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ABSTRACT

Hormonal therapies may play a role in the treatment of bipolar disorder. Preliminary evidence suggests that: 1) Ta-
moxifen has anti-manic properties; 2) Hormone replacement therapy represents a good augmentation strategy in treat-
ment-resistant peri-menopausal depression; and 3) Certain oral contraceptives could prevent menstrual exacerbations of
affective symptoms. Potential neurobiological mechanisms of the anti-manic effects of tamoxifen include the inhibition
of protein kinase C in addition its anti-estrogenic effects. Estrogen is a serotonergic and adrenergic agonist as well as an
agent promoting neurogenesis in the hippocampus through glutamatergic synaptic formation, which may be the basis of
its antidepressant activity. Progesterone appears to decrease serotonergic and adrenergic tone and activity, while in-
creasing GABA, receptor activation through its active metabolite allopregnanolone, which may be the basis of its anx-
iolytic, sedative, and potentially anti-manic properties. Although there is consistency between the evidence for clinical
efficacy and neurobiological mechanisms of hormonal treatments, the current state of knowledge relies on studies with
several methodological limitations. On the other hand, benefits of hormonal treatment include protection from osteopo-
rosis and several gynecological cancers, as well as safe contraception in a population at-risk for unplanned pregnancy.
Nonetheless, hormonal treatments should be reserved for treatment-resistant bipolar depression or mania, or when con-
tra-indications to other psychotropic medications are present. Institution of regular monitoring for medical complica-
tions and drug-drug interactions are essential to minimize risks and maximize benefits.
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1. Introduction treatments such as: 1) tamoxifen; 2) hormone replace-
ment therapy (HRT); and 3) oral contraceptives (OCs) in
the treatment of bipolar disorder, as preliminary evidence
suggests these agents may possess mood stabilizing pro-
perties, primarily in terms of efficacy in: 1) acute mania;
2) acute depression; or 3) prevention of mood fluctua-
tions across the menstrual cycle. Clinical interest in hor-
monal treatments first stemmed from studies in samples
treated for other medical, non-psychiatric conditions. Un-
expected effects of these treatments on mood came to light
through these studies in women and men with no psychi-
atric history.

Reproductive hormones appear to impact the course of
bipolar disorder in women, particularly in the premenstr-
ual, post-partum and perimenopausal phases [1-3]. Manic
and depressive symptoms have been found to occur more
frequently during the premenstrual (late luteal) phase;
post-partum mood episodes were found to occur in 67%
of bipolar mothers; and a significant proportion of bipo-
lar women have reported a worsening of mood symptoms,
primarily depressive, in the peri- and/or post-menopausal
period [3]. Interestingly, tamoxifen, a known anti-cancer
hormonal agent, was recently listed as a third-line option
in the acute treatment of mania in the Canadian Network

for Mood and Anxiety Treatments (CANMAT) guide- 1.1. Tamoxifen

lines, based on evidence of efficacy in recent trials with a
purported mechanism of action similar to that of lithium
and valproate [4,5]. In addition, the World Federation of
Societies of Biological Psychiatry (WFSBP) rated the
evidence for the anti-manic effect of tamoxifen as a cate-
gory B and gave it a recommendation grade of 3, just
below the grade given to carbamazepine and olanzapine
[6]. This raises questions regarding the role of hormonal
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Tamoxifen is a selective estrogen receptor modulator,
and acts as an estrogen agonist at some sites and an estro-
gen antagonist at other sites, such as breast tissue [7,8].
However, its effect in the central nervous system appears
more complex, with possible agonist effects in some ar-
eas of the brain and antagonist effects in others [9]. Ta-
moxifen is commonly used as an adjuvant for the preven-
tion of breast cancer recurrence in high-risk women and
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the treatment of estrogen-receptor positive breast cancer
in post-menopausal women and metastatic estrogen-re-
ceptor positive breast cancer in both men and women [7].
Yet despite several years of tamoxifen use in non-psy-
chiatric populations, its effect on mood remains uncertain.
In addition to the new use of tamoxifen in mania, several
case reports have reported tamoxifen-induced depression
symptoms in breast cancer patients, but a large placebo-
controlled randomized trial and a retrospective cohort
study in the same population found no difference be-
tween the tamoxifen and control groups in terms of de-
pressive symptoms [10-12].

1.2. Hormone Replacement Therapy

HRT is prescribed for the short-term treatment of moder-
ate to severe peri-/post-menopausal vasomotor symptoms
[13-16]. There are few reports of adverse mood symp-
toms with HRT in samples with no psychiatric history.
One case report described the induction of mania with
HRT use (estrogen only for 3 weeks and estrogen/pro-
gesterone for one week every month) in one 85 year-old
post-menopausal women with no prior history of bipolar
disorder [17]. On the other hand, studies have consis-
tently shown increased rates of depression in the peri-
menopausal/menopausal period, even in women with no
prior history of depression [18,19]. Measures of folli-
cle-stimulating hormone (FSH), luteinizing hormone [20]
and estradiol in an 8-year prospective cohort study re-
vealed that greater variability in estradiol and FSH at the
time of menopause was associated with increased inci-
dence of depressed mood and depression in women with
no prior history of depression [19].

1.3. Oral Contraceptives

In addition to being used for regular contraception, oral
contraceptives (OCs) are also prescribed to relieve acne,
dysmenorrhea, premenstrual dysphoric disorder, endo-
metriosis, menorrhagia, uterine leiomyomas, pelvic in-
flammatory disease, and to regulate the menstrual cycle
in women suffering from polycystic ovarian syndrome [21,
22]. In samples of women with no current/prior psychiat-
ric history, studies of OCs yielded mixed results, with
older studies finding more adverse mood effects while
more recent studies found some evidence of decreased
mood fluctuations across the menstrual cycle [23-26].
This is thought to be due to changes in OCs formulation
over time [23].

2. Objectives

Given the wide range of indications and prevalent use of
hormonal treatments throughout the lifespan and recent
findings on the potential novel use of tamoxifen in mania,
it is timely to review the evidence of these treatments in
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bipolar disorder. The main objectives of this review are
to: 1) summarize the current evidence for potential mood
stabilization effects of tamoxifen, hormone replacement
therapy and oral contraceptives; 2) review theoretical
neurobiological mechanisms of hormonal treatments in
bipolar disorder; and 3) discuss the medical benefits,
adverse effects and pharmacological interactions of hor-
monal treatments with mainstay bipolar treatment (mood
stabilizers, antipsychotics, antidepressants).

3. Methods

A literature search was conducted through EMBASE and
MEDLINE from 1980 to 2010. This time period was cho-
sen because hormonal replacement therapy received its
first clinical indication for osteoporosis in the 1980s [27].
The following terms were used for the literature search:

9% ¢

“tamoxifen”, “hormone replacement therapy”, “oral contra-
ceptives”, “bipolar disorder”, “depression”, “mania”, “mood
stabilizers”, “antidepressants”, “antidepressive agents”,
“anticonvulsants”, “lithium”, “antipsychotic agents”, and
“side effects”. Manual literature searches based on bibli-
ographies of relevant articles were also conducted. The
main search using the terms “tamoxifen”, “hormone re-
placement therapy”, and “oral contraceptives” combined
with “bipolar disorder”, yielded 12 studies for tamoxifen,
12 studies for HRT, 14 studies for OCs through MED-
LINE; the same search through EMBASE yielded 60
studies for tamoxifen, 30 studies for HRT and 124 stud-
ies for OCs. After careful review of the abstracts and
elimination of duplicate studies, 25 studies were retained
for review. Randomized controlled trials and non-ran-
domized prospective clinical trials pertaining to hormo-
nal treatments in bipolar disorder were prioritized. When
such studies were not available or were few in number,
observational studies, reviews and case reports of bipolar
subjects were included.

4. Results
4.1. Evidence of Mood Stabilization

4.1.1. Tamoxifen in Women and Men with Bipolar
Disorder

As detailed in Table 1, several studies demonstrate the
anti-manic properties of tamoxifen in bipolar disorder, as
adjunctive or monotherapy. Two 3-week randomized,
double-blind placebo-controlled (RCTs) monotherapy tri-
als of 66 and 16 bipolar subjects found an anti-manic ef-
fect of tamoxifen [28,29]. However, worsening of the
placebo groups in both trials over the course of the study
partially accounted for treatment differences. This calls
into question the generalizability of these two RCTs, as
worsening of the placebo group is not typical of trials
targeting mania [28,29]. In a non-randomized, double-
blind, placebo- controlled 4-week study involving 13 wo-
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men, Kulkarni et al. observed a significant decrease in
both manic and psychotic symptoms in the tamoxifen
group [30]. In this study, tamoxifen or placebo were
added to an ongoing regimen of lithium and/or valproic
acid [30]. Finally, in a non-randomized, single-blind stu-
dy of 7 subjects, Beb- chuck et al. observed a significant
decrease in Youth Mania Rating Scale (YMRS) ratings
[31]. Two of these patients were on other psychotropic
agents [31]. Of note, no randomized controlled trials to
date have shown a worsening or improvement of depress-
sive symptoms in bipolar patients associated with the use
of tamoxifen [5].

4.1.2. Hormone Replacement Therapy in Women with
Bipolar Disorder

As detailed in Table 2, there are few controlled studies

assessing the mood stabilizing (predominantly antide-

pressant) effect of hormone replacement therapy in bipo-
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lar patients. In a prospective observational study of 170
depressed unipolar and bipolar post-menopausal women,
HRT use was associated with significantly greater re-
sponse to a selective serotonin reuptake inhibitor (83.7%.
vs. 63.2% for non-HRT users) [32]. No significant dif-
ferences were observed between estrogen-only and es-
trogen-progesterone users; surprisingly, there were also
no significant differences in response between unipolar
and bipolar populations [32]. In a retrospective study of 22
bipolar women, non-HRT users were significantly more
likely than HRT users to report worsening in mood
symptoms in the perimenopause/menopause period [1].
Chouinard et al. reported on 2 case reports of women in
their 50s with treatment-resistant bipolar disorder, mainly
consisting of depressive/mixed symptoms, who re-
sponded to a combination of estrogen and progesterone,
while estrogen alone induced mania in one of these
women [33]. In another case report, this time involving a

Table 1. Summary of studies examining the mood stabilizing effect of tamoxifen in bipolar disorder.

STUDY Yildiz et al. [28] Zarate et al. [29] Kulkarni et al. [30] Bebchuck et al. [31]
DESIGN Randomized Randomized No No randomization
Double-blind Double-blind randomization Single-blind raters
Placebo-controlled Placebo-controlled Double-blind Duration: mean 8.4 days
Duration: 3 weeks Duration: 3 weeks 3 arm-study: placebo, MPA™,
tamoxifen
Duration: 4 weeks
SAMPLE N =66 N=16 N=13 N=7
32 males, 34 females 14 males, 2 females 0 males, 13 females 5 males, 2 females
Inclusion: Inclusion: Inclusion: Inclusion:
18 - 60 yo with bipolar disor- 18 - 65 yo with bipolar disor- Women with bipolar disorder 18 - 65 yo with bipolar disor-
der on SCID’ der on SCID-P™ CARS-M'>15 der on SCID**
YMRS§ > 20 YMRS* > 14 Follicular or luteal phase YMRS* > 14
Exclusion: Pre-menopausal Exclusion: Exclusion:
Psychiatric comorbidities Exclusion: N/A Psychiatric comorbidities
Coagulopathies Treatment-naive Drop-out: N/A Coagulopathies
Drop-out: n =6 (17%) of Substance use Drop-out: N/A
tamoxifen, n = 10 (32%) of  disorders
placebo Coagulopathies
Post-menopausal
Drop-out: n =4 (50%) of
tamoxifen, n = 3 (37%) of
placebo
HORMONAL Tamoxifen: 80 mg po twice Tamoxifen: 20 - 140 mg daily Tamoxifen: 40 mg daily Tamoxifen: 80 mg po twice
TREATMENT  daily Placebo MPA': 20 mg daily daily
Placebo Monotherapy Placebo
Monotherapy Lorazepam max. 2 mg daily Add-on to lithium &/or valproate Add-onn=2
Lorazepam max. 5 mg daily given concomitantly for all subjects n =13 Monotherapy n =5
given concomitantly
OUTCOME Change in YMRS® >50%:  Change in YMRS®>50%:  Change in mean CARS-M": Change in YMRS?® > 50%:
vs. baseline Tamoxifen: Tamoxifen: Tamoxifen: —22.2" Tamoxifen:
N =17 (48%)* N =5 (63%)* MPA™: —13.0% N=5(71%)"
Control: Control: Control: 8.5 No control
N =2 (5%) N=113%)
NNT: 2.3 NNT: N/A NNT: N/A NNT: N/A

*Significant differences vs. baseline or control group, p < 0.05; ~"SCID Structured Clinical Interview for DSM-IV or SCID-P Structured Clinical Interview for
DSM-IV-Patient Version; 'YMRS: Youth Mania Rating Scale; "*CARS-M: Clinician Administered Rating Scale for Mania; "™MPA: medroxyprogesterone ace-
tate; NNT: number needed to treat; N/A: not available/specified.
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Table 2. Summary of studies examining the mood stabilizing effect of hormonal replacement therapy in bipolar disorder.

STUDY Zanardi et al. [32] Freeman et al. [1] Chouinard et al. [33] Huang et al. [34]

DESIGN Prospective Retrospective 2 case reports 1 case report
Observational Observational
Combined treatment with HRT? Duration: lifetime history of mood
and SSRIs* symptoms
Duration: 7 weeks

SAMPLE N=170 N=22 N=2 N=1
170 females 22 females 2 females 1 female
57 HRT" users 12 current HRT" users 2 cases of bipolar disorder History of bipolar
123 non-HRT" users 2 past HRT' users resistant to lithium disorder
Inclusion: 8 non-HRT" users 1 post-menopausal 1 post-partum
>40 yo, unipolar depression Inclusion: women woman, mania
n = 134 or bipolar disorder Mean age 43.3 +/— 11.4 yo with resistant to lithium,
n=36 bipolar disorder on SCID** valproate,
HAM-D 217> 18 Exclusion: Nil antipsychotics
Post-menopausal Drop-out: n =2 (9%) stopped HRT'
Exclusion: secondary to adverse effects of HRT
Psychiatric comorbidities
Severe physical illness
Drop-out: n = 13 (8%) in the whole
sample, secondary to adverse effects
from SSRIs*

HORMONAL  HRT": HRT": HRT": HRT":
TREATMENT —66% on conjugated estrogens —50% on estrogens & progesterone  Both cases sequentially ~ Conjugated
(mean dose 0.611 mg) and (estradiol + methylprogesterone OR  received: estrogen (0.625
medroxyprogesterone conjugated estrogens + -Premarin (conjugated mg/day) and me-
(10 - 12 days per month; medroxyprogesterone) estrogens 1.25 mg) droxyprogesterone
mean dose 5mg) —42% on estradiol alone -Ovral (0.5 mg norgestrel (2.5 mg/day)
—34% on estrogens alone —8% on medroxyprogesterone and 50 ug of ethinyl estra- Lithium &
(mean dose 0.689 mg) alone diol) valproate:
SSRIs': All subjects received Lithium: continued
SSRIs? at usual doses: sertraline, continued
paroxetine, citalopram, fluoxetine
OUTCOME Response (change in No change in mood symptoms Remission Remission accord-

vs. baseline HAM-D' > 50%) at perimenopause: according to DSM-IV  ing to DSM-IV

83.72% of HRT' users” 75% of HRT' users’ criteria: criteria

63.16% of non-HRT" users
Remission (HAM-D' < 8):
79.07% of HRT" users”

52.63% of non-HRT users

12% of non-HRT" users
Worsening of mood symptoms
at perimenopause/menopause:
25% of HRT" users”

88% of non-HRT" users

Both cases remitted.
Premarin precipitated
mania in 1 patient, Ovral
had antidepressant and
mood stabilizing properties

fSigniﬁcant differences vs. baseline or control group, p < 0.05; ~"SCID Structured Clinical Interview for DSM-IV; § HRT: hormonal replacement therapy;
SSSRI: selective serotonin reuptake inhibitor; THAM-D 21: 21-item Hamilton Depression Scale; N/A: not available/specified.

treatment-resistant post-partum mania, Huang et al. re-
ported the effectiveness of HRT in combination with
lithium and valproic acid [34]. The patient remained in
remission after the withdrawal of HRT 2 months after
treatment initiation [34].

4.1.3. Oral Contraceptives in Women with Bipolar
Disorder

To our knowledge, there is one only study to date in bi-
polar subjects examining the mood stabilizing effects of
oral contraceptives. In a non-randomized sample of wo-
men with bipolar disorder, Rasgon et al. observed 17 sub-
jects (6 OC users, 11 non-OC users) over the course of 3
months and found less mood variability/fluctuations across
the menstrual cycle in OC users [35]. Bias due to self-

Copyright © 2012 SciRes.

selection into the OC group and continuation of other
medications such as mood stabilizers and antidepressants
over the course of the study constitute significant limita-
tions [35].

4.2. Potential Neurobiological Mechanisms
Underlying Mood Stabilizing Effects

4.2.1. Tamoxifen

Tamoxifen is a selective protein kinase C inhibitor as
well as a partial estrogen antagonist, with agonist proper-
ties in endometrial tissue and antagonist properties in
breast tissue [7,8]. However, its effects on the central
nervous system appear are complex: it appears to act as a
serotonergic antagonist, while promoting cholinergic and
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adrenergic activity [9,36].

Tamoxifen trials were initiated in manic subjects on
the basis of its inhibition of protein kinase C (PKC), a
mechanism that is also thought to be partially responsible
for the mood stabilizing properties of lithium and val-
proic acid [5]. Unfortunately, preliminary studies of ta-
moxifen in humans were not adequately powered or
methodologically designed to distinguish the effect of
PKC inhibition of tamoxifen from its effect on estrogen
[5]. The only head-to-head study of tamoxifen with the
anti-estrogen agent medroxyprogesterone in humans did
not find significant differences between these medica-
tions in terms of their anti-manic effect [30]. One animal
study using an amphetamine-induced manic model in mice
found a greater anti-manic effect of lithium, tamoxifen or
chelerythrine (a selective PKC inhibitor) monotherapy
when compared to medroxyprogesterone, suggesting that
the anti-manic effect of tamoxifen is distinct from its
anti-estrogen effect [37]. Of note, both animal and hu-
man studies were either not adequately powered to con-
trol for sex or have not shown any difference between
sexes in response to tamoxifen [28-31,37].

4.2.2. Hormone Replacement Therapy and Oral
Contraceptives
Evidence from RCTs in depressed peri- and post-men-
opausal women suggest that mood disorders in the peri-
menopausal phase are due to hormonal changes (acute
withdrawal or fluctuations) in the early perimenopausal
period rather than chronic hormone-deficient states in
women who have been post-menopausal for more than 5-
10 years [18]. Therefore, the primary aim of hormone re-
placement therapy is to stabilize hormonal levels in pe-
rimenopausal women.

Oral contraceptives are also thought to result in more
stable levels of hormones throughout the menstrual cycle
[25]. This is relevant in women with bipolar disorder, as
they not only commonly experience an exacerbation of
their affective symptoms in the late luteal phase, but also
appear to show greater hormonal fluctuations across the
menstrual cycle, a difference that remains significant
after controlling for comorbidities and treatment effects
[38].

Estrogen appears to have widespread effects in the
brain, and it has been noted to act on serotonergic, ad-
renergic, dopaminergic, and basal forebrain cholinergic
pathways [9,39,40,42,43]. It has also been found to be
implicated in the formation of new NMDA synapses in
the CAl region of the hippocampus, possibly potentiat-
ing long-term memory but also decreasing seizure thre-
shold [9]. Among the various neurotransmitters, the rela-
tionship between estrogen and the serotonergic system
has been most thoroughly studied, and in this case, may
relate directly to its antidepressant effect. These effects
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are complex: estrogen appears to increase genomic ex-
pression of tryptophan hydroxylase and decrease the ac-
tivity of monoamine oxidase in animal studies, poten-
tially leading to increased serotonin synthesis [9,41,44];
it has also been found to increase the activity of the sero-
tonin transporter gene, leading to increased serotonin
turnover [44]. In addition, estrogen appears to increase
the sensitivity of post-synaptic 5-HT1a receptors and to
decrease the sensitivity of pre-synaptic 5-HT1a autore-
ceptors [44]. There have also been reports of estrogen-re-
lated increases in density of post-synaptic 5-HT2a recep-
tors in the amygdala, hippocampus, nucleus accumbens
and a number of cortical areas [9]. These various neuron-
biological changes seem to lead overall to an increase in
serotonergic activity and turnover, while a decrease in se-
rotonergic tone and activity, associated with increased
pre-synaptic 5-HT1a autoreceptor binding, has been re-
ported in bipolar depression [45]. In addition, estrogen
appears to increase norepinephrine turnover and decrease
norepinephrine reuptake, though this is not as well do-
cumented than the effects on the serotonergic system [9].
Both serotonergic and adrenergic effects could therefore
underlie estrogen’s antidepressant effect, as well as the
less common, but reported induction of mania with the
administration of estrogen [1,17,32,33]. Other effects of
estrogen, such as a possible antidopaminergic effect by
blocking D2 receptors, similar to the mechanism of ac-
tion of antipsychotics, or the increase in frontal release of
acetylcholine and decreased catabolism of this neuron-
transmitter, may be associated with other beneficial psy-
chotropic effects of estrogen, but direct implications with
regards to bipolar depression and mania are not evident.

In contrast to estrogen, progesterone appears to decrease
5-HTla binding potential and to downregulate the for-
mation of NMDA synapses in the hippocampus [9,39]. In
addition, progesterone seems to mainly act on the central
nervous system through one of its metabolites, allopreg-
nanolone, and its agonistic effects on GABA, receptors
[46]. Progesterone also decreases the activity of nicotinic
cholinergic receptors, and reduces noradrenergic tone by
decreasing receptor sigma-1 activity as well as increasing
catabolism of this neurotransmitter [42]. Thus it is be-
lieved to have anxiolytic and sedating effects, though de-
pressogenic and adverse cognitive effects have also been
reported [9,39,42,46]. On the other hand, effects on the
dopaminergic system are complex, differing depending
on the regions of the cortex or subcortical structures, and
are not clearly associated with bipolar depression or ma-
nia [42].

It appears that estrogen and progesterone act, at least
partly, on the same neurotransmitter systems, though in a
mostly antagonistic manner [9,39,42]. This interaction is
complex, as estrogen also increases the expression of pro-
gesterone receptors [9,39]. Nonetheless, it appears that
estrogen has potential antidepressant effects, while pro-
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gesterone appears to have depressogenic and anxiolytic
effects [9]. The combination of both estrogen and proges-
terone could therefore have mood stabilizing properties.
Few studies have been designed to answer this question.
Kurshan et al. report that combining estrogen and pro-
gesterone reduces levels of dehydroepiandrosterone-sul-
fate (DHEAS), a GABA, receptor antagonist [46]. This
effect has been hypothesized to be partly responsible for
the mood stabilizing effect of estrogen-progesterone com-
binations, but these considerations remain speculative
[46].

4.3. Medical Benefits, Adverse Effects and
Pharmacological Interactions

Table 3 summarizes advantages, adverse effects and drug
interactions of tamoxifen, hormonal replacement therapy
and oral contraceptives.

4.3.1. Tamoxifen

In addition to its use in breast cancer, benefits associated
with tamoxifen use include a bone-sparing effect compa-
rable to that of raloxifene, a selective estrogen receptor
modulator used in the treatment of osteoporosis [49], the
absence of metabolic side-effects such as weight gain,
diabetes, hyperlipidemia and of neurological side-effects
such as extra-pyramidal symptoms and tremors, in con-
trast to antipsychotics often used in the treatment of acute
mania. On the other hand, tamoxifen is commonly asso-
ciated with side-effects related to its antiestrogenic effect:
hot flashes, vaginal discharge, irregular menstrual peri-
ods, headaches, fatigue, nausea and/or vomiting, vaginal
dryness or itching, irritation of the skin around the vagina,
and skin rash [47]. It is also known to have teratogenic
effects on the fetus [47]. Men who take tamoxifen may
experience headaches, nausea and/or vomiting, skin rash,
impotence, or a decrease in sexual interest [47]. Other

Table 3. Summary of hormonal treatments: advantages, adverse effects, drug interactions.

Advantages

Adverse effects

Drug interactions

Tamoxifen Rapid onset of action, can be added to
benzodiazepines or lithium/valproate in
patients with contra-indication to

antipsychotics

No metabolic side-effects such as
weight gain, diabetes, hyperlipidemia

No neurological side-effects such as
extra-pyramidal symptoms, tremors

Bone-sparing effect protecting against
osteoporosis

Hormone replacement
therapy (HRT)

May be used an an add-on to
antidepressants in treatment-resistant
perimenopausal depression

Benefits for other perimenopausal
symptoms: decreasing vasomotor
symptoms, increasing vaginal
lubrication and decreasing urogenital
atrophy, decreasing arthralgia,
protecting against osteoporosis and
colorectal cancer

Oral
contraceptives (OCs)

May be used to decrease menstrual
exacerbations of affective symptoms
and treat comorbid premenstrual
dysphoric disorder (especially
formulations containing drospirenone)

Contraception

Reduction of dysmenorrhea,
menorrhagia, acne, endometriosis,
uterine leiomyomas, pelvic
inflammatory disease, ovarian,
endometrial, colorectal cancer

Common antiestrogenic side-effects:
Hot flashes, vaginal discharge,
irregular menstrual periods,
headaches, fatigue, nausea, and/or
vomiting, skin rash, decreased libido

Teratogenic effects on the fetus

Rare side-effects: endometrial
carcinoma, thromboembolism,
cataracts

Coronary artery disease: risk can be
minimized by limiting use to 5 - 10
years around the time of menopause

Thromboembolism: risk can be
minimized with the use of a
transdermal patch

Minimal increase in stroke and
breast cancer: can be minimized by
screening for risk factors

Common side-effects: bloating,
breast tenderness, migraine, nausea
and acne

Rare side-effects (can be minimized
by using OCs with lower
estrogen/progesterone content):
hyperlipidemia, hypertension,
thromboembolic disorder (>35 yo
female + smoking)

Selective serotonin reuptake
inhibitors (particularly paroxetine,
fluoxetine, fluvoxamine):
decrease levels of the active
metabolite of tamoxifen,
hydroxytamoxifen, therefore leads
to decreased efficacy

Valproic acid: may also decrease
levels of hydroxytamoxifen

Anticonvulsants: HRT may
decrease seizure threshold
(mainly an effect of estrogen)

Lamotrigine: levels may be
decreased by HRT

Clozapine: levels may be

increased by HRT

Enzyme-inducing anticonvulsants
(carbamazepine, phenytoin,
phenobarbital): decrease levels of
OCs

Lamotrigine: levels are decreased
by OCs

Clozapine: levels are increased by
OCs

Copyright © 2012 SciRes.
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less common, but serious medical complications associ-
ated with tamoxifen include endometrial carcinoma,
thromboembolism and cataracts [47,48]. Its use is asso-
ciated with a 2 to 7 fold increased risk of endometrial
carcinoma, which increases with duration of use, though
the absolute risk remains low at 0.02% [47,48]. In terms of
drug-drug interactions, most studies on tamoxifen and

antidepressants have involved women with breast cancer.

There is a potential interaction between tamoxifen and
selective serotonin reuptake inhibitors (SSRIs), particu-
larly fluoxetine, paroxetine and sertraline as well as the
serotonin-noradrenaline reuptake inhibitor (SNRI) dulo-
xetine and the noradrenaline-dopamine reuptake inhibitor
(NDRI) bupropion, because they inhibit cytochrome p450
2D6, preventing metabolism of tamoxifen to its active
antiestrogenic metabolite, hydroxytamoxifen [7]. On the
other hand, cohort and case-control studies of breast can-
cer patients question the clinical significance of this in-
teraction [50,51]. With respect to tamoxifen and interac-
tions with mood stabilizers, valproic acid (a known inhi-
bitor of p450 enzymes) could decrease the levels of hydro-
xytamoxifen, although this has not been formally studied.
In terms of enzyme-inducing mood stabilizers such as car-
bamazepine, animal studies report that tamoxifen appears
to potentiate the anticonvulsive effect of phenytoin and
carbamazepine resulting in lower dose requirements for
these anticonvulsants, possibly through competition for
the metabolizing p450 enzymes [52]. Human studies are
lacking. To our knowledge, there is no evidence of an in-
teraction between lithium and tamoxifen, and studies are
needed on the subject. With respect to interactions be-
tween tamoxifen and antipsychotics, there is no conclu-
sive evidence in humans. One case series reported suc-
cessful treatment of tamoxifen-induced insomnia with
quetiapine, with no noticeable interaction [53], while one
animal study showed a synergistic effect of chlorproma-
zine and tamoxifen in terms of its anti-estrogen effect
[54].

4.3.2. Hormone Replacement Therapy

Benefits associated with the use of hormone replacement
therapy in perimenopausal women include the decrease
of vasomotor symptoms (hot flushes), improvement of
arthralgia and other somatic complaints, increase in vagi-
nal lubrication and decrease in urogenital atrophy, pre-
vention of osteoporosis and decreased risk in colorectal
and endometrial cancer [13].

Medical complications of HRT include a potential in-
crease in risk of coronary heart disease (though contro-
versial), and minimal increase in risk of stroke, breast can-
cer and thromboembolism [13]. Of note, some of the risks
of HRT, notably coronary artery disease and throm-
boembolism, can be minimized either with initiation of
therapy within 10 years of menopause or the use of a
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transdermal patch, respectively [55,56]. HRT continues
to be commonly prescribed in the short-term treatment of
moderate to severe peri- and/or post-menopausal vaso-
motor symptoms [14-16]. Drug-drug interactions studies
conducted between HRT and mood stabilizers involve
mainly women with epilepsy. A randomized, double-
blind, controlled study in epileptic women (n = 21) found
a dose-related increase in seizure frequency in HRT users,
despite the use of appropriate anticonvulsant drugs [57].
Estrogen may act directly on brain activity, increasing
glutamatergic activity and reducing gabaergic activity,
leading to a decrease in seizure threshold [58]. HRT also
appears to decrease lamotrigine levels (see “Oral contra-
ceptives” below) [57]. Otherwise, there is no conclusive
evidence that HRT interacts significantly with lithium,
antidepressants or antipsychotics, though the one case re-
port of elevated levels of clozapine with OCs may also
apply to HRT, as estrogen and progesterone doses are
much higher in HRT and would likely have a greater
effect on levels of clozapine compared to OCs (see “Oral
contraceptives” below) [59].

4.3.3. Oral Contraceptives

In addition to evident contraceptive benefits, oral contra-
ceptives appear to decrease acne, dysmenorrhea, menor-
rhagia, premenstrual dysphoric disorder, endometriosis,
uterine leiomyomas, pelvic inflammatory disease, and to
regulate the menstrual cycle in women suffering from
polycystic ovarian syndrome. In addition, OCs also re-
duce the risk of ovarian cancer, endometrial and colorec-
tal cancer, as well as possibly decreasing the risk of se-
xually transmitted diseases associated with a thickening
of cervical mucus [22].

Common medical side effects of OCs include bloating,
breast, tenderness, nausea and acne. More serious side-
effects include an increased risk of migraine, dyslipide-
mia, hypertension, and thromboembolic disorder, par-
ticularly if the patient smokes cigarettes and is over the
age of 35 years [60]. However, more recent OC formula-
tions with lower estrogen and progesterone content miti-
gate these more serious side-effects [60]. Drug-drug inter-
action studies conducted between OCs and mood stabi-
lizers consist mainly of observational, open-labels trials
and case reports, mainly of women with epilepsy and
healthy volunteers [59,61-70]. The use of carbamazepine,
an enzyme-inducing mood stabilizer, has been shown to
be associated with higher failure rates of OCs, about
twice that of the general population [61]. Although val-
proic acid could in theory be associated with elevated
levels of estrogen and progesterone (through inhibition of
cytochrome p450 enzymes), one observational study as
well as one clinical trial conducted on epileptic popula-
tions have shown that this interaction does not result in
significant alterations in hormonal levels, though rates of
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contraceptive failure were not assessed [62,63]. Oxcar-
bazepine, lamotrigine and topiramate the latter at doses
higher than 200 mg/day also induce the metabolism of
oral contraceptives, though it is unclear if this effect is
clinically significant [64-67]. On the other hand, serum
lamotrigine levels were found to be decreased by con-
comitant use of OCs [64,68-70]. It is thought that estro-
gen stimulates the glucuronyl transferase enzyme in-
volved in the metabolism of both ethinyl estradiol and la-
motrigine [71]. There is no conclusive evidence that cli-
nically significant interactions exist between OCs and 1)
lithium 2) antidepressants or 3) antipsychotics. Only one
case report described increased clozapine levels with
mild adverse effects (drowsiness, weakness, and dizzi-
ness) associated with the use of an OC [59]. The mecha-
nism is thought to be related to the inhibition of CYP3A4
by OCs, with possible additional effects on the activity of
CYP1A2, CYP3A4, CYP2CI19 [59].

5. Discussion
5.1. Tamoxifen

According to the current state of the evidence, tamoxifen
appears to demonstrate short-term anti-manic properties
in bipolar patients, both male and female, although lon-
ger-term, higher powered studies are needed before ta-
moxifen can be considered standard treatment. Design
and other methodological limitations such as incorpora-
tion of the concomitant use of mood stabilizers (lithium,
valproic acid) and tranquilizers/hypnotics (lorazepam)
also affect the generalizability of the current studies [28-
30]. Rebound mania remains a concern with short-term
treatment while long-term treatment brings adverse ef-
fects which may well be unacceptable for several pa-
tients [48]. On the other hand, potential medical benefits
include bone-sparing effects and the absence of meta-
bolic or neurologic side-effects common with antipsy-
chotic medication, often used in the acute treatment pe-
riod for mania. As per the CANMAT and the WFSBP
guidelines, tamoxifen is a third-line option in treatment-
resistant mania [72]. It should ideally be prescribed in
conjunction with a family physician or gynecologist. In
addition, treatment should be limited to the acute period
[48]. Careful review of personal and family medical his-
tory for any endometrial/uterine neoplasms and coagulo-
pathies/thromboembolic disease (blood clots, stroke) should
be completed prior to initiation, using collateral sources
if necessary. In addition, women taking this medication
should use appropriate contraceptive methods due to
teratogenic risks associated with tamoxifen [47]. Of note,
there appears to be decreased efficacy of tamoxifen in
terms of its anti-estrogen effect when it is prescribed
concomitantly with certain SSRIs [50,51]. Tamoxifen may
also increase levels of carbamazepine, and possibly other
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anticonvulsants used as mood stabilizers [57]. Monitor-
ing of drug levels and appropriate adjustment of doses
should be instituted.

5.2. Hormone Replacement Therapy

The two observational studies in bipolar subjects (one
retrospective, the other prospective) showed evidence of
mood stabilization effects of HRT [1,32]. Both the com-
bination of estrogen and progesterone and estrogen alone
appeared to alleviate depressive symptoms and augment
antidepressant response in peri-/post-menopausal women
[1,32]. Evidence from RCTs in depressed peri-/post-me-
nopausal women suggest that mood disorders in the pe-
rimenopausal phase are due to hormonal changes (with-
drawal, fluctuations) in the early perimenopausal period;
as such, HRT may have a role in the treatment of depres-
sion in younger perimenopausal women less than 5 years
post-menopause [18]. The availability of a transdermal
hormonal patch, which is not associated with excess risk
of thromboembolism, is an attractive option in non-com-
pliant patients [55]. Medical indications for HRT use in-
clude treatment of vasomotor symptoms in peri- and
post-menopausal women [14-16], and it also decreases
other peri-menopausal symptoms (urogenital atrophy, de-
creased vaginal lubrication), in addition to protecting
against osteoporosis and colorectal cancer [13]. However,
HRT appears to reduce seizure threshold and to decrease
levels of lamotrigine [57]. Adequate monitoring of levels
of mood stabilizers with subsequent dose adjustments is
recommended.

5.3. Oral Contraceptives

The only observational study of OCs in bipolar women
showed evidence for mood stabilization, in terms of de-
creased mood fluctuations across the menstrual cycle [35].
Oral contraceptives may be used in certain subsets of treat-
ment-resistant bipolar women, more specifically women
with exacerbation of symptoms in the premenstrual pe-
riod or with co-morbid premenstrual dysphoric disorder
[22,23,46,73,74]. Two randomized controlled trials found
that forms of OCs using newer progestins such as dro-
spirenone (brand names: Yasmin, Yaz) appear beneficial
in this population, though studies with other, older OCs
have been inconsistent [22,23,46,73,76,77]. Monophasic
OCs and a 24/4 regimen (with only 4-days OC-free) ap-
pear to correlate with greater mood stabilization and less
adverse negative mood symptoms [25,75]. Of note, bi-
polar women of reproductive age may benefit from both
the contraception and the mood stabilizing effect of OCs.
This is particularly relevant as more than 40% of bipolar
women do not use proper contraception [20]. Evidence
about the mood stabilizing effect of OCs may contribute
to better compliance in this regard. In terms of pharma-
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cological interactions, carbamazepine decreases OCs lev-
els; in turn, OCs decrease lamotrigine levels [61,68]. When
using concomitant enzyme-inducing anticonvulsants such
as carbamazepine along with OCs, discussion with the
patient about the incurred risk of contraceptive failure is
essential. To counteract the interaction between OCs and
lamotrigine, some studies have suggested increasing the
dose of lamotrigine by up to 2-fold upon starting an OC,
and reducing the dose by up to 50% upon discontinuation
of an OC [61]. For women already on OCs, lamotrigine
can be started as per the usual dosing regimen, and ti-
trated accordingly [61].

6. Conclusions

More research on hormonal treatments for bipolar disor-
der is required to further elucidate and clarify the precise
neurobiological mechanisms underlying their role in the
treatment and course of bipolar disorder. However, as the
number of studies in bipolar disorder accumulates on
hormonal treatments, physicians need to be updated on
the evidence for clinical indications, medical complica-
tions and pharmacological interactions associated with
these medications. Subsets of treatment-resistant patients
may benefit from adjunctive treatment with tamoxifen,
HRT, or OCs. Thus close attention should be paid to pat-
terns of mood fluctuations across the menstrual cycle, or
change in symptoms when entering the perimenopausal
period, as these may determine patients’ suitability for
hormonal treatments. A thorough pre-treatment medical
and medication history is also important.

Future research on the etiology of disorder should fo-
cus on differentiating the effect of protein kinase C from
the anti-estrogen effect of tamoxifen and on clarifying
the mechanisms of action of estrogen and progesterone
on the central nervous system. Establishing the means to
evaluate the ideal estrogen and progesterone dose, for
example through hormonal levels, and establishing the
best method of delivery would likely optimize the effi-
cacy of hormonal treatments. In addition, longer-term,
prospective studies need to be completed with tamoxifen
to determine its effect on manic symptoms beyond 4
weeks of treatment. Randomized controlled trials of bi-
polar subjects using HRT and OCs also need to be com-
pleted to secure their place in the hierarchy of standard
treatment. For now, these treatments should be reserved
for treatment-resistant bipolar patients or those with con-
traindications to standard treatments.
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