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Weight Reduction Aids

Antiepileptic Therapy to Restore
Ovarian Functions of Epileptic

Polycystic Ovary Women

Abstract

Objectives: To evaluate the hormonal profile of epileptic women
with polycystic ovary (PCOS) and to determine the impact of weight
reduction regimen on their ovulatory function in comparison fo non-
epileptic PCOS women and normal fertile control women.

Patients and Methods: The study included 60 PCOS diagnosed
depending on the Rotterdam criteria, 40 women were epileptics and
20 women were non-epileptics. The epileptic disorders were classified
in accordance with the International League Against Epilepsy (ILAE)
Classification and treatment 2010, remained constant throughout the
whole study period. In all patients transvaginal ultrasonographic (TVU)
examination was performed and body weight (BW) and height were
measured to calculate body mass index (BMI). Blood samples were
obtained in the early follicular phase of the baseline cycle (days 5-7) for
hormonal profile determination. All PCOS women were prescribed the
same energy-restricted, high-protein diet and underwent a walking/
jogging program comprising five sessions per week for 6 months and
hormonal profile was repeated.

Results: Among women with epilepsy, 25 patients had cryptogenic
generalized epilepsy and 15 patients had cryptogenic localization-
related epilepsy, 24 patients were on therapy and 16 were unfreated.
All studied patients showed significantly higher BW and BMI compared
to control group. Weight reduction regimen resulted in significant
reduction of BW and BMI of PCOS women compared fo baseline
measures with non-significant difference among studied groups.
Baseline estimation of serum hormones profile showed discrepant
results that were significantly deviated in all studied women from
the control levels. The impact of epileptic therapy was evident
and manifested as significantly lower FSH, LH and prolactin (PRL) in
untreated women compared to controls, non-epileptic patients and
epileptic patients receiving freatment. Serum E, showed significant
increase in non-epileptic patients, but was non-significantly increased
in epileptic patients compared to baseline levels. Patients maintained
on VPA showed significantly higher serum FSH, PRL and testosterone
with significantly lower serum E, compared fo those receiving other
forms of antiepileptic therapy. Nineteen women got ovulation with
success rate of 31.7%; 11 women were non-epileptic, 6 women on
antiepileptic therapy and only 2 of women who were untreated.

Conclusion: In epileptic PCOS women when polytherapy was
provided with avoidance of VPA, combined weight reductionregimens
associated with aerobic physical exercise intervention induce weight
loss with subsequent amelioration of inhibitory effect of obesity on the
reproductive function and adjustment of the hyperandrogenic milieu
and induction of ovulatory cycles that promise for regaining fertility.

Introduction

Epilepsy is a major public health problem in all countries. It
has a strong personal, familial, and social impact, and in addition
to seizures, patients and their families may have to face many other
problems. For instance, impaired fertility is an additional problem
of women with epilepsy with increased frequency of reproductive
endocrine disorders, in particular of polycystic ovary syndrome [1].
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Polycystic ovary syndrome is associated with a number of
reproductive disorders and is characterized by the presence of
polycystic ovaries, menstrual dysfunction, infertility or reduced
fertility, and biochemical or clinical hyperandrogenism. PCOS also
increases the prevalence and risk of a number of cardiometabolic
disturbances including insulin resistance, hypertension, dyslipidemia,
and diabetes [2].

The relationships among hormones, epilepsy, and the medications
used to treat epilepsy are complex, with tridirectional interactions
that affect both men and women in various ways. Abnormalities
of baseline endocrine status occur more commonly in people with
epilepsy. Abnormalities are most often described for the sex steroid
hormone axis, commonly presenting as sexual dysfunction in men
and women with epilepsy and lower fertility [3,4].

Verrotti et al. reported that epileptic discharges from the
temporal lobe may have a direct influence on the function of the
hypothalamic-pituitary axis, thus altering the release of sex steroid
hormones, including the production of LH, FSH, gonadotropin-
releasing hormone and prolactin [5].

Also, Luef indicated that temporal lobe epilepsy is associated
with abnormalities of reproductive physiology, but the mechanisms
of hormonal dysregulation are not clear [6]. A direct influence of
epilepsy on the reproductive endocrine system is suggested by acute
changes in PRL and gonadotropin levels following generalized
and partial seizures, pointing to a possible relationship between
temporolimbic epileptiform discharges and particular reproductive
endocrine disorders. Chronic effects of the epileptic state and the
acute impact of seizures could alter hypothalamic function, as
indicated by downstream pulsatile secretion of luteinizing hormone.
Brain controls reproductive function primarily through hypothalamic
regulation of pituitary secretion regions of the hypothalamus. These
are areas receive extensive direct connections from the cerebral
hemispheres, especially from temporolimbic structures, most notably
from the amygdala, that are commonly involved in temporal lobe

epilepsy [7].
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Thus, the present study was designed to evaluate the hormonal
profile of epileptic women with PCOS and to determine the impact of
weight reduction regimen on their ovulatory function in comparison
to non-epileptic PCOS women and normal fertile control women.

Patients and Methods

The present study was conducted at Departments of Neurology,
Obstetrics & Gynecology and Clinical Pathology, Al-Dar Hospital,
and Saudi German Hospital, Madinah, KSA. After obtaining written
fully informed patients’ consents, the study included 60 PCOS
diagnosed depending on the Rotterdam criteria, in which at least
two of the following three criteria were met: Oligomenorrhea (<8
spontaneous menstrual cycles per year for at least 3 years before
enrollment) or amenorrhea, biochemical hyperandrogenemia (serum
total testosterone level >0.8 ng/ml), and polycystic ovaries (>12
follicles in the 2-9 mm range, thickened stroma and/or an ovarian
volume >10 ml per ovary by vaginal ultrasound) [8,9].

Among the enrolled PCOS women, 40 women were epileptic
(Study group) and 20 women were non-epileptic as a positive control
group for PCOS. The study also, included 20 normal non-epileptic
fertile women of cross-matched age with normal ovulation and no
signs of hyperandrogenemia with body mass index <24.9 kg/m?* as
negative control group for both epilepsy and PCOS. Women had
systemic or central nervous system illnesses (apart from epilepsy)
that could interfere with hypothalamic-pituitary-ovarian function,
receiving any other medications for any medical illnesses, hormonal
or psychotropic medications apart from antiepileptic drugs, had
current or previous pregnancy within 1 year of enrollment or on
the use of hormonal contraception within the last 6 months prior to
inclusion in the study were excluded.

The epileptic disorders were classified in accordance with the
ILAE Classification [10] and treatment received prior to enrollment
remains constant throughout the whole study period. In all patients
transvaginal ultrasonographic (TVU) examination was performed
within day 5 of the cycle at time of enrollment and anthropometric
measurements including body height measured using a stadiometer
(SECA, Hamburg, Germany), and weight was measured using
electronic digital scales (Mercury, AMZ 14, Tokyo, Japan) were
determined to calculate BMI as weight (kg)/height (m?) [11]. Obesity
grades were defined after the WHO expert consultation [12] as BMI
<24.9 as average, 25-<30 kg/m? as overweight, BMI 230-35 kg/m? as
obese and BMI >35 kg/m? as morbid obese.

Laboratory investigation

Blood samples were obtained in the early follicular phase of
the basal cycle (days 5-7) in a plane container and were left to clot
then serum was separated by centrifugation at 3000 rpm for 10 min.
and stored at -20°C until analysis. Follicle stimulating hormone
(FSH), leutinizing hotmone (LH), prolactin (PRL), 17{-estradiol
(E,), Testosterone (T) and sex-hormone binding globulin (SHBG)
were measured by RIA using commercial enzymatic kits (Diagnostic
Systems Laboratories). Progesterone levels >3 ng/ml on day 21 were
considered indicative of ovulation.

Weight reduction program

All PCOS women were prescribed the same energy-restricted,

high-protein diet (5000-6000 kJ/d) for a planned weight loss of 10-
15 kg over the study period. The diet provided 30% of energy as
protein, 40% as carbohydrate, and 30% as fat. In addition, women
were assigned to undergo a walking/jogging program comprising
five sessions per week. The training heart rate (HR) was based on a
percentage of the maximum heart rate achieved in the treadmill tests
conducted at time of enrollment and at 6 m.

Statistical analysis

Results were expressed as mean * SD, range, numbers and
percentages. Intra-group data was statistically analyzed using paired
t-test and inter-group analysis was examined using Wilcoxone
Ranked test for related data (Z test). Statistical analysis was conducted
using SPSS statistical program, (Version 10, 2002). P value <0.05 was
considered statistically significant.

Results

Neurological assessment defined 25 patients (62.5%) affected
by idiopathic or cryptogenic generalized epilepsy and 15 patients
(37.5%) were affected by symptomatic or cryptogenic localization-
related (focal) epilepsy. Twenty-four (60%) were given antiepileptic
drugs (S1 group); 14 patients were receiving monotherapy and 10
were receiving polytherapy, while 16 patients (40%) were untreated
(S2 group), as they are following traditional therapy (Table 1).

Studied patients showed non-significant difference as regards
body weight, body height and body mass index; while all showed
significantly higher body weight and body mass index compared to
control group (Table 2).

Weight reduction regimen for 6-months resulted in significant
reduction of body weight and BMI of PCOS women compared
to their measures at the start of the regimen with non-significant
difference among studied groups as regards both body weight and
BMI determined at the end of the weight reduction regimen (Table
3).

Baseline estimation of serum hormones profile showed discrepant
results that were significantly deviated in all studied women from the
control levels. However, the impact of epileptic therapy was evident
and manifested as significantly (p<0.05) lower FSH, LH and prolactin
in untreated women compared to controls, non-epileptic patients and
epileptic women receiving treatment. On the other hand, antiepileptic
therapy showed no impact on serum E, or androgenic hormones
manifested as non-significant (p>0.05) difference among studied
patients with significant difference compared to control levels. The
applied weight reduction regimen allowed significant reduction of
serum androgens in treated women with epilepsy and non-epileptic
PCOS women compared to their corresponding baseline levels. On
the other hand, serum E, showed significant (p<0.05) increase in non-
epileptic, but was non-significantly (p>0.05) increased in patients
with epilepsy compared to their corresponding baseline levels (Table
4).

Despite the promising results of combined weight reduction
regimen and antiepileptic therapy, patients maintained on VPA
showed the least results and showed significantly (p<0.05) higher
serum FSH, prolactin and testosterone with significantly (p<0.05)
lower serum E, but non-significantly (p>0.05) higher SHBG
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Table 1: Epileptic patients’ distribution .

Group S1 Group S2 Total
Number (%) 24 (60%) 16 (40%) 40 (100%)
. . Generalized 15 (37.5%) 10 (25%) 25 (62.5%)
Type of epilepsy Cryptogenic -
Localized 9 (22.5%) 6 (15%) 15 (37.5%)
Phenobarbital 7 (17.5%) 7 (17.5%)
Monotherapy Carbamazepine 5 (12.5%) 5 (12.5%)
VPA 2 (5%) Untreated 2 (5%)
Treatment -
VPA & Phenobarbital 3 (7.5%) 3 (7.5%)
Polytherapy Phenobarbital & Carbamazepine 3 (7.5%) 3 (7.5%)
VPA & Carbamazepine 4 (10%) 4 (10%)

*VPA: Valproic Acid

Table 2: Baseline data of PCOS women compared to control women.

PCOS groups
Control group Epileptic group
(n=20) Non-epileptic group (n=20)
Group S1 (n=24) Group S2 (n=16)
Age (years) 26.7+2.4 25.6+2.5 26.5+5.2 25.4+4.8
63.8+5 96.5+8.2 96.3+7.5 98.8+5.8
Body weight (kg)
P=0.0007 P=0.0007 P=0.0003
Body height (cm) 166.1+3.6 165.5+3.7 165.4+3.1 165.7+3.7
23.11+1.22 35.2+3 35.2+3 36+2.4
BMI (kg/m?)
P=0.0006 P=0.0005 P=0.0003

*P: Significance versus control group

Table 3: Body weight and BMI of PCOS women determined prior to and at end of weight reduction regimen.

Epileptic group
Group S1 (n=24) Group S2 (n=16) Non-epileptic group (n=20)
Start 96.5+8.2 96.3+7.5 98.845.8
Body weight (kg) End 91.9+6.9 89.8+6.8 92.5+4.5
p P=0.0006 P=0.0004 P=0.0003
Start 35.2+3 34.9£3.3 36+2.4
BMI (kg/m?) End 33.8+2.6 32.9+2.9 33.7+1.9
p P=0.0009 P=0.0004 P=0.0002

*P: Significance versus at start levels

compared to those receiving other forms of antiepileptic therapy
(Table 5).

Throughout follow-up period, 19 women got ovulation as judged
by serum progesterone >3 pg/ml and using TVU with success rate
of 31.7%. Eleven women of non-epileptic women got ovulation
with success rate of 55%. Eight patients with epilepsy had ovulation
with a success rate of 20% among women with epilepsy; 6 women
on antiepileptic therapy had ovulation with success rate of 25% and
only 2 of women who were not treated had ovulation with a success
rate of induction of ovulation among patients with epilepsy without
treatment of 12.5% (Figure 1).

Discussion

The present study illustrated the impact of epilepsy with
associated neurological disturbances on the feminine hormonal
milieu as manifested by increased serum FSH, LH and prolactin in
studied patients with epilepsy compared to control fertile women;

a finding indicating the impact of epilepsy on the pituitary function
either through disturbing the hypothalamic or higher centers
control. These data are in line with Murialdo et al. who found that
in epileptic patients; serum E,, free E,, and progesterone levels were
lower in both ovarian phases, whereas those of SHBG were higher
than in controls with no significant changes in hormone levels and in
prevalence of anovulatory cycles between patients grouped according
to their seizure frequency [13]. Galimberti et al. also, found serum
E,, progesterone, and free estrogen index were lower, whereas SHBG
levels were higher in the epilepsy patients than in the controls, but
their levels were not different between groups of patients categorized
according to seizure frequency score [14].

Epileptic patients showed higher SHBG levels compared to non-
epileptic women and those on treatment compared to untreated
patients, a finding indicating a possible role of AEDs on the
increased levels of SHBG and subsequent decreased free estrogen
level that could be attributed to consumption by the high levels of
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Table 4: Mean (+SD) levels of studied hormones estimated prior to and at end of dietary regimen compared to control level.

PCOS women
(?:.'Zt(;;)l Epileptic Non-epileptic
Treated (n=24) Un-treated (n=16) (n=20)
9.44+0.64 10.97+1.28 8.98+0.65 9.38+0.66
Start P,=0.0001 P,=0.198 P,=0.737
FSH (miU/ml) P,=0.001 P,=0.001
P,=0.002
End 10.45+1.22 8.56+0.62 8.93+0.63
P,=0.0004 P,=0.0004 P,=0.0007
P,=0.195 P,=0.237 P,=0.069
10.7+0.86 10.4+1.29 7.61+0.71 10.58+0.65
Start P,=0.107 P,=0.0001 P =0.374
P,=0.159 P,=0.0002
LH (mIU/ml) P,=0.0002
9.91+1.23 7.25+0.67 10.08+0.62
End P,=0.096 P,=0.0002 P,=0.237
P,=0.074 P,=0.103 P,=0.123
7.68+0.98 9.35+1.34 10.27+1 7.5+0.99
Start P,=0.003 P,=0.001 P =0.421
P,=0.002 P,=0.003
Prolactin (ng/ml) P,=0.0004
8.91+1.28 9.79+0.96 7.15+0.95
End P,=0.009 P,=0.0004 P,=0.0007
P,=0.004 P,=0.003 P,=0.001
Start 87.88+6.72 65.88+17.7 58.64+17 58.69+11.4
P,=0.0008 P,=0.0006 P,=0.0004
E2 (pg/ml) 70.97+17.84 64.65+10.59 69.05+8.92
End P,=0.0004 P,=0.0008 P,=0.0002
P,=0.071 P,=0.063 P,=0.001
Start 0.8+0.2 2.65+0.45 2.85+0.78 2.71+0.43
P,=0.0003 P,=0.0006 P,=0.0002
Testosterone (nmol/l) 2.32+0.39 2.5+0.43 2.37+0.38
End P,=0.0006 P,=0.0004 P,=0.0007
P,=0.004 P,=0.003 P,=0.001
Start 18.365 30.72+10.2 27.77+10.25 32.67+10.3
P,=0.0006 P,=0.001 P,=0.0003
SHGB (nmoll/l) 23.81+7 21.52+7.9 25.32+8
End P,=0.0004 P,=0.061 P,=0.0006
P,=0.002 P,=0.002 P,=0.004

*P,: Significance versus control; P,: Significance versus non-epileptics; P,: Significance versus treated epileptics; P,: Significance versus at start levels

Table 5: Mean (+SD) levels of studied hormones in epileptic women under treatment estimated prior to the dietary regimen compared to control level.

Control (n=20) VPA treated (n=9) No VPA (n=15)
9.44+0.64 11.3+1.39 9.05+1.12
FSH (mIU/ml) P,=0.008 P,=0.001
P,=0.008
10.7+0.86 11.21+0.35 10.79+1.23
LH (mIU/ml) P,=0.021 P,=0.003
P,=0.128
7.68+0.98 10.49+0.66 8.67+1.17
Prolactin (ng/ml) P,=0.008 P,=0.011
P,=0.011
87.88+6.72 44.62+3.69 78.63+6.47
E, (pg/ml) P,=0.008 P,=0.003
P,=0.008
0.8+0.2 2.86+0.38 2.41+0.45
Testosterone (nmol/l) P,=0.008 P,=0.001
P,=0.678
18.36+5 32.53+10.19 29.63+10.4
SHGB (nmol/l) P,=0.021 P,=0.005
P,=0.374

*P,: Significance versus control; P,: Significance versus VPA treated
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Figure 1: Patients distribution according to menstrual cycle characters at the end of dietary regimen.

SHBG. These data go in hand with Isojarvi who attributed the role
of AEDs in induction and/or maintenance of feminine subfertility or
infertility to the fact that the use of the liver enzyme inducing AEDs
phenobarbital, phenytoin and carbamazepine increases serum SHBG
concentrations in both men and women with epilepsy and over time
the increase in serum SHBG levels leads to diminished bioactivity of
testosterone and estradiol, which may result in diminished potency in
men and menstrual disorders in some women, and, thus, to reduced
fertility [15].

Differentially, AEDs induced varied disturbances in studied
women hormonal milieu as patients maintained on VPA showed
significantly higher serum FSH, prolactin and testosterone with
significantly lower serum E, but non-significantly higher SHBG
compared to those receiving other forms of antiepileptic therapy.
These data indicated a fact that VPA therapy allowed maintenance of
the hyperandrogenic state and go in hand with Isojérvi who reported
that valproate medication in women is associated with a frequent
occurrence of reproductive endocrine disorders characterized
by polycystic changes in the ovaries, high serum testosterone
concentrations and menstrual disorders and young women with
epilepsy seem to be especially vulnerable to the effects of VPA on
serum androgen levels [15].

In support of the obtained data, Leskiewicz et al. reported
that valproate decreased FSH-stimulated estradiol release and
enhanced testosterone level, while carbamazepine enhanced SHBG
concentration [16]. Verrotti et al. also, reported that AEDs may
modulate hormone release from the hypothalamic-pituitary-
gonadal axis and they may alter the metabolism of sex hormones
and their binding proteins; hepatic enzyme-inducing AEDs, such as
carbamazepine and phenytoin, may be most clearly linked to altered
metabolism of sex steroid hormones, but valproic acid, an enzyme

inhibitor, has also been associated with a frequent occurrence of
polycystic ovary syndrome and hyperandrogenism in women with
epilepsy [5]. Drislane et al. stated that LH pulse frequencies in women
with Temporal lobe epilepsy (TLE) may be influenced by the laterality
of the epileptic focus, the reproductive endocrine status, and the use
of antiseizure medications [17].

Asregards the benefits gained by weight reduction program, non-
epileptic PCOS patients showed more weight reduction compared
to patients with epilepsy despite the difference was non-significant,
however, all PCOS patients showed significantly lower body weight
and BMI compared to their baseline data, but the extent of change
was less in treated patients. The reported weight loss and changes in
hormonal milieu in non-epileptic women indicated a role of dieting
regimens and exercise in affecting the ovulatory functions of non-
epileptic PCOS women. In support of this attribution, 11 out of 19
got ovulation were non-epileptic women and goes in hand with that
reported in literature. Thomson et al. reported significant reductions
in waist circumference, blood pressure, fasting insulin, fasting glucose,
homeostasis model assessment of insulin resistance, testosterone,
free androgen index, and an increase in SHBG with improved
heart rate recovery which suggests improved autonomic function
and thus highlights the importance of weight loss and exercise to
reduce the cardiovascular disease risk in PCOS women [18]. Vause
et al. defined the guidelines for management of PCOS as following:
weight loss, exercise, and lifestyle modifications have been proven
effective in restoring ovulatory cycles and achieving pregnancy in
overweight women with PCOS and should be the first-line option
for these women [19]. In support of the applied intervention model
without medications, Karimzadeh & Javedani reported that lifestyle
modification of PCOS women achieved a significant reduction in
waist circumference, total androgen, and lipid profile with clinical
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pregnancy rate of 20% with lifestyle modification compared to 12.2%
in those received clomiphene citrate alone, 14.4% with metformin
alone, 14.8% with combined clomiphene citrate and metformin [20].

Despite the reported non-significant difference between treated
and untreated epileptic PCOS women, women treated with AEDs
showed non-significantly higher body weight and BMI and this could
be attributed to the effects of AEDs on various endocrinal systems. In
support of this attribution, Verrotti et al. stated that carbamazepine,
oxcarbazepine or joined administration of carbamazepine and
valproate decrease thyroxine (T4) level in patients with no effect
on TSH, enhance leptin and insulin blood level and increased body
weight [5].

The beneficial effect of maintenance therapy on fertility status
despite these documented effects of differential lines of treatment
was evident as 6 of the 8 patients with epilepsy got ovulated were on
treatment but with polytherapy. This finding could be attributed to
the in vitro findings of Killer et al. who found that in both, humans
and cell lines, estrogen receptor alpha expression was increased by
the P450-inducing AEDs, but not by prednisolone, which indicates
that pathways different from CYP3A4/11 led to estrogen receptor
alpha enhancement with subsequent induced estrogenic activity
and commencement of feminine hormonal milieu and subsequently
ovulation [21].

Thus, combined weight reduction program with antiepileptic
therapy can break through the closed triangle of epilepsy, AED and
hormonal disturbance resulting in anovulation and subsequently
subfertility or even infertility. In support of such assumption, Moran
et al. reported that the emerging evidence suggests that exercise offers
additional benefits to dietary energy restriction for reproductive
features of PCOS and should be used as the primary therapy in
overweight and obese women with PCOS for the treatment of
metabolic complications and improved ovulatory function and
pregnancy [22].

It could be concluded that in epileptic PCOS women when
polytherapy was provided with avoidance of VPA, combined
weight reduction regimens associated with aerobic physical exercise
intervention induce weight loss with subsequent amelioration
of inhibitory effect of obesity on the reproductive function and
adjustment of the hyperandrogenic milieu and induction of ovulatory
cycles that promise for regaining fertility.
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