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ABSTRACT

According to the World Health Organization, epilepsy is one of the most common neurological diseases worldwide, affecting
approximately 50 million people. In 2020, the overall prevalence of epilepsy in the Russian Federation was 2.49 patients per
1,000 population, and 366,134 patients with epilepsy were registered in Russia. Approximately 40% of patients with epilepsy are
women of reproductive age. The course of epilepsy in women of reproductive age has its characteristics, which are associated
with daily and monthly cyclic rhythms. Epilepsy has various physiological consequences owing to the use of antiepileptic
pharmaceutical therapy. This review aimed to summarize up-to-date information on the effect of epilepsy on women’s
reproductive health. Electronic databases of PubMed, eLibrary, and Google Scholar were searched for relevant publications.
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The following keywords and their combinations were included in the search strategy: “epilepsy”, “reproductive health”, “sex
hormones”, “pregnancy”, “menstrual cycle”, “fetal”, “neonatal”, “epilepsy”, “reproductive health”, “sex hormones”, “pregnancy”,
“menstrual cycle”, “fetal”, and “neonatal”. The search was conducted among studies published before December 2023. Women
are particularly concerned about epilepsy throughout their reproductive years. Infertility rates increased in people experiencing
psychological stress and impaired physiological processes that support reproductive health. Thus, doctors must examine the
physiological effects of antiepileptic and anticonvulsant drugs. The main goal of therapy is to provide women with epilepsy
with a seizure-free life, excellent overall well-being, and improved health. The current plan is achievable if the practitioner is
familiar with the sexual effects of epilepsy at the molecular level. However, modern treatment methods cannot be available to

every woman because of limited resources.
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AHHOTALMA

Mo AaHHBIM BceMupHOM opraHW3aumMy 3ApaBoOXpPaHEHUS, 3NUNENCUS — OLHO U3 CaMbIX PacnpoCTPaHEHHBIX HEBPOSOrUYe-
CKuX 3aboneBaHuii B MMpe, KOTOpbIM CTpaaatoT okoso 50 MiH yenosek. 06Las 3aboneBaeMocTb anunencueii B Poccuinckoi
®epnepaumv B 2020 r. cocTasnsna 2,49 Ha 1000 yenoBek, a 0bLLee YMCIO 3aperucTpUpoBaHHbIX 60NbHbIX anunencueii B Poc-
cm — 366 134 yenoBeka. Cpeaym bonbHbIX anunencueit okono 40% cocTaBnSOT KeEHLMHBI penpofyKTMBHOTO BO3pacTa.
TeuyeHue aNKUNENcU y KeHLMH PeNpoLyKTMBHOTO BO3pacTa MMeeT CBOM 0COHEHHOCTH, KOTOPbIE CBA3aHbI C CYTOYHBIMM U Me-
CAYHBIMU LIMKIMYECKUMU PUTMaMU. 3NUAENcUs UMEET LUMPOKMUIA CNEKTP GU3UOIOTMYECKUX MOCNELCTBMIA, 00YCOBEHHbIX
MPOTMBO3NUNENTAYECKON (hapMaLLeBTUYECKOI Tepanmeil.

Lienb 0630pa — o606LLieHne aKkTyanbHOM MHDOPMaLWK 0 BAUSHWM 3NWIENCUM Ha KEHCKOE PenpofyKTUBHOE 3L,0poBbe. AB-
TOpaMu NpoBeAEH NOMUCK Ny6nMKaumiA B aNeKTPOHHBIX 6a3ax faHHbx PubMed, eLibrary u Google Scholar. Ctpaterus noucka
BK/IOYaNa Criefyoliue KIYeBbIe C/I0BA M MX COYETaHUS: «3MUNENcus», «penpoayKTMBHOE 3[40P0BbE», «MOJIOBble FOpPMO-
Hbl», «0ePEMEHHOCTb», «MEHCTPYaNbHbIN LMKI», «(eTanbHblii», «HeoHaTabHbIM», «epilepsy», «reproductive health», «sex
hormones», «pregnancy», «menstrual cycle», «fetal», «neonatal». Mouck npoBoaunmM cpeam UccnepoBaHuiA, onybIMKOBaH-
HbIX 80 Aekabps 2023 r. HeHwuHbl ocobeHHO 06eCnoKoeHbI aNKUNencueli B Te4eHWe BCEro penpoayKTUBHOro Bospacrta. [lo-
KasaTenu becnoaus NoBbILLAIOTCS B pe3ysbTaTe NCUXOI0TMYECKOro CTPecca, C KOTOpbIM CTalKWUBalOTCA JI0AM, CTpajaloLune
3anunencuen, u HapywweHus GU3NoNorMYecKUxX NPoLLeccoB, NOALEPIKMBAIOLLMX PenpoAyKTUBHOe 340poBbe. KpoMe Toro, Bpau
LOJKEH M3yunTb DU3NOMOrMYECcKUe NOCNELCTBUS NMPUMEHEHWUS! MPOTUBO3MUNENTUYECKUX M MPOTUBOCYAOPOXHBIX Npenapa-
T0B. [MaBHas Lenb Tepanuu cOCTOMT B TOM, YT0DbI 06€CMEUNTD KEHLLMHAM C 3NUNENcUen Xu3Hb 6e3 NpuUCTynoB, XxopoLuee
obLLee caMoUyBCTBME W YNYULLEHWE COCTOSHWS 3A0POBbA. TEKYLUMA MAaH LOCTUXMUM, €CAM NPAKTUKYIOLWMA Bpay 3HaKOM
C MONOBLIMY Pa3NMYUAMU TEHEHUS IMUNENCUN HA MONIEKYNAPHOM YpoBHe. OrpaHMYeHue 3aKil04aeTCs B TOM, YTO COBPEMEH-
Hble MeTo[bl IEYEHNS He MOTYT ObITb JOCTYMHbI KO0 XEHLUMHE B YCNOBUAX OrPpaHUYEHHbIX PECYpPCOB.

KnioueBbie cnoBa: anunencus; penpoayKunsa; XeHLlnHa; d)epTI/IJ'IbHOCTb; 6ep€‘MEHHOCTb; CeKCyaJibHasa ,DMCdJYHKLlVIFI.
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According to the World Health Organization, epilepsy is
one of the most common neurological diseases worldwide,
affecting approximately 50 million people, [1]. In 2020, the
overall prevalence of epilepsy in the Russian Federation was
2.49 cases per 1,000 population, and 366 134 patients with
epilepsy were registered in Russia [2]. Approximately 40%
of patients with epilepsy are women of reproductive age [3].
The course of epilepsy in women of reproductive age has its
characteristics, which are associated with daily and monthly
cyclic rhythms [4]. Epilepsy has various physiological con-
sequences owing to the use of antiepileptic pharmaceutical
therapy [5]. Fluctuations in the levels of sex hormones (go-
nadal steroids and gonadocorticoids) during puberty, men-
arche and menstruation are associated with the development
of seizure disorders in women [6]. Some antiepileptic drugs
lower the levels of sex hormones and can affect the efficacy
of combined oral contraceptive pills (COCPs), decrease birth
rate and contribute to the development of infertility which
may be due to the disruption of the hypothamamic-pitu-
itary-adrenal axis [7]. Antiepileptic drugs lower the concen-
tration of bioavailable sex steroids affecting the menstrual
cycle control and the effectiveness of contraception. These
drugs can suppress natural sex steriods leading to repro-
ductive disorders [7-8]. Pregnancy in women with epilepsy
is of special concern. The pharmacokinetics of antiepileptic
drugs changes in pregnancy possibly leading to an increased
seizure frequency [9]. Combination treatment of patients with
epilepsy controls seizure activity and protects long-term
health condition. Extension of knowledge about the influence
of epilepsy on reproductive health of women might help
healthcare professionals that treat this group of patients in
their everyday practice.

This review aimed to summarize the up-to-date informa-
tion on the effect of epilepsy on women'’s reproductive health.

Electronic databases of PubMed, eLibrary, and Google
Scholar were searched for relevant publications. The follow-
ing keywords and their combinations were included in the
search strategy: "snunencus,” “penpoayKTMBHOe 340p0BbE,”
“nonoBble ropMoHbl,” “GepeMeHHOCTb,” “MeHCTpYanbHbIN
unkn,” “detanbHbii,” “HeoHatanbHbIn,” “epilepsy”, “reproduc-
tive health”, “sex hormones”, “pregnancy”, “menstrual cycle”,
“fetal”, “neonatal.” The search was conducted among studies
published before December 2023. All authors independently
screened the titles and abstracts of the studies and retrieved
the full text of the relevant articles. Duplicates and non-full-
text articles were excluded. Full-text articles were assessed
according to the following inclusion criteria: the study was
published in English or Russian, the study was conducted
with human subjects and animals.

PROBLEM OF EPILEPSY IN WOMEN

Epilepsy is a neurological disorder characterized by
unprovoked seizure attacks, which can significantly low-
er the quality of life and contribute to the development of
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reproductive disorders, including fertility, pregnancy, child-
birth and contraception. This is due to the fact that hormonal
imbalances in the woman's body are directly bound to the
seizure frequency and the efficacy of antiepileptic pharma-
ceutical therapy [3]. Since some antiepileptic drugs increase
the risk of fetal congenital anomalies, achievement and
maintenance of healthy pregnancy in women with epilepsy
may be challenging [5, 91. Moreover, emotional and physical
stress during labor may contribute to the development of a
seizure disorder [10]. To provide patients with epilepsy with
appropriate healthcare and support, it is crucial to under-
stand the complicated and multifaceted connection between
epilepsy and reproductive health. Irregular menstrual cycle,
hormonal imbalances and infertility are just some of the ef-
fects of epilepsy on reproductive health. It is important to
reach appropriate seizure control before pregnancy, because
seizures in pregnant women may be rather dangerous [10].
Further we will discuss the mechanisms of impact that ep-
ilepsy have on women's reproductive health, including hor-
monal imbalances, sexual dysfunction, pregnancy and spe-
cific contraception.

HORMONAL IMBALANCES

Epilepsy has a significant effect on hypothalamic and
pituitary hormone levels [11]. Also, some of the antiepilep-
tic drugs may significantly alter the levels of sex steroids
synthesized by the adrenal glands and the ovaries [12]. Go-
nadotropin secretion from the anterior pituitary is controlled
by gonadotropin releasing hormone (GnRH) [13]. GnRH is
released by the hypothalamus in a pulsatile manner and
stimulates the production of gonadotropins, such as folli-
cle-stimulating hormone and luteinizing hormone (LH) by the
pituitary. FSH and LH stimulate the synthesis and secretion of
sex steroids from the gonads, providing negative feedback to
the pituitary and the hypothalamus [14].

Seizures can interfere with cortical regulation of hypo-
thalamic hormone secretion, leading to disruption of the
hypothalamic-pituitary axis [14]. The primary examples of
endocrine disorders in women with epilepsy are irregular
pituitary response to GnRH, changes in the secretion of LH
by the pituitary, increased LH and prolactin levels [15]. There
are several mechanisms that initiate these endocrine disor-
ders. Ictal discharges can cause direct and episodic changes
in the hypothalamic-pituitary-adrenal system, while epilep-
togenic damage can lead to prolonged dysfunction of the
hypothalamic-pituitary-adrenal axis [16]. Antiepileptic drugs
can alter the activity of hypothalamic-pituitary-adrenal axis,
disrupting the negative feedback loop and directly affecting
the incoming signals. Endocrine disorders can occur due to
the disruptions in the hypothalamic-pituitary-adrenal axis,
which, in turn, can alter hormone levels.

It is important to mention, that women with epilepsy
often develop hyperprolactinemia. Early studies showed
that after tonic-clonic and focal (with or without a loss of
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consciousness) seizures the pituitary prolactin level more
than doubled, while in non-epileptic paroxysmal conditions
it did not change [17]. However, in the prospective study in
2021, the authors did not report statistically significant dif-
ferences in prolactin levels in patients with epileptic and
non-epileptic conditions [18]. The level of prolactin starts
to increase during the first 5 minutes of the seizure, peaks
after 15 minutes and remains increased for an hour, before
returning to the baseline. The increase in prolactin level is
thought to be caused by stress and hormonal imbalance
during the seizure. An increased prolactin level may have
various effects, including ovarian suppression and sexual
dysfunction. The understanding of alterations in the pro-
lactin level during seizures can be helpful in the research
of pathogenesis of epilepsy and the development of new
treatment methods [18].

Antiepileptic drugs act on the hypothalamic-pituitary-ad-
renal axis by directly binding to cortical centers and disrupting
the negative feedback. Antiepileptic drugs affect neurochem-
icals which regulate hypothalamic-pituitary-adrenal axis,
such as gamma-aminobutyric acid (GABA), endogenous opi-
oids, serotonin and glutamate [19]. Antiepileptic drugs which
induce cytochrome P450 enzymes increase steroid metab-
olism and binding [20]. Antiepileptics which decrease ste-
roid hormone levels are oxcarbamazepine, carbamazepine,
phenytoin, topiramate, and phenobarbital. Antiepileptic drugs,
which inhibit this enzymatic pathway increase steroid hor-
mone levels. Lamotrigine and gabapentin are thought not to
alter steroid hormone levels [21]. Physicians should consider
possible hormonal imbalances associated with antiepileptic
drug use, which disrupts reproductive functions. Changes in
duration and regularity of the menstrual cycle are an import-
ant indicator of an anovulatory cycle. Hirsutism, obesity and
acne are the symptoms of increased androgen levels and
androgen hypersensitivity [22]. Hyperandrogenemia may be
accompanied by disorders of lipid metabolism and glucose
intolerance, which have severe long-term consequences for
women'’s health [22].

EPILEPSY AND WOMEN’S
REPRODUCTIVE HEALTH

A decrease in reproductive function might be due to a
variety of factors. According to the study by Parfenova et al.,
individuals with epilepsy get married and have children less
frequently [23]. Although a lot of studies have been conduct-
ed, pregnancy-associated risks in this group of patients re-
main unclear. Many physicians do not recommend pregnan-
cy for patients with epilepsy due to concerns about possible
complications for the mother and the baby [24]. In women
with epilepsy pregnancy is especially challenging. There is a
lack of knowledge about pregnancy-related risks in patients
with epilepsy and methods of their correction among health-
care providers. Thus, further investigations of the problem
are needed. It is important to note, that the circumstances
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of every woman are different, and planning of the pregnancy
should be personalized according to the woman's health and
seizure control.

IRREGULAR MENSTRUAL CYCLE,
POLYCYSTIC OVARY SYNDROME
AND ANOVULATION

Women with epilepsy are more prone to the development
of menstrual cycle disorders, including shortened (<23 days)
and prolonged (>35 days) menstrual cycles. According to the
study by Bosak et al., 28.8% of women with epilepsy reported
irregular menstruations with about one-third of them being
anovulatory, in contrast to 12% in women without the disease
[25]. Anovulatory periods are more often seen in women with
generalized epilepsy, compared to women with symptomat-
ic focal epilepsy. Antiepileptic drugs, except for gabapentin,
phenobarbital, carbamazepine, phenytoin, and lamotrigine,
have been associated with anovulatory periods. Women with
primary generalized epilepsy who took antiepileptic drugs
were at the greatest risk [26]. Fifty-five percent of menstrual
cycles in this group of patients were anovulatory. Ovulation
deficiency, caused by epilepsy and antiepileptic drugs, might
be due to hormonal imbalances and ovarian dysfunction [22].
Uncontrolled LH secretion by the pituitary regardless of the
GnRH level indicates the disruption of the hypothalamic-pitu-
itary axis. In women who took antiepileptics which stimulate
cytochrome P450 system a significant decrease in testoster-
one and estradiol levels and an increase in steroid-binding
globulin level was reported [27]. Also, in women who took
antiepileptics inhibiting cytochrome P450 enzymes, adrenal
and gonadal androgen levels were significantly increased
[28]. Women who took lamotrigine and gabapentin, which
do not affect the cytochrome P450 enzymes, did not have
hormonal imbalances [29].

Obesity, polycystic ovaries, acne, hirsutism, increased
FSH/LH ration, increased androgen levels, impaired insulin
sensitivity and prolonged anovulation are the symptoms of
polycystic ovary syndrome (PCOS). This syndrome is associ-
ated with infertility, increased cardiovascular risk, dyslipid-
emia, diabetes mellitus, impaired insulin sensitivity, endome-
trial carcinoma, and possibly, breast cancer [30]. Anovulation
usually leads to irregular menstruations or their absence.
Without regular ovulation the probability of pregnancy sig-
nificantly decreases. This can cause amenorrhea or irregu-
lar menstruations. The most common cause of anovulation
is PCOS. Characteristic signs of PCOS are multiple ovarian
cysts, hormonal imbalances and impaired insulin sensitivity.
Anovulation is also associated with some other unfavorable
sequalae, including increased risk of endometrial hyper-
plasia and a risk of endometrial cancer over time. PCOS in
women with epilepsy is usually triggered by antiepileptic
therapy [29]. In most cases ovulation can be stimulated us-
ing fertility drugs, such as clomiphene citrate or letrozole.
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Replacement of an antiepileptic drug to lamotrigine in women
with PCOS corrects hyperandrogenemia, normalizes ovarian
morphology and lipid spectrum, increasing high density lipo-
proteins level [31].

CONTRACEPTION IN PATIENTS
WITH EPILEPSY

To avoid unintended pregnancy patients with epilepsy
should use contraception. However, the choice of contracep-
tives might be difficult due to their interaction with antiepilep-
tic drugs, which leads to decreased antiseizure effect. To find
an appropriate contraception method which is both effective
and does not affect antiepileptic therapy women with epilep-
sy should consult a specialist. For hormonal contraceptives,
such as combined oral contraceptive pills (COCPs), contra-
ceptive patches and intrauterine devices (IUDs), there might
be dose adjustments or supportive measures required to
provide maximal efficacy. Depending on the patient’s wishes
and history, non-hormonal methods of contraception, such
as barrier contraception or copper IUD can also be an option.

COCP can interact with antiepileptics decreasing their
efficacy and increasing the risk of seizures. In the study by
Halane et al., antiepileptics which induce cytochrome P450
enzymes, such as carbamazepine and phenytoin, were re-
ported to decrease the efficacy of hormonal contraceptives,
leading to unintended pregnancy in patients with epilep-
sy [33]. Therefore, women using COCPs should use addi-
tional methods of contraception, such as condoms, or con-
sider alternative methods of contraception, including copper
IUD or progestin-only hormonal contraceptives, which are
not affected by antiepileptics. In addition to hormonal con-
traception, barrier contraception (e.g., condoms, vaginal
diaphragms and cervical caps) which is safe and effective
might be used in patients with epilepsy, because it does not
interact with antiepileptic drugs. However, in patients with
epilepsy there is an increased seizure activity during sexual
intercourse, which complicates the use of barrier contracep-
tion. Thus, physicians should discuss the risks and benefits
of various contraception methods with patients and consid-
er their seizure control while making recommendations on
contraception. Women with epilepsy use various methods
of contraception and their combinations, including hormon-
al contraception, such as progestin-only contraceptive pills,
barrier contraception, subcutaneous implants, intramuscular
injections, contraceptive patches, and vaginal rings. Most
women with epilepsy also take antiepileptic drugs. A lot of
drugs can interact with hormonal contraceptives, decreasing
their efficacy or leading to poor seizure control [34].

EPILEPSY AND PREGNANCY

Pregnancy in patients with epilepsy is challenging due to
altered seizure frequency, increased risk of complications,
and the need to take antiepileptic drugs throughout the
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pregnancy. However, with proper healthcare and efforts most
of the patients can conceive and give hirth to a healthy child.
Alterations in the frequency of seizures during pregnancy are
unpredictable, since it might either increase or decrease. The
frequency of seizures increased in 33% of pregnant women
with epilepsy and decreased in 24%. Another 43% of wom-
en did not report changes in the frequency of seizures [35].
Therefore, it is necessary to control seizure activity through-
out the pregnancy and adjust the dose of antiepileptic therapy
to improve seizure control. The use of antiepileptics during
pregnancy also affects fetal development and increases the
risk of congenital fetal anomalies. The risk varies depending
on the type and dose of antiepileptics being used. Some of
the antiepileptics are associated with a higher risk compared
to others. For example, valproic acid is associated with a
higher risk of neural tube defects and other congenital anom-
alies [8]. Thus, clinical physicians should carefully evaluate
the risks and benefits of antiepileptic drug use in pregnan-
cy, consider alternative treatment methods or decrease the
dose of antiepileptics to minimize the risk of congenital birth
defects. To achieve appropriate seizure control, antiepileptic
therapy should minimally affect the fetus. Most of the con-
genital anomalies, dysmorphic syndromes, neurocognitive
development anomalies, and intrauterine growth restriction
can be caused by prenatal antiepileptic drug exposure. Phar-
macokinetics of antiepileptic drug changes in response to
pregnancy-related physiological changes, which can lead to
decreased concentration of the drug and worsening of the
seizures. These effects may be prevented with drug level
monitoring and dose adjustments throughout the pregnancy
and during the postpartum period [36].

SEXUAL DYSFUNCTION

Another cause of the low birth rates in patients with ep-
ilepsy is epilepsy-associated sexual dysfunction. Men and
women with epilepsy are reported to have a higher frequency
of sexual disorders. In other chronic neurological diseases
sexual dysfunction is usually represented by lack of sexual
desire and potency. From 30% to 66% of men and 14% to
50% of women with epilepsy have sexual disorders [37]. In
men with epilepsy sexual problems are characterized by lack
of spontaneous nocturnal erections, erectile dysfunction and
anorgasmia [31]. Studies have shown that more than one-
third of women with epilepsy suffer from vaginismus, lack of
vaginal lubrication, and dyspareunia while maintaining sexual
desire [38]. Sexual dysfunction in patients with epilepsy is
likely to have a complex mechanism [38]. The social devel-
opment of some patients might be difficult. Seizures may
reduce self-esteem, contributing to sexual dysfunction [38].
Epileptic activity in the areas of the brain responsible for sex-
ual behavior may potentially play a role in the formation of
sexual disorders. Changes in the pituitary gonadotropin le-
vels may also influence the development of sexual disorders.
Elevated prolactin, progesterone and testosterone levels and
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low estrogen levels have been associated with sexual dys-
function in patients with epilepsy. In addition, some antiepi-
leptics cause sexual dysfunction either directly or indirectly
through hormonal changes [39].

TREATMENT OF SEXUAL DYSFUNCTION

Patients with epilepsy may experience sexual dysfunc-
tion, which is a complex problem caused by neurological
abnormalities and antiepileptic drug use. Thus, sexual dys-
function can result from seizure activity or epilepsy-associ-
ated hormonal imbalances. Anxiety, depressed mood, and
unsatisfaction with one’s body appearance can exacerbate
the problem. Open communication between spouses and a
multidisciplinary approach including psychologists, gyne-
cologists, and neurologists are crucial to address these is-
sues [1]. Assessment of the patient’s needs, epileptic status,
comorbidities, and the available antiepileptic drugs are all
necessary to determine the best treatment course for wom-
en with epilepsy-associated sexual dysfunction. Behavioral
techniques that increase sexual activity, adjustment and dose
reduction of the available antiepileptic drugs to each indi-
vidual patient, monitoring of the development of tolerance,
adjuvant treatment of sexual dysfunction, delayed drug intake
(after the sexual intercourse), and targeted treatment of sex-
ual dysfunction itself, may help control sexual disorders in
women with epilepsy [38].

The treatment of sexual dysfunction caused by antiepilep-
tic drugs is supportive therapy, including buspirone, cypro-
heptadine, yohimbine, neostigmine, amantadine, mianserin,
and dexamphetamine. In patients with epilepsy, education
and work with a psychologist, along with drug therapy, play
a crucial role in the correction of sexual dysfunction. To date,
there is no approved pharmaceutical therapy for orgasmic dys-
function and decreased sexual desire in women. Nonetheless,
vaginal lubricants and hormone replacement therapy are ef-
fective in the correction of sexual arousal. Invasive treatment
of reproductive disorders includes extracorporeal fertilization
and intracytoplasmic injection of spermatozoids. To stimulate
ovulation, human chorionic gonadotropin and follicle-stimu-
lating hormone (FSH) are used, the eggs are then taken using
transvaginal aspiration and fertilized in vitro [40].

CONCLUSION

Women are particularly concerned about epilepsy
throughout their reproductive years. Infertility rates increased
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in people experiencing psychological stress and impaired
physiologic processes that support reproductive health. Thus,
doctors must examine the physiological effects of antiepilep-
tic and anticonvulsant drugs. The main goal of therapy is to
provide women with epilepsy with seizure-free life, excellent
overall well-being and improved health. the current plan is
achievable if the practitioner is familiar with the sexual ef-
fects of epilepsy at the molecular level. However, modern
treatment methods cannot be available to every woman be-
cause of limited resources.
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