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Abstract A significant mutual interaction between sex hormones and the central 
nervous system has been reported by several studies in the past years.

This paper aims to discuss the genomic and electrophysiological effects of an-
drogens, estrogens and progestogens on neurons, their influence on seizure frequen-
cy and antiepileptic drugs metabolism, and, conversely, the hormonal changes and 
reproductive dysfunction in patients with epilepsy.

In conclusion, the correlations between Polycystic Ovary Syndrome (PCOS), 
reduced effectiveness of contraceptives and antiepileptic drugs have also been men-
tioned.

Epilepsy represents one of the most frequent neurological diseases worldwide, 
affecting nearly 1 % of the population. It is characterized by the chronic recurrence 
of seizures in an unpredictable fashion. The prevention of seizures is the primary 
goal of epilepsy treatment. This requires the use of anti-epileptic drugs (AEDs) for 
the majority of patients.

Biological, experimental, and clinical studies for a number of years reported a 
noticeable interaction between epilepsy, AEDs and sex hormones.

Not only seizures and AEDs can induce significant changes in sex hormones reg-
ulation, sexual development, and reproductive functions, but also seizures and AEDs 
metabolism are strongly influenced by steroid hormones and their derivatives.
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Sex Hormones Role on CNS

Androgens, estrogens, and progestogens play a key role in shaping neural activity 
since prenatal life, moreover they exert a regulatory action on neurotransmitters 
and their receptors in neurons. Sex hormones interact with tissues, like the brain, 
by means of both receptor mediated and receptor-independent pathways. The first 
mechanism starts with nuclear receptor dimerization after hormone binding, there-
after the steroid-receptor complex in turn binds to and regulates the transcription of 
sex steroid responsive genes or post-transcriptional proteins. (Keefe 2002; Reddy 
2009; Finocchi and Ferrari 2011) Each steroid receptor isoform is linked with dif-
ferent adapter protein and different response elements. Non-genomic effects of sex 
steroids have also been reported. (Keefe 2002) These effects are usually faster than 
nuclear receptor-mediated ones. Indeed, some steroids seem to conditioning elec-
trophysiologic neuronal activity by interacting with high affinity on specific bind-
ing sites of the main neurotransmitter receptors, like GABA-A and NMDA recep-
tors, effectively acting as neural stimulants or depressant. For instance, some of 
these hormones exert an agonist action on the GABA-A receptor even more potent 
than benzodiazepines and barbiturates, clearly affecting the epileptogenic activity. 
(Keefe 2002; Reddy 2009)

Estrogens show evident proconvulsant and epileptogenic properties, even if in 
sometimes they may exhert protective and anticonvulsant effects. Several studies 
have found estradiol (E2) both to enhance NMDA receptor activity and to temporar-
ily decrease GABA inhibition. Moreover it appears to decrease GABA synthesis. 
There is also emerging evidence of hippocampus hyperexcitability due to estrogen 
and brain derived neurotrophic factor interactions (Foldvary-Schaefer et al. 2004; 
Erel and Guralp 2011; Finocchi and Ferrari 2011; Guille et al. 2008)

In contrast, clinical studies reported marked anticonvulsant qualities of proges-
terone, in particular of its 5α-reduced metabolites, like allopregnanolone. It has 
been demonstrated that glial and neuronal cells of the cerebral cortex and subcorti-
cal white matter are even able to synthesize by themselves from cholesterol these 
metabolites (neurosteroids). (Finocchi and Ferrari 2011; Reddy 2009; Guille et al. 
2008). Neurosteroids activate the GABA receptor both directly, by binding two 
distinct sites different from the benzodiazepine or barbiturate sites, and indirectly, 
through a longer-term action on progesterone nuclear receptors. (Reddy 2009)

Nevertheless, proconvulsant neurosteroid acting as NMDA receptor agonists 
and GABA-A receptor antagonists have been identified (i.e. pregnenolone sulfate). 
(Reddy 2009)

In regards to androgens, testosterone affects neural activity depending on its con-
version to androstanediol, which has anticonvulsant and GABA-A agonist property, 
and E2 with the aforementioned proconvulsant activity. (Reddy 2009; Keefe 2002; 
Hamed 2008)
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Effects on Seizures-Catamenial Epilepsy

There is clinical evidence that interaction between steroid hormones and the CNS 
influences seizure susceptibility in epileptic patients. Being this especially evident 
in women, whose remarkable hormonal changes during puberty as well as pregnan-
cy and menopause affect seizure frequency and AED metabolism. Moreover meno-
pausal transition seems to have an effect on seizure susceptibility with a seizure 
increase of about 30 % in women with epilepsy in perimenopause and a tendency 
to decrease after menopause, but there is no consensus on these findings (Erel and 
Guralp 2011; Røste et al. 2008).

Another clear proof of the role of sex hormones in seizure exacerbation is the 
catamenial epilepsy phenomenon in women. Catamenial epilepsy (CE) derives 
from the Greek word katamenios, which means “monthly”, and it refers to a cycli-
cal variation in seizures frequency in relation to menstrual cycle phases in women 
affected by epilepsy (genetic, structural, metabolic or of unknown cause), especially 
temporal-lobe epilepsy (Foldvary-Schaefer et al. 2004; Guille et al. 2008; Reddy 
and Rogawski, 2009; Pennell 2009; Pack 2010; Finocchi and Ferrari 2011). The in-
cidence varies from 10 to 70 % due to the lack of an unambiguous definition and to 
methodological differences among studies (Reddy 2009). A significant contribution 
to the study of CE was made by Herzog et al. (Herzog et al. 1997), who proposed 
the most accepted definition: a twofold increase in average daily frequency during a 
phase of menstrual cycle. They also described three subcategories of CE: C1 during 
the perimenstrual period, probably due to the withdrawal of allopregnanolone and 
other inibitory neurosteroids at the time of menstruation, C2 in the periovulatory 
phase, owing to an increase in estrogen concentration, defined above as procon-
vulsant, and C3, typical of the inadequate luteal phase of women with anovulatory 
cycles (see Table 1 and Fig. 1). A concurrent involvement in CE of AEDs blood 
level fluctuations and of the possible changes in water, pH, and electrolyte cannot 

Subcategories of 
catamenial epilepsy

Main characteristics

C1—perimenstrual Due to the rapid decrease in anticonvulsant progesterone and neuros-
teroids blood level during days − 3 to + 3 which lead to descreased 
GABA inhibition
Incidence: 71 % of women with regular ovulatory cycles

C2—periovulatory Due to the proconvulsant estrogen peak not balanced by an adequate 
level of neurosteroids in days 10–13. This requires a decrease in GABA 
inhibition and a marked excitation
Incidence: 71 % of women with regular ovulatory cycles

C3—inadequate 
luteal

Due to the insufficient brain levels of neurosteroids resulting from 
progesterone metabolism in anovulatory cycles. The final result is both a 
marked estradiol excitation and a persistent low GABA inhibition during 
days
Incidence: 78 % of women with anovulatory cycles (luteal phase)

Table 1  Three types of catamenial epilepsy. (modified from Reddy 2009)



A. Verrotti et al.204

be definitely ruled out, although hormonal oscillation maintains a key etiologic role 
(Pack 2010). A correct diagnosis of CE requires both careful compilation and evalu-
ation of menstrual and seizure diaries as well as characterization of cycle type and 
duration (Reddy 2009; Foldvary-Schaefer et al. 2004). It is not rare to find women 
with CE presenting with state-dependant pharmacoresistance or intractable seizures 
(Reddy and Rogawski 2009). The first-line therapy includes the AEDs and usu-
ally requires cyclic dosage adjustments or supplement with other AEDs. Adjunctive 
hormonal treatment with progesterone or estrogen antagonists has been reported 
to augment seizure control in appropriate CE patients (Pack 2010; Herzog 1995, 
1999). Natural progesterone, mainly converted to the anticonvulsant allopregnano-
lone, has been demonstrated to be effective in women with focal epilepsy and CE, 
even though it showed endocrine and CNS side effects (Herzog 1986, 1995, 1999; 
Pack 2010; Reddy 2009). Synthetic progestogen like Medroxyprogesterone is only 
partially converted to active neurosteroids, resulting in moderate improvement in 
seizure frequency (Zimmerman et al. 1973; Mattson et al. 1984). Nonetheless it pro-
vokes menses interruption and consequently reproductive disturbances in long-term 
therapy. On the contrary the use of combined oral contraceptives has a question-
able effectiveness (Guille et al. 2008). Antiestrogens (clomiphene citrate), andro-
gen, or synthetic gonadotropin-releasing hormone therapies have a limited utility 
as they show several adverse events (Foldvary-Schaefer et al. 2004). Great interest 
has been recently engendered about the use of Ganaxolone in CE. Ganaxolone is 
a synthetic analogue of allopregnanolone with potent positive action on GABA-A 
receptors resulting in anticonvulsant effect (Reddy 2009; Pack 2010; Guille et al. 

Fig. 1  Seizures distribution within the three patterns of catamenial epilepsy
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2008; McAuley et al. 2001). Non-hormonal therapy of CE includes Acetazolamide, 
a carbonic anhydrase inhibitor with a broad spectrum of efficacy on seizures. The 
mechanism of action on seizure reduction is unclear, maybe a diuretic effect is im-
plied. Since Acetazolamide is subject to tolerance as much as significant adverse 
events, it is usually administered intermittently (Reddy 2009; Ross 1958; Lim et al. 
2001; Pack 2010).

Anyway, further investigation is needed in the matter of CE therapy given that 
data currently available largely belong to small non randomized studies and empiri-
cal evidence (Reddy 2009).

Effects of Seizures on Sex Functions

Epilepsy itself may directly influence the hypothalamic-pituitary axis (Herzog et al. 
1986; Isojärvi et al. 2005; Scharfman et al. 2008) Preclinical investigations sug-
gested that the involvement of medial temporal lobe regions in epilepsy may alter 
sex hormone secretion and reproductive functions. A dysregulation of GnRH pul-
satility and therefore of LH/FSH ratio in epileptic women and of testosterone/LH 
ratio in epileptic men has been described (Verrotti et al. 2011; Drislane et al. 1994; 
Ciampani et al. 2005; Morell 2003; Herzog 2008; Hamed 2008; Fawley et al. 2006). 
Experimental studies reported an interesting correlation with laterality, even though 
datas are not univocal (Pack 2010; Quigg et al. 2009). Unilateral left-sided tem-
porolimbic discharges seem to increase the pulse frequencies of GnRH secretion, 
resulting in a higher occurrence with PCOS, while right-sided temporolimbic dis-
charges may decrease GnRH pulse frequency and are more commonly associated 
with sexual dysfunction (hypotalamic amenorrhea, functional hyperprolactinemia, 
infertility and premature menopause in women; decreased libido, abnormal semen 
analysis and reduced fertility in men with epilepsy) (Verrotti et al. 2011; Herzog 
et al. 1986; Morrell et al. 2005; Quigg et al. 2009; Harden 2008; Duncan et al. 
2009).

Furthermore, some studies draw attention to the increased risk of premature 
ovarian failure and perimenopausal symptoms in women with epilepsy (Klein et al. 
2001; Harden 2003).

Mutual Interactions Between Sex Hormones and AEDs

There is increasing evidence of AEDs contribution to sex dysfunction in epileptic 
patients. Indeed, studies suggest that AEDs may variably influence both the steroid 
hormones metabolism and their binding proteins (Hamed 2008; Bauer et al. 2002). 
Enzyme-inducing AEDs (EIAEDs)—such as phenobarbital (PB), phenytoin (PHT), 
and carbamazepine (CBZ)—rather than non-EIAEDs (NEIAEDs) have been known 
to play a critical role in steroid hormones abnormalities (see Table 2). EIAEDs can 
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induce hepatic cytochrome P450 (CYP450), a system of mixed oxidative enzymes 
which metabolizes AEDs to a more water-soluble form. As the CYP450 is involved 
in steroids metabolism, its induction implies a faster hormone clearance (Isojärvi 
et al. 2005). In addition, EIAEDs were found to increase serum sex hormone-bind-
ing globulin (SHBG) levels in patients with epilepsy, reducing biologically active 
steroid hormones like DHEAS, T, free androgen index, and E2 (Pennell 2009; Erel 
and Guralp 2011; Verrotti et al. 2011). This may result in impotence and decreased 
fertility in men, hyperandrogenism and menstrual disorders in women. EIAEDs 
may also correlate with hypogonadotropic hypogonadism, by inhibiting LH secre-
tion, and with decreasing libido and potency, by increasing the conversion of testos-
terone to E2 (Hamed 2008).

Anyway also NEIAEDs have been found to be involved in hormonal dysregula-
tion. Valproate (VPA), in particular, seems to be associated with high serum con-
centrations of T, androstenedione and DHEAS, and with increase in levels of LH 
and LH/FSH ratio, leading to polycystic ovary syndrome, hyperandrogenism and 
amenorrhea in women, reduced feritlity and sperm abnormalities in morphology, 
count and motility in men (Verrotti et al. 2011; Isojärvi et al. 1993; Prabhakar et al. 
2007; Rauchenzauner et al. 2010; Xiaotian et al. 2013; Morrell et al. 2005; Chen 
et al. 1992). Even if not yet clear, VPA may directly alter androgen production in 
ovaries or it may act indirectly, by inhibiting steroid hormones metabolism and 
thereby increasing serum androgen levels. It is noticeable that hyperandrogenism 
has been evidenced more frequently in women who have gained weight during VPA 
therapy and in those who started treatment before the age of twenty.

EIAEDs NEIAEDs
Carbamazepine Clobazam
Oxcarbazepine Clonazepam
Phenobaribatal Ethosuximide
Methylphenobarbital Mesuximide
Phenobarbital sodium Valproic Acida

Phenytoin Lamotrigine
Fosphenytoin sodium Gabapentin
Felbamate Pregabalin
Topiramate Vigabatrin
Primidone Tiagabine

Zonisamide
Sultiame
Beclamide
Levetriacetam
Rufinamide
Stripentol

a weak CYP inducer

Table 2  EIAEDs and 
NEIAEDs. (modified from 
Reddy 2009)
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Low prevalence of reproductive disorders has been reported during therapy with 
new AEDs like oxcarbazepine and lamotrigine (LTG), but no data are available for 
a number of other new AEDs. Besides, women on LTG, previously treated with 
VPA, seems to show a marked improvement in reproductive dysfunction (Isojärvi 
et al. 1998).

PCOS and AEDs

Among reproductive dysfunctions, PCO and PCOS appears to be particularly com-
mon in epileptic women (10–25 versus 5–6 % of health women) (Herzog et al. 
2003). Even though PCOS has been detected in non-treated epileptic patients, sev-
eral studies highlighted an increased incidence during AED treatment, in particular 
with VPA, but the evidence still remains controversial (Isojärvi et al. 1993, 1995, 
1996, 2001; Morrell et al. 2002, 2008; Betts et al. 2003; Prabhakar et al. 2007). 
Special attention should be directed to weight gain and insulin resistance, which 
can be common adverse effects of vigabatrin, carbamazepine and gabapentin other 
than VPA, because they have been reported as important risk factors for PCOS 
(Verrotti et al. 2011). Elevated serum leptin, impaired adipokine regulation, and 
low serum IGFBP-1 levels have been linked to VPA-related obesity in women 
with epilepsy (Belcastro et al. 2013; Greco et al. 2005; Gungor et al. 2007; Verrotti 
et al. 2011, 1999; Rauchenzauner et al. 2008). Moreover, VPA seems also able to 
stimulate insulin secretion both indirectly, by increasing free fatty acids levels in 
blood through albumin binding competition and directly by stimulating pancreatic 
b-cells and inhibiting glucose transporter protein type 1 (GLUT-1) activity (Luef 
et al. 2002, 2009, 2003; Wong et al. 2005; Belcastro et al. 2013; Evans et al. 2003). 
Finally, the inhibition of sympathetic nervous system, the impairment of insulin 
signal transduction pathway and the direct influence on the ovary via aromatase 
inhibition are other proposed mechanism of action of VPA (Verrotti et al. 2011). It 
has been demonstrated that all of these metabolic abnormalities predispose also to 
metabolic syndrome, which is frequently detected among VPA overweight patients 
as a consequence of the excess fat mass (Belcastro et al. 2013; Verrotti et al. 2010;  
see Fig. 2).

On the other hand, EIAEDs like phenitoine and CBZ may prevent from the de-
velopment of PCOS, by reducing free T levels.

Contraceptive and AEDs

EIAEDs may also interfere with oral contraceptive pills (OCPs) efficacy similar-
ly by reducing the biological active hormone concentrations and allowing ovula-
tions. In order to reduce the risk of unplanned pregnancies it is recommended to  
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prescribe an OCP with higher doses of ethinyl estradiol (≥ 50 micrograms) and to use  
additional non-hormonal forms of contraception (Erel and Guralp 2011; Bartoli 
et al. 1997; Pennell 2009; Guberman 1999).
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