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Abstract The menopause transition is associated with a two
to fourfold increased risk in major depressive disorder (MDD)
and clinical elevations in depressive symptoms. While the
pathophysiological mechanisms underlying this increased risk
remain uncertain, ovarian hormone fluctuation is believed to
play a role. To the extent that this is the case, hormone
replacement therapy (HRT), through its hormone-stabilizing
effects, represents a viable antidepressant treatment. The cur-
rent review summarizes the most recent literature evaluating
the efficacy of HRT in treating MDD in peri- and postmeno-
pausal women. In addition, to provide a clinical context in
which to interpret this research, the endocrinology and clinical
phenomenology related to depression with onset in the men-
opause transition (D-MT) are discussed. The available evi-
dence suggests that HRT, specifically involving estrogen de-
livered through a skin patch, is a promising intervention in the
treatment of D-MT. However, HRT of any form is an ineffec-
tive antidepressant in women who are well into the postmen-
opausal period.

Keywords Menopause transition . Perimenopausal
depression . Hormone replacement therapy . Hormone
fluctuation . Estrogen . Progesterone

Introduction

A 49-year-old woman presents to your office complaining of
flattened mood, anhedonia, irritability, trouble sleeping, and
decreased concentration. She “is just not herself” and feels
disconnected from her friends and family. In the intake inter-
view, she reveals that she has been coping with several psy-
chosocial stressors, including her daughter’s departure for
college and her elderly mother’s recent hip fracture. “On top
of all this, these constant hot flashes are killing me!” she
exclaims. When asked if she has noticed any other menopaus-
al symptoms, she explains her menses have been irregular
(longer cycles and a skipped menses or two) for the past year
or so.

How do you treat this patient? Does the fact that she is in
the menopause transition (MT) influence treatment? Hormone
replacement therapy (HRT) is indicated for the treatment of
vasomotor symptoms but does current evidence support its
use as monotherapy in the treatment of mid-life depression?
The current review aims to address the latter question by
summarizing the most recent research examining the antide-
pressant effects of HRT. First, however, the phenomenology
of depression with onset in the menopause transition (D-MT)
will be discussed, including a review of its endocrinology,
prevalence, and associated risk factors. Finally, we briefly
discuss some recent clinical research providing insight into
the putative pathophysiological mechanisms underlying D-
MT development.

The Endocrinology of the Menopause Transition

As a woman approaches the end of her reproductive life, a
depleted supply of ovarian follicles triggers a cascade of
endocrine changes, disrupting the complex regulation of the
hypothalamic-pituitary-ovarian axis (reviewed in [1, 2]).
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Among these changes are substantial fluctuations in follicle-
stimulating hormone (FSH). As a result, although FSH levels
have traditionally been used as an endocrine marker of post-
menopausal status, they are less useful for reproductive stag-
ing in the MT. Instead, standard criteria for reproductive
staging are based primarily on menstrual bleeding patterns,
which can be corroborated with endocrine data. The most
commonly used staging system is the Stages of Reproductive
AgingWorkshop (STRAW+10) [3], which divides a woman’s
reproductive lifespan into stages based on bleeding patterns,
using the final menstrual period as the anchor.

Consequent to fluctuating FSH concentrations, estradiol
(E2) levels are also highly variable during the MT. On the
one hand, there can be extended periods of low E2 in between
menstrual cycles while on the other hand, some cycles may
actually be characterized by E2 concentrations that are much
higher than experienced premenopausally. E2 concentrations
during anovulatory cycles, which become increasingly fre-
quent as the MT progresses, are also very erratic. In contrast,
an increasing number of anovulatory cycles translate to a
stabilization of progesterone (P4) concentrations. As such,
women are exposed to considerable E2 flux in the MT. Fur-
thermore, this flux, which has recently been shown to contin-
ue into the early postmenopausal period [4], may extend over
5 years or more [5].

Depression With Onset in the Menopause Transition
(D-MT)

Prevalence

Popular opinion suggests that this period of hormonal flux is
often accompanied by increased moodiness, irritability, and
risk for depression. Is there empirical evidence to support this
belief? Yes, in fact, over the past decade, multiple studies have
observed an increased risk of both elevated depressive symp-
toms and syndromal major depressive disorder (MDD) during
the MT. For example, the Study of Women’s Health Across
the Nation (SWAN) of 3302 women aged 42–52 who were
followed over 5 years [6] observed an increased risk of clin-
ically significant depressive symptoms in the early and late
MTas well as the early postmenopause (STRAW stages −2 to
+1), with odds ratios ranging from 1.30 to 1.71. Furthermore,
the 15-year Seattle Midlife Women’s Health Study of 302
women aged 35 to 55 [7] found that the rate of elevated
depressive symptoms doubled in the late MT. Studies exclud-
ing womenwith a history ofMDD also find the risk of clinical
elevations in depressive symptoms to be increased in the MT.
For example, a sub-analysis of the Penn Ovarian Aging Study
involving 231 women [8] found that over 8 years, the risk of
elevated depressive symptoms (CES-D score ≥16) was four
times greater during the MT compared to the premenopausal

period. The 3-year Harvard Study of Moods and Cycles study
of 460 women aged 35–45 [9] also found that the rate of
clinically significant depressive symptoms in the pre- vs.
perimenopause was 20 and 33 %, respectively.

The incidence of syndromal MDD is also increased in the
MT in mixed samples of women with and without a history of
MDD. In a sub-analysis of 221 initially premenopausal
SWAN participants involving a 10-year follow-up and includ-
ing women both with and without a history of depression, the
rate of syndromal MDD, assessed using the Structured Clin-
ical Interview for DSMDisorders IV (SCID-IV), was found to
be doubled during the MT [10]. In contrast, it is unclear
whether the risk of first-onset MDD is increased during the
MT: in 260 SWAN participants free of a history of MDD, the
risk of first-onset MDD, assessed using the SCID-IV, was not
increased in the MT over 7 years [11].

The above research provides strong evidence that the risk
of clinically significant elevations in depressive symptoms is
increased in the MT and early postmenopausal period. How-
ever, the available evidence suggests that the risk of
syndromal MDD may only be increased in the MT among
those women with a positive depression history.

Clinical Phenomenology

D-MT and MDD unrelated to reproductive events share the
same basic diagnostic criteria (e.g., depressed mood, anhedo-
nia), and a diagnosis of MDD should be made if these criteria
are met regardless of whether one or more of the symptoms
might overlap with classic menopausal symptoms. However,
the presence of additional bothersome menopausal symptoms
may present additional challenges and exacerbate depressive
symptoms in perimenopausal women. For example, over half
of women in the MT and early postmenopausal period expe-
rience vasomotor symptoms [12]. In addition, women
reporting clinical elevations in depressive symptoms are more
likely to experience subjective hot flashes lacking physical
corroboration [13]; the impairment attributed to vasomotor
symptoms may therefore be particularly great in women with
D-MT. Sleep disturbances, both related and unrelated to night
sweats, are also reported in approximately half of women in
the MT [12], and, not surprisingly, this frequency is even
greater in women with D-MT [14]. Finally, vaginal dryness,
reported by 7–39 % of perimenopausal women [12], can
contribute to sexual dysfunction, creating an additional barrier
to intimacy with loved ones.

If D-MTand MDD share the same diagnostic criteria, what
then determines the diagnosis of D-MT and why might it be
important to differentiate it fromMDD unrelated to reproduc-
tive events? To diagnose D-MT, it is necessary to establish the
presence of perimenopausal events as the context—such as
irregular or skipped cycles, hot flashes, vaginal dryness, ele-
vated FSH—and exclude the possibility of pregnancy or other
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endocrine issues that could cause amenorrhea. The diagnosis
of D-MT as opposed to MDD occurring at other life phases
may well influence the therapeutic approach.

The Role of Hormonal Fluctuation in D-MT

Several theories explaining the increased risk of depression in
the MT have been proposed. Among them are the empty nest
syndrome and the domino theory, the latter hypothesizing that
vasomotor symptoms trigger depressed mood through sleep
disruption and functional impairment. While familial stress
and vasomotor symptoms may contribute to depressive symp-
toms in some perimenopausal women, neither are any longer
believed to be solely responsible for the increased risk of
depressed mood in the MT. Rather, the potential involvement
of hormonal fluctuation in the etiology of D-MT has been of
increasing scientific interest.

In 2005, the NIH State-of-the-Science Conference State-
ment on Management of Menopause-Related Symptoms [12]
concluded that there was “limited evidence that ovarian
changes associated with menopause might be a cause of
depression.” Indeed, not all studies directly examining the
relationship between E2 fluctuations and mood have found a
significant effect [7, 10, 15]. However, design limitations,
most notable of which is infrequent hormone measurement,
may account for these negative findings. Consistent with this,
the two studies using a more frequent hormone sampling
interval have observed a significant relationship between hor-
monal variability (E2 and FSH, respectively) and D-MT [8,
16]. Supporting this theory is the finding that both a history of
premenstrual syndrome and a history of postpartum depres-
sion—two disorders for which reproductive hormonal flux
has been shown to play a role [17, 18]—are each strong
predictors of D-MT [7, 8, 14].

Our preliminary data further support a role of E2 fluctua-
tion in the etiology of D-MT. In our ongoing research, E2
concentrations and CES-D scores are obtained four times
(baseline, months 1, 8, and 14) in initially euthymic healthy
women (ages 45–55) meeting STRAW+10 criteria for the
early or late menopause transition (stages −2 and −1) over a
period of 14 months. The Life Experiences Scale (LES),
providing a measure of overall life stress in the previous
6 months (a composite of number and severity of stressors),
was also administered at the baseline assessment. Interesting-
ly, the standard deviation calculated across the four E2 con-
centrations, providing a proxy of E2 fluctuation, was found to
be associated with elevated depressive symptoms at the end of
the 14-month interval but only in women falling above the
median LES score. E2 fluctuation was also associated with
exaggerated emotional responses to a psychosocial laboratory
stressor; furthermore, this association was significant at both

months 8 and 14 (thus preceding the effect of E2 fluctuation
on depressive symptoms). These data therefore suggest that
fluctuating E2 may increase a woman’s sensitivity to stress,
which, when combined with significant life stress proximal to
the MT (e.g., divorce, child leaving for college, caring for
elderly parents, etc.), may contribute to D-MT. However, in
the absence of significant life stress, the risk of D-MT is not
increased. These findings must be considered preliminary, but
they are consistent with the observation that although hor-
monal fluctuation is believed to play a role in triggering D-
MT, psychosocial stress including unemployment [14], finan-
cial strain [6], lack of social support [6] and stressful life
events proximate to the MT [6, 10] have also been shown to
predict an increased risk for both clinical elevations in depres-
sive symptoms and syndromal MDD in the MT.

To the extent that fluctuations in E2 contribute to increased
emotional lability in the face of life stress, stabilizing the
hormonal environment may benefit mood in the MT. E2
therapy, by impairing ovulation [19] and preventing E2 con-
centrations from dipping below premenopausal follicular
phase levels [20], does just that. As such, the potential antide-
pressant effects of E2 therapy are of interest. In the following
section, we review the existing literature examining the effi-
cacy of E2 therapy in the treatment of D-MT and contrast this
literature with studies conducted in postmenopausal women,
placing particular emphasis on the most recent research.

HRT in the Treatment of D-MT

The Perimenopause and Early Postmenopause

Studies evaluating the efficacy of oral preparations of E2 in
treating D-MT have obtained mixed results [21–23]. In con-
trast, transdermal E2 may be a more promising treatment for
D-MT. To date, one open-label study and three small RCTs
have examined the efficacy of transdermal E2 as a treatment
for D-MT. The open-label study observed a remission rate of
60 % among its perimenopausal participants [24] while in the
two older RCTs, remission rates of 68 and 80 % were ob-
served compared to rates of approximately 20 and 22 % in the
placebo groups [25, 26•].

The third study, a recent double-blind RCT [27] aimed at
examining the role of sleep disturbance in the etiology of
menopausal depression, compared the efficacy of 8 weeks of
transdermal 17-β estradiol (0.05 mg/day), the hypnotic
zolpidem (10 mg/day), and placebo. It included 72 peri- and
postmenopausal women aged 40–60meeting DSM-IV criteria
for a unipolar depressive disorder of mild to moderate severity
as well as meeting threshold criteria for an insomnia syn-
drome. The results revealed no significant differences in de-
pressive symptom improvement between the three treatment
arms. However, subgroup analyses suggested that among the
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peri- but not postmenopausal women, the within-woman in-
crease in serum E2 concentrations across all treatment arms
were predictive of improved depressive symptoms, suggest-
ing specificity of mood effects of increasing E2 levels for
perimenopausal women.

Follow-up analyses from the above study, combined with
data from a similar RCT examining the cognitive effects of
transdermal E2 in euthymic women [28•], aimed to assess the
mood effects of P4 supplementation. More specifically, de-
pressive symptoms were assessed before and after the admin-
istration of 14 days of medroxyprogesterone (10 mg/day) to
women who had been assigned to the transdermal E2 treat-
ment arm. Participants included 24 euthymic and 14 de-
pressed peri- and early postmenopausal women. Results re-
vealed that mood did not significantly change with the admin-
istration of medroxyprogesterone in either the euthymic or
depressed women [29•].

The Late Postmenopausal Period

Consistent with the notion that hormonal flux, rather than low
ovarian hormone levels per se, triggers depressive symptoms,
recent studies find HRT to be an ineffective treatment for
depression in the older postmenopausal woman. In one RCT
[30] examining the effect of hormone replacement and vita-
min D for age-related bone loss, 489 older postmenopausal
women (aged 65–77) were randomized to 36 months of
conjugated equine estrogen (0.625 mg/day) alone or com-
bined with calcitriol, calcitriol alone, or placebo. Women with
an intact uterus (59 % of the total sample) receiving estrogen
also received daily medroxyprogesterone acetate (2.5 mg/day)
for uterine protection. HRT was not found to significantly
impact the percentage of women endorsing clinically signifi-
cant elevations in depressive symptoms. Similarly, an RCT of
76 hysterectomized euthymic postmenopausal women did not
find an effect of treatment on mood or anxiety after random-
ization to six 28-day cycles of either conjugated equine estro-
gen (0.625 mg/day) or placebo [31].

The findings of these two studies are in line with older
studies using transdermal E2, which also did not find an
antidepressant effect of E2 therapy in older postmenopausal
women [24, 32]. Thus, the negative findings of the above
studies are more likely to be related to the late postmenopausal
status of the participants rather than the hormonal preparation
used.

Research investigating the efficacy of E2 therapy as an
adjunct to standard antidepressant treatment also does not
support the use of E2 therapy in late postmenopausal women
for the treatment of mood symptoms. Recently, the STAR*D
trial [33] of 896 premenopausal and 544 postmenopausal
women meeting DSM-IV criteria for MDD administered
12–14 weeks of citalopram. One quarter of the women were
taking exogenous hormones (oral contraceptives in the

premenopausal women and HRT in the postmenopausal wom-
en). When the authors compared the efficacy of citalopram in
women taking versus not taking exogenous hormones, differ-
ential effects were obtained for pre- versus postmenopausal
women. While citalopram’s antidepressant effect was greater
in premenopausal women taking (versus not taking) oral
contraceptives, it did not differ according to hormonal status
in the postmenopausal women. While it remains to be seen
whether E2 therapy is useful as an adjunct treatment to SSRIs
in depressed peri- and early postmenopausal women, the
above study suggests that it is not an effective adjunct treat-
ment in postmenopausal women.

Issues to Consider When Prescribing HRT

The prescription of E2 therapy for menopausal symptoms
remains strongly influenced by the surprising results of the
Women’s Health Initiative (WHI), suggesting that E2 therapy
increased the risk of both non-fatal cardiovascular events [34]
and breast cancer [35]. However, as summarized in the 2012
Position Statement of the North American Menopause Society
[36] and 2010 Endocrine Society Scientific Statement [37],
secondary analyses of theWHI, as well asmore recent research,
have revealed that earlier findings were likely partially a func-
tion of the participant’s older age (mean age=63, range 50–79)
and the fact that they were on average 12 years postmenopausal
and likely to be in advanced stages of atherosclerotic progres-
sion. Subgroup analyses [38] and one surrogate endpoint study
[39] from the WHI demonstrate that the effects of HRT on
cardiovascular disease are modified by the timing of its initia-
tion relative to the cessation of menses, indicating that the risk
of cardiovascular disease in the WHI was observed in older but
not younger women. In line with this, HRT should be initiated
only in women within 10 years of menopause [36].

The preparation of E2 and P4 used in WHI (conjugated
equine estrogen and medroxyprogesterone) likely also helps
to explain its findings. Recent evidence suggests that trans-
dermal E2, because it is not subject to first-pass hepatic
metabolism as are oral preparations, does not exhibit the
prothrombotic and proinflammatory effects that are observed
with oral E2 [40]. Second best in terms of cardiovascular
profile is oral 17-β E2, exhibiting a more favorable cardio-
vascular profile when compared to conjugated equine estro-
gen [41]. Furthermore, the progestogen used in the WHI,
medroxyprogesterone, has been shown to be particularly an-
tagonistic to E2’s cardiovascular benefits [42, 43]. Micronized
P4 has therefore been proposed as a safer alternative [42]. As
such, transdermal E2, combined with micronized P4 in wom-
en requiring uterine protection, may be the safest HRT [42] in
terms of cardiovascular and prothrombotic effects.

To minimize HRT-associated risks, treatment guidelines
also recommend using the lowest possible E2 dose necessary
to obtain the desired effect. The duration of use is also
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important to consider: while unopposed E2 has a more favor-
able benefit-risk profile even with longer use (11 years), the
use of combined E2 and P4 should be limited to 3 to 5 years of
use to avoid an increased risk of breast cancer [36]. Finally, it
is recommended that the use of HRT to manage D-MTshould
involve a general practitioner or gynecologist to monitor the
effects of HRT on other systems.

Summary and Conclusions

Taken together, the available evidence supports the use of E2
therapy in the treatment of depression among peri- and early
postmenopausal women but not women who are well into the
postmenopausal period. Among peri- and early postmeno-
pausal women, there is growing evidence that transdermal
E2 may be superior to oral preparations in terms of its antide-
pressant effects. There are several possible reasons for this
(discussed in [44, 45•]), including the greater bioavailability
of E2 when delivered transdermally and an E2-to-estriol ratio
that is more comparable to that observed in premenopausal
women when compared to conjugated equine estrogen. In
theory, transdermal E2 should also result in more constant
E2 concentrations in blood when compared to oral prepara-
tions, although if this is true in practice is uncertain given that
issues related to patch adherence are not uncommon. For these
reasons, we hypothesize that transdermal E2’s antidepressant
effects may be more pronounced than oral HRT’s in treating
D-MT. However, upcoming research, such as the recently
completed Kronos Early Estrogen Prevention Study
(KEEPS) Cognitive and Affective ancillary study (KEEPS-
cog) [45•], a placebo-controlled RCTcomparing the cognitive
and mood effects of low-dose conjugated equine estrogen and
low-dose transdermal E2 in the late perimenopause and early
postmenopause, will more definitively clarify this issue.

Though the coming years will undoubtedly spawn more
definitive conclusions about the treatment of D-MT, we be-
lieve the available preliminary evidence supports the use of E2
therapy, particularly transdermal E2, in the treatment of D-
MT. While the exact mechanisms by which depressive symp-
toms are triggered in the MT are unknown, it may be safe to
assume that changes in E2, be it E2 withdrawal or fluctuation,
play an important role. Based on this assumption, we suggest
that the following factors be considered before prescribing
HRT as a possible treatment for mid-life depression:

Menopausal status: The existing literature, while limited
by small sample sizes, suggests that HRT may not be an
effective treatment for depression in an older postmeno-
pausal woman.
Timing of depressive symptom onset: Depressive symp-
toms whose onset coincides with the onset of menstrual
irregularity may be more likely to be hormonally related
and thus more responsive to E2 therapy.

History of reproductive mood disorders: A positive his-
tory of reproductive mood disorders such as premenstrual
dysphoric disorder or postpartum depression may indi-
cate an increased sensitivity to fluctuations in ovarian
hormones.
Medical history: E2 therapy has been shown to increase
the reoccurrence of venous thromboembolism, endome-
trial cancer, and breast cancer in women with a positive
history of these diseases [36].
Patient preference: Perhaps more so than any physical
disorder, patient buy-in is critical in the treatment of
depression. Thus, the treatment modality—HRT, an
SSRI, or psychotherapy—should always be chosen with
the patient’s preference in mind.
Other menopausal symptoms: A trial of HRT as mono-
therapy may be particularly worthwhile in the case of a
woman suffering from severe hot flashes and sleep-
disturbing night sweats in addition to D-MT. If depressive
symptoms do not remit with HRT, a conventional antide-
pressant may be prescribed.
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