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Abstract

Epilepsy affects people of all ages and sexes. The aim of the current narrative review was to summarize the sex differences in patients with epilepsy. In January
2024, we systematically searched PubMed for relevant articles. The following keywords were used: “Epilepsy” or “Seizure” and “Sex”. The prevalence and
symptomatology of many neurological conditions, including epilepsy syndromes, may differ between male and female patients. The reasons behind these
sex differences are not yet clear. It is likely that sex hormones, neurosteroid, and sex chromosome gene differences play roles in the development of this
phenomenon. The existence of sex differences in epilepsy is well recognized, but there is little discussion of their mechanisms and therapeutic implications.
Future research should investigate the exact roles of sex hormones, neurosteroid, and genes in the development of sex differences in epilepsy. Similarly, future
studies should investigate whether sex differences exist in seizure characteristics (e.g., seizure frequency, semiology, response to treatment, outcome) in
different syndromes. These issues may have important clinical implications for designing appropriate sex-specific treatment strategies for various syndromes
and conditions. Furthermore, sex should be considered as a biological variable in basic and clinical research.
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INTRODUCTION

Gender and sex disparities exist in all aspects of human life; they may represent biology, bias, or both. In general, “sex” refers to the
biological differences between males and females, while “gender” refers to the role of a male or female in society.! Sex differences in the
characteristics of neurological conditions may be explained by the actions of sex hormones and also by sex chromosome gene-related brain
differences.? These sex differences may influence the clinical characteristics, management, and even outcomes of neurological conditions.?

Evidence from human and animal studies supports a bidirectional relationship; the role of sex on seizures and epilepsy, as well as changes
in the endocrine system and levels of sex hormones by epilepsy.* The aim of the current narrative review was to summarize the biological
reasons for sex differences in people with epilepsy.

In January 2024, we systematically searched PubMed for relevant articles. The following keywords were used: “Epilepsy” or “Seizure” and
“Sex”. We included all original studies and articles written in English. Both authors independently participated in the screening, eligibility,
and inclusion phases of the study. The authors collected the full manuscripts for all publications that appeared to meet the inclusion and
exclusion criteria. The inclusion criteria were all human studies on sex differences in epilepsies (i.e., retrospective, cross sectional, case-
control, case series, prospective trials, etc.), review articles, and articles written in English. The exclusion criterion was gray materials (i.e.,
letters, etc.) Because this was a narrative review, we did not follow the recommendations of the preferred reporting items for systematic
reviews and meta-analyses statement; therefore, we did not track the number of identified papers in each step of the work.

Sex Differences in Patients with Epilepsy

The prevalence and symptomatology of many neurological conditions, including epilepsy syndromes, may differ between male and female
patients. Although the sex differences in the incidence of epilepsy do not reach a significant difference, consistent trends across many
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studies suggest that the incidence and prevalence of epilepsy
are slightly higher in males than in females, in general.*® Sex
differences in seizure susceptibility may result from differences in
factors, such as steroid hormone levels, cytochrome P450 activity,
and biological factors in the brain.®’ These differences are most
likely multifactorial phenomena, and many factors may contribute
to these differences (e.g., environmental factors and lifestyle). In
this review, we focused on the neurobiology of sex differences in
various epilepsy syndromes.

Idiopathic Generalized Epilepsy

Female patients often outnumber male patients with idiopathic
generalized epilepsy (IGE). The sex (female to male) ratio of the
whole cohort of patients with IGE was approximately 1.5 in various
studies.®!® This sex disparity is to some extent syndrome-related
in patients with IGEs; the female-to-male ratio was significantly
higher in patients with juvenile myoclonic epilepsy (JME) (of
1.8) compared with those in other syndromes of IGE (e.g., 1.33
in childhood absence epilepsy) in one study.! It is likely that sex
hormones, neurosteroid, and sex chromosome gene differences
play a role in the development of the aforementioned phenomenon
(Figure 1).""1* Considering the peripubertal onset of JME, it is
plausible to assume that the expression of genes that increase
susceptibility to myoclonic seizures is regulated or affected by
sex steroids.' In addition, it is hypothetically possible that mutant
epilepsy genes have greater penetrance in females and males."

Both female and male sex steroid hormones may influence brain
excitability. Progesterone and its metabolites are anticonvulsants,
whereas estrogens are mainly proconvulsants. The results from
clinical studies have been supported by several animal studies that
have demonstrated increased and decreased seizure frequencies
after estrogen and progesterone administration, respectively."!

Androgens have more varied effects, although a generally
antiseizure effect has been suggested; testosterone increases the
electroconvulsive threshold in males at low doses and in both
sexes at higher doses.! The effects of sex hormones on neuronal
excitability and seizures involve complex mechanisms that
are difficult to separate, as they range from regulation of gene
expression to rapid effects via activation of various membrane
receptors or acting as ligands on neurotrophin and ion-channel
coupled receptors.* Furthermore, sex hormone surges during
distinct maturation periods may also affect brain function and
seizure outcomes (e.g., by inducing sexual differentiation of
regions responsible for seizure control or initiation, or brain
maturation). Some epilepsy syndromes may either remit (e.g.,
childhood absence epilepsy) or have onset (e.g., JME) around the
adolescence ages, indicating the likely influence of sex hormone
changes and brain maturation occurring around puberty.*

Neurosteroids are key endogenous molecules in the brain that
can affect many neural functions.'? Neurosteroids are known for

MAIN POINTS

* Systematically, PubMed was searched in January 2024.
* Keywords: “Epilepsy” or “Seizure” and “Sex”.

* Epilepsy syndromes are affected by sex hormone, neurosteroid, and sex
chromosome genes-related brain differences.

their nongenomic effects via the direct modulation of N-methyl-
D-aspartate and gamma-aminobutyric acid (GABA)-A receptors.
Neurosteroids are mainly responsible for the “fine tuning” of
neuronal excitability by acting at synaptic and extrasynaptic
receptors.* The neuronal GABA-A receptor chloride channel is a
prime molecular target of neurosteroid.'”” At low concentrations,
neurosteroid potentiate  GABA-A receptor currents, whereas
at higher concentrations, they directly activate the receptor.'®!”
Allopregnanolone-like neurosteroid are potent allosteric agonists
and direct activators of synaptic and extrasynaptic GABA-A
receptors.'? The resulting chloride current conductance generates a
form of shunting inhibition that controls brain network excitability
and seizures. These mechanisms of neurosteroid provide potential
innovative therapies for epilepsy and epilepticus.!'?

Finally, while sex differences in the brain have been largely
attributed to the effects of sex hormones, it is becoming
increasingly clear that brain sex differences are also mediated by
the complement of genes encoded on sex chromosomes.”® Sex
chromosome gene expression is sexually dimorphic in the brain in
a region-specific and cell type-specific manner.'* Genes on the sex
chromosome may influence neurological diseases by modifying
the differentiation process of neurons, encoding proteins,
neurotransmitter biosynthesis, and synaptic transmission (Figure
1)." Interestingly, evidence suggests the preponderance of female
sex in the transmission of seizure liability in IGEs." In one study of
families with 82 index cases with IGEs, the highest risk for siblings
was conferred by an affected mother. If a father was affected, the
risk for proband siblings was almost equal to that in families with
both parents unaffected.!®

The relationship between menstrual cycle and seizure susceptibility
in women is a well-known phenomenon (catamenial epilepsy); this
is greatly influenced by hormonal fluctuations associated with
the menstrual cycle phases. Catamenial seizures are considered
neurosteroid withdrawal symptoms."”” The pathophysiology
of perimenstrual catamenial epilepsy involves withdrawal of
progesterone-derived GABA ergic neurosteroid due to a decline
in progesterone levels at the time of menstruation.” However,
other mechanisms such as changes in water content, fluctuations
in calcium levels, interactions between anticonvulsant drugs and
steroid hormones, and thyroid hormone deficiency have also been
implicated in the pathophysiology of perimenstrual catamenial
epilepsy 4. A detailed review of catamenial epilepsy is beyond the
scope of this manuscript, and readers should refer to other studies
on this topic.!19-20

Most of the abovementioned discussions on the neurobiology of
sex differences in epilepsy also apply to other types of epilepsies
[e.g., focal epilepsies, genetic epilepsies, status epilepticus (SE)].
Below, we highlight some sex differences that are specific to other
epilepsy.

Focal Epilepsy

Generally, men may have a greater predisposition to behaviors
that cause brain injury and acquired epilepsy.”! In addition,
animal studies have implicated that the presence of testosterone
in intact and gonadectomized males with testosterone replacement
increases their susceptibility to seizure. Seizures were either
stronger (full limbic) or more frequent in animals with testosterone
compared to animals devoid of testosterone.?? In contrast, women
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Neurosteroids:
Allopregnanolone-like
neurosteroids are activators
of GABA-A receptors

Sex hormones:
- Estrogens: increase neuronal excitability
(potentiate glutamate responses)
- Progestrone: increases the seizure threshold
(enhances postsynaptic GABA-ergic activity)
- Androgens: mainly anticonvulsant activity
\ (enhance GABA-activated currents)

Sex chromosome genes:

genes on the sex chromosomes may
influence neurological diseases by altering

Figure 1. Potential reasons for sex differences in epilepsy

may be protected from brain injury by the neuroprotective effects
of estrogens and progesterone.?! Furthermore, some symptomatic
(structural) focal epilepsy may be more frequent in men (e.g., focal
cortical dysplasia, perinodular heterotopia).”?! In one study of
non-acquired focal epilepsy, no sex differences were observed for
seizure types with or without altered consciousness or progression
to bilateral tonic-clonic seizures. However, autonomic, psychic,
and visual symptoms are more frequently reported in females than
in males.?

In temporal lobe epilepsy (TLE), which is the most common type
of focal epilepsy, the sex distribution is almost similar between
males and females,” but some clinical aspects appear to differ
between men and women (e.g., auras are more common in
women).2** Interestingly, one study suggested the existence of
sex differences in the spatial distribution of brain dysfunction in
patients with mesial TLE, perhaps reflecting sexual dimorphism in
regional cerebral connectivity.”> Male patients more often exhibited
frontal lobe hypometabolism ipsilateral to the seizure onset zone
and epileptiform activity spread to this region. By contrast, female
patients more often exhibited hypometabolism and ictal spread to
the contralateral temporal lobe.?

Investigating sex differences in focal epilepsies may have important
clinical implications; for example, in designing individualized sex-
specific surgical plans for patients with drug-resistant mesial TLE,
considering the extent of cerebral dysfunction in different sexes.

Symptomatic (Structural-Metabolic-Genetic) Generalized
Epilepsy

Lennox-Gastaut syndrome (LGS) is the prototype of symptomatic
(structural-metabolic-genetic) generalized epilepsy. Male patients
often outnumber female patients in LGS. In one study, the sex
(female to male) ratio of patients with LGS was 0.6;% this was
consistent with other studies.”” Male preponderance has also been
reported in other epilepsy syndromes, such as Landau-Kleffner
syndrome, epilepsy with myoclonic absences, Ohtahara syndrome,
and Dravet syndrome.*’ Sex-dependent genetic disorders (e.g.,
X-linked syndromes such as Rett syndrome and fragile X syndrome)
may explain some of these sex differences in symptomatic
(structural-metabolic-genetic) generalized epilepsies.?!
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Status Epilepticus

SE is more prevalent in males than in females. In one large study
from the USA, a higher incidence, earlier age at onset, and higher
mortality of SE were observed among males.?? In another study
conducted in Taiwan, the male-to-female ratio of SE incidence rate
was 1.57;* however, the in-hospital mortality was significantly
lower in males (7.4%) than in females (11.1%).*

Sex Differences in the Adverse Effects of Antiseizure
Medications

A recent systematic review suggested a higher frequency of
general adverse effects of antiseizure medications in girls (than
that in boys).** Higher risks of overweight, hyperammonemia, and
carnitine deficiency were suggested in girls taking valproic acid.
Similarly, an increase in height and an increased risk of weight loss
were suggested to occur in girls on topiramate. Finally, a higher risk
ofretinal toxicity was observed in boys taking vigabatrin. However,
the authors concluded that the effect of sex on the susceptibility to
adverse effects of antiseizure medications is poorly investigated.*

The choice of antiseizure medications may have direct effects on
hormonal cycles, hormonal contraception, pregnancy, fetal risk of
major congenital malformation, and lactation in adolescents and
adults with epilepsy. A detailed review of these issues is beyond
the scope of this manuscript, and readers are encouraged to refer to
other references.’>’ For a comprehensive review of the molecular
mechanisms of sex differences in epilepsy and seizure susceptibility
in terms of chemical, genetic, and acquired epileptogenesis, readers
may refer to the review by Reddy et al.?

CONCLUSION

The existence of sex differences in epilepsy is well recognized,
but there is little discussion of their mechanisms and therapeutic
implications. Future research should investigate the exact roles of
sex hormones, neurosteroid, and genes in the development of sex
differences in epilepsy. Similarly, future studies should investigate
whether sex differences exist in seizure characteristics (e.g., seizure
frequency, semiology, response to treatment, outcome) in different
syndromes. These issues may have important clinical implications
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for designing appropriate sex-specific treatment strategies for
various syndromes and conditions. Furthermore, sex should be
considered as a biological variable in basic and clinical research.
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