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Is there a role for reproductive steroids in the 
etiology and treatment of affective disorders?
David R. Rubinow, MD; Peter J. Schmidt, MD

A variety of hormones have been shown to play a role 
in affective disorders. Reproductive steroids are par-
ticularly informative in our efforts to understand the 
pathophysiology of affective dysregulation for sev-
eral reasons: i) Reproductive endocrine-related mood 
disorders (premenstrual dysphoric disorder, perinatal 
depression, perimenopausal depression) are wonder-
ful clinical models for investigating the mechanisms by 
which affective state changes occur; ii) Reproductive 
steroids regulate virtually every system that has been 
implicated as disturbed in the ontogeny of affective 
disorders; iii) Despite the absence of a reproductive en-
docrinopathy, a triggering role in the affective distur-
bance of reproductive mood disorders has been shown 
clearly for changes in reproductive steroids. The exist-
ing data, therefore, support a differential sensitivity to 
reproductive steroids in reproductive mood disorders 
such that an abnormal affective state is precipitated 
by normal changes in reproductive steroids. The thera-
peutic implications of these findings for affective ill-
ness are discussed.  	          
© 2018, AICH – Servier Group	 Dialogues Clin Neurosci. 2018;20:187-196.

Introduction

	 The idea of using hormones to treat affective ill-
ness is by no means novel. In 1849, Berthold suggest-
ed that animal organs (testes) contained substances 
that could, upon exogenous administration (through 
transplant), dramatically alter physiology (including 
behavior).1 The field of organotherapy was subse-
quently born with the publication of a paper in The 
Lancet in 1889 by Claude Edouard Brown Sequard.2 
This paper reported that the subcutaneous self-admin-
istration (by the author) of extracts of ground-up dog 
and guinea pig testes reversed many of the effects of 
aging and had a profoundly salutary effect on energy 
and mood (all of which was likely a substantial place-
bo response). Although most of the reports from this 
field over the next 30 years were subsequently refuted 
(as most, but not all, organ extracts are inactive when 
orally administered), the benefits associated with the 
administration of thyroid extract3 and adrenal extract4 
for their respected deficiency syndromes (myxedema 
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and Addison’s disease) were substantiated and gave 
rise to the modern field of endocrinology.
	 Although the enthusiasm for organotherapy gradu-
ally disappeared in the early 20th century, the belief that 
one could treat behavioral disorders with “hormones” 
(a term coined in 1905)5 was substantially bolstered fol-
lowing the isolation and characterization of estradiol in 
1929. Werner (1934) performed a placebo-controlled 
trial of an estradiol preparation, “theelin,” in involu-
tional melancholia and demonstrated theelin’s superior 
efficacy.6 During this period, many reproductive ste-
roids were isolated and characterized including estrone, 
progesterone, and several androgens. Further, chemists 
identified modifications of the steroids that could alter 
their absorption (ie, acetylation) and potency (eg, addi-
tion of ethinyl group or removal of C-19 methyl groups), 
thus fueling a renewed interest in reproductive ste-
roids as medicines. In the 1950s menopausal symptoms 
were treated with estrogen replacement therapy, and 
1960 saw FDA approval of the first oral contraceptive 
(ie, Enovid). Hormone therapy “took off” (albeit with 
the trajectory of a rollercoaster rather than a rocket), 
and papers appeared describing the use of reproductive 
steroids in affective disorders related to reproduction: 
involutional melancholia, premenstrual syndrome, and 
postpartum depression. In this article, we will not com-
prehensively review hormonal therapy but rather will 
focus on reproductive steroids in women to attempt 
to answer the following questions: How do hormones 
work and what accounts for the variability in response 
to hormones? How do hormones affect the systems 
implicated in depression? How can new models of de-
pression help us to understand the role of reproductive 
steroids in affective regulation? What is the evidence 
for a role of reproductive steroids in affective illness? 
What is the therapeutic role of reproductive steroids in 
the treatment of depression? The concepts that will be 
developed apply to men and women and can be sum-
marized as follows: i) the effects of hormones on the 
brain are pleiotropic and highly context dependent; ii) 
the paucity of well-designed studies and methodologic 
shortcomings preclude certainty about the role of hor-
mones in the treatment of affective disorders; iii) one 
can, nonetheless, define a role for hormones in repro-
ductive endocrine-related mood disorders in women 
that help answer what is perhaps the critical question in 
psychiatry, namely why do people respond differently 
to ostensibly the same stimulus?

How do hormones work and 
what accounts for the variability 

in their actions?

The original meaning of hormone—a glandular secre-
tion that is distributed by the bloodstream to distant 
sites—is, for our purposes, woefully inadequate. Hor-
mones include small (peptides) and long proteins as 
well as steroids, which act at membrane and intracellu-
lar receptors as well as ion channels, act at time frames 
from seconds to hours, can be synthesized de novo in 
non-glandular tissues like the brain, and can be synthe-
sized in neuronal terminals and released into synapses 
to effect post-synaptic cellular activation. To reduce the 
scope of our discussion to manageable dimensions, we 
will focus on one class of hormones, ovarian steroids. 
All steroid hormones (including non-ovarian steroids) 
are metabolized from cholesterol. Cholesterol is trans-
ported into the mitochondria by STAR (steroid acute 
regulatory hormone) and then metabolized to pregnen-
olone, which gives rise to all of the biologically active 
steroids through a series of enzymatic steps performed 
by a small group of enzymes with multiple actions along 
the steroid synthetic cascade. As such, the way in which 
a steroid is metabolized determines its action. Testos-
terone can be aromatized to estradiol, which then ac-
tivates the estrogen signaling system, can be reduced 
to dihydrotestosterone, an androgen 2-10 fold more 
powerful than testosterone,7 or can be metabolized to 
androsterone, a “neurosteroid” that can acutely regu-
late membrane neurotransmitter receptors. Classical 
steroid signaling involves intracytoplasmic receptors 
(although some principally reside in the nucleus), which 
are bound by the steroids after they diffuse through the 
cell membrane. The receptors are transcription factors, 
which recruit other proteins to form a complex that 
remodels chromatin (to make genes accessible for the 
messenger RNA (mRNA) transcribing enzyme, RNA 
polymerase) and recruits the transcription factors that 
help initiate transcription. Steroid receptors can also 
join with other transcription factors—a process called 
tethering—to initiate transcription of genes that do 
not have classical receptor binding sites—response ele-
ments—in the DNA. Through these combined mecha-
nisms, steroids can regulate thousands of genes.8 Addi-
tionally, steroid receptors exist at the membrane, from 
which they can initiate downstream signaling to activate 
enzymes, amplify the effect of activated receptors, or di-
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rectly influence transcription.9 Finally, steroids like es-
tradiol regulate the activity of all three polymerases (ie, 
those generating mRNA, ribosomal RNA, and transfer 
RNA), thus allowing estradiol to prepare cells acutely 
for transcription and more chronically for translation 
(protein formation).8 
	 The variability of steroid actions is best conveyed by 
the array of protein partners with which they combine 
to achieve a biological outcome. For example, there are 
approximately 350 coregulatory proteins—both coacti-
vators and coinhibitors—that bind to hormone bound 
steroid receptors to determine whether genes are turned 
on or off.10 As described by Lonard and O’Malley,11 
these coregulators (TS) combine in groups, and the 
impact of each of the coregulators is determined by its 
chemical modification (eg, phosphorylation, methyla-
tion). With even only eight potential modifications of 
each coregulator and groups of six, there are 1013 differ-
ent potential functional outcomes of a hormone-bound 
receptor! Further, coregulators exist in a tissue-specif-
ic fashion, enabling estrogen-like compounds called 
SERMs (selective estrogen receptor modulators) to act 
like an estrogen agonist in some tissues and an antago-
nist in others, depending on the coregulator profile in 
the cells. Further contributing to the signaling variabil-
ity, the effects of steroids are highly context dependent, 
with that context including prior exposure and genetic 
background.12 

How do hormones influence the systems 
implicated in depression?

Given the protean effects of steroids, it should not be 
surprising to learn that virtually every system implicat-
ed in depression is modulated by estradiol. The follow-
ing are just three examples (see refs 13 and 14 for more 
complete discussion): 
1. �Neurotransmitter “deficiency.” The synthetic and 

metabolic enzymes and receptors for all classical neu-
rotransmitters are regulated by estradiol. Estradiol 
also primes neurons to respond more efficiently to 
stimuli, in part through regulation of the brain’s major 
excitatory neurotransmitter, glutamate. Through the 
two major estrogen receptors, ER α and β, estradiol 
can activate metabotropic (indirectly linked to ion 
channels) glutamate receptors even in the absence of 
glutamate and increase the synaptic trafficking of at 
least one type of ionotropic (ion channel containing) 

glutamate receptor, the AMPA (α-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid) receptor.15 Es-
tradiol also directly regulates the activity of calcium 
and potassium channels, thus acutely (in seconds to 
minutes) regulating neuronal excitation, inhibition 
and neurosecretory coupling.16,17 If depression is a 
consequence of excitatory:inhibitory imbalance,18 es-
tradiol is in a prime position to modulate that distur-
bance. 

2. �Neuroplasticity deficiency. Estradiol promotes neu-
ronal survival, decreases oxidative stress, improves 
neuronal energetics by increasing mitochondrial 
respiratory efficiency, increases both dendritic spine 
density and synaptic plasticity, and increases cell 
survival in response to a variety of toxic insults (eg, 
hypoxia, inflammation, excess glutamate, decreased 
glucose).19,20 Levels of brain-derived neurotrophic 
factor (BDNF), a critical growth factor deficient in 
depression, is increased by estradiol, just as it is by 
antidepressants.19 

3. �Network abnormality. Neural networks are structur-
ally and dynamically connected brain regions whose 
coordinated activity enables effective and efficient 
responses to the environment. Examples of neural 
networks include the following: a) The Default Mode 
Network, which mediates internal-based thought 
(eg, day dreaming, reflecting) and permits recall 
of the past and imagining of the future;21 b) Social 
Cognition Network, which enables one to “read” the 
intentions of others (theory of mind);22 c) Reward 
Network, which permits the assignment of affective 
valence (positive or negative) to events, thoughts, 
and experiences and is critical for decision-making; 
d) Affective Regulation Network, which regulates 
the interplay between more cognitive (eg, dorsolat-
eral prefrontal cortex [dlPFC]) and more “affective” 
(eg, limbic, amygdala) brain regions;23 e) Central 
Executive Network, critical for mediating executive 
functions like cognitive appraisal.24,25 Evidence ex-
ists for dysfunction of each of these networks (and 
others) in depression.23,25 Similarly, evidence exists 
for the modulation of these networks by estradiol. 
For example imaging studies performed in women 
whose reproductive state was manipulated by ad-
ministering the gonadotropin-releasing hormone 
agonist leuprolide (which suppresses ovarian ste-
roid secretion) alone or in combination with estra-
diol or progesterone demonstrated that estradiol, 
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but not progesterone, activated key regions of the 
DMN (medial PFC and posterior cingulate; Wei et 
al, unpublished data): both estradiol and progester-
one supported the top-down modulation of the hip-
pocampus by the dlPFC (affective regulation net-
work), coordinated/coupled activity that was absent 
during hormone suppression.26 In a recent animal 
study, McHenry et al27 described a hypothalamic 
reward circuit that was powerfully regulated by es-
tradiol. Both estrus cycle and exogenous estradiol 
resulted in a dramatic, in vivo upregulation of self-
administered optogenetic stimulation to genetically 
defined medial preoptic neurons, with the estradiol-
induced reward behavior linked to activation of the 
ventral tegmental area and phasic dopamine release 
in the “reward center” (nucleus accumbens). 

How can new models of depression help 
us to understand the role of reproductive 

steroids in affective regulation?

One can argue that depression represents an “adaptive 
failure;” ie, a failure of integration or orchestration of 
neural networks that subserve the functions observed 
to be disturbed in depression. As such, depression rep-
resents a dynamic or “software” problem, not a “hard-
ware” problem. Just as there is no single gene abnormal-
ity in depression, there is likely no single brain region 
“lesion” in this disorder, with the “locus” of dysfunction 
dynamically shifting across time. In line with this view, 
depression is not a collection of particular symptoms so 
much as it is a dysregulation of affective state. What is 
a state? A state can be defined as a transient, coher-
ent, replicable, integrated, self-organized assemblage of 
thoughts, associations, affects, memories, perceptions, 
interpretations, etc.28 States are programs for interpret-
ing and interacting with our environment in an efficient 
fashion. For example, the cognitive/affective/percep-
tual/behavioral state that might accompany a picnic on 
a beautiful day would clearly not be in evidence if you 
were suddenly attacked by a bear. The advantage of the 
state model is several-fold. First, it overlays nicely on 
the network model, permitting both the formation and 
changes in state to be described in terms of component 
network functions and dynamic interactions between 
networks. Second, it allows us to focus on the kinetics 
of affective state change rather than simply the particu-
lar set of symptoms. Depression, then, can be thought 

of as the failure to be able to change affective state, 
which otherwise should be both transient and suscep-
tible to either our environment or our efforts to modify 
our state. Indeed, Bunney et al suggested 50 years ago 
that depression might best be understood by studying 
the characteristics of the switch rather than the char-
acteristics of the depressed state.29 Consistent with this 
suggestion, premenstrual dysphoric disorder (PMDD) 
should be seen not as a collection of specific symptoms 
but as an affective state change that is choreographed 
by the menstrual cycle. Third, the state model is test-
able; ie, if one hypothesizes that reproductive steroids 
are informational molecules that “by design” generate 
behavioral states, then one should be able to alter the 
appearance of distressing affective states in reproduc-
tive endocrine-related mood disorders by manipulating 
the reproductive context in which the disorders appear 
(as will be described below). 

What is the evidence for a role of 
reproductive steroids in affective illness?

Conceptually, the most promising affective disorders in 
which to search for a role of reproductive steroids are 
those that are temporally linked to periods of repro-
ductive endocrine change: perimenopausal depression 
(PMD), postpartum depression (PPD), and PMDD. 
None of these disorders is characterized by abnormal 
levels of reproductive (or any other) hormones, so 
clearly these are not endocrinopathies like hypothy-
roidism. Several studies suggest that PMD can be ef-
fectively treated with estradiol,30,31 but that says nothing 
about the role of estradiol in the precipitation of the 
affective state. Schmidt et al addressed this question by 
determining whether the blinded withdrawal of estro-
gen therapy in euthymic women with a history of PMD 
would precipitate a switch into a depressed state.32 The 
blinded withdrawal of estradiol did indeed precipitate a 
dysphoric affective state within one week, before the ap-
pearance of withdrawal-related hot flushes. Notably, the 
same hormone manipulation procedure was complete-
ly without effect on affective state in women lacking a 
history of PMD. This study, therefore, suggested that 
withdrawal of estradiol would precipitate a depressed 
state, but only in those who were, for unclear reasons, 
susceptible (ie, those with a history of perimenopausal 
depression). A second endocrine manipulation para-
digm created a scaled-down model of the puerperium 
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in euthymic women with a history of PPD.33 In this case, 
it was the addback of high-dose reproductive steroids 
that precipitated the switch into the depressed state. 
Once again, however, the identical hormone manipula-
tion paradigm in women without a history of PPD pro-
duced no affective state change at all. (These findings 
have recently been replicated in a larger group (Schiller 
et al, manuscript in preparation.)  Finally, in PMDD, the 
experimental and blinded elimination of the mid-late 
luteal phase of the menstrual cycle did not influence 
the appearance of the PMDD state, which emerged in 
the experimentally created follicular phase, thus uncou-
pling PMDD from the endocrine events of the mid-late 
luteal phase.34 In a subsequent study, ovarian suppres-
sion did prevent the appearance of the PMDD state, 
which was then precipitated under blinded conditions 
by the addition (in the context of ovarian suppression) 
of estradiol or progesterone.35 As the same hormone 
manipulation was without effect on women without a 
history of PMDD, the findings suggested that the re-
productive steroids did precipitate the PMDD state, 
but only in those who were, again, differentially sensi-
tive to the effects of the steroids. As one can observe in 
Figure 1, it was impossible to determine whether the 
change in steroid levels following their reintroduction 
was the offending stimulus or whether the hormones 
simply played a permissive role in the expression of 
an infradian zeitgeber (which would be consistent with 
the attenuation of the steroid-precipitated affective 
state despite continued hormone administration). As 
recently described (Figure 2), a hormone manipulation 
study involving blinded administration of 12 weeks of 
estradiol and progesterone administration in the con-
text of ovarian suppression demonstrated that it was 
the change (ie, increase) in hormones that triggered the 
depressed state, which then gradually attenuated with-
out subsequent appearance throughout the remainder 
of the 12 weeks.36 Together, these findings are most con-
sistent with a role of reproductive steroids in regulating 
the appearance of a dysfunctional affective state (in a 
susceptible group) rather than simply “making patients 
symptomatic.” 
	 Although the source of the susceptibility is cur-
rently unknown, the hormone manipulation paradigm 
described above (ovarian suppression + hormone add-
back) was exploited to identify a group of women with 
PMDD in whom the critical variable of hormone sen-
sitivity was confirmed, as was its absence in the com-

parison group. Lymphoblastoid cell cultures were then 
created and transcriptomics performed (by RNAseq in 
the first group and by qRT-PCR in the replication sam-
ple).37 Among the gene “families” identified as differen-
tially expressed in the pathway analysis, the ESC/E(Z) 
family was selected for further study for the following 
reasons: i) it has only 13 member genes; ii) it is regulat-
ed by estradiol and progesterone; iii) it has been impli-
cated in affective disorders; and iv) it is a major media-
tor of epigenesis, the process by which the environment 
can regulate, in an enduring fashion, the expression of 
genes. Almost all of the 13 genes in this family were 
upregulated in the cells from the women with PMDD 
(in both samples), four significantly so. Further, and 
most interestingly, the response of four of these genes 
to exposure to estradiol or progesterone in culture for 
24 hours differed in patients and controls.37 These data 
provide the first demonstration of a cellular model for 
the differential sensitivity to reproductive steroids that 
characterizes women with reproductive endocrine-
related mood disorders. In the implication of a major 
epigenetic regulatory system, they also provide a plau-
sible model for how a normal (internal) environmen-
tal signal (ie, reproductive steroids)—one critical for 
long-term potentiation and synaptic rewiring38—might 
acquire the capacity to trigger a switch into a state char-
acterized by network dyscoordination.

What is the therapeutic role of reproductive 
steroids in the treatment of depression? 

The unfortunate answer to this question, despite all 
that we have learned about the dramatic role of re-
productive steroids in the regulation of affective state, 
is that we simply don’t know. In a 1997 meta-analysis, 
Zweifel and O’Brien39 described a reasonably impres-
sive effect size of 0.68 for the effect of hormone re-
placement therapy (HRT—estrogen plus a progestin) 
on depression. This suggested that HRT might be a 
promising treatment for or prophylaxis against depres-
sion. In a recent systematic review of studies examin-
ing the effects of HRT or estrogen therapy (ET) on 
mood in menopausal women since the 1997 meta-anal-
ysis, there was a remarkable paucity of well-designed, 
well-controlled randomized clinical trials (RCTs).40 
Just some among the myriad methodological prob-
lems are as follows: i) menopausal state was not de-
fined or represented a mixture of perimenopausal and 
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 Figure 1.  Recurrence of sadness in women with premenstrual syndrome during estradiol or progesterone add-back in the context of GnRH agonist-
induced ovarian suppression. Ten women with premenstrual syndrome and 15 control women had minimal mood symptoms while re-
ceiving leuprolide acetate (a GnRH agonist). In contrast, the women with premenstrual syndrome but not the controls had a signifi cant 
increase in sadness during the administration of either estradiol or progesterone. Values are the means (SE) of the seven daily scores on the 
sadness scale of the Daily Rating Form for each of the 8 weeks preceding hormone replacement (leuprolide alone) and during the 4 weeks 
of estradiol (plus leuprolide) and progesterone (plus leuprolide) replacement. A score of 1 indicates that the symptom was not present, and 
a score of 6 indicates that it was present in the extreme. P = 0.003 for interaction of treatment condition, diagnostic group, and week. 

  From ref 36: Schmidt PJ, Nieman LK, Danaceau MA, Adams LF, Rubinow DR. Differential behavioral effects of gonadal steroids in women with and in those 
without premenstrual syndrome N Engl J Med. 338(4):209-216. Copyright © 1998, Massachusetts Medical Society. Reprinted with permission.
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 Figure 2.  Upper Panel: Plasma estradiol (A) and progesterone (B) were signifi cantly increased in the three months of estradiol/progesterone addback 
compared with the last month of leuprolide and the month of single-blind placebo. There were no signifi cant differences in plasma levels 
between the fi rst month of estradiol/progesterone addback compared with the second and third months of estradiol/progesterone add-
back. Lower Panel: The pattern of between month differences in symptom severity refl ects the presence of signifi cantly increased Premen-
strual Tension-self (C) and –rater (D) scores during the fi rst month of estradiol/progesterone addback (Month 5) compared with all other 
months (ie, last month of leuprolide alone, placebo, and the second and third months of estradiol/progesterone addback). In contrast, there 
were no signifi cant differences in symptom severity scores in either Premenstrual Tension-self or –rater scores between the last month of 
leuprolide alone (Month 3) and scores during placebo, second and third month of estradiol/progesterone addback. Finally, Premenstrual 
Tension scores in the second and third months of estradiol/progesterone addback also were not signifi cantly different. 

  Reproduced with permission from ref 36: Schmidt PJ, Nieman LK, Danaceau MA, Adams LF, Rubinow DR. Differential behavioral effects of gonadal steroids in women 
with and in those without premenstrual syndrome N Engl J Med. 338(4):209-216. Copyright © 1998, Massachusetts Medical Society. Reprinted with permission.
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postmenopausal women, despite the markedly differ-
ent physiologic characteristics of these two groups; ii) 
antidepressant effects were inferred from a group that 
was not depressed at baseline; iii) depressive symp-
toms from a rating scale were not distinguished from 
depression, a syndromal diagnosis; iv) important co-
variates (eg, past history of depression, presence of hot 
flushes) were not examined or reported; and v) risk of 
bias was moderate to high in almost all studies. Of the 
hundreds of studies reviewed, only 24 met criteria, and 
only five RCTs clearly examined depressed women! 
Based on three RCTs, one of the conclusions reached 
was that estradiol may have antidepressant efficacy in 
perimenopausal but not postmenopausal depressed 
women. This conclusion mirrors the “critical window” 
hypothesis by which (primarily) beneficial effects are 
attributed to hormone therapy initiated proximate to, 
but not distal from, the end of ovarian activity. This 
hypothesis, which finds both support and explanations 
in the animal literature41,42 was adduced by some43 to 
explain the surprising results of the Women’s Health 
Initiative (WHI) Study.44 This massive study was in-
tended to test the effects of HRT on coronary heart 
disease (CHD) (primary outcome) and breast cancer 
(primary adverse outcome). Contrary to the 50% de-
crease in CHD with HRT seen in many observational 
studies, the WHI found a significant, 29% increase in 
CHD. The expected increase in breast cancer (found in 
observational studies with more than 4 years of HRT) 
was also found, and the study was terminated early in 
2002. This study was heralded as the end of HRT, and 
indeed subsequent research on the effects of estra-
diol in humans almost disappeared. Criticisms of the 
WHI methodology appeared almost immediately,45 
and among the legion concerns (eg, use of medroxy-
progesterone acetate, which has many adverse physi-
ologic effects; poor health of large numbers of partici-
pants), one of the most prominent was the observation 
that the mean age of subjects was 63.3 and only 15% 
of subjects were within 5 years of the menopause.46 In 
other words, the critical window was ignored by the 
very design of the WHI. In subsequent reanalysis of 
the WHI data, the adverse cardiovascular effects were 
not observed in those between the ages of 50 and 59 
or in those receiving only estradiol,47,48 thus confirming 
earlier objections to the WHI.
	 The lost opportunity to investigate the psychotro-
pic efficacy of estradiol in the wake of the WHI has no 

doubt limited the extent and reliability of the conclu-
sions that can be drawn regarding the use of estradiol 
in affective disorders. Suggested conclusions are the 
following:  i) In perimenopausal (not post-menopaus-
al) women who are depressed and have other peri-
menopausal symptoms (eg, hot flushes, vaginal dry-
ness), it is reasonable to initiate estradiol treatment 
before starting an antidepressant (as perimenopausal 
symptoms are a clearly agreed upon indication for es-
trogen therapy); ii) Perimenopausal depressed women 
who refuse to take (or are intolerant of) psychotropics 
may be tried on estradiol; iii) There is little theoreti-
cal or practical justification for using estrogen to treat 
depressed women who are more than several years 
post menopause; iv) Any woman started on estradi-
ol should have a gynecologic and breast exam; addi-
tionally one should familiarize oneself with potential 
contraindications (eg, multiple family members with 
a history of breast cancer, family history of premeno-
pausal or bilateral breast cancer, past history of breast 
cancer or thromboembolic disease including stroke); 
v) the effects of hormone therapy will depend on the 
type (ie, estrogen with or without progestin), dose, 
route, formulation, and duration; estradiol, particu-
larly transdermal, is recommended, as it is least likely 
to be associated with thromboembolic phenomena 
and best recapitulates the premenopausal profile of 
estrogen metabolites. vi) Although one could consider 
the use of estradiol as an adjunct in perimenopausal 
women unresponsive to antidepressant therapy, avail-
able data are particularly exiguous and do not permit 
conclusion regarding the efficacy of this approach. To 
end on a somewhat more optimistic note, Gordon et 
al recently reported a prospective study of the pro-
phylactic effects of 100 ug/day of transdermal estra-
diol compared with placebo over 1 year in 172 euthy-
mic, perimenopausal women.49 The women receiving 
estradiol were significantly less likely to experience 
clinically significant depressive symptoms during the 
study (CES-D>16, OR=2.5), with the mood benefits 
particularly prominent in proportion to the number of 
significantly stressful life events in the 6 months prior 
to study initiation (ie, the greater the number of stress-
ful life events, the greater the prophylactic benefit of 
estradiol). These findings suggest that with time and 
additional study, the proper place for reproductive ste-
roids in the treatment of affective state dysregulation 
may well be better defined.
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Conclusions and future directions

Undeniably, reproductive hormones can regulate 
mood, and their manipulation can, in specific instances, 
dramatically alter the course and expression of affec-
tive illness. Nonetheless, these hormonal effects are not 
universal and instead appear in subgroups of individu-
als who are differentially sensitive to the impact of re-
productive steroids on the central nervous system. Go-
ing forward, it will be critical to identify the mediators 
of this differential sensitivity, facilitating the prediction 
of those who would respond to reproductive therapies 
and, of equal importance, those who might be at risk 

for adverse effects. Additionally, the very complexity of 
steroid actions that precludes simple inference about 
potential psychotropic mechanisms of action offers tre-
mendous opportunity for “designer psychopharmacol-
ogy,” whether through specific hormone preparations 
or receptor agonists/antagonists, steroidogenic enzyme 
inhibitors, or selective hormone receptor modulators 
(capitalizing on tissue-specific coregulators). Current 
uncertainties notwithstanding, the future for reproduc-
tive hormone therapy is deservedly bright. o
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¿Los esteroides sexuales juegan un papel en 
la etiología y el tratamiento de los trastornos 
afectivos?

Se ha demostrado que diversas hormonas desempeñan 
un papel en los trastornos afectivos. Los esteroides se-
xuales han aportado importante información en nues-
tros esfuerzos por comprender la fisiopatología de la 
desregulación afectiva por varias razones: 1) Los trastor-
nos del estado de ánimo relacionados con el sistema en-
docrino reproductivo (trastorno disfórico premenstrual, 
depresión perinatal, depresión perimenopáusica) son 
excelentes modelos clínicos para investigar los meca-
nismos por los cuales se producen cambios en el estado 
afectivo, 2) Los esteroides sexuales regulan virtualmente 
todos los sistemas que se han involucrado en las altera-
ciones de la ontogenia de los trastornos afectivos y 3) A 
pesar de la ausencia de una endocrinopatía reproducti-
va, se ha demostrado claramente que los cambios en los 
esteroides sexuales tienen un papel desencadenante en 
la alteración afectiva de los trastornos del estado de áni-
mo reproductivo. Por lo tanto, los datos existentes apo-
yan una sensibilidad diferencial a los esteroides sexua-
les en los trastornos del estado de ánimo reproductivo, 
de manera que los cambios normales en los esteroides 
sexuales precipitan un estado afectivo anormal. Se dis-
cuten las consecuencias terapéuticas de estos hallazgos 
para la enfermedad afectiva.       

Les hormones sexuelles jouent-elles un rôle 
dans l’étiologie et le traitement des troubles de 
l’humeur ?

Il a été prouvé que certaines hormones jouent un rôle 
dans les troubles de l’humeur. Les hormones sexuelles 
nous ont particulièrement instruits dans notre démarche 
pour comprendre la physiopathologie de la dysrégula-
tion de l’humeur pour plusieurs raisons : 1) les troubles 
de l’humeur liés au système endocrinien sexuel (trouble 
dysphorique prémenstruel, dépression périnatale, dé-
pression périménopausique) sont de parfaits modèles 
cliniques pour la recherche des mécanismes sous-jacents 
aux changements d’humeur ; 2) les stéroïdes sexuels 
régulent pratiquement tout système ayant été identi-
fié comme perturbé dans l’ontogenèse des troubles de 
l’humeur ; 3) Même en l’absence de pathologie endocri-
nienne, les variations de taux de stéroïdes sexuels ont 
clairement démontré le rôle déclencheur des perturba-
tions liées à la reproduction dans les troubles de l’hu-
meur. Les données existantes sont donc en faveur d’une 
sensibilité différentielle aux stéroïdes sexuels dans les 
troubles de l’humeur liés à la reproduction telle qu’un 
état émotionnel anormal est déclenché par des varia-
tions normales de stéroïdes sexuels. Nous discuterons 
des implications thérapeutiques de ces résultats pour les 
troubles de l’humeur.  




