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Abstract
Although a series of studies have been undertaken to clarify the effects of valproate (VPA) on
reproductive endocrinology in female, no consistent conclusion has been reached. We aimed at
quantifying the association between valproate (VPA) and reproductive endocrine abnormalities in women
with epilepsy. We searched scienti�c literatures in English language published on electronic databases of
PubMed, SinoMed and EMBASE before April 2020. These studies included were prospective and
controlled. We then performed meta-analysis for polycystic ovary syndrome (PCOS) and its main
characteristics in women with epilepsy treated with VPA. Results showed that there were statistically
differences between the VPA treated and other AEDs group with epilepsy in PCOS (p<0.001, OR 4.08, 95%
CI 2.77-6.01), PCO (p<0.001, OR 2.58, 95% CI 1.90-3.51), hyperandrogenism (p<0.001, OR 2.31, 95% CI
1.66-3.23) and menstrual disorder (p<0.001, OR 1.71, 95% CI 1.32-2.22). In conclusion, VPA chronic
medication lead to higher risk of developing PCOS, PCO, hyperandrogenism and menstrual disorder in
women with epilepsy.

Introduction
Epilepsy is one of the most common brain conditions, affecting over 70 million people worldwide and
characterized by a lasting predisposition to generate spontaneous epileptic seizures[49]. Several articles
illustrate an increased popularity of polycystic ovary syndrome (PCOS) in women with epilepsy[7], but
whether it is induced by epilepsy itself or anti-epileptic drugs remains unclear yet. Valproate (VPA) is a
spectrum antiepileptic drug, mainly used to treat generalized, partial or other speci�c epilepsy. In 1993,
VPA was �rstly announced to be associated with PCOS[26]. A series of studies reported that
hyperandrogenism, menstrual disorders, polycystic ovary and other reproductive endocrine abnormalities
were more prevalent in women taking VPA[1, 12, 19, 26, 53]. Despite its many complications, a recent
research published in 2020 has shown that VPA is irreplaceable and its avoidance/switch might be
related with unsatisfactory seizure control in women with idiopathic generalized epilepsy who are of
childbearing potential[9]. Therefore, we suggest that lifestyle counselling should be provided in women
treated with VPA in order to prevent or treat PCOS. Besides, considering the treatment for PCOS, if women
treated with VPA are affected with PCOS or its characteristics, they may consider taking drugs to improve
the reproductive endocrine phenotype. However, there are several studies[3, 18, 55] displaying different
results. Despite the publication of a paper on a similar topic[25], there has been no new meta-analysis in
the last decade to summarize the effects of VPA on reproductive endocrinology as more clinical studies
have emerged. Our aim was to perform the meta-analysis for evaluating the relationship between
reproductive endocrine disorders and VAP medication in women with epilepsy.

Methods
Literature-search strategy
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A comprehensive search was performed for scienti�c literatures in English language in electronic
databases of PubMed, SinoMed and EMBASE. The search strategy online was used as following:
“Valproic Acid” [Mesh], valproate, valproic acid, “polycystic ovary syndrome” [Mesh], polycystic ovary
syndrome, menstrual disorders, menstrual disturbances, reproductive endocrine disorders, reproductive
endocrine function or dysfunction, reproductive endocrine, “Epilepsy” [Mesh], epilepsy.

Inclusion and exclusion criteria
We set the criteria by referring to a meta-analysis published in 2011[55] and made some adjustments as
well as additions according to our own ideas.

The inclusion criteria: (1) published in English and full text were accessible; (2) Patients taking VPA
and/or other AEDs for epilepsy and controls were included; (3) Patients were treated with VPA or other
AEDs for at least one year; (4) Patients were all after menarche; (5) Patients were excluded if they had
primary reproductive endocrine disorder (e.g. infertility or preceding history of PCOS), contraceptive
medication or antipsychotics, gynecological or endocrine illnesses, pregnancy and lactation.

The exclusion criteria: (1) not writing in English, conference abstracts or reviews; (2) author(s) did not
report VPA group and /or other drug group, respectively; (3) PCOS caused by VPA not in epilepsy, but in
anxiety or bipolar disorder; (4) data were unavailable after corresponding with the author(s); (5) data were
repeated.

Data extraction
Two authors searched and screened the titles, abstracts, and full-text articles independently. Both of them
extracted useful information from each eligible study using uniform standards. After identifying the
articles included in this study,we summarize the details of each literature, including the �rst author, date
of publication, number of participants, study design, age of patients, number of patients, body mass
index (BMI), duration (months), and dose (mg/day) of VPA if they were presented, and the detail
information was shown in the table. If there was any divergence, all authors would discuss together to
resolve the disagreement.

Statistical analysis
All meta-analyses were performed using Stata software version13 (Stata Corp, College Station, TX). The
mean difference (MD) and 95% con�dence interval (CI) were used to compare continuous variables. We
used the Mantel–Haenszel formula for repeated tests of independence and calculated a summary odds
ratio. We quanti�ed the effect of heterogeneity by using I2, ranging between 0% and 100%, which
represented the proportion of inter-study variability. If I2 > 50%, heterogeneity was unacceptable and
random-effect model was performed to analyze the data. If I2 < 50%, heterogeneity was acceptable and
�xed-effect model was performed to analyze the data. Besides, we evaluated the causes of heterogeneity
via sensitivity analysis to assess the in�uence of each individual study on the pooled effect size by
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omitting each individual study. The funnel plot, a commonly used graphic test, as well as Egger’s test and
Begg’s test, was used to assess publication bias qualitatively.

Results
A total of 226 articles were collected using the search strategy on electronic database PubMed, SinoMed
and EMBASE with exception of 35 duplicated articles. Moreover, we excluded 21 case reports, 7 meeting
abstracts, 70 reviews and meta-analysis, and some other irrelevant articles. These irrelevant articles
included patients with bipolar disease, male patients, epilepsy management or VPA as comparator and so
on. In this way, we got 21 full-text articles and assessed the eligibility. After screening each individual
article, we extracted the key information and found there were two articles[13, 21] enrolling prepubertal
girls, which did not meet our requirements. Besides, we also excluded four articles[36, 39, 44, 47] not
providing enough useful data information in each group. Finally, �fteen articles[3, 5, 6, 16, 22, 23, 26, 27,
30-32, 34, 35, 46, 56] were included and their details were given in the table 1. Although two studies had
some of the same authors published in the same year, their subjects were recruited from different clinical
centers. Hence, we considered that they were not repetitive. Figure 1 showed the �ow diagram of the
identi�cation and screening of studies.

The �fteen studies included in this paper were prospective, involving 698 women with epilepsy treated
with VPA, 927 women with epilepsy treated with other AEDs, 121 women with epilepsy untreated and 423
healthy women as controls. However, we emphasized that all end points were observed not only after
menarche but also before menopause. Anti-epilepsy duration was no less than 6 months in order to
explore the VPA effects on female reproductive endocrine system, including monotherapy and
polytherapy. Except for VPA, carbamazepine (CBZ), lamotrigine (LTG), clonazepam (CNZ), primidone
(PMD), phenytoin (PHT) and oxcarbazepine (OXP) were used as comparators, among which CBA and
LTG were most common used. The patients involved in each individual study were not all available for
PCOS and its components. There were 15 studies showing data in other AEDs treated women[5, 6, 16, 22,
23, 26, 27, 30-32, 34, 35, 46, 56], 4 studies showing data in untreated women[5, 13, 23, 34] and 5 studies
showing data in healthy controls[3, 23, 26, 27, 30].

At �rst, we compared the incidence of PCOS between VPA and other AEDs therapy table 2. Premature
withdrawal and follow-up loss led to a major not all proportion of participants completing the study on
PCOS. The PCOS incidence was 24.32%, 9.09%, 10.59% and 11.96% respectively in these four groups,
VPA treated group, other AEDs group, untreated group and healthy controls. The statistic signi�cant
difference in PCOS was present between VPA treated and other AEDs treated group (p<0.001, OR 4.08,
95% CI 2.77-6.01; in Fig 2). The symmetrical Begg’s funnel plot indicated the almost absence of
publication bias (Begg’s Test, p=1) while Egger’s publication bias plot showed the minor publication bias
(Egger’s Test, p=0.65). Although the diagnostic criteria of PCOS have changed over years, I2 was 8.0%,
meaning that the effect of heterogeneity could be neglected.
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Then we compared the three critical features of PCOS in VPA treated group and other AEDs group. PCO
was considered with 8-10 or more follicles and diameter 2-8mm in 6 studies[6, 22, 30-32, 34], or with
transvaginal or transabdominal (in the case with an intact hymen) each ovary existing with 12 or more
follicles with size 2-9 mm in diameter and/or volume of ovary >10 mL[3, 13, 46, 56] as well a total of at
least 10 cysts 2 to 8 mm in diameter[26, 27]. One study de�ned ovaries as polycystic when ≥10–15 cysts
were seen in a single plane[23]. There is a signi�cant difference of PCO between women treated with VPA
and those without VPA (p<0.001, OR 2.58, 95% CI 1.90-3.51; in Fig 3). Hyperandrogenism was a clinical
and/or biochemical medical condition characterized by excessive production and/or secretion of
androgens with symptoms including hirsutism, acne, alopecia and seborrhea. Women using VPA
medication were more susceptible to hyperandrogenism and/or hyperandrogenemia than women using
other AEDs (p<0.001, OR 2.31, 95% CI 1.66-3.23; in Fig 4). Menstrual disorders meant the presence of any
of the following for more than 6 months: amenorrhea (absence of menstruation), oligomenorrhea (cycle
length longer than 35 days), irregular menstrual cycles (cycle length varying more than 4 days, between
21 and 35 days), and polymenorrhea (menstrual cycles lasting less than 21-25 days). VPA treated women
were more susceptible to menstrual disorders than non-VPA treated women (p<0.001, OR 1.71, 95% CI
1.32-2.22; in Fig 5).

Funnel plot and Begg’s as well as Egger’s test demonstrated that this meta-analysis would not be subject
to publication bias. Cochrane Q test and I2 test did not show heterogeneity in PCOS in total (Fig 2).
However, heterogeneity was presence in PCO (Fig 3), hyperandrogenism (Fig 4) and menstrual disorders
(Fig 5) of VPA vs other AEDs according to Q test (p<0.1) and I2 test (41.8%-73.0%). For sensitivity analysis
of PCO, hyperandrogenism and menstrual disorders, the summary results would not change despite
reduced heterogeneity. Finally, we also used a measurement tool AMSTAR 2 (Assess Systematic Reviews,
http://www.amstar.ca/) to assess the quality of our meta-analysis and improved the content of our study
according to AMSTR checklist. Based on the comprehensive literature search, we listed the excluded
articles and justi�ed the exclusions.

Discussion
Using the older, more restrictive criteria, the prevalence of PCOS in premenopausal is about 6% while
applying current, more inclusive de�nitions[2, 4, 11, 14] it reaches 20%. This phenomenon means that
PCOS is likely to be the most common endocrine and metabolic disorder in women of reproductive
age[17, 54]. Several recent studies have been devoted to investigate the link between epilepsy and PCOS,
and raised a point that epilepsy itself might result in reproductive dysfunction and PCOS by deranging
hypothalamic function as well as GnRH pulse generator, and by altering of LH pulsatility[7]. Others
proposed that the common anti-epileptic drug, valproate, might be the leading cause of PCOS in epileptic
patients[7]. In this meta-analysis, we summarized 11 clinical studies and found that women using VPA
medication with epilepsy were much more subject to PCOS than other AEDs treated women. We did not
compare the incidence of PCOS in VPA treated vs untreated group or VPA treated vs healthy controls for
two reasons. First and foremost, there are few studies including those untreated or healthy participants
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simultaneously to compare with VPA treated women, leading to not enough data to draw a convincing
conclusion. Secondly, if comparing with healthy controls, we cannot exclude the effects of epilepsy on
hypothalamus-pineal-gland (HPG) axis. Likewise, if comparing with untreated epileptic women, the
difference of seizure frequencies and epileptic control condition might exert different and potential
impact on HPG axis as well. When comparing the risk of PCOS in between VPA treated and other AEDs
treated group, the I2 is 8.0% and p value in Begg’s test is 1, indicating the negligible effects of
heterogeneity and publication bias. We can draw a conclusion that VPA medication in women with
epilepsy does result in the much higher risk of with PCOS.

Polycystic (multifollicular or polyfollicular) ovary is the main morphological change in PCOS whereas its
incidence is about 20% of the general population[10]. Thereby, it is generally accepted that the isolated
PCO should not be an abnormal feature[7]. It is usually detected by transvaginal or transabdominal
ultrasound, sometimes by MRI. Different from one previous meta-analysis[55], we concluded that the
prevalence of PCO in the VPA treated group in this meta-analysis was higher than other AEDs treated
group. But we have to acknowledge the existence of heterogeneity because I2 is 57.7%. The reasons for
heterogeneity in our consideration were as follows. Firstly, women with hymen can only perform
transabdominal ultrasound. In this way, the thickness of abdominal fat can affect the ultrasound
judgement. Secondly, the experience of the sonologist also in�uenced the diagnosis of PCO. Besides, the
PCO’ de�nition has changed over decades. However, we can easily �nd the presence of the signi�cant
difference of PCO between women treated with VPA and those without VPA (p<0.001, OR 2.58, 95% CI
1.90-3.51). Therefore, we believe that the existence of these heterogeneity does not affect our speculation
that VPA is a risk factor for PCO, nor will it be reversed. Furthermore, in non-epileptic rat, a 3-month VPA
treatment was reported to contribute to a dose-dependent increase in the number of ovarian follicular
cysts as well as decrease in the number of corpora lutea[42] and reproductive endocrine dysfunctions[48]
which supported that VPA exerted impact on ovarian morphology alterations independent of antiepileptic
activity. Nevertheless, in nonepileptic normal primates exposed to VPA treatment for 12 to 15 months,
VPA treatment did not cause cyclic hormonal or ovarian morphological abnormalities or PCOS
characteristics. The results from this research suggested that the direct effect of VPA instead of
combination with effect of epilepsy needed to be taken into account[18].

Hyperandrogenism is de�ned by the clinical characteristics of hirsutism (Ferriman–Gallwey score 6),
acne or alopecia, and/or elevated androgen level[43]. The prevalence of hirsutism and acne reaches
around 12.2% in unselected premenopausal women[45], which is much lower than VPA-treated group.
Recent studies[26, 29, 52, 55, 56] and our meta-analysis all found that women with VPA treatment were
frequently affected with hyperandrogenism. Moreover, it was interesting to note that young women
seemed to be more vulnerable to the effects of VPA. If girls under 20 took VPA medication, the frequency
of hyperandrogenism was great higher, leading to development to PCOS and pubertal arrest[8, 50]. But a
recent study showed that higher testosterone levels were attributed from VPA treatment only after
menarche, suggesting that the sensitivity to VPA-induced hyperandrogenism was a function of sexual
maturation[12]. Besides free and total testosterone, the serum mean androgen levels were also increased
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in women exposed to VPA[28]. Interestingly, in spite of higher androgen levels in serum, there was no
difference in hirsutism score in a previous study[37]. Herzog[24] regarded this phenomenon as protective
results of the increased level of sex hormone binding globulin (SHBG) by enzyme-inducing activity. Not
only long-term use, but also short-term use of VPA can cause similar changes[40]. Only one-month VPA
medication on newly-diagnosed epilepsy female patients resulted in increased mean serum levels of
testosterone, LH, FSH, and SHBG, and decreased dehydroepiandrosterone sulfate (DHEAS) though no
weight gain or clinical signs of hormonal disorders were observed. Therefore, Rattya[40] concluded that
women with increased serum testosterone levels in the early phase of VPA medication had higher risk to
be affected with VPA-related endocrine disorders later during VPA treatment. However, not all studies[15],

[20] have proven that VPA promotes androgen production. As for mechanisms of VPA in�uencing
androgen production, the most popular one is epigenetic modulation via inhibiting histone deacetylase
(HDAC). In human ovarian thecal cell[38] exposure to VPA (30–3000 μM) for 72 h produced much more
DHEA and androstenedione comparing with control, with CYP17 upregulation and increased histone H3
acetylation. Besides, VPA was regarded as a stimulator of insulin secretion[41, 51]. Hyperinsulinemia
induced by VPA stimulated ovarian (and adrenal) androgen production and increased androgen
bioavailability through reduced levels of SHBG[33], leading to higher risk of hyperandrogenism in VPA
treated women.

Menstrual disorder was more prevalent in VPA treated women with epilepsy (p<0.001). Because of the
presence of heterogeneity, we performed sensitivity analysis and �gured that one study[23] had a kind of
impact on heterogeneity. In this study, Hamed et. al[23] found that menstrual irregularities were identi�ed
in 60.2% (n=53) of patients and predominated among the treated group of patients, particularly with CBZ
rather than VPA. When we identi�ed different types of menstrual disorders in VPA and CBZ treated group,
oligomenorrhea and menorrhagia were predominant among CBZ-treated group of patients while
amenorrhea was predominant with VPA, possibly indicating that the effect of VPA on menstrual disorders
was more severe than other AEDs. As VPA use has often been associated with weight increase, it has
been suggested that weight gain could be the main pathogenic factor leading to reproductive endocrine
disturbances. PCOS, hyperandrogenism and menstrual disorders were more common in obese than in
lean women treated with VPA[27].

Limitations of our study should be mentioned in our meta-analysis. We could not acquire enough
information from included studies about the difference between VPA monotherapy and VPA polytherapy.
As well, we could not make a subgroup analysis for the possible roles according to different diagnostic
criteria for insu�cient data. The sensitivity analysis demonstrated meta-analysis con�dence was
in�uenced by inconsistent de�nitions of PCOS and its components and small samples.

Conclusions
According to clinical studies carried these years, VPA treated women with epilepsy had higher risk of not
only PCOS, but also its components, PCOS, hyperandrogenism and menstrual disorders. When taking
VPA for medication, close follow-up should be conducted to evaluate VPA effect on reproductive
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endocrinology and prevent the development of disorders. In addition, more homogeneous and
prospective studies with large sample are needed to elucidate the effects and mechanisms of VPA on
female reproductive endocrine system.
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Table 1 Detailed information of the included studies.
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Table 2 Comparisions and strati�ed analysis of PCOS in VPA treated, other AEDs treated, untreated
patients and healthy controls.

PCO: polycystic ovary; HA: hyperandrogenism or hyperandrogenemia; MD: menstrual disorder

Table 3 PCOS’ components for strati�ed analysis in VPA treated and other AEDs treated patients and
healthy controls.
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Figure 1

Flow chart of article selection.
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Figure 2

PCOS of VPA vs other AEDs, accepting different de�nitions of PCOS.
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Figure 3

PCO of VPA vs other AEDs



Page 18/19

Figure 4

Hyperandrogenism of VPA vs other AEDs
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Figure 5

Menstrual disorders of VPA vs other AEDs


