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Abstract

Epilepsy, bipolar disorder, and migraines are common disorders that are often associated with
disturbances in menstrual function in adolescent girls. Women with untreated epilepsy are more
likely to have irregular menstrual cycles than are nonepileptic controls, indicating that the disease
itself plays a role in the etiology of these reproductive abnormalities. In addition, many girls with
these disorders require chronic maintenance treatment with agents that may perturb the
hypothalamic-pituitary-ovarian axis. Valproate is a highly effective antiepileptic drug used widely
to treat epilepsy, bipolar disorder, and migraines. Valproate induces features of the polycystic
ovary syndrome (PCOS) in approximately 7% of women. Girls with epilepsy, and possibly bipolar
disorder, appear particularly susceptible to developing PCOS features on valproate, perhaps on
account of the relative immaturity of their hypothalamic-pituitary-ovarian axes. Antipsychotics are
highly effective drugs used widely to treat adolescents with bipolar disorder, psychotic disorders,
and behavioral disturbances. Some, but not all of the antipsychotic, induce hyperprolactinemia,
which may result in oligo- or amenorrhea. Prolonged amenorrhea in association with
hyperprolactinemia incurs significant risks for bone health in adolescent girls. Because of the
potential reproductive health risks associated with use of specific antiepileptic drugs and selective
antipsychotics, these agents are vital treatments for adolescents with severe illnesses. Use of these
agents should be considered and weighed against the risk of using alternative agents, which have
their own side effects, or not treating these serious neurologic and psychiatric disorders.
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Introduction

Neurologic and psychiatric disorders occur commonly in adolescents. Conditions such as
epilepsy, migraines, and bipolar disorder are typically disorders that require chronic
medication to treat symptoms and prevent recurrence of episodes. Some of the medications
that are frequently used to treat these conditions have the potential to perturb the
hypothalamic-pituitary-gonadal (HPG) axis and thus disrupt menstrual cycles. As a result,
adolescent girls treated with these medications may present with amenorrhea or
oligoamenorrhea.

Medications used to treat these neurologic and psychiatric disorders include: (1)
antiepileptic drugs (AEDSs) to treat epilepsy, bipolar disorder, migraines, and other
psychiatric and behavioral disorders; and (2) antipsychotics to treat bipolar disorder,
psychatic disorders, autism, and other psychiatric and behavioral disorders. Two major
endocrine disorders presenting with menstrual dysfunction are polycystic ovary syndrome
(PCOS), occurring with selected AEDs, and hyperprolactinemia, which may develop on
therapy with selected antipsychotic agents.

This review will begin by discussing the prevalence and course of the primary disorders for
which specific AEDs and antipsychotics are used in adolescents, as well as the association
between menstrual dysfunction and the disorders of epilepsy and bipolar illness. The impact
of these agents on the HPG axis and the menstrual cycle, as well as the mechanisms by
which these drugs exert their effects will also be reviewed.

Epilepsy, Bipolar, and Migraine Disorders in Adolescents

Epilepsy afflicts 0.4-0.9% of children and adolescents and is more common in boys than
girls. While in the majority of patients epilepsy develops before age 20, the incidence of
epilepsy decreases as children age and become adolescents.2 Chronic maintenance treatment
is usually initiated after seizures are recurrent and the specific type of AEDs used depends
on the seizure type (i.e., partial, generalized). The majority of seizure disorders in children
and adolescents are partial seizure syndromes. First-line AEDs used to treat partial seizures
in children and adolescents include: valproate, carbamazepine, topiramate, oxcarbazepine,
lamotrigine, phenytoin, and phenobarbital.3

By age 18, the lifetime prevalence of bipolar disorder (also called manic-depression) in the
general population is 1%, and another 4-5% have subsyndromal bipolar disorder, a broader
spectrum of bipolar illness that also warrants treatment.*° The age of onset of bipolar
disorder is usually between 15 and 30 years.6 Bipolar disorder type | (manic episodes)
occurs equally in men and women, whereas bipolar disorder type Il (hypomanic episodes)
occurs more commonly in women.’

Treatment of bipolar disorder is indicated for acute episodes of mania and depression, and
for prevention of recurrent episodes. Treatment often includes a combination of medications
in different classes (i.e., AEDs, lithium, antipsychotics, and antidepressants) that target
different symptoms, such as hypo/mania, depression, and psychotic symptoms. Teenagers
with bipolar disorder are most likely to receive treatment with an AED (49%) and/or an
antipsychotic agent (48%).8 The most common AED used is valproate, used by 31% of
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bipolar adolescents.® A wide range of antipsychotics are also used, including the newer
atypical antipsychotics (risperidone, olanzapine, quetiapine, aripiprazole, ziprasidone) and
the older conventional antipsychotics (e.g., perphenazine, haloperidol). The atypical
antipsychotics have therapeutic effects on both psychotic symptoms and mood symptoms.

Migraines are very common in adolescents, particularly in girls. By age 17, approximately
23% of girls and 8% of boys have had a migraine.®10 In 50% of cases, the disorder begins
before age 20, with an average age of onset of 10 years in girls.10-12 Although migraines
can be infrequent and not require prophylactic treatment, those with frequent and/or severe
migraines require a chronic, maintenance treatment approach. A number of different
medication classes can be used for prophylactic treatment in adolescents including AEDs,
beta blockers, and tricyclic antidepressants. AEDs that can be used include valproate,
gabapentin, carbamazepine, topiramate, and levetiracetam. Migraines can also be linked
closely with the premenstrual or menstrual phase of the cycle in some adolescent girls.
Menstrual migraines are commonly treated with a “mini prophylaxis” that involves
treatment targeted to the specific phase of the menstrual cycle in which the patient is
symptomatic.

Epilepsy, Irregular Menstrual Cycles, and Features of PCOS

It is important to review the relationship between menstrual dysfunction and the underlying
disorders for which AEDs are indicated before considering the effects of AEDs on the
menstrual cycle. Independent of drug effects on the HPG axis, women with epilepsy who are
notreceiving treatment are more likely to have features of PCOS than are nonepileptic
women. The increased prevalence of isolated components of PCOS in untreated epileptic
women may result in a greater susceptibility to the development of the full-blown syndrome
in the context of valproate use.

Compared with nonepileptic controls, women with epilepsy are more likely to have
menstrual cycle irregularities and increased luteinizing hormone (LH) pulse frequency, but
no abnormalities in serum testosterone levels.23-15 The basis for these HPG abnormalities in
untreated epilepsy is poorly understood. It has been hypothesized that recurrent seizures
perturb the HPG axis because paroxysmal epileptic discharges spreading within the
hypothalamus might disrupt the gonadotropin-releasing hormone (GnRH) pulse
generator.1516 Thus, central nervous system effects may be the basis for the association
between untreated epilepsy with PCOS features.2417 Unlike menstrual dysfunction and the
clinical syndrome of PCOS, polycystic ovarian morphology is not more prevalent in
epileptic women according to most,18-21 but not all, 22 studies. Regardless, the presence of
polycystic ovarian morphology in women with regular menstrual cycles does not appear to
predict the development of PCOS.23 Studies of reproductive function in recently
postpubescent girls with untreated epilepsy differ from those conducted in adult women. In
adolescent girls with epilepsy an association between untreated epilepsy per se and
menstrual dysfunction, hyperandrogenemia, or PCOS has not been examined.24 However,
these studies are small and additional studies are needed to address this association in
adolescent girls.

Some studies suggest that the specific location of the epileptic focus correlates with the
likelihood of HPG axis perturbation, which results in specific reproductive endocrine
disorders. Left-sided temporal lobe epilepsy (TLE) has been associated with PCOS features,
while right-sided TLE has been associated with hypogonadotropic hypogonadism.14.25
However, other evidence suggests that women with generalized epilepsy are more likely to
have menstrual cycle dysregulation and PCOS features than those with TLE26:27, In
contrast, other studies show no evidence of a relationship between a specific seizure focus
location and menstrual dysfunction or PCOS.18.19
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Menstrual Cycle Irregularities and PCOS in Women with Bipolar Disorder

Compared with epilepsy, little is known about the prevalence of menstrual dysfunction and
PCOS in women with bipolar and migraine disorders. Among women with bipolar disorder,
one-third report having had irregular menstrual cycles during adolescence before they were
treated for bipolar disorder.28 However, the prevalence of PCOS in women with bipolar
disorder independent of psychotropic treatments is similar to that seen in the general
population.2? Therefore, like women with epilepsy, those with bipolar disorder may have
neuroendocrine dysregulation because of the psychiatric illness, which increases their
susceptibility to developing PCOS in the context of other risk factors.

Valproate Use and Polycystic Ovarian Syndrome

In Adult Women with Epilepsy

Isojarvi and colleagues first described an association between valproate and PCOS in
1993.19 In a landmark study, they reported that women with epilepsy were more likely to
have menstrual cycle irregularities that those taking carbamazepine or other AEDs (45% on
valproate versus 19% on carbamazepine versus 13% on other AEDSs). In this study,
valproate users were also more likely to have PCO morphology or an elevated testosterone
level (56% on valproate versus 20% non-valproate).1? Since that time, another six studies in
women with epilepsy have reported that PCOS features are more common in valproate users
than those taking other AEDs (carbamazepine is most common comparator),18:22:30-33 yhile
three studies have reported no association between valproate use and PCOS in this
population (Table 1).2026:34 Al studies, except for one,22 were conducted in women who
were not randomly assigned to AED therapy. In the single randomized clinical trial that has
been conducted in this area, 447 women without PCOS features at baseline were
randomized to valproate or lamotrigine for one year.22 Those randomized to valproate were
significantly more likely to develop hyperandrogenemia or ovulatory dysfunction (indicated
by low levels of progesterone) than those randomized to lamotrigine (36% VPA versus 23%
LTG), with 7% of women on valproate (versus 1% on lamotrigine) developing new-onset
PCOS after one year of treatment.22

Despite the inconsistencies in the findings across studies of women treated with valproate,
the majority did observe an increased prevalence of PCOS features among valproate users.
In addition, the observation that 7% of women who are randomly assigned to valproate
develop new-onset PCOS adds weight to the evidence that valproate likely induces PCOS in
a subset of women with epilepsy who are treated with this AED.22 Other studies indicate
that PCOS features occurring in valproate users remit after valproate has been discontinued
and lamotrigine initiated.3°

There are several possible explanations for the discrepancy in the findings among the 9
studies of epileptic women who were not randomly assigned to AED treatment.36 These
include: (1) small sample size in some studies; (2) lack of randomization, which may result
in differences in the distribution of characteristics that predispose to the development of
PCOS; and (3) differences in the way that PCOS was defined. Key characteristics that can
influence the association between valproate and PCOS include the age at which valproate
was initiated and the prevalence of obesity in the population being studied.3” Several studies
have demonstrated that women are more likely to develop PCOS features on valproate if
they are younger when they valproate therapy is started.19:22.27.29 Other studies suggest that
obesity may be a risk factor for the development of PCOS on valproate, but few prospective
data are available to fully address this possibility.32
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In Adult Women with Bipolar Disorder

Compared with epilepsy, fewer studies addressing the association between valproate use and
PCOS in adult women with bipolar disorder have been undertaken, and none are randomized
trials (Table 1). In addition to the different underlying disease state of bipolar disorder, these
studies differ from those conducted in women with epilepsy in that the comparison group of
non-valproate users includes women whose primary treatment is lithium, as well as other
AEDs. In the largest study conducted to date in this population (77 = 230), new-onset PCOS
features (oligoamenorrhea and hyperandrogenism) developed in 10% of women taking
valproate within one year of its initiation, whereas PCOS features developed in only 1% of
non-valproate users.2® However, PCOS morphology was not seen more commonly among
valproate users than non-users.2? Other studies in women with bipolar disorder have also
found that PCOS occurs more commonly in those on valproate than on non-valproate
treatments (6% versus 0%, respectively), although this difference was not statistically
significant because of sample size limitations.38

It is notable that the 10% incidence of treatment-emergent PCOS features developing on
valproate among women with bipolar disorder?? is consistent with the 7% incidence of new-
onset PCOS observed in the randomized trial conducted in women with epilepsy.22 Like the
epileptic population,22 women with bipolar disorder also developed PCOS features within
one year of treatment, with no women developing new-onset PCOS after they had been
taking valproate for more than one year’s duration.2® In addition, similar to the case in
women with epilepsy,3® PCOS features developing on valproate remit when other
psychotropic agents are substituted for valproate in women with bipolar disorder.3° These
data suggest that women with epilepsy and bipolar disorder have a similar level of risk for
developing PCOS features on valproate.

In Adolescents with Epilepsy and Bipolar Disorder

Studies conducted in adults have consistently found that PCOS features develop more
commonly among those who are younger when valproate treatment is begun.1922.29 Among
adolescents and adult women (13-40 years) with epilepsy who were randomized to
valproate, hyperandrogenemia and ovulatory dysfunction developed in 44% of women 13—
25 years old, but only in 24% of those who were over 25 years old when they started
valproate treatment.22 Other studies in epilepsy have found polycystic ovarian morphology
and/or an elevated testosterone level in 80% of women who started taken valproate before
age 20.19 Studies in patients with bipolar disorder similarly suggest that PCOS features
develop more commonly in those who were younger when they started the AEDs.2

Several studies have been conducted in a group of epileptic girls who are prepubertal,
pubertal, or postpubertal. These studies have examined the prevalence of reproductive and
metabolic features of PCOS in girls with epilepsy who are taking valproate (Table
2).24:40-44 A|| have found that serum androgen levels are higher in valproate-treated girls
than in girls who are either treated with other AEDs or untreated, or healthy controls. The
findings are strongest in postpubescent girls. In addition, obesity and weight gain were
associated with valproate use in most,*-44 but not all,*® studies. However, only one study
found an association between valproate use and the clinical disorder of PCOS.2* These
studies suggest that girls with epilepsy who are undergoing a pubertal transition have PCOS
features such as higher androgen levels, and confirm reports in adults that indicate that
adolescent girls with epilepsy are susceptible to the development of PCOS features on
valproate.

It is unknown why adolescents and young adults with epilepsy and bipolar disorder are more
susceptible to developing PCOS features on valproate. However, given that recently
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postpubescent girls have a high incidence of anovulation, it is possible that the relative
immaturity of the HPG axis at this time period makes it more vulnerable to perturbation.4®
Preliminary reports suggest that initiation of valproate during puberty suppresses
gonadotropin secretion, but does not influence pubertal development,#® although case
reports suggest that pubertal growth and maturation can be arrested.*’

In Adolescents with Migraines

Women with migraines provide an important model in which to study the association
between valproate and PCOS features, given that women and girls with epilepsy and bipolar
disorder may be more susceptible to developing PCOS because of dysregulation of the HPG
axis associated with the disorder itself. Data on the association of untreated migraine
disorders and menstrual dysfunction are not available, nor is there information on the impact
of valproate use on reproductive function in adult women with migraines. However, a recent
randomized trial provides some preliminary information about menstrual dysfunction and
PCOS features in adolescents 12—-17 years old with migraines.*8 Participants in this trial
were randomized to valproate or placebo for 3 months. A subset of 41 postmenarchal girls
who were not taking hormonal contraceptives underwent additional evaluation of
reproductive function. After 3 months of treatment, there was no difference in the rates of
menstrual disturbances or the change in testosterone levels between adolescents treated with
valproate versus placebo.

Mechanisms by Which Valproate May Induce Polycystic Ovary Syndrome

Recent evidence suggests that valproate leads to hyperandrogenemia and PCOS features
through direct effects of the AEDs on the ovary. /n vitro studies demonstrate that valproate
stimulates androgen biosynthesis in human theca cells at doses that represent therapeutic
levels in the treatment of epilepsy or bipolar disorder.4? Treatment of theca cell cultures
with valproate for 72 hours results in increased levels of dehydroepiandrosterone (DHEA),
androstenedione, and 17a-OH-progesterone, and decreased levels of progesterone.4?
Valproate-induced androgen biosynthesis has been attributed to its stimulatory effects on
gene transcription,#9:50 and activity of the enzymes P450scc and P450c17 involved in
ovarian steroid production.>! Furthermore, microarray data show common gene expression
profiles in PCOS and valproate-treated normal theca cells that are not seen in normal,
untreated theca cells,® suggesting that similarities in theca cell function may explain the
features of PCOS that develop in some women treated with valproate.

Other possible mechanisms by which valproate may induce PCOS features include (1) its
central nervous system GABA-mediated effects on GnRH and (2) indirectly, by causing
weight gain, which in turn leads to insulin resistance.16:36.52

The likelihood of valproate’s resulting in PCOS may also be influenced by the underlying
disorder for which the AED is being used (Fig. 1). Other host factors, such as age and
proximity to menarche may also influence these pathways.

Antipsychotics and Hyperprolactinemia

Antipsychotics are used widely in adolescents for treatment of bipolar disorder and
psychosis and for behavioral control. There are two types of antipsychotics: the older
“conventional” antipsychotics (e.g., haloperidol, thioridazine) and the “atypical”
antipsychotics (risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole, clozapine).
The conventional antipsychotics work through the D2 receptor antagonism, whereas the
atypical antipsychotics have both dopaminergic and serotonergic activity. Most of the
widely used atypical antipsychotics do not increase prolactin levels.?3:54 Quetiapine,
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ziprasidone, and aripiprazole are not associated with hyperprolactinemia.>3:54 Olanzapine
has been associated with mild and transient hyperprolactinemia in some studies.5>58 In
contrast, the atypical antipsychotic risperidone and the conventional antipsychotics have
been associated with significant elevations in serum prolactin.33:54.59-61 pro|actin levels are
increased in 88% of women treated with risperidone and 48% of those treated with
conventional antipsychotics.61.62

Prolactin levels increase with selected antipsychotics because they block dopaminergic
inhibition of prolactin secretion. Prolactin secretion by lactotrophs in the pituitary is under
tonic, physiological inhibition by dopaminergic neurons from the hypothalamus. The extent
to which prolactin levels increase depends on the occupancy of D2 receptors, which varies
among the antipsychotics.%3 With the conventional antipsychotics, prolactin levels increase
within several hours of administration and rise 3.8-fold in women within the first few days
of administration4 in a dose-dependent fashion.5°

Risperidone is an atypical antipsychotic that markedly inhibits the D2 receptor.5¢ Prolactin
levels increase significantly in adults treated with risperidone®’="1 in a dose-dependent
manner,”1.72 with a rapid doubling of levels occurring within the first few hours after
treatment initiation.’® Prolactin levels are significantly higher in adult women taking
risperidone than in those taking the conventional antipsychotic, haloperidol.”2 With
prolonged treatment, hyperprolactinemia occurring on conventional antipsychotics and
risperidone has been reported to resolve in some, but not all individuals treated with these
agents.60.62

Antipsychotic-Induced Hyperprolactinemia Reproductive Effects

As with other causes of hyperprolactinemia, drug-induced hyperprolactinemic states are not
universally symptomatic.53:54 Many patients are unaware of hyperprolactinemia as a cause
of their reproductive dysfunction as testing for prolactin levels is not routinely done.
Hyperprolactinemia results in menstrual-cycle irregularities because prolactin suppresses the
HPG axis and ovulation. Menstrual cycle irregularities manifest in 8-48% of women on
risperidone and are more likely with higher doses, while galactorrhea occurs in only a small
proportion of risperidone-treated women.51.72

Among those treated with conventional antipsychotics, 26-91% have menstrual
dysfunction’3-76 and galactorrhea has been observed in 19%.77 Analysis of sexual
dysfunction in schizophrenics on antipsychotics reveals that it is dose-related and varies
with the specific antipsychotic being used, from 18% of those on quetiapine, to 33-38% of
those on conventional antipsychotics, to 35% of those on olanzapine, and 43% of those on
risperidone.’6:78

The clinical effects of prolactin-elevating antipsychotics are reversible, with normalization
of menstrual cycles and reduction in prolactin levels to normal when the drug is
discontinued or a prolactin-sparing antipsychotic is added.>3 These improvements are seen
rapidly when patients taking prolactin-elevating antipsychotics are switched to olanzapine,’®
quetiapine, 8081 aripiprazole,82 or ziprasidone,83 or when aripiprazole is added for
combination antipsychotic therapy.84

Bone Effects

The hypoestrogenism that results when ovulation is suppressed by hyperprolactinemia can
result in reduced bone density, although limited data are available to address this issue.
Women with hyperprolactinemia induced by conventional antipsychotics had bone mineral
density (BMD) in the 90th percentile of age- and weight-matched controls.8> BMD
correlated with the vaginal maturation score, an index of estrogen exposure.8> Reduced
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BMD has been seen with risperidone,87 but not olanzapine,8” on ultrasonography-detected
bone speed of sound, but not on conventional dual-energy X-ray absorptiometry (DXA).
Decreased BMD correlates inversely with the duration of antipsychotic therapy.8® These
findings suggest that estrogen suppression, the specific agent being used, and duration of use
may determine the degree of bone loss with antipsychotic use.

Antipsychotics and Hyperprolactinemia in Adolescent Girls

Postpubertal children and adolescents may be more likely than adult women to develop
prolactin elevation as a consequence of antipsychotic exposure.>2:87:88 This increased
susceptibility to a more pronounced prolactin response to antipsychotic exposure may result
from a decrease in dopamine receptors that occurs with increasing age.8? Among children
and adolescents treated with risperidone, prolactin levels increased 3.8-fold within the first
one to two months after treatment and then declined to levels just above normal within one
year of continued treatment.52 Another small study suggests that children and adolescents
also develop prolactin elevation at a high rate on haloperidol and olanzapine.88 Initiation of
prolactin-stimulating antipsychotics at the time of puberty may delay its onset or slow its
progression.?9 Dopamine agonists may be used to normalize prolactin levels in these
circumstances.®1

Adolescent girls may be particularly susceptible to the reproductive and bone effects of
prolactin-elevating antipsychotics.>3 The HPG axis may be more easily perturbed because it
is relatively immature in recently postpubertal girls.#° In addition, the ability to achieve peak
bone mass may be suppressed because hypoestrogenism associated with hyperprolactinemia
will reduce bone anabolism and increase bone resorption.

Conclusion

Epilepsy, bipolar disorder, and migraines are common disorders in adolescent girls that
often require chronic maintenance treatment for symptom control and prevention of
symptom recurrence. Valproate is a highly effective antiepileptic drug used widely to treat
epilepsy, bipolar disorder, and migraines. When used in adolescent girls, its effects on
reproductive function should be discussed and monitored as valproate induces PCOS
symptoms in approximately 7% of women. Rates of treatment-emergent PCOS features are
higher in adolescents beginning this medication. The reproductive effects of valproate
manifest within the first year of its use and the risk for new-onset PCOS features does not
appear to continue beyond the first year of use. Moreover, these reproductive changes remit
within one year of discontinuation of valproate. Girls with epilepsy, and possibly bipolar
disorder, may be particularly susceptible to developing PCOS features on valproate because
of the relative immaturity of their hypothalamic-pituitary-ovarian axis. Other antiepileptic
drugs do not appear to be associated with PCOS features.

Antipsychotics are used widely to treat adolescents with bipolar disorder, psychotic
disorders, and behavioral disturbances. They are highly effective drugs that are used
chronically in individuals with severe mental disorders. Some, but not all, of the
antipsychotics induce hyperprolactinemia, which may be sustained or transient.
Hyperprolactinemia occurs in 48% of individuals on conventional antipsychotics and in 88%
of those on the atypical antipsychotic, risperidone. Oligo- or amenorrhea results in some, but
not all, of women with hyperprolactinemia on antipsychotics, and is reversible upon
discontinuation of the responsible medication. Prolonged amenorrhea in association with
hyperprolactinemia incurs significant risks for bone health in adolescent girls.

Despite the potential reproductive health risks associated with use of specific antiepileptic
drugs and selective antipsychotics, these agents are vital treatments for adolescents with
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severe illnesses. Alternative treatments for epilepsy, bipolar disorder, and migraines may be
important considerations, but have their own side effects and risks that should be weighed in
the selection of specific medication treatments. Use of these agents should be considered

an

d weighed against the risk of not treating these serious neurologic and psychiatric

disorders.
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FIGURE 1.
Pathways to polycystic ovary syndrome (PCOS) in women with epilepsy, including use of
valproate (VPA) as an antiepileptic drug (AED). (From Bilo and Meo.16)

Ann N'Y Acad Sci. Author manuscript; available in PMC 2013 September 16.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Joffe and Hayes

Page 15

TABLE 1

Studies addressing the association between valproate use and polycystic ovary syndrome (PCOS) features

Study

Disorder  Association between Valproate

Use and Features of PCOS2

Study Design

Isojarvi et al., 199319

Bilo et al, 200118

Morrell et af., 200231
Morrell et af., 2003%2
Betts et al., 200330
Prabhakar et al., 200733
Hayes et al., 200722
Joffe et al., 2006%°

Bilo et al, 198826
Bauer et al., 200034
Luef et al., 200220
Rasgon et al., 200538

Epilepsy
Epilepsy

Epilepsy
Epilepsy
Epilepsy
Epilepsy
Epilepsy
Bipolar

Epilepsy
Epilepsy
Epilepsy
Bipolar

+

+

Cross-sectional

Cross-sectional and
prospective

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Randomized trial
Cross-sectional?
Cross-sectional
Cross-sectional
Cross-sectional

Cross-sectional

a e o
+ means association between valproate and PCOS features found; — means no association between valproate and PCOS features found.

bEchudes women with PCOS that developed prior to diagnosis and treatment of bipolar disorder.
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TABLE 2

Valproate use in girls with epilepsy during the pubertal transition

W'\iltct)i gpﬁg;:y Age (yr) Ir:wegaJIS; Iut?;a Androgen Levels ngﬁfg&n Insulin  PCOS
Rattya et al., 1999* 77 8-18 NR NR 1 ~ NR
Vainionpaa et al.,, 1999*3 41 8-18 ~ t(all pubertal stages) 1 ~ NR
El-Khayat ef al., 2004 66 8-18 NR 1 (post-pubertal) 1 (post-pubertal) ~ ~
Mikkonen et af., 200424 69 8-18 NR T NR NR 1
de Vries et al., 200740 88 6-20 ~ 1(post-pubertal) ~ ~ ~

aAmong postpubertal girls only. NR = not reported; ~ means no abnormality found.
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