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Objective: Menstrual disorders are more common in women with epilepsy than in those without epilepsy. This study aimed to examine the characteristics of reproductive function in women with epilepsy at an Indonesian national referral hospital.

Methods: A case-control study was conducted from March 2020 to March 2021. Women with and without epilepsy aged ≥18 years were enrolled. All women were premenopausal before epilepsy diagnosis. Data on demographic characteristics, menstrual profiles, epileptic syndrome, seizure type, seizure frequency, etiology, localization, and anticonvulsant medication were collected. Hormone levels (follicle stimulating hormone, luteinizing hormone, prolactin, and estradiol) were measured.

Results: A total of 72 women with and 50 without epilepsy (controls) were included. Dysmenorrhea was more common in women with epilepsy than in those without (59.7 vs. 20%, p < 0.001; odds ratio: 5.931 [95% confidence interval: 2.566–13.709]). Marriage rates were higher in women without epilepsy (82 vs. 45.8%, p < 0.001). No difference was found in hormone levels between the groups. The frequency of seizures was associated with prolactin and estradiol levels (p < 0.001). Polytherapy with clobazam was associated with menstrual cycle regularity. In women with epilepsy with menstrual disorders, valproic acid was associated with higher estradiol levels (p = 0.001) and lamotrigine with lower follicle stimulating hormone levels (p = 0.008).

Significance: Women with epilepsy experienced more dysmenorrhea. A higher frequency of seizures associated with lower prolactin and estradiol levels. Polytherapy with clobazam was associated with irregular menstrual cycles, while valproic acid and lamotrigine was associated with estradiol and follicle stimulating hormone levels.
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Introduction

Epilepsy is a neurological disorder that commonly affects women, with an estimated prevalence of 6.85 cases per 1,000 population (1, 2) and range of ~0.3–0.7% in women of childbearing age (3, 4). Approximately 1.5 million women with epilepsy (WWE) in the United States and 1.3 million WWE in India belong to the reproductive age group (5, 6). Epilepsy is considered an inherited disease by certain inhabitants, thus influencing certain people to hesitate marrying WWE. A study in India, which is similar to Indonesia in social and economic aspects, revealed that marriage rates among WWE in India were far lower than those among women without epilepsy (WWoE) (7). However, confirmed data in Indonesia are still lacking. Stigma surrounding epilepsy in Indonesia remains profound (8).

Epilepsy and reproductive hormones have a complex bidirectional relationship, and the reproductive health of WWE requires special consideration, especially in patients who have been using anti-seizure medications (ASMs) for a long period of time (9). Reproductive hormones, such as follicle stimulating hormone (FSH), luteinizing hormone (LH), progesterone, and estradiol, are important determinants of female reproductive function. These hormones affect oocyte maturation, ovulation, and menstruation. A previous study demonstrated that hormonal changes in WWE affect neuronal activity and increase the risk of worsening seizures; for example, estrogen has an excitatory effect on neurons that can generate seizures (10). Epilepsy can also affect reproductive endocrine function through the hypothalamic-pituitary-adrenal (HPA) axis (11). Several studies have shown an increase in the frequency of menstrual disorders, fertility problems, and hormonal dysfunction in WWE. However, fluctuating hormonal levels can also affect the frequency of seizures and metabolism of ASMs and vice versa (2). In one study, menstrual disorders were reported in one in three WWE compared to one in seven women in the general population (12).

The increasing prevalence of menstrual disorders in WWE can also be attributed to the side effects of certain ASMs. Cytochrome P450 inducers, such as carbamazepine and phenytoin, can affect circulating hormone levels, while continued use of clonazepam can affect menstrual cycle regularity (9). Other ASMs such as valproic acid (VPA) can also cause side effects, such as polycystic ovaries and hyperandrogenism (13). The relationship between epilepsy and menstrual disorders remains unclear. The purpose of this study was to determine the characteristics of reproductive function in WWE, with a focus on dysmenorrhea and menstrual disorders, and to evaluate differences in reproductive hormone levels between WWE and WWoE.



Materials and methods


Study design and participants

This study was approved by the Faculty of Medicine Universitas Indonesia Ethics Committee and Cipto Mangunkusumo Hospital research section (ethical review number: 1393/UN2.F1/ETIK/PPM.00.02/2019). We conducted a case-control study from March 2020 to March 2021 at Dr. Cipto Mangunkusumo National Referral Hospital, Jakarta. All patients provided written informed consent. The subjects were recruited using convenient consecutive sampling method. The sample size was determined using the calculation for 2 groups with a 95% confidence interval (95% CI) and power of 80%, using the prevalence of menstrual disorders in WWE and WWoE based on previous study (7). The inclusion criteria for the case group (WWE) and control group (WWoE) were those aged ≥18 years and already had their menstrual cycle. The exclusion criteria for the case group were WWE who had already had menopause before being diagnosed epilepsy, while the exclusion criteria for control group were WWoE who already had menopause and had comorbidities such as autoimmune disease and other chronic diseases. Subjects in the control group who had menstrual disorders were recruited from patients who visited the gynecology outpatient clinic at Dr Cipto Mangunkusumo National Referral Hospital, while subjects in the control group without menstrual disorders were recruited from patients who visited general outpatient clinics at the same hospital and did not have any symptoms of menstrual disorders. Thereafter, WWE and WWoE with menstrual disorders were compared, and a similar comparison was made between WWE and WWoE without menstrual disorders.

Demographic and clinical data were obtained primarily through interviews and secondarily through medical records. Blood samples were subsequently taken from both groups after the interview to measure levels of reproductive hormones which were FSH, LH, prolactin, and estradiol. The confounder factor was the blood samples were taken randomly at unspecified times without regard to phases of the menstrual cycle in both groups.



Data collection

Independent variables comprised the subjects' age, onset of epilepsy, duration of epilepsy, seizure type and frequency, type and number of ASMs consumed, history of status epilepticus, etiology of epilepsy, localization of epilepsy, age of menarche, and marital history. The classification of epilepsy types and etiology were defined based on the International League Against Epilepsy 2017 classification guidelines (14). To determine structural etiology and localization of epilepsy, EEG and brain MRI were performed on all WWE. All patients on ASM polytherapy were further analyzed to determine the association between ASM combinations and menstrual disorders or dysmenorrhea. ASMs were further categorized further into the following three categories: (a) inducers, which included carbamazepine, phenytoin, and phenobarbital; (b) inhibitors, which included VPA; and (c) miscellaneous for the remaining types of ASMs. Subjects with controlled seizures were defined as those who had been seizure free throughout the preceding year.

Dependent variables included menstrual disorders and dysmenorrhea. Menstrual disorders were defined as any deviation from the normal menstrual cycle based on the 2011 International Federation of Gynecology and Obstetrics guidelines (15). In this study, we classified menstrual disorders based on frequency and regularity. Menstrual cycles were considered of normal frequency if they were within the range of 21–35 days and abnormal if they were outside that range. Regularity was classified as normal if the variation between cycles was limited to 2–20 days over a 12-months period. Dysmenorrhea was defined as discomfort and pain during the menstrual period (16).



Statistical analysis

Data were analyzed using SPSS version 20.0. Data on subject characteristics measured in categorical form are presented in proportions. Data in numerical form were analyzed using the Kolmogorov–Smirnov test to determine the distribution of the data. Normally distributed data were interpreted using a p-value > 0.05 to indicate statistical significance and are presented as the mean and standard deviation (SD), while abnormally distributed data were interpreted using a p-value < 0.05 to indicate statistical significance and are presented as the median and range. To determine the potential factors associated with menstrual disorders and dysmenorrhea, an initial bivariate analysis was conducted to determine the factors that had a statistically significant effect. The chi-square test or Fisher's exact test was used for categorical variables, and the student's t-test or Mann–Whitney test was used for numerical variables.




Results


Demographic and clinical characteristics of WWE and WWoE

Seventy-two WWE and 50 WWoE participated in this study. There were no missing data in this study. The demographic characteristics of WWE compared to those of WWoE are displayed in Table 1. The mean age of WWE was younger than that of WWoE (p < 0.05). The age of menarche was comparable between the groups (~12 years). The numbers of WWE (case) and WWoE (control) who had menstrual disorders were similar (30 and 32, respectively). However, the number of WWE was higher than that of WWoE in the normal menses group (42 and 18, respectively). Dysmenorrhea was more common in WWE than in WWoE (59.7 vs. 20%; odds ratio [OR]: 5.931, 95% CI: 2.566–13.709). WWE were less likely to be married than WWoE (45.8 vs. 82%; p < 0.001). Most WWE were aged ≤ 40 years (83.3%), and the majority (73.6%) were aged >10 years at the time of epilepsy onset. The most common type of seizure encountered was the focal type (95.8%), with most subjects claiming to have uncontrolled seizures (63.9%). Only eight patients (11.1%) had a history of status epilepticus in their lifetime. Most WWE reported one or two seizures per month (76.1%).


TABLE 1 Demographic characteristics of women with epilepsy and women without epilepsy.
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The analysis was performed separately between groups with or without menstrual disorders, as shown in Table 2. The demographic characteristics of the subjects based on the presence of menstrual disorders are displayed in Table 2. In the group with menstrual disorders, there were 30 WWE and 32 WWoE. Most WWE and WWoE with menstrual disorders were aged ≤ 40 years (80 and 84.4%, respectively), and the age at onset of menarche was ≥12 years in most patients (83.3 and 90.6%, respectively). Dysmenorrhea was significantly more common in WWE than in WWoE in the menstrual disorders group (56.7 vs. 9.4%; OR: 12.64, CI: 3.146–50.794). In the group without menstrual disorders, there were 42 WWE and 18 WWoE. The proportion of WWE who had dysmenorrhea was higher than that of WWoE (61.9 and 38.9%, respectively); however, the difference was not statistically significant.


TABLE 2 Comparison of demographic and hormone characteristics between women with menstrual disorders and women without menstrual disorders.

[image: Table 2]



Factors associated with dysmenorrhea and menstrual disorders in WWE

Table 3 details the association of dysmenorrhea and menstrual disorders in WWE. No factors were related to the incidence of dysmenorrhea or menstrual disorders in WWE. However, clobazam was significantly associated with menstrual disorders (p = 0.033). All patients who used clobazam were on polytherapy.


TABLE 3 Crosstabulation of dysmenorrhea and menstrual disorders in women with epilepsy.
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Reproductive hormones of WWE and WWoE
 
Reproductive hormones characteristics among WWE and WWoE

The characteristics of reproductive hormones among WWE and WWoE with and without menstrual disorders are shown in (Supplementary S1). Although the levels of reproductive hormones (FSH, LH, prolactin, and estradiol) were higher in WWE than in WWoE, the difference was not significant (p > 0.05). In the group without menstrual disorders, there were 42 WWE and 18 WWoE. Compared with the group with menstrual disorders, the average level of both WWE and WWoE reproductive hormones (FSH, LH, and prolactin) in the group without menstrual disorders was lower, with estradiol being the only exception. Among WWE, the average estradiol level was higher in those without menstrual disorders than in those with menstrual disorders (209.5 [509.9] and 101.72 pg/mL [123.1], respectively).



Reproductive hormones in WWoE and its associating factors

Supplementary S2 shows the association of reproductive hormones with demographic and clinical factors in WWoE. Hormone levels FSH, LH, and prolactin were associated with menstrual disorders in WWoE (p < 0.05). While estradiol level was observed to be higher in WWoE who undergoes menarche at the age <12 years old.



Reproductive hormones in WWE and its associating factors

In contrast to WWoE, menstrual disorders didn't show to be associated with hormone levels in WWE (Table 4). However, there was a significant association between seizure frequency and prolactin and estradiol levels in WWE (p < 0.001). Prolactin and estradiol levels tended to be lower with higher number of seizure frequency. FSH level was lower in WWE aged ≤ 40 years than in those aged >40 years (p < 0.001).


TABLE 4 The association of reproductive hormone with demographic and clinical factors in women with epilepsy.

[image: Table 4]




Anti-seizure medication and reproductive hormones

Inducer ASMs were the most widely used ASMs (32.1%), followed by inhibitor ASMs (13%). Supplementary S3 presents the association of certain types of ASMs with reproductive hormones. There was no association between the use of ASM and reproductive hormone levels in WWE in the total cohort. However, in subgroup analysis based on the presence of menstrual disorders, some ASMs exhibited a direct relationship with certain hormones. In WWE with menstrual disorders, VPA was associated with higher estradiol levels, while lamotrigine was associated with lower FSH levels. In WWE without menstrual disorders, topiramate was associated with higher prolactin levels.




Discussion


Demographic and clinical characteristics

This is the first study conducted on WWE in Indonesia. We found no significant difference in age at menarche between WWoE and WWE, which are consistent with the findings of the previous (16). In contrast, there was a difference in marital status between the groups: marriage rates were lower in WWE than in WWoE. General population in Indonesia tend to be unwilling to marry people with epilepsy (PWE). Despite of good knowledge of epilepsy among general population, they were still reluctant to have deep bond with PWE. This could lead to low self-esteem and high unmarried rate among WWE (8). Similarly, a study in India also found that WWE had a lower marriage rate than the general population (9).

The clinical characteristics of the subjects included in this study were identical to those included in previous studies on epilepsy that displayed focal onset epilepsy as a common seizure type (17). The mainstream etiologies in our subjects were either structural or unknown; this is in accordance with several other studies that revealed structural (head trauma, cerebrovascular accidents) or unknown problems as the leading causes of epilepsy (18, 19). In terms of epilepsy syndromes, symptomatic/cryptogenic were more common than idiopathic types in all groups, which was also demonstrated in a Canadian study, where symptomatic, cryptogenic, and idiopathic epilepsy occurred in 44.4, 47.6, and 8% of subjects, respectively (20).



Menstrual disorders and epilepsy

The prevalence of menstrual disorders among WWE in this study was higher than that reported in other studies. Menstrual disorders were reported in 28.8% of WWE in Poland7 and 39.7% of those in Nigeria (10). The irregularity of menstrual cycle in WWE could be associated with the decrease of luteal phase. This phenomenon was also seen in depression and anxiety (21). The correlation of epilepsy with menstrual disorders is thought to be due to the effect of epilepsy itself or an adverse effect of ASMs (clonazepam) on the neuroendocrine regulation of the menstrual cycle (7, 22). The prevalence of menstrual disorders in WWE who had an onset of epilepsy before menarche was higher than that in WWE with an age of epilepsy onset after menarche (7). However, there were no significant associations of age of epilepsy onset and age at menarche with menstrual disorders in this study, which is consistent with the findings of previous studies (7).

Our study showed there was no significant association between menstrual disorders in WWE and ASM. Bosak et al. (7) demonstrated no significant difference in the incidence of irregular menstruation in patients taking valproic acid, lamotrigine, levetiracetam, lacosamide, or topiramate but noted a significant association with clonazepam. Similarly, our study revealed that polytherapy with clobazam was the only ASM to have a significant relationship with menstrual disorders. Benzodiazepines, such as clonazepam and clobazam, are commonly used to treat exacerbations of hormonally affected seizures (5). The mechanism underlying the relationship between the use of benzodiazepines and menstrual disorders has not been elucidated. The number of ASMs and type of polytherapy combination were not significantly associated with dysmenorrhea and menstrual disorders; hence, duration of drug usage and drug dosage were not analyzed further.



Dysmenorrhea in women with epilepsy

The incidence of dysmenorrhea in this study was higher in WWE (59.7%) than in WWoE (20%). Psychological factors, such as depression, stress, and anxiety, are thought to have a reciprocal relationship with the severity of dysmenorrhea and menstrual disorders. The occurrence of monthly dysmenorrhea can increase the risk of depression and vice versa. Women with dysmenorrhea are more prone to depression and anxiety (23). However this study did not include depression as a variable influencing dysmenorrhea in WWE. In addition, disturbances in the HPA axis in WWE can affect the production of reproductive hormones, which then play a role in the incidence of dysmenorrhea (24). We did not found any association between demographic and clinical factors to dysmenorrhea in WWE.



Epilepsy and reproductive hormones

The results of this study revealed that prolactin, estradiol, FSH, and LH levels in WWE were higher than those in WWoE. FSH levels were found to be higher in the sample population aged >40 years old in both WWE and WWoE. This finding is consistent with known physiological changes, as FSH production indeed increases with age. However, after closer scrutiny, FSH levels appear significantly higher in WWE (Table 4) than in WWoE (Supplementary S2). An earlier study also indicated that WWE generally have higher levels of FSH, LH, prolactin, and estradiol than WWoE (25). Herzog et al. (26) proposed that an element of lateralization was involved in reproductive hormone disorders among WWE. Unfortunately, we did not distinguish between symptomatic epilepsy with left and right-sided foci.

In this study, a higher frequency of seizures was associated with lower prolactin and estradiol levels in the blood. The mechanisms involved remain vague, and further research is required to elucidate them. The proconvulsant nature of cortisol leads to further susceptibility and frequency of future seizures (27). The association between estrogen and seizure frequency has not been fully understood. Estradiol levels were reduced in WWE compared with those in WWoE in this study. In contrast, estrogen has both effects as pro- and anticonvulsant properties as well (28). Therefore, the lower level of estrogen could become the associated factors toward high frequency seizure in WWE and vice versa. The high number of seizure frequency could alter the pulsatile secretion of estrogen.



ASM and reproductive hormone

The interaction between epilepsy and ASMs can cause sexual hormone imbalance (4). One study concluded that monotherapy with VPA causes a decrease in FSH and LH levels in WWE (29). An earlier study demonstrated that oxcarbazepine reduces estrogen and progesterone levels, while lamotrigine reduces estradiol levels (30). Our findings differ slightly in the sense that in WWE with menstrual disorders, VPA was associated with higher estradiol levels, while lamotrigine was associated with lower FSH levels. An in-vitro study demonstrated that VPA directly inhibits ovarian steroid production, namely FSH and estradiol synthesis (31); however, other studies show that VPA tends to increase estradiol activity, either through inhibition of liver enzymes or enhancement of estrogen receptors (32). Lower FSH levels have also been discovered in patients who underwent monotherapy with lamotrigine, regardless of their menstrual phase (33). In WWE without menstrual disorders, topiramate was connected to higher prolactin levels. However, the mechanism underlying the association of topiramate and prolactin is unclear due to limited data. No further association has been identified between epilepsy syndromes and etiology on reproductive hormone levels. A possible reason for the discrepancy between our study and previous studies could be the insufficient sample size and timing of retrieving blood samples.

The limitations of our study are that we did not consider the various phases of the menstrual cycle, therefore analysis of hormone levels in women without menstrual disorders could potentially be exposed to bias. Unfortunately, we did not record seizure data within 24 h of blood collection to determine the association between seizures and hormone levels, especially of prolactin. Other limitations includes absent information on lateralization of structural etiology and lack of body mass index and other clinical data (comorbidities and routine consumption of drugs) on WWoE in comparison with WWE. Due to limited time during sample collection in this pandemic era, the number of WWoE without menstrual disorders did not achieve the same level as that of the case group. Unfortunately, we could not conduct multicenter research, since we could not visit other hospital at the beginning of the pandemic era.

In conclusion, WWE were more prone to suffer from dysmenorrhea than WWoE. Unsurprisingly there was a significant difference in WWoE hormone levels, in those with and without menstrual disorders. However, this phenomenon was not observed in WWE; hence, menstrual disorders in WWE could be caused by external, non-hormonal factors. Further research opportunities are suggested with a larger sample size and multicenter to comprehend the association between dysmenorrhea and depression, as well as the focal epileptic discharge location association toward the occurrence of menstrual disorders in WWE. Moreover, additional research on menstrual disorders in WWE needs to be warranted, involving serial reproductive hormone levels examination in relation to certain phases of the menstrual cycle.




Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Faculty of Medicine Universitas Indonesia Ethics Committee and Cipto Mangunkusumo Hospital research section (Ethical review number: 1393/UN2.F1/ETIK/PPM.00.02/2019). The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

The authors would like to thank Universitas Indonesia for funding this research through the PUTI Grant (Contract number: NKB-1304/UN2.RST/HKP.05.00/2020).



Acknowledgments

We would like to thank Sugiharto, MD, Christine Sari, MD, and Theodore Nathan, MD, for assisting in data collection and providing valuable contributions to this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2022.964761/full#supplementary-material



References

 1. Fiest KM, Sauro KM, Wiebe S, et al. Prevalence and incidence of epilepsy. Neurology. (2017) 88:296–303. doi: 10.1212/WNL.0000000000003509

 2. Stephen LJ, Harden C, Tomson T, Brodie MJ. Management of epilepsy in women. Lancet Neurol. (2019) 18:481–91. doi: 10.1016/S1474-4422(18)30495-2

 3. Sayehmiri K, Tavan H, Sayehmiri F, Mohammadi I, Carson KV. Prevalence of epilepsy in Iran: a meta-analysis and systematic review. Iran J Child Neurol. (2014) 8:9–17.

 4. Atarodi-Kashani Z, Kariman N, Ebadi A, Alavi Majd H, Beladi-Moghadam N. Sexual function and related factors in Iranian woman with epilepsy. Seizure. (2017) 52:147–53. doi: 10.1016/j.seizure.2017.10.001

 5. Sazgar M. Treatment of women with epilepsy. Continuum. (2019) 25:408–30. doi: 10.1212/CON.0000000000000713

 6. Santhosh NS, Sinha S, Satishchandra P. Epilepsy: Indian perspective. Ann Indian Acad Neurol. (2014) 17:S3–11. doi: 10.4103/0972-2327.128643

 7. Bosak M, Słowik A, Turaj W. Menstrual disorders and their determinants among women with epilepsy. Neuropsychiatr Dis Treat. (2018) 14:2657–64. doi: 10.2147/NDT.S179438

 8. Budikayanti A, Primardi A, Indrawati LA, Hamid D, Indriyani J, Rahmi I, et al. The stigma paradox: perception of quality-of-life in people with epilepsy among themselves, the family, and the general population in Indonesian urban areas. Epilepsy Res. (2022) 183:106938. doi: 10.1016/j.eplepsyres.2022.106938

 9. Agarwal P, Mehndiratta MM, Antony AR, Kumar N, Dwivedi RN, Sharma P, et al. Epilepsy in India: nuptiality behaviour and fertility. Seizure. (2006) 15:409–15. doi: 10.1016/j.seizure.2006.04.005

 10. Osalusi BS, Ogunjimi L, Yaria J, Ale A, Ogunsemi O, Akinyinka A, et al. The hormonal changes among Nigerian women with epilepsy. Afr J Sci Nat. (2020) 10:32–8. doi: 10.46881/ajsn.v10i0.173 

 11. Wulsin A, Solomon MB, Privitera M, Danzer SC, Herman JP. Hypothalamic-pituitary-adrenocortical axis dysfunction in epilepsy. Physiol Behav. (2016) 166:22–31. doi: 10.1016/j.physbeh.2016.05.015

 12. Noe K. Chapter 12: epilepsy in women. In: Cascino GD, Sirven JI, Tatum WO, editors. Epilepsy. Hoboken, NY: Wiley (2021). p. 217–27. doi: 10.1002/9781119431893.ch12 

 13. Sidhu HS, Srinivasa R, Sadhotra A. Evaluate the effects of antiepileptic drugs on reproductive endocrine system in newly diagnosed female epileptic patients receiving either valproate or lamotrigine monotherapy: a prospective study. Epilepsy Res. (2018) 139:20–7. doi: 10.1016/j.eplepsyres.2017.10.016

 14. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al. ILAE classification of the epilepsies: position paper of the ILAE commission for classification and terminology. Epilepsia. (2017) 58:512–21. doi: 10.1111/epi.13709

 15. Fraser IS, Critchley HOD, Broder M, Munro MG. The FIGO recommendations on terminologies and definitions for normal and abnormal uterine bleeding. Semin Reprod Med. (2011) 29:383–90. doi: 10.1055/s-0031-1287662

 16. Stefanidou M, Montouris G. Reproductive and sexual health concerns in transition-age adolescents and young adults with epilepsy. Semin Pediatr Neurol. (2020) 36:100855. doi: 10.1016/j.spen.2020.100855

 17. Guekht A, Hauser WA, Milchakova L, Churillin Y, Shpak A, Gusev E. The epidemiology of epilepsy in the Russian Federation. Epilepsy Res. (2010) 92:209–18. doi: 10.1016/j.eplepsyres.2010.09.011

 18. Wirrell EC, Grossardt BR, Wong-Kisiel LCL, Nickels KC. Incidence and classification of new-onset epilepsy and epilepsy syndromes in children in Olmsted County, Minnesota from 1980 to 2004: a population-based study. Epilepsy Res. (2011) 95:110–8. doi: 10.1016/j.eplepsyres.2011.03.009

 19. Beghi E. The epidemiology of epilepsy. Neuroepidemiology. (2020) 54:185–91. doi: 10.1159/000503831

 20. Téllez-Zenteno JF, Hernández-Ronquillo L, Buckley S, Zahagun R, Rizvi S. A validation of the new definition of drug-resistant epilepsy by the international league against epilepsy. Epilepsia. (2014) 55:829–34. doi: 10.1111/epi.12633

 21. Handy AB, Greenfield SF, Yonkers KA, Payne LA. Psychiatric symptoms across the menstrual cycle in adult women: a comprehensive review. Harv Rev Psychiatry. (2022) 30:100–17. doi: 10.1097/HRP.0000000000000329

 22. Pennell PB. Hormonal aspects of epilepsy. Neurol Clin. (2009) 27:941–65. doi: 10.1016/j.ncl.2009.08.005

 23. Bahrami A, Sadeghnia H, Avan A, Mirmousavi SJ, Moslem A, Eslami S, et al. Neuropsychological function in relation to dysmenorrhea in adolescents. Eur J Obstet Gynecol Reprod Biol. (2017) 215:224–9. doi: 10.1016/j.ejogrb.2017.06.030

 24. Atif M, Rehan Sarwar M, Scahill S. The relationship between epilepsy and sexual dysfunction: a review of the literature. Springerplus. (2016) 5:2070. doi: 10.1186/s40064-016-3753-5

 25. Hamed SA. The effect of epilepsy and antiepileptic drugs on sexual, reproductive and gonadal health of adults with epilepsy. Expert Rev Clin Pharmacol. (2016) 9:807–19. doi: 10.1586/17512433.2016.1160777

 26. Herzog AG. Disorders of reproduction in patients with epilepsy: primary neurological mechanisms. Seizure. (2008) 17:101–10. doi: 10.1016/j.seizure.2007.11.025

 27. Hooper A, Paracha R, Maguire J. Seizure-induced activation of the HPA axis increases seizure frequency and comorbid depression-like behaviors. Epilepsy Behav. (2018) 78:124–33. doi: 10.1016/j.yebeh.2017.10.025

 28. Miziak B, Chroscinska-Krawczayk M, Czuczwar SJ. Neurosteroids and seizure activity. Front Endocrinol. (2020) 11:541802. doi: 10.3389/fendo.2020.541802

 29. Rathore C, Henning OJ, Luef G, Radhakrishnan K. Sexual dysfunction in people with epilepsy. Epilepsy Behav. (2019) 100:106495. doi: 10.1016/j.yebeh.2019.106495

 30. Reimers A. New antiepileptic drugs and women. Seizure. (2014) 23:585–91. doi: 10.1016/j.seizure.2014.05.004

 31. Glister C, Satchell L, Michael AE, Bicknell AB, Knight PG. The anti-epileptic drug valproic acid (VPA) inhibits steroidogenesis in bovine theca and granulosa cells in vitro. PLoS ONE. (2012) 7:e49553. doi: 10.1371/journal.pone.0049553

 32. Stempin S, Andres S, Bumke Scheer M, Rode A, Nau H, Seidel A, et al. Valproic acid and its derivatives enhanced estrogenic activity but not androgenic activity in a structure dependent manner. Reprod Toxicol. (2013) 42:49–57. doi: 10.1016/j.reprotox.2013.07.019

 33. Hill M, Vrbíková J, Zárubová J, Kancheva R, Velíková M, Kancheva L, et al. The steroid metabolome in lamotrigine-treated women with epilepsy. Steroids. (2011) 76:1351–7. doi: 10.1016/j.steroids.2011.07.002





OPS/images/fneur-13-964761-t003.jpg
Variable ‘Women with epilepsy (N = 72)
Dysmenorrhea Menstrual disorders

Yes (N=43) No (N=29) P-value OR(95% CI) Yes (N=30) No(N=42) P-value OR (95% CI)

Age (years)

<40 years old 37 (86%) 23.(79.3%) 0527 062(0.18-2.16) 24 (80%) 36 (85.7%) 0539 15 (043-5.204)
>40 years old 6(14%) 6(20.7%) 6(20%) 6(143%)

Age atonset of epilepsy

<10 years old 9 (20.9%) 10 (34.5%) 0276 1.99(0.69-5.75)  7(23.3%) 12 (28.6%) 0.787 131 (045-3.87)
>10 years old 34(79.1%) 19 (65.5%) 23(76.7%) 30 (71.4%)

Duration of epilepsy 7(0-36) 11(0-38) 0.154 7.5 (0-38) 7.5(0-35) 0.693

(years) [median
(min-max)]

Seizure type

Focal 41(95.3%) 28 (96.6%) 0646 137(0.12-158) 27 (90%) 42.(100%) 0.068 039(029-0.52)
Generalized 2 (47%) 1(34%) 3(10%) 0(0%)

Location of epilepsy focus

Temporal 22 (512%) 14.(48.3%) 0810 089(035-229) 13 (43.3%) 23 (54.8%) 0339 158 (0.61-4.06)
Extratemporal 21 (48.8%) 15 (51.7%) 17(56.7%) 19 (45.2%)

Controlled seizure

Yes 18 (41.9%) 8(27.6%) 0317 053(0.19-146) 12 (40%) 14 (33.3%) 0.623 0.75(0.28-1.98)
No 25 (58.1%) 21 (724%) 18 (60%) 28 (66.7%)

History of status

epilepticus

Yes 6(14%) 2(69%) 0461 046 (0.09-244)  5(16.7%) 3(7.1%) 0265 0.39(0.084-1.8)
No 37 (86%) 27/(93.1%) 25 (83.3%) 39(92.9%)

Etiology of epilepsy

Structural 14.(32.6%) 14 (48.3%) 14(46.7%) 14 (33.3%)

Infection 307%) 3(103%) 0203 2(6.7%) 4(9.5%) 0411

Immune 5(116%) 1(3.4%) 2(67%) 4(9.5%)

Genetic 1(23%) 0(0%) 0(0%) 1(24%)

Unknown 20 (46.5%) 11 (37.9%) 12 (40%) 19 (45.2%)

Epilepsy syndrome

Symptomatic/cryptogenic 38 (88.4%) 27 (93.1%) 0407 1.78(032-9.84) 28 (933%) 37 (88.1%) 0376 0.52(0.09-2.93)
Idiopathic 5(11.6%) 2(69%) 2(6.7%) 5(11.9%)

Number of ASM

Monotherapy 20 (46.5%) 14.(48.3%) 1000 107(042-276)  14(46.7%) 20 (47.6%) 1.000 1.04 (04-2.66)
Polytherapy 23 (53.5%) 15 (51.7%) 16 (53.3%) 22 (524%)

Age of menarche

<12 years old 4(93%) 4(13.8%) 0.706 156 (0.36-681)  5(16.7%) 3(7.1%) 0265 039 (0.08-1.75)
>12 years old 39 (90.7%) 25 (86.2%) 25 (83.3%) 39(929)

Marital status

Married 18 (41.9%) 15 (51.7%) 0474 149 (058-3.84) 12 (40%) 21 (50%) 0475 15(058-3.87)
Unmarried 25 (58.1%) 14.(48.3%) 18 (60%) 21 (50%)

Types of ASM (as

monotherapy or

polytherapy)
Phenytoin (1 = 20) 1420 620 0298 0.54(02-1.6) 7120 1320 0478 0.679(023-1.98)
Carbamazepine (1 = 22) 12122 1022 0.608 136 (05-3.8) 9122 13/22 0931 0,96 (0.35-2.65)
Valproic acid (n = 17) 1317 an7 0158 037 (01-1.3) n7 1017 0963 097 (032-2.94)
Levetiracetam (n = 24) 1124 1324 0.126 236 (0.9-6.4) 10124 1424 1000 1(037-27)
Clobazam (n = 13) 713 6/13 0.757 1.34 (0.4-4.5) 93 413 0.033 4.07 (1.12-14.83)
Lamotrigine (1 = 16) 1216 416 0248 041 (01-1.4) 716 916 0.848 112 (036-3.43)
Topiramate (n = 15) ns 8/15 0375 1.96 (0.6-6.2) 7ns 8/15 0.659 1.29(0.41-4.06)
Clonazepam (n = 2) 172 12 1000 15(0.1-25) ) 212 0507 175 (143-2.14)
Types of ASM (as
monotherapy)
Phenytoin 4(20%) 2(14.3%) 1.000 2(14.2%) 4(20%) 1.000
Carbamazepine 3(15%) 2(14.3%) 1.000 2(14.2%) 3(15%) 1.000
Valproic acid 2 (10%) 1(7.1%) 1000 0(0.0%) 3(15%) 0251
Levetiracetam 5(25%) 6(42.9%) 0458 5(35.7%) 6(30%) 1.000
Clobazam 0(0.0%) 1(7.1%) 0412 1(7.1%) 0(0.0%) 0412
Lamotrigine 4(20%) 1(7.1%) 0379 2(142%) 3(15%) 1000
Topiramate 2 (10%) 1(7.1%) 1.000 2(14.2%) 1(5%) 0555
Clonazepam 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Polytherapy combination
=23)
Inducer + inhibitor 3(13%) 1(67%) 0279 1(63%) 3(13.6%) 0953
Inducer + misc. 5(21.7%) 8 (533%) 6(37.5%) 7(31.8%)
Inhibitor + misc. 3(13%) 1(67%) 2(125%) 2(9.1%)
2 Inducers 1(4.3%) 0(0%) 0(0%) 1(4.6%)
2 Mise. 4(105%) 3(20%) 3(18.7%) 4(18.2%)
2 Inducers + misc. 1(43%) 1(67%) 0.(0%) 2(9.1%)
Inducer + inhibitor + 6(26.1%) 1(67%) 4(25%) 3(13.6%)
Misc.

Menstrual cycles were considered of normal frequency if they fell within the range of 21-35 days and abnormal if they fell outside that range. Regularity was classified as normal if the
variation between cycles was limited to 2-20 days over a 12-months period. Dysmenorhea was defined as discomfort and pain during the menstrual period. Inducers: Phenytoin and
i nhibitor: Valproic Acid; Misc. (Miscellaneous): Levetiracetam, C ine, Clonazepam, and Topiramate i-square test was used toa
data, while the Mann-Whitney test was used to analyze the duration of epilepsy. S 5 OR, odds ra 1, 95% confidence interval; ASM, anti
“The bold values indicates the p value is significant (<0.05).

alyze categorical
ure medication.

03.95%






OPS/images/fneur-13-964761-t004.jpg
Variable

Age (years)

<40 years old

>40 years old

Age at onset of epilepsy
<10 years old

>10 years old
Seizure type
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Controlled seizure
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Frequency of seizures

1
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s

25
History of status epilepticus
Yes

No

Etiology of epilepsy
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Infection

Immune

Unknown

Epilepsy syndrome
Symptomatic/cryptogenic
Idiopathic

Number of ASM
Monotherapy
Polytherapy

Age of menarche
<12years old

>12 years old

Menstrual disorders
Normal

Abnormal

Frequency

Regularity
Dysmenorrhea

Yes

No

follicle-

imulating hormone; LH, luteini

FSH (mIU/ml)

Mean (SD)

874 (16.1)
38.68 (43.6)

982(148)
15.12(28)

11.1(19)
216 (37)

922(186)
16.27 (28.1)

2257 (36.6)

1191 (19.1)
136 (10.1)
66(0.5)
4.6(1.4)

1275 (22.3)
13.85(25.7)

21.84(37.2)
7.65(5.5)

543 (3.4)

961 (142)

14.47 (26)
374 (2.4)

14.90 (26.8)
12.67 (24.1)

8.21(6.4)
14.42 (26.6)

8.29(9.5)

26,65 (48.3)
18.41(28.3)

933 (13.5)
2025 (35.6)

ing hormone.

P-value

0.000

0.436

0.127

0257

0891

0908

0324

0362

0710

0515

0.06

0071

‘Women with epilepsy (N = 72)

LH (mIU/ml)
Mean (SD) P-value
13.48 (17) 015

21.25(16.3)
0177
10.24(943)
164 (18.8)
0815
15.1(18)
13.96 (13.9)
0231
1156 (9.8)
16.59 (19.9)
0766
18.38 (21.4)
204
116 (3)
697 (14)
3202
0739
12.86 (13.5)
15.02(17.5)
0254
18.57 (21.5)
2245 (299)
1176 (9.7)
10.55(8)
0267
15.39 (17.4)
658 (5.9)
0.165
17.73 (21.7)
1213 (1)
0247
8.18(52)
15.6 (18)
0315
12.75 (14.6)
2123 (28)
15.12 (12.2)
0.141
12.34(9.8)
1839 (23.8)

Students t-test was used to analyze data regarding demographic and clinical factors in relati
ndicates the p value

Prolactin (ng/ml)

Mean (SD)

24.93(294)
18.46 (16.1)

23.1(23)
29.12(39)

27.12(30.6)
14.03(10.9)

29.99(36.6)
20.37 (20.6)

20.05(16.7)
21.35(18.1)
1243 (59)
15.58 (11.4)
7.19(0.5)

2823 (20.7)
233(284)

29.03(38.7)
167 (5.8)

22.19(19.8)

2086 (19.8)

24.53(28.2)
14.78 (16)

25.85(33.5)
22.05(21.3)

896 (3.5)
25.71(28.7)

2221(209)

35.81(51.6)
19.29 (17.4)

24.07 (32.3)
2351(19.1)

P-value

0.463

0891

0081

0157

0.000

0637

0752

045

0563

0.106

0249

0934

1 to reproductive hormones. SD, standard deviation; ASM, ant
ificant (<0.05).

Estradiol (pg/ml)

Mean (SD)

188.1 (440.8)
61.46 (51.9)

98.37 (99)
189.94 (464.1)

183.24 (464.2)
117.73 (113.6)

125.74 (126.7)
188.97 (495.8)

12348 (119.3)
145.35 (150.3)
100,85 (79.2)
4247 (18.3)
68.1(41)

155.10 (136.5)
167.65 (424.1)

200.05 (632.7)
144.83 (110.5)
31375 (97.3)
114.94 (130.1)

173.42 (418.7)
75(23)

106.87 (114.7)
219.47 (543.2)

7491 (80.5)
178.19 (427.4)

209.5 (509.9)

81.23(1202)
117.09 (126.8)

217.01 (507.1)
85.78 (83)

izure medi

P-value

0327

0411

0557

0534

0.000

0939

0822

0603

0247

05

0542
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Variable ‘Women with ‘Women without P-value OR (95% CI)

epilepsy (n=72) epilepsy (n = 50)

N (%) N (%)
Age (years) [Mean (SD)) 294(9.1) 3438(7.5) 0.002
Age at menarche (years) [Mean (SD)] 12.85 (1.4) 12.86 (1.3) 0.959
Age (years)
<40 years old 60(83.3) 39(78) 0488 0.709 (0.285-1765)
>40 years old 12(16.7) 11(22)
Age of menarche 1.000 1091 (0.354-3.363)
<12years old $(11.1) 6(12)
=12 years old 64 (88.9) 44 (88)
Menstrual disorders
Normal 42(58.3) 18 (36)
Abnormal 30 (41.7) 32(64) 0.018 0.402 (0.191-0.845)
- Frequency 12 /30 (40) 7/32(21.9)
- Regularity 18 /30 (60) 25/32(78.1)
Dysmenorrhea
Yes 43(59.7) 10(20) 0.000 5.931 (2.566-13.709)
No 29(40.3) 40 (80)
Marital status
Married 33 (45.8) 41(82) 0.000 0.186 (0.079-0.438)
Unmarried 39(542) 9(18)
Age at onset of epilepsy
<10 years old 19(26.4)
>10 years old 53(73.6)
Duration of epilepsy (years) [Median 7.5 (0-38)
(min-max)]
Seizure type
Focal 69 (95.8)
Generalized 3(42)
Location of epilepsy focus
Temporal 36 (50)
Extratemporal 36.(50)
Controlled seizure
Yes 26 (36.1)
No 46 (63.9)
Frequency of seizures (months)
1 24(522)
2 11(23.9)
3 4(8.7)
4 3(6.5)
5 2(43)
8 1(22)
25 1(22%)
History of status epilepticus (Lifetime)
Yes $(11.1)
No 64(88.9)
Etiology of epilepsy
Structural 28(38.9)
Infection 6(8.3)
Immune 6(83)
Unknown 31(43.1)
Genetic 1(14)
Number of ASMs
Monotherapy 34(47.2)
Polytherapy 38 (52.8)

Student’ t-4 enorrhea, and marital status differed

st showed that age between the two groups was significantly different, while the chi-square test revealed that menstrual disorders, dy
D, standard deviation; OR, odds ratio; 95% CI, 95% confidence interval;

significantly between the two grouy medication

significant (<0.05).

he bold values indicates the p value is
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Variable ‘Women with epilepsy Women without epilepsy P-value  OR (95% CI)

N (%) N (%)
Women with menstrual disorders  Age (years)
<40 years old 24 (80%) 27 (84.4%) 0.746 135 (0.365-4.993)
>40 years old 6(20%) 5(15.6%)
Age (years) [mean (SD)] 3027 95) 32.81(8.0) 0257
Age of menarche
<12years old 5(16.7%) 3(9.4%) 0467 0517 (0.112-2.384)
=12 years old 25 (83.3%) 29/(90.6%)
Dysmenorrhea
Yes 17(56.7%) 3(94%) 0000 1264 (3.146-50.794)
No 13 (433%) 29(90.6%)
Marital status
Married 12 (40%) 23 (71.9%) 002 3.833(1.326-11.084)
Unmarried 18 (60%) 9(28.1%)
Women without menstrual disorders ~ Age (years)
<40 years old 36 (85.7%) 12(66.7%) 0.156 0333 (0.09-1.231)
>40 years old 6(14.3%) 6(33.3%)
Age (years) [mean (SD)] 28.79(8.9) 37.17(5.8) 0.001
Age of menarche
<12 years old 3(7.1%) 3(16.7%) 0.352 2.6 (0.471-14.339)
>12 yearsold 39 (92.9%) 15 (83.3%)
Dysmenorrhea
Yes 26 (61.9%) 7(38.9%) 0156 2.554(0.822-7.936)
No 16 (38.19%) 11(61.1%)
Marital status
Married 21 (50%) 18 (100%) 0000 0.538(0.403-0.72)
Unmarried 21 (50%) 0

marital status ws

revealed that in the group with mens
out menstrual

dysmenorehea differed significantly between women with epilepsy and those without, whil
SD, standard devic n; OR, odds ratio; 95% CI, 95% confidence interval. The bold values indicates the p value

significant (<0.05).
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