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Objective: It has been shown that maternal epilepsy and antiepileptic drug use during pregnancy have adverse
developmental outcomes in children. The aim of this study was to investigate the developmental outcomes of
maternal epilepsy and prenatal antiepileptic exposure.We also looked for the associations between serum levels
of glial cell-derived neurotrophic factor (GDNF) and nerve growth factor (NGF) and developmental outcomes.
Methods: This is a retrospective, nonrandomized, case-controlled study. Fifty-three children aged two to six years
old withmaternal epilepsy were included in the case group. Fifty-three age- and gender-matched children with-
out maternal epilepsy were included in the control group. Developmental assessment was conducted using the
Denver II Developmental Screening Test (DDST-II). Serum levels of NGF and GDNF were measured using an en-
zyme-linked immunosorbent assay (ELISA) kit.
Results: Multiple regression analysis revealed that prenatal antiepileptic exposure was significantly associated
with lower global developmental scores (B =−7.5, confidence interval (CI): −13.1; −1.9, p = 0.009) while
periconceptional folate use was associated with a reduced risk for adverse developmental outcomes (B = 6.6,
CI: 0.91; 12.3, p = 0.024). Children with prenatal antiepileptic exposure are at increased risk for global develop-
mental delay (GDD) particularly for language domain (p= 0.018). We found a statistically significant positive
correlation between NGF levels and global developmental scores (r= 0.302, p = 0.009). Serum levels of GDNF
in children with maternal epilepsy were significantly lower than the children without maternal epilepsy (p=
0.025).
Conclusions: Prenatal antiepileptic exposure was related with the increased risk of GDD while periconceptional
folate use was related with lower risk. Clinicians should inform all women in reproductive age with epilepsy
about the possible benefits and risks of antiepileptic drug use during a possible pregnancy. Periconceptional fo-
late use has protective effect on child development, and all women on antiepileptic drugs should be encouraged
for periconceptional folate use. Serum NGF levels may be a promising biomarker for monitoring global develop-
ment delay in at-risk population.

© 2019 Elsevier Inc. All rights reserved.
Keywords:
Epilepsy
Antiepileptic drugs
Neurodevelopmental outcomes
Nerve growth factor
1. Introduction

The prevalence of epilepsy in general population varies between 0.6
and 1.0% affecting one in every 200 pregnancies [1,2]. Data from the sci-
entific literature show that the incidence of developmental problems is
higher in children ofmotherswith epilepsy comparedwith the children
of unaffectedmothers.Whilemany factorsmay contribute to the occur-
rence, prenatal antiepileptic exposure has been reported among com-
mon causes of developmental problems in children with maternal
epilepsy [3].
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There are many in vitro studies showing that antiepileptic drugs in-
fluence neuronal development [4,5]. However, in current practice, anti-
epileptic drugs are used frequently during pregnancy as many authors
suggest that complications related to untreated seizuremay bemore se-
vere than the potential harm resulting from antiepileptic drug use dur-
ing pregnancy [6]. Clinical studies have examined the relationship
between antiepileptic exposure during pregnancy and developmental
problems in children but reported inconsistent results [3,7,8]. There is
a shortage of clinical trials investigating the pathophysiology of prenatal
antiepileptic exposure-related developmental problems in children.
Meador et al. suggested that antiepileptic drugsmay affect neuronal de-
velopment by inducing neuronal apoptosis, thereby reducing the ex-
pression of neurotrophins [9]. An in vitro study also reported that
antiepileptic drugs reduced the expression of neurotrophins [10].
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Considering the important roles of neurotrophic factors in each step of
neuronal development, it would be rationale to investigate whether
neurotrophic factors play a role in the pathophysiology of maternal ep-
ilepsy or intrauterine antiepileptic exposure-related developmental
problems [11,12]. However, to the best of our knowledge, except for a
few animal studies, there are no previous clinical study in this field.
The aim of this study was to examine the relationships between mater-
nal epilepsy, prenatal antiepileptic exposure, and developmental prob-
lems in children with particular focus on the possible role of nerve
growth factor (NGF) and glial cell-derived neurotrophic factor (GDNF)
in the pathophysiology of intrauterine antiepileptic exposure-related
developmental problems.

2. Materials and methods

2.1. Participants

This study was conducted at the Erzurum Atatürk University Medi-
cal Faculty Hospital, Turkey between February 2015 and February
2016. Hospital medical records, 2009 to 2013 years, were used to define
pregnant mothers with or without epilepsy during the pregnancy and
their children aged two to six years. These mothers were reached by
telephone, informed about the study, and invited to participate to the
study. Children of the mothers with epilepsy with or without antiepi-
leptic drug use during pregnancy were designed as case group. Age-
and gender-matched children of the mothers without epilepsy or
chronic medical illness during pregnancy were designed as control
group. To ensure more accurate evaluation of epilepsy or intrauterine
antiepileptic exposure-related developmental problems, particular at-
tentionwas paid for confounding factors that could affectmental devel-
opment in study sample. Therefore, exclusion criteria were defined as
below for all participants:

⁎ The use of any teratogenic drug except for antiepileptic drugs during
pregnancy,

⁎ History of smoking, alcohol, or substance use during pregnancy,
⁎ Presence of chronic medical, neurological, or genetic diseases in the
mothers or in children that could have affected child development
on its own.

⁎ Presence of intellectual disability in either parent.
⁎ Presence of any acute infectious disease as evidenced by a C-reactive
protein (CRP) value above 5 to avoid interfering the effect of inflam-
mation on study parameters.
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Fig. 1. The subgroups of the cas
Finally, one hundred and six children were included in the study.
The participants were divided into two groups, case and control groups,
each consisting of 53 children. In order to evaluate developmental out-
comes of epilepsy and prenatal antiepileptic exposure, the case group
was divided in two subgroups. The first subgroup was composed of 19
subjects with maternal epilepsy during pregnancy without the use of
antiepileptic medications and the second group with 34 subjects with
prenatal antiepileptic exposure during pregnancy. Those mothers who
did not use antiepileptic medications during pregnancy discontinued
medication before or just after suspected or confirmed pregnancy
within four weeks of conception. The subgroups of the case group and
the control group are shown in Fig. 1.
2.2. Procedure

Mothers who accepted to take part in the study were invited to the
hospital togetherwith their children. Theywere given detailed informa-
tion about the study, assessed for all inclusion and exclusion criteria,
and asked for informed consent to take part in the study if they met
all study criteria. Participating mothers and their children were evalu-
ated for the study using sociodemographic data form and the Denver
II Developmental Screening Test (DDST-II). Following developmental
evaluation, 2–5 cm3 blood samples were obtained from children after
parental consent. Serum concentrations of GDNF and NGF were deter-
mined by enzyme-linked immunosorbent assay (ELISA) test. Serum
levels of NGF and GDNF weremeasured with a Sun Red Biological com-
mercial Human NGF and GDNF ELISA kit (Catalog No. DZE201122103)
via a BIO-TEK/Power Wave XS micro plate reader. Ethical approval for
this study was obtained from the Ataturk University Medical Faculty
Ethical Committee on 19.02.2015 (No. 1/26).
2.3. Instruments

A sociodemographic form was developed by the authors to collect
data on parental ages and education, history of physical or mental dis-
eases in the parents, family income, planned or unexpected pregnancy,
periconceptional folate use (5 mg/day), birth weight of the children,
and history of chronic disease in children. Information was also ob-
tained about seizures (i.e., types and numbers of seizures) during
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Table 1
Sociodemographic characteristics of the case and control groups.

Variables Case group
(n = 53)

Control group
(n = 53)

p-Value

Age (months) 48.5 ± 19.5 50.3 ± 16.8 0.620
Gender 1.000

Female 30 (56.6%) 30 (56.6%)
Male 23 (43.4%) 23 (43.4%)

Educational level of mother 0.471
Elementary school level 33 (62.3%) 36 (67.9%)
Primary education 8 (15.1%) 4 (7.5%)
High school or above 12 (22.6%) 13 (24.5%)

Educational level of father 0.087
Elementary school level 16 (30.2%) 26 (49.2%)
Primary education 12 (22.6%) 12 (22.6%)
High school or above 25 (47.2%) 15 (28.3%)

Periconceptional folate use 0.196
Yes 12 (22.6%) 18 (34.0%)
No 41 (77.4%) 35 (66.0%)

Unplanned pregnancy 0.104
Yes 11 (20.8%) 5 (9.4%)
No 42 (79.2%) 48 (90.6%)

Birth weight 0.131
1500 mg or less 1 (1.9%) 2 (3.8%)
1500–2500 mg 4 (7.7%) 9 (17.0%)
2500–4500 mg 46 (86.5%) 41 (77.4%)
4500 mg or more 1 (1.9%) 1 (1.9%)

Type of birth 0.563
Premature birth 4 (7.7%) 7 (13.2%)
Mature birth 47 (90.4%) 46 (86.8%)
Postmature birth 1 (1.9%) 0 (0%)

Table 2
Multiple linear regression analysis for predictors of global developmental scores.

Variables SE Beta T p OR 95.0% CI for OR

Lower Upper

Epilepsy 3.4 0.002 0.019 0.985 0.6 −6.7 6.8
Antiepileptic exposure 2.8 −0.284 −2.658 0.009 −7.5 −13.1 −1.9
Use of folic acid 2.8 0.241 2.305 0.024 6.6 0.911 12.3
Premature birth 5.1 0.126 0.897 0.372 4.6 −5.6 14.8
Low birth weight 4.8 −0.199 −1.386 0.169 −6.6 −16.2 2.9
Unplanned pregnancy 3.5 −0.073 −0.718 0.475 −2.5 −9.5 4.4

Notes: R= 0.414. R2 = 0.171; p= 0.010. Bold data, p b 0.05 (significance). CI: confidence
interval. SE: standard error; For all factors absence (0)→ presence (1).
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pregnancy among mothers diagnosed with epilepsy and about antiepi-
leptic medications used during pregnancy.

2.3.1. Denver Developmental Screening Test II (DDST-II)
The DDST-II is used to evaluate the development of children in the

0–6 years age range. It consists of 134 items in four sections investigat-
ing the developmental domains of social, motor, communication, and
daily living skills [13]. The Turkish reliability and validity study of the
DDST-II was conducted by Anlar et al., and it has been used in several
studies [14–17]. The developmental score is determined by the ratio
of the number of performed items/the number of items that the patient
should perform according to his/her age, and multiplying the result by
100. The development domain score and global development score
were calculated together for all domains at statistical analysis [17].

2.4. Statistical analysis

All analyses were carried out on Statistical Package for the Social Sci-
ences (SPSS) version 23 software. The relationship between qualitative
variables was examined using the chi-square test. Continuous variables
were tested for normal distribution using the Kolmogorov–Smirnov test
[18]. Normally distributed continuous variables were compared using
Student's t-test, one-way ANOVA, and the post hoc test. Some continu-
ous distributions were not normal, and Spearman correlation analysis
and the Mann Whitney U test were therefore applied. Tukey post hoc
analyses were performed following one-way analysis of variance
(ANOVA). Factors affecting global developmental scoreswere evaluated
by composing amodel usingmultiple linear regression analysis. Clinical
and demographic variables associated with developmental problems
including epilepsy, antiepileptic drug use during pregnancy,
periconceptional folate use, premature birth, unplanned pregnancy,
and low birth weight were computed (for all factors; absence: 0, pres-
ence: 1) in thismodel to assess independent variables of global develop-
mental scores on DDST-II.

3. Results

The case and control groups exhibited similar sociodemographic
characteristics. There was no statistically significant difference between
the two groups in terms of age, gender, parental education level, and
family income status. Preterm birth, low birth weight, history of un-
wanted pregnancy, and periconceptional folate use are confounding
factors that increase the risk of developmental problems. There was
no statistically significant difference between the two groups in any of
these confounding factors. Prenatal antiepileptic exposure was present
in 34 subjects including 18 subjects with carbamazepine (52.9%), 8 sub-
jects with valproate (23.5%), 6 subjects with lamotrigine (17.6%), and 2
subjects with levetiracetamexposure (5.8%) during pregnancy. Of those
mothers with epilepsy (n= 53), 19 subjects (35.8%) discontinued their
medication before pregnancy. Of thosemotherswhodiscontinuedmed-
ication before pregnancy (n= 19), nine of them (47.3%) discontinued
antiepileptic therapy on their own decision without medical advice
and tenmothers (52.7%) discontinued antiepileptic therapyundermed-
ical supervision. Seizures were focal onset in 31 (58.4%) of the 53 sub-
jects diagnosed with epilepsy and generalized onset in 22 (41.6%).
Twenty-three (74.2%) of the focal onset seizures were focal to bilateral
tonic–clonic, and 8 (25.8%) were myoclonic. Seizures were generalized
tonic–clonic in 17 (77.3%) of the subjects with generalized onset and
myoclonic in 5 (22.7%). Thirty-nine (73.6%) subjects experienced five
or fewer seizures during pregnancy while 14 (26.4%) experienced
more than five seizures. There was no significant differences in global
developmental scores according to the number of seizures during preg-
nancy (Independent sample t-test, t-score = 0.255, p = 0.800).
Sociodemographic characteristics of the case and control groups are
summarized in Table 1.
The DDST-II was applied to the sample group. A multiple linear re-
gressionmodel was composed to predict the factors affecting global de-
velopment scores in the DDST-II. A statistically significant relationship
was observed between the model and the development scores (R2 =
0.171, p = 0.010). While maternal epilepsy itself was not associated
with adverse developmental outcomes (B = 0.6, confidence interval
(CI):−6.7; 6.8, p= 0.985), prenatal antiepileptic exposure was signifi-
cantly associated with lower global developmental scores (B =−7.5,
CI: −13.1; −1.9, p = 0.009). Further analysis revealed that while pre-
mature birth, unplanned pregnancy, and low birth weight were not as-
sociatedwith adverse developmental outcomes, periconceptional folate
use was associated with a reduced risk for adverse developmental out-
comes (B= 6.6, CI: 0.9; 12.3, p = 0.024). Themultiple linear regression
model is summarized in Table 2.

The global developmental scores of the maternal epilepsy, antiepi-
leptic exposure, and control groups were compared in terms of
periconceptional folate use. The global developmental scores of subjects
with periconceptional folate use in the group with maternal epilepsy
were 119.2 ± 14.0 (mean ± standard deviation (SD); n = 4), com-
pared with 111.9 ± 12.3 (mean ± SD; n = 8) in the cases with no
periconceptional folate use. The difference between the two groups
was not statistically significant (Mann–Whitney U-test, z-score =
−0.916, p = 0.360). The global developmental scores of subjects with
periconceptional folate use in the antiepileptic exposure group were
107.5 ± 14.1 (mean ± SD; n = 8), compared with 101.9 ± 15.2



Table 4
The correlation analysis of DDST-II development scores with plasma levels of NGF and
GDNF.

Correlation coefficient p-Value

NGF — global development score 0.302 0.009
NGF — linguistic development score 0.291 0.011
NGF — personal–social development score 0.247 0.033
NGF — fine motor development score 0.128 0.273
NGF — gross motor development score 0.206 0.077
GDNF — global development score 0.216 0.063
GDNF — linguistic development score 0.156 0.181
GDNF — personal–social development score 0.356 0.002
GDNF — fine motor development score −0.018 0.877
GDNF — gross motor development score 0.144 0.218

Bold data, p b 0.05 (significance).
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(mean ± SD; n= 26) in the cases with no periconceptional folate use.
The difference between the groups was not statistically significant
(Mann–Whitney U-test, z-score =−1.321, p = 0.187). In the control
group, the global developmental scores of subjects with
periconceptional folate use were 118.0 ± 14.6 (mean ± SD; n = 17),
compared with 111.0 ± 8.9 (mean ± SD; n = 33) in those without
periconceptional folate use. The difference between the two groups
was statistically significant (Independent sample t-test, t-score =
2.083, p = 0.043). Prenatal antiepileptic exposure was associated with
an increased risk for adverse developmental outcomes in global devel-
opment in the DDST-II without significant differences across different
antiepileptic medications including carbamazepine (mean ± SD =
105.3 ± 12.1; n = 17), valproate (mean ± SD= 95.3 ± 22.0; n = 7),
and lamotrigine (mean± SD= 110.4 ± 11.0; n = 6) [F(2,28) = 1.44,
p = 0.485]. In order to determine which developmental domains were
affected within the global developmental scores, the prenatal antiepi-
leptic exposure subgroupwas comparedwith the subgroupwithmater-
nal epilepsy without prenatal antiepileptic exposure and control group
for each developmental domain. In the one-way ANOVA, there was a
significant difference between the groups in the fine motor [F(2,93)
= 6.17, p = 0.003] and language development scores [F(2,93)= 4.16,
p = 0.018]. Post hoc analyses were performed on the global develop-
ment, language development, finemotor development, grossmotor de-
velopment, and personal–social development domains. The global
development, fine motor, and language development scores of the pre-
natal antiepileptic exposure subgroup were significantly lower than
those of the subgroup with maternal epilepsy without prenatal antiep-
ileptic exposure and the control group (p b 0.05) (Table 3).

Correlation analyses were applied to NGF and GDNF serum levels
and DDST-II scores. Statistically significant positive correlation was ob-
served between NGF serum levels and language (r = 0.291, p =
0.011) and personal–social development (r= 0.247, p= 0.033) scores
on DDST-II. Positive correlation was observed between GDNF serum
levels and personal–social development scores (r= 0.356, p = 0.002).
Marginally significant correlation was found between GDNF levels and
global development scores (r= 0.216, p = 0.063). The correlation anal-
ysis of DDST-II development scores with NGF and GDNF serum levels is
summarized in Table 4.

Correlation analysis was conducted to examine the relationship be-
tween serum NGF levels and global developmental scores for each sub-
group including children with maternal epilepsy, prenatal antiepileptic
exposure, and control groups.We found a significantly positive correla-
tion between serum NGF levels and global developmental scores in the
Table 3
Comparison of the DDST-II scores using of ANOVA and Tukey's tests between the control
group and subgroups.

Variables Group
MEa (n
= 16)

Group
AEa (n
= 30)

Group
CGa (n
= 50)

ANOVA Comparison
group

Post
hoc
p-value

Global
development
score

113.7 ±
12.7

104.3
± 14.4

113 ±
0.12

0.006 ME vs AE 0.047
ME vs CG 0.995
AE vs CG 0.007

Language
development
score

126.8 ±
28.3

105.5
± 29.9

122.5 ±
28.3

0.018 ME vs AE 0.049
ME vs CG 0.858
AE vs CG 0.033

Fine motor
development
score

109.9 ±
11.5

104.3
± 11.2

112.8 ±
9.7

0.003 ME vs AE 0.203
ME vs CG 0.598
AE vs CG 0.002

Personal–social
development
score

108.0 ±
12.5

102.9
± 12.5

109.1 ±
11.3

0.081 ME vs AE 0.359
ME vs CG 0.944
AE vs CG 0.069

Gross motor
development
score

109.9 ±
13.3

106.1
± 15.8

109.9 ±
11.9

0.448 ME vs AE 0.977
ME vs CG 0.646
AE vs CG 0.351

ME: subgroup with maternal epilepsy only; AE: subgroup with prenatal antiepileptic ex-
posure and maternal epilepsy; CG: control group; Bold data, p b 0.05 (significance).

a Data presented as mean± SD.
subgroup of children with prenatal antiepileptic exposure (r= 0.468, p
= 0.021). Fig. 2 shows a correlation scatter plot for global developmen-
tal scores and serum NGF levels for three subgroups.

Post hoc analyses were run between the case subgroups and control
group to evaluate GDNF and NGF serum levels. We determined a statis-
tically significant difference in GDNF serum levels between the sub-
group with maternal epilepsy only (ME) and control group [F(2,77)
= 2.68, p = 0.025]. Comparisons of serum levels of GDNF and NGF
using ANOVA and Tukey's test between the case subgroups and control
group are shown in Table 5.

4. Discussion

We investigated developmental outcomes of maternal epilepsy and
prenatal antiepileptic exposure in an at-risk population. We also exam-
ined serum levels of NGF and GDNF as possible moderating factors for
epilepsy or antiepileptic exposure-related developmental problems. As
far aswe know, this is thefirst study to examine the serum levels of neu-
rotrophic factors in an at-risk group with maternal epilepsy and prena-
tal antiepileptic exposure.

4.1. Developmental outcomes ofmaternal epilepsy and prenatal antiepilep-
tic exposure

In our study, similar to previous studies, we did not find an associa-
tion between maternal epilepsy and developmental problems. Banach
et al. compared the longitudinal developmental outcomes of children
withmaternal epilepsywith orwithout prenatal antiepileptic exposure.
They concluded that maternal epilepsywas not associatedwith adverse
developmental outcomes. However, the authors also pointed out that
the presence of less severe epilepsy in the group without antiepileptic
exposure may be confusing [19]. It may be important to note that our
study may suffer from the same confounding factor. In a similar study
by Thomas et al., maternal epilepsy did not have adverse effects on
mental and motor development [20].

In our study, prenatal antiepileptic exposure rather than maternal
epilepsy was found to be associated with adverse global developmental
outcomes, particularly in language and finemotor domains. These find-
ings are in line with previous studies reporting language and motor de-
velopment problems related with prenatal antiepileptic exposure. In
the third year follow-up of the cohort study of the Neurodevelopmental
Effects of Antiepileptic Drugs (NEAD) group, prenatal antiepileptic ex-
posure with valproate and carbamazepine was found to exhibit dose-
dependent adverse effects on verbal abilities. However, the difference
had disappeared by the sixth year of follow-up, except for the dose-de-
pendent effect of valproate [9]. Similarly, Gaily et al. observed signifi-
cantly lower verbal IQ (Intelligence Quotient) scores in subjects with
prenatal exposure to valproic acid [21]. In a prospective cohort study,
Veiby et al. determined that prenatal antiepileptic exposure was associ-
ated with impaired-fine motor skills at six months of age. The



Fig. 2. The correlation scatter plot for serum NGF levels and global developmental scores in three subgroups.
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impairment in finemotor skills had also persisted at eighteenmonths of
age [22]. Similarly, Thomas et al. found that children with prenatal anti-
epileptic exposure had significantly lower motor development than
thosewithout prenatal antiepileptic exposure in childrenwithmaternal
epilepsy [20]. Post hoc analysis of our findings showed that prenatal an-
tiepileptic exposure adversely affected global development, especially
language skills. Language is one of the most vulnerable abilities of the
human brain [23]. Impairment in cognitive functions may adversely af-
fect language acquisition, especially during early development [23].

Folate is an essential molecule that plays important roles in cell pro-
liferation with a need of increased levels during pregnancy [24,25]. One
hypothesis regarding the adverse neurodevelopmental outcomes of an-
tiepileptic drugs is that they reduce the concentration of folate in the
blood as supported by several animal studies [6,26–28]. However,
there seems to be a lack of clinical studies on this topic. In a clinical
study examining neurodevelopmental outcomes following prenatal an-
tiepileptic exposure, the use of periconceptional folate was shown to
have a significant positive effect on cognitive outcomes [9]. In our
study, multiple linear regression analysis revealed that the use of
periconceptional folate was associated with the lower risk of global de-
velopmental delay (GDD). This finding obtained from a retrospectively
designed study may support the finding of the previous prospective
study by Meador et al. [9].

Excitatory neuronal activity is important for normal brain develop-
ment, and antiepileptic drugs may suppress this neuronal activity. Sup-
pression of the neuronal activity by antiepileptic drugs adversely affects
the formation of synapses, connectivity, and production of oligodendro-
cytes that may result in developmental problems [29,30]. Another pos-
sible explanation is that exposure of the immature brain to antiepileptic
drugs may cause extensive neuronal apoptosis and reduce the expres-
sion of neurotrophic factors [30]. In this study, we aimed to investigate
serum levels of NGF and GDNF in children with maternal epilepsy with
Table 5
Comparison of serum GDNF and NGF levels using ANOVA and Tukey's test between the
control group and subgroups.

Variables Group MEa

(n = 16)
Group AEa

(n = 24)
Group CGa

(n = 40)
ANOVA Comparison

group
Post
hoc
p-value

GDNF 6.7 ± 4.4 8.4 ± 7.3 11.1 ± 7.3 0.075 ME Vs AE 0.659
ME Vs CG 0.025
AE Vs CG 0.330

NGF 780.5 ±
505.6

805.5 ±
465.8

756.6 ±
463.1

0.922 ME Vs AE 0.986
ME Vs CG 0.985
AE Vs CG 0.913

ME: subgroup with maternal epilepsy only; AE: subgroup with prenatal antiepileptic ex-
posure and maternal epilepsy; CG: control group; Bold data, p b 0.05 (significance).

a Data presented as mean± SD.
or without prenatal antiepileptic exposure and found several important
findings.

4.2. Relationships between NGF and GDNF levels and developmental scores

A better understanding of the mechanisms involved in
neurodevelopmental disorders and the identification of molecules in-
volved in their development are crucial in terms of early diagnosis and
intervention. Although there have been major advances in neurosci-
ence, insufficient biomarkers are available to guide clinicians regarding
the diagnosis of neurodevelopmental disorders [31]. In our study, NGF
and GDNF levels were also examined in terms of the hypothesis that
maternal epilepsy and antiepileptic exposure may lead to
neurodevelopmental problems via alterations in the level or functions
of neurotrophic factors.

Although NGF is known to play an important role during the devel-
opment of the central nervous system, it is still unclear whether it has
any involvement in the emergence of neurodevelopmental disorders
[32].We observed a statistically significant positive correlation between
plasmaNGF levels and global development scores. Thisfindingwas con-
sistentwith other previous studies. Pinheiro et al. reported positive cor-
relation between infants' developmental scores and NGF levels in
mothers with postpartum affective disorders [33]. However, authors
noted that a limitation of their study was that blood samples were not
collected from the infants. In the present study, however, blood samples
were collected from children. Similarly, Riikonen investigated whether
neurotrophic factors play a role in the pathophysiology of Rett syn-
drome, a neurodevelopmental disorder characterized by GDD. Their re-
sults showed that the level of NGF in cerebrospinal fluid was
significantly lower in Rett syndrome cases than the control group
consisting of autism and other neuropediatric patients [34]. In another
study, comparing infants with intrauterine growth retardation and
healthy infants, levels of NGF were significantly higher in the healthy
group, and plasma NGF levels were positively correlated with infant
birth weight and percentiles [35]. The findings from current study
may support the hypothesis of Meador et al. suggesting that adverse
neurodevelopmental outcomes resulting fromprenatal antiepileptic ex-
posuremight be associatedwith a decrease in the levels of neurotrophic
factors [9]. We observed a significant positive correlation between
plasma levels of NGF and developmental scores. Based on the results
of our study, it may be argued that levels of NGF are related to global de-
velopment. Further research with larger samples is needed to elicit a
better understanding of mechanisms underlying developmental out-
comes of prenatal antiepileptic exposure.

Glial cell-derived neurotrophic factor is a protective and restorative
neurotrophic factor for neurons [36]. The risk of epilepsy is higher in
children with maternal epilepsy than unaffected populations [37].
Jankowsky and Patterson suggested that GDNF plays an important
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role in epilepsy, and GDNF upregulation may exhibit an antiepileptic
protective effect [38]. Similarly, in their animal study, Jia et al. suggested
that a low GDNF level may cause adverse neurodevelopmental out-
comes in animals [39]. They concluded that increased GDNF expression
(upregulation) is effective in preventing epilepsy and neuronal apoptosis
[39]. In our study, we found that GDNF plasma levels were significantly
lower in childrenwithmaternal epilepsy than the control group. This de-
creasewas associatedwith epilepsy rather than prenatal antiepileptic ex-
posure. In line with the previous studies, this finding from our studymay
support the hypothesis that GDNF levels may play a role in the
etiopathogenesis of epilepsy [39,40]. However, to date, only one investi-
gated the association between GDNF and developmental problems. Ibili
et al. examined the DDST-II scores and GDNF levels of children with
GDD at the time of diagnosis and 6months after commencement of an in-
tervention program for GDD. They reported a significant increase in both
GDNF levels and DDST-II scores after the intervention program and sug-
gested that GDNF might be related to GDD [17]. Together with the
study by Ibili et al., our study is the second clinical study in this field
reporting a marginally significant positive relationship between plasma
GDNF levels and the global development score.

4.3. Strengths and limitations

The current study is one of the rare clinical biochemical studies con-
ducted in an at-risk groupwith prenatal antiepileptic exposure and pro-
vides valuable information on the neurodevelopmental outcomes of
prenatal antiepileptic exposure. However, some limitations also apply.
The principal limitation was the relatively small sample size. Another
limitation is that the at-risk group was not homogeneous in terms of
prenatal antiepileptic exposure. The retrospective design and lack of
randomization are other limitations, although these apply to all studies
of antiepileptic drug exposure during pregnancy. In addition, the use of
parental education level as a surrogate for parental IQ and the use of
DDST-II that may not be a robust measure for developmental assess-
ment may be other limitations.

4.4. Conclusion

Prenatal antiepileptic exposure may be related with developmental
problems in children of mothers with epilepsy. Plasma NGF level may
be a potential biomarker in diagnosing and follow-up of prenatal anti-
epileptic exposure-related developmental problems. Glial cell-derived
neurotrophic factor levels may be lower in children with mothers
with epilepsy supporting the link between GDNF and epilepsy.
Periconceptional folate use may be protective against adverse develop-
mental outcomes of prenatal antiepileptic exposure. Thismay be impor-
tant as a protective measure in at-risk pregnancies.
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