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Summary

Despite numerous studies on the topic, there is no consensus to date

on the effects of oral contraceptives on mood or the mechanism(s)

by which they exert these effects. This review article presents a

theoretical model to explain the way in which oral contraceptives

may affect mood. Specifically, it is argued that progestins exert dif-

ferential effects on endogenous levels of neurosteroids, thereby

altering mood. After providing an overview of the effects of estrogen,

progesterone, and progesterone’s metabolites on cortical excitabil-

ity and the role of neurosteroids in depression and premenstrual

dysphoria, this article reviews the research that has been conducted

on the relationship between oral contraceptives and neurosteroids.

Finally, suggestions for future research are made with the dual aim of

improving existing studies on the relationship between oral con-

traceptives and mood and further investigating the possibility that

fluctuations in neurosteroid levels are responsible for the effects of

oral contraceptives on mood.

Keywords: Oral contraceptives; neurosteroids; GABA; allopregna-

nolone; mood.

Introduction

With over 100 million women worldwide using oral con-

traceptives (OCs) (Petitti, 2003) and depression being

cited as the primary reason for OC discontinuation

(Sanders et al., 2001), there is a clear rationale for inves-

tigating the effects of OCs on mood. However, there is a

relative dearth of knowledge regarding the central ner-

vous system (CNS) effects of OCs. Multiple lines of

investigation indicate that 17-beta estradiol, the most

potent estrogen produced by the ovaries, progesterone,

and the progesterone derivative allopregnanolone have

significant modulatory effects upon neurotransmitter

systems involved in the regulation of affect and behavior

(Bethea et al., 1998; Epperson et al., 1999; McEwen

et al., 1999). Yet, the degree to which the CNS effects

of the estrogens and progestins incorporated in most

OCs are similar to those of their naturally occurring

counterparts is not known. In addition, standard and

extended-cycle OC regimens do not mimic the normal

menstrual cycle as they expose women to an estrogen

and a progestin on a daily basis for 3 weeks and 3 months,

respectively. While previous reviews have proffered

several mechanisms by which OCs could modulate

mood=affect, this article will focus primarily on evidence

suggesting that baseline abnormalities in the gamma-

aminobutryic acid (GABA) neuronal function predispose

women with PMDD to OC-induced mood worsening

and that OCs in general exert their effect on mood

by altering the balance between cortical excitation and

inhibition.

How might OCs modulate mood?

Several mechanisms by which OCs may affect mood in

vulnerable women have been proposed. Estrogen is

known to reduce pyridoxine, which is a co-factor in a

number of enzymatic reactions. A deficiency in this

co-factor could, theoretically, contribute to reductions



in neurotransmitters, such as serotonin (5-HT) and

norepinephrine, known to play a role in the regulation of

affect and behavior (Leeton, 1974; Winston, 1973). How-

ever clinical and preclinical studies indicate that es-

trogen has multiple 5-HT enhancing effects. Estrogen

administration increases mRNA for tryptophan hydrox-

ylase, the rate-limiting enzyme for 5-HT production

(Pecins-Thompson et al., 1996). Estrogen also enhances

5-HT2a receptor mRNA in the dorsal raphe nucleus

(Sumner & Fink, 1993) and 5-HT2a receptor binding

in the cerebral cortex and nucleus accumbens in ovari-

ectomized female rats (Sumner & Fink, 1995). In hu-

mans, positron emission tomography studies indicate

that estrogen administration increases the density of

5-HT2A receptors in menopausal women (Kugaya et al.,

2003).

Although estrogen has extensive effects on 5-HT func-

tion, it is difficult to attribute the depressogenic effects

of OCs in some individuals to the estrogen-5-HT in-

teraction, as this interaction would seem to be mood

enhancing. Additionally, neither estrogen’s effects on

pyridoxine nor on 5-HT takes into consideration the

concomitant CNS effects of progestin administration.

In contrast, OC-induced imbalance in cortical excit-

ability is a mechanism that considers the dual effects

of estradiol and progestin exposure and has growing

theoretical support as alterations in cortical excitability

(Smith et al., 2003) and abnormalities in cortical gamma-

aminobutryic acid (GABA) concentrations have been

demonstrated in women with PMDD (Epperson et al.,

2002).

Estrogen, progesterone and cortical excitability

Unlike the genomic effects of estrogen which are me-

diated by nuclear estrogen receptors, estrogen’s non-

genomic effects are immediate and short-lived, occurring

in seconds to minutes (Wong et al., 1996). These non-

genomic actions of estrogen in the brain increase neuro-

nal excitability (Wong et al., 1996) and lower the seizure

threshold (Morrell, 1999; Woolley, 1999). Estrogen ex-

erts its excitatory effects in some brain areas via two

mechanisms – by reducing glutamic decarboxylase

mRNA, which diminishes GABA-mediated inhibition

(Murphy et al., 1998) and by acting as an agonist at the

N-methyl-D-aspartate (NMDA) receptor (Gureviciene

et al., 2003; Zamani et al., 2004), thereby increasing

excitatory neurotransmitter action.

In contrast, progesterone administration is associated

with enhanced neuronal inhibition and an elevation of

the seizure threshold (Morell, 1999). These actions of

progesterone are derived from its �-ring reduced meta-

bolite 3�-hydroxy-5�-pregnan-20-one (allopregnanolone;

ALLO). As mentioned, ALLO acts as an agonist at the

GABAA receptor thereby increasing neuronal membrane

conductance to Cl-, resulting in hyperpolarization of the

membrane and reduced neuronal excitability (Majewska,

1987). Allopregnanolone’s action is analogous to the

sedative and analgesic actions of benzodiazepines and

it produces anxiolytic-like behavioral effects in animal

models (Bitran et al., 1991; Brot et al., 1997; Wieland

et al., 1991). Other neurosteroids such as pregnanolone

sulfate and dehydroepiandrosterone sulfate (DHEAS) are

GABAA receptor antagonists, thereby reducing GABA

mediated inhibition (Majewska et al., 1988; Majewska

et al., 1990).

The role of neurosteroids in depression

and PMDD

Given the excitatory effects of estrogen and the inhibi-

tory, anxiety-reducing effects of ALLO, the role of these

steroids and their metabolites in the pathophysiology of

affective disorders has been given much attention. A

study conducted by Schmidt et al. (1998) showed that

women with PMDD react abnormally to normal levels

of circulating sex steroids. The study involved adminis-

tering leuprolide to suppress ovulation and then adding

back estradiol and progesterone in healthy women and

women with PMDD in a double-blind crossover design.

Whereas the add-back estrogen and progesterone had no

effect in the healthy controls, it led to a recurrence of

sadness, anxiety, bloating, impaired function, and irrita-

bility in women with PMDD. The authors conclude that

mood symptoms in women with PMS are ‘‘an abnormal

response to normal hormonal changes’’ and this is now

the prevailing theory for the origins of PMDD symptoms

(Schmidt et al., 1998).

The mechanism by which these hormones exert these

differential effects in women with PMDD as compared to

healthy women may be related, at least in part, to a dys-

regulation of central ALLO production and=or altered

GABAergic response to this potent agonist. Two studies

found that women with PMDD have reduced luteal

phase ALLO levels compared to controls (Monteleone

et al., 2000; Rapkin et al., 1997), although this finding

has not been confirmed in a number of other studies

(Epperson et al., 2002; Girdler et al., 2001; Schmidt

et al., 1994; Wang et al., 1996) and a reduction in

PMS symptoms with selective serotonin reuptake inhib-

itor treatment correlated with lower allopregnanolone

levels (Freeman et al., 2002). However, Wang and
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colleagues (1996) found that in women with PMS,

symptomatic cycles compared to asymptomatic cycles

were characterized by lower ALLO levels and higher

pregnenolone sulfate (PS) and estradiol levels during

the luteal phase. The lower ALLO levels and higher

estradiol and PS levels in women with PMS=PMDD

may impair the ability to enhance GABA mediated inhi-

bition during periods of enhanced steroid induced corti-

cal excitation, such as that which may occur with late

follicular estradiol production, and lead to the symptoms

characteristic of the disorder. These apparent discrepan-

cies between studies highlight the limitations of periph-

eral measures of ALLO. Moreover, preclinical studies

indicate that peripheral measures of ALLO may not

correlate with central levels, particularly during period

of increased stress (Vallee et al., 2000).

Brain GABA concentrations, an indicator of cor-

tical GABA neuronal function, is dysregulated in

women with premenstrual dysphoric disorder (PMDD)

(Epperson et al., 2002). Occipital cortex GABA con-

centrations as measured using proton magnetic res-

onance spectroscopy (1H-MRS) fluctuate in a phase

and diagnosis-dependent fashion, with increases in

GABA from the follicular to luteal phase in women

with PMDD and a decrease in GABA from the fol-

licular to luteal phase in healthy controls (Epperson

et al., 2002). Providing collaborative evidence of alter-

ations in cortical excitability in women with PMDD,

Smith and colleagues (2003) employed transcranial

magnetic stimulation (TMS), a technique that measures

amplitude of muscle response following transcranial

stimulation and uses a conditioning pulse below the

threshold for muscle response to determine the relative

strength of the excitatory and inhibitory inputs that

the corticospinal neurons activate. Smith et al. found

that women with PMDD showed relative facilitation in

the luteal phase as compared to control subjects who

showed more inhibition (Smith et al., 2003). These

findings suggest that the higher progesterone (and pre-

sumably ALLO) levels that characterize the luteal

phase fail to exert their inhibitory effects in women

with PMDD. These findings are consistent with those

of others who have noted a relative lack of sensitivity

to the behavioral effects of administration of GABAA

receptor agonists (benzodiazepines and pregnanolone)

during the luteal phase in women with PMDD com-

pared to healthy controls (Sundstrom et al., 1998).

Taken together, these studies suggest that women with

PMDD have abnormal GABAergic responses to either

endogenous production or exogenous administration of

GABAA receptor agonists during the luteal phase of the

menstrual cycle.

OC and neurosteroid levels: background

Oral contraceptives introduce exogenous hormones into

the body – ethinyl estradiol and some form of progestin.

The dose of estrogen in OCs that are currently pre-

scribed range from 20 to 50 mg of ethinyl estradiol

(Petitti, 2003). Whereas ethinyl estradiol is the most

commonly used estrogen, there are multiple progestins

used in OC formulations. Many of today’s OCs contain

progestins that are derivatives of the hormone 19-nortes-

tosterone. The earlier derivatives of 19-nortestosterone

are called estranes and include derivatives of norethin-

drone such as norethindrone acetate, norethynodrel, and

ethynodiol diacetate. A more recent class of compounds

derived from 19-nortestosterone, the gonanes, includes

norgestrel and its derivatives such as levonorgestrel

(LNG), gestodene (GSD), desogestrel (DSG), and nor-

gestimate (NGM). On the whole, the gonanes are more

potent progestational agents than the estranes and with

the exception of LNG, less androgenic than their estrane

counterparts (Carr, 1998). An even newer progestin is a

17alpha-spironolactone derivative, drospirenone (DRSP),

which possesses antimineralcorticoid and antiandrogen-

ic activity (Fuhrmann et al., 1996). The dose of proges-

tin used in OCs varies according to the potency of the

progestin and the OC formulation. In monophasic prep-

arations, the dose of progestin remains constant

throughout the cycle. In contrast, biphasic and triphasic

preparations are characterized by varying doses of the

progestin component in order to mimic the fluctuations

of progesterone during the menstrual cycle (Petitti,

2003).

To what extent do ethinyl estradiol and the progestin

included in oral contraceptives affect levels of sex

steroids, and by extension levels of neurosteroids?

Research indicates that the ingestion of exogenous hor-

mones suppresses the body’s production of endogenous

estrogen and progesterone, leading to a reduction in nat-

ural levels of these hormones (Lobo & Stanczyk, 1994).

One significant factor, which may affect how synthetic

progestins affect the CNS and mood is the nature and

activity of their metabolites. One progestin, ethynodiol

diacetate, which is structurally related to norethindrone

(Lobo & Stanczyk, 1994), is metabolized to ALLO

(Simic et al., 1998), a unique property that is not shared

by other progestins. It is thus important to differentiate

between different types of progestins and different OC

preparations (i.e. monophasic, biphasic, and triphasic)
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since it is likely that different compounds will exert

varying effects on neurosteroid levels and that changes

in progestin levels found in biphasic and triphasic

preparations might affect neurosteroids differently than

the constant levels of progestin found in monophasic

preparations.

A final factor that must be taken into account when

investigating the effects of OCs on neurosteroid levels

and mood is the study population involved. As dis-

cussed above, research indicates that women with

PMDD may have lower luteal phase levels of ALLO

during symptomatic cycles compared to non-symp-

tomatic cycles, reduced levels of cortical GABA in

the follicular phase, and increased facilitation during

the luteal phase. Thus, OC studies which fail to dis-

tinguish between healthy women and women with

premenstrual symptoms obscure potential differences

between how OCs affect healthy women and how OCs

affect women with a predisposition to mood fluc-

tuations. It is possible that the same OC formulation

will exert differential effects on healthy women and

women with premenstrual symptoms prior to begin-

ning OC use.

OCs and neurosteroid levels – healthy women

Two studies directly investigate the relationship between

OC use and neurosteroid levels. One study conducted by

Follesa et al. (2002) investigated the effects of OCs on

the concentrations of pregnanolone, progesterone, and

allopregnanolone in rats and women. Rats were given a

combination of 0.030 mg ethynyl-estradiol and 0.125 mg

levonorgestrel (EE-LNG) for 6 weeks and women were

given EE-LNG (30 mg and 125 mg, respectively) for

3 months. Concentrations of progesterone and its metabo-

lites were consistently reduced in the rats’ cerebral cor-

texes after OC administration. Pregnenolone was reduced

by 41%, progesterone by 74%, and allopregnanolone by

79%. Plasma concentrations were also reduced but to a

lesser degree. In humans, the elevation in neurosteroid

levels that occurred in the luteal phase before OC treat-

ment was completely abolished after three months of

OC treatment. Neurosteroid levels measured on day 18

after the onset of the third OC cycle were all lower than

the neurosteroid levels measured on day 7 (follicular) of

women’s menstrual cycles prior to OC use. The study

measured potential behavioral correlates of these re-

duced neurosteroid levels and found that rats treated

with OCs exhibited an anxiety-like behavioral profile

in the plus-maze test. The study also measured changes

in receptor structure and gene expression and found that

rats treated with OCs showed an increase in the GABAA

receptor �2L and �2S subunit mRNAs, which could

represent a plastic adaptation of GABAA receptor gene

expression to the lower levels of neurosteroids. The

investigators proposed that OCs have a direct effect

on the brain since ovariectomy of rats did not change

the effect of OCs on the neurosteroid concentrations in

the cerebral cortex and on the GABAA receptor gene

expression. This observation, coupled with the finding

that the decrease in progesterone and allopregnanolone

in the rat cerebral cortex following OC administration

was more dramatic than the decrease in these steroids in

rat plasma, led to the conclusion that ‘‘the EE-LNG

combination might . . . directly affect the synthesis and

accumulation of these steroid hormones in the brain.’’

One proposed mechanism for this effect is that OCs

regulate the activity or expression of enzymes that cat-

alyze the synthesis of neurosteroids. As measures of

behavioral and mood correlates of the reduced neuro-

steroid levels in the women taking OCs were not

obtained, one can only suggest that based on the ani-

mal behavior data, women on EE-LNG could experience

periods of heightened anxiety. Whether synthetic pro-

gestin suppression of the anxiolytic effects of natural

progesterone could lead to negative mood changes, par-

ticularly in the face of estrogen administration, waits to

be confirmed in humans.

Paoletti et al. (2004) investigated whether an oral

contraceptive formulation containing 30 mg ethinyl es-

tradiol and 3 mg of drospirenone (EE=DRSP) affected

psychological symptoms and neurosteroid levels in

healthy women. These investigators compared OC users

with healthy, menstruating women not taking OCs and

found that in the control group, progesterone, ALLO,

and 3�, 21-dihydroxy-5�-pregnan-20-one (THDOC)

values were higher in the luteal phase than in the folli-

cular phase and that this difference was preserved into

the third cycle. In the OC group, the levels of proges-

terone, ALLO, and THDOC were reduced in the luteal

phase of the third cycle of OC treatment. The SCL-90

score, a measure of anxiety, depression, obsessive-

compulsive tendencies, and other psychiatric symp-

toms, was also reduced in the OC group by the third

cycle. Finally, the level of DHEAS, a neurosteroid

that acts as an antagonist at the GABAA receptor

(Majewska et al., 1990), was reduced in the OC group

by the third cycle.

Based on the findings that women on EE=DRSP show

less anxiety after three cycles of OC use, Paoletti et al.

conclude that the lower levels of DHEAS in the OC
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group may explain the reduced anxiety. They argue that

DHEAS exerts an anxiety-inducing effect due to its

antagonist actions at the GABAA receptor and correlate

the low levels of DHEAS with the reduced anxiety in the

OC group. In addition to the GABAA antagonistic prop-

erties of DHEAS, DHEAS also potentiates neuronal

NMDA response (Bergeron et al., 1996; Monnet et al.,

1995). The excitatory effect of DHEAS, along with the

finding that lower levels of DHEAS are correlated with

lower anxiety, further suggests that an alteration in cor-

tical excitability may be one mechanism by which OCs

alter mood.

In summary, two studies have found that three cycles

of OC use lead to lower levels of plasma progesterone

and ALLO (Follesa et al., 2002; Paoletti et al., 2004).

Despite documenting a decline in potent GABAA

receptor agonists, one of the studies found that anxiety

levels were reduced with OC use. The investigators

proposed that this behavioral finding may be attributed

to reductions in DHEAS levels, which were included in

their battery of steroid assays. Other studies in the lit-

erature suggest that OC administration is associated

with decreases in serum DHEAS levels (see Carlstrom

et al., 2002 for a listing of this literature). Thus, while

EE-LNG reduces levels of anxiolytic neurosteroids

and increases anxiety-like behavior in rats, EE=DRSP,

which also reduces levels of anxiolytic neurosteroids,

leads to lower levels of anxiety in women perhaps due

to its ability to lower DHEAS levels. It is not yet

clear whether these results can be generalized to other

OCs.

To our knowledge, Follesa et al. and Paoletti et al.’s

studies are the only findings to date that directly mea-

sure the relationship between OCs, neurosteroids, and

mood. Yet one can look at studies conducted on the

effects of OCs and mood and see if the findings are

consistent. There are numerous studies that have been

conducted on the relationship between OCs and mood

(see review article by Oinonen & Mazmanian, 2002)

but many studies do not control for the type of OC

used or distinguish between healthy subjects and sub-

jects with premenstrual symptoms, two factors which,

as explicated above, are crucial in understanding the

effects of OCs on mood. Thus, instead of reviewing

all studies that have been conducted to date on the re-

lationship between mood and OCs, this paper will

review studies that specify the OC formulation used

and whether the study population includes healthy

women, women with premenstrual symptoms, or both.

The studies discussed below use the more recently de-

rived progestins (the norgestrel derivatives and DRSP)

since these make up most OCs currently on the mar-

ket and possess novel properties that distinguish them

from older progestins.

The overwhelming number of the studies that have

been conducted to date on the relationship between

newer OCs and mood have found that OCs have a pos-

itive effect on mood and general well-being, though

many of these studies do not include a control group.

(See Table 1 for a listing of studies that use a single OC.)

For instance, Egarter et al. and Ernst et al. investigated

an OC containing EE=DSG in first-time users for 4 and 3

treatment cycles, respectively. The former study found

an improvement in overall quality of life with mood

being one subscale on which improvement was reported

(Egarter et al., 1999). In the latter study, 71% of parti-

cipants reported increased mood and 62% of participants

reported an improvement in nervousness (Ernst et al.,

2002). Deijen et al. conducted a study using an OC with

GSD and found that those who switched from another

OC preparation improved on measures of depression,

moodiness, anxiety, and anger though first-time users

did not experience any change from baseline (Deijen

et al., 1992). This study included a control group not

taking any OC, which like the fist-time users, did not

experience any change from baseline. Rosenthal et al.

used an OC containing LNG in their study of adoles-

cents’ attitudes to oral contraceptives and found that

despite expectations of negative mood changes, 91% of

participants did not experience negative mood changes

(Rosenthal et al., 2002). The same OC was used by

Wimberly et al. who found that the mood changes re-

ported by study participants could, at least in part, be

explained by participants’ anticipation of mood changes

(Wimberly et al., 2002).

Similar results are found in studies that investigate

DRSP, a progestin that is not derived from 19-nortestos-

terone but from spironolactone. Two studies found that

after six treatment cycles of EE=DRSP, participants

experienced a significant reduction in negative affect

score (Brown et al., 2001; Parsey & Pong, 2000). Brown

et al.’s study saw this reduction in negative affect in the

premenstrual and menstrual phases while Parsey and

Pong found this improvement in all menstrual phases.

A third study compared an extended cycle of EE=DRSP

with a 21-day regimen of the same formulation and

found that after 6 months, 85% of the subjects on the

extended regimen and 66% of subjects on the 21-day

regimen felt better as compared to baseline (Sillem

et al., 2003).
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Table 1. Summary of studies investigating the relationship between OCs and mood in which a specific OC formulation was used

Study Progestin

used

Subjects Duration

of OC use

Outcome Strengths=weaknesses

of study

Sillem et al.,

2003

DRSP (30mg

ethinyl

estradiol

and 3 mg

DRSP)

1,221 women

on a 21-day

regimen with

7-day pill free

period and

175 women on

an extended

regimen

(varying

from 42 to

126 days)

6 treatment

cycles used

for study

measures

85% of subjects on the

extended regimen felt better

than at the beginning and

2% worse after 6 months.

Of the women on the 21-day

regimen, 66% of women felt

better and 3% worse.

1. Compared extended cycle to

21-day cycle.

2. Not placebo controlled.

3. No daily prospective ratings.

4. Subjects not asked about

premenstrual syndrome history

before beginning study.

5. General satisfaction, not specific

symptoms, was measured.

Ernst et al.,

2002

DSG (20mg

ethinyl

estradiol

and 150mg

DSG)

3,677 first-time

OC users

completed

study

3 treatment

cycles

All subscales of the Q-LES-Q,

including mood, showed a

statistically significant

increase after cycle 3 as

compared to baseline. Of

those who reported depressed

mood at baseline, 71%

reported improvement after

OC treatment. 62% reported

improvement in nervousness.

1. Very large sample size.

2. Not placebo controlled.

3. Subjects not asked about

premenstrual syndrome history

before beginning study.

4. No prospective daily ratings.

Rosenthal,

et al.,

2002

LNG (20mg

ethinyl

estradiol

and 100mg

LNG)

43 female

adolescents

(36 completers)

6 treatment

cycles

65% of subjects anticipated

worsening of mood changes.

At six months, 91% of

subjects had not experienced

negative mood changes. 97%

of participants were generally

satisfied with this OC.

1. Measured anticipation of mood

changes which might affect

actual experience of mood.

2. Not placebo controlled.

3. No daily prospective ratings

of mood.

4. Subjects not asked about

premenstrual syndrome history

before beginning study.

Wimberly

et al.,

2002

LNG (20mg

ethinyl

estradiol

and 100mg

LNG)

169 women

completed

study

3 treatment

cycles

20% of participants anticipated

mood changes and 26% of

participants reported mood

changes after 3 treatment

cycles. This correlation is

more than would be expected

by chance. On the whole,

90% of users were satisfied

with this OC combination.

1. Measured anticipation of mood

changes which might affect

actual experience of mood.

2. Not placebo controlled.

3. No daily prospective ratings.

4. Subjects not asked about

premenstrual syndrome

history before beginning study.

Brown et al.,

2001

DRSP (30mg

ethinyl

estradiol

and 3 mg

DRSP)

322 healthy

women

6 treatment

cycles

Significant reduction in

premenstrual and menstrual

scores of negative affect and

water retention as measured

by the WHAQ. There was no

significant difference between

new users and women who

switched from other OCs.

1. Not placebo controlled.

2. No daily prospective ratings.

3. Subjects not asked about

premenstrual syndrome history

before beginning study.

Parsey and

Pong, 2000

DRSP (30mg

ethinyl

estradiol

and 3 mg

DRSP)

220 healthy

women

completed

study

13 treatment

cycles

(6 cycles

used in PMS

measurements)

Water retention and negative

affect improved in all

menstrual phases from

baseline to cycle 6. No

changes found for well-being,

impaired concentration, or

weight as measured by the

MDQ.

1. Not placebo controlled.

2. No daily prospective ratings.

3. Subjects not asked about

premenstrual syndrome history

before beginning study.

(continued)
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Studies have also been conducted that compare two

or three types of OCs, varying the type of progestin

used and=or the doses of the progestin (e.g. a mo-

nophasic preparation vs. a triphasic preparation). (See

Table 2 for a listing of studies that compare multiple

OCs.) One study comparing LNG and DSG found that

both OCs caused a decrease in PMS symptoms after 6

treatment cycles but there were no clinically significant

changes in quality of life between baseline and post-

treatment (Winkler et al., 2004). A second study com-

pared DRSP and LNG and found that after six months,

the prevalence of PMS symptoms during the premen-

strual phase was significantly lower in the DRSP group

(Sangthawan & Taneepanichskul, 2005). Foidart et al.

compared DRSP and DSG and did not find a statistical

difference between the two groups, though they did find

PMS symptoms lower in the DRSP group after treat-

ment despite a higher incidence of PMS symptoms in

the DSG group before treatment (Foidart et al., 2000).

A fourth study compared monophasic GSD, triphasic

GSD, and monophasic DSG and found that improve-

ment in well-being was significant at cycles 6 and 9 for

the triphasic GSD group and at cycle 13 for the DSG

groups. Negative affect and arousal showed a signifi-

cant decrease from baseline for 2 or more cycles in all 3

groups (Bruni et al., 2000). Finally, a study comparing

monophasic LNG, triphasic LNG, and non-OC users

showed that OC users showed less variation for

sadness=depression ratings over the course of the men-

strual cycle. Furthermore, non-OC users showed a

sharp premenstrual increase in sadness=depression that

was not seen in the OC groups (Abraham et al., 2003).

This study is significant in that participants were taking

the study OCs for at least three months before begin-

ning the study ratings, thus minimizing the possibility

that the study’s findings are merely side effects of a

new OC or a placebo reaction to a pill (Abraham

et al., 2003).

Emerging from the review of these studies is that

contrary to popular belief that OCs exacerbate PMS

symptoms or lead to a worsening of mood, most studies

find that OCs containing newer progestins have benefi-

cial effects on mood. It is possible that although OCs are

lowering anxiolytic neurosteroid levels, they are com-

pensating for this reduction in another way, perhaps by

lowering anxiety-provoking neurosteroid levels such as

DHEAS as was shown in Paoletti’s study. Until more

studies directly measure the effect of OCs on neuroster-

oid levels and corresponding changes in mood it is hard

to determine the underlying mechanism of these ob-

served mood changes, but specifying the progestin used

and grouping studies by hormonal formulations is the

first step towards unraveling the relationship between

hormones, OCs, and mood.

Table 1 (continued)

Study Progestin

used

Subjects Duration

of OC use

Outcome Strengths=weaknesses

of study

Egarter et al.,

1999

DSG (20 mg

ethinyl

estradiol

and 150mg

DSG)

604 first-time

users

completed

study

4 treatment

cycles

The total quality of life score

as measured by the Q-LES-Q

showed a highly significant

increase at cycle 4 as

compared to baseline. Mood

was one of the subscales on

which an increase was seen.

1. Not placebo controlled.

2. Subjects not asked about

premenstrual syndrome history

before beginning study.

3. No prospective daily ratings.

Deijen et al.,

1992

GSD (30 mg

ethinyl

estradiol

and 75mg

GSD)

200 first-time

OC users,

370 switchers

from other

OCs, 140

non-users

(13 dropped

out)

3 treatment

cycles

Switchers improved on measures

of depression, moodiness,

anxiety, and anger after using

new OC as measured by AMQ.

Similar improvements also

measured by the SIP. Neither

first-time OC users nor control

group experienced any change

from baseline.

1. Control group of non-OC users.

2. Not placebo controlled.

3. No daily prospective ratings.

4. Subjects not asked about

premenstrual syndrome history

before beginning study.

5. Switchers might have

self-selected as those unhappy

with old OC (given their higher

baseline scores on negative

mood measures) and thus not a

group of random switchers.

Q-LES-Q (Quality of Life Enjoyment and Satisfaction Questionnaire); AMQ (Amsterdam Mood Questionnaire); SIP (Sickness Impact Profile);

PGWBI (Psychological General Well-Being Index); Moos Menstrual Distress Questionnaire (MDQ); WHAQ (Women’s Health Assessment

Questionnaire).
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Table 2. Summary of studies comparing the effects of multiple progestins on mood

Study OCs used Subjects Duration

of OC use

Outcome Strengths=weaknesses

of study

Sangthawan and

Taneepanichskul,

2005

EE=LNG and

EE=DRSP

99 women

completed

study

6 treatment

cycles

At baseline, the prevalence of

PMS symptoms was not

statistically different between

the two groups as measured by

the WHAQ. After six months,

the prevalence of PMS

symptoms such as irritability,

anxiety, and feeling sad or

blue during the premenstrual

phase was significantly lower

in DRSP=EE group as

compared to the LNG=EE

group.

1. Randomized, comparative

study.

2. Prevalence of premenstrual

symptoms at baseline assessed

but not confirmed with

prospective ratings.

3. Women with PMS symptoms

at baseline not grouped

separately from healthy

women.

4. Not placebo controlled.

5. No daily prospective ratings

of mood during OC use.

Winkler et al.,

2004

EE=DSG and

EE=LNG

788 women

completed

study

6 treatment

cycles

PMS symptoms decreased in

both groups. No differences

between the groups for mean

scores on PGWBI or POMS at

all time points. No clinically

significant changes in quality

of life between baseline and

post-treatment.

1. Group-comparative,

randomized, multi-center

trial.

2. PMS symptoms assessed at

baseline although not

confirmed with daily ratings.

3. Not placebo controlled.

4. No daily prospective ratings

of mood during OC use but

did rate at baseline, and

cycles 1, 3, and 6.

Abraham et al.,

2003

Monophasic

LNG

triphasic

LNG

Non-OC

users

Data used

from 119

healthy

women

At least

2 cycles.

Women

had been

on OCs

for at least

3 mos.

before

beginning

study

All three groups showed cyclic

changes in general

‘‘premenstrual syndrome-like’’

symptoms and at least two

mood ratings. OC groups had

less variation for sadness=

depression and non-OC group

showed sharp premenstrual

increase in sadness=depression

as compared to OC groups.

1. Control group of non-OC

users.

2. Daily prospective ratings

of mood.

3. Women had already been

on OCs before enrolling in

study. Study results are not

side effects from first few

months of use.

4. Not double-blind.

Foidart et al.,

2000

EE=DRSP and

EE=DSG

627 women

completed

study

26 treatment

cycles

Before treatment, PMS symptoms

were higher in EE=DRSP group

than in the EE=DSG group but

lower during treatment. The

difference was not statistically

significant before or after

treatment.

1. Comparison group with

another OC.

2. Prior PMS symptoms were

assessed but using retrospective

measures that were not

confirmed with prospective

ratings.

3. Prospective assessment of

PMS symptoms during OC use.

4. Not placebo controlled.

Bruni et al.,

2000

Monophasic

GSD

triphasic

GSD

monophasic

DSG

2419 healthy

women

enrolled

in study.

Well-being

data

available

for 1433

women

at cycle 9

and 695 at

cycle 13

13 treatment

cycles

Improvement in well-being was

significant at cycles 6 and 9

for the triphasic GSD group

and at cycle 13 for the DSG

group. No statistically

significant differences among

treatment groups in the

overall well-being scores.

Negative affect and arousal

showed significant decrease

from baseline for 2 or more

cycles in all 3 groups.

1. Comparison group with

another OC.

2. Not placebo controlled.

3. No daily prospective ratings

of mood during OC use.

PGWBI (Psychological General Well-Being Index); POMS (Profile of Mood States); WHAQ (Women’s Health Assessment Questionnaire).
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OCs and neurosteroid levels – women

with PMDD

The studies cited above measure PMS symptoms at base-

line to compare baseline ratings to post-treatment ratings

but they do not separate subjects into two groups – those

with PMS symptoms and those without PMS symp-

toms. Some studies have been conducted that measure

the effects of OCs on mood in women with a PMS

or PMDD diagnosis. (See Table 3 for a listing of these

studies.) A double-blind, placebo controlled study con-

cluded that women with a history of premenstrual

irritability have more adverse effects with estrogen dom-

inated pills whereas women without a history of pre-

menstrual irritability have more adverse effects with

progesterone dominated pills (Cullberg, 1972). Yet these

differences are nonsignificant and OCs did not signifi-

cantly improve or worsen premenstrual mood as com-

pared to placebo. Viewed in light of recent research on

the relationship between neurosteroid levels, cortical ex-

citability, and mood, it is possible that the women with

premenstrual irritability react with enhanced negative

affect to estrogen-dominated formulations as estrogen

administration may exacerbate the underlying imbalance

between cortical excitation and inhibition.

Bancroft et al. compared a triphasic and a monophasic

OC, both containing L-norgestrel, a gonane derivative of

19-nortestosterone, and found that among women with

PMS symptoms before taking the OC, those taking the

triphasic preparation had more negative mood changes

compared to those taking the monophasic preparation

(Bancroft et al., 1987). Another study compared mo-

nophasic EE=DSG with monophasic and triphasic EE=

LNG. All OCs used had a beneficial effect on PMS

symptoms as compared to pre-treatment measurements

but these effects only lasted for three treatment cycles.

The monophasic DSG caused fewer negative symptoms

than the other two preparations (Backstrom et al., 1992).

Both of these studies find that triphasic preparations

cause more negative mood changes than monophasic prep-

arations. One possible explanation for this in light of

the proposed theoretical model is that since women with

PMDD may possess an underlying sensitivity to fluc-

tuating hormone and neurosteroid levels, they may ex-

perience more negative mood changes when taking a

triphasic preparation in which the level of progestin is

fluctuating.

Graham and Sherwin investigated a triphasic OC

containing norethindrone, an estrane derivative of 19-

nortestosterone, in women with prospectively confirmed

PMS. They found that as compared to placebo, the OC

group did not show any beneficial effects with regard to

mood symptoms (Graham & Sherwin, 1992). Yet both

the OC and placebo groups showed a reduction in de-

pression scores in the premenstrual phase (Graham &

Sherwin, 1993). Furthermore, when women were di-

vided into subgroups based on prospective ratings at

baseline, women who had been depressed at baseline

and were taking the OC reported greater improvement

premenstrually in impairment at work, needing sleep,

and lack of energy (1992).

Recent research on the use of Yasmin (EE and DRSP)

to treat PMDD has indicated a potential therapeutic ef-

fect of this particular OC. Apter et al. (2003) found that

EE=DRSP improved general well-being after 6 treat-

ment cycles in women reporting minor PMS symptoms.

A second study found that negative affect improved sig-

nificantly from baseline after two cycles of EE=DRSP.

This study included women with and without self-

reported PMS and found no differences between the two

groups in their positive response to the OC (Borenstein

et al., 2003). Neither of these two studies was double-

blind or placebo-controlled and the latter study did not

confirm self-reported PMS symptoms with any objective

measures. Freeman et al. (2001) included 82 women in a

double-blind placebo-controlled study. All subjects were

diagnosed with PMDD according to DSM-IV criteria

and were randomized to receive either EE=DRSP or

placebo. After three treatment cycles the EE=DRSP

group showed a 10% greater change from baseline com-

pared to the placebo group for Factor 1, which included

mood swings, anger, irritability, sensitivity, crying, anxi-

ety, desire to be alone, and depressed mood. This study

found a high placebo response rate of 43% that did not

disappear after the first treatment cycle and it did not

include a placebo run-in cycle to exclude placebo re-

sponders. Yet despite these limitations, this study does

present initial evidence that EE=DRSP is a more effec-

tive treatment than placebo for some symptoms experi-

enced by women with PMDD.

One potential mechanism by which EE=DRSP may

exert beneficial effects in women with PMDD is by low-

ering DHEAS levels, leading to an increase in cortical

inhibition. In addition, drospirenone has antiandrogenic

activity that is five to ten times higher than that of

progesterone (Fuhrmann et al., 1996). This quality of

drospirenone and other newer progestins such as DSG

and GSD is relevant to the study of OCs and mood in

light of recent studies on the role of androgens in pre-

menstrual dysphoric disorder. One study found that

serum testosterone levels are elevated in women with

Oral contraceptives and mood: a theoretical model 9



Table 3. Summary of studies investigating the relationship between OCs and mood in women with PMS symptoms

Study OC used Subjects Duration

of OC use

Outcome Strengths=weaknesses

of study

Apter

et al.,

2003

DRSP

(30mg

ethinyl

estradiol

and 3 mg

DRSP)

336 women

reporting minor

PMS during

prescreening

(261 completed

study)

6 treatment

cycles

All subscale scores on the

PGWBI improved significantly

from baseline at cycles 3 and 6.

Change from baseline for the

subscales of vitality, anxiety,

and positive well-being were

particularly robust.

1. PMS history taken for 3 cycles

prior to screening. At least one

somatic and 1 psychological

symptom needed in 2 of 3

cycles.

2. Not placebo controlled.

3. No daily prospective ratings

during OC use.

Borenstein

et al.,

2003

DRSP

(30mg

ethinyl

estradiol

and 3 mg

DRSP)

Data used from

858 women

(72.3% with

self-reported

PMS)

2 treatment

cycles

All individual items on the

MDQ improved significantly

in the premenstrual and

menstrual phase. Negative

affect improved significantly

from baseline in all phases

of the menstrual cycle. No

distinction in results between

those who were treated for

PMS prior to study and those

who were not.

1. No confirmation of reported

PMS symptoms with

prospective daily

ratings.

2. Not placebo controlled.

3. No daily prospective ratings of

mood.

Freeman

et al.,

2001

DRSP

(30mg

ethinyl

estradiol

and 3 mg

DRSP)

82 women with

diagnosed

PMDD

according to

criteria in

DSM-IV

completed

study

3 treatment

cycles

DRSP=EE significantly better

than placebo at reducing PMS

symptoms of increased

appetite, food cravings, acne,

desire to be alone, hot

flushes. DRSP=EE group

showed a 10% greater change

from baseline compared to the

placebo group for Factor 1,

which includes mood swings,

anger, irritability, sensitivity,

crying, anxiety, and depressed

mood.

1. Double-blind, placebo

controlled study.

2. PMDD confirmed with daily

prospective ratings using the

COPE.

3. Small sample size – not large

enough to detect significant

differences between active and

placebo groups.

4. High placebo response rate of

43%.

Graham

and

Sherwin,

1993

Triphasic EE=

norethindrone

45 women with

moderate to

severe PMS

completed

study

One baseline

cycle, 3

treatment

cycles

By 3rd treatment cycle, cyclicity

of mood throughout menstrual

cycle was no longer apparent.

In premenstrual phase, there

was a significant reduction

in depression scores for both

the OC and placebo groups.

This effect was dissociated

from any change in sexual

interest.

1. Double-blind, placebo

controlled trial.

2. Subjects all had complaints of

moderate to severe PMS which

was prospectively confirmed.

3. Daily prospective ratings of

mood during treatment phase.

Graham

and

Sherwin,

1992

Triphasic EE=

norethindrone

45 women

with moderate

to severe PMS

completed

study

One baseline

cycle, 3

treatment

cycles

As compared to placebo, the OC

did not show any beneficial

effects with regard to mood

symptoms. Yet when women

were divided into subgroups

based on prospective ratings

at baseline, women who had

been depressed at baseline and

were taking the OC reported

greater improvement

premenstrually in impairment

at work, needing sleep, and

lack of energy.

1. Double-blind, placebo

controlled trial.

2. Subjects all had complaints of

moderate to severe PMS which

was prospectively confirmed.

3. Daily prospective ratings of

mood during treatment phase.

(continued)
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PMS symptoms as compared to controls during the

luteal phase (Eriksson et al., 1992). Given the connec-

tion between androgenicity and mood, the antiandro-

genic effects of some progestins such as DRSP may

lead to differential effects on mood.

Areas for future research

Follesa et al. and Paoletti et al.’s studies provide a model

that should be replicated in future studies. Both investi-

gations measure levels of progesterone and its metabo-

lites before and after OC treatment. Furthermore, both

include behavioral measures that can then be correlated

positively or negatively with the biological effects of OC

treatment. Future research should incorporate these

methods as well as expand upon them. A similar design

may be employed to study the effects of other types of

OCs on neurosteroid levels such as allopregnanolone,

GABA, THDOC, and DHEAS. It might also be inter-

esting to compare neurosteroid levels in women on

two different types of OCs and then to compare both

groups to placebo. In addition to investigating gonane

Table 3 (continued)

Study OC used Subjects Duration

of OC use

Outcome Strengths=weaknesses

of study

Backstrom

et al.,

1992

Monophasic EE=

DSG compared

with monophasic

and triphasic

EE=LNG

37 women

completed study.

Some with

PMS (mood

changes only

in premenstrual

phase) and some

with PMA

(premenstrual

aggravation of

mood changes)

4 treatment

cycles, 2

on each

OC

All OCs had beneficial effect on

PMS symptoms as compared

to pre-treatment measurements

as measured by a daily rating

scale. Only lasted for first three

treatment cycles and effect no

longer present by cycle 4. The

monophasic DSG pill caused

less mood changes than the

monophasic and triphasic

LNG pill.

1. Double-blind, cross-over design.

2. Comparison between different

OCs and different formulations.

3. Daily prospective ratings of

mood.

4. Women classified as having

PMS or PMA before beginning

treatment using prospective

ratings.

5. Not placebo controlled.

Bancroft

et al.,

1987

L-norgestrel.

Monophasic

(150 mg

L-norgestrel)

and triphasic

(L-Norgestrel

varying from

50 mg to

125mg)

Data used from

19 women

taking triphasic

pill; 18 women

taking

monophasic.

Some with

PMS symptoms

2 treatment

cycles

Of those women with high

premenstrual mood scores

before taking the pill (i.e.

negative mood), those taking

the triphasic preparation

had a worsening of mood

compared to those taking the

monophasic preparation.

Negative mood evident in

middle of cycle when

progestin levels are

increasing (but are still

lower than levels in

monophasic preparation).

1. Daily diary of symptoms.

2. Subjects classified as having

history of premenstrual mood

before beginning OC use.

3. Not placebo controlled.

Cullberg,

1972

EE=Norgestrel.

Norgestrel in

varying doses

ranging from

0.06 mg-1.0 mg

320 women,

80 in each

of 4 groups.

23 women

dropped out

2 treatment

cycles

Women with a history of

premenstrual irritability had

more adverse effects with

estrogen dominated pills

whereas women without a

history of premenstrual

irritability had more adverse

effects with progesterone

dominated pills. These

differences were statistically

nonsignificant and OCs did

not significantly improve or

worsen premenstrual mood

as compared to placebo.

1. Double-blind, placebo

controlled study.

2. Premenstrual symptom

background obtained at baseline

and subjects classified by

premenstrual history in data

analysis.

3. Sample size not large enough to

detect statistical significance.

COPE (Calendar of Premenstrual Experiences Scale); PGWBI (Psychological General Well-Being Index); Moos Menstrual Distress Questionnaire

(MDQ).
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derivatives and drospirenone, researchers might also

wish to use an OC containing ethynodiol diacetate in

studies of OC and neurosteroid levels since this particu-

lar progestin is converted to ALLO (Simic et al., 1998).

In addition to looking at the effects of OCs on neuro-

steroid levels in healthy women, neurosteroid levels

should also be studied in women with prospectively con-

firmed PMDD before and after OC treatment. Given the

different ways in which women with PMDD respond to

normal levels of circulating hormones (Schmidt et al.,

1998), it would be interesting to compare neurosteroid

levels of women with PMDD on OCs with neurosteroid

levels of healthy women on OCs.

Future investigations should also begin to incorporate

other available technology such as rapid transcranial

magnetic stimulation to measure cortical inhibition and

facilitation, H-MRS to measure amino acid neurotrans-

mitter levels and fMRI to examine OC-related alter-

ations in brain activation.

Finally, an area that warrants further research in the

field of OCs and mood is the effect of extended cycle

regimens of OCs on mood. Most of the studies that in-

vestigate the effects of OCs on mood involve OC use for

three weeks and then a hormone-free week during which

time withdrawal bleeding generally occurs. One study

found that negative mood symptoms were worse during

the 7-day hormone-free interval as compared to the

21 days of hormone-containing pills and the authors

therefore recommend an extended cycle for women

who experience negative mood symptoms while on OCs

(Sulak et al., 2000). Recently, a new OC regimen has

been approved that involves continuous hormone dosing

with the exception of four withdrawal weeks per year

(Seasonale,+ Barr Laboratories, Pomona, NY). This

new OC regimen was developed and marketed for

the convenience of women (Anderson et al., 2003), but

without knowledge of the CNS impact of extended daily

exposure to estrogens and progestins. While it is still

primarily a theoretical concern in humans, findings from

rodent studies strongly suggest that daily exposure to es-

trogen results in a downregulation of estrogen receptors

and a reduction in the neuroprotective profile of the hor-

mone (Brown et al., 1996; Wise, 2001). The CNS effects

of daily use of both an estrogen and a progestin for

extended periods has not been well-elucidated in meno-

pausal women undergoing hormone therapy or in young

premenopasual women. Comparing the effects of monthly

withdrawal versus less frequent hormone-withdrawal on

neurosteroid levels and cortical excitability would yield

interesting information about the value of a withdrawal

week from a biological perspective and the potential posi-

tive and negative aspects of extending hormone use be-

yond three weeks without a withdrawal period.

Furthermore, extended cycle regimens could provide

novel information on the relationship between OCs and

mood. Most studies that investigate the relationship be-

tween OC use and mood look at three phases – pre-

menstrual, menstrual, and postmenstrual. These phases

are compared to the actual phases of the menstrual cycle

with the premenstrual phase corresponding to the luteal

phase, the menstrual phase corresponding to menstrua-

tion, and the postmenstrual phase representing the fol-

licular phase. Yet from the perspective of hormone

levels, the week before withdrawal bleeding is not iden-

tical to the luteal phase of a natural menstrual cycle,

withdrawal bleeding is not equivalent to menstruation,

and the ‘‘postmenstrual’’ phase in a woman on OCs is

not identical to the follicular phase. It is very likely that

women on OCs view the week before withdrawal

bleeding as their luteal phase; women’s expectations

and associations with menstruation might affect their

psychological experience in the premenstrual phase.

This is also true of the withdrawal bleeding period. By

employing an extended cycle regimen and eliminating

the ‘‘menstrual’’ week, researchers will be able to study

the hormonal effects on mood independent of the poten-

tial psychological effects of having or knowing that one

is about to have a period. The third week of the first

treatment cycle in an extended regimen will be identical

to the third week of the first treatment cycle in a tra-

ditional regimen, but in the latter case it is also the

‘‘premenstrual’’ week. Extended cycle regimens allow

researchers to divorce hormone levels from actual men-

struation and thus measure the effects of hormones on

mood without having to factor out the psychological

effects of bleeding or the anticipation thereof.

Conclusion

Given the role of neurosteroid levels in the etiology of

mood disorders and the effects of estrogen and ALLO on

cortical excitability, there seems to be much need for

further research into how OCs, which introduce exoge-

nous sex steroids into the body, affect neurosteroid

levels and the balance between cortical excitation and

inhibition. This research must look at both healthy

women and women with PMDD and must distinguish

between different types of progestins. Findings of these

studies could potentially help uncover the mechanism

(or mechanisms) by which OCs influence mood in some

healthy women and those with PMDD.

12 N. Kurshan and C. N. Epperson



References

Abraham S, Luscombe G, Soo I (2003) Oral contraception and cyclic

changes in premenstrual and menstrual experiences. J Psychosom

Obstet Gynaecol 24(3): 185–193.

American Psychiatric Association (1994) Diagnostic and statistical

manual of mental disorders, 4th edn. Washington, D.C.

Anderson FD, Hait H, The Seasonale 301 Study Group (2003) A

multicenter, randomized study of an extended cycle oral contra-

ceptive. Contraception 68: 89–96.

Apter D, Borsos A, Baumgartner W, Melis G-B, Vexiau-Robert D,

Colligs-Hakert A, et al. (2003) Effect of an oral contraceptive contain-

ing drospirenone and ethinylestradiol on general well-being and fluid-

related symptoms. Eur J Contracept Reprod Health Care 8: 37–51.

Bancroft J, Sanders D, Warner P, Loudon N (1987) The effects of oral

contraceptives on mood and sexuality: a comparison of triphasic and

combined preparations. J Psychosom Obstet Gynecol 7: 1–8.

Bergeron R, de Montigny C, Debonnel G (1996) Potentiation of

neuronal NMDA response induced by dehydroepiandrosterone and

its suppression by progesterone: effects mediated via sigma receptors.

J Neurosci 16: 1193–1202.

Bethea CL, Pecins-Thompson M, Schutzer WE, Gundlah C, Lu ZN

(1998) Ovarian steroids and serotonin neural function. Mol Neurobiol

18: 87–123.

Bitran D, Hilvers RJ, Kellogg CK (1991) Anxiolytic effects of 3 alpha-

hydroxy-5 alpha [beta]-pregnan-20-one: endogenous metabolites of

progesterone that are active at the GABAA receptor. Brain Res 561:

157–161.

Borenstein J, Hsing-Ting Y, Wade S, Chiou C-F, Rapkin A (2003) Effect

of an oral contraceptive containing ethinyl estradiol and drospirenone

on premenstrual symptomatology and health-related quality of life.

J Reprod Med 48: 79–85.

Brot MD, Akwa Y, Purdy RH, Koob GF, Britton KT (1997) The

anxiolytic-like effects of the neurosteroid allopregnanolone: interac-

tions with GABAA receptors. Eur J Pharmacol 325: 1–7.

Brown TJ, Scherz B, Hochberg RB, MacLusky NJ (1996) Regulation of

estrogen receptor concentrations in the rat brain: effects of sustained

androgen and estrogen exposure. Neuroendocrinology 63: 53–60.

Brown C, Ling F, Wan J (2001) Effect of a new monophasic oral

contraceptive on perimenstrual symptoms [abstract]. Obstetr Gynecol

97S: 9.

Bruni V, Croxatto H, De La Cruz J, Dhont M, Durlot F, Fernandes

MTMS, et al. (2000) A comparison of cycle control and effects on

well-being of monophasic gestodene, triphasic gestodene, and mono-

phasic desogestrel-containing oral contraceptives. Gynecol Endocri-

nol 14: 90–98.

Carlstrom K, Karlsson R, Von Schoultz B (2002) Diurnal rhythm and

effects of oral contraceptives on serum dehydroepiandrosterone

sulfate (DHEAS) are related to alterations in serum albumin rather

than to changes in adrenocortical steroid secretion. Scand J Clin Lab

Invest 62: 361–368.

Carr BR (1998) Uniqueness of Oral Contraceptive Progestins. Contra-

ception 58: 23S–27S.

Cullberg J (1972) Mood changes and menstrual symptoms with different

gestagen=estrogen combinations. Acta Psychiatr Scand 236: 1–72.

Deijen JB, Duyn KJ, Jansen WA, Klitsie JW (1992) Use of a mono-

phasic, low-dose oral contraceptive in relation to mental functioning.

Contraception 46: 359–367.

Egarter C, Topcuoglu MA, Imhof M, Huber J (1999) Low dose oral

contraceptives and quality of life. Contraception 59: 287–291.

Epperson CN, Wisner KL, Yamamoto B (1999) Gonadal steroids in the

treatment of mood disorders. Psychosom Med 61: 676–697.

Epperson CN, Haga K, Mason G, Sellers E, Gueorguivea R, Zhang W,

et al. (2002) Cortical �-aminobutyric acid levels across the menstrual

cycle in healthy women and those with premenstrual dysphoric

disorder. Arch Gen Psychiatry 59: 851–858.

Eriksson E, Sundblad C, Lisjo P, Modigh K, Andersch B (1992) Se-

rum levels of androgens are higher in women with premenstrual

irritability and dysphoria than in controls. Psychoneuroendocrinology

17: 195–204.

Ernst U, Baumgartner L, Bauer U, Janssen G (2002) Improvement in

quality of life in women using a low-dose desogestrel-containing

contraceptive: results of an observational clinical evaluation. Eur J

Contracep Reprod Health Care 7: 238–243.

Foidart J-M, Wuttke W, Bouw GM, Gerlinger C, Heithecker R (2000) A

comparative investigation of contraceptive reliability, cycle control

and tolerance of two monophasic oral contraceptives containing

either drospirenone or desogestrel. Eur J Contracept Reprod Health

Care 5: 124–134.

Follesa P, Porcu P, Sogliano C, Cinus M, Biggio F, Mancuso L, et al.

(2002) Changes in GABAA receptor �2 subunit gene expression

induced by long-term administration of oral contraceptives in rats.

Neuropharmacology 42: 325–336.

Freeman EW, Kroll R, Rapkin A, Pearlstein T, Brown C, Parsey K, et al.

(2001) Evaluation of a unique oral contraceptive in the treatment of

Premenstrual Dysphoric Disorder. J Womens Health Gender Based

Med 10(6): 561–569.

Freeman EW, Frye CA, Rickels K, Martin PA, Smith SS (2002)

Allopregnanolone levels and symptom improvement in severe pre-

menstrual syndrome. J Clin Psychopharmacol 22: 516–520.

Fuhrmann U, Krattenmacher R, Slater EP, Fritzemeier KH (1996) The

novel progestin drospirenone and its natural counterpart progester-

one: biochemical profile and antiandrogenic potential. Contraception

54: 243–251.

Girdler SS, Straneva PA, Light KC, Pedersen CA, Morrow AL (2001)

Allopregnanolone levels and reactivity to mental stress in Premenstr-

ual Dysphoric Disorder. Biol Psychiatry 49: 788–797.

Graham CA, Sherwin BB (1992) A prospective treatment of premen-

strual syndrome using a triphasic oral contraceptive. J Psychosom Res

36: 257–266.

Graham CA, Sherwin BB (1993) The relationship between mood

and sexuality in women using an oral contraceptive as treat-

ment for premenstrual syndrome. Psychoneuroendocrinology 18:

273–281.

Gureviciene I, Puolivali J, Pussinen R, Wang J, Tanila H, Ylinen A

(2003) Estrogen treatment alleviates NMDA-antagonist induced

hippocampal LTP blockade and cognitive deficits in ovariectomized

mice. Neurobiol Learn Mem 79(1): 72–80.

Gutmann JN, Corson SL (1994) The new progestins: pharmacologic and

clinical aspects. Int J Fertil 39 S3: 163–176.

Huber J, Foidart JM, Wuttke W, Merki-Feld GS, The HS, Gerlinger C,

et al. (2000) Efficacy and tolerability of a monophasic oral contra-

ceptive containing ethinylestradiol and drospirenone. Eur J Contra-

cept Reprod Health Care 5: 25–34.

Joffe H, Cohen LS, Harlow BL (2003) Impact of oral contraceptive pill

use on premenstrual mood: predictors of improvement and deteriora-

tion. Obstet Gynecol 189: 1523–1530.

Kugaya A, Epperson CN, Zoghbi S, van Dyck CH, Hou Y, Fujita M, et al.

(2003) Increase in prefrontal cortex serotonin 2A receptors following

estrogen treatment in postmenopausal women. Am J Psychiatry 160:

1522–1524.

Leeton J (1974) Depression induced by oral contraception and the

role of vitamin B6 in its management. Aust N Z J Psychiatry 8:

85–88.

Lobo RA, Stanczyk FZ (1994) The role of hormonal contraceptives:

new knowledge in the physiology of hormonal contraceptives. Am J

Obstet Gynecol 170 5S: 1499–1507.

Majewska MD (1987) Steroids and brain activity. Essential dialogue

between body and mind. Biochem Pharmacol 36: 3781–3788.

Majewska MD, Mienville J-M, Vicini S (1988) Neurosteroid pregna-

nolone sulfate antagonizes electrophysiological responses to GABA

in neurons. Neurosci Lett 90: 279–284.

Oral contraceptives and mood: a theoretical model 13



Majewska MD, Demirgoren S, Spivak CE, London ED (1990) The

neurosteroid dehydroepiandrosterone sulfate is an allosteric antago-

nist of the GABAA receptor. Brain Res 526: 143–146.

McEwen BS, Alves SE (1999) Estrogen actions in the central nervous

system. Endocr Rev 20: 279–307.

Monnet FP, Mahe V, Robel P, Baulieu E-E (1995) Neurosteroids, via

� receptors, modulate the [3H]norepinephrine release evoked by

N-methyl-D-aspartate in the rat hippocampus. Proc Natl Acad Sci

92: 3774–3778.

Monteleone P, Luisi S, Tonetti A, Bernardi F, Genazzani AD, Luisi M,

et al. (2000) Allopregnanolone concentrations and premenstrual

syndrome. Eur J Endocrinol 142: 269–273.

Morrell M (1999) Epilepsy in women: the science of why it is special.

Neurology 53 S1: S42–S48.

Murphy DD, Cole NB, Greenberger V, Segal M (1998) Estradiol

increases dendritic spine density by reducing GABA neurotransmis-

sion in hippocampal neurons. J Neurosci 18(7): 2550–2559.

Oinonen KA, Mazmanian D (2002) To what extent do oral contra-

ceptives influence mood and affect? J Affect Disord 70: 229–240.

Paoletti AM, Lello S, Fratta S, Orru M, Ranuzzi F, Sogliano C, et al.

(2004) Psychological effect of the oral contraceptive formulation

containing 3 mg of drospirenone plus 30mg of ethinyl estradiol. Fertili

Steril 81: 645–651.

Parsey KS, Pong A (2000) An open-label, multicenter study to evaluate

Yasmin, a low-dose combination oral contraceptive containing dros-

pirenone, a new progestogen. Contraception 61: 105–111.

Pecins-Thompson M, Brown NA, Kohama SG, Bethea CL (1996)

Ovarian steroid regulation of tryptophan hydroxylase mRNA expres-

sion in rhesus macaques. J Neurosci 16: 7021–7029.

Petitti D (2003) Combination estrogen-progestin oral contraceptives. N

Engl J Med 349: 1443–1450.

Phillips A, Demarest K, Hahn DW, Wong F, McGuire JL (1990)

Progestational and androgenic receptor binding affinities and in vivo

activities of norgestimate and other progestins. Contraception 41:

399–410.

Rapkin AJ, Morgan M, Goldman L, Brann DW, Simone D, Mahesh VB

(1997) Progesterone metabolite allopregnanolone in women with

premenstrual syndrome. Obstet Gynecol 90: 709–714.

Rosenthal SL, Cotton S, Ready JN, Potter LS, Succop PA (2002) Adoles-

cents’ attitudes and experiences regarding levonorgestrel 100 mcg=

ethinyl estradiol 20 mcg. J Pediatr Adolesc Gynecol 15: 301–305.

Sanders SA, Graham CA, Bass JL, Bancroft J (2001) A prospective

study of the effects of oral contraceptives on sexuality and well-being

and their relationship to discontinuation. Contraception 64: 51–58.

Sangthawan M, Taneepanichskul S (2005) A comparative study of

monophasic oral contraceptives containing either drospirenone 3 mg

or levonorgestrel 150mg on premenstrual symptoms. Contraception

71: 1–7.

Schmidt PJ, Purdy RH, Moore PH Jr, Paul SM, Rubinow DR (1994)

Circulating levels of anxiolytic steroids in the luteal phase in women

with premenstrual syndrome and in control subjects. J Clin Endo-

crinol Metabol 79: 1256–1260.

Schmidt PJ, Nieman LK, Danaceau MA, Adams LF, Rubinow DR

(1998) Differential behavioral effects of gonadal steroids in women

with and in those without premenstrual syndrome. N Engl J Med 338:

209–216.

Sillem M, Schneidereit R, Heithecker R, Mueck AO (2003) Use of an

oral contraceptive containing drospirenone in an extended regimen.

Eur J Contracept Reprod Health Care 8: 162–169.

Simic B, Kniewald J, Kniewald Z (1998) Influence of ethynodiol

diacetate on the formation of A-Homo-3-Oxa-5�-Pregnane-4,20-

dione in female rats. Endocr Regul 32: 125–131.

Smith MJ, Adams LF, Schmidt PJ, Rubinow DR, Wasserman EM (2003)

Abnormal luteal phase excitability of the motor cortex in women with

premenstrual syndrome. Biol Psychiatry 54: 757–762.

Steiner M, Dunn E, Born L (2003) Hormones and mood: from menarche

to menopause and beyond. J Affect Disord 74: 67–83.

Sulak PJ, Scow RD, Preece C, Riggs MW, Kuehl TJ (2000) Hormone

withdrawal symptoms in oral contraceptive users. Obstet Gynecol 95:

261–266.

Sumner BEH, Fink G (1993) Effects of acute estradiol on 5-hydroxy-

tryptamine and dopamine receptor subtype mRNA expression in

female rat brain. Mol Cell Neurosci 4: 83–92.

Sumner BEH, Fink G (1995) Estrogen increases the density of 5-

hydroxytryptamine2A receptors in cerebral cortex and nucleus

accumbens in the female rat. J Steroid Biochem Mol Biol 54:

15–20.

Sundstrom I, Andersson A, Nyberg S, Ashbrook D, Purdy RH,

Backstrom T (1998) Patients with premenstrual syndrome have a dif-

ferent sensitivity to a neuroactive steroid during the menstrual cycle

compared to control subjects. Neuroendocrinology 67: 126–138.

Sveindottir H, Backstrom T (2000) Prevalence of menstrual cycle

symptom cyclicity and premenstrual dysphoric disorder in a random

sample of women using and not using oral contraceptives. Acta

Obstet Gynecol Scand 79: 405–413.

Vallee M, Rivera JD, Koob GF, Purdy RH, Fitzgerald RL (2000)

Quantification of neurosteroids in rat plasma and brain following

swim stress and allopregnanolone administration using negative

chemical ionization gas chromatography=mass spectrometry. Anal

Biochem 287: 153–166.

Winston F (1973) Oral contraceptives, pyridoxine, and depression. Am J

Psychiatry 130: 1217–1221.

Wang M, Seippel L, Purdy RH, Backstrom T (1996) Relationship

between symptom severity and steroid variation in women with

Premenstrual Syndrome: Study on serum pregnenolone, pregneno-

lone sulfate, 5�-pregnane-3,20-dione and 3�-hydroxy-5�-pregnan-

20-one. J Clin Endocrinol Metabol 81: 1076–1082.

Wieland S, Lan NC, Mirasedeghi S, Gee KW (1991) Anxiolytic activity

of the progesterone metabolite 5 alpha-pregnan-3 alpha-o1-20-one.

Brain Res 565: 263–268.

Wimberly YH, Cotton S, Wanchick AM, Succop PA, Rosenthal SL

(2002) Attitudes and experiences with levonorgestrel 100mg=ethinyl

estradiol 20mg among women during a 3-month trial. Contraception

65: 403–406.

Winkler UH, Ferguson H, Mulders JAPA (2004) Cycle control, quality

of life, and acne with two low-dose oral contraceptives containing

20mg ethinylestradiol. Contraception 69: 469–476.

Wise P, Dubal D, Wilson M, et al. (2001) Mini review: neuroprotective

effects of estrogen-new insights into mechanisms of action. Endo-

crinology 142: 969–973.

Wong M, Thompson TL, Moss RL (1996) Nongenomic actions of

estrogen in the brain: Physiological significance and cellular mechan-

isms. Crit Rev Neurobiol 10: 189–203.

Woolley CS (1999) Electrophysiological and cellular effects of estrogen

on neuronal function. Crit Rev Neurobiol 13: 1–20.

Zamani MR, Levy WB, Desmond NL (2004) Estradiol increases

delayed, N-methyl-D-aspartate receptor-mediated excitation in the

hippocampal CA1 region. Neuroscience 129(1): 243–254.

Correspondence: Naamit Kurshan, Mount Sinai School of

Medicine, 1 Gustave L. Levy Place, Mailbox Room 12-32,

Mailbox 150, New York, NY 10029; e-mail: naamit.kurshan@

mssm.edu

14 N. Kurshan and C. N. Epperson: Oral contraceptives and mood: a theoretical model


