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Abstract

Complex, multidirectional interactions between hormones, seizures, and the medications used to 

control them can present a challenge for clinicians treating patients with epilepsy. Many hormones 

act as neurosteroids, modulating brain excitability via direct binding sites. Thus, changes in 

endogenous or exogenous hormone levels can affect the occurrence of seizures directly as well as 

indirectly through pharmacokinetic effects that alter the concentrations of antiepileptic drugs. The 

underlying structural and physiological brain abnormalities of epilepsy and the metabolic activity 

of antiepileptic drugs can adversely affect hypothalamic and gonadal functioning. Knowledge of 

these complex interactions has increased and can now be incorporated in meaningful treatment 

approaches for men and women with epilepsy.

 Introduction

Neurologists have long accepted that hormones are involved in various ways in the 

manifestations of epilepsy and in its treatment with antiepileptic drugs. For example, raised 

concentrations of prolactin in serum after seizure-like events have been used as diagnostic 

tools to differentiate epileptic seizures from non-epileptic events. Further, treatment of 

infantile spasms with adrenocorticotropic hormone is a standard approach. These relatively 

common scenarios are not routinely thought of as part of neuroendocrinology, but they 

clearly show the presence of a connection between neurosteroid hormones and epilepsy.

The dynamic role of hormones in epilepsy is multidirectional, involving many factors. In 

this Review we present key research on neurosteroids in the context of epilepsy, 

hypothalamic hormonal dysregulation in epilepsy, and the effects of antiepileptic drugs on 

Correspondence to: Prof Cynthia L Harden, Comprehensive Epilepsy Care Center, North Shore-Long Island Jewish Health System, 
611 Northern Boulevard, Suite 150, Great Neck, NY 11021, USA, charden@nshs.edu. 

Contributors
CLH and PBP contributed equally to the literature search, the creation of figures and panels, the interpretation of published data, and 
the writing of this Review.

Conflicts of interest
PBP declares that she has no conflicts of interest.

HHS Public Access
Author manuscript
Lancet Neurol. Author manuscript; available in PMC 2016 June 30.

Published in final edited form as:
Lancet Neurol. 2013 January ; 12(1): 72–83. doi:10.1016/S1474-4422(12)70239-9.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reproductive hormones. Figure 1 shows the hypothalamicpituitary-gonadal axis for women 

and men, including the hormones relevant to the scope of this article. Relevant clinical 

scenarios, including catamenial epilepsy (seizures related to the menstrual cycle), polycystic 

ovary syndrome (PCOS), fertility, and perimenopausal and menopausal concerns are 

discussed. Management options are suggested in view of the findings presented in these 

sections.

 Neurosteroids

Neurosteroids are steroid molecules that modulate brain excitability and, therefore, can 

affect the occurrence of seizures. Oestrogen and progesterone, the primary reproductive 

hormones for women, both affect neuronal excitability., The complex actions of oestrogen 

on neuroexcitability occur via two mechanisms. The first is a short-latency, non-genomic 

effect that is thought to be mediated by the neuronal membrane. For example, the 

potentiation of kainite-induced currents has been noted after exposure to 17β-oestradiol in 

whole-cell, hippocampal patch-clamp recordings. This action is rapid in onset, reversible, 

and dose-related, which is consistent with a membrane effect. The second mechanism, more 

thoroughly explored, is a long-latency (hours to days) genomic effect. As for other steroid 

hormones, oestrogen enters passively into the cell, where it binds to and activates the 

oestrogen receptor, a dimeric nuclear protein that binds to DNA and controls gene 

expression. After oestrogen binding, the receptor complex forms a transcription factor that 

binds to hormone-receptor elements on genes to modify cellular responses. An example of 

this effect is oestradiol-induced increased density of agonist binding sites on the NMDA-

receptor complex in hippocampal cells, which can be detected 2 days after the start of 

oestradiol treatment. Oestrogen has long been suggested to have proconvulsant properties, 

but its effects might be more complex, dependent on dose, route of administration, acute 

versus chronic administration, natural hormonal environment, and oestrogenic species.–

Overall, at physiological concentrations, oestrogen does not seem to be strongly 

proconvulsant. Women with epilepsy, however, might be susceptible to the 

neurophysiological proconvulsant effects of this hormone during the rapid oestrogen spike 

associated with ovulation.

Progesterone, on the other hand, clearly promotes neuroinhibition, primarily through the 

action of its reduced metabolite, allopregnanolone, which acts as a positive allosteric 

modulator of GABA conductance., In experimental models, cyclical surges and decrements 

in the concentrations of progesterone and allopregnanolone alter susceptibility to seizures in 

predictable ways, although whether these cyclical hormonal effects fully account for 

catamenial seizure exacerbations is unclear.

The effect of allopregnanolone on GABA conductance is subject to a feedback mechanism 

within the GABAA receptor. GABAA-receptor-subunit components undergo compensatory 

alterations in response to changes in endogenous neurosteroids and the use of 

pharmacological agents that modulate GABAA receptors, such as benzodiazepines., For 

example, sustained exposure to allopregnanolone in rats causes increased expression of the 

GABAA-receptor α4-subunit in the hippocampus, which leads to decreased sensitivity of 

GABAA-receptor currents to benzodiazepine.
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The other main reproductive hormone, testosterone, is also a neurosteroid. Testosterone has 

two major classes of biologically active metabolites, which have opposite neuroexcitatory 

effects: oestrogens formed through the action of a cytochrome P450 enzyme, aromatase, and 

the 5α-reduced androgens. Aromatase and 5α-reductase are expressed in several organ 

systems, including the brain. The 5α-reduced androgens have mainly anticonvulsant effects 

due at least partly to their ability to act as substrates for the biosynthesis of 5α-

androstane-3α-diol (3α-DIOL). This molecule is structurally similar to allopregnanolone, is 

formed through similar reductive metabolic pathways, and modulates the activity of the 

GABAA receptor in the same way. 3α-DIOL is synthesised peripherally in prostate, liver, 

and skin, as well as de novo by glial cells in the brain. 3α-DIOL has been shown to act in a 

dose-dependent manner as an anticonvulsant against seizures in mice induced by the 

GABAA-receptor antagonists pentylenetetrazol, picrotoxin, and β-carboline ester. In the 

pentylenetetrazol-induced seizure model, 3α-DIOL metabolite is strongly anticonvulsant.

The potential importance of 3α-DIOL for the antiseizure effect of circulating androgens was 

shown in 5α-reductase-knockout mice, in which testosterone had no protective effect against 

seizures. Two other endogenous testosterone metabolites that are present in fairly high 

concentrations in men, androsterone and etiocholanolone, also have anti convulsant 

neurosteroid properties. Both metabolites protected male adult mice against seizures to 

varying degrees in different models, including exposure to 6 Hz electrical stimulation, 

pentylenetetrazol, pilocarpine, 4-aminopyridine, and maximum electroshock, and in 

hippocampal slice preparations.

 Causes of reproductive dysfunction in epilepsy

Increased rates of PCOS, decreased libido, infertility, and early menopause have been 

described in people with epilepsy. Epilepsy itself is implicated as an endocrine disruptor and 

leads to hypothalamic dysfunction that in turn generally has opposite effects on androgen 

concentrations in men and women—ie, androgenic activity is reduced in men but increased 

in women. The effect of epilepsy itself on central reproductive activity is confounded by the 

metabolic alterations induced by antiepileptic drugs on reproductive hormones, which are 

the same in men and women.

 Hypothalamic dysfunction

Regions of the limbic cortex, particularly the amygdala, have extensive reciprocal 

connections with the hypothalamus and can modulate the hypothalamic-pituitarygonadal 

axis (figure 1). Disrupted release of pituitary hormones is seen in women and men with 

epilepsy.– The abnormal release of follicle-stimulating hormone (FSH) and luteinising 

hormone (LH) follows dysfunction of gonadotropin-releasing hormone (GnRH) cells in the 

hypothalamus. GnRH, which is produced by a small number of cells located primarily in the 

preoptic area of the hypothalamus, controls gonadal activity via pulsatile secretion and 

stimulation of pituitary hormone release.

The GnRH-cell population is vulnerable to injury by seizures. In female rats with seizures 

induced by local injection of kainic acid into the amygdala, ipsilateral loss of GnRH-staining 

fibres in the hypothalamus was noted., Lateralisation of temporal lobe epilepsy seems to be 
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associated with specific types of reproductive dysfunction. In an investigation of 30 women 

with complex partial seizures who had unilateral temporal lobe epileptiform discharges and 

evidence of reproductive endocrine disorders, left-sided discharges were associated with 

PCOS and right-sided discharges with hypo gonadotropic hypogonadism. By definition, the 

latter is a reproductive endocrinopathy of brain (hypothalamic or pituitary) origin.

 Effects of antiepileptic drugs on reproductive hormones

In general, antiepileptic drugs that induce hepatic metabolic enzymes are known as enzyme-

inducing AEDs and directly alter concentrations of reproductive hormones (panel 1). They 

also induce production of sex-hormone-binding globulin, which reduces concentrations of 

biologically active (free) reproductive hormones in serum.– Substantial increases in 

concentrations of sex-hormone-binding globulin have been reported in men with focal 

epilepsy being treated with carbamazepine and phenytoin compared with those taking 

lamotrigine or healthy controls., Decreased levels of free testosterone have been reported in 

men taking carbamazepine, phenytoin, oxcarbazepine, and valproate,, and in those with 

untreated partial epilepsy.

Valproate is generally associated with increased testosterone concentrations. Importantly for 

women, this drug has been reported to induce androgen synthesis in the ovaries., Several 

inhibitory mechanisms are suggested to contribute to this effect, and could be relevant for 

men and women: direct inhibition of cytochrome P450 isoenzymes 2C9 and 2C19, which 

metabolise the formation of androstenedione from testosterone; inhibition of aromatase, 

which converts testosterone to oestradiol; and inhibition of epoxide hydrolase, which might 

also enzymatically mediate the conversion of testosterone to oestrogen, as shown in cultured 

human ovarian granulosa cells. For women, the inhibitory activity of valproate has clear 

adverse reproductive effects. Normal granulosa cells secrete testosterone and surround the 

ovarian follicle as it matures to ovulation. These cells produce gradually increasing amounts 

of oestrogen by enzymatic con version of testosterone, until the peak in oestrogen 

concentration associated with ovulation is reached. The follicle itself is subject to 

stimulation by FSH, which promotes follicular development. Enzymatic inhibition of normal 

ovarian hormone production results in an immature, non-ovulatory follicle that secretes 

testosterone. This mechanism might explain how valproate promotes a hyperandrogenic 

state as well as anovulation and cystic ovaries. Exposure to valproate delivered orally to 

male and female rats altered gonadal morphology by inducing ovarian cysts in female rats

and testicular atrophy in male rats. In both genders of animals, valproate was associated with 

reduced concentrations of oestrogen, unchanged testosterone levels, and increased FSH and 

LH levels in serum. Central and peripheral inhibition of aromatase might account for these 

effects.

Löfgren and colleagues reported low total testosterone concentrations and free-androgen 

indices (100×testosterone/sex-hormone-binding globulin) in women with epilepsy who were 

taking carbamazepine or oxcarbazepine. However, antiepileptic drugs that do not induce 

hepatic metabolic enzymes have little effect on androgens. Lossius and colleagues showed 

that the effects of enzyme-inducing antiepileptic drugs are reversible: total testosterone con 

centrations and free-androgen indices significantly increased after withdrawal from 
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carbamazepine in men and women. Additionally, 17β-oestradiol and progesterone levels 

increased significantly in men, although not in women, after carbamazepine was stopped.

Levetiracetam, which binds to the SV2A receptor present in brain and gonadal and 

endocrine tissues, was associated with increased total testosterone levels 1 month after the 

start of treatment in men. Concentrations of LH and FSH did not change, which suggests a 

direct gonadal effect. A cross-sectional study of men and women with epilepsy showed no 

difference in levels of reproductive hormones between groups taking carbamazepine, 

lamotrigine, or levetiracetam. However, the patients taking carbamazepine had lower free-

androgen indices and levels of dehydroepiandrosterone sulphate, and higher levels of 

steroid-hormone-binding globulin, FSH, and LH than did those taking the other drugs. 

Nevertheless, the results of these two studies are not as conflicting as they seem: the former 

study measured a change over time after initiation of levetiracetam treatment, and in the 

latter concentrations were measured only once in each patient.

 Endogenous hormones and catamenial epilepsy

Clusters of seizures that correlate with the onset of menstruation are termed catamenial, 

derived from the Greek katamenios, meaning monthly. Sir Charles Locock first described 

the seizures associated with the menstrual cycle in 1857. Menstrual exacerbations of 

seizures due to fluctuations in endogenous hormone concentrations have been reported in up 

to 70% of women with epilepsy, but the relation between menses and seizures can be 

difficult to establish because seizures are clustered in many patients, both men and women, 

without an association with the menstrual cycle.

The average menstrual cycle is 28 (range 24–35) days, with day 1 being the first day of 

menses and ovulation occurring on day 14 (sometimes designated day −14 to adjust for 

cycle lengths other than 28 days, as ovulation always occurs 14 days prior to menstrual 

onset). The menstrual cycle has two major phases: the follicular phase (days 1–14) and the 

luteal phase (days 15–28; sometimes designated days −14 to −1). During the follicular 

phase, the ovarian follicles grow and the dominant follicle with the most follicular receptors 

becomes the ovulatory follicle containing the oocyte. On day 14, the oocyte is released 

(ovulation) and the non-dominant follicles degenerate. In the luteal phase, the dominant 

follicle forms the progesterone-producing corpus luteum. Figure 2 shows the fluctuation of 

oestradiol and progesterone in normal menstrual cycling, as well as in anovulatory menstrual 

cycling with an inadequate luteal phase. The hormonal fluctuations most relevant for 

catamenial seizure exacerbations are the beginning of the rapid surge of oestrogen at day 13, 

which initiates ovulation, and the rapid decline of progesterone then oestrogen on days 26–

28, just before the onset of menstrual bleeding.

Dysregulation of secretion of FSH leads to poor follicular development and, therefore, poor 

functioning of the corpus luteum, which is a disorder known as inadequate luteal phase and 

is associated with a lack of ovulation. Inadequate development of the corpus luteum leads to 

low production of progesterone during the luteal phase, whereas oestrogen production 

remains robust, which alters the balance between the neuroexcitatory and neuroinhibitory 

effects of these hormones (figure 2). The neurosteroid effects that promote enhanced seizure 
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susceptibility in catamenial epilepsy therefore include: premenstrual withdrawal of the 

anticonvulsant effects of neurosteroids mediated through their action on GABAA receptors; 

alteration in GABAA-receptor sub units and subsequent changes in neuronal inhibition; the 

sudden oestrogen peak in the day before ovulation; and increased frequency of anovulatory 

cycles due to hypothalamicpituitary-gonadal axis dysregulation and consequent low-

progesterone luteal phases. A recent refinement of a model of catamenial epilepsy in 

hippocampal-kindled female mice implicates the first two of these mechanisms as key to the 

occurrence of catamenial seizures: premenstrual progesterone withdrawal combined with 

insensitivity of the GABAA receptor to neurosteroids owing to alteration in subunit 

composition at the menstrual phase (premenstrual in humans) led to exacerbation of 

seizures.

 Criteria for diagnosis

Although the term catamenial epilepsy does not refer to seizure type, localisation, or an 

epilepsy syndrome, a catamenial pattern has been reported most frequently with focal 

epilepsy. The apparent incidence of catamenial epilepsy varies widely according to the 

diagnostic criteria used by investigators. For example, if catamenial epilepsy is defined as 

75% of seizures occurring between day 24 of one cycle and day 6 of the next, around 12·5% 

of women with epilepsy would be affected, However, when Herzog and colleagues

statistically derived the patterns of seizure occurrence throughout the menstrual cycle, a 

consistent doubling of seizure frequency during three specific portions of the menstrual 

cycle emerged (panel 2), and around a third of women with focal epilepsy were classified as 

having catamenial seizures. The seizure patterns are described in panel 2 and the biological 

underpinnings based on menstrual hormonal fluctuations are depicted in figure 2.

The three predominant patterns of catamenial seizures— perimenstrual (C1), periovulatory 

(C2), and luteal (C3)—have been borne out in multiple studies. In one report, catamenial 

seizure patterns that correlate with decreased progesterone levels were described. By 

contrast, another study pointed to variations in oestrogen concentrations as an indicator of a 

catamenial pattern, with little change in progesterone levels between study groups. Several 

other reports invoke the role of hormones as a contributor to seizure occurrence and cyclic 

seizure patterns, including the seizure risk imparted by anovulatory cycles, in women with 

epilepsy.– Therefore, both oestrogen and progesterone cycling have been associated with 

patterns of seizure occurrence in catamenial epilepsy.

 Menstrual cyclic antiepileptic drug levels as a contributor to catamenial epilepsy

In addition to the neurosteroid influence on catamenial seizure occurrence, levels of 

antiepileptic drugs can fluctuate during the menstrual cycle. A pharmacokinetic mechanism 

could potentially link hormone concentrations during the menstrual cycle to those of 

antiepileptic drugs. Specifically, high levels of circulating oestrogen in the luteal phase could 

induce hepatic isoenzymes used for antiepileptic drug metabolism and thereby lower the 

levels of circulating antiepileptic drugs premenstrually, potentially permitting breakthrough 

seizures. Rosciszewska and colleagues reported that phenytoin levels on day 28 in women 

with catamenial seizures were significantly lower than those in women without cyclical 

exacerbations. Phenobarbital concentrations, however, did not change significantly. 
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However, another report of women with catamenial epilepsy showed no relationship 

between the oestradiol and progesterone levels and serum antiepileptic drug levels. The 

authors suggested that catamenial seizure exacerbations are independent of antiepileptic 

drug levels and are more closely linked to predictable cyclic hormonal fluctuations. 

Lamotrigine levels remained unchanged throughout the menstrual cycle in one study, but 

were reported to decline by 31% during the mid-luteal phase in another, although levels of 

valproate did not change across the cycle. Evidence does not, therefore, strongly support 

alterations in concentrations of antiepileptic drugs as being important to catamenial seizure 

exacerbations, but an independent effect of neurosteroids is clearly present.

 Treatment

Most interventions have been assessed in the context of the premenstrual C1 seizure pattern 

(panel 2), the most frequent type of catamenial exacerbation. Women with regular menstrual 

periods are good candidates for these interventions, since the drugs must be taken a specific 

number of days after the onset of menstrual bleeding (figure 3). Treatments are generally 

started at some point during the second half of the cycle (days 14–26), dependent on the 

individual’s seizure pattern and length of the menstrual cycle, keeping in mind that the luteal 

phase is 14 days long.

Acetazolamide has been used to treat catamenial epilepsy for 50 years, although it has not 

been assessed in randomised trials. Effectiveness at doses of 250–500 mg daily administered 

from 3–7 days before menses has been reported.,

Benzodiazepines are used mainly for cessation of seizure clusters but are administered only 

intermittently because of the risk of habituation and tolerance if used chronically. Clobazam 

is the only benzodiazepine formally studied for the treatment of catamenial epilepsy. In a 

double-blind, placebo-controlled, crossover study, clobazam was associated with better 

seizure control than placebo. Complete control was seen in most patients during a 10-day 

treatment phase.

A temporary increase in the dose of the patient’s usual antiepileptic drugs at specific times 

during the menstrual cycle is another reasonable, empirical approach, although phenytoin 

should not be increased owing to the risk of toxic effects associated with its non-linear 

kinetics.

Medroxyprogesterone acetate is a synthetic progestin-only contraceptive agent. Its 

mechanism of action in reducing seizure frequency is unclear, but is presumed to be related 

to cessation of cyclical oestrogen and progesterone levels. In patients with catamenial 

epilepsy, medroxyprogesterone acetate has been associated with seizure frequency 

reductions of 39% at 1-year follow-up., Medroxyprogesterone acetate is administered via 

intramuscular injection and stops the regular menstrual cycle. The standard dose is 150 mg 

intramuscularly every 12 weeks. Some clinicians advocate shortening the dosing frequency 

to every 10 weeks to lessen the risk of enzyme-inducing antiepileptic drugs lowering 

medroxyprogesterone acetate concentrations. However, medroxyprogesterone acetate has 

been linked to increased risk of osteoporosis, as have many antiepileptic drugs, which should 

be taken into account. Additionally, after cessation of medroxyprogesterone acetate, 
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endogenous hormone concentrations can fluctuate substantially for several months, which 

could lead to seizure exacerbation as well as a long time to return of normal fertility. Some 

clinicians use a strategy of inhibiting the normal cyclical release of reproductive hormones 

by the use of continuous oral contraceptive pills, which suppress ovulation. No data on this 

strategy from controlled clinical trials have been reported.

Metabolism of natural progesterone to allopregnanolone, a neurosteroid anticonvulsant, 

makes it an option for seizure control. Two small, open-label studies that assessed natural 

progesterone as a treatment for complex partial seizures,, one of which included long-term 

follow-up, suggested that natural progesterone administered as a vaginal suppository or an 

oral lozenge from ovulation (day 14) until the onset of menses was efficacious for the 

treatment of catamenial epilepsy. A randomised, double-blind, placebo-controlled 

multicentre clinical trial indicated that the degree of perimenstrual seizure exacerbation (C1 

pattern) was a significant predictor of response to progesterone treatment when progesterone 

was given as 200 mg oral lozenges twice daily on days 14–28. Responder rates did not differ 

for progesterone and placebo when all patients were combined, or for all catamenial versus 

non-catamenial patients. Nevertheless, a secondary analysis showed that the level of 

perimenstrual seizure exacerbation (C1 pattern) was a predictor of response to progesterone. 

If women had a three-times or greater increase in seizures during the C1 period (days −3 to 

+3) compared with the other days of the month, then 37·8% were responders to progesterone 

(50% or more reduction in seizure frequency; percentage in the placebo group was 11·1%). 

For women who had a C1 increase in seizure frequency of eight times or more, the 

percentage reduction in seizure frequency was around 70%. In follow-up open-label 

extension phases, progesterone could be tapered to 100 mg twice daily on days 26–27, 50 

mg twice on day 28, and then stopped until day 14 of the next cycle in most women. If 

menses began before day 26, tapering would begin on that day. Occasional side-effects of 

natural progesterone are breast tenderness, fatigue, depressed mood, and vaginal spotting.

The lack of overall reduction in seizure frequency in the study by Herzog and colleagues,

except in those with specifically premenstrual seizures, indicates that progesterone 

supplementation suppresses progesterone-withdrawal seizures, in accordance with molecular 

and in-vivo models.– However, this hypothesis would imply that catamenial seizures at 

ovulation could not be treated effectively with progesterone. Therefore, when patients with 

different patterns of catamenial seizures are grouped together such as in this trial, there 

might be no overall benefit of natural progesterone. Supporting evidence for the 

effectiveness of progesterone in patients with the C1 pattern of seizure exacerbation is that 

the benefit increased as the increased seizure phase shortened and became confined to the 

perimenstrual days.

Panel 3 provides a proposed algorithm for the evaluation and treatment of catamenial 

seizures. When a catamenial C1 pattern is present, a proposed treatment algorithm is 

presented in figure 3.
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 Effects of antiepileptic drugs and seizures on reproductive function

 Polycystic ovary syndrome

PCOS is a major cause of infertility and appears to occur at a higher rate in women with 

epilepsy than in the general population. What exactly constitutes PCOS remains a moving 

target; a task force report from The Androgen Excess and PCOS Society defined the criteria 

for PCOS as the presence of hyperandrogenism (clinical, biochemical, or both), ovarian 

dysfunction (oligoanovulation, polycystic ovaries, or both), and the exclusion of related 

disorders. PCOS is thought to be multigenic and susceptible to a variety of environmental 

triggers. Hypothalamic and pituitary dysregulation are likely to occur in PCOS, as evidenced 

by elevated LH secretion and an increased ratio of LH to FSH. FSH stimulates ovarian 

steroidogenesis, and elevated LH/FSH will produce follicles that do not fully mature, but 

become numerous and cystic. Immature follicles are deficient in aromatase, the enzyme that 

produces oestrogen in the ovary from its precursor, testosterone. In this manner, the PCOS 

ovarian follicle produces primarily androgens. This abnormal system is disrupted further by 

the conversion of androgen to oestrogen by aromatase in the periphery, producing elevated 

circulating oestrogen, which feeds back to the pituitary and deregulates normal LH 

secretion.

For women with epilepsy, hypothalamic dysfunction could contribute to the increased rate of 

PCOS, as well as a wasting of ovarian follicles, and early menopause. An increased ratio of 

LH to FSH was described in women with localisation-related epilepsy and idiopathic 

generalised epilepsy, with the ratio being highest in the latter group. Many of the women 

with idiopathic generalised epilepsy, however, were using valproate, which might confound 

this finding.

Isojärvi and colleagues, in 1993, first reported the association between valproate and cystic 

ovaries. They reported that nearly half of the 13 women with epilepsy treated with valproate 

monotherapy had ovarian cysts (without full-blown PCOS), amenorrhoea, oligomenorrhoea, 

or prolonged menstrual cycles, compared with 19% of the women taking carbamazepine 

monotherapy. In a follow-up study the same investigative group reported that 70% of 37 

valproate-treated women with epilepsy had polycystic ovaries or hyperandrogenism or both, 

compared with 19% of the 52 control participants. They also showed that metabolic effects 

of centripetal obesity, hyperinsulinaemia, lipid abnormalities, and polycystic ovaries or 

hyperandrogenism in women with epilepsy were reduced by discontinuing valproate.

Obesity, another common feature of PCOS, may also be contributed to by valproate; a recent 

study suggested that valproate inhibits insulin metabolism, causing increased circulating 

insulin levels, thus exacerbating insulin resistance.

Another recent study in 102 women with epilepsy of reproductive age found that 12% had 

PCOS, defined as having two or more of the following components: polycystic ovaries, 

hyperandrogenism, and amenorrhoea or oligomenorrhoea (a/oligomenorrhoea). The women 

with PCOS had an onset of epilepsy at 13·8 (SD 6·5) years, significantly younger than that 

of patients without these disorders (16·9 [8·6] years, p<0·05). In this study as well, valproate 

therapy was associated with an increased incidence of PCOS.
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The rates of occurrence of PCOS have not been completely consistent in the literature, 

which is probably because of research definitions used: if components of PCOS are 

assessed, the findings may be different than when evaluating for the complete syndrome. 

From another study evaluating specifically for PCOS, no differences were found in the rates 

between women taking carbamazepine (10·0%), valproate (11·1%), or no antiepileptic drugs 

(10·5%). This rate is still slightly greater than the rate of PCOS in the general population of 

women, which is approximately 7%.

Taken together, these reports suggest direct association between epilepsy and PCOS due to 

hypothalamic dysfunction as well as an increased risk of developing features consistent with 

PCOS with valproate use. It is possible that epilepsy and valproate are both risk factors for 

the development of PCOS.

 Clinical implications for reproductive function

In women with epilepsy, the clinical visit should include assessment for abnormal menstrual 

cycles, hirsutism, acne, male pattern balding, and body mass index. The index of suspicion 

should be higher in women treated with valproate and in women with onset of epilepsy at a 

young age. A simple screening evaluation in such patients would include obtaining 

testosterone levels, and prospectively keeping track of menstrual cycle length; a normal 

cycle length is likely to be associated with ovulation. If PCOS features are present, referral 

to an endocrinologist or gynaecologist, or both, is warranted for further evaluation and 

consideration of treatment options.

For women of childbearing potential, valproate should be avoided, owing to the high 

structural teratogenic and neurodevelopmental risks, and other anti epileptic drugs should be 

considered. In men with epilepsy, adverse effects such as weight gain and metabolic 

syndrome might be an appropriate reason to change from or avoid valproate.

 Sexual dysfunction

Many reports suggest a physiological sexual dysfunction in men and women with epilepsy.,,–

However, the roles of enzyme-inducing antiepileptic drugs decreasing androgen levels,,– and 

the adverse influences of mood, and perceived stigma on sexuality for people with epilepsy 

dictate that the management approaches must be multidimensional. Assessing testosterone 

levels, and considering the effect of enzyme-inducing antiepileptic drugs on these levels, 

assessing depression, anxiety, and social factors are reasonable strategies.

 Birth rates and fertility

Reduced birth rates have been reported in large cohorts of people with epilepsy. A 

population-based study showed that men with epilepsy had a 40% lower birth rate than men 

without epilepsy, and women with epilepsy had a 10% lower birth rate than women without 

epilepsy. A later study from the same population showed that adults with active epilepsy had 

decreased birth rates compared with those who went into remission prior to adulthood.

While birth rates encompass psycho social factors such as choosing not to bear children, 

fertility refers to a couple not using contraceptive methods for 1 year and not conceiving. An 

important contribution to the discussion of fertility in epilepsy thus far is from the Kerala 
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Registry of Epilepsy and Pregnancy. In this registry, young women with epilepsy are 

followed prospectively and generally try to become pregnant following marriage; a 38% 

infertility rate was found, and this increased rate of infertility was associated with 

antiepileptic drug polytherapy versus monotherapy. Several biological reasons could cause 

decreased fertility in women with epilepsy, including premature ovarian failure, increased 

rates of anovulatory cycles, and a frequent occurrence of PCOS. Anovulatory cycles occur in 

women with epilepsy more frequently than in control women; in one report, over a 3 month 

observation period anovulatory cycles were documented to occur in 11% of cycles in control 

women, 14% of cycles in women with focal epilepsy, and 27% of cycles in women with 

idiopathic generalized epilepsy. For men with epilepsy, abnormal spermatogenesis may 

increase the risk of infertility.

In a study of 60 men with epilepsy and 41 controls, the frequency of morphologically 

abnormal sperm was significantly higher among men with epilepsy treated with 

carbamazepine, oxcarbazepine, and valproate compared with controls. Both carbamazepine 

and valproate were associated with poor motility of sperm and the frequency of abnormally 

low sperm concentration was high in men taking carbamazepine. The valproate-treated men 

with abnormal sperm had smaller testicular volumes than the control men, consistent with 

the laboratory findings by Sveberg Røste and colleagues. Oxcarbazepine in general had the 

least adverse effect in this report. Other investigators have reported higher rates of abnormal 

sperm motility and morphology in men with epilepsy compared with controls, which were 

associated with antiepileptic drug use including valproate and carbamazepine, as well as 

phenytoin. However, an independent adverse effect of temporal lobe epilepsy itself has been 

put forth in the work of Bauer and colleagues, who documented testicular failure in men not 

using antiepileptic drugs, with an additional adverse influence of enzyme-inducing 

antiepileptic drugs.

No assessment of birth rates has adjusted for confounders such as frequency of intercourse 

and personal choice to have children or not, which are important considerations for people 

with epilepsy. Again, several biological factors such as menstrual cycle abnormalities in 

women due to central dysregulation of menses and components of PCOS could contribute to 

infertility. There is evidence for polytherapy with antiepileptic drugs contributing to 

infertility in women, and for enzyme-inducing antiepileptic drugs adversely affecting sperm 

quality in men.

 Clinical implications for infertility

There are no clear strategies known for preventing infertility in people with epilepsy. 

However, if conception is not occurring after 6 months of unprotected sexual inter course, 

epilepsy-related factors, including antiepileptic drugs, should be considered.

For women, this would include an evaluation of menstrual cycling including for the 

occurrence of ovulatory cycles, the presence of PCOS, or early onset of perimenopause (see 

next section).
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For men, this would include a sperm analysis and consideration of changing antiepileptic 

drug if the results are clearly abnormal, particularly if the drug used is phenytoin, 

carbamazepine, or valproate.

 Perimenopause and menopause in epilepsy

 Premature ovarian failure

Women with epilepsy are at risk of early onset of the menopausal transition. The mechanism 

is likely related to hypothalamic-pituitary-gonadal axis dysfunction, producing dysregulation 

of maturation of ovarian follicles and early loss of follicles available for ovulation. One of 

the first scientific reports of early perimenopause was put forth by Klein and colleagues, in 

which 14% of women with epilepsy had premature ovarian failure, compared with 4% of 

healthy control women (p=0·04). Additionally, women with premature ovarian failure were 

more likely to have had catamenial exacerbation of their seizures during earlier reproductive 

years. The risk for earlier menopause appears to be related to seizure frequency. Harden and 

colleagues reported a negative correlation between the age at menopause and seizure 

frequency (p=0·014). For example, the women with only rare seizures had a normal age of 

menopause of 50–51 years, while women with frequent seizures experienced earlier 

menopause at 46–47 years. In this study, there was no relationship between early menopause 

and specific antiepileptic drug treatments.

 Changes in seizures

Although no prospective information is available on the course of epilepsy as women with 

the disease progress through the menopausal transition, data are available from a cross-

sectional evaluation using mailed questionnaires, in which women were asked to recall the 

course of their epilepsy from their reproductive years through perimenopause and 

menopause. Almost two-thirds of perimenopausal women with epilepsy reported an increase 

in seizures during perimenopause, and a history of catamenial seizure pattern was 

significantly associated with an increase in seizures at perimenopause. These findings are 

consistent with postulated mechanisms for women with hormonally sensitive seizures; 

during perimenopause, oestrogen levels remain unchanged, may rise steadily, or become 

erratic with surges until the onset of menopause in response to the elevated FSH levels. 

However, the cyclic progesterone elevation during the luteal phase of the menstrual cycle 

gradually becomes less frequent throughout perimenopause, with increased anovulatory 

cycles. The elevation of the oestrogen-to-progesterone ratio may contribute to the increase in 

seizure frequency at perimenopause. A history of a catamenial seizure pattern (seizures in 

the week prior to menses) was associated with a decrease in seizures at menopause. A high 

percentage of women in the perimenopausal group took synthetic hormone-replacement 

therapy, which was significantly associated with an increase in seizures (p=0·001).

 Hormone-replacement therapy and clinical implications

In a randomised, double-blind, placebo-controlled trial of Prempro (0·625 mg of conjugated 

equine oestrogens plus 2·5 mg of medroxyprogesterone acetate [CEE/MPA] daily, or double-

dose CEE/MPA daily for 3 months; Wyeth, Collegeville, PA, USA), seizure frequency 

increased significantly with the use of Prempro in a dose-related manner. These findings 
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demonstrate an adverse clinical effect of exogenous reproductive hormones on menopausal 

women with epilepsy.

Women with epilepsy may be counselled that there should be extra vigilance for seizure 

occurrence at perimenopause, particularly if there has been a catamenial seizure pattern. 

Women with epilepsy should not use CEE/MPA for postmenopausal hormone replacement, 

and perhaps another regimen such as oestradiol with natural progesterone may be 

considered.

 Conclusions

Much has been elucidated in the field of epilepsy and neuroendocrinology, importantly 

neurosteroid effects on brain excitability, reciprocal pharmacokinetic interactions involving 

endogenous and exogenous hormones and antiepileptic drugs, and epilepsy itself as an 

endocrine disruptor. Clinicians may begin to use this information as tools to improve the 

treatment options for men and women with epilepsy, such as preferential use of antiepileptic 

drugs with a hormone-neutral effect and specific treatment strategies for catamenial epilepsy.

The research priorities in this field should continue to include treatments for catamenial 

epilepsy; the results of the best trial performed to date using a hormone, natural 

progesterone, to treat a hormonally influenced seizure pattern are both promising and 

limiting. The population for which natural progesterone appears to be effective is a very 

specific one—ie, the patients with premenstrual seizure exacerbations. This result fits nicely 

with the neurosteroid theory of augmenting progesterone during the premenstrual 

progesterone withdrawal, but is far from a comprehensive solution for cyclical seizures in 

women. Given the neurophysiological complexity of oestrogen, progesterone, and 

testosterone, exploration of the use of hormonal stabilisation in women with epilepsy, such 

as with the use of stable-dose contraceptives, should be studied.

Other research avenues are to quantify and characterise the effect of epilepsy in its various 

forms on reproductive function. This could have implications outside the reproductive realm, 

and may be associated with cognitive abilities, as well as affective and anxiety states in 

people with epilepsy. The effect of long-term antiepileptic drug exposure on reproductive 

status with the newer generation of antiepileptic drugs is not known.

Recent clinical research, as it becomes widely appreciated, will influence the awareness that 

catamenial epilepsy is potentially treatable, and this will in turn increase the insight into 

trying practical treatment approaches. Valproate should by now be appreciated as a powerful 

endocrine disruptor, and when appropriate, alternatives to its use should be sought. Current 

and ongoing research will further characterise the risks of infertility in people with epilepsy, 

which will help to guide family planning.

On the near horizon, patients with epilepsy will benefit from a better understanding of these 

issues and from a more ready application of our current knowledge.
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Panel 1

Reported interactions between antiepileptic drugs and endogenous and 
exogenous reproductive steroid hormones

Antiepileptic drugs that decrease concentrations of reproductive steroid hormones

• Phenobarbital

• Phenytoin

• Carbamazepine

• Primidone

• Topiramate

• Oxcarbazepine

• Rufinamide

• Valproate*

• Clobazam

Antiepileptic drugs that do not substantially decrease concentrations of 
reproductive steroid hormones

• Ethosuximide

• Gabapentin

• Valproate

• Lamotrigine

• Levetiracetam†

• Zonisamide

• Pregabalin

• Lacosamide

• Retigabine

*Decreased free testosterone concentrations reported in men on valproate and increased 

androgen concentrations reported in women taking valproate. †Increased testosterone 

concentrations reported in men after initiation of levetiracetam.
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Panel 2

Patterns of catamenial seizures

Perimenstrual pattern

The perimenstrual pattern (C1) is defined as maximum seizure frequency during the 

menstrual phase (day 25 of one cycle to day 3 of the next), which correlates with 

progesterone decline, and is the most frequently observed pattern

Periovulatory pattern

The periovulatory pattern (C2) is the second most frequently observed pattern and is 

characterised by maximum seizure frequency during the ovulatory phase (days 10–15), 

which correlates with a rapid oestrogen surge

Luteal pattern

The luteal pattern (C3) is characterised by maximum seizure frequency during the 

ovulatory, midluteal, and menstrual phases (day 10 of one cycle to day 3 of next cycle), 

compared with frequency in the midfollicular phase (days 3–10) in women with 

inadequate luteal phase cycles; this is the third most frequently observed pattern and 

correlates with low progesterone concentrations found in anovulatory cycles
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Panel 3

Suggested algorithm for evaluation and treatment of catamenial seizures

These are suggestions by the authors in the order of consideration based on clinical 

experience and limited available supporting data

1. Consider a catamenial pattern in women with epilepsy who are in 

reproductive years, are not on any reproductive hormones (eg, oral 

contraceptive pills), and are continuing to have seizures despite traditional 

antiepileptic drug therapies

2. Evaluate seizure diaries, preferably for at least three menstrual cycles

a. To assess relationship of seizure occurrence to menstrual onset

b. To determine if menses are regular (occurring every 26–32 days) 

in order that a scheduled intervention can be undertaken

3. If menses occur regularly (see figure 3), and if seizures are focal-onset, 

consider natural progesterone treatment

a. Calculate if a threefold or greater increase in seizures during the 

C1 period (days −3 to +3) exists compared with the other days 

of the month

b. If present, consider treating with progesterone lozenges orally 

200 mg three times per day on days 14–25, then decrease to 100 

mg three times per day for days 26–27, 50 mg three times per 

day on day 28, then stop (if menses begin prior to day 26, the 

tapering would begin on that day)

4. If menses occur regularly (see figure 3), and a catamenial seizure pattern is 

apparent in C1, C2, or C3 pattern

a. Consider clobazam at 20–30 mg each evening, for 10 days 

starting 2 days before the day on which seizures usually occur

b. Consider a small increase in the patient’s usual medicine 2 days 

before the day on which seizures usually occur

c. Consider acetazolamide at 250–500 mg daily from 3 to 7 days 

prior to menses

5. If menses do not occur regularly

a. Consider suppressing menstrual cycling with an oral 

contraceptive that suppresses menses for multiple cycles, if there 

are no significant interactions with the patient’s antiepileptic 

drugs (note: although this approach has been undertaken by 

multiple practitioners, there are no published reports of the 

outcomes)
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b. If catamenial exacerbations are severe and intractable to other 

interventions, consider medroxyprogesterone acetate, with 

adequate discussion of adverse effects
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Figure 1. Hypothalamic-pituitary-gonadal axis in women and men
Hormones relevant to the scope of this Review are shown for women (A) and men (B). 

FSH=follicle-stimulating hormone. LH=luteinising hormone. GnRH=gonadotropin-

releasing hormone.
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Figure 2. Patterns of catamenial epilepsy
Day 1 is the first day of menstrual flow and day –14 is the day of ovulation. (A) Normal 

cycle with normal ovulation. C1 pattern is associated with exacerbation of seizures in the 

perimenstrual phase, and C2 pattern is associated with exacerbation of seizures in the 

periovulatory phase. (B) Inadequate luteal phase cycle with anovulation. The C3 pattern is 

associated with exacerbations beginning day 10 of one cycle through day 3 of the next cycle. 

C=catamenial seizure pattern. F=follicular phase. O=periovulatory. L=luteal phase. 
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M=perimenstrual. Modified and reproduced from Herzog and colleagues, by permission of 

Blackwell Publishing.
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Figure 3. Treatment algorithm for catamenial C1 pattern of seizures
Most treatments are for focal-onset seizures in women with regular menses. C1 level 3=three 

times more seizures on days 25–3 compared with other days of the month. 

AEDs=antiepileptic drugs. PHT=phenytoin. IM=intramuscularly. *If menses start before day 

26, start dose tapering on that day according to the same pattern of decreases. †Widely 

undertaken but not supported by data from randomised, controlled trials. ‡Increased risk of 

osteoporosis and slow return to normal fertility.
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