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ÖZET 
Am aç: Fertiliteleri nonepileptik kadınlara göre daha az olan epileptik kadınlarda
özellikle polikistik over sendromu (PKOS) olmak üzere, menstruel ve reprodüktif
endokrin bozukluklar yaygındır. Epilepsili hastalarda görülen endokrin
disfonksiyonun etiyolojisi kesin olarak bilinmemektedir.
Yön tem  ler: Bu çalışmanın amacı valproat (VPA) ve karbamazepin (KBZ) tedavisi
alan jeneralize idiopatik ve kriptojenik epilepsili hastalarda hipotalamo-pitüiter-
gonadal aksın, insulin rezistansı ve PKOS prevalansının araştırılmasıdır.
Bul gu lar: Hasta grubu 48 epilepsili kadın hastadan (ortalama yaş 24,2±5,5)
oluşmakta idi. Hastaların 34’ü  (%70,8) VPA, 14’ü (%29,2) KBZ kullanmakta idi.
Kontrol grubu 20 sağlıklı kadından oluşmakta idi. Glukoz, insulin, gonadotropinler,
östradiol, androjenler, 17-OH progesterone ve seks hormone bağlayan globulin
seviyelerinin ölçümü için açlık kan örnekleri alındı. Tüm deneklerde oral glukoz
tolerans testi, insulin rezistans parametreleri ve hipotalamo-pitüter-gonadal aksın
değerlendirilmesi yapıldı.
So nuç: PKOS; 17 epileptik kadında (%35,4), glukoz intoleransı 2 hastada (%4,1)
bulundu. Bazal insulin düzeyleri, OGTT testine  glukoz ve insulin yanıtları hasta
grubunda anlamlı olarak yüksekti. Buserelin testine 17-OH progesteronun pik ve
eğri altında kalan alan yanıtı hasta grubunda anlamlı olarak yüksekti. Valproat ve
KBZ kullanan epilepsili hastalarda PKOS prevalansı beklenenden yüksekti. Bu
hastalar buserelin testi ile gösterilen artmış ovarian stroma ve hiperandrojenemi
ile karakterize artmış hormonal aktiviteye sahip idi. OGTT ise artmış insulin
resistansının varlığını göstermekteydi. PKOS prevalansı , idiopatik ve kriptojenik
epilepsili CBZ ve VPA tedavisi alan kadınlarda beklenenden yuk̈sek oranda
saptandı. OGTT artmış insul̈in rezistansının varlığını gösterdi. (Nö rop si ki yat ri Ar fli vi
2012;49: 133-138)
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Çıkar çatışması:
Yazarlar bu makale ile ilgili olarak herhangi bir çıkar çatışması bildirmemişlerdir.

ABS TRACT
Objectives: Reproductive endocrine disorders, especially polycystic ovary
syndrome (PCOS) are common in epileptic women who are less fertile and suffer
from more menstrual and reproductive endocrine disorders than non-epileptic
women. The etiology of reproductive endocrine dysfunction in epilepsy has not
been determined precisely.  The aim of the study was to investigate the
hypotalamus-pituitary-gonadal axis, insulin resistance and the prevalence of
PCOS in patients with generalized idiopathic or cryptogenic epilepsy and
receiving treatment with valproate (VPA) and carbamazepine (CBZ).  
Method: This study included 48 epileptic women with a mean age of 24.2±5.5
years. The patient groups consisted of 34 (70.8%) women with epilepsy on VPA
and 14 (29.2%) women with epilepsy on CBZ. The control group consisted of 20
healthy women. Fasting blood samples were obtained for the determination of
glucose, insulin, gonadotrophins, estradiol, androgens, 17-OH progesteron (17-
OHP), and sex hormone-binding globulin (SHBG) levels. All subjects underwent
oral glucose tolerance test (OGTT) and the buserelin stimulation test for glucose
tolerance status, insulin resistance parameters and hypothalamus-pituitary-
gonadal axis evaluation. 
Results: PCOS was diagnosed in 17 (35.4%) epileptic patients and glucose
intolerance was found in two (4.1%) patients. Basal insulin levels, glucose and
insulin responses to OGTT were significantly higher in the patients than in the
controls. Peak and area under curve (AUC) 17-OHP responses to the buserelin
stimulation test were significantly higher in the patients than in the controls. 
Discussion: The prevalence of PCOS among women with epilepsy receiving  VPA
or CBZ treatment was higher than expected. Those patients had increased
ovarian stroma and hormonal activity characterized by hyperandrogenemia, as
demonstrated by buserelin testing and insulin resistance as demonstrated by
OGTT.  (Arc hi ves of Neu ropsy chi atry 2012;49: 133-138)
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Introduction

Reproductive endocrine disorders are common in women with
epilepsy (1). Epileptic women are less fertile and suffer from more
menstrual irregularities and reproductive endocrine disorders
compared to women without epilepsy. There are some data
regarding the increased frequency of PCOS among epileptic
women. However, the etiology of reproductive endocrine
dysfunction in epilepsy has not been determined precisely.
Endocrine dysfunction has been attributed to epilepsy itself and,
sometimes to the use of antiepileptic drugs (2,3,4). Apart from the
contributions of antiepileptic drugs (AED) to the occurrence of
epilepsy, spontaneous PCOS or ovarian dysfunction may be seen in
epilepsy. Herzog et al. propose the following physiological
mechanism: because the structures of limbic system, such as
hippocampus and amygdala are highly interconnected with the
hypothalamus, epileptiform discharges from these foci may alter
the hypothalamic gonadotrophin-releasing hormone (GnRH) pulse
generator, thereby, disrupting gonadotrophin release and ovarian
hormone synthesis, leading to reproductive dysfunction (5).
Reproductive anomalies and high levels of luteinizing hormone (LH)
and altered LH: follicule-stimulating hormone (FSH) ratio have been
reported in epileptic women (6). Besides, Scharfman et al.
demonstrated that an epileptic condition in the rat leads to
increased body weight, cystic ovaries and elevated testosterone
levels (7).

PCOS is one of the most common endocrine disorders in
women, and it is characterized by hyperandrogenemia
/hyperandrogenism, oligo-amenorrhea and polycystic ovarian
changes. Patients with PCOS are at higher risk for developing
infertility, endometrial carcinoma, besides several metabolic
disorders including insulin resistance, diabetes mellitus
hypertension, dyslipidemia and cardiovascular disease (8,9)  The
prevalence of PCOS in epileptic females (12.5-26%) is higher than
the prevalence reported in the general population, although the
frequency is controversial (4,10).

PCOS has multiple etiologies; none is fully understood and its
occurrence is under genetic influence as well as related to ovarian
and hypothalamic dysfunction. It is difficult to state what exactly
the epilepsy-related reproductive dysfunction is. Is it PCOS, or is it
a neurologic or epileptic variant? Further, valporate (VPA) can
produce symptoms or signs such as obesity found in PCOS; yet the
question remains whether it causes PCOS or a VPA-related variant
of PCOS (11). VPA may directly cause PCOS or indirectly lead to the
disorder by causing weight gain that triggers insulin resistance,
increased testosterone levels, and other reproductive anomalies
(12). More information is needed about the use of VPA in women
with epilepsy and its risk of inducing PCOS (4,13).  There are limited
data related with carbamazepine (CBZ) and its relationship with
PCOS (14,15,16,17).

In women with epilepsy, hypothalamus-pituitary-gonadal axis
was not investigated in detail so far and it has been difficult to
differentiate the effects of epilepsy per se from the role of
antiepileptic drugs. Thus, in this cross sectional study, we aimed to
investigate the hipotalamus-pituitary-gonadal axis, insulin
resistance, in addition to the prevalence of PCOS in patients with
generalized idiopathic or cryptogenic epilepsy receiving VPA and
CBZ. 

Methods 

This study included 48 female patients (age range: 15-45 years)
with idiopathic and cryptogenic generalized epilepsy whose
diagnosis was based on the criteria of clinical and
electroencephalographic (EEG) classification of epileptic seizures
according to the International League Against Epilepsy (18).
Clinical symptoms of the seizures, EEG findings, and brain imaging
(MRI) scans were used as a basis for the classification of epilepsy.
All EEG evaluations and epilepsy classifications were done by the
same specialist. 

The patients were recruited consecutively from those
attending the Outpatient Epilepsy Clinic of Neurology Department,
Erciyes University Medical School Hospital. All the patients were
on CBZ (10-20mg/kg/day) or VPA (20-45mg/kg/day) monotherapy
continuously for at least 6 months. Duration of epilepsy, onset of
AED treatment and the type of AED were determined. The seizure
frequency was evaluated: Group 1: having a seizure at least once
a week, group 2:  once a month on average, group 3: once every 3
months on average, group 4: once every 6 months on average,
group 5: having a seizure once a year on average. Cranial MRI was
performed for each patient.

Patients with evidence of any disease that might have
influenced the neuroendocrine system were not included in the
study. None of the patients were on any medication known to
interfere with carbohydrate metabolism and hormonal status of the
patients. A group of 20 age- and body mass index- (BMI; kg/m2)
matched, otherwise healthy women served as the control group. 

The study was approved by the local ethics committee, and
informed consent of  each subject was obtained. Detailed patient
history was taken and hospital records were investigated, with
special emphasis on the characteristics of the epilepsy disorder
including the age of onset of seizures, etiology, types of seizures,
drugs received, and control of seizures with therapy. The duration
of epilepsy and onset of AED treatment was determined. 

Oligomenorrhea was defined as menstruation with an interval
of >35 days. Intermenstrual interval of 21-35 days was defined as
normal. Blood pressure and pulse were measured during physical
examination; waist and hip measurements were also recorded. A
modified Ferriman-Gallwey scoring system was used to assess
hirsutism and it was considered positive when the score was
greater than 8 (19).

Blood samples were drawn on days 2-7 after an overnight fast
during the early follicular phase of menstrual cycle. An intravenous
catheter was inserted into an antecubital vein and baseline blood
sample was drawn.  Fasting blood chemistry, complete blood count
and basal hormone levels were determined. LH, FSH,
androstenedione, free testosterone, total testosterone, DHEAS,
estradiole, 17-OHP, SHBG and insulin concentrations were
assayed. 

All patients and controls underwent a 75 gr OGTT. Glucose
tolerance was evaluated using the criteria of the American
Diabetes Association, and impaired glucose tolerance was defined
as 2-hour post-load glucose of 140 mg/dl or greater and less than
200 mg/dl. The glucose and insulin response to the OGTT was
expressed as the area under curve (AUC) estimated by the
trapezoidal rule.

The buserelin stimulation test was performed for evaluating the
hypothalamus-pituitary-gonadal axis as described previously (20).
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Briefly, immediately after the basal sample collection, the serum
levels of FSH, LH, 17-OHP and estradiol responses were
determined before and after subcutaneous administration of 1 mg
buserelin. Blood samples were drawn at 6 hourly intervals for 24
hours. The hormonal response to buserelin stimulating test was
also expressed as the AUC.

Hyperandrogenemia was defined as an androgen value above
the normal reference range (i.e. DHEAS>5070 ng/ml,
androstenedione >2.99 ng/ml, free testosterone >3.99 pg/ml). Both
the patient and control groups underwent abdominopelvic
ultrasound. The ovaries were considered polycystic if they
contained a total of 12 or more follicles in each ovary measuring
2±9 mm in diameter, and/or increased ovarian volume (>10 ml). The
diagnosis of PCOS was made according to the European Society of
Human Reproduction and Embryology (ESHRE) guidelines (9,21).
Hyperprolactinemia and thyroid dysfunction were excluded by
appropriate tests.

All serum samples were stored at -20 C until they were
assayed.  The intra-assay and inter-assay coefficients of variations
were 2.8% and 7% for androstenedione, 4.4 and 4.8% for total
testosterone, 4.3% and 7.8% for free testosterone, 9.5% and 10.8%
for 17-OHP, 6.6% and 9.9% for DHEAS, 5.5% and 5.8% for SHBG,
1.6% and 6.1% for insulin, 2.8% and 4.6% for FSH, 5% and 6.2% for
LH, 9.9% and 11.8% for estradiol.

Statistical analysis was performed by using the SPSS 13.0 for
Windows. Parametric tests were used in normally distributed data
while non-parametric tests were used in abnormally distributed
data. The patient group consisted of VPA and CBZ subgroups. The
patients and the control subjects were compared using the Mann-
Whitney U test and both treatment groups were compared by
Kruskal-Wallis Test for one-way ANOVA by Ranks. Multiple
comparisons were done by using the Dunn’s test /Tukey’s post hoc
test. All the data were presented as mean ±SEM, and p values
<0.05 were considered statistically significant.

Results 

The patient groups consisted of epileptic women using: 1. VPA
(n:34 - 70.8%) and 2. CBZ (n:14 - 29.2%)  In VPA group, 33 (97.1%)
women had idiopathic generalized epilepsy with generalized tonic-
clonic seizures  and one (2.9%) had cryptogenic generalized tonic-
clonic epilepsy. In CBZ group, 6 (42.9%) women had idiopathic
generalized epilepsy with tonic-clonic seizures and 8 (57.1%)
women had cryptogenic generalized tonic-clonic epilepsy. 

Routine EEG examinations were performed during awake and
sleep state.  Generalized 3 Hz spike and wave and multiple spike-
wave discharges were observed in 33 patients, and generalized
sharp and wave discharges were observed in one patient in VPA
group. In CBZ group, 3 Hz spike and wave discharges were
observed in 6 patients, and generalized sharp and waves and theta
waves were observed in 8 patients.

According to seizure frequency in VPA group, there were eight
patients in group 1, seven in group 2, one in group 3, one in group 4,
and eleven patients in group 5, respectively. In CBZ group, there
were one patient in group 1, four in group 2, one in group 3, two in
group 4, and six patients in group 5, respectively.

All patients had normal blood count, fasting blood chemistry
and cranial MRI. The mean duration of the epilepsy was 6.9±4.6
years in VPA group and 7.4±5.3 years in CBZ group (p>0.05). The
mean duration of the AED treatment was 45.5±28 months in VPA
group and 52.5±33.2 months in CBZ group (p>0.05) There were no
significant differences between the groups in terms of seizures
frequency, BMI, hair loss and acne.

PCOS was diagnosed in 17 (35.4%) patients with epilepsy (14
out of 34 were in VPA, 3 out of 14 were in CBZ group), hirsutism was
present in 15 (31.2%) patients (13 out of 34 were in VPA, 2 out of 14
were in CBZ group) and hyperandrogenemia was present in 19
(39.5%) patients (14 out of 34 were in VPA, 5 out of 14 were in CBZ
group), oligomenorrhea was seen in 11 (22.9%) patients (8 out of 34
were in VPA, 3 out of 14 were in CBZ group). There was no
statistically significant difference of BMI in the VPA and CBZ group
between patients with and without PCOS. The mean serum free
testosterone and SHBG levels were higher and estradiol level was
lower in the patient group than in the control group (p<0.05). Basal
hormone levels of the patients and the control subjects are given
in Table 1.
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Tab le 1 . Basal hormone levels, glucose and insulin responses to OGTT in
patients with epilepsy and control subjects

Patients (n=4 8 ) C ontrols (n=2 0 ) P
Age (years) 24.2±5.5 26.5±2.6 NS
BMI (kg/m2) 23.5±4.3 24.4±1.8 NS
DHEAS (ng/ml) 1981.8±1478.7 1880±800.2 NS
Total testosterone (ng/dl) 37.3±25.5 37.8±19.2 NS
Free testosterone (pg/ml) 1.9±0.7 1.6±0.4 <0.05
SHBG (nmol/l) 99.5±61.2 40.7±12.9 <0.05
FSH (mIU/ml) 5.8±1.5 5.5±1.6 NS
LH (mIU/ml) 5.3±2.9 5.5±3.3 NS
Estradiol (pg/ml) 69.3±37.9 90.4±29.7 <0.05
17-OHP (ng/m) 1.5±0.6 1.5±0.4 NS
Androstenedione (ng/ml) 2.7±1.5 2.1±0.8 NS
Basal insulin (mIU/ml) 19.1±15.5 6.9±2.3 <0.05
Peak insulin (mIU/ml) 107.82±105.2 44.4±23.7 <0.05
AUC insulin(mU/lx24h) 7486.0±7065.9 3214.2±1701.4 <0.05
Fasting plasma 80.37±17.3 64.5±10.2 <0.05
glucose (mg/dl)
AUC Glucose 13263.7±3028.6 11821.5±1457.2 <0.05
(mg/dl x 120 min)
NS: not significant

Tab le 2 . Buserelin stimulation test results in patients with epilepsy and 
control subjects

Patients (n=4 8 ) C ontrols (n=2 0 ) P
Peak FSH (mIU/ml) 26.2±7.9 29.2±6.5 NS
AUC FSH (mIU/ml x24h) 433.3±114.8 502.10±108.0 <0.05
Peak LH (mIU/ml) 62.4±27.3 64.2±30.8 NS
AUCLH (mIU/ml x24h) 954.3±399.5 955.0±370.7 NS
Peak estradiol (pg/ml) 354.6±174.4 270.7±75.9 NS
AUC estradiol  5762.9±2669 4879.1±1197.3 NS
(pg/ml x24h)
Peak17-OHP (ng/ml) 3.5±1.6 2.5±0.5 <0.01
AUC 17-OHP (ng/ml x24h) 52.3±16.3 43.9±8.4 <0.05
NS: not significant
AUC: area under the curve



Impaired glucose tolerance was detected in two (4.1%)
patients. Basal insulin levels and glucose and insulin responses to
OGTT were significantly higher in the patient group than in the
control subjects (Table 1).

Hypothalamus-pituitary-gonadal axis was evaluated by the
buserelin stimulation test and peak and AUC 17-OHP responses
were significantly higher in the patient group than in the control
group, and the AUC FSH was significantly lower in the patient
group (Table 2). 

We have also evaluated the patients with epilepsy according to
their AED treatment. Patients using VPA and CBZ were not
different in terms of age and BMI. Serum DHEAS, total
testosterone, androstenedione, 17-OHP, FSH and LH levels were
similar between the groups. Serum free testosterone and SHBG
levels were significantly (p<0.05) higher in VPA group when
compared to CBZ group and control subjects (Table 3). The
buserelin stimulation test results demonstrated that peak 17-OHP

level and AUC 17-OHP were significantly higher in the VPA and CBZ
groups than in the control group and the AUC FSH was significantly
lower in the CBZ group than in the control group (Table 4). 

Discussion 

The aim of this study was to evaluate the hipothalamus-
pituitary-ovarian axis, insulin resistance and the prevalence of
PCOS among women with epilepsy in fertile age. It has been
reported that the prevalence of PCOS is between 6-10% among
child-bearing women (22). It has been demonstrated that the
prevalence of PCOS in epileptic females is 12.5-26% (4), although
the frequency is controversial (10,23). Our data show that the
prevalence of PCOS is 35.4% among epileptic women under
treatment, which is higher than the literature data. 

Although women with epilepsy may already have a higher
prevalence of reproductive endocrine disorders, treatment with
certain AED may increase the risk (6). Isojarvi and colleagues
reported an increased prevalence of PCOS among women with
epilepsy treated with VPA (24). They have reported that 80% of
women, who were treated with VPA prior to the age of 20 years,
had polycystic ovaries or hyperandrogenism. In our study, the
prevalence of PCOS among epileptic patients on VPA therapy was
41.2%. In the last 15 years, several reports have suggested that
chronic use of VPA in epileptic women might be associated with an
increased frequency of PCOS. Owing to lack of a specific definition
for PCOS in those studies, it is difficult to compare our data with
the studies on women with epilepsy (25,26). The risk of developing
PCOS during VPA treatment seems to be higher in women with
epilepsy than in women with bipolar disorders, and this might be
due to an underlying neuroendocrine dysfunction related to the
seizure disorder (27).

VPA seems to have different potential adverse effects on
metabolism, since it has been associated, via different and not
necessarily related mechanism, with weight gain,
hyperandrogenemia and hyperinsulinemia (4). In spite of several
ambiguous issues, prolonged use of VPA seems to be associated
with an increased risk of developing PCOS in epileptic women (4).
We observed significantly elevated basal serum testosteron level
in VPA group than in the control group. Elevated serum
testosterone level is an important feature of the PCOS and, Isojarvi
et al., showed that 17% of women taking VPA monotherapy had
elevated serum testosterone levels (24). Later studies confirmed
these findings (2,26). Prabhakar et al. observed elevated mean
serum testosterone and DHEAS levels and elevated individual
testosterone levels above normal in some women with idiopathic
epilepsy before VPA treatment (28). 

There are a few data in the literature on the relationship
between CBZ and PCOS in epileptic women. Isojarvi et al.
demonstrated that in epileptic patients treated with CBZ, the
frequency of PCOS is similar to that in the normal population (14).
Luef’s study showed that frequency of PCOS in epileptic women
seems to be similar to that in the general population and using VPA
or CBZ do not affect the PCOS (1). Bauer et al. demonstrated that
the incidence of PCOS in patients treated with VPA monotherapy
(11.1%) was similar to that in patients treated with CBZ (10%) and
also to that in patients not treated with AED (16). The results of that
study suggest that manifestations of PCOS in women with focal
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Tab le 4 . Buserelin stimulation test results in patients taking VPA or CBZ  and
control subjects

Patients Patients C ontrols p
taking taking (n=2 0 )

VPA (n=34 ) C BZ(n=14 )
Peak FSH (mIU/ml) 26.5±8.4 25.4±7.1 29.2±6.5 NS
AUC FSH 446.6±118.1 400.9±103.4(b)502.1±108.0(b) <0.05
(mIU/ml x24h)
Peak LH (mIU/ml) 64.4±26.9 57.6±28.6 64.2±30.8 NS
AUCLH (mIU/ml x24h) 944.3±282.8 955.6±324.9 953.1±197.3 NS
Peak Estradiol (pg/ml) 384.4±181.1 282.2±136.5 270.7±75.9 NS
AUCEstradiol 6231.3±2821.8 4625.6±1894.94879.1±1197.3 NS
(pg/ml x24h)
Peak 17-OHP (ng/ml) 3.6±1.8(a) 3.2±0.9(b) 2.5±0.6(a,b) <0.05
AUC17-OHP 52.2±16.7(a) 52.5±15.7(b) 43.9±8.4(a,b) <0.05
(ng/ml x24h)
NS: not significant
a: p< 0.05 for patients taking VPA vs. controls
b: p< 0.05 for patients taking CBZ vs. controls

Tab le 3 . Basal hormonal and demographic properties of patients using VPA,
CBZ and the control subjects

Patients Patients C ontrols p
taking taking (n=2 0 )

VPA (n=34 ) C BZ(n=14 )
Age (years) 24.0±5.2 24.6±6.4 26.5±2.6 NS
BMI (kg/m2) 22.9±3.7 25.2±5.1 24.4±1.8 NS
DHEAS (ng/ml) 2093.8±1473.2 1709.7±1514 1880.2±800.1 NS
Total 38.9±23.7 33.1±30.4 37.8±19.2 NS
testosterone (ng/dl)
Free 2.0±0.7(a) 1.8±0.7 1.6±0.4(a) <0.05
testosterone (pg/ml)
SHBG (nmol/l) 105.7±60.2(a) 84.5±63.4(b) 40.7±12.9(a,b) <0.01
FSH (mIU/ml) 5.7±1.5 6.0±1.5 5.5±1.6 NS
LH ( mIU/ml) 5.6±303 4.6±2.1 5.2±3.3 NS
Estradiole (pg/ml) 75.9±40.7 53.2±24.4(b) 90.4±29.7(b) <0.01
17-OHP (ng/ml) 1.5±0.7 1.5±0.6 1.5±0.5 NS
Androstenedione (ng/ml) 2.9±1.6 2.3±1.3 2.1±0.8 NS
NS: not significant
a: p<0.05 for patients taking VPA vs controls
b: p<0.05 for patients taking CBZ vs controls



epilepsy are not related with administration of VPA and CBZ.
Löfgren et al. showed that there is no relationship between PCOS
and CBZ monotherapy in epileptic women (29). Previous studies
also demonstrated that the frequency of PCOS in subjects
receiving CBZ monotherapy was different from that in control
subjects (16,24,25,30). Our data showed that patients with epilepsy
on CBZ treatment have higher prevalence of PCOS, and
additionally patients on VPA treatment have two fold PCOS
prevalence in comparison to patients using CBZ. 

Our data showed that basal SHBG levels were higher in the
VPA and CBZ groups than in control group and the basal E2 levels
were significantly lower in the CBZ group than in the control group.
CBZ is an enzyme-inducing drug and its effects on the reproductive
endocrine function are probably a result of the hepatic P450
enzyme system induction. Previous studies have consistently
reported increased levels of SHBG in women taking CBZ for
epilepsy (25,31,32). 

We for the first time evaluated the patients with epilepsy by
GnRH-analogue buserelin, stimulation test. GnRH agonists,
including buserelin, are potent and specific stimulators of the
pituitary-gonadal axis. Sahin et al. demonstrated that buserelin
stimulates ovarian 17-OHP secretion in PCOS more than in normal
women and they concluded that theca cells are more sensitive to
LH and increased ovarian volume in PCOS may be responsible for
the elevated 17-OHP response to buserelin. In the current study,
peak and AUC 17-OHP levels were significantly higher in the VPA
and CBZ groups than in the control group (20). The buserelin
stimulation test results suggest that women on epilepsy treatment
are prone to increased ovarian stroma and androgen production
which may contribute to increased PCOS phenotype among
women with epilepsy.

Besides, our results showed that patients with epilepsy have a
remarkable insulin resistance compared to healthy individuals .
Hyperinsulinemia is thought to be the key factor in the
pathogenesis of PCOS (19,33). Isojarvi et al. reported an increase in
fasting serum insulin with VPA treatment (26) . Luef et al. showed
that VPA exposure was associated with higher androgen,
postprandial insulin and proinsulin levels (33). However, in that
study they did not compare the patients with a control group.
Insulin metabolism in VPA treated epileptic patients has been
evaluated in several studies (34,35,36,37). Most of these studies
reported hyperinsulinemia and weight gain in VPA-treated patients
compared with controls, or in comparison to pre-treatment  values
(13,36,37). Isojarvi et al. demonstrated that weight gain associated
with VPA use might lead to the development of metabolic
syndrome, including hyperinsulinemia, which has been shown to
stimulate PCO and androgen synthesis (38). Pylvanen et al. (39)
showed that both lean and obese patients receiving VPA had
higher insulin levels than controls, but there was no difference in
leptin levels between the VPA and control groups. These data
support a causative role in the development of hyperinsulinemia
and suggest that VPA is directly linked to insulin-stimulated
hyperandrogenism in epileptic women rather than obesity.
Pylvanen’s group showed that VPA does not induce insulin
secretion but might interfere with the insulin metabolism in the
liver, resulting in higher insulin concentration in the peripheral
circulation (40). These changes occur irrespective of concomitant

weight gain, suggesting that increased insulin concentrations
induce weight gain. Also, our data show normal BMI values similar
to that in control subjects indicate that insulin resistance was
associated with epilepsy or its treatment itself.

The prevalence of PCOS among women with idiopathic and
cryptogenic epilepsy under VPA or CBZ treatment is higher than
expected. Although the etiology of PCOS in epileptic women
cannot be explained by our findings, we observed that these
patients had increased ovarian stroma and activity characterized
by hyperandrogenemia, as demonstrated by buserelin testing, and
increased insulin resistance, as demonstrated by OGTT
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