3

-

0.3 to 1.0

-16.3 to 7.4

-14.1 to 6.0

-9.5 to 13.3

-3.8 to 4.1

-41.1 to 192.5

CI

ADHD - Impulsivity

231.0 (44.1)

.0 (.0)

-

-

-

-

0.5 (0.2)

-

-

0.9 (0.2)

1.2 (5.4)

-6.9 (4.4)

-4.5 (5.1)

-6.7 (1.9)

-22.8 (18.8)

Anxiety Total

-

.001***

.461

.428

.748

.931

.202

p Value

.000

-

-

-

-

-

.021

-

-

.000

.818

.121

.372

.001

.227

p Value

B (SE)

26.8 (50.0)

70.6 (48.4)

-

-7.0 (2.8)

-1.7 (0.9)

-

-

-

-

0.7 (0.1)

-5.3 (4.2)

-5.7 (3.5)

-3.5 (3.9)

-1.4 (1.7)

107.9 (39.1)

0.7 to 1044.9

18.4 to 270.3

-

-12.6 to -1.4

-3.6 to 0.1

-

-

-

-

0.5 to 1.0

-13.5 to 2.9

-12.7 to 1.2

-11.3 to 4.2

-4.7 to 2.0

30.7 to 185.2

CI

Autistic Behavior

.593

.144

-

.015

.066

-

-

-

-

.000

.204

.106

.371

.427

.006

p Value
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134.9 (89.0)

201.3 (88.4)

Random intercept: Family variance

Random intercept: Child variance

-

0.4 (0.2)
-

182.2 (71.2)

75.3 (67.0)

Age of child

Epilepsy type

Gestational age

Alcohol exposure 1 trimester

Nicotine exposure 2nd/3rd trimester

Random intercept: Family variance

Random intercept: Child variance

st

-

Breastfeeding

0.8 (0.2)

Maternal behavioral problems

Maternal education

-3.4 (4.9)

-0.7 (6.0)

0.8 (5.6)

CBZ

LEV

-1.7 (2.1)

Father ╞

LTG

-9.9 (19.5)

Intercept

B (SE)

-

SEV

-

-2.0 (1.4)

Gestational age

Nicotine exposure 2nd/3rd trimester

-

Epilepsy type

Alcohol exposure 1 trimester

-

Age of child

st

-5.8 (3.9)

Breastfeeding

Table 4a. Continued

13.2 to 430.4

84.7 to 391.7

-

-

-

-

-0.03 to 0.9

-

-

0.4 to 1.2

-12.6 to 11.2

-13.2 to 6.3

-10.3 to 11.8

-5.9 to 2.5

-48.4 to 28.6

CI

ODD

85.1 to 476.0

37.0 to 491.9

-

-

-4.7 to 0.7

-

-

-13.6 to 2.0

.261

.010

-

-

-

-

.069†

-

-

.000***

.907

.487

.891

.432

.612

p Value

.023

.130

-

-

.146

-

-

.146

13.8 (18.2)

55.9 (20.4)

-

-

-

-

-

-

-

0.2 (0.1)

-2.3 (3.1)

-2.3 (2.5)

0.2 (2.9)

-2.7 (1.1)

61.7 (4.9)

B (SE)

161.1 (94.6)

117.3 (91.5)

12.7 (8.0)

-

-2.0 (1.4)

-

0.4 (0.2)

-

.089

-4.2 to 13.9
-6.3 to 9.7

-0.7 (1.9)
4.8 (4.6)

.012
.945

.448

44.1 (48.0)

106.2 (47.5)

.006

-

-

1.0 to 183.1

-

-

27.3 to 114.4

-

-

-

-

-

-

-

-

-

0.8 (0.1)

.009**

-

1.7 (4.0)
-0.6 (4.9)

.363
.460

-

-

-

-

-

-

-

0.1 to 0.4

-8.3 to 3.8

-7.3 to 2.7

-5.5 to 5.9

CI

5.2 to 372.3

44.2 to 255.1

-

-

-

-

-

-

-

0.5 to 1.1

-10.2 to 9.0

-4.5 to 3.0

15.1 to 46.2

-4.8 to -0.6

B (SE)

.000

30.6 (7.9)

p Value

CI

CD Antisocial

52.0 to 71.4

CD Aggression

.200

25.4 to 541.1
51.0 to 509.2

.114

-

.145

-

.120

-

-3.1 to 28.5

-4.7 to 0.7

-

-0.1 to 0.8

-

.358

.025

-

-

-

-

-

-

-

.000***

.901

.681

.296

.701

.000

p Value
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-

-1.7 (1.0)

Epilepsy type

Gestational age
-

31.8 (51.9)

110.3 (58.2)

Nicotine exposure 2nd/3rd trimester

Random intercept: Family variance

Random intercept: Child variance

-7.9 to -1.1

39.1 to 310.5

1.3 to 775.9

-

-

-3.8 to 0.4

-

0.02 to 0.8

-

-

0.4 to 1.0

-14.5 to 3.6

-14.2 to 0.8

-11.9 to 5.2

.058

.539

-

-

.106

-

.038*

-

-

.000***

.234

.081†

.437

.011

.129

p Value

341.0 (57.4)

0.0 (0.0)

-

-

-

-5.9 (4.0)

-

-

-

0.8 (0.2)

4.6 (6.2)

-4.8 (5.4)

-6.7 (6.3)

-5.9 (2.0)

27.0 (10.2)

B (SE)

245.2 to 474.3

-

-

-

-

-13.8 to 2.1

-

-

-

0.4 to 1.2

-7.6 to 16.8

-15.4 to 5.7

-19.2 to 5.8

-9.8 to -2.0

6.8 to 47.2

CI

Social Anxiety

.000

-

-

-

-

.146

-

-

-

.000***

.459

.367

.294

.003

.009

p Value
-2.2 (1.4)

104.3 (22.6)

0.0 (0.0)

-

-

-

-

0.6 (0.2)

-

-

0.5 (0.1)

0.6 (3.8)

-4.1 (3.1)

-2.2 (3.5)

68.3 to 159.4

-

-

-

-

-

0.3 to 0.9

-

-

0.3 to 0.8

-6.8 to 8.0

-10.2 to 2.0

-9.2 to 4.8

-4.9 to 0.6

-31.9 to 19.9

CI

Anxious Depressed
-6.0 (13.1)

B (SE)

.000

-

-

-

-

-

.000***

-

-

.000***

.876

.189

.529

.122

.649

p Value

Note. CBCL = Child Behavior Checklist; SEV = Social Emotional Questionnaire; VPA = valproate, CBZ = carbamazepine, LTG = lamotrigine, LEV = levetiracetam.
ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiant Disorder; CD = Conduct Disorder. ╞ As both parents are included in the analyses, this
variable shows possible differences between mother and father report on child behavioral outcomes. Maternal behavioral problems: measured with the Adult Self
Report (interval); Maternal education: higher educated (yes/no, dichotomous); Breastfeeding (yes/no, dichotomous); Age of child at time of study (months); Epilepsy
type: generalized epilepsy (yes, no, dichotomous); Gestational age (weeks); Alcohol or Nicotine exposure (yes, no, dichotomous). B = unstandardized coefficients,
SE = standard error, CI = Confidence Interval.
† <.10 *p < 0.05 ** p < 0.01 *** p < 0.001

-

Alcohol exposure 1 trimester

st

0.4 (0.2)

Age of child

0.7 (0.1)

Maternal behavioral problems
-

-5.5 (4.6)

LEV
-

-6.7 (3.8)

LTG

Breastfeeding

-3.4 (4.3)

CBZ

Maternal education

-4.5 (1.7)

Father ╞

-20.5 to 159.5

CI

General Anxiety

69.5 (45.6)

B (SE)

Intercept

SEV

Table 4a. Continued
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-

2.5 (6.5)

15.5 (7.2)

Alcohol exposure 1st trimester

Nicotine exposure 2 /3 trimester

Random intercept: Family variance

Random intercept: Child variance

-

Age of child

Epilepsy type

0.3 (0.1)

Maternal behavioral problems

Breastfeeding

-0.1 (1.2)

LEV
-

-1.0 (0.5)

Father ╞

Maternal education

69.8 (18.0)

Intercept

B (SE)

-

Gestational age

CBCL

-

Epilepsy type

rd

0.2 (0.1)

Age of child

nd

-

Breastfeeding

0.2 (0.1)

Maternal behavioral problems
-

1.5 (1.2)

LEV

Maternal education

-2.2 (0.7)

Father ╞

-

-

-

-

0.2 to 0.4

-2.4 to 2.2

-2.1 to 0.02

34.2 to 105.4

CI

Social Problems

6.3 to 38.5

0.01 to 422.0

-

-

-

-

0.01 to 0.3

-

-

0.1 to 0.3

-0.9 to 3.9

-3.4 to -0.9

22.2 to 46.4

CI

Anxious/depressed

34.3 (6.1)

B (SE)

Intercept

CBCL

-

-

-

-

.000***

.955

.055

.000

p Value

.031

.703

-

-

-

-

.031*

-

-

.005**

.218

.001

.000

p Value

-

-

-

-

0.1 (0.1)

0.1 (1.3)

-1.5 (0.6)

8.3 to 41.5

0.0 to 10485.5

-

-

-

-

-

-

-

0.1 to 0.3

-2.0 to 2.8

-1.4 to 1.2

38.7 to 50.8

CI

Withdrawn

-

-

-

-

0.03 to 0.3

-2.4 to 2.7

-2.7 to -0.3

42.0 to 115.0

CI

Thought Problems
78.5 (18.4)

B (SE)

18.5 (7.6)

1.4 (6.4)

-

-

-

-

-

-

-

0.2 (0.1)

0.4 (1.2)

-0.1 (0.7)

44.8 (3.0)

B (SE)

Table 5. Multilevel regression analyses – direct comparison between LTG and LEV on child behavior problems

-

-

-

-

.017*

.914

.018

.000

p Value

.015

.826

-

-

-

-

-

-

-

.000***

.754

.858

.000

p Value

-3.7 (1.1)

0.2 (0.1)

-1.3 (1.2)

-0.6 (0.5)

-

-

-

11.2 to 26.2

-

-9.3 to 1.3

-

-1.8 to -0.2

-

-

-5.1 to -0.1

-

0.1 to 0.3

-3.4 to 1.0

-3.0 to -0.7

-

-

-

-5.9 to -1.4

0.1 to 0.4

-3.7 to 1.1

-1.7 to 0.5

63.0 to 136.3

CI

Attention problems
99.6 (18.5)

B (SE)

17.1 (3.7)

0.0 (0.0)

-4.0 (2.7)

-

-1.0 (0.4)

-

-

-2.6 (1.3)

-

0.2 (0.1)

-1.2 (1.1)

-1.9 (0.6)

52.1 to 120.2

CI

Somatic complaints
86.2 (17.2)

B (SE)

-

-

-

.002**

.000***

.268

.286

.000

p Value

.000

-

.139

-

.019*

-

-

.041*

-

.000***

.296

.002

.000

p Value
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-

Gestational age

15.0 (3.6)

0.0 (0.0)

Random intercept: Family variance

Random intercept: Child variance

rd

-

nd

Nicotine exposure 2 /3 trimester

-1.7 (1.0)

-

Epilepsy type

Alcohol exposure 1st trimester

-

Age of child

0.2 (0.1)

Maternal behavioral problems
-

-0.5 (1.1)

LEV

Breastfeeding

-0.1 (0.6)

Father ╞

-

46.3 (2.8)

Intercept

Maternal education

14.7 to 30.9

-

-

-

-1.6 to 0.1

-

9.4 to 24.0

-

-3.7 to 0.3

-

-

-

-

-

0.1 to 0.3

-2.8 to 1.7

-1.2 to 1.2

40.8 to 51.8

CI

Delinquent behavior

Random intercept: Child variance

B (SE)

0.0 (0.0)

21.3 (4.0)

Random intercept: Family variance

CBCL

-

rd

Nicotine exposure 2 /3 trimester

nd

-

-0.7 (0.4)

Alcohol exposure 1st trimester

Gestational age

Table 5. Continued

-

.000

-

.095†

-

-

-

-

-

.000***

.633

.889

.000

p Value

.000

-

-

-

.097†

-0.9 (0.7)

21.2 (8.7)

15.5 (9.0)

-

-

-

-

-

-

-

0.3 (0.1)

0.4 (1.5)

0.7 to 40.6

6.9 to 34.7

-

-

-1.6 to 0.2

9.5 to 47.3

5.0 to 48.2

-

-

-

-

-

-

-

0.1 to 0.4

-2.7 to 3.4

-2.2 to 0.4

34.8 to 49.8

CI

Aggressive behavior
42.3 (3.4)

B (SE)

5.5 (5.6)

15.5 (6.4)

-

-

-0.7 (0.5)
2.9 (8.4)
19.6 (9.1)

.015
.327

.015

.085

-

-

-

-

-

-

-

.000***

.813

.152

.000

p Value

-1.3 (0.5)

.107

7.8 to 48.7

0.01 to 803.9

-

-

-2.2 to -0.4

.032

.727

-

-

.005**
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-0.5 (1.7)

0.4 (0.1)

LEV

Maternal behavioral problems

-8.1 (4.8)

0.9 (0.2)

LEV

Maternal behavioral problems

-10.3 (5.2)

-

Breastfeeding

Age of child

-

-0.4 (2.4)

Father ╞

Maternal education

16.1 (12.3)

Intercept

B (SE)

25.2 (11.9)

SEV

rd

Random intercept: Child variance

nd

-

-

Alcohol exposure 1 trimester

16.1 (11.5)

-

Gestational age

Random intercept: Family variance

-

Epilepsy type

Nicotine exposure 2 /3 trimester

-

Age of child

st

-2.9 (1.9)

Breastfeeding

-

-2.1 (0.8)

Maternal education

32.7 (4.4)

Father ╞

-

-20.6 to -0.02

-

0.4 to 1.3

-17.7 to 1.5

-5.1 to 4.3

-8.3 to 40.5

CI

ADHD Total

10.0 to 63.4

4.0 to 65.1

-

-

-

-

-

-6.6 to 0.7

-

0.3 to 0.6

-4.0 to 2.9

-3.7 to -0.5

24.0 to 41.3

CI

-

.050*

-

.000***

.098†

.866

.194

p Value

.034

.161

-

-

-

-

-

.114

-

.000***

.750

.013

.000

p Value

Total Behavior problems

B (SE)

Intercept

CBCL

Table 5. Continued

0.6 (0.2)

-9.2 (4.1)

-0.3 (2.3)

154.5 (63.5)

B (SE)

-

-10.1 (4.5)

-

5.9 to 42.4

9.1 to 65.4

3.4 to 68.6

-

-

-

-

-0.1 to 0.4

-6.8 to 0.9

-

0.2 to 0.5

-3.0 to 4.2

-4.9 to -1.2

-

-19.1 to -1.1

-

0.2 to 1.0

-17.3 to -1.2

-4.9 to 4.4

28.7 to 280.4

CI

-

.029*

-

.003**

.026*

.903

.017

p Value

.046

.193

-

-

-

-

.134

.134

-

.000***

.742

.001

.010

p Value

ADHD Attention Deficit

24.5 (12.3)

15.2 (11.7)

-

-

-

-

0.2 (0.1)

-2.9 (2.0)

-

0.4 (0.1)

0.6 (1.8)

-3.1 (0.9)

CI

Internalizing problems
24.1 (9.2)

B (SE)

-

-11.2 (5.3)

-

0.8 (0.2)

-5.6 (4.9)

-1.9 (2.3)

25.4 (12.5)

B (SE)

8.9 to 65.7

9.3 to 68.4

-

-

-

-

-

-

-

0.3 to 0.6

-2.5 to 4.9

-2.6 to 0.9

21.3 to 39.6

-

-21.7 to -0.6

-

0.3 to 1.3

-15.4 to 4.1

-6.4 to 2.7

0.6 to 50.1

CI

ADHD Hyperactivity

24.1 (12.3)

25.2 (12.8)

-

-

-

-

-

-

-

0.5 (0.1)

1.2 (1.9)

-0.9 (0.9)

30.5 (4.6)

CI

.520

.319

.000

p Value

-

.038*

-

.001***

.251

.423

.045

p Value

.050

.050

-

-

-

-

-

-

-

.000***

Externalizing problems
B (SE)
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0.4 (0.3)
-

103.7 (97.4)

159.7 (105.7)

Age of child

Epilepsy type

Gestational age

Alcohol exposure 1 trimester

Nicotine exposure 2nd/3rd trimester

Random intercept: Family variance

Random intercept: Child variance

st

-

0.7 (0.2)

Maternal behavioral problems
-

-0.1 (4.8)

LEV

Breastfeeding

1.8 (2.6)

Father ╞

Maternal education

-17.2 (23.4)

Intercept

B (SE)

63.5 to 598.5

22.7 to 710.5

-

-

-

-

43.6 to 584.6

16.4 to 653.9

-

-

-

-

-0.1 to 1.0

-

-

0.3 to 1.2

-9.6 to 9.4

-3.3 to 6.9

-63.6 to 29.2

CI

ADHD impulsivity

195.0 (111.6)

Random intercept: Child variance

SEV

-

rd

127.1 (111.6)

nd

Random intercept: Family variance

-

Alcohol exposure 1 trimester

Nicotine exposure 2 /3 trimester

-

Gestational age

st

-

Epilepsy type

Table 5. Continued

.131

.287

-

-

-

-

.139

-

-

.001***

.983

.485

.463

p Value

.081

.255

-

-

-

-

-

-

100.4 (80.8)

112.9 (77.2)

-

-

-

-

0.4 (0.3)

-

-

0.8 (0.2)

2.1 (4.6)

1.1 (2.7)

-15.6 (22.3)

B (SE)

-5.9 to 13.6

3.9 (4.9)
0.7 (0.2)
0.6 (0.3)
125.5 (92.8)

.644
.000***
.094†
.114
.214

29.5 to 431.6
20.7 to 486.3

-

-

-

-

-0.1 to 1.0

-

-

0.4 to 1.3

-7.1 to 11.3

123.7 (94.7)

-5.5 to 5.4

-0.03 (2.7)

.686

-4.2 to 6.4

CI

27.6 to 554.8

29.5 to 534.6

-

-

-

-

0.1 to 1.2

-

-

0.2 to 1.1

-72.9 to 20.5

.487

B (SE)
-26.2 (23.6)

p Value

CI

ODD

94.2 to 624.4

12.1 to 889.2

-59.8 to 28.7

Social Problem Behavior

242.7 (117.0)

.079

184.0 (104.7) 60.3 to 561.1

-

103.9 (113.8)

-

-

-

-

-

-

-

-

.043*

.893

-

-

-6.3 to -0.1

5.6E-6 to
27807137.8

12.5 (93.0)

-

-

-3.2 (1.6)

.192

.176

-

-

-

-

.026*

-

-

.003**

.433

.990

.269

p Value

.038

.361

-

-

-

-
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1.0 (2.4)

0.2 (0.1)

LEV

Maternal behavioral problems

0.4 (3.7)

0.6 (0.2)

LEV

Maternal behavioral problems

-7.9 (4.1)

0.5 (0.2)
-

Breastfeeding

Age of child

Epilepsy type

-

-4.9 (2.2)

Maternal education

-2.6 (19.6)

Father ╞

B (SE)

Intercept

SEV

rd

3.3 (16.0)

nd

Random intercept: Child variance

Alcohol exposure 1st trimester
-

-

Gestational age

62.3 (20.7)

-

Epilepsy type

Random intercept: Family variance

-

Age of child

Nicotine exposure 2 /3 trimester

-

0.2 (0.1)

Breastfeeding

-

-2.9 (1.3)

Maternal education

41.4 (10.5)

Father ╞

B (SE)

Intercept

SEV

Table 5. Continued

-

0.02 to 0.9

-16.0 to 0.2

-

0.2 to 0.9

-7.0 to 7.7

-9.3 to -0.6

-41.4 to 36.2

CI

General Anxiety

0.0 to 45575.4

32.5 to 119.3

-

-

-

-

-0.2 to 0.5

-

-

0.01 to 0.5

-3.9 to 5.8

-5.4 to -0.4

20.4 to 62.4

CI

CD Aggression

-

.042*

.057†

-

.001***

.923

.025

.894

p Value

.837

.003

-

-

-

-

.070†

-

-

.040*

.692

.023

.000

p Value

-

-

-

12.0 (4.4)

1.1 (0.2)

8.4 (4.6)

-4.7 (2.5)

-2.6 (13.1)

B (SE)

76.4 (58.2)

80.9 (53.9)

-

-

-

-

-

-

-

0.8 (0.2)

-2.1 (3.9)

1.0 (2.3)

33.2 (9.6)

B (SE)

-

-

-

3.3 to 20.8

0.6 to 1.5

-0.8 to 17.6

-9.7 to 0.2

-28.5 to 23.2

CI

Social Anxiety

17.2 to 340.0

21.9 to 298.3

-

-

-

-

-

-

-

0.4 to 1.1

-9.8 to 5.6

-3.6 to 5.6

14.1 to 52.2

CI

CD Antisocial

-

-

-

.007**

.000***

.073†

.059

.840

p Value

.189

.133

-

-

-

-

-

-

-

.000***

.583

.672

.001

p Value

0.6 (0.1)

5.4 (3.0)

-2.7 (1.7)

-

0.7 (0.2)

-

-

136.6 to 366.1

-

-

-

-5.8 to 0.7

-

0.1 to 1.1

-

-0.03 to 15.9

0.6 to 1.4

0.3 to 17.6

-10.3 to -0.7

-84.4 to 194.7

CI

Anxiety total

-

0.3 to 1.1

-

-

0.3 to 0.9

-0.5 to 11.2

-6.0 to 0.6

-55.6 to 4.5

CI

Anxious Depressed
-25.5 (15.2)

B (SE)

223.7 (56.2)

0.0 (0.0)

-

-

-2.5 (1.6)

-

0.6 (0.3)

-

7.9 (4.0)

1.0 (0.2)

9.0 (4.4)

-5.5 (2.4)

55.2 (70.4)

B (SE)

-

.000***

-

-

.000***

.074†

.133

.095

p Value

.000

-

-

-

.127

-

.030*

-

0.51†

.000***

.042*

.024

.435

p Value
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25.2 (65.9)

112.0 (73.5)

Random intercept: Family variance

Random intercept: Child variance

-

Age of child

Epilepsy type

Gestational age

30.9 to 405.6

0.1 to 4235.6

-

-

71.0 (52.0)

17.8 (55.6)

Random intercept: Family variance

Random intercept: Child variance

CI

16.9 to 298.3

-

-13.0 to -0.2

-

-

-

-

-

0.4 to 1.0

-6.7 to 6.7

-6.1 to 2.7

17.2 to 51.3

.172

-

.043*

-

-

-

-

-

.000***

.993

.441

.000

p Value

.128

.702

-

-

-

-

-

-

-

303.9 (66.8) 196.6 to 466.6

0.0 (0.0)

-

-

0.0 (0.0)

102.5 (26.1)

-

-

.000

-

-

62.3 to 168.7

-

-

-

-

.000

-

-

-

-

0.04 to
.750
8252.8
Note. CBCL = Child Behavior Checklist; SEV = Social Emotional Questionnaire; CBZ = carbamazepine, LTG = lamotrigine, LEV = levetiracetam.
ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiant Disorder; CD = Conduct Disorder. ╞ As both parents are included in the analyses, this
variable shows possible differences between mother and father report on child behavioral outcomes. Maternal behavioral problems: measured with the Adult Self
Report (interval); Maternal education: higher educated (yes/no, dichotomous); Breastfeeding (yes/no, dichotomous); Age of child at time of study (months); Epilepsy
type: generalized epilepsy (yes, no, dichotomous); Gestational age (weeks); Alcohol or Nicotine exposure (yes, no, dichotomous). B = unstandardized coefficients,
SE = standard error, CI = Confidence Interval.
† <.10 *p < 0.05 ** p < 0.01 *** p < 0.001

-

Nicotine exposure 2nd/3rd trimester

Alcohol exposure 1 trimester

-6.6 (3.2)

-

st

-

Maternal behavioral problems

Breastfeeding

0.7 (0.2)

LEV

Maternal education

-1.7 (2.2)

-0.03 (3.4)

Father╞

34.3 (8.6)

Intercept

B (SE)

-

Nicotine exposure 2nd/3rd trimester

-

Autistic Behavior

-

Alcohol exposure 1 trimester

SEV

-

st

Gestational age

Table 5. Continued
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Discussion
Different patterns of behavioral problems were seen in prenatal AED-exposed children,
with some but not all (sub)scales being raised. Based on parental ratings VPA-exposed
children showed 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 world
wide prevalence of child psychiatric disorders (32% vs 13.4%)23, and much higher than
LTG- (16%) or LEV-exposed children (14%). For those exposed to LEV, LTG or VPA the
proportion with parent-reported CD symptoms was significantly higher than population
proportions20. LTG-exposed children also had a higher proportion of ODD. On other
scales VPA-exposed children displayed more behavioral problems than LTG- or LEVexposed children. The mean score comparisons did, however, not lead to significant
differences between the groups.
As there are multiple factors involved in behavioral development, 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 children 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 relatively small and results need to be replicated, it is known that children
with such a profile (VIQ > PIQ) are at risk of being overestimated and may show more
defiant behavior. They are verbally strong, but may have more problems with keeping
a broad view (e.g., planning or thinking about consequences), which is also important
in behavior24. It is also known that children with low verbal functioning, such as VPAexposed children, may be quick to express themselves physically and aggressively, in
frustration at not being understood4. 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 behavior25–27. Future research could examine whether
the symptoms of CD we observed in prenatal LEV-exposed children have the
same pharmacological mechanisms as those in individuals taking LEV for epilepsy.
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Alternatively, this could be related to exposure of the child to maternal behavioral
problems 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 earlier research, reporting
behavioral problems5 especially after VPA exposure3,6,7,9,10,13.
Contrary to expectation no significant difference was found on Autistic Behavior.
When controlling for multiple potential 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 LTG16. Other studies - based on diagnoses - have seen an increased risk of
autism after prenatal VPA exposure, but not after prenatal LTG13,14.
Based on parent information of child diagnoses, the proportion of children with a
diagnosis of ASD (Table 1) was higher than expected based on population prevalence
(1-1,5%)28, also 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 diagnosis of ASD
and the number of children with a clinical score on the Autistic Behavior scale. On the
basis of the behavioral questionnaire (SEV), fewer children had symptoms of autism. It
is possible that parents with a child with autism have accepted the problem behavior,
so that it is less reported as problematic29.
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
behavioral functioning. Parents of LTG-exposed children reported more attention deficit
compared to LEV-exposed children, while 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 3a). On other behavioral
outcome measures LTG and LEV did not significantly differ.
Strengths of our study are: [1] the prospective design, with recruitment of children
through the national pregnancy register (EURAP-NL), [2] the rigorous control for
potential confounders, including maternal behavioral problems, [3] the use of reliable
and valid standardized indicators to systematically examine symptoms of child
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psychiatric disorders, [4] mothers 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 parent-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. Parent-report is subjective and
does not directly correspond with a diagnosis made by professionals16. It does, however,
clearly reflect the child’s behavior which parents experience at home. We did not include
the teacher’s perspective. Another possible limitation is that we did not exclude children
who had experienced a head trauma or developed epilepsy themselves. Children with
epilepsy frequently have behavioral problems30,31. Only one child with epilepsy was
included though.
In our study there were some children with a psychiatric diagnosis or learning
disability. It is possible that nonparticipating families whose child already had such a
diagnosis were less likely to participate, which may have led to an underrepresentation
of the problem. Follow-up of children from early age on - before the time of child
diagnosis - would therefore be recommended.
Equally, it is possible that families which 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
registers32–34. 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 possibility16. Controlling for maternal
behavioral problems and educational level should have provided some control for this
potential reporter bias.
We did not correct the statistical threshold (p < .05) for the multitude of analyses.
Therefore, some found associations might be spurious. The number of significantly
found p-values 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 findings are of clinical importance and require replication. As children of
mothers with epilepsy bear multiple risks35, it is of importance to consider other possible
contributing factors (e.g., 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 behavioral teratogenic risk that occurred susceptible to adjustments? This may
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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 children also reported
behavioral problems within the clinical range.
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i. Maternal age at delivery (years, interval); j. Maternal behavioral problems: measured with the Adult Self Report (Total score, interval); k. Maternal education:
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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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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
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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

Autism characteristics in children of mothers with epilepsy

183

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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Abstract
Purpose: The purpose of the study was to examine whether mothers with epilepsy
experience family problems and to investigate the possible mediating role of distinct
family factors in the relationship between maternal epilepsy and child behavioral
problems, in which it is also investigated whether the more proximal family factors
mediate the more distal family factors.
Methods: In an observational study, with children identified from the European Registry
of Antiepileptic Drugs and Pregnancy database in the Netherlands (EURAP-NL), parents
completed questionnaires on maternal epilepsy, family factors (proximal, distal,
contextual, global), and child behavior. Hierarchical multilevel regression analyses were
performed to examine the relative contribution of epilepsy-related and family factors
on child internalizing and externalizing problems.
Results: Between January 2015 and March 2018, the questionnaires were completed
for 175 children. Mothers with epilepsy showed significantly more parenting stress and
problems with parenting than mothers from the general population. Family factors
were significantly associated with child behavior problems. For internalizing problems,
maternal epilepsy, global, contextual, and distal family factors were each found to have
significant added value. Distal family factors contributed most to internalizing problems
and showed a mediating role for epilepsy-related factors and previous added family
factors in the model. Global, contextual, distal, and proximal factors were all found to
be significant contributors to externalizing problems, with the factor most proximal to
the child (quality of parent-child interaction) showing the largest effect.
Discussion: Including family factors in research regarding children of mothers with
epilepsy is important as they can have a contribution additional to the teratogenic
risks of prenatal exposure to antiepileptic drugs (AEDs). Family factors, in particular
distal and proximal family factors, can weaken or strengthen child development and
may provide starting points for interventions.
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Introduction
Children of mothers with epilepsy are at higher risk of behavioral problems1,2. Multiple
risk factors may contribute to child behavioral problems, including possible teratogenic
effects of prenatal exposure to antiepileptic drugs (AEDs) and family factors3. We
previously showed in Chapter 4 that there were no significant differences on child
internalizing and externalizing problems between different AED exposure types2. Based
on parent reports a quarter of all children (n = 181) had behavioral problems within the
borderline range or above the clinical cutoff (Box 1). In this study, we therefore make
no distinction between AED exposures, we examine the children as one group, as they
all have a mother with epilepsy.

6

Family factors such as family functioning and parent-child interaction play an
important role in the development of children4,5. Having a mother with a chronic
medical condition may also contribute to child development: epilepsy-related factors
and possible psychiatric co-morbidities or AED side effects may be involved6–9. Research
into children of mothers with epilepsy has paid little attention to the influence of distinct
family factors on child behavioral development3. The few studies that have been
published show that mothers with epilepsy have problems with caring for themselves
and for the child and experience more parenting stress10–12. Other family factors have
not been studied.
Following the social-ecological model of Bronfenbrenner13 and the transactional
model of Belsky14, four types of family factors can be distinguished, based on their
proximity to the child15,16 (Figure 1). Factors closest to the child are proximal family
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factors. These are factors that involve the daily interaction between parent and child,
such as parenting behavior and quality of parent-child relationship. Distal family
factors concern characteristics of the parent, such as parenting stress and parental
psychopathology, which can influence the interaction with the child. Family functioning
is a contextual family factor that relates to other relationships within the family,
including the marital relationship and the social network. Global family factors are
structural characteristics of the family, such as socioeconomic status (SES), family type
and size, and family life events. Family life events affect the whole family (e.g., birth of
a child; moving house).
Figure 1. Schematic representation of distinct family factors

Note. 1Life Events Questionnaire (VMG)19; 2One or two parent families; 3Number of siblings; 4Maternal
educational level as measure of SES; 5Family Functioning Questionnaire (VGFO)23; 6Parenting Stress
Questionnaire (OBVL)16;7Maternal behavioral problems assessed with the Adult Self Report (ASR)22;
8
Parenting Behavior Questionnaire (VSOG)19; 9The Parent-Child Interaction Questionnaire-Revised
(PACHIQ-R)20.

Family factors can function as risk or protective factors17. From a social-interactional
perspective, it is assumed that proximal factors directly affect behavioral problems
while distal, contextual, and global family factors can exert their influence via the
proximal factors15. This is referred to as the mediational effect4. Thus, if family factors
are simultaneously examined, the less proximally related family factors (i.e., distal,
contextual, and global family factors) exert their influence indirectly rather than directly,
via the proximal family factors. The same can be assumed for epilepsy-related factors.
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A direct contribution of maternal epilepsy-related factors on child behavioral problems
may also be assumed, but when effects of epilepsy-related factors are controlled for,
it may be that proximal family factors mediate the effects of epilepsy-related factors
to child behavioral problems. Thus, maternal epilepsy would then impact on child
psychopathology but via parenting.
The purpose of this study was firstly, to investigate whether families with a mother
with epilepsy experience family problems, answering the following questions: Do
mothers with epilepsy experience more family problems compared with mothers
from the general population? Secondly, to investigate the possible mediating role
of distinct family factors in the relationship between maternal epilepsy and child
behavioral problems. The following four research questions were examined: (1) To what
extent do epilepsy-related factors contribute to child internalizing and externalizing
problems? (2) To what extent do distinct family factors contribute to child internalizing
and externalizing problems? (3) Do family factors mediate the relationship between
maternal epilepsy and child internalizing and externalizing problems? (4) Do the more
proximal family factors mediate the effects of the more distal family factors on child
internalizing and externalizing problems?
Following social ecological principles, we hypothesize that (1) family factors will
contribute more than epilepsy-related factors, (2) of the family factors, parenting –
as the proximal family factor – will contribute most to child behavioral problems, (3)
family factors will mediate the effects of epilepsy-related factors to child behavioral
problems, and (4) proximal family factors will mediate the effects of the other family
factors to child behavioral problems4. Given the already established effect of prenatal
AED exposure, targeting the family factors may be used to modify the child’s behavioral
problems.

Methods
Study design and participants
The current study is part of a larger prospective, observational longitudinal study in
which long-term effects of prenatal exposure to AEDs on child neurocognitive and
behavioral development are investigated from a family perspective18. Participants were
mother-child pairs identified from the European Registry of Antiepileptic Drugs and
Pregnancy database in the Netherlands (EURAP-NL). Mother-child pairs with health- and
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pregnancy-related factors assessed prenatally, after delivery or up until three years of
age were eligible. Inclusion criteria were maternal carbamazepine (CBZ), lamotrigine
(LTG), levetiracetam (LEV) or valproate (VPA) monotherapy starting before conception
and continuing during the entire pregnancy, and the child aged between 6.0 and 7.11
years during the study period. Both parents were invited to participate. Detailed
information on procedures are provided in the Dutch EURAP & Development protocol18.

Measures
Family factors
Parents completed several questionnaires online on parenting, parental behavior, family
functioning, and family life events19 (Figure 1).
Proximal family factors
The Parenting Behavior Questionnaire (VSOG) consists of 25 statements about parenting
behavior in interactions with children (e.g., ‘I make agreements with my child about how
he/she should behave’)19. The parent is asked to answer on a 5-point scale, choosing
from the following: ‘never or hardly ever’, ‘not often’, ‘sometimes’, ‘often’, or ‘always or
almost always’. The VSOG contains five scales: positive parental behavior (Cronbach’s
alpha in our sample was 0.76 (mothers) and 0.85 (fathers)), rules, punishing (e.g., ‘If
my child does something that is not allowed, I discipline him/her’), rewarding and hard
punishment (physical, e.g., ‘I give my child a spanking if he/she disobeys). Raw scores
are summed and converted to T-scores (with mean: 50, standard deviation (SD): 10).
Lower scores indicate more problems, except for hard punishing, where a higher score
indicates harsher punishment. Scores can fall in the normal range, the borderline range,
or the clinical range (see Table 3 for cut-off scores).
The quality of the parent-child relationship was measured with the Parent-Child
Interaction Questionnaire-Revised (PACHIQ-R)20,21. The PACHIQ-R contains 21 items,
which are divided into two parts. In the first part the parent is asked about the frequency
at which certain behaviors are displayed (e.g., ‘… breaks our house rules every day’).
The five response categories vary from ‘does not apply at all’ to ‘applies exactly’. The
second part concerns the prevalence of certain behaviors and feelings (e.g., ‘I like to
listen to stories of ...’). The parent is asked to choose one of five response categories:
‘never’, ‘hardly ever’, ‘sometimes’, ‘almost always’, or ‘always’. Items are summed and
converted into two subscales: conflict resolution and acceptance, and a total score of
quality of parent-child relationship21. Quintile scores (1-5) are used for interpretation of
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scores with a higher score indicating a more positive relationship quality. The PACHIQ-R
makes a comparison with families from the general population (norm) and with a
clinical population with families who have been revered to mental health services in
the Netherlands. Cronbach’s alpha was 0.79 (mothers) and 0.79 (fathers).
Distal family factors
To measure parenting stress we used the Parenting Stress Questionnaire (OBVL)16. The
OBVL is similar to the parent domain of the Parenting Stress Index (PSI). The parent is
asked to answer 34 items on a 4-point scale, from 1 ‘not true’ to 4 ‘very true’, about how
they experience their child, how they interact with their child and how they feel about
their own health (e.g., ‘I feel happy with my child’). The OBVL has a total parenting stress
score and five subscale scores on the following: parent-child relationship problems,
parenting problems, depressive mood, parental role restriction, and physical health
problems. Higher scores indicate more problems. Cronbach’s alpha was 0.93 and 0.91
for mothers and fathers, respectively.
Parental psychopathology was conceptualized as maternal behavioral problems.
Mothers were asked to complete the Adult Self Report (ASR) on emotional, behavioral,
and social problems22. The ASR contains 123 items (e.g., ‘I am unhappy, sad or
depressed’), which are summed and converted into a total behavioral problems score
(T-score, with mean: 50, SD: 10). Cronbach’s alpha was 0.94.
Contextual family factors
The Family Functioning Questionnaire (VGFO) contains 28 statements about the parent,
the family, and the situation in which the family finds itself (e.g., ‘Your family usually
eats at regular times’)23. The parent is asked to answer the questions on a 4-point
scale from 1 ‘not true’ to 4 ‘very true’. The VGFO gives a total family functioning score
(Cronbach’s alpha: 0.88 for mothers and 0.90 for fathers) and five subscale scores: basic
care, parenting, social network, youth experience, and marital relationship. Raw scores
are summed and converted to T-scores (Mean: 50, SD: 10). Lower scores indicate more
problems.
Global family factors
The Life Events Questionnaire (VMG) was used to measure family life events19. It consists
of 15 common life events (e.g., birth, death, disease, unemployment and divorce).
Mothers were asked whether these life events had occurred and if this was a positive
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or negative experience for the child. The total negative experience event score was
used within the analyses. We used maternal educational level as a proxy for SES. Family
type – one or two parent families – was used as a proxy for marital status, with married,
living together, or registered partnership as two-parent families, and divorced, widow,
or single parent as one-parent families. Family size was the number of siblings within
the family.
Maternal epilepsy
We measured epilepsy severity as a composite variable with total scores between 1
and 9, based on seizure type (1-3), seizure frequency (0-3), and number of AED used (03)5,24. Mothers were asked, at the time of the study period, to answer questions about
the activity of their epilepsy over the past twelve months. For seizure type, generalized
tonic-clonic seizures were scored 3, focal seizures 2, and absences 1. Seizure frequency
was scored 3 if the mother had weekly or daily seizures, 2 if the mother had monthly
seizures, 1 if the mother had seizures once or twice per year, and 0 if no seizures
had occurred during the previous year. The number of AEDs was scored 0 when no
medication was used, 1 for monotherapy, 2 for polytherapy with two AEDs, and 3 for
polytherapy with three or more AEDs. The number and type of AEDs used by the mother
at the time of the current study could be different from when she was pregnant from the
child under current investigation. Scores were then summed, with a scoring between 1
and 5 indicating low epilepsy severity and scores ≥ 6 indicating high epilepsy severity.
An adapted version of ‘Impact of Pediatric Epilepsy on the Family’ (IPES)25 was used
to measure impact of epilepsy on the mother and the family. The conventional IPES
contains questions about the impact of child epilepsy, but we adapted this to impact
of maternal epilepsy on the family. We therefore adjusted some items, for example,
instead of impact of epilepsy on school, we asked about impact of epilepsy on work and
education. Mothers were asked to answer 11 questions (e.g., impact on general health,
relationship with child(ren) or work and education) on a 4-point severity scale with 0
‘not at all’ to 3 ‘a lot’. For each item, the question was ‘To what extent did your epilepsy
affect your normal daily (family) life in the past three months?’. The higher the score,
the higher is the impact of maternal epilepsy with a maximum score of 33 (range: 0-33).
For mothers who thought that one or more of the items was not applicable (i.e., had no
spouse or had only one child), the total score was based on only the items answered.
Cronbach’s alpha in our sample was 0.95.
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Child behavior
Parents completed the Child Behavior Checklist (CBCL) to measure child behavioral
problems26. The CBCL/6-18 is a well-known validated and reliable standardized indicator,
containing 118 items of problem behavior. The parent is asked to answer each question
with 0 ‘not true’, 1 ‘somewhat or sometimes true’, or 2 ‘very true or often true’. Raw
scores are summed and converted to T-scores (standardized for age and gender, with
T-scores having a mean of 50 and SD of 10). For this study we used the two broad band
scales of the CBCL: internalizing problems and externalizing problems. Internalizing
problems consist of anxious and depressed behavior and somatic complaints.
Externalizing problems include delinquent and aggressive behavior. Cronbach’s alpha
for internalizing problems was 0.82 (mothers) and 0.91 (fathers) and for externalizing
problems 0.85 (mothers) and 0.89 (fathers).

Statistical analyses
Data were analyzed using IBM SPSS Statistics 24. Descriptive analyses were performed
to describe our sample and to examine the nature of family factors. The percentages
of borderline and clinical scores within our sample were examined. Subsequently,
we compared the scores of mothers with epilepsy on the VSOG, OBVL, and VGFO,
with two sets of Dutch population norms based on information from the validated
questionnaires16,19,23 (Binomial Proportion Test). The norm population consisted of
mothers from the general population in the Netherlands, and the clinical population
consisted of mothers of children with psychiatric problems revered to mental health
services in the Netherlands19. Pearson correlations were used to examine relationships
between child behavior problems, maternal epilepsy and proximal, distal, contextual, and
global family factors. With hierarchical multilevel regression analysis, the contribution of
the different epilepsy-related and distinct family factors was subsequently investigated
(test of hypotheses 1 and 2). As we included both mother and father reports of child
behavior, we conducted multilevel regression analyses to account for within family
dependencies. Including both parents provides a more complete perspective on child
behavior and a larger sample size results in more statistical power in hypothesis testing.
By estimating both between-family variance and within-family variance, we accounted
for dependencies between father and mother reports. The analyses were performed
in a hierarchical way, in six consecutive steps (0-5), with child behavior as the outcome
variable (Figure 2). In the first step (Step 0), we included an indicator variable ‘mother
versus father’ to represent possible differences between parents on child behavior.
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Subsequently, maternal epilepsy (Step 1), global (Step 2), contextual (Step 3), distal (Step
4), and proximal family factors (Step 5) were added sequentially. The last step (Step 5)
controls for all factors included in the model. For each step, chi-square difference tests
indicate whether the addition of a set of factors improved the fit significantly.
Figure 2. Steps in hierarchical multilevel regression analyses predicting child internalizing and
externalizing problems

To test for mediation, the following conditions had to be met: there is a statistically
significant association between (I) maternal epilepsy and child behavior problems
(internalizing or externalizing problems), (II) maternal epilepsy and the distinct family
factors, and (III) the distinct family factors and internalizing and externalizing problems.
(IV) If family factors are controlled for (Steps 2, 3, 4, 5) and the former contribution of
maternal epilepsy decreases or becomes nonsignificant this indicates that the effects
of maternal epilepsy are (partially) mediated by the distinct family factors.
A summary of the steps is described and shown in Tables 5 and 6, with the chisquare test of the significance of each addition. If the contribution of a factor was
significant, but this effect became nonsignificant after controlling for the effect of the
factor that was added last to the model, this may be an indication of a mediation effect.
To investigate which family factor specifically mediates the effect of maternal epilepsy

Maternal epilepsy and behavioral development of the child: Family factors do matter

199

on child behavioral problems, the intermediate steps were examined (test of hypothesis
3). The intermediate steps also provide information on whether the more proximal
family factors mediate the effects of the more distal family factors (test of hypothesis 4).
Analyses were conducted with all available scores on the outcome variables, without
imputation for missing data on behavioral outcome variables. One mother, with two
children, did not complete the IPES and the ASR. In addition, a number of mothers
(20) had chosen ‘not applicable’ for all items of the IPES, which generated missing
data. Some mothers did not indicate on the VMG whether a life event was positive or
negative, or indicated it was neutral. In order to retain these mothers in the multilevel
analyses, we conducted missing value analyses for IPES total score, ASR total behavioral
problems and negative life event score. We used expectation-maximization (EM) for
the explanatory variables, to ensure that all mothers and fathers who provided child
reports were retained in the analysis27.

Results
Study population
Between January 2015 and March 2018, the questionnaires were completed for 175
children from 151 families (one set of twins and 23 sibling pairs) (Figure 3). For most
children (134), both parents completed the questionnaires. Children were prenatally
exposed to monotherapy VPA (n = 24), CBZ (n = 35), LTG (n = 86), or LEV (n = 30).
The majority of children (91%) lived in two-parent families (Table 1). About 58% of
the mothers had a higher educational level. The mean epilepsy severity score was 3.9
(SD: 1.3); 89% of mothers had low epilepsy severity. The impact of maternal epilepsy
was generally low, with a mean score of 2.2 (SD: 4.3, range 0 – 24).

Nature and severity of family factors
To examine whether families with a mother with epilepsy experience more family
problems the nature and severity of family factors was investigated. Overall, parents
reported few problems on distinct family factors (Table 2). Descriptive analyses showed
average scores for mothers and fathers on quality of parent-child relationship; positive
parental behavior, rewarding, rules, and (hard) punishing; the subscales of parenting
stress and family functioning. Most parents seemed to experience parenting positively.
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Figure 3. Flowchart Dutch EURAP & Development study – family factor domain

Some parents, however, experienced problems with parenting and family functioning
and had scores within the borderline range or above the clinical cutoff (Table 3). In
comparison with Dutch population norms, mothers with epilepsy showed significantly
more parenting stress (OBVL, total parenting stress: z-score: -4.4 , p = <.001). They had
higher proportions of clinical scores on the subscales of depressive mood, parental
role restriction, and physical health problems when compared with mothers from
the general population (Table 3). No differences were found for parenting problems
or parent-child relationship problems (OBVL). Regarding family functioning mothers
showed significantly more problems with parenting compared with population norms
(VGFO, parenting: z-score: -2.7 p = .007). On other subscales of family functioning, there
were no significant differences. Concerning parental behavior (VSOG), mothers had
significantly less problems with punishing (disciplining) but significantly higher scores on
hard punishment (physical punishment) compared with the population norm (Table 3).
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When compared with the clinical population, however, fewer mothers with epilepsy
had parenting stress and problems with family functioning and parental behavior. The
nature and degree of problematic family factors of mothers with epilepsy seems to fall
in between the general (norm) and the clinical population.

Table 1. Group demographic information and epilepsy-related factors
All children
Sample size
Child sex, n (%) male

175
92 (53%)

Child age, months, mean (SD)

81 (7)

Maternal age, years, mean (SD)

38 (4)

Paternal age, mean (SD)

41 (5)

*Maternal education, n (%) higher education

87 (58%)

*Paternal education, n (%), higher education

83 (55%)

Family type, n (%) two parent families

159 (91%)

Family size (number of siblings), mean (SD)

1.2 (0.8)

*Maternal behavioral problems, mean (SD)╞

50.0 (9.2)

*Paternal behavioral problems, mean (SD) ║

45.6 (9.7)

Maternal seizure type, n (%)
Generalized tonic-clonic seizures
Focal seizures
Absences

102 (58%)
38 (22%)
35 (20%)

Maternal seizure frequency past 12 months, n (%)
None
Once or twice per year
Monthly
Weekly or daily

127 (73%)
20 (11%)
13 (7%)
15 (9%)

Number of maternal AED use
None
Monotherapy
Polytherapy with two AEDs
Polytherapy with three or more AEDs

15 (9%)
138 (79%)
22 (13%)
0 (0%)

Epilepsy severity, total score, mean (SD)

3.9 (1.3)

Impact of epilepsy, mean (SD) ╒

2.2 (4.3)

Note. * 151 mothers / fathers. ╞ Maternal behavioral problems measured with the Adult Self report
(ASR, T-score with mean of 50), missing for one mother. ║ Paternal behavioral problems was missing
for 32 fathers. ╒ Impact of maternal epilepsy (IPES) was missing for one mother with two children. In
addition for 20 children the IPES score was missing, because mothers had chosen ‘not applicable’ on
all items.
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Table 2. Means and standard deviations of distinct family factors
All children (175)
M (SD)
Mothers

Fathers

173

138

Total score

3.2 (1.5)

3.5 (1.4)

Conflict resolution

3.2 (1.5)

3.3 (1.4)

Acceptance

3.6 (1.2)

3.8 (1.3)

Sample size
PACHIQ-R ║

VSOG╞
Positive parental behavior

48.8 (9.3)

43.9 (12.0)

Rules

51.3 (11.4)

48.4 (11.3)

Punishing

52.2 (10.9)

51.3 (9.6)

Rewarding

51.6 (9.6)

54.4 (9.0)

Hard punishing

52.1 (4.9)

52.3 (5.3)

53.8 (11.0)

51.3 (10.4)

OBVL
Total parenting stress
Parent-child relationship

53.5 (8.4)

52.7 (8.1)

Parenting problems

52.5 (10.2)

51.5 (9.6)

Depressive mood

55.6 (8.8)

54.0 (8.0)

Parental role restriction

55.3 (10.3)

54.4 (9.0)

Physical health problems

58.0 (8.1)

54.3 (7.4)

Total family functioning

49.4 (9.3)

48.6 (9.8)

Basic care

50.7 (8.9)

49.6 (9.6)

Parenting

50.0 (11.8)

47.7 (11.8)

Social network

52.8 (12.2)

50.1 (12.3)

Youth experience

53.7 (11.0)

54.7 (11.3)

Marital relationship◊

51.3 (10.4)

52.1 (10.4)

VGFO

Note. PACHIQ-R = Parent Child Interaction Questionnaire – Revised. Quintile scores, with higher
scores indicating a more positive relationship quality21. VSOG = Parenting Behavior Questionnaire –
T-scores, with lower scores indicating more problems, except for hard punishing19. OBVL = Parenting
Stress Questionnaire – T-scores, higher scores indicating more problems16. VGFO = Family
Functioning Questionnaire – T-score, lower scores indicating more problems23.
║ One mother and one father missing. ╞ One father missing. ◊ Only completed by married or
cohabiting parents, therefore missing for 14 mothers.

9.9 / 17.1

13.3 / 9.9

Conflict resolution

Acceptance

8.8 / 8.8

1.7 / 1.1

5.5 / 1.1

3.3 / 1.7

Rules

Punishing

Rewarding

Hard punishing

11.6 / 8.3

8.8 / 5.5

6.6 / 5.5

13.3 / 6.1

9.9 / 7.7

7.7 / 5.5

Total parenting stress

Parent-child relationship

Parenting problems

Depressive mood

Parental role restriction

Physical health problems

OBVL

1.7 / 6.1

Positive parental behavior

borderline

17.1 / 12.2

Total score

VSOG╞

borderline

12.7 / 4.4

9.4 / 4.4

5.5 / 3.3

5.0 / 1.7

3.3 / 2.2

20.4 / 10.5

2.2 / 2.2

1.1 / 0.6

2.8 / 2.2

1.7 / 2.2

3.3 / 12.2

clinical

5.5 / 6.6

22.7 / 8.8

16.0 / 9.4

clinical

1.7 / 2.2

1.7 / 2.2

0.6 / 2.2

clinical

173

173

173

173

173

173

173

173

173

173

173

N

0.204

0.193

0.188

0.116

0.121

0.320

0.055

0.066

0.045

0.105

0.05

proportion

Proportion mothers
in problem range×

3.9 / 4.4

7.2 / 6.6

6.1 / 7.2

borderline

Comparison clinical
population

Comparison norm
population

PACHIQ-R ║

Mother / Father

Mother / Father

All children (175)

N

1428

1428

1428

1428

1428

1428

944

944

944

944

944

-1.0335
2.6887
-4.3883
-0.0382
-1.1131
-4.0473
-3.6915
-5.2934

0.12
0.02
0.180
0.120
0.090
0.090
0.100
0.080

<.001***

.0002***

<.001***

.267

.968

<.001***

.007**

.303

.004**

.110

1.6026
-2.9172

0.07
0.09

.453

0.065

p Value

Z-score
-0.7483

proportion

Norm population
N

2635

2635

2635

2635

2635

2635

3291

3291

3291

3291

3291

0.340

0.310

0.370

0.430

0.370

0.570

0.07

0.23

0.17

0.09

0.20

3.6806

3.2445

4.8347

8.1324

6.6315

6.409

-0.7575

-3.5938

-5.7184

0.6695

-4.8775

proportion Z-score

Clinical population

.0002***

.001***

<.001***

<.001***

<.001***

<.001***

.447

.0003***

<.001***

.503

<.001***

p Value

Table 3. Percentages of parents within the borderline range and above the clinical cutoff on distinct family factors – including a comparison of mothers with epilepsy
with mothers from a general (norm) and clinical population
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2.2 / 4.4

3.9 / 5.5

3.9 / 5.0

3.9 / 3.3

1.7 / 1.1

Basic care

Parenting

Social network

Youth experience

Marital relationship◊

3.3 / 1.7

0 / 0.6

3.3 / 3.3

6.1 / 5.5

2.2 / 1.1

8.8 / 8.8

159

173

173

173

173

173

0.05

0.039

0.072

0.10

0.044

0.171

Proportion mothers
in problem range×

1280

1426

1426

1426

1426

1426

0.05

0.07

0.06

0.05

0.05

0.160

0.0

1.5439

-0.6214

-2.7147

0.3441

-0.3716

Norm population

1.0

.124

.535

.007**

.727

.711

1176

1801

1801

1801

1801

1801

0.250

0.190

0.270

0.310

0.130

0.480

5.9812

4.973

5.7247

5.8049

3.2959

7.7988

Clinical population

<.001***

<.001***

<.001***

<.001***

.001***

<.001***

21

PACHIQ-R = Parent Child Interaction Questionnaire – Revised , consisting of a comparison of a norm population with families from the general population and a
clinical population with families who have been revered to mental health services in the Netherlands, with Quintile score 2 = borderline; 1 = clinical. VSOG = Parenting
Behavior Questionnaire19, with cut-off scores for T-score: 31-35 = borderline; ≤ 30 = clinical, except for hard punishing where T-score: 63-66 = borderline;
≥ 67 = clinical. OBVL = Parenting Stress Questionnaire16, with T-score 60-31 = borderline; ≥ 64 = clinical, for the total score of parenting stress, and T-score
65-69 = borderline; ≥ 70 = clinical for subscale scores. VGFO = Family Functioning Questionnaire 23, with T-score 37-40 = borderline; ≤ 36 = clinical, for total score
of family functioning, and T-score 31-35 = borderline; ≤ 30 = clinical for subscale scores. ║ Missing for one mother and one father. ╞ One father missing. ◊ Only
completed by married or cohabiting parents, therefore missing for 14 mothers. ×problem range is borderline and clinical range combined16. Norm population:
consisting of mothers from the general population of the Netherlands. Clinical population: consist of mothers of children with psychiatric problems revered to mental
health services in the Netherlands.
* p < .05 ** p < .01 *** p < .001

8.3 / 8.8

Total family functioning

VGFO

Table 3. Continued
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Relationships between child behavior, maternal epilepsy, and family factors
Epilepsy severity was significantly associated with impact of epilepsy and parental
psychopathology but was not related to other distinct family factors or child behavior
problems (Table 4). Impact of epilepsy was significantly associated with most family
factors (quality of parent-child relationship, parenting stress, parental psychopathology,
and family functioning) and with child internalizing problems, but not with externalizing
problems. Significant associations were found between almost all family factors and
internalizing and externalizing problems. Positive parental behavior was associated
with externalizing problems only: more positive parental behavior was related to
lower levels of externalizing problems. A lower quality of parent-child relationship
was associated with more internalizing and externalizing problems. More parenting
stress was significantly related with both higher levels of internalizing and externalizing
problems. Parental psychopathology was also significantly associated with internalizing
and externalizing problems. Family functioning was negatively associated with child
behavior problems. Finally, having experienced negative family life events was
associated with higher levels of internalizing and externalizing problems.
The conditions for mediation were partly met. For maternal epilepsy, only impact
of epilepsy was significantly associated with child internalizing problems (I) and distinct
family factors (II). Family factors were significantly associated with internalizing problems
(III). Thus, for internalizing problems mediation could be examined. For externalizing
problems, mediation of epilepsy-related factors could not be tested, because there was
no significant association found between maternal epilepsy and externalizing problems
(I). However, by examining the intermediate steps, it could still be investigated whether
the more proximal family factors mediate the more distal family factors.
As expected, family factors were all interrelated. Strong associations were found
between two proximal family factors: positive parental behavior and quality of parentchild relationship. Parenting stress was strongly negatively related to quality of parentchild relationship and family functioning. Other associations among family factors
varied between 0.17 and 0.52, suggesting that, although related, each of these factors
measured different aspects of the family.
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c

0.8

49.0
0.9

9.5

9.4

10.8

0.14*

-0.29**

0.38**

0.35**

-0.26**

-0.06

0.19*

0.01

0.59**

-

1

0.18*

-0.43**

0.40**

0.56**

-0.52**

-0.18**

0.10

-0.04

-

2

0.10

-0.08

0.23**

0.04

-0.09

-0.06

0.28**

-

3

0.04

-0.16**

0.30**

0.20**

-0.15**

-0.11

-

4

-0.17**

0.44**

-0.22**

-0.39**

0.60**

-

5

-0.20**

0.52**

-0.27**

-0.61**

-

6

0.20**

-0.70**

0.39**

-

7

0.26**

-0.40**

-

8

-0.21**

-

9

-

10

Note. a Child Behavior Checklist (CBCL 6-18)26; b Composite variable based on seizure type, frequency and number of antiepileptic drug used5,24; c Adapted version
of the Impact of Pediatric Epilepsy on the Family18,25; d Subscale from the Parenting Behavior Questionnaire (VSOG)19; e Total score of Parent-Child Interaction
Questionnaire-Revised (PACHIQ-R)20,21; f Total score of the Parenting Stress Questionnaire (OBVL)16; g Maternal behavioral problems assessed with the Adult Self
Report (ASR)22; h Total score of the Family Functioning Questionnaire (VGFO)23; I Total negative experience event score of the Life Events Questionnaire (VMG)19
* p < .05 ** p < .01

10. Negative family life events i

Global family factors

9. Family functioning h

Contextual family factors

52.7
49.9

6.5

90.1

8. Parental psychopathology g

10.8

4.1

2.3
46.6

1.3

3.9

7. Parenting stress f

Distal family factors

6. Quality of parent child relationship

5. Positive parental behavior d

Proximal family factors

4. Impact of epilepsy

3. Epilepsy severity b

Maternal epilepsy

e

9.9

53.4

10.2

54.1

2. Externalizing problems a

1. Internalizing problems

SD

M

a

Variable

Table 4. Means, standard deviations, and correlations between child behavioral problems, maternal epilepsy,proximal, distal, contextual and global family factors
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Hierarchical multilevel regression analyses
The contributions of maternal epilepsy and distinct family factors to child internalizing
and externalizing problems were investigated with hierarchical multilevel regression
analyses (Tables 5 and 6). For internalizing problems, Table 5 shows that consecutively,
maternal epilepsy, global, contextual, and distal family factors each had a significant
additional effect (Table 5, chi-square test). Adding proximal family factors to the final
model, however, did not significantly add to the previous factors. In accordance with
correlation analyses, maternal epilepsy did not significantly contribute to externalizing
problems while all other successive family factors contributed significantly in the
subsequent models (Table 6, chi-square test).
Table 5 gives a summary of the regression coefficients for all explanatory variables
in the hierarchical multilevel regression model for internalizing problems. From the
comparison between the step by step results in Table 5, we learn that the effect of
maternal epilepsy on internalizing problems (significant in Step 1) is fully mediated
by the family factors that are added later, as in the final model (Step 5), the effect of
maternal epilepsy is no longer significant. The added value of maternal epilepsy is
at first significant (Table 5, chi-square: 7.962, p = .02), with a significant contribution
of impact of epilepsy, but after controlling for distinct family factors, this influence
becomes nonsignificant (Table 5, epilepsy severity, p = .105; impact of epilepsy, p = .221).
The intermediate steps show that with the addition of distal family factors (Step 4),
the previous significant contribution of impact of epilepsy (Step 1) and other family
factors (Step 2, 3) became nonsignificant, except for family size (larger family associated
with more internalizing problems). The distal family factors with parenting stress and
parental psychopathology both significantly contributed to internalizing problems and
showed a mediating role for factors that were earlier added in the model: impact of
epilepsy, negative family life events and family functioning.
For externalizing problems (Table 6), the intermediate steps showed a significant
contribution of global family factors: negative life events and maternal educational level
(Step 2) significantly contributed to externalizing problems. Adding contextual family
factors in Step 3 the contribution of family functioning was significant while negative
family life events were no longer significant. In adding distal family factors (Step 4), the
contribution of family functioning became nonsignificant. Parenting stress and parental
psychopathology were both significant and showed a mediating effect for previous
family factors. The added value of the final step with proximal family factors (step 5)
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was also significant. Maternal education, parenting stress, parental psychopathology,
positive parental behavior, and quality of parent-child interaction were all found to be
significant contributors to externalizing problems, with the factor most proximal to the
child (quality of parent-child interaction) showing the largest effect (largest regression
coefficient). Distal and proximal family factors showed a mediating role for the global
and contextual family factors.
In this last model (Step 5), epilepsy severity also became, against expectations,
significant and seems to act as a suppressor (Table 6). Thus, epilepsy severity was
not significant in the previous steps but after adding family factors it contributed
with a significant effect to the model. This suppression effect can be explained
from a nonsignificant zero-order correlation between epilepsy severity and
externalizing problems, while epilepsy severity was significantly associated with
parental psychopathology (measured as maternal behavioral problems). Parental
psychopathology was also significantly related to child externalizing problems (Table
4). Therefore, in the last model, when all factors are considered, these factors may
reinforce each other, resulting in a significant effect for epilepsy severity (Table 6,
Step 5). This indicates that mothers with severe epilepsy are more likely to experience
behavioral problems that affect child externalizing problems.

p

.006

.785

.001

<.001

B

-1.9

Maternal education

-4.7 to 0.9

-3.7 to -0.2

-6.4 to 3.7

0.2 to 3.3

0.1 to 0.8

-1.6 to 0.7

-3.9 to -1.0

.180

.032

.603

.028

.009

.445

.001

.027

.101

-1.6 to 0.6
0.04 to 0.7

-0.2 to 2.8
-6.8 to 2.9
-3.4 to -0.1
-4.4 to 1.0

-0.4 to -0.1

-0.5
0.4

1.3
-2.0
-1.7
-1.7

-0.2

χ2 (df 1) = 18.46, p =<.001**

<.001

.221

.043

.426

.362

<.001

-4.2 to -1.4

-2.8

p
<.001

95% CI

72.6 62.7 to 82.5

B

Step 3
B

0.03 to 0.3
0.1 to 0.4

0.2
0.2

2

p

.001

.014

.267

.474

.025

.428

.354

.219

.132

.002

<.001

χ2 (df 2) = 17.524, p = <.001**

-0.2 to 0.1

-3.5 to 1.6

-3.4 to -0.2

-6.5 to 2.8

-0.8 to 2.1

-0.1 to 0.5

-1.9 to 0.2

-3.7 to -0.8

29.6 to 61.4

95% CI

Step 4

-0.1

-0.9

-1.8

-1.9

0.7

0.2

-0.8

-2.3

45.5

Note. B = unstandardized coefficients, CI = Confidence, χ = chi-square value, df = number of parameters * p < .05 ** p < .01

Chi-square difference tests

Quality of parent child relationship

Positive parental behavior

Proximal family factors

Parental psycho-pathology

Parenting stress

Distal family factors

Family functioning

p

51.1 to 67.6 <.001

95% CI

Step 2

χ2(df 4) = 9.943, p = .04*

-1.9

Family size

Contextual family factors

1.7
-1.3

0.4

-0.4

-2.5

59.4

Family type

χ2(df 2) = 7.962, p = .02*

0.1 to 0.8

-1.3 to 1.0

-3.9 to -1.1

50.2 to 59.3

95% CI

Step 1

Negative family life events

Global family factors

0.5

-2.5

-0.2

.001

Impact of epilepsy

-3.9 to -1.1

B

54.7

Epilepsy severity

Maternal epilepsy

-2.5

p

Mother vs father

95% CI

55.3 53.7 to 56.8 <.001

B

Step 0

Intercept

Internalizing
problems

Table 5. Summary of hierarchical multilevel regression analysis – Internalizing problems

B

95% CI

p

-0.01 to 0.2
-0.3 to 0.1

0.1
-0.1

.222

.064

.001

.036

.186

.521

.028

.364

.310

.221

.105

.013

χ2 (df 2) = 3.587, p = .166

0.1 to 0.4

0.01 to 0.3

-0.2 to 0.05

-3.3 to 1.7

-3.3 to -0.2

-6.7 to 2.5

-0.7 to 2.2

-0.1 to 0.5

-1.9 to 0.2

-3.4 to -0.4

29.3 to 77.4 <.001

0.3

0.1

-0.1

-0.8

-1.8

-2.1

0.7

0.2

-0.9

-1.9

53.4

Step 5
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-0.9

p

p

.095

.416

.240

B

2.3
0.3
-3.9

Family size

Maternal education

p

-0.5 to -0.2

-6.2 to -1.0

-1.1 to 2.2

-3.4 to 6.1

-0.2 to 2.7

-0.1 to 0.5

-1.6 to 0.6

-2.7 to 0.2

p

<.001

.008

.524

.584

.101

.273

.381

.087

<.001

B

-0.1

-2.7

0.2

1.6

0.5

-0.1

-0.8

-0.2

27.2

p

B

2

-0.7 to -0.4

0.1 to 0.3

0.2 to 0.4

0.1 to 0.4

-0.2 to 0.1

-4.4 to -0.2

-1.2 to 1.4

-3.1 to 4.6

-0.7 to 1.7

-0.4 to 0.2

-1.8 to -0.1

-1.3 to 1.6

51.9 to 95.8

95% CI

Step 5
p

<.001

<.001

<.001

<.001

.485

.035

.877

.710

.416

.434

.035

.854

<.001

χ2 (df 4) = 12.572, p = .01** χ2 (df 1) = 35.657, p =<.001** χ2 (df 2) = 48.284, p = <.001** χ2 (df 2) = 33.796, p = <.001**

Note. B = unstandardized coefficients, CI = Confidence, χ = chi-square value, df = number of parameters * p < .05 ** p < .01

Chi-square difference tests

-0.5

0.3

0.2

-0.05

-2.3

0.1

0.7

0.5

-0.1

-0.9

0.1

73.9

Quality of parent child relationship

<.001

<.001

.434

.023

.834

.444

.462

.621

.111

.817

<.001

0.2

0.1 to 0.4

0.2 to 0.5

-0.2 to 0.1

-4.9 to -0.4

-1.3 to 1.6

-2.5 to 5.8

-0.8 to 1.8

-0.3 to 0.2

-1.7 to 0.2

-1.6 to 1.3

12.3 to 42.1

95% CI

Step 4

Positive parental behavior

Proximal family factors

0.3

-0.4

-3.6

0.5

1.3

1.2

0.2

-0.5

-1.2

95% CI
62.1 to 81.6

Parental psycho-pathology

.011

.710

.382

.026

.099

.554

.308

B
71.9

Step 3

0.3

-6.8 to -0.9

-1.5 to 2.2

-2.9 to 7.6

0.2 to 3.4

-0.1 to 0.6

-1.5 to 0.9

-2.2 to 0.7

43.9 to 61.3 <.001

95% CI

Step 2

Parenting stress

Distal family factors

Family functioning

Contextual family factors

1.8

0.3

-0.4

-0.7

52.6

Family type

χ2 (df 2) = 2.894, p = .235

-0.1 to 0.7

-1.7 to 0.7

-2.3 to 0.6

50.4 to 60.3 <.001

95% CI

Step 1

Negative family life events

Global family factors

0.3

-2.5

-0.5

.235

B

55.4

Epilepsy severity

-2.3 to 0.6

52.5 to 55.7 <.001

95% CI

Step 0

Impact of epilepsy

Maternal epilepsy

Mother vs father

B

54.1

Intercept

Externalizing
problems

Table 6. Summary of hierarchical multilevel regression analysis – Externalizing problems
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Discussion
This study examined whether mothers with epilepsy experience more family problems
and investigated the possible mediating role of distinct family factors in the relationship
between maternal epilepsy and child behavior problems. Prenatal exposure to AEDs
may sometimes directly impact child psychopathology. As children of mothers with
epilepsy bear multiple risks, child psychopathology may as well be impacted by
other factors, such as having a mother with a chronic condition. With this study we
examined the contribution of epilepsy-related factors and distinct family factors to
child behavioral problems. We also examined whether proximal family factors would
mediate the effects of epilepsy-related factors and the more distal family factors to
child behavioral problems.
We found that mothers with epilepsy were more likely to show parenting stress
and problems with parenting than mothers from the general population. Compared
with a clinical population – mothers of children with psychiatric problems – they were
less likely to have problems. This suggests that mothers with epilepsy have moderate
problems with distinct family factors, with some mothers experiencing more problems
than others.
The impact of maternal epilepsy was associated with most family factors while the
more objective measure of maternal epilepsy, epilepsy severity, was not significantly
related to as many factors. Epilepsy severity and impact of epilepsy were, however,
significantly related to each other. They were also both significantly correlated with
parental psychopathology, measured as maternal behavioral problems. Impact of
maternal epilepsy was associated with child internalizing problems only. In a pediatric
study, epilepsy-related factors were not associated with child behavior while family
factors were strong predictors of child psychopathology5. We found that a higher score
on impact of maternal epilepsy was related to more parenting stress, lower family
functioning, and negative quality of parent child relationship, suggesting that the burden
of epilepsy also affects family factors and vice versa.
Family factors were significantly associated with child behavior problems. In
a previous study, we showed that a high proportion of children of mothers with
epilepsy, prenatally exposed to AED, had behavioral problems2. Results of the current
study showed that distinct family factors have an additional contribution on child
internalizing and externalizing problems and have a mediating role in the relationship
between maternal epilepsy and child internalizing problems. Distal family factors,
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consisting of parenting stress and parental behavioral problems, were each found to
contribute the most and were shown to mediate the effects of impact of epilepsy,
global (negative family life events), and contextual family factors (family functioning)
on child internalizing problems.
Parenting stress was conceptualized as depressive mood and physical health
problems. Depression, health- and behavioral problems are common in women with
epilepsy28. These (psychiatric) comorbidities may be the result of an interaction between
genetic and epilepsy-related factors, or of possible drug side effects7,8,28. Child behavior
may in itself also contribute to parental behavioral problems. This study shows that
parenting stress and maternal mental health problems are important in the behavioral
development of children of mothers with epilepsy. It seems that mothers with epilepsy
with comorbid behavioral problems are more vulnerable, and for their children this
is associated with more problem behavior. The effect of the impact of epilepsy on
internalizing problems proceeds through parenting stress and maternal behavioral
problems. Therefore, maternal mental health problems, including impact of epilepsy
and parenting stress, need to be treated in relation to the child and the family, as having
a chronic medical condition can affect family life and the behavioral development of
children6.
Proximal family factors did not add a significant effect on internalizing problems, after
other family factors were controlled for. This might be explained by the interrelations
between family factors16, or the possibility that all variance was already explained by
the previous factors. For externalizing problems, a strong effect of contextual, distal,
and proximal family factors was found, but not for maternal epilepsy. From the distinct
family factors, proximal family factors contributed most to externalizing problems. In
addition, distal and proximal family factors appeared to mediate the effects for the
global (negative family life events) and contextual family factors (family functioning).
These results offer specific targets for interventions, for the mother herself29,30, for
families with a mother with epilepsy, or their children. With internalizing problems,
interventions should target at decreasing parenting stress and parental behavioral
problems, such as mindful parenting31–33. Intervening with parenting stress may buffer
the child against the effects of the impact of maternal epilepsy. For externalizing
problems interventions should target on factors closest related to the child, such as
amelioration of the parent-child interaction (e.g., with haptotherapy for children)34.
As far as we know, this is the first study that has extensively studied the nature
and severity of distinct family factors in a large group of mothers with epilepsy and
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investigated the possible mediating role of distinct family factors in the behavioral
development of children of mothers with epilepsy. Other strengths of this study are
the use of standardized measures, mother and father reports, and inclusion of families
across the Netherlands.
There are also some limitations. Pregnancy registers reach only some of the women
with epilepsy. This may limit the generalization of the results to the population of
mothers with epilepsy. Generalization may also be limited because of the relatively
high educational level of mothers. The majority of mothers had low epilepsy severity
whereas in families with a mother with severe epilepsy, the impact of the burden of
epilepsy on the family and the child is likely to be even greater.
We measured epilepsy severity as composite variable5,24. This may not give a
reliable representation of the mother’s epilepsy. For example, it can be argued whether
generalized tonic clonic seizures are more severe or have more impact than absences.
It is also possible that the effects of the different components are lost because of the
composition variable. In additional analyses we therefore added the three separate
components (seizure type, seizure frequency, and number of AEDs) to the analysis, with
similar results. It only showed that of the three components, seizure frequency had
the largest impact on child behavior. However, the hierarchical multilevel regression
analyses with the chi-square difference tests revealed no change in significances (not
shown).
We used parent reports of behavioral problems and distinct family factors. This
reflects parental perceptions of child behavioral problems, and adult and family
functioning, but may have caused common-method variance. It is subjective and
possibly biased by parents’ perspective on maternal epilepsy or concerns about
teratogenic effects of prenatal exposure. For future research, it is recommended to
use multiple informants in order to gain more insight into the influence of family factors
on the development of children of mothers with epilepsy.
It should also be noted that our analyses do not provide answers on causality.
Associations may be bidirectional, with more parenting stress leading to more child
behavioral problems, or the other way around. The development of children of mothers
with epilepsy prenatally exposed to AEDs is a complex entity, where multiple factors are
involved and which may have a direct or indirect effect, independently or in interaction
with the teratogenic and genetic make-up of the child. Regardless of the direction
of effects, our results show the importance of including family factors in research of
children of mothers with epilepsy as they can have a contribution additional to the
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teratogenic risks of prenatal exposure to AEDs. Family factors, in particular distal and
proximal family factors, can weaken or strengthen child development and may provide
starting points for interventions5,15.
This study contributes to the knowledge about the role of family factors, in a
population of mothers with epilepsy, including maternal psychopathology, to child
behavioral problems. For clinical practice, it is important to pay attention to family
factors in children of mothers with epilepsy, as they can contribute to child development
and parent-child relationship quality. This may ultimately increase the quality of life of
mothers, their children, and their families.
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Abstract
Purpose: To examine different aspects of wellbeing in mothers with epilepsy with
school-aged children.
Methods: In an observational study, mothers, identified from the European Registry of
Antiepileptic Drugs and Pregnancy database in the Netherlands, completed questions
on epilepsy, impact of epilepsy, quality of life, behavioral problems and parenting stress.
Descriptive analyses were performed to examine the prevalence of behavioral problems
and the impact of epilepsy on different aspects of the mother and the family. We
subsequently investigated which factors contributed most to the impact of maternal
epilepsy using regression analyses.
Results: 156 (46%) of the 342 invited mothers with epilepsy participated. The majority
(89%) had low epilepsy severity, with well controlled seizures. Internalizing problems
within the borderline or clinical range were reported by 23% of the mothers. Behavioral
problems were significantly correlated with epilepsy severity (r = .26, p = .002), impact
of epilepsy (r = .32, p < .001) and quality of life (r = -.52, p < .001). Quality of life was in
general good (Mean = 8, SD = 1), with low impact of epilepsy. Epilepsy affected mostly
maternal self-confidence, work, and general health. Mothers indicated to experience
no to little impact of epilepsy on the relationship with their children, partner or family.
Regression analyses showed that epilepsy severity (1.0, 95% confidence interval [CI]
0.4 to 1.6; p = .002) and quality of life (-1.3, CI -2.3 to -0.4; p = .007) were significant
contributors to impact of epilepsy, while other factors (maternal education, family type,
behavioral problems and parenting stress) were nonsignificant.
Discussion: The current study shows that mothers with epilepsy generally fared well.
Epilepsy negatively impacted the lives of some mothers though. As maternal wellbeing
is of importance for mother-child interaction and child development, clinicians should
be aware of the impact of epilepsy on maternal psychosocial outcomes and family life
of women with epilepsy.
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Introduction
Epilepsy is a common neurological disorder occurring in up to 1.0% of the general
population1. Having epilepsy goes beyond the seizures as it has an important impact
on psychosocial functioning of people with epilepsy2–4. Women of childbearing age
have further challenges around epilepsy, pregnancy and motherhood5–9. We previously
showed that mothers with epilepsy experienced more parenting stress compared with
mothers from the general population10.
Epilepsy has a negative impact on the quality of life of women of childbearing
age11,12. Mothers may have dilemmas between being a good patient and being a good
mother5,13. Guilt feelings resulting from the use of antiepileptic drugs (AEDs) during
pregnancy, due to potential teratogenic side effects, may also play a role. Stress and
sleep deprivation triggered by the care of an infant may elicit seizures7,13.
Women with epilepsy need specific information about pregnancy and childbearing,
which is not always adequately provided14–16. This brings uncertainty, in an already
changing period9,17. Women with epilepsy have a higher risk of depression and anxiety
and more often develop a postpartum depression compared to women without
epilepsy11,18–22. Seizure frequency and AEDs were found as risk factors22. Psychosocial
aspects, important for the quality of life, are easily overlooked because of a primary
focus on seizures and seizure control6,22.
There has been increasing attention to the prevalence of psychiatric comorbidities
and quality of life before, during and shortly after pregnancy, but there is limited
knowledge about the impact of epilepsy during motherhood6,7. We attempted to
investigate the impact of epilepsy on different aspects of the mother and the family and
examined which factors contribute most. We hypothesized that next to epilepsy-related
factors, behavioral problems and parenting stress would be important contributors to
the impact of maternal epilepsy.

Methods
Study design and participants
In collaboration with the European Registry of Antiepileptic drugs and Pregnancy (EURAP)
the Dutch EURAP & Development study was designed, a prospective observational study
of children of mothers with epilepsy. The current study is part of a larger longitudinal
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study in which long-term effects of prenatal exposure to AEDs on neurocognitive and
behavioral development are investigated from a family perspective23.
Participants were mother-child pairs identified from the EURAP-NL database in
the Netherlands, a national, single center pregnancy register that investigates the
prevalence of major congenital malformations following prenatal exposure to AEDs.
Women are enrolled by the EURAP-NL center through self-referral or by their health
professional. Inclusion criteria were maternal carbamazepine, lamotrigine, levetiracetam
or valproate monotherapy starting before conception and continuing during the entire
pregnancy, and the child aged between 6;0 and 7;11 years during the study period.
Detailed information on procedures were reported previously23.

Measures
Mothers were asked to complete a number of online questionnaires, on demographic
information, epilepsy-related information, behavioral and parenting questionnaires
and questions on quality of life and the impact of epilepsy. Participants also received a
short intelligence test24, and had an interview about the child, the family and maternal
epilepsy23.
Impact of epilepsy
An adapted version of Impact of Pediatric Epilepsy on the Family (IPES) was used to
measure impact of epilepsy on the mother and the family25. We adjusted child epilepsy
into maternal epilepsy and changed accordingly some items, for example instead of
school we asked about work and education (see also Table 4). Mothers were asked to
answer 11 questions (e.g., impact on general health, relationship with child(ren), or work
and education) on a 4-point severity scale with 0 ‘not at all’ to 3 ‘a lot’. For each item
the question was ‘To what extent did your epilepsy affect your normal daily (family) life
in the past three months?’. The higher the score, the higher is the impact of maternal
epilepsy with a maximum total score of 33 (range 0-33). For mothers who thought that
one or more of the items was not applicable (i.e., had no spouse or had only one child),
the total score was based on only the items answered.
Epilepsy severity
We used epilepsy severity as concept to measure maternal epilepsy (see Box 1)26,27.
Mothers answered questions about epilepsy activity in the previous twelve months.
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It was possible that the current number and type of AED were different from during
pregnancy.
Box 1: Epilepsy severity
Epilepsy severity is a composite variable with total scores between 1 and 9, based on seizure type
(1-3), seizure frequency (0-3) and number of AED used (0-3)27,28. Generalized tonic-clonic seizures
are scored 3, focal seizures 2, and absences 1. Seizure frequency is scored 3 if the mother had
weekly or daily seizures, 2 if the mother had monthly seizures, 1 if the mother had seizures once
or twice per year, and 0 if no seizures had occurred during the previous year. The number of AEDs
are scored 0 when no medication was used, 1 for monotherapy, 2 for polytherapy with two AEDs,
and 3 for polytherapy with three or more AEDs. Scores are summed, with a scoring between 1 and
5 indicating low epilepsy severity and scores ≥ 6 indicating high epilepsy severity27.

Quality of life
Mothers were asked to rate their quality of life on a scale of 1-10, with 1 representing
the worst and 10 the best possible quality of life.
Adult behavioral problems
To measure possible psychiatric comorbidities mothers were asked to complete the
Adult Self Report (ASR) on emotional behavioral and social problems28. The ASR contains
123 items each scored as ‘not true’ (0), ‘somewhat or sometimes true’ (1), or ‘very
true or often true’ (2). Each item presents a problem behavior, such as: ‘I am unhappy,
sad or depressed’. Raw scores are summed and converted into a total behavioral
problems score, two broad band scales: internalizing and externalizing problems, and
eight narrow band problem scales: anxious/depressed, withdrawn, somatic complaints,
thought problems, attention problems, aggressive behavior, rule-breaking behavior,
and intrusive behavior. Scores were standardized for gender and age with mean T-score
50 and SD = 10. Scores can fall within a borderline range (T-score 60-63 for total score
and broadband scales, or T-score 65-69 for narrow band scores) or above the clinical
cut-off (T-score ≥ 64 or T-score ≥ 70 respectively).
Parenting stress
The Parenting Stress Questionnaire (OBVL) was used to measure parenting stress29. The
mother was asked to answer 34 items on a 4-point scale, from 1 ‘not true’ to 4 ‘very
true’, about how she experiences her child, how she interacts with her child and how
she feels about her own health (e.g., ‘I feel happy with my child’). The OBVL consists
of a total parenting stress score and five subscale scores on: parent-child relationship
problems, parenting problems, depressive mood, parental role restriction, and physical
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health problems. Higher scores indicate more problems. In a previous paper we gave
descriptive information on the level of parenting stress in mothers with epilepsy10. In
this study we used the total parenting stress score as possible predictor of impact of
maternal epilepsy.

Statistical analyses
Data were analyzed using IBM SPSS Statistics 24. Descriptive analyses were performed
to give a comprehensive description of the study population. Demographic and
epilepsy-related information was given, for the whole group and for each AED taken
during pregnancy. In addition to the total score of impact of epilepsy, the frequency
of response categories of items of the IPES were examined to explore in which area
maternal epilepsy was of particular influence. For behavioral problems percentages of
borderline and clinical scores were examined to describe the nature and severity of
possible psychiatric comorbidities in mothers with epilepsy.
Regression analyses were performed to examine which factors contribute to the
impact of maternal epilepsy. Predictors included were maternal educational level
(higher educated or not), family type (one- or two-parent families), epilepsy severity,
quality of life, behavioral problems (total score ASR), and parenting stress (total score
OBVL). Effects of each predictor were considered separately (direct effects), as wel as
the effects of all predictors together (total effect). As epilepsy severity is a composite
variable we conducted additional analyses with the three components of epilepsy
severity apart (seizure type, seizure frequency, number of AEDs). Analyses were
conducted using all available information, without imputation for missing data.
The study was approved by the Medical Ethics Committee of the Academic Medical
Center (AMC: NL 45505.018.13). Prior to enrollment of the first participant, the study
was registered in the Dutch trial register (www.trialregister.nl: NTR4800). Written
informed consent was provided prior to the assessment. When the questionnaire was
completed at home, consent was given by e-mail or telephone.

Results
In total 156 (46%) of the 342 invited mothers participated (Figure 1), of which 26 with
two children. The questions on maternal epilepsy and behavioral problems were filled
in when the first child within the study was included. For one participating mother
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only pregnancy information was available, as the father of the children had filled in the
survey part of the study. For four other mothers information of the behavioral measure,
impact of epilepsy and quality of life were missing. Twenty mothers had chosen ‘not
applicable’ for all items of the IPES, resulting in missing data.
Figure 1. Flowchart Dutch EURAP & Development study – number of participating mothers

7

The majority of mothers had completed higher education and were married (Table
1). Most worked part-time. Epilepsy severity was in general low, with a mean score
of 3.9 (SD 1.3, range 1-7). Only 11% of the mothers had high epilepsy severity (score
≥ 6). Most reported having had no seizures in the previous 12 months. Three percent
reported daily seizures. AED monotherapy was mostly used. Approximally 80% of the
mothers still used the same AED as they did during pregnancy. Eight percent of women
did no longer take AEDs, whilst 12 percent used polytherapy with two AEDs.
Overall, mothers had average behavioral scores, with the majority reporting
little to no behavioral problems (Table 2). A number of mothers reported clinically
relevant behavioral problems, which occurred regularly or often, indicating possible
psychiatric comorbidities. The nature of problem behavior was diverse. Mothers who
had scores within the borderline range or above the clinical cut-off reported mainly
internalizing behavioral problems (consisting of anxious/depressed, withdrawn behavior
and somatic complaints) and attention problems. Behavioral problems were significantly
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Table 1. Demographic and epilepsy-related information for all mothers and by antiepileptic drug used
during pregnancy
Antiepileptic drug used during pregnancy
Sample size
Age at assessment, years, mean (SD)

All mothers

VPA

CBZ

LTG

LEV

156

23

35

73

25

38 (4)

40 (3)

39 (5)

37 (4)

38 (4)

Maternal education, n (%)
Higher education
Vocational education
Lower education

90 (58%)
56 (36%)
10 (6%)

13 (57%)
9 (39%)
1 (4%)

17 (49%)
16 (46%)
2 (6%)

44 (60%)
25 (34%)
4 (5%)

16 (64%)
6 (24%)
3 (12%)

Maternal IQ, mean (SD)╞

104 (14)

104 (13)

100 (17)

104 (13)

108 (15)

Marital status, n (%)
Married
Living together
Divorced
Single parent

104 (67%)
35 (22%)
4 (3%)
13 (8%)

16 (70%)
4 (17%)
2 (9%)
1 (4%)

21 (60%)
10 (29%)
4 (11%)

50 (68%)
16 (22%)
2 (3%)
5 (7%)

17 (68%)
5 (20%)
3 (12%)

Number of children, n (%) ×
One
Two
Three
Four or more

26 (17%)
94 (60%)
29(19%)
7 (4%)

8 (35%)
8 (35%)
5 (22%)
2 (8%)

7 (20%)
25 (71%)
3 (9%)
-

8 (11%)
48 (66%)
15 (21%)
2 (2%)

3 (12%)
13 (52%)
6 (24%)
3 (12%)

Nationality, Dutch, n (%)

150 (96%)

23 (100%) 35 (100%)

69 (95%)

23 (92%)

Employment, n (%) ◊
Unemployed
Less than 10 hours per week
10-20 hours per week
21-30 hours per week
31-40 hours per week
More than 40 hours per week

26 (17%)
10 (6%)
36 (23%)
53 (34%)
27 (17%)
3 (2%)

3 (13%)
5 (22%)
7 (30%)
8 (35%)
-

6 (17%)
4 (11%)
7 (20%)
13 (37%)
4 (11%)
1 (3%)

13 (18%)
5 (7%)
17 (23%)
25 (34%)
12 (16%)
1 (1%)

4 (17%)
1 (4%)
7 (29%)
8 (33%)
3 (13%)
1 (4%)

Seizure type, n (%) ◊ ║
Generalized tonic-clonic seizures
Focal seizures
Absences

92 (59%)
34 (22%)
30 (19%)

18 (78%)
2 (9%)
3 (13%)

20 (57%)
10 (29%)
5 (14%)

40 (55%)
17 (23%)
16 (22%)

14 (56%)
5 (20%)
6 (24%)

Seizure frequency past 12 months ◊
None
Once or twice per year
Monthly
Weekly or daily

113 (73%)
19 (12%)
11 (7%)
13 (8%)

22 (96%)
1 (4%)
-

23 (66%)
7 (20%)
2 (6%)
3 (9%)

52 (71%)
7 (10%)
7 (10%)
7 (10%)

16 (67%)
4 (16%)
2 (8%)
3 (12%)

Current epilepsy medication, n (%) ◊
None
Monotherapy
Polytherapy with two AED
Polytherapy with three or more AED

13 (8%)
123 (79%)
19 (12%)
-

1 (4%)
20 (87%)
2 (9%)
-

4 (11%)
28 (80%)
3 (9%)
-

8 (11%)
53 (73%)
12 (16%)
-

22 (92%)
2 (8%)
-

3.9 (1.3)

3.7 (0.8)

3.9 (1.3)

4.0 (1.4)

4.1 (1.3)

Epilepsy Severity, mean (SD)

Note. VPA = valproate, CBZ= carbamazepine, LTG = lamotrigine, LEV = levetiracetam.
╞ Maternal IQ was measured with the Wechsler Adult Intelligence Scale (WAIS-III-NL), missing for 18
mothers. ×26 mothers participated with two children within the Dutch EURAP & Development study.
◊ For one mother information on these variables was missing. Maternal educational level is based on
information from the EURAP-NL pregnancy register. Seizure type, frequency and current medication
is based on information from the mother. ║ The majority (80%) of the women were still on the same
antiepileptic drug as they did during pregnancy.
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correlated with epilepsy severity, quality of life and impact of epilepsy, with more
behavioral problems associated with higher epilepsy severity, lower quality of life and
more impact of epilepsy on the mother and the family (Table 3).
Mothers rated their quality of life generally as good with a mean of 8.0 (SD 1.0,
range 4-10). Impact of epilepsy on the mother and the family was in general low (Table
4). When we examined on which aspects maternal epilepsy impacted, we found that
their epilepsy affected mostly their self-confidence, followed by work and education
and general health. Mothers indicated that their epilepsy had no or little effect on their
relationship with their children, partner, friends or family. Some mothers did however
report that their epilepsy had impact on activities with the family.
Table 2. Mean, standard deviations (standard scores), and percentages of mothers within the borderline
range and above the clinical cutoff on behavior outcome measures
Adult Self Report

N = 151
M

SD

Borderline

Clinical

Total Behavioral problems (Tot)

50.0

9.2

9.9%

6.0%

Internalizing problems (INT)

52.3

9.3

12.6%

10.6%

Externalizing problems (EXT)

49.2

9.0

8.6%

4.6%

I Anxious/ Depressed

54.8

5.4

5.3%

0.7%

II Withdrawn

54.2

5.4

7.3%

1.3%

III Somatic complaints

56.4

6.6

9.3%

3.3%

IV Thought problems

53.7

5.3

4.6%

2.0%

V Attention problems

58.4

7.7

12.6%

6.6%

VI Aggressive behavior

54.6

5.8

6.0%

2.6%

VII Rule-breaking behavior

53.8

5.0

2.6%

2.0%

VIII Intrusive behavior

51.7

2.9

1.3%

0%

Note. N = sample size; M = mean; SD = standard deviation; Maternal behavioral problems were
measured with the Adult Self Report (ASR); mean T-score 50, SD 10. Cut-off scores: Narrow
band (I t/m VIII): T-score 65-69 = borderline; ≥ 70 = clinical; Broad band (INT, EXT, Tot): T-score
60-63 = borderline; ≥ 64 = clinical.
Table 3. Relationship between maternal behavioral problems, epilepsy severity, quality of life and
impact of maternal epilepsy
1
1. Total Behavioral problems

2

3

-

2. Epilepsy severity

.26**

-

3. Quality of life

-.52**

-.15

-

4. Impact of maternal epilepsy

.32**

.35**

-.40**

*p < 0.05 ** p < 0.01

4

-
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Table 4. Mean and standard deviations of impact of epilepsy and quality of life, and frequency of response categories
on IPES
N = 151

To what extent did your epilepsy affect your normal daily
(family) life in the past three months?

M (SD)

Not at all (0)

A little (1)

Quite (2)

A lot (3)

Not
applicable

1. General health

0.3 (0.6)

102 (67.5%)

23 (15.2%)

5 (3.3%)

1 (0.7%)

20 (13.2%)

2. Relationship with child(ren)

0.1 (0.5)

120 (79.5%)

8 (5.3%)

3 (2.0%)

1 (0.7%)

19 (12.6%)

3. Relationship between children

0.1 (0.4)

115 (76.2%)

3 (2.0%)

1 (0.7%)

1 (0.7%)

31 (20.5%)

4. Relationship with partner / spouse

0.2 (0.5)

106 (70.2%)

14 (9.3%)

4 (2.6%)

1 (0.7%)

26 (17.2%)

5. Relationship with friends / family

0.1 (0.5)

117 (77.5%)

7 (4.6%)

3 (2.0%)

1 (0.7%)

23 (15.2%)

6. Social contacts: acceptance by others 0.1 (0.5)

114 (75.5%)

9 (6.0%)

2 (1.3%)

2 (1.3%)

24 (15.9%)

7. Social contacts: number of activities 0.2 (0.6)

107 (70.9%)

14 (9.3%)

2 (1.3%)

4 (2.6%)

24 (15.9%)

8. Work and education

94 (62.3%)

17 (11.3%)

5 (3.3%)

6 (4.0%)

29 (19.2%)

IPES (0-3)

0.4 (0.8)

9. Your self-confidence

0.4 (0.8)

87 (57.6%)

31 (20.5%)

5 (3.3%)

5 (3.3%)

23 (15.2%)

10. Loss of future expectations

0.2 (0.6)

107 (70.9%)

13 (8.6%)

6 (4.0%)

1 (0.7%)

24 (15.9%)

11. Activities with family

0.3 (0.5)

100 (66.2%)

23 (15.2%)

5 (3.3%)

0 (0.0%)

23 (15.2%)

M (SD)

Range

Total score IPES (0-33) ║

2.4 (4.6)

0-24

Quality of life (1-10)

8.0 (1.0)

4-10

Note. N = sample size; M = mean; SD = standard deviation. IPES = Adapted version of the Impact of Pediatric
Epilepsy on the Family. ║ Total score of IPES is based on 131 mothers, because 20 mothers had indicated ‘not
applicable’ on all items.

Regression analyses showed that epilepsy severity and quality of life were significant
predictors of impact of maternal epilepsy, whilst maternal education, family type,
behavioral problems and parenting stress were nonsignificant (Table 5). For behavioral
problems and parenting stress significant direct effects were found, but after entering
the other predictors to the model, epilepsy severity and quality of life were found to
be the most important contributors.
Additional analyses with the three components of epilepsy severity separate (seizure
type, seizure frequency, number of AEDs) showed that seizure frequency contributed
most and was found to be significant, whilst seizure type and number of AEDs were
nonsignificant predictors (not shown, available on request).
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Table 5. Regression analyses with Total score of Impact of maternal epilepsy as dependent variable
Total score IPES

Total effecta

Direct effectb

B (SE)

95% CI

p Value

p Value

Constant

7.3 (6.2)

-4.9 to 19.6

.239

-

Maternal education

-0.1 (0.7)

-1.5 to 1.4

.912

.860

Family type

-0.8 (1.2)

-3.2 to 1.6

.496

.491

Epilepsy severity

1.0 (0.3)

0.4 to 1.6

.002**

<.001***

Quality of life

-1.3 (0.5)

-2.3 to -0.4

.007**

<.001***

Total behavioral problems

0.1 (0.1)

-0.1 to 0.2

.348

<.001***

Total parenting stress

0.01 (0.1)

-0.1 to 0.1

.913

<.001***

Note. IPES = Adapted version of the Impact of Pediatric Epilepsy on the Family.
a
regression analyses with all predictors together, giving total effect on impact of maternal epilepsy.
b
regression analyses with each predictor separately to show the direct effect of a predictor on
impact of maternal epilepsy.
B = unstandardized coefficients, SE = standard error, CI = Confidence Interval.
*p < 0.05 ** p < 0.01 *** p < 0.001

Discussion
We found that mothers with school-aged children generally fared well, with wellcontrolled seizures. Epilepsy seems to play a minimal role in their lifes. Some mothers,
however, indicated that epilepsy had a negative impact on several aspects of their
wellbeing and family life. Epilepsy severity was significantly related to behavioral
problems and higher impact of maternal epilepsy, which, in turn, was associated with
lower quality of life. For those mothers with active epilepsy, the burden of epilepsy also
appears to affect motherhood2,4,9.
Internalizing problems within the borderline or clinical range were reported by
a quarter of the mothers. As internalizing problems consist of anxiety, depression,
withdrawal, and somatic complaints, this prevalence seems comparable with studies
that reported on anxiety and depression in women with epilepsy11,22. Those studies
were, however, on women during or shortly after pregnancy, in which levels of stress
might be higher. Our study shows that internalizing problems also occur in mothers with
school-age children. Attention problems were also frequently reported by mothers.
Cognitive problems are common in people with epilepsy30. The percentage of attention
problems in the current study was however substantially lower than in children with
epilepsy27,31. This difference may be due to a child’s brain still being in development or
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because adults having developed more effective coping strategies. Attention problems
nevertheless can have impact on daily lifes of women with epilepsy.

Epilepsy severity

and quality of life were found to be significant predictors of the impact of maternal
epilepsy, whereby seizure frequency showed to be the significant component of epilepsy
severity. Against expectations, behavioral problems and parenting stress showed no
significant contribution. They first showed a significant direct effect, but when all
predictors were entered to the model, epilepsy severity and quality of life were found
to be the more important contributors. Parenting stress and behavioral problems are
indicative of maternal emotional wellbeing32 and were found to be important predictors
of child behavioral problems10. Whit respect to impact of maternal epilepsy, epilepsyrelated factors (such as seizure frequency), seem more important. Although the different
factors are related, the outcome measure determines which factors have the greatest
contribution. It seems a logical result that specific epilepsy-related factors contributed
the most to impact of maternal epilepsy33,34. This was different for findings with regard
to child behavioral problems where parenting and parental psychopathology were most
important contributors10,27,35.
The impact of maternal epilepsy on the relationship with the partner and children
was not experienced as problematic: mothers indicated that they experienced no or
little impact in this realm. The majority of mothers was married or lived together. A
previous study showed that single parenthood had a more negative influence on life
satisfaction9. In our analyses, family type – one-or two-parent families – was not found
to be a significant predictor of impact of epilepsy. In a recent review it was concluded
that epilepsy has a severe impact on family life, however, the influence of seizures
on the partner was found to be hardly studied 36. The burden of epilepsy may affect
parenting via the marital relationship. Impact of seizures may also apply to the children.
For example, they may experience fear or anxiety from the perception that the mother
might pass away during the seizure. This may affect the child’s mental health and may
be a risk factor for posttraumatic stress symptoms in children.
This study has a number of limitations. Pregnancy registers only reach part of
the women with epilepsy, making generalizability of results difficult. The women
who participated were generally higher educated. Most women had a low epilepsy
severity on monotherapy. The influence of epilepsy in women with severe epilepsy
and polytherapy is found to be greater12,22. We had no information on epilepsy
duration. Quality of life was rated on a single item. We did, however, include a specific
questionnaire on the impact of epilepsy on the mother and the family.
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Future research should include semi-structured interviews with mothers on the
influence of epilepsy on motherhood, to improve insight into their experiences5,13. We
spoke with the mothers about their epilepsy, but not in a structured manner. Many
mothers indicated that their epilepsy played a minor role in their life. Children often
did not know about their epilepsy, except that the mother took ‘pills’. This was different
however when the epilepsy was active and the mother had seizures, whether or not
in the presence of the child. Mothers indicated that when the child had seen a seizure
this had a large impact and sometimes even had become a traumatic event for the child
(for which one child in our study also received trauma treatment).
As maternal wellbeing is of importance for mother-child interaction6, clinicians
should keep an eye on the impact of epilepsy on the psychosocial functioning and
family life of women with epilepsy37. Future research should focus as well on the role
of the partner36. The quality of life can often be improved with minimal interventions38,
which is also in the interest of the children of mothers with epilepsy.
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Summary and discussion
This dissertation shows that the use of antiepileptic drugs (AEDs) in women with epilepsy
of childbearing age needs continuous attention, also in light of long-term outcomes in
children1–3. Treatment continuation during pregnancy is a must for most women with
active epilepsy4, whereas prenatal exposure to AEDs is associated with increased risks
of congenital malformations5, which indicates the associated challenges of AED use. In
the past two decades, more attention has also been paid to possible long-term effects
of prenatal exposure to AEDs6–8. However, in order to help women and their treating
physicians to make a well-informed choice on medication use during pregnancy, still
more information is needed, specifically on newer AEDs, the potential spectrum of
developmental side effects, and the role of factors modifying the teratogenic risks and
eventual outcome3,6–9.
The aim of this thesis therefore was to obtain more knowledge about the longterm effects of prenatal exposure to four common AED monotherapies (valproate,
carbamazepine, lamotrigine or levetiracetam) on the neurocognitive and behavioral
development of school-aged children. We developed the Dutch EURAP & Development
study protocol and described the extensive neuropsychological child assessment at
six or seven years of age (Chapter 1). The nature and severity of neurocognitive and
behavioral problems was examined in relation to prenatal exposure and possible effects
of AED dose (Chapter 3, 4 and 5). The contribution of distinct family factors in maternal
epilepsy, a chronic medical condition, has also been investigated (Chapter 2 and 6),
including a description of the wellbeing of mothers with epilepsy (Chapter 7).

Neurocognitive profiles
Based on the findings reported in Chapter 3 and results on social cognition in Chapter
5, we made neurocognitive profiles by AED exposure group, while controlling for the
effect of maternal IQ.
VPA-exposed children (n = 22) performed worse in all neurocognitive domains when
compared to children exposed to CBZ (n = 32), LTG (n = 82), or LEV ( n= 25), especially
on language skills (9-13 points lower on verbal IQ (VIQ)). Children exposed to VPA had
more problems with verbal functioning (general knowledge, abstract reasoning, and
understanding social rules and concepts). They are less able to understand spoken
language, are slower in retrieving semantic access to words and make more mistakes
in the production of words. They have less ability to generate words and have a
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smaller vocabulary. In addition, inhibition and motor persistence (Statue) which is an
indicator of school readiness, was impaired. Difficulties in finger movements and in
paper and pencil tasks may be an indication of immature fine motor skills. Children
also have difficulty with Memory for Faces, which has been found to be associated
with pervasive social perception problems10. On tasks of social cognition, valproateexposed children had more difficulty with recognizing and comparing emotions and
performed significantly lower on Theory of Mind tasks compared to the other AEDexposed children. We observed that children exposed to VPA seemed in some way more
childish. This is consistent with frequent repeating a year at school and the reported
additional educational needs. These findings correspond with previous observational
studies11–17, which also found an association between VPA exposure and lower verbal IQ,
and difficulties with attention and memory. A recent Danish population study showed
an association between VPA exposure and long-term academic functioning, which may
reflect the lower performances seen in observational studies18.
Children exposed to CBZ had few problems with neurocognitive functioning. On
cognitive functioning (intelligence) they had average scores. Compared to VPA they
were verbally stronger, otherwise they had comparable IQ scores. They performed well
on Memory for Faces, especially on Memory for Faces Delayed, with an above-average
score, which was significantly higher compared to LTG- and VPA-exposed children.
On the other hand, they performed somewhat slower on Visuomotor Coordination
and significantly lower on the Verbal Fluency task (Lindeboom) (CBZ < LTG). On other
neurocognitive tasks, CBZ-exposed children achieved average scores. Compared to
VPA-exposed children they achieved both higher scores, as well as comparable scores.
They differed from each other on tasks of attention and executive functions, language,
memory, visual spatial skills and to a lesser extent on motor skills. These results are in
line with previous observational studies, showing normal intelligence and few problems
with neurocognitive functioning after prenatal CBZ exposure6,11,13,14.
The largest group of children within our cohort was prenatally exposed to LTG (n
= 82). LTG-exposed children had little to no problems with neurocognitive functioning
and showed to be verbally strong. They had in general average scores, with no belowaverage scores at group level. Compared to VPA-exposed children they scored generally
higher, with a number of significant differences in intelligence, language, attention
and executive functioning, visual spatial skills and fine motor skills. We found virtually
no significant differences between LTG- and CBZ- or between LTG- and LEV-exposed
children, they had comparable performances. Previous observational studies on
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neurocognitive functioning of LTG-exposed children at school-age showed similar
results, finding little to no problems6,11,14,19,20.
LEV-exposed children appeared to be cognitively strong, especially on verbal
functioning, with an above average VIQ on group level. 28% of LEV-exposed children
had a disharmonic profile (more than 16 points difference in VIQ vs PIQ scores) in
favor of verbal IQ (VIQ > PIQ), while only 4% showed an inverse profile (PIQ > VIQ).
This was opposite from the intelligence profiles seen in VPA-exposed children, who
were more likely to have a higher performance IQ (18% PIQ > VIQ vs 9% VIQ > PIQ).
A previous observational study in the UK on LEV-exposed children in school-age (n
= 42), did not find increased verbal intelligence scores12. In our study, LEV-exposed
children showed few problems with neurocognitive functioning. Their language
skills seemed very well developed, with a strong understanding of spoken language,
a great vocabulary and good word production. On Speeded Naming however, they
made in comparison with peers more mistakes. On tasks of attention and executive
functioning, memory and learning, fine motor skills and visuospatial skills LEV-exposed
children usually achieved average or above-average scores. Their graphomotor skills
seemed only a little less, where they performed slightly lower and made more mistakes
compared to LTG-exposed children and compared to peers (Visuomotor Coordination).
This can be related to the younger age as well as impulsive behavior10. On other tasks
there were no significant differences between LEV- and LTG-exposed children. There
were some differences between LEV- and CBZ-exposed children (e.g., verbal IQ), but
after controlling for maternal IQ, these results became non-significant, illustrating the
importance of maternal IQ in evaluating cognitive outcome of the offspring. Compared
to VPA-exposed children, LEV-exposed children performed better in all neurocognitive
domains, with significant differences on language skills and attention and executive
functioning. The few earlier studies that have examined LEV-exposed children showed
no impairments in neurocognitive development and IQ, and higher performances
compared to VPA-exposed children12,21. Our group of LEV-exposed children, however,
was small (n = 25), so results should be interpreted with caution.

Behavioral problems
In Chapter 4 we examined behavioral functioning of prenatal AED-exposed children.
Mothers and fathers completed behavioral questionnaires on child behavior problems
such as anxiety, depression, attention, oppositional defiant and aggressive behavior. We
found, against expectation, that all four AED exposure groups showed high percentages

Summary and discussion

241

of children with clinical behavioral problems, with total behavioral problems occurring
in 32% of VPA-exposed children (n = 26), 14% of CBZ- (n = 37), 16% of LTG- (n = 88) and
14% of LEV-exposed children (n = 30). VPA-exposed children were shown to be most
affected, but parents of CBZ-, LTG-, and LEV-exposed children also reported behavioral
problems within the clinical range. Children differed on the range of behavioral
problems, without a common single subphenotype.
Children appeared to have internalizing and externalizing problems. Parents of
LTG-exposed children frequently reported oppositional defiant behavior within the
clinical range (ODD). Compared to Dutch population norms, parents of VPA-, LTG-, and
LEV-exposed children reported significantly more often symptoms of conduct disorder
(CD). Autistic behavior was reported by parents in VPA- and LTG-exposed children.
CBZ-exposed children showed no higher proportion of clinical behavioral problems. No
differences in proportions were found for parent-report of ADHD or anxious behavior.
Analyses with unadjusted means revealed no significant differences between the
AED-exposure groups. After controlling for potential confounders (including maternal
behavioral problems) VPA-exposed children showed significantly more social problems
compared to LTG- and LEV-exposed children, and significantly more attention problems
compared to LEV-exposed children. No significant differences were found on the other
(sub)scales. A direct comparison between LTG and LEV showed few differences. LTGexposed children were only found to have significantly more attention deficit problems,
but significantly less anxiety. LTG- and LEV-exposed children differed but had average
mean scores – compared to Dutch population norms – on attention and anxiety
problems.
Previous studies also reported significantly more behavioral difficulties in prenatally
AED exposed children of mothers with epilepsy, when compared to non-exposed
children and children of mothers without epilepsy22, including children exposed to CBZ
or LTG23,24. Other studies only found increased behavioral problems in VPA-exposed
children25–30. The few studies that have been done, differ on methodology and age of
the children, and used different rating scales, which may explain the different results
on behavior.
We used parent-reports, which clearly reflects the child’s behavior parents
experience at home. Parent-report is, however, subjective and does not directly
correspond with a diagnosis made by professionals24. Parents are also not blinded for
AED exposure and therefore concerns about teratogenic effects could have inflated
their ratings. This does not, however, detract from the fact that parents seem to have
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concerns about the behavioral development of their children24. It is therefore important
to pay attention to these reported behavioral problems and also to consider other
contributing factors, such as the impact of maternal epilepsy on child development, as
multiple risk factors (including teratogenic effects of prenatal AED exposure and family
factors) may contribute to child behavioral problems.

Autism
When specific autism characteristics were examined (Chapter 5) we found that VPAexposed children compared to those exposed to CBZ, LTG or LEV scored significantly
higher on the clinician observation ratings of symptoms of autism (CARS2-HF-NL). These
results are consistent with earlier reports on autistic traits and increased risk of autism
spectrum disorders (ASD) in prenatal VPA exposed children24,28,29,31,32.
In our study no children scored within the severe category of the CARS2-HF-NL. It
seemed that VPA-exposed children had autistic traits, but they may not always meet
the criteria of a diagnosis of autism. This might be because our group of children was
higher functioning (with average intelligence), and we perhaps missed severe cases32,33,
or there may be a broader spectrum of developmental teratogenicity after prenatal
VPA exposure. On the basis of clinical observations, children exposed to VPA seemed
to have a particular development, with a specific neurocognitive profile (see above)
and certain behavioral characteristics. In many cases children functioned well, but in
some aspects, they appeared atypical compared to healthy developing children, which
is important to be mentioned. Research on children with fetal valproate syndrome have
also shown a specific (cognitive) profile and possible associations with autism31,33–36. We
noticed sometimes also dysmorphic features in the face (such as lower ears, broader
nasal bridge, long philtrum, small lips) in prenatally VPA-exposed children. Investigation
and analysis of dysmorphic features was however not part of the current study.
In accordance with other studies, only a part of the children exposed to VPA
seem to experience problems. It remains unclear why some children are affected by
prenatal VPA exposure and others are not. Susceptibility for possible gene-environment
interactions seems to play a role37. In animal studies on associations between prenatal
VPA exposure and neural tube defects it was observed that the exposure affected gene
expressions. It was suggested that although a single change may be developmentally
harmless, several genes or gene expression alterations together may produce the
adverse phenotypic changes that result in the observed neural tube defects37. It is
possible that similar mechanisms associated with neural tube defects also underlie
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the broader developmental teratogenesis of VPA, including the observed increased
risk of autism. It seems in any case clear that multifactorial etiologies, with genetic
and environmental components, contribute to long-term observed development
problems37–39. More research is needed on the biomolecular basis including possible
gene-teratogen interactions38–41.
Since a child is exposed to various genetic and environmental factors, both during
pregnancy as well as thereafter in growing up within a family, it remains difficult to
separate cause and effect, and this problem increases with longer duration of followup. Nevertheless, this and previous studies with and within different populations have
consistently shown that prenatal exposure to VPA, especially at doses higher than 8001,000 mg/day, is associated with a greater risk of congenital malformations, cognitive
problems and autism5,11,14,29. It is important that women with epilepsy, but also women
who use VPA for other indications (mood disorders, migraine), are properly informed
of the risks and that alternatives like change of medication type or reduction of dose
are considered and discussed and applied whenever possible42–44. We also stress that
comparison of different maternal indications for the same drug, like epilepsy, migraine,
mood disorders, and pain disorders may help to sort out the confounding by indication
issues.

Confounding factors for outcome of neurocognition, behavior and autism
In the above-discussed findings, the possibility of confounding bias is an important
component to consider45. Confounding bias is a function of the complex interrelationship
between different exposures and the outcome measures46. In our study we therefore
took various potential confounding factors into consideration, such as maternal IQ or
maternal behavioral problems (Chapter 1, 3, 4 and 5).
In research on prenatally AED-exposed children of mothers with epilepsy,
confounding by indication is also an important potential confounder46. This means that
certain types of epilepsy, with increased risks of developmental problems by itself, may
be treated specifically with certain AEDs, resulting in a spurious association between
prenatal AED exposure and cognitive or behavioral outcome measures. Although in our
observational design it is difficult to exclude confounding by indication, we found no
clear evidence for an association between type of epilepsy and cognitive or behavioral
problems in prenatally AED-exposed children of mothers with epilepsy. Type of AED
used during pregnancy differed significantly by type of epilepsy, but because type of

244

Summary and discussion

epilepsy itself was not found to be associated with the long-term child developmental
outcome measure, confounding by indication seems less likely.
Other potential confounding factors which we considered were tonic-clonic seizures
during pregnancy, periconceptional use of folic acid, alcohol and nicotine exposure
during each trimester, breastfeeding, maternal age at delivery, maternal educational
level, gestational age, gender, age at assessment, presence or absence of congenital
malformations, and time of inclusion in the EURAP-NL database.
Potential confounders were examined for a relationship with medication and a
relationship with the outcome measure. As expected, maternal IQ was found to be
an important confounder for neurocognitive outcome measures. Likewise, maternal
behavioral problems proved to be an important confounder in the analyses with child
behavior.
Although alcohol and nicotine use during pregnancy were found to have no
significant relationship with neurocognitive outcome measures, there was a significant
difference between type of AED on these confounders: mothers who had used VPA
were more likely to have used nicotine during each trimester, while mothers who had
used LTG were more likely to have used alcohol during the first trimester. We were not
able to find an explanation for these relationships between prescribed AEDs and the
two social drugs. Further studies may help to confirm or refute the relationship, and
if confirmed to explore the role of e.g. pharmacokinetic interactions or interactions
between specific epilepsies and predispositions to social drug use. A study on the use of
divalproex in smoking cessation previously found an unexpected association between
divalproex and a greater craving and arousal level during smoking47. Divalproex is a
commonly used form of valproate48. It is possible that mothers who used valproate,
experienced more difficulty to stop with nicotine use during pregnancy, because of
possible interactions between smoking and medication. This might explain the higher
percentage of mothers using nicotine within the valproate group.
Mothers who used lamotrigine during pregnancy were more likely to have used
alcohol during particularly the first trimester. Because of the possibility of unplanned
pregnancies, we especially made a distinction between alcohol and nicotine exposure
during the first trimester and during the second or third trimester, instead of examining
the exposure during the entire pregnancy. According to information from the pregnancy
registry, many women stopped using alcohol when they found out that they were
pregnant (at 6-8 weeks of pregnancy). The combination of oral contraceptive and
lamotrigine does not pose a higher risk for unplanned pregnancy, as is known about
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the combination with enzyme inducing AEDs (such as phenytoin, phenobarbital,
carbamazepine or oxcarbazepine)49. Therefore, it remains unclear what is the cause of
the association between lamotrigine and alcohol use during pregnancy as observed in
the current study. It seems, nevertheless, important that women with epilepsy have
to be well-informed of the risks and factors contributing to unintended pregnancies50.
Frequent tonic-clonic seizures during pregnancy have previously been associated
with reduced cognitive functions in the child51. This has not been found in other
studies11,13,14. In our study there was no significant difference between mothers from
the four AED groups regarding tonic-clonic seizures, and no associations were found
between tonic-clonic seizures and outcome measures.
The use of folic acid during pregnancy is customary in the general population.
For women with epilepsy it is also recommended, especially because of possible
associations between folate metabolism and increased risks of neural tube defects in
valproate exposure52,53. However, there is controversy about the recommended dose
for women with epilepsy, which varies from 0,4 to 5,0 mg/day54. The mechanisms of
periconceptional folic acid on prenatal development is not fully known, but positive
associations have been found with higher intelligence scores in children of mothers
with epilepsy11. Recently an association with reduced risk of autistic traits was also
reported in prenatally AED-exposed children of mothers with epilepsy55. We did not find
significant associations between periconceptional folic acid use and outcome measures.
In our cohort, the majority of women had used folic acid (80-90%), this percentage was
higher than in other prospective studies (e.g., NEAD study 40-60%)11, and this may have
reduced the power to detect a difference.
Breastfeeding in women with epilepsy is nowadays encouraged56 and positive
associations between breastfeeding and cognitive and behavioral outcome measures
have been reported57,58. We found no significant association between breastfeeding
and neurocognitive outcome measures. For behavioral outcome measures there
were some significant associations, with breastfed children showing fewer behavioral
problems. The proportion of breastfed children in our cohort was however rather small
(16-28%). Over the years (2007-2011), a slight increase in breastfeeding was seen, but
most women were advised not to breastfeed their children. Other studies examined
children who were breastfed for at least six months57,58. In our analysis we classified
all children as breastfed when they had been nursed any time duration, varying from
only a couple of postnatal days to more than six months. For mothers with epilepsy
who wish to breastfeed, the benefits are usually considered to outweigh the risks59.
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Providing accurate information about breastfeeding and AEDs to women with epilepsy
is therefore recommended56,60.

Is there a role for antiepileptic drug dose?
Teratogenic risks of AED have previously been found to be dose related61. Especially VPA
has shown a consistent dose-effect on a number of teratogenic endpoints, including
major malformations and cognitive development5,11,14. Although we did not find a
significant relationship between VPA dose and cognition (intelligence) or behavioral
outcomes, for some of the neurocognitive measures a significant dose relationship was
found. Dose of CBZ, LTG or LEV were not found to be related with outcome measures.
The relatively low dosages in our cohort, in combination with the small sample size of
some AED exposure groups, may have influenced the high proportion of nonsignificant
relationships with dose.
We used first trimester dose within our analyses, similar to the analyses of the
EURAP pregnancy registry on malformations62. As cognitive and behavioral development
of the child also pertain to the third trimester63, we also explored relationships with
third trimester dose. We found similar with first trimester dose nonsignificant results.
In particular, LTG dose was adjusted during pregnancy, with the dose being increased
in most cases. It is known that LTG dose is often changed during pregnancy because of
pregnancy induced changes in pharmacokinetics64. We did, however, not have blood
levels of pregnant women, so the daily dose may differ from the level to which the child
has been exposed in utero65.

Is there a role for family factors?
Besides the exposure to AEDs during pregnancy, children of mothers with epilepsy also
have a mother with a chronic medical condition. Maternal epilepsy, its impact on the
family system, and other family factors may contribute to child development as well. In
Chapter 2 we reviewed the literature on possible associations between distinct family
factors and developmental outcomes in prenatally AED-exposed children. We found
that research on the role of family factors in children of women with epilepsy is rare.
The few reported studies focused predominantly on stressors and demands in mothers
with epilepsy, while less attention was given to resiliency factors pertaining to family
resources and strengths.
In Chapter 6 we examined whether mothers with epilepsy (n = 175) experienced
family problems (e.g., parenting stress) and investigated the possible mediating role

Summary and discussion

247

of distinct family factors in the relationship between maternal epilepsy and child
behavioral problems. Following the social-ecological model of Bronfenbrenner66 and the
transactional model of Belsky67, we distinguished four types of family factors: proximal,
distal, contextual and global family factors68.
We found that mothers with epilepsy experienced significantly more parentings
stress and problems with parenting compared to mothers from the general population.
Compared to mothers from a clinical population of children with psychiatric problems
they reported fewer problems. Previous studies on mothers with epilepsy reported
also increased parenting stress, and showed that mothers with epilepsy had problems
caring for themselves and for their child27,69,70.
Impact of maternal epilepsy was significantly related to quality of parent-child
interaction, parenting stress, parental psychopathology (measured as maternal
behavioral problems) and family functioning. Impact of epilepsy was also significantly
associated with internalizing problems, but not with externalizing problems. Family
factors were significantly associated with child internalizing and externalizing
problems. We found, with hierarchical multilevel analyses, that maternal epilepsy,
global, contextual and distal family factors each had a significant contribution to child
internalizing problems. Distal family factors (consisting of parental psychopathology and
parenting stress) contributed most to internalizing problems and showed a mediating
role for previous factors (namely family functioning, maternal educational level, family
type, negative life events, and impact of epilepsy) in the model. Global, contextual, distal
and proximal family factors were all found to be significant contributors to externalizing
problems, with the factor most proximal to the child (quality of parent-child interaction)
showing the largest effect.
Previous research on children of parents with a chronic medical condition reported
increased behavioral problems, in particular internalizing problem behavior71. In line
with the theoretical expectations, based on the Family Systems-Illness model72 and the
ABCX model of stress and adaptation73, children of mothers with epilepsy seem to face
stress as well, due to increased parenting stress and psychopathology in the mother,
with mothers with more severe epilepsy also showing more psychiatric comorbidities.
For children of mothers with epilepsy there are also specific epilepsy related factors
that can play a role, worrying about the mother or experiencing an epileptic seizure
can be stressful or even traumatic for a child. In Box 1 we present, as an example, a
case in which the impact of maternal epilepsy plays a role in the behavior of the child
(see intermezzo, Box 1), as well as the potential importance of intervention. It shows

248

Summary and discussion

what kind of influence it can have, on the parent-child relationship and the socialemotional development of a child, when a mother has active epilepsy. In most cases
of developmental problems in the offspring, it is not so clear what the contributions
of maternal epilepsy and the family perspective versus the exposure to antiepileptic
drugs are. This example shows, however, how the impact of the maternal epilepsy can
be on the child and the family and underlines the need to ask about family life. It also
illustrates that psychological interventions can help children cope with the chronic
medical condition of their mother or decrease their behavioral problems.
Box 1: Example of impact of maternal epilepsy on child behavior
Z is a female child, born 2007, in utero exposed to lamotrigine (550 mg/day), with a healthy
development and average intelligence (FSIQ 92). She was seen within the study at seven and nine
years old and followed until eleven. Her mother has localization-related epilepsy with complex
partial seizures, several times per week. After a long trajectory (of hospitalization and recovery)
mother has had epilepsy surgery in 2016/2017 and became seizure free since. The child has
separation anxiety, presumably caused by traumatic experiences around epileptic seizures of
her mother.
During seizures, mother is partially unconscious. She does not fall and can move, but is not
aware of her actions. Her daughter is terrified that something may happen to her mother and
doesn’t dare to leave her alone, possibly due to traumatic experiences. Once the mother had a
seizure while waiting at a traffic light. Her daughter, at the age of five years, had to prevent her
mother from crossing the road despite the red light. For years, mother had to leave her child crying
at school every day. Without her mother, she could not play with other children or sleep alone. At
the age of ten years old, she still had extreme separation anxiety, which negatively affected her
daily life. When mother became seizure free, trauma treatment had started and Z was hoping that
she would be able to overcome her fears.
At the end of 2018 Z successfully completed the trauma treatment WRITEjunior, which was
combined with parts of the cognitive behavioral therapy for anxiety (Discussing+Doing=Daring
(DDD)78). Her mother also followed a mindful parenting course. Between pre- and posttest scores
on the Children’s Responses to Trauma Inventory79 (CRTI; Schokverwerkingsvragenlijst: minimum
score 34, maximum score 170), there was a decline in symptoms of posttraumatic stress from
clinical range (total score 108 pretest) to non-clinical (total score 37 posttest).

In chapter 7 we showed that the group of mothers that participated in our study
(n = 156) generally fared well, with well-controlled seizures. Nevertheless, epilepsy
negatively impacted the lives of some mothers. A quarter of the mothers reported
internalizing problems within the borderline or clinical range. Behavioral problems
were significantly associated with lower quality of life, higher epilepsy severity, and
greater impact of epilepsy. Impact of epilepsy mostly affected self-confidence, work
and general health of mothers. Regression analyses showed that epilepsy severity and
quality of life contributed most to impact of epilepsy, while other factors (maternal
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education, family type, behavioral problems and parenting stress) were found to be
nonsignificant contributors.
For clinicians who work with women with epilepsy, it is important to pay attention
to the family and psychosocial factors that are involved in living with epilepsy74. There
are various interventions specifically for people with epilepsy which may improve the
quality of life75,76. For mothers with epilepsy, specific interventions that reduce parenting
stress and improve the quality of parent-child interaction are also recommended (e.g.,
mindful parenting)77.
It is, altogether, important, when examining children of mothers with epilepsy, to
consider various factors: the type of prenatal AED exposure, with each AED showing
to have its own long-term teratogenic profile on neurocognitive and behavioral
development, wherein dose probably plays a role for some AED, such as with VPA.
Pregnancy-related factors, including alcohol and nicotine exposure, as well as risk factors
concerning delivery, should be incorporated. In addition, environmental factors, social
economic status, upbringing and severity of mother’s epilepsy contribute to the child.
These factors together and in interaction form the child and influence development
and must be examined when a child encounters problems.

Strengths and limitations
This thesis has a number of strengths and limitations. An important strength of this
empirical study is the extensive diagnostic screening of children of mothers with
epilepsy, with multi methods and multi informants, including a comprehensive child
assessment with assessors blinded for AED exposure type. We used standardized
tests and questionnaires, and assessors (child (neuro)psychologists) were trained and
supervised using a test-protocol. Prenatally AED exposed children were examined for
different domains of development, with neurocognitive and behavioral functioning,
and the contribution of distinct family factors. The study is based on an empirical and
theoretical basis, incorporating the interplay between maternal epilepsy, prenatal AED
exposure and social-ecological factors, from the idea that a child reciprocally relates
to its environment. This research contributed to more knowledge about the longterm effects of prenatal exposure to AED, including the increasingly used newer AEDs:
lamotrigine and levetiracetam.
Another strength of this study is the observational design, with the collaboration
with the European Registry of Antiepileptic Drugs and Pregnancy (EURAP-NL) database,
in which pregnancy and maternal health information was collected prospectively.
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Potential confounders have been extensively investigated and included maternal IQ
and maternal behavioral problems. Mother and fathers were invited to participate in
the study and we included children from across the Netherlands. On the other hand,
pregnancy registers reach only part of the women with epilepsy and this may limit the
extrapolation of data to the general population. In addition, our inclusion rate was
lower than we had anticipated (around 40% instead of 50%). Re-contacting families
who did not respond to letters by phone, increased our inclusion somewhat, but was
limited by current high rates of changes of telephone numbers. We also included
brothers and sisters from the same family (26 of 181 children). This may have caused
dependency, but we controlled for this with multilevel analyses. For neurocognitive
outcome measures we also performed analyses with only one child from each family
(the first-born within the study), with similar results. That the number of children among
the different exposure groups is unevenly distributed was inevitable, within this cohort
more children were exposed to LTG than to the other AED.
Generalization of study results may also be limited due to the relatively high
educational level of mothers: more than half of the mothers received higher education.
It is known that Social Economic Status (SES) is associated with child development78.
Educational level of the parents seems particularly associated with child cognitive
functioning, we therefore used maternal educational level as proxy for SES. Children
from lower SES backgrounds have fewer opportunities in life78. For example, preterm
children from different SES backgrounds had differential developmental pathways
despite shared difficulties at birth79. SES may similarly be associated with outcomes in
children who have been exposed to AEDs in utero. Because in our study educational level
significantly differed between participating and nonparticipating families, associations
between lower SES and child neurocognitive functions might therefore not have been
detected. Future studies should therefore put their best efforts in equal recruitment
of families from all SES backgrounds.
We measured epilepsy severity as a composite variable based on seizure type,
seizure frequency and number of AEDs used80,81. It is, however, arguable whether
this gives a reliable representation of epilepsy severity in the context of this study of
child development. It considers a tonic-clonic seizure as more severe than absences.
If a mother has prolonged periods of absences, for example throughout the day, this
can have an enormous impact on life, though. This is not incorporated in the rating.
Combinations of type of seizures are also not accounted for in this rating system, where
we scored the seizure with the highest severity level. Additional analyses with the three
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separate components showed that seizure frequency had the largest impact on child
behavior, but the overall results remained similar. We also used a subjective measure on
impact of maternal epilepsy to investigate the experienced burden of epilepsy. This gave
us information on which aspects of her (family) life the mother felt the greatest impact.

Recommendations for future research
Based on our findings it seems important to follow prenatally AED exposed children over
time. Although the six-or seven-year-old is at a reliable age to measure neurocognitive
functions, children are still developing and a lot can change: developmental problems
can decrease, increase or remain the same. With longer follow-up, additional dependent
and independent factors may also influence development. It has been suggested that
prenatal AED exposure is associated with a transient developmental delay and that
children might get fewer problems with aging. However, a recent study on people
diagnosed with fetal valproate syndrome, showed that problems still existed into
adulthood33. More studies are needed, also on less severe cases of VPA exposure and
other AEDs. Repeating of measures between eight and ten years old is therefore one
of the recommendations, followed by a measurement around twelve years of age,
when children are in the transition from primary school to secondary high school and
enter the teenage years. It is also interesting to follow children from adolescence to
young adults, for example with respect to the effect of prenatal exposures on puberty
and hormonal changes, and into adulthood in order to evaluate, amongst others,
reproductive fitness and third generation outcome. At the age of twelve and beyond it
is possible to examine more in depth how cognitive differences may have an impact on
school functioning and later employment. A Danish population register study of 2018
showed an association between prenatal VPA exposure and lower school performances
at twelve years of age18. Children who were not able to complete the national tests were
however not included in this study, so results may be biased towards better academic
functioning children. With a population-based prospective observational design it is
possible to include those that drop out of regular school and to control for maternal
and, as far as feasible, paternal IQ.
Monitoring children from an earlier age onwards is also recommended. This will
probably increase inclusion11 in follow-up studies, with earlier detection of signs of
developmental delay and more precise attribution to preceding risk factors. This may
also reduce potential selection bias of children who exhibit problems at an early age
and are missed out in older cohorts as they are already seen within regular youth care.
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Specific attention can be given to the early development and mother-child interaction
after birth to follow the wellbeing of the mother with epilepsy as well as to provide
targeted help with any (psychological) problems. In chapter 7 we showed that little
is known about motherhood in women with epilepsy, while mothers do seem to
have problems with parenting and caring for themselves. Qualitative research into
motherhood with epilepsy, both into newborn mothers and mothers with school-age
children, can be an interesting addition to gain insight into certain problems mothers
with epilepsy encounter82,83. How do they manage sleep deprivation, breastfeeding and
parenting stress when having epilepsy? This information can subsequently be used to
prepare expectant mothers with epilepsy.
Inclusion of children at younger age will help to increase the denominators with less
selective ascertainment, increase the statistical power, and provide more opportunities
for less biased longer-term follow-up studies. In our study, some AED-exposed groups
were small, requiring replication of results. Cooperation with other countries such as
within the EURAP/NCEP study is of great importance, as this increases the numbers
needed to detect and estimate developmental risks at an earlier stage. Also new AEDs
should be considered for immediate inclusion into these post-marketing surveillance
studies upon release to the market. As long as not all patients with epilepsy are
seizure free and without side effects on currently available AEDs, new AEDs will still be
developed and introduced into the market. The question of the teratogenic risks of the
use of these medications during pregnancy will remain highly relevant!
Our research focused on the comparison between four AED monotherapies, but it
is important to also examine specific polytherapy combinations, as there is a demand
in clinical practice for this information. Earlier research on congenital malformations
showed that with a low dose of VPA in combination with LTG the risks of birth defects
were lower than with a higher dose of monotherapy VPA84. For long-term developmental
outcomes, however, little is known about specific polytherapy combinations.
Pregnancy registries have a leading function and should be encouraged to include as
many pregnancies as possible. Specific attention must be given to include also women
with a lower social economic status, and women with epilepsy who do not use AEDs
during pregnancy. Non-exposed children of mothers with epilepsy can then function
as an additional control group to children who are prenatally exposed to AED, although
even such a comparison group doesn’t solve the problem of confounding by indication
completely. Inclusion of all pregnancies, for example also those exposed for other
maternal indications like migraine, pain or mood disorders, will increase power, promote
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earlier detection of risks, and provide additional means to control for confounding by
indication.
Despite all this research, we are still not able to predict, after prenatal exposure
to AEDs, the normal or abnormal outcome of pregnancy in general and development
in particular. More research is needed to gain knowledge about the susceptibility of
children: why do some children experience problems and others not? Genetics can play
an important role in this. A number of categories of genetic factors can be considered,
namely the genetics of epilepsy and variable expression (epilepsy in the mother or
other family members and other symptoms in the child), genetics unrelated to maternal
epilepsy (maternal, paternal and genetics of the child), and possible interactions
between genetic factors and AED (e.g., pharmacokinetics and pharmacodynamics)
resulting in genetic susceptibility to teratogenic side effects.
In view of the considerably larger progress in identification of genetic causes of major
malformations as a dichotomous outcome versus the various aspects of development
as a continuous outcome variable, it is likely that a search for genes that predispose
to teratogenic side effects will have a greater chance of success when primarily
focused on major malformations37,39. On a behavioral level it is far more complicated
to identify specific genetic causes, as it involves several genes and possible interactions,
prenatally as well as during postnatal life85. Best possible approach may focus on major
malformations after VPA (high number of exposures, high risk, dose effects) as well as
teratogenic effects where the putative molecular biological mechanism is known from
experimental studies.
It is clear that multiple factors are involved in the development of children of mothers
with epilepsy. This makes that developmental teratology in human is complex, where
cause and effect cannot always be distinguished. To further illustrate this complexity,
we present two children who have been exposed to VPA during pregnancy. They were
extensively studied within a clinical setting elsewhere, because of developmental,
behavioral and learning problems. Parents provided the reports and gave permission to
use this information for an anonymous short case description (intermezzo, Box 2). These
two case descriptions of prenatal VPA exposed children show that multiple causative
factors (prenatal exposure, birth complications, environmental factors, such as life
events, family and school, and genetic factors independent from or linked to maternal
epilepsy), and their interactions have to be taken into account when examining the
developmental outcome of offspring of mothers with epilepsy on medication during
pregnancy. An important question that future researchers should address is how
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they can examine this complexity on a group level. Case studies may provide valuable
information to gain more insight into the various factors involved, and raise specific
hypotheses that can be tested.
Box 2: Case descriptions of prenatal valproate exposure
Child X is a male, born in 2007, prenatally exposed to 1,000 mg/day of valproate during the first
trimester and 1,500 mg/day during the second and third trimester on indication of maternal
generalized tonic-clonic epilepsy. After a normal pregnancy, without seizures, X was born after
41 weeks of pregnancy, with a birth weight of 3,480 grams. At birth, the umbilical cord was
entangled around his neck, after which he received oxygen. Apgar scores were 6, 8 and 10, after
respectively one, five and ten minutes. A short lingual frenulum (ICD-10: Q38.1), leading to feeding
problems, was surgically cut after the first week. Based on clinical genetic examination at the age
of three months, there were no physical features of fetal valproate syndrome. When X grew older,
his development was delayed, especially in language and social development. Around his third
birthday he was seen at the audiological center for hearing, speech and language. He appeared to
have a language deficiency, where after speech therapy was started. At four years of age he was
referred to a psychiatrist because of autism characteristics. At seven years of age he underwent
again a psychological examination and was diagnosed with PDD-NOS. Intelligence testing (WISCIII-NL) revealed a disharmonic profile, with verbal intelligence on below average level (VIQ 86) and
performance intelligence on average level (PIQ 102). A repeat of intelligence test at ten years of
age showed a similar profile (VIQ 81; PIQ 96). X attends special education (cluster 4). His parents
are divorced. Both parents have received a higher education. Over the years, X and his parents
have had much psychological help and support with his development, behavior and learning. DNA
analysis by ‘array’ at nine years of age showed a normal male profile. The geneticist had concluded
that the cause of developmental and behavioral problems is most likely multifactorial with genetic
and non-genetic factors (environmental), and possible interactions with valproate exposure.
Child Y is a male, born in 2009, prenatally exposed to 900 mg/day of valproate. He grows up in
an intact family with three children. Y is the oldest, the younger children have also been exposed
to valproate, but show less or no problems. Parents have a lower educational level. His mother
has epilepsy with generalized tonic-clonic seizures. Mother smoked one cigarette per day during
pregnancy. After a normal pregnancy Y was born after 38 weeks, with a birth weight of 2,795
grams, and Apgar scores 8 and 9. Y had no congenital malformations. From the neonatal period
onwards, he suffered from chronic cough, requiring long-term antibiotics. Y was often sick. As
baby he used to cry excessively. At the age of four months, a reflux was discovered. There was a
preferred posture with plagiocephaly, which was treated with manipulation of the neck vertebrae,
a helmet and physiotherapy. Y showed a delay in psychomotor and language development. At
the age of six he was referred to a rehabilitation hospital due to a suspicion of a developmental
coordination disorder (DCD). Psychomotor examination showed, however, insufficient indications
for a diagnosis. Due to maternal valproate use during pregnancy, fetal valproate syndrome was also
considered. Y had problems at school, he repeated a year (class 3), and the question was whether
he could stay on a regular school. On intelligence test (WISC-III-NL) he performed below average
(FSIQ 87), with a harmonic profile (VIQ 90; PIQ 88). He showed a high level of aspiration and fear
of failure, which seemed to hinder his overall functioning. Y has problems with attention, but there
was no indication for a diagnosis of ADHD. Clinical symptoms of autistic behavior were reported
by parents and the teacher. At the age of seven, Y was referred for a clinical genetic examination.
DNA analysis by ‘microarray’ revealed a normal male profile (XY,46). Y showed some features
of fetal valproate syndrome, but the geneticist had concluded that the cause of the syndrome
cannot be attributed to valproate with certainty. Multiple other factors can be involved like genetic
predisposition, and environmental factors such as family and school.
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A specific method which may help to distinguish teratotogenic effects from genetic
factors may be offered by 3D analysis of facial morphology86. By examining the facial
features of both parents and the child, genetic factors may be differentiated from
teratogenic factors. Such analysis with e.g. prenatally VPA-exposed children and their
parents (‘trio-3D’) can lead to a better delineation of fetal valproate syndrome and
the broader spectrum of developmental teratogenicity of VPA. This will also offer
new possibilities to investigate associations between dysmorphic facial features and
cognitive functioning.
The research into children of mothers with epilepsy could be embedded in the
regular care for women with epilepsy. Cooperation can also be sought through a
multicenter approach including centers that treat women of childbearing age with AEDs
because of epilepsy as well as other disorders. More in general, it is important that
teratology pays more attention to long-term effects.

Recommendations for clinical practice
As mentioned above, research on children of mothers with epilepsy can go hand in
hand with clinical practice. Dissemination of knowledge is an important goal of clinical
research, among clinicians (e.g., neurologists, nursing specialists, gynecologists,
psychologists) and women with epilepsy themselves87–90. A recent survey study from
German speaking countries showed that more attention should be given to information
provision: 41% of women taking VPA were found to be unaware of the teratogenic
risks91. The newspaper reports in the Netherlands and neighboring countries also
suggest that the knowledge about the teratogenic risks of VPA are not yet spread to a
broader public92–94. A national center of expertise that offers information for women
with epilepsy and guides these women during pregnancy could be of help. Care
pathways for pregnancy and epilepsy within the epilepsy centers and their network
of outpatient clinics could be further extended and join with an information point
on children of mothers with epilepsy. The Teratogen Information Service (TIS) of the
Netherlands Pharmacovigilance Center Lareb can help with informational support to
physicians in charge of pregnancy care.
The information obtained from this thesis can be used to inform women with
epilepsy, both for women with a child wish, pregnant women and those who already
have children (see for management of women with epilepsy Box 3). Specific attention
can be given to the wellbeing of the mother with epilepsy and family factors involved.
If a mother currently is concerned about her child, there should be a low threshold for
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Box 3. Management of women with epilepsy at different stages×
Women with epilepsy with a child wish
• Weigh the risks to the mother and to the unborn child.
• Reevaluate AED type and indication, and restrict to monotherapy, whenever possible.
• Avoid valproate, whenever possible.
• Establish the lowest effective dose regardless of AED type.
• Provide information on epilepsy and pregnancy, including teratogenic risks of congenital
malformations as well as possible long-term effects.
• Consider preconception folic acid supplementation (routinely 0,4-0,5 mg/day; 4,0-5,0 mg/day
only at specific other indications like clinical or biochemical evidence of folic acid deficiency)
Women with epilepsy during pregnancy
• Avoidance of known seizure provoking factors.
• Serum drug level monitoring, especially of lamotrigine, to maintain seizure control.
• Caution with AED switch or withdrawal.
• Discuss options for prenatal diagnostics.
• Prepare for delivery and provide information on possible obstetric complications.
• Give information on having a child, while living with epilepsy.
• Evaluate wellbeing of the mother and perceptions about caring for the child.
Women with epilepsy after pregnancy
• Monitor mother and infant after delivery and adjust when necessary AED dose.
• Encourage breastfeeding, but with monitoring of baby’s wellbeing.
• Provide help and support for the new-born mother to prevent relapse of seizure.
• Help to prevent lack of sleep and possible postpartum depression.
Women with epilepsy and their offspring
• Routinely ask about the wellbeing of the mother and provide support with psychological or
social problems, including parenting.
• Screen prenatal AED exposed children for possible developmental delay or behavioral
problems.
• Provide children with psycho-education on having a mother with a chronic condition,
especially when the mother has active epilepsy.
Based on currently available guidelines9,96–103 and results of this thesis. An individual approach that
is personalized to each woman with epilepsy is essential, with a multidisciplinary team, including
neurologists, nursing specialists, gynecologists, psychologists and other health care professionals.
×

access to a dedicated physician at the peripheral or academic hospital, or specific thirdline epilepsy center, and, if needed, referral to a (neuro)psychologist or clinical geneticist
for further diagnostic screening. Given results provided in this thesis, VPA-exposed
children as well as children exposed to other AED, should be screened on behavioral
problems also from a family perspective. Psychologists, speech therapists and
physiotherapists are in addition advised to monitor language and motor development
of VPA-exposed children as early interventions can reduce or prevent problems later in
life. For children prenatally exposed to LTG or LEV, attention may be paid to a possible
disharmonic intelligence profile, in favor of verbal functioning, which can be expressed
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in both school performances as in behavioral problems. Psychologists who work with
children of mothers with epilepsy need to pay attention as well to the aspects of having
a mother with a chronic medical condition. A child may be worried about the mother,
or experience fear of becoming ill themselves. Psychoeducation for these children is
therefore recommended95. In conclusion, it is worth to consider the extend the foreseen
center(s) of expertise for women with epilepsy, child wish and pregnancy also with
diagnostic and therapeutic expertise in the field of child development. Based on the
specific results of the current study, the identification of behavioral problems can also
offer starting points for interventions. Interventions for children with internalizing
behavioral problems can focus on the impact of the mother with epilepsy, reducing
parental behavioral problems and parenting stress as mediating factor for the problem
behavior of the child. In externalizing behavioral problems, interventions can target on
increasing a positive parent-child interaction. From a biopsychosocial perspective, it is
thereby essential to take into account multiple factors that may be a risk or protective
factor for the development of the child (see also Box 4)68.
For clinicians working with women with epilepsy it is thus of importance to look
beyond the medical side of the chronic condition. Seizure control is important, but
attention for the psychosocial factors involved with epilepsy, as well as the role of the
partner, family and children is important as well. Questions about the welfare of the
mother and her children should therefore be part of annual appointments.
Box 4. Specific risk and protective factors in children of mothers with epilepsy which may provide
targets for interventions.
Parental psychopathology
Parenting stress
High epilepsy severity
Low social economic status
Child behavioral problems
Developmental delay / cognitive deficits

Family functioning
Positive parent-child relationship quality
Low epilepsy severity
High social economic status
Partner support and social network
Child characteristics / easy temperament

Interventions can focus on reducing risk factors and strengthening protective factors,
at child, parent and family level. This will provide a balance between different
development tasks and skills which benefits the long-term outcome of the child.
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This thesis started with a case description within a Dutch newspaper on VPA use
during pregnancy, in which a mother wondered: Have I poisoned my child?94. This is an
expression of the guilt feeling experienced by many women with epilepsy who have a
child with a malformation, intellectual disability or behavioral problem attributed to
having taken AED medication during pregnancy. It may also lead to questions about how
the abnormal outcome could have been avoided. Was all information available, provided
and its understanding checked? Were options discussed? With what certainty can the
observed abnormalities be attributed to the prescribed AEDs? These are questions
that preferably are addressed in discussion with the physician, but, unfortunately,
sometimes even end up in court.
The treatment and guidance of women with epilepsy involves several dilemma’s and
considerations on balancing the risks between mother and child, given the information
available at the time. Only after lower intelligence and increased risks of autism in
prenatally VPA-exposed children were reported in 2013, the European Medicines
Agency (EMA) issued a first warning on the use of VPA during pregnancy. Only in
the beginning of 2018 the EMA officially issued a guideline to avoid VPA in girls and
women of childbearing age, whenever possible103, whereas other teratogenic risks of
VPA became known many decades before. A gradual decrease in the use of VPA in
pregnant women with epilepsy had already been observed for years104,105, although it
is difficult to estimate to what extent knowledge about teratogenic effects contributed
to this trend, given multiple other factors like new AEDs becoming available, marketing
strategies, professional traditions, insurance policies etc.
Women with epilepsy who need AEDs during pregnancy deserve to be well-informed,
whereby the risks for the mother (risks of seizures, morbidity) and the risks of the
child (congenital malformations, cognitive deficits, behavioral problems) are carefully
weighed in a personal discussion between patient and physician. Despite the fact that
we identified some risk factors for neurocognitive and behavioral development, it is
reassuring that most children of mothers with epilepsy and on medication are born
healthy and develop normally.
This thesis has shown that developmental teratogenicity is a complex whole,
wherein many factors play a role. A next step was taken to gain more knowledge on
developmental teratogenic risks of AED, including LTG and LEV, and the contribution
of distinct family factors, in order to help mothers with epilepsy, their children and
families, to ultimately improve their quality of life.
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Kinderen van moeders met epilepsie die tijdens de zwangerschap zijn
blootgesteld aan anti-epileptica
Lange termijn neurocognitief en gedragsfunctioneren vanuit een gezinsperspectief
Vrouwen met epilepsie moeten vaak hun medicijnen (anti-epileptica) blijven gebruiken,
ook tijdens de zwangerschap. Hoewel de meeste kinderen gezond geboren worden,
weten we dat het gebruik van deze middelen een verhoogde kans op aangeboren
afwijkingen bij het kind kan geven. In de afgelopen twee decennia is ook meer aandacht
gekomen voor de mogelijke lange-termijn effecten van prenatale blootstelling aan antiepileptica. Daarbij is ook aandacht voor alle aspecten van ontwikkeling van het kind
nodig, en de rol van omgevingsfactoren na de geboorte, waaronder gezinsfactoren. Om
vrouwen met epilepsie en hun behandelend neurologen te helpen een weloverwogen
keuze te maken voor medicijngebruik tijdens de zwangerschap is echter nog meer
informatie nodig, met name over de nieuwere anti-epileptica.
Het doel van dit proefschrift was om meer kennis te krijgen over de langetermijn effecten, van prenatale blootstelling aan vier veelgebruikte anti-epileptica
in monotherapie (valproaat, carbamazepine, lamotrigine of levetiracetam), op de
neurocognitieve (intellectuele vaardigheden) en gedragsontwikkeling van schoolgaande
kinderen. Daarvoor hebben we een neuropsychologisch onderzoek bij kinderen op zes of
zeven jarige leeftijd opgezet. De kinder- (neuro) psychologen en orthopedagogen die het
onderzoek uitvoerden wisten niet welk type anti-epilepticum tijdens de zwangerschap
was gebruikt (Hoofdstuk 1). De aard en ernst van neurocognitieve en gedragsproblemen
werden vergeleken met het type en de dosis van het anti-epilepticum dat de moeders
tijdens de zwangerschap hadden gebruikt (Hoofdstuk 3, 4 en 5). De rol van verschillende
gezinsfactoren in families met een moeder met epilepsie, een chronische conditie, is
ook onderzocht (Hoofdstuk 2 en 6), inclusief een beschrijving van het welbevinden van
moeders met epilepsie (Hoofdstuk 7).
Neurocognitief functioneren van kinderen prenataal blootgesteld aan anti-epileptica
In Hoofdstuk 3 hebben we het neurocognitief functioneren van kinderen die prenataal
zijn blootgesteld aan anti-epileptica onderzocht (N = 161). We hebben gekeken naar
intelligentieniveau (WISC-III-NL) en verschillende domeinen van neurocognitie (aandacht
en executieve functies, taal, geheugen, motoriek, visueel ruimtelijk inzicht en sociale
cognitie; NEPSY-II-NL). Er werden over het algemeen weinig problemen gevonden
met neurocognitief functioneren. De meeste kinderen hadden een gemiddelde
intelligentie. Wanneer we een vergelijking maakten tussen de vier anti-epileptica en
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controleerden voor belangrijke confounders (bijv. IQ moeder), vonden we dat kinderen
die prenataal blootgesteld zijn geweest aan valproaat (n=22) de meeste neurocognitieve
problemen hadden. Vergeleken met kinderen die prenataal blootgesteld zijn geweest
aan carbamazepine (n=32), lamotrigine (n=82) of levetiracetam (n=25), presteerden
valproaat blootgestelde kinderen significant lager op alle domeinen, met name op het
gebied van taal (9-13 punten lager op verbaal IQ).
Kinderen blootgesteld aan valproaat lieten een bepaald neurocognitief profiel zien.
Ze hadden meer problemen met verbaal functioneren (algemene kennis, abstract
redeneren en begrip van sociale regels en concepten). Ze waren minder goed in staat
om gesproken taal te begrijpen, waren langzamer in het verkrijgen van semantische
toegang tot woorden en maakten meer fouten in de productie van woorden. Deze
kinderen hadden minder vaardigheid om woorden te genereren en hadden een
kleinere woordenschat. Daarnaast waren inhibitie vaardigheden en motorische
vasthoudendheid, indicatoren voor schoolrijpheid, minder goed ontwikkeld. Valproaat
blootgestelde kinderen hadden meer moeite met vinger- en handbewegingen en papier
en potlood taken, wat kan wijzen op een achterstand in de fijne motoriek. Ze hadden
ook moeite met het onderdeel Geheugen voor Gezichten, waarvan bekend is dat dit
samenhangt met sociale perceptie problemen. Op taken van sociale cognitie hadden
valproaat blootgestelde kinderen meer moeite met het herkennen en vergelijken van
emoties en presteerden ze significant lager op theory of mind taken in vergelijking
met andere blootgestelde kinderen. Onze bevindingen komen overeen met eerdere
observationele studies, die ook een verband vonden met prenatale blootstelling
aan valproaat en lange termijn problemen met taal, aandacht en geheugen. Voor de
kinderen blootgesteld aan valproaat was een relatie met dosis (hogere dosis meer
problemen) niet significant. Dit kan komen door de kleine steekproef of door de relatief
lagere dosis valproaat die de vrouwen tijdens de zwangerschap hadden gebruikt.
De kinderen blootgesteld aan carbamazepine, lamotrigine of levetiracetam,
verschilden onderling nauwelijks van elkaar wat betreft de neurocognitieve ontwikkeling
en hadden weinig problemen in dit domein.
Gedrag van kinderen van moeders met epilepsie prenataal blootgesteld aan antiepileptica
In Hoofdstuk 4 hebben we het gedrag van kinderen van moeders met epilepsie
onderzocht (N = 181). Moeders en vaders hebben gedragsvragenlijsten ingevuld
over gedragsproblemen bij het kind, zoals angst, depressie, aandacht, opstandig of
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agressief gedrag. We vonden, tegen verwachting in, dat alle vier de groepen kinderen
die prenataal blootgesteld waren aan anti-epileptica, een hoog percentage kinderen
met gedragsproblemen binnen het klinische gebied lieten zien volgens hun ouders.
Op de totale probleemschaal van de child behavior checklist (CBCL) rapporteerden
ouders bij 32% van de valproaat blootgestelde kinderen (n=26), 14% van carbamazepine
blootgestelde kinderen (n=37), 16% van lamotrigine blootgestelde kinderen (n = 88)
en 14% van de levetiracetam blootgestelde kinderen (n=30) gedragsproblemen. De
valproaat blootgestelde kinderen hadden het hoogste risico op probleemgedrag, maar
ook de ouders van de andere kinderen blootgesteld aan de overige drie anti-epileptica
rapporteerden dus eveneens gedragsproblemen binnen het klinische gebied. We
vonden geen significante relatie tussen dosis anti-epilepticum en gedragsuitkomsten
van het kind.
Ouders rapporteerden zowel internaliserend (angstig, depressief, somatische
klachten) als externaliserend (opstandig en agressief) probleemgedrag bij hun kinderen.
Op basis van de sociaal emotionele vragenlijst (SEV) werd gevonden dat ouders van
lamotrigine blootgestelde kinderen vaak oppositioneel opstandig gedrag binnen
het klinische gebied rapporteerden (ODD). Vergeleken met de Nederlandse normen
rapporteerden ouders van valproaat, lamotrigine en levetiracetam blootgestelde
kinderen significant vaker symptomen van gedragsproblemen (Conduct Disorder).
Autistisch gedrag werd vaker gerapporteerd door ouders van aan valproaat en
lamotrigine blootgestelde kinderen. Kinderen blootgesteld aan carbamazepine
hadden geen significant hoger percentage gedragsproblemen op de sociaal emotionele
vragenlijst volgens hun ouders. Er werden geen verschillen gevonden in proporties van
ouderrapportage van ADHD en angstig gedrag.
Op basis van analyses met unadjusted means werden echter geen significante
verschillen gevonden op gedrag tussen de vier anti-epileptica blootgestelde groepen. Na
controle voor potentiële confounders (inclusief gedragsproblemen moeder) vonden we
dat valproaat blootgestelde kinderen significant meer sociale problemen vertoonden
vergeleken met kinderen blootgesteld aan lamotrigine en levetiracetam en significant
meer aandachtsproblemen hadden dan levetiracetam blootgestelde kinderen. Er
werden geen significante verschillen gevonden op de andere (sub)schalen van de CBCL
en SEV. Een directe vergelijking tussen lamotrigine en levetiracetam blootgestelde
kinderen liet weinig verschillen zien. Lamotrigine blootgestelde kinderen bleken alleen
significant meer aandachtsproblemen te hebben, en hadden minder angst. Vergeleken
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met Nederlandse normen hadden zowel lamotrigine als levetiracetam blootgestelde
kinderen gemiddelde scores op aandacht en angstproblemen.
Eerdere studies rapporteerden ook significant meer gedragsproblemen bij kinderen
van moeders met epilepsie die prenataal waren blootgesteld aan anti-epileptica,
in vergelijking met niet-blootgestelde kinderen en kinderen zonder moeder met
epilepsie. Andere studies vonden alleen gedragsproblemen bij kinderen blootgesteld
aan valproaat. De weinige studies die zijn gedaan, verschillen qua methodologie en
leeftijd van de kinderen en hebben verschillende gedragsvragenlijsten gebruikt, wat
de verschillen in resultaten mogelijk kan verklaren.
Wij gebruikten ouderrapportage, dit weerspiegelt duidelijk het gedrag van het
kind dat ouders thuis ervaren. Ouderrapportage is echter subjectief en komt niet
direct overeen met een diagnose van een professional. Ouders weten ook welk antiepilepticum tijdens de zwangerschap werd gebruikt – en kunnen mogelijk vanwege de
prenatale blootstelling aan anti-epileptica meer zorgen hebben over hun kind. Los van
deze beperkingen laten de resultaten zien dat deze ouders wel bezorgd lijken te zijn
over de gedragsontwikkeling van hun kinderen. Het is daarom belangrijk om aandacht
te besteden aan deze gerapporteerde gedragsproblemen en ook rekening te houden
met de bijdrage van andere factoren, zoals de impact van maternale epilepsie op de
ontwikkeling van kinderen, aangezien meerdere risicofactoren, waaronder teratogene
effecten van prenatale blootstelling aan anti-epileptica, als ook gezinsfactoren, kunnen
bijdragen aan gedragsproblemen bij kinderen.
Autisme kenmerken bij kinderen van moeders met epilepsie
In hoofdstuk 5 hebben we specifiek gekeken naar autisme kenmerken bij kinderen
van moeders met epilepsie. We hebben kinderen van moeders met epilepsie (n=182),
prenataal blootgesteld aan valproaat, carbamazepine, lamotrigine of levetiracetam,
vergeleken met een controlegroep van kinderen zonder moeder met epilepsie uit
de algemene bevolking (n=85). Daarbij is gekeken naar taken van sociale cognitie
(testafname kind) en autistisch gedrag (ouderrapportage). Daarnaast zijn de kinderen
van moeders met epilepsie klinisch geobserveerd aan de hand van een naar het
Nederlands vertaalde autisme observatie lijst, de Childhood Autism Rating Scale (CARS2-HF-NL).
Ouders van prenataal blootgestelde kinderen rapporteerden significant meer
autistisch gedrag. Na controle van leeftijd, vonden we dat kinderen blootgesteld aan
valproaat, carbamazepine en lamotrigine, maar niet levetiracetam, significant lager
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presteerden op emotieherkenning vergeleken met de niet-blootgestelde controlegroep
kinderen. Valproaat blootgestelde kinderen presteerden significant lager op theory
of mind taken vergeleken met controle kinderen en vergeleken met de aan andere
anti-epileptica blootgestelde kinderen. Valproaat blootgestelde kinderen scoorden
significant hoger op de autisme observatielijst vergeleken met kinderen blootgesteld
aan carbamazepine, lamotrigine of levetiracetam. Valproaat blootgestelde kinderen
hadden ook het vaakst een score boven het subklinische afkappunt, wat kan wijzen op
autisme kenmerken. Er waren echter geen kinderen die boven het hoogste klinische
afkappunt scoorden (categorie ernstige symptomen van autisme spectrum stoornis).
Op basis van de resultaten leek de groep valproaat blootgestelde kinderen (n=22)
wel vaker kenmerken te hebben van autisme, maar er werd niet altijd voldaan aan de
criteria voor een diagnose van autisme. Dit kan zijn omdat onze groep kinderen hoger
functioneerde (met een gemiddelde intelligentie), en er binnen onze studiegroep geen
ernstige gevallen waren, of dat er mogelijk een breder spectrum is van ontwikkelingsteratogeniciteit na prenatale blootstelling aan valproaat. Op basis van klinische
observaties leken valproaat blootgestelde kinderen een specifieke ontwikkeling
te hebben, met een specifiek neurocognitief profiel (zie hierboven) en bepaalde
gedragskenmerken. In veel gevallen functioneerden kinderen op normaal niveau,
met weinig problemen, maar in sommige aspecten leken ze atypisch in vergelijking
met normaal ontwikkelende kinderen. Eerder onderzoek naar kinderen met foetaal
valproaat syndroom liet ook een specifiek (cognitief) profiel zien en was gerelateerd
aan een verhoogd risico op autisme. Bij de valproaat blootgestelde kinderen zagen
wij soms ook dysmorfe kenmerken in het gezicht (zoals lagere inzet van oren, bredere
neusbrug, dunne bovenlip). Onderzoek en analyse van dysmorfe kenmerken was echter
geen onderdeel van de huidige studie.
Confounding factors
In het onderzoek naar kinderen van moeders met epilepsie is het belangrijk om te
controleren voor confounding factors vanwege een mogelijk risico op confounding bias.
Dit houdt in dat er complexe relaties kunnen zijn tussen verschillende blootstellingen
en de uitkomstmaat. Om die reden is rekening gehouden met diverse mogelijke
verstorende factoren die de ontwikkeling van kinderen ook kunnen beïnvloeden, zoals
het IQ van de moeder of gedragsproblemen bij de moeder. Ook het type epilepsie van
de moeder is meegenomen vanwege de mogelijkheid van confounding by indication. Dit
betekent dat bij een bepaald type epilepsie mogelijk een bepaald type anti-epilepticum
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wordt voorgeschreven, resulterend in een oneigenlijk verband tussen anti-epilepticum
en de uitkomstmaat. Ondanks dat dit met het observationele design van het onderzoek
niet kan worden uitgesloten, is er geen verband gevonden tussen type epilepsie en
uitkomstmaat.
Andere potentiële verstorende factoren die we hebben onderzocht waren tonischclonische aanvallen tijdens de zwangerschap, periconceptioneel gebruik van foliumzuur,
alcohol- en nicotineblootstelling tijdens de zwangerschap, borstvoeding, leeftijd moeder,
opleidingsniveau, zwangerschapsduur, geslacht en leeftijd kind, aan- of afwezigheid
van aangeboren afwijkingen en moment van inclusie in het zwangerschapsregister
EURAP-NL.
Deze potentiële confounders werden vervolgens onderzocht op een relatie met
medicatie en een relatie met de uitkomstmaat. Zoals verwacht bleek het IQ van de
moeder een belangrijke confounder te zijn voor neurocognitieve uitkomstmaten. Evenzo
bleken gedragsproblemen van de moeder een belangrijke factor in de analyses met
gedrag van kinderen. Voor de andere confounding factors vonden we weinig tot geen
significante relaties met de lange-termijn uitkomstmaten van het kind.
Dosering van anti-epileptica
Op basis van eerder onderzoek is bekend dat teratogene risico’s van anti-epileptica
dosis gerelateerd zijn. Vooral voor valproaat blijkt een consistent dosis-effect op een
aantal teratogene uitkomstmaten, zoals aangeboren afwijkingen en de cognitieve
ontwikkeling. Hoewel we geen significante relatie vonden tussen de dosering van
valproaat en cognitie (intelligentie) of gedragsresultaten, werd voor enkele van de
neurocognitieve uitkomstmaten een significant verband gevonden: hoe hoger de dosis,
hoe lager de prestatie/ meer problemen. De dosis van carbamazepine, lamotrigine,
of levetiracetam bleek niet gerelateerd te zijn aan deze uitkomstmaten. De relatief
lage doseringen in dit cohort, in combinatie met de kleine steekproef van sommige
anti-epileptica, hebben mogelijk het overwegend ontbreken van dosis-effect relaties
beïnvloed.
Rol van gezinsfactoren in gezinnen met een moeder met epilepsie
Naast de prenatale blootstelling aan anti-epileptica tijdens de zwangerschap, hebben
kinderen van moeders met epilepsie ook een moeder met een chronische conditie.
Maternale epilepsie, de impact op het gezinssysteem en andere gezinsfactoren kunnen
eveneens bijdragen aan de ontwikkeling van het kind. In Hoofdstuk 2 hebben we middels
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een literatuuronderzoek de mogelijke relatie tussen verschillende gezinsfactoren en
de ontwikkeling van kinderen van moeders met epilepsie onderzocht. We vonden dat
er weinig onderzoek is gedaan naar de rol van gezinsfactoren in gezinnen met een
moeder met epilepsie. De enkele studies die zijn gedaan rapporteerden dat moeders
met epilepsie meer opvoedingsstress ervaarden en meer moeite hadden met het zorgen
voor zichzelf en hun kinderen. Er bleek echter een schaarste aan studies die de mogelijke
impact van gezinsfactoren op de neurocognitieve en gedragsontwikkeling van kinderen
van moeders met epilepsie hebben onderzocht.
In Hoofdstuk 6 onderzochten we of moeders met epilepsie (N = 175) gezinsproblemen
hadden (bijv. opvoedingsstress). Daarnaast hebben we de mogelijk mediërende rol van
gezinsfactoren onderzocht in de relatie tussen maternale epilepsie en gedragsproblemen
bij kinderen. In navolging van het sociaal-ecologisch model van Bronfenbrenner en het
transactionele model van Belsky maakten we een onderscheid tussen vier soorten
gezinsfactoren: globale, contextuele, distale en proximale gezinsfactoren.
We vonden dat moeders met epilepsie significant meer opvoedingsstress en
problemen met opvoeden ervaarden vergeleken met moeders uit de algemene
populatie. Vergeleken met moeders uit een klinische populatie (met kinderen met
psychiatrische problemen) rapporteerden moeders met epilepsie echter minder
problemen. De mate van gezinsproblemen bij moeders met epilepsie lijkt tussen de
norm en klinische populatie in te vallen.
Maternale epilepsie was significant gerelateerd aan kwaliteit van de ouder-kind
interactie, opvoedingsstress, ouderlijke psychopathologie (gemeten als maternale
gedragsproblemen) en het gezinsfunctioneren. Maternale epilepsie was ook significant
geassocieerd met internaliserende problemen, maar niet met externaliserende
problemen. Gezinsfactoren hadden een significant verband met internaliserende
en externaliserende problemen bij kinderen. Met hiërarchische multilevel analyses
vonden we dat maternale epilepsie, globale, contextuele en distale gezinsfactoren elk
een significante bijdrage leverden aan de internaliserende problemen van het kind.
Distale gezinsfactoren (bestaande uit ouderlijke psychopathologie en opvoedingsstress)
droegen het meeste bij aan internaliserende problemen en hadden een mediërende
rol voor eerdere factoren in het model (namelijk gezinsfunctioneren, opleidingsniveau
moeder, gezinstype, negatieve levensgebeurtenissen en de impact van epilepsie).
Globale, contextuele, distale en proximale gezinsfactoren bleken allemaal een
belangrijke bijdrage te leveren aan externaliserende problemen, waarbij de meest
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proximale factor tot het kind, de kwaliteit van ouder-kind interactie het grootste effect
had.
In overeenstemming met de theoretische verwachtingen op basis van het Family
Systems Illness model en het ABCX model van stress en coping, lijken kinderen van
moeders met epilepsie ook te worden geconfronteerd met stress, als gevolg van
toegenomen opvoedingsstress en gedragsproblemen bij moeder, waarbij moeders met
meer ernstige epilepsie (hogere frequentie van aanvallen) ook meer psychiatrische
comorbiditeit lijken te vertonen. Voor kinderen van moeders met epilepsie zijn er ook
specifieke epilepsie gerelateerde factoren die een rol kunnen spelen, zoals ongerustheid
over de gezondheid van moeder, of het meemaken van een epileptische aanval, wat
voor een kind zeer stressvol of traumatisch kan zijn.
In Hoofdstuk 7 hebben we tot slot laten zien dat de groep moeders die heeft
meegedaan aan het onderzoek (N =156) over het algemeen goed functioneerde, en
relatief weinig epileptische aanvallen had. Desondanks had epilepsie een negatieve
invloed op het leven van sommige moeders. Een kwart van de moeders rapporteerden
bij zichzelf internaliserende problemen die vielen binnen het grensgebied of boven
het klinische afkappunt (Adult Self Report). Gedragsproblemen waren significant
geassocieerd met lagere kwaliteit van leven, hogere ernst van epilepsie en een grotere
impact van epilepsie. Het effect van epilepsie had vooral invloed op het zelfvertrouwen,
het werk en de algemene gezondheid van moeders. Regressieanalyses lieten zien dat
de ernst van epilepsie en de kwaliteit van leven het meest bijdroegen aan de impact
van epilepsie op de moeder en het gezin, terwijl andere factoren (opleidingsniveau,
gezinstype, gedragsproblemen en opvoedingsstress) niet-significant bijdroegen aan
de impact van epilepsie op de moeder en het gezin. Voor clinici die werken met
vrouwen met epilepsie, is het belangrijk om aandacht te besteden aan de gezins- en
psychosociale factoren die betrokken zijn bij het leven met epilepsie. Er zijn verschillende
interventies specifiek voor mensen met epilepsie die de kwaliteit van leven verbeteren.
Voor moeders met epilepsie worden specifieke interventies die opvoedingsstress
verminderen en de kwaliteit van ouder-kind interactie verbeteren, ook aanbevolen
(bijv. Mindful parenting).
Samenvattend laten de resultaten van dit proefschrift zien dat het belangrijk is om
verschillende factoren mee te nemen in de lange-termijn ontwikkeling van kinderen
van moeders met epilepsie. Prenatale blootstelling aan anti-epileptica kan van
invloed zijn op het lange-termijn cognitief en gedragsfunctioneren van kinderen. Dit
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vonden we voornamelijk voor valproaat. Er spelen ook andere factoren een rol in de
ontwikkeling van kinderen van moeders met epilepsie. Dit onderzoek heeft laten zien
dat gezinsfactoren, in een gezin met een moeder met een chronische conditie, invloed
kunnen hebben op de gedragsontwikkeling. Het blijft echter een complex geheel
waarbij oorzaak en gevolg moeilijk zijn aan te wijzen. Dit proefschrift heeft meer kennis
gebracht over nieuwere anti-epileptica en de rol van omgevingsfactoren. Er worden
aanbevelingen gedaan voor verder onderzoek en implicaties voor de klinische praktijk
worden besproken. Voor vrouwen met epilepsie die zwanger zijn of willen worden is
het belangrijk om een balans te vinden tussen de risico’s voor de moeder en die voor
het kind. Tijdige en volledige informatievoorziening voor vrouwen met epilepsie met
een kinderwens is daarbij van belang. Het is essentieel dat kinderen van moeders met
epilepsie worden gemonitord, zodat waar nodig passende hulp kan worden geboden.
De verschillende risico- en beschermende factoren van het kind, de ouders en het gezin
kunnen daarbij aanknopingspunten bieden voor interventies om de ontwikkeling van
het kind optimaal te kunnen stimuleren. Dit komt de kwaliteit van leven van de moeder
met epilepsie, haar kinderen en haar gezin uiteindelijk ten goede.
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This dissertation shows that the use of antiepileptic
drugs in women with epilepsy of childbearing
age needs continuous attention, also in light of
long-term development in children. Treatment
continuation during pregnancy is a must for most
women with active epilepsy, whereas prenatal
exposure to antiepileptic drugs is associated
with increased risks of congenital malformations,
which indicates the associated challenges of
antiepileptic drug use. In the past two decades,
more attention has also been paid to possible longterm effects of prenatal exposure to antiepileptic
drugs. However, in order to help women and
their treating physicians to make a well-informed
choice on medication use during pregnancy, still
more information is needed, specifically on newer
antiepileptic drugs, the potential spectrum of
developmental side effects, and the role of factors
modifying the teratogenic risks and eventual
outcome. The aim of this thesis therefore was to
obtain more knowledge about the long-term effects
of prenatal exposure to four common antiepileptic
drug monotherapies (valproate, carbamazepine,
lamotrigine or levetiracetam) on the neurocognitive
and behavioral development of school-aged
children. The contribution of distinct family factors
in maternal epilepsy, a chronic medical condition,
has also been investigated, including a description
of the wellbeing of mothers with epilepsy.
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