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Background: Patients treated with anticonvulsant mood stabilizers have a higher

incidence of polycystic ovary syndrome (PCOS). However, there is no comparison

between di�erent anticonvulsant mood stabilizers. The purpose of this study was

to systematically evaluate the prevalence of PCOS inwomen taking anticonvulsant

mood stabilizers and compare the probability of PCOS caused by di�erent

anticonvulsant mood stabilizers.

Methods: Five databases, namely PubMed, Embase, Web of Science, Cochrane

Library, and Clinical Trials, were searched for literature on anticonvulsant mood

stabilizers and PCOS published up to October 28, 2022. This meta-analysis was

performed using Revman 5.4, Stata 14.0, and R4.1.0, and e�ect size pooling was

performed in fixed- or random-e�ects models based on the results of I2 and

Q-test, and the surface under the cumulative ranking curve (SUCRA) was used for

analysis to assess the cumulative probability of drug-induced PCOS. Publication

bias was assessed by funnel plot Egger’s test and meta regression.

Results: Twenty studies with a total of 1,524 patients were included in a single-arm

analysis, which showed a combined e�ect size (95% CI) of 0.21 (0.15–0.28) for

PCOS in patients taking anticonvulsant mood stabilizers. Nine controlled studies,

including 500 patients taking medication and 457 healthy controls, were included

in a meta-analysis, which showed OR = 3.23 and 95% CI = 2.19–4.76 for PCOS in

women taking anticonvulsant mood stabilizers. Sixteen studies with a total of 1416

patients were included in a network meta-analysis involving four drugs, valproate

(VPA), carbamazepine (CBZ), oxcarbazepine (OXC), and lamotrigine (LTG), and

the results of the network meta-analysis showed that VPA (OR = 6.86, 95% CI

= 2.92–24.07), CBZ (OR = 3.28, 95% CI = 0.99–12.64), OXC (OR = 4.30, 95%

CI = 0.40–49.49), and LTG (OR = 1.99, 95% CI = 0.16–10.30), with cumulative

probabilities ranked as VPA (90.1%), OXC (63.9%), CBZ (50.1%), and LTG (44.0%).

Conclusion: The incidence of PCOS was higher in female patients treated with

anticonvulsant mood stabilizers than in the healthy population, with VPA having

the highest likelihood of causing PCOS. The most recommended medication

when considering PCOS factors is LTG.
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1. Introduction

Anticonvulsant mood stabilizers are drugs that have certain

therapeutic effects on epilepsy, bipolar disorder, and other diseases

(1). At present, its definition remains highly controversial, but

the consensus is that anticonvulsant mood stabilizers are a group

of drugs with different pharmacological effects (2), which include

antimanics (e.g., lithium carbonate), anticonvulsants (valproate,

lamotrigine, carbamazepine, etc.), and atypical antipsychotics

(quetiapine, amisulpride, aripiprazole, etc.), many of which are

used primarily as antiepileptics. Common anticonvulsant mood

stabilizers currently used in clinical practice include lithium,

valproate (VPA), carbamazepine (CBZ), oxcarbazepine (OXC),

lamotrigine (LTG), olanzapine, and others.

McEvoy et al. (3) showed that long-term use of anticonvulsant

mood stabilizers, while providing therapeutic benefits, can also

cause extrapyramidal adverse effects, lipid metabolism disorders,

sex hormone changes, and other symptoms, which are more

common in female patients (4). Menstrual disorder, amenorrhea,

weight gain, polycystic ovary syndrome (PCOS), and so on caused

by mood stabilizers will have a certain impact on patient’s lives.

Polycystic ovary syndrome (PCOS) is a common endocrine

disorder affecting 5%−10% of women of childbearing age (5, 6).

The main clinical manifestations are irregular menstrual cycle,

infertility, hirsuteness, and obesity (7). Research by Chittenden

et al. (8) and Banning et al. (9) suggests that PCOS increases

the risk of cardiovascular disease as well as the possibility of

ovarian cancer. Talib et al. (10) and Zhuang et al. (11) showed

an association between drugs and PCOS, which suggests that

PCOS caused by drugs, especially PCOS caused by anticonvulsant

mood stabilizers, deserves attention. Ernst and Goldberg (12)

suggested that there are three theoretical explanations for drug-

induced PCOS: the first explanation is that drug use will cause

weight gain and obesity, which will lead to hyperandrogenemia

and menstrual abnormalities; the second suggests that drug use

can lead to increased levels of GABA aminobutyric acid, affecting

hormone levels that trigger PCOS; the third explanation proposes

that the drug prevents follicle maturation by inhibiting the

conversion of testosterone to estradiol, ultimately leading to PCOS.

Although there is some evidence that the use of anticonvulsant

mood stabilizers is associated with the incidence of PCOS, few

studies have compared the probability of different medications

triggering PCOS.

At present, there are three diagnostic criteria for PCOS: the

National Institutes of Health (NIH) criteria, the Homburg criteria,

and Rotterdam criteria 2003. The NIH criteria were defined by

the National Institutes of Health Consensus Conference, based on

polycystic ovarian echograms and other functional disorders. The

Homburg criteria were defined by Homburg, based on the diameter

and number of two-dimensional ovarian planes. The diagnosis

of Rotterdam criteria 2003 requires two of the three conditions:

clinical manifestations, follicle size, and ovarian volume. Other

endocrine causes (e.g., congenital adrenal hyperplasia, Cushing’s

syndrome, etc.) should be excluded for all diagnoses (13).

A meta-analysis by Hu et al. (14) pointed out that the incidence

of PCOS in women treated with VPA was 1.95-fold higher than

with other drugs. In recent years, studies by Zhang et al. (15)

have shown that the use of VPA is associated with an increased

incidence of PCOS. Some studies have also reported adverse

reactions to anticonvulsant mood stabilizers such as CBZ and LTG,

such as menstrual disorders, obesity, and abnormal reproductive

hormones (12, 16). However, the current studies have all focused

on the phenomenon of PCOS triggered by a particular drug, and

few studies have compared the probability of PCOS triggered

by different drugs to give a reference on the clinical use of

anticonvulsant mood stabilizers.

To further explore the relationship between anticonvulsant

mood stabilizers and PCOS in women, and to provide as

comprehensive a reference as possible for the safe use of drugs, this

analysis collected the literature on anticonvulsant mood stabilizers

and PCOS published as of October 28, 2022, summarized, and

merged the probability of anticonvulsant mood stabilizers causing

PCOS. The aim was to evaluate the extent to which taking

anticonvulsant mood stabilizers would induce PCOS compared

with the healthy control group, and conduct network meta-analysis

to rank four anticonvulsant mood stabilizers: VPA, CBZ, OXC, and

LTG. The results are reported as follows.

2. Methods

A systematic review and network meta-analysis was conducted

in accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines. The protocol

was registered with PROSPERO (CRD42022380927).

2.1. Search strategy and inclusion criteria

PubMed, Embase, Web of Science, Cochrane Library, and

Clinical Trials were searched systematically for published literature

in English up to 28 October 2022.

The search consisted of the following terms as Medical Subject

Headings (MSH) and keywords appropriate to each database. The

following search strategy was used: (“polycystic ovary syndrome”

OR PCOS OR “polycystic ovaries”) AND (“anticonvulsant mood
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stabilizers” OR antimanic OR anticonvulsants OR “atypical

antipsychotics” OR “lithium salts” OR “lithium carbonate” OR

“propionate valproate” OR lamotrigine OR carbamazepine OR

olanzapine OR quetiapine OR risperidone OR amisulpride). The

search terms were adapted to the specific database, using a

combination of subject terms such as MeSH (PubMed) and Emtree

(EMBASE) and free terms.

According to the abbreviation PICOS, the selection criteria

were as follows: Participants (P): we included patients who received

a mood stabilizer treatment and excluded patients with major

medical conditions (such as liver or kidney dysfunction in relation

to cardiovascular disease or organic brain disorders) or with a

history of substance use disorders. Interventions (I): take any

mood stabilizer drug. Comparators (C): comparison with healthy

population. Healthy controls were all without a significant history

of epilepsy or other medical, neurological, or psychiatric disorders.

Outcomes (O): number of people experiencing substance-induced

PCOS (diagnosed using accepted diagnostic criteria). Study design

(S): single-arm meta-analysis applied to single-group studies and

case-control studies, control studies with healthy populations for

meta-analysis of RCTs, and control studies taking anticonvulsant

mood stabilizers for net meta-analysis.

2.2. Data collection and quality assessment

Two authors independently screened the article titles and

abstracts, extracted the information, and assessed the quality.

The base information of all included literature was extracted,

including the name of the investigator, year, age of the subject,

medication information, number of people in each group, and

PCOS diagnostic criteria.

For the networkmeta-analysis, we applied the Cochrane Risk of

Bias (ROB) tool to assess the risk of bias. The assessment included

seven entries on random allocation scheme generation, allocation

concealment, blinding of subjects and interventionists, blinding of

outcome evaluators, incomplete outcome data, selective outcome

reporting, and other biases. Each entry was assessed as low risk,

unclear risk, and high risk (17, 18).

2.3. Data analysis

Single-arm meta-analysis were conducted based on Stata 14.0

software, meta-analyses of healthy controls were based on RevMan

5.4, and network meta-analyses were based on Stata 14.0 and

R4.1.0 (19).

First, we performed a single-arm effect size pooling, which was

used to examine the likelihood of taking any one mood stabilizer

to cause PCOS. We used the Q-test to assess heterogeneity, and P

< 0.1 was considered statistically significant. The I2 statistic was

used to quantify heterogeneity, and I2 values closer to 0% indicated

less heterogeneity and vice versa. Given the expected heterogeneity,

we a priori used a random-effects model. When I2 < 50%, a fixed

effects model was used. Combined effect size results greater than

zero indicated that there was a likelihood of PCOS being triggered

by taking anticonvulsant mood stabilizers. Funnel plots and Egger’s

tests were used to evaluate publication bias.

Second, we conducted a meta-analysis between anticonvulsant

mood stabilizers and healthy people to examine the differences

between anticonvulsant mood stabilizers use and non-use. The

choice of random or fixed effects model was consistent with the

one-arm study. Dichotomous variables were expressed using OR

values and 95% CI. OR greater than one indicated a difference

between use and non-use. Similarly, funnel plots and Egger’s tests

were used to assess publication bias.

Finally, we used network meta-analysis to assess the

comparison of the likelihood of PCOS triggered by different

anticonvulsant mood stabilizers. A healthy population was used

as a reference for assessment. Heterogeneity was assessed using

I2, which in turn led to the selection of a random or fixed model.

Inconsistency between direct and indirect evidence was calculated

using the nodal split method. The probability of different drugs

causing PCOS was compared using the area under the cumulative

ranking curve (SUCRA). The higher the SUCRA value, the more

likely the drug induced PCOS. Using cumulative probability to

predict the stability of results, the closer the cumulative probability

result is to the cumulative ranking curve, the more stable the

result is.

All statistical differences were considered significant when P

< 0.05.

3. Results

3.1. Study selection and characteristics

A total of 185 papers were searched, with 71 duplicates, and

20 articles were found to have relevant information after screening.

Figure 1 shows the flow chart for study selection.

Of these, 20 studies with a total of 1,524 patients were

included in the single-arm analysis. In the RCT meta-analysis, nine

controlled studies including 500 patients takingmedication and 457

healthy controls were included in. Sixteen studies with a total of

1,416 patients were included in the network meta-analysis. Patients

included in the study included both epilepsy and bipolar disorder

patients (Table 1).

3.2. Quality assessment

The quality of studies included in the network meta-analysis

was assessed according to the risk of bias assessment tool provided

by the Cochrane Handbook. For the random sequence generation,

three studies described the specific random allocation scheme

and were rated as “low risk,” while the remaining 13 studies did

not describe it and were rated as “unclear.” For the allocation

concealment, one study was assigned according to certain criteria

and was rated as “high risk,” one study mentioned allocation

concealment and was rated as “low risk,” and the remaining

14 studies were rated as “unclear risk.” Low risk of bias for

blinding of participants and personnel, blinding of outcome

assessment, incomplete outcome data, and selective reporting

(Supplementary Figure 1).
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FIGURE 1

Flow chart of included studies. The figure described the route of literature screening. Among 310 researches retrieved, 20 studies were satisfied for

the criteria of our study. Twenty studies were included in the single-arm meta-analysis, nine were included in the RCT meta-analysis, and 16 were

included in the network meta-analysis.

3.3. Single-arm meta-analysis

Twenty studies (20–39) were quite heterogeneous (I2 = 88.30%

> 50%, P < 0.1); the results of the sensitivity analysis showed

that three studies (Martha, G. Murialdo, Huseyin) had a large

effect on heterogeneity, and after removing these the remaining

17 still had a large heterogeneity (I2 = 80.04% > 50%, P < 0.1).

Therefore, the random effects model was used to analyze the 20

studies. The combined effect value (ES) of 20 studies was 0.21

(95% CI = 0.15–0.28). The results were statistically significant

(Z = 9.97, P < 0.05). This is detailed in the forest plot below

(Figure 2).

The presence of publication bias in this study was examined

by plotting a funnel plot. The funnel plot (Supplementary Figure 2)

and Egger’s test results (P= 0.626> 0.05) indicate the funnel plot is

symmetric and there was no statistically significant publication bias

in the current study.

3.4. RCT meta-analysis

Nine papers (20–22, 24, 28, 29, 31, 32, 35) were included in

this study. The heterogeneity test showed that I2 = 9% < 50%, P

= 0.36 > 0.1, indicating that the heterogeneity among the selected

literature in this study was not statistically significant, and fixed

effects could be selected for meta-analysis.

Based on the fixed effects model, the combined results of

nine healthy controlled studies suggested that anticonvulsant mood

stabilizers could cause PCOS (OR= 3.23, 95%CI= 2.19–4.76), and

the results were statistically significant (Z = 5.94, P < 0.05). This is
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TABLE 1 List of included studies.

Author (publication
year)

Age (years) Type of
disease

Diagnostic
tools

Group and
sample size

Trial duration References

O’Donovan et al. (2002) 15–45 Bipolar disorder NIH criteriaa VPA= 17

Health= 22

6 months (20)

Löfgren et al. (2006) 18–40 Epilepsy Homburg criteriab CBA= 16

OXC= 19

Health= 36

NR (21)

Löfgren et al. (2007) 18–40 Epilepsy Homburg criteriab VPA= 55

Mul= 93

Health= 170

NR (22)

Luef et al. (2002) 16–40 Epilepsy NIH criteriaa VPA= 22

Mul= 21

2 years (23)

El-Khayat et al. (2004) 8-−18 Epilepsy NIH criteriaa Mul= 44

Health= 40

6 months (24)

Sidhu et al. (2018) 12–40 Epilepsy Rotterdam criteria

2003c
VPA= 30

LTG= 27

12 months (25)

Gorkemli et al. (2009) 17–39 Epilepsy Rotterdam criteria

2003c
VPA= 40

Mul= 31

34 months (26)

Bauer et al. (2000) 20–53 Epilepsy NIH criteriaa VPA= 18

CBZ= 20

6 months (27)

Mikkonen et al. (2004) 12.5–25.8 Epilepsy Homburg criteriab VPA= 7

Mul= 20

Health= 51

NR (28)

Bilo et al. (2001) 16–42 Epilepsy NIH criteriaa VPA= 13

Mul= 21

Health= 18

NR (29)

Morrell et al. (2018) 13–70 Epilepsy NIH criteriaa VPA= 80

LTG= 219

NR (30)

Ayyagari et al. (2012) 13–45 Epilepsy Rotterdam criteria

2003c
CBZ= 20

VPA= 20

Health= 20

6 months (31)

Ogunjimi et al. (2020) NR Epilepsy Rotterdam criteria

2003c
CBZ= 50

Health= 50

NR (32)

Sahota et al. (2008) 14–45 Epilepsy NIH criteriaa VPA= 30

CBZ= 10

6 months (33)

Rasgon et al. (2005) 18–45 Bipolar disorder NIH criteriaa VPA= 50

Mul= 22

NR (34)

Betts et al. (2003) NR Epilepsy NIH criteriaa VPA= 54

Mul= 51

Health= 50

NR (35)

aNIH criteria: National Institutes of Health (NIH) consensus conference definition, echogram of polycystic ovaries, ovulatory dysfunction (polymenorrhoea, amenorrhea, or oligomenorrhoea),

clinical and/or biochemical evidence of hyperandrogenism and exclusion of other endocrine disorders (e.g., hyperprolactinemia, Cushing’s syndrome, congenital adrenocortical

hyperplasia, etc.).
bHomburg criteria: The criteria of PCOS were defined by Homburg. The ovaries were considered to be polycystic if eight or more subcapsular follicles of 2–8mm in diameter in one

two-dimensional plane were detected in either of the ovaries.
cRotterdam criteria 2003: Two of the three following criteria were fulfilled: (1) sparse or anovulation, (2) Clinical manifestations of hyperandrogen and/or hyperandrogenemia, (3) Polycystic

ovarian changes: ≥12 follicles with a diameter of 2–9mm in one or both ovaries, and/or ovarian volume ≥10ml. In addition, other hyperandrogenic causes, such as congenital adrenal

hyperplasia, Cushing’s syndrome, and androgen-secreting tumor, were excluded.

shown in Figure 3. Egger’s test results (P = 0.111 > 0.05) indicate

there was no statistically significant level of publication bias.

3.5. Network meta-analysis

3.5.1. Evidence of relationship
A total of six direct comparisons and four indirect comparisons

existed for the 16 included studies (20–35). The relationship of

evidence for all outcome indicators is shown in Figure 4. A node

in the evidence diagram represents an intervention and the size

of the node represents the number of studies that included that

intervention. The presence of connecting lines between nodes

indicates the presence of evidence for direct comparisons, and the

absence of connecting lines indicates the absence of evidence for

direct comparisons. The thickness of the connecting line represents

the amount of literature included between the two interventions,

with thicker lines representing more literature included.
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FIGURE 2

Single-armed forest plot. Single-armed meta-analysis forest plot. Random-e�ects model was used to combine data from 20 studies on mood

stabilizers. The size of the gray plot proportional to weight in meta-analysis. Black lines, show confidence intervals.

FIGURE 3

Single-armed forest plot. Single-armed meta-analysis forest plot. Random-e�ects model was used to combine data from 20 studies on mood

stabilizers. The size of the gray plot proportional to weight in meta-analysis. Black lines, show confidence intervals.

3.5.2. Heterogeneity and inconsistency tests
The overall heterogeneity I2 value for the study outcome

indicators was 12%, suggesting no significant heterogeneity.

The results of the inconsistency test for the two closed

loops (Health—CBZ—OXC, Health—VPA—CBZ) showed

that the inconsistency factor IF ranged from 0.48 to

0.50, indicating good consistency across the closed loops

(Supplementary Figure 3). The results of the nodal cut test
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FIGURE 4

Network evidence plot for PCOS. VPA, valproate; CBZ,

carbamazepine; OXC, oxcarbazepine; LTG, lamotrigine; Health,

healthy control. One node represents an intervention and larger

nodes represent more studies. The lines between nodes represent

direct comparisons. The larger the connection line, the larger the

number of direct comparison documents.

showed no statistically significant differences between the groups

(P > 0.05).

3.5.3. Comparison of four anticonvulsant mood
stabilizers

A total of four drugs, VPA, CBZ, OXC, and LTG, were included.

The results of the network meta-analysis showed that VPA (OR =

6.86, 95% CI = 2.92–24.07), CBZ (OR = 3.28, 95% CI = 0.99–

12.64), OXC (OR = 4.30, 95% CI = 0.40–49.49), and LTG (OR =

1.99, 95% CI = 0.16–10.30). These drugs were significantly more

likely to cause PCOS than the healthy population (all P < 0.05); see

Supplementary Figure 4.

The SUCRA range is between 0 and 100; the closer the value

is to 100, the higher the ranking of the drug and the greater

the probability of triggering PCOS. The SUCRA ranking result is

VPA (90.1%), OXC (63.9%), CBZ (50.1%), and LTG (44.0%). The

predicted results for the cumulative probabilities showed general

agreement with the above results, with good stability of the results.

The specific results are shown in Figure 5.

4. Discussion

Results based on a random effects model combining effect

sizes from 20 studies showed that anticonvulsant mood stabilizers’

use had an impact on the prevalence of PCOS in women (ES =

0.21, 95% CI = 0.15–0.28). Results from a meta-analysis of nine

studies based on a fixed effects model showed that women taking

anticonvulsant mood stabilizers were more likely to be diagnosed

with PCOS compared to healthy controls (OR = 3.23, 95% CI =

2.19–4.76). Using the healthy control population as a reference to

assess the likelihood of PCOS with the four anticonvulsant mood

stabilizers, the network meta-analysis showed that the most likely

of the four drugs to cause PCOS was VPA (OR = 6.86, 95% CI

= 2.92–24.07) and the safest drug was LTG (OR = 1.99, 95% CI

= 0.16–10.30), with OR results consistent with the SUCRA results:

VPA (90.1%), OXC (63.9%), CBZ (50.1%), and LTG (44.0%).

Of the 20 studies we included in our net meta-analysis, 13

(20, 22, 23, 25–31, 33–35) involved the use of VPA. VPA (valproate,

valproic acid, 2-propylpentanoic acid) is a simple branched-chain

carboxylic acid that is a common antiepileptic drug and a common

mood stabilizer used to treat bipolar disorder (40, 41). Verrotti et al.

(42) suggest that VPA may disrupt ovarian function and androgen

synthesis by acting on the hypothalamic-pituitary-ovarian axis.

Isojärvi et al. (43–45) have shown in a series of studies that VPA

increases the incidence of polycystic ovaries and PCOS. In addition,

studies by Atif et al. and Okanović et al. also indicate a higher risk

and diagnosis rate of PCOS among women taking VPA (46–48).

The prevalence of PCOS in the general population is 5%−10%, and

the risk of taking VPA is 1.95 times greater than not (5, 6, 10). Our

results are consistent with these studies. All these results suggest to

us that VPA is a very frequently used drug in clinical practice and

has a higher risk of causing PCOS compared to other drugs.

Another phenomenon of interest and discussion in the choice

of clinical medication is that Joffe et al. found that PCOS caused

by VPA resolved in three quarters of patients after discontinuation

of the medication through a follow-up of patients (49). Further

observational trials are needed to determine whether VPA-induced

PCOS is temporary and whether it can resolve on its own

after discontinuation.

OXC can be used as a monotherapy or adjunctive treatment

for partial epilepsy and is also indicated for affective-psychotic

disorders (21, 50). The study by Luef et al. (51) noted that

OXC stimulates GnRH neurons and that the released GnRH

promotes the secretion and release of large amounts of luteinizing

hormones, follicle-stimulating hormones, and testosterone from

the pituitary gland and testes, and that the incidence of

polycystic ovaries in women treated with OXC is as high as

60%. The results of this study showed that OXC was second

only to VPA in terms of the probability of PCOS, with an

OR of 4.46 (95% CI = 0.47–42.34) between OXC and PCOS,

which is consistent with the results of Luef et al. Thus,

OXC is not a preferred mood stabilizer when PCOS is taken

into account.

A total of five of the papers included in this network meta-

analysis were associated with CBZ (20, 27, 31–33). CBZ is

structurally related to tricyclic antidepressants and has been used

as an antiepileptic drug (52) since 1965, and later also as a

mood stabilizer in the treatment of bipolar disorder and in the

treatment of trigeminal neuralgia (53). Sahota et al. (33), Bilo et al.

(54), and other studies have reported menstrual abnormalities,

polycystic ovaries, and PCOS associated with CBZ use, and the

findings suggest that CBZ is less likely to trigger side effects

compared to VPA. These findings are consistent with the results

of this meta-analysis.

LTG is an anticonvulsant drug that is also approved for

the maintenance treatment of bipolar depression with bipolar

disorder (55). Our findings show that LTG has a better safety

profile compared to other anticonvulsant mood stabilizers. This is

consistent with the findings of Li et al. (16).
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FIGURE 5

Cumulative probability ranking and prediction. Red solid line: estimated probabilities; Black dotted line: predictive probabilities.

Sidhu et al. (56) showed that genetic predisposition,

environmental factors, and weight gain and insulin resistance

are important factors in the development of PCOS. Nestleret et al.

(57) also showed that up to 40% of all PCOS is caused by obesity, in

line with findings from Reynold et al. (58). However, weight gain is

one of the common side effects of psychiatric drugs (59, 60). This

suggests to us that patients should be monitored for changes in

their weight while on medication, and if there is significant weight

gain, it is recommended that treatment regimens are adjusted

and medication changed in a timely manner so that PCOS can be

better prevented.

The study by Betts et al. (35) also noted that age had an effect

on antipsychotic-induced PCOS: the probability of PCOS being

triggered by antipsychotics was higher in patients under 25 years of

age (52% for VPA and 35% for LTG and CBZ) than over 25 years of

age (37% for VPA and 1% for LTG and CBZ). The study by Morrell

et al. (30) also noted that antipsychotic-induced PCOS problems

were more relevant in women under 25 years of age compared to

those over 25 years of age. The studies all concluded similarly to

Isojärvi et al. (43): PCO was present in 60% of women using VPA

before the age of 20 years. However, previous literature suggests

that more caution should be exercised in the use of medication

in patients aged 20–25 years with psychiatric disorders, with the

addition of polycystic-related monitoring if necessary, and that for

women patients of childbearing age, a trade-off between treatment

efficacy andmetabolic health, reproductive status, and adverse drug

reactions needs to be made for optimal use (61).

In the 16 studies included in this review, no confirmed

diagnosis of PCOS according to age was reported, therefore,

it was not necessary to perform a subgroup analysis of

the included subjects according to age grouping. Further

analysis can be carried out next by incorporating the

age factor.

In addition, because PCOS can have a serious impact on

the patient’s quality of life, it may lead to a worsening of the

patient’s emotional problems (62, 63). The physical symptoms

of PCOS can also cause psychological stress, leading to worries

about fertility and health problems, which can affect patients’

compliance with treatment (63). The emphasis on adequate dosage

and treatment requires patients to take medication for long

periods, and the risks associated with long-termmedication require

careful weighing of medication choices, careful attention during

the course of medication, and prompt adjustment when problems

are identified. This is particularly important for women with

mental illness.

In summary, the use of anticonvulsant mood stabilizers

increases the risk of PCOS in women. VPA is more likely to

trigger PCOS than other drugs, and VPA needs to be used

with more caution, especially in women under the age of 25.

More research is needed to test whether patients can recover

after VPA is discontinued. LTG has the least effect on PCOS

compared to other medications and may be considered as a

priority when PCOS is included as a consideration. In addition,

clinicians and caregivers need to be aware of the possible side

effects associated with anticonvulsant mood stabilizers, aware of

possible weight gain, menstrual disorders, etc., and adjust the

treatment plan if necessary to maximize drug effectiveness and

medication safety.
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17. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. (2019)
366:l4898. doi: 10.1136/bmj.l4898

18. Brignardello-Petersen R, Florez ID, Izcovich A, Santesso N, Hazlewood
G, Alhazanni W, et al. GRADE approach to drawing conclusions from a
network meta-analysis using a minimally contextualised framework. BMJ. (2020)
371:m3900. doi: 10.1136/bmj.m3900

19. Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-
analysis with R: a practical tutorial. Evid Based Ment Health. (2019)
22:153–60. doi: 10.1136/ebmental-2019-300117

20. O’Donovan C, Kusumakar V, Graves GR, Bird DC. Menstrual abnormalities and
polycystic ovary syndrome in women taking valproate for bipolar mood disorder. J Clin
Psychiatry. (2002) 63:322–30. doi: 10.4088/JCP.v63n0409

Frontiers in Psychiatry 09 frontiersin.org

https://doi.org/10.3389/fpsyt.2023.1128011
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1128011/full#supplementary-material
https://doi.org/10.1007/s11920-015-0658-x
https://doi.org/10.1111/j.1399-5618.2009.00712.x
https://doi.org/10.1016/j.schres.2005.07.014
https://doi.org/10.1046/j.1365-2125.1998.00817.x
https://doi.org/10.1097/01.ogx.0000197817.93201.04
https://doi.org/10.2147/CLEP.S37559
https://doi.org/10.1136/bmj.d6309
https://doi.org/10.1016/S1472-6483(10)60175-7
https://doi.org/10.12968/bjon.2006.15.12.21393
https://doi.org/10.1016/j.jpag.2012.05.011
https://doi.org/10.1002/14651858.CD008575.pub2
https://doi.org/10.4088/JCP.v63n1105
https://doi.org/10.1016/j.fertnstert.2007.09.041
https://doi.org/10.1016/j.eplepsyres.2011.07.006
https://doi.org/10.1016/j.ejogrb.2016.04.038
https://doi.org/10.3389/fendo.2021.787854
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.m3900
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.4088/JCP.v63n0409
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Guo et al. 10.3389/fpsyt.2023.1128011

21. Löfgren E, Tapanainen JS, Koivunen R, Pakarinen A, Isojärvi JIT. Effects
of carbamazepine and oxcarbazepine on the reproductive endocrine function in
women with epilepsy. Epilepsia. (2006) 47:1441–6. doi: 10.1111/j.1528-1167.2006.
00506.x

22. Löfgren E, Mikkonen K, Tolonen U, Pakarinen A, Koivunen R, Myllyla VV, et al.
Reproductive endocrine function in women with epilepsy: the role of epilepsy type and
medication. Epilepsy Behav. (2007) 10:77–83. doi: 10.1016/j.yebeh.2006.09.011

23. Luef G, Abraham I, Trinka E, Alge A, Windisch J, Daxenbichler G, et al.
Hyperandrogenism, postprandial hyperinsulinism and the risk of PCOS in a cross
sectional study of women with epilepsy treated with valproate. Epilepsy Res. (2002)
48:91–102. doi: 10.1016/S0920-1211(01)00317-5

24. El-Khayat HA, El-Basset FZA, Tomoum HY, Tohamy SM, Zaky AA, Mohamed
MS, et al. Physical growth and endocrinal disorders during pubertal maturation in girls
with epilepsy. Epilepsia. (2004) 45:1106–15. doi: 10.1111/j.0013-9580.2004.66303.x

25. 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

26. Gorkemli H, Genc BO, Dogan EA, Genc E, Ozdemir S. Long-term effects of
valproic acid on reproductive endocrine functions in Turkish women with epilepsy.
Gynecol Obstet Invest. (2009) 67:223–7. doi: 10.1159/000203537

27. Bauer J, Jarre A, Klingmüller D, Elger CE. Polycystic ovary syndrome in
patients with focal epilepsy: a study in 93 women. Epilepsy Res. (2000) 41:163–
7. doi: 10.1016/S0920-1211(00)00139-X

28. Mikkonen K, Vainionpää LK, Pakarinen AJ, Knip M, Järvelä IY, Tapanainen JS,
et al. Long-term reproductive endocrine health in young women with epilepsy during
puberty. Neurology. (2004) 62:445–50. doi: 10.1212/01.WNL.0000106942.35533.62

29. Bilo L, Meo R, Valentino R, Di Carlo C, Striano S, Nappi C. Characterization
of reproductive endocrine disorders in women with epilepsy. J Clin Endocrinol Metab.
(2001) 86:2950–6. doi: 10.1210/jcem.86.7.7633

30. Morrell MJ, Hayes FJ, Sluss PM, Adams JM, Bhatt M, Ozkara C, et al.
Hyperandrogenism, ovulatory dysfunction, and polycystic ovary syndrome with
valproate versus lamotrigine. Ann Neurol. (2008) 64:200–11. doi: 10.1002/ana.21411

31. Ayyagari M, Chitela SR, Kolachana V. Obesity, polycystic ovarian syndrome
and thyroid dysfunction in women with epilepsy. Ann Indian Acad Neurol. (2012)
15:101–5. doi: 10.4103/0972-2327.94992

32. Ogunjimi L, Yaria J, Makanjuola A, Alabi A, Osalusi B, Oboh D, et al. Polycystic
ovarian syndrome in Nigerian women with epilepsy on carbamazepine/levetiracetam
monotherapy. Acta Neurol Scand. (2021) 143:146–53. doi: 10.1111/ane.
13342

33. Sahota P, Prabhakar S, Kharbanda PS, Bhansali A, Jain V, Das CP, et al.
Seizure type, antiepileptic drugs, and reproductive endocrine dysfunction in
Indian women with epilepsy: a cross-sectional study. Epilepsia. (2008) 49:2069–
77. doi: 10.1111/j.1528-1167.2008.01676.x

34. Rasgon NL, Altshuler LL, Fairbanks L, Elman S, Bitran J, Labarca R, et al.
Reproductive function and risk for PCOS in women treated for bipolar disorder.
Bipolar Disord. (2005) 7:246–59. doi: 10.1111/j.1399-5618.2005.00201.x

35. Betts T, Yarrow H, Dutton N, Greenhill L, Rolfe T. A study of anticonvulsant
medication on ovarian function in a group of women with epilepsy who have only ever
taken one anticonvulsant compared with a group of women without epilepsy. Seizure.
(2003) 12:323–9. doi: 10.1016/S1059-1311(03)00065-7

36. de Vries L, Karasik A, Landau Z, Phillip M, Kiviti S, Goldberg-Stern H.
Endocrine effects of valproate in adolescent girls with epilepsy. Epilepsia. (2007)
48:470–7. doi: 10.1111/j.1528-1167.2006.00953.x

37. Murialdo G, Galimberti CA, Magri F, Sampaolo P, Copello F, Gianelli MV, et al.
Menstrual cycle and ovary alterations in women with epilepsy on antiepileptic therapy.
J Endocrinol Invest. (1997) 20:519–26. doi: 10.1007/BF03348013

38. Prabhakar S, Sahota P, Kharbanda PS, Siali R, Jain V, Lal V,
et al. Sodium valproate, hyperandrogenism and altered ovarian function
in Indian women with epilepsy: a prospective study. Epilepsia. (2007)
48:1371–7. doi: 10.1111/j.1528-1167.2007.01100.x

39. Zhou JQ, Zhou LM, Chen LJ, Han JD, Wang Q, Fang ZY, et al. Polycystic ovary
syndrome in patients with epilepsy: a study in 102 Chinese women. Seizure. (2012)
21:729–33. doi: 10.1016/j.seizure.2012.08.001

40. Duenas-Gonzalez A, Candelaria M, Perez-Plascencia C, Perez-Cardenas E, de la
Cruz-Hernandez E, Herrera LA. Valproic acid as epigenetic cancer drug: preclinical,
clinical and transcriptional effects on solid tumors. Cancer Treat Rev. (2008) 34:206–
22. doi: 10.1016/j.ctrv.2007.11.003

41. Ornoy A. Valproic acid in pregnancy: howmuch are we endangering the embryo
and fetus? Reprod Toxicol. (2009) 28:1–10. doi: 10.1016/j.reprotox.2009.02.014

42. Verrotti A, D’Egidio C, Mohn A, Coppola G, Parisi P, Chiarelli
F. Antiepileptic drugs, sex hormones, and PCOS. Epilepsia. (2011)
52:199–211. doi: 10.1111/j.1528-1167.2010.02897.x

43. Isojärvi JI, Laatikainen TJ, Pakarinen AJ, Juntunen KT, Myllylä VV.
Polycystic ovaries and hyperandrogenism in women taking valproate for
epilepsy. N Engl J Med. (1993) 329:1383–8. doi: 10.1056/NEJM1993110432
91904

44. Isojärvi JI, Laatikainen TJ, Knip M, Pakarinen AJ, Juntunen KT, Myllylä VV.
Obesity and endocrine disorders in women taking valproate for epilepsy. Ann Neurol.
(1996) 39:579–84. doi: 10.1002/ana.410390506

45. Isojärvi JI, Rättyä J, Myllylä VV, Knip M, Koivunen R, Pakarinen AJ, et al.
Valproate, lamotrigine, and insulin-mediated risks in women with epilepsy. Ann
Neurol. (1998) 43:446–51. doi: 10.1002/ana.410430406

46. Atif M, Sarwar MR, 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
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