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Abstract

Perimenopause marks the transition from a woman’s reproductive stage to menopause. Usually occurring between 42 and
52 years of age, it is determined clinically by the onset of irregular menstrual cycles or variable cycle lengths. Women are
at an increased risk of depression and anxiety during perimenopause and the menopausal transition. Depressive symptoms
experienced in perimenopause are often more severe compared to pre- and post-menopause. During menopausal transition,
the impact of fluctuating estrogen in the central nervous system (CNS) can have negative psychological effects for some
women. Traditional first-line management of menopausal depression involves antidepressants, with modest outcomes. The
positive effects of estrogen treatment in the CNS are becoming increasingly recognised, and hormonal therapy (HT) with
estrogen may have a role in the treatment of menopausal depression. In this review we will outline the prevalence, impact
and neurochemical basis of menopausal-associated depression, as well as hormone-based approaches that have increasing
promise as effective treatments.

1 Introduction
Key Points
Perimenopause marks the transition from a woman’s repro-
ductive stage to menopause. Usually occurring between 42
and 52 years of age, perimenopause is determined clini-

Women are at an increased risk for depression and anxi-
ety during perimenopause and the menopausal transition.

During menopausal transition, the impact of fluctuating
estrogen in the central nervous system (CNS) can cause
depression and anxiety in some women.

Traditional first-line management of menopausal depres-
sion involves antidepressants, with modest or poor
outcomes.

The positive effects of estrogen treatment in the CNS
are becoming increasingly recognized, and hormonal
therapy (HT) with estrogen may have a role in the treat-
ment of menopausal depression.
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cally by the onset of irregular menstrual cycles or variable
cycle lengths [1]. According to the Stages of Reproductive
Age Workshop (STRAW) [2], cycle lengths must differ by
at least 7 days, and after a woman has had 1 year without
a menstrual period, she has completed the transition into
menopause. In addition to numerous somatic symptoms, one
in three women will experience significant psychological
changes during the transition into menopause [3]. Previous
studies have demonstrated that women are not only at an
increased risk of depression and anxiety during perimeno-
pause and the menopausal transition (MT) [4-6], but also
that depressive symptoms experienced in perimenopause are
of higher severity compared with pre- and postmenopause
[7, 8]. We note of course that many women have no mental
health issues related to menopause transition.

However, depression associated with menopause is
becoming increasingly more recognized. Although sparse,
human studies have shown that estrogen is involved in the
modulation of neurocircuitry contributing to the develop-
ment of depression, including at the serotonergic, noradr-
energic, and dopaminergic systems [9, 10]. Estrogen’s neu-
roprotective effects have been shown in neurodegenerative
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diseases, where it may be protective against Alzheimer’s
disease (AD) and Parkinson’s disease [11, 12]. It makes
sense therefore that during menopause, with fluctuating
and decreasing estrogen levels in the central nervous sys-
tem (CNS), that a subsequent diminution of estrogenic
neuroprotective effects could have negative psychological
effects on some women. Furthermore, reproductive ageing
involves physical changes, loss of certain bodily functions,
and changes to feelings of femininity [13]. Compound-
ing this are symptoms of menopause that can significantly
impact a woman’s quality of life. In adjusted analysis of
health-related quality of life, the Study of Women’s Health
Across the Nation showed that menopausal symptoms, and
not menopause itself, had a significant negative impact on
the overall emotional functioning of women in the perimen-
opausal period [14]. Adequate control of depressive disor-
ders and symptoms throughout the MT is therefore of utmost
importance. Traditional first-line management of menopau-
sal depression involves antidepressants, but the positive
effects of estrogen on the CNS are becoming increasingly
recognized, and hormonal therapy (HT) with estrogen may
have a role in the treatment of depression associated with
menopause.

In this review, we outline the prevalence, impact and
neurochemical basis of menopausal-associated depression,
as well as provide emerging evidence for the consideration
of hormone-based treatments, particularly for women with
severe, persistent depression related to menopause that has
not responded to treatment with antidepressant medications.

2 Epidemiology

The most recent Australian data on mental health showed
that women experience higher rates of mental illness than
men, with twice as many women than men developing major
depressive disorders [15]. Gender is clearly implicated in the
type and degree of mental illness, with the detrimental out-
come of suicide alarmingly increasing for women over the
past decade [16]. Genetics, previous mental health disorders,
stressful life events and sexual violence are also believed
to be involved in the increasing rate of female depression
[16-18]. In particular, the repeated endocrinological changes
occurring in women around puberty, partum, post-partum
and menopause could be the reason that the higher risk
of depression for women than men persists from puberty
through to old age [17, 19]. Interestingly, there may even be
a female-specific reproductive phenotype for depression that
makes certain women more susceptible to hormonal fluctua-
tions during reproductive events [17]. The MT is indepen-
dently associated with a high risk of developing depressive
symptoms. Multiple studies have shown that women, even
without a previous history of depression, are more likely to
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develop symptoms during the perimenopause compared with
other periods of their life [3, 10, 20].

3 Neurobiological Changes in Menopause

Estrogen is a cholesterol-derived sex steroid with three sub-
types: estrone ‘El’ is the main subtype present in menopau-
sal women; estradiol ‘E2’ is the most potent subtype and
is highly abundant in premenopausal women; and estriol
‘E3’, is the weakest of the three subtypes, secreted by the
placenta during pregnancy [11]. As a metabolic steroid,
estrogen production occurs via adrenal, ovarian, adipose,
testicular, and placental pathways. In females, it is secreted
cyclically at menstruation and exerts negative feedback mod-
ulation on the hypothalamic-pituitary-ovarian (HPO) axis.
The HPO axis governs ovarian cyclicity and comprises the
hypothalamus, pituitary gland, hypothalamic gonadotropin-
releasing hormone (GnRH) neurons, and the female gonadal
structures. During the luteal phase of the menstrual cycle,
pituitary gonadotropes respond to pulsatile release of GnRH
by secreting the gonadotropins follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) [21-23]. The gonado-
tropins stimulate ovarian folliculogenesis, as well as steroid
and inhibin production [22, 23]. As levels of estrogen and
inhibin B rise during the luteal phase of the cycle, the steroid
and peptide dually suppress hypothalamic and gonadotropic
neurons, coordinating a highly organized negative feedback
loop [21, 24].

Estrogen has two signalling pathways. The classical path-
way involves the nuclear receptors ER-a and ER-f, to which
estrogen binding triggers changes in gene transcription [11,
25]. The non-classical pathway involves the G-protein-cou-
pled-receptor GPER1, to which estrogen binding triggers the
cyclic adenosine monophosphate/mitogen-activated protein
kinase (c-AMP/MAPK) signalling pathway moderated by
protein kinases [26]. All three receptors are differentially
expressed in tissues throughout the body, with ER-f being
the predominant receptor in the CNS [11, 25]. Estrogen’s
hormonal influence contributes to biological changes under-
lining menopausal symptoms [27, 28]. Physiologically, the
menopausal transition involves fluctuating levels of gonadal
steroids in ovarian and uterine tissue and in the CNS via the
HPO axis [29]. Ovarian senescence causes hypoestrogen-
ism that induces a climacteric state with insomnia, bleeding
irregularity, urogenital atrophy, breast aches, sexual dysfunc-
tion and vasomotor changes [30, 31]. Changes in mood, cog-
nition and memory have also been associated with the onset
of menopause [32, 33].

Estrogen fluctuations and related shifts in the neuro-
chemicals it modulates have been implicated in the aetiol-
ogy of menopausal depression, despite views that meno-
pausal depression may merely be caused by the unpleasant
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experience of vasomotor symptoms (VMS) [27, 28]. The
matter is made even more complex by the fact that certain
symptoms of depression, such as changes in concentration
and fatigue, are also independently associated with meno-
pause [32]. However, the physiological process of VMS and
the aetiology of menopausal depression are likely independ-
ent hormonal interplays.

3.1 Vasomotor Symptoms, Neurological Impacts
and Menopausal Depression

Menopausal VMS describe hot flushes and night sweats that
affect 80% of menopausal women [34]. They may begin in
the perimenopausal period and are associated with a fluctua-
tion and decline in ovarian hormones [35]. Hot flushes in
particular can be quite disturbing for women, ranging from a
state of transient warming to a sudden reddening of the skin
with flushing and severe diaphoresis. Changes in heart rate,
pressure in the head or chest, nausea and anxiety can also
occur [34]. Cutaneous vasodilation and, to a lesser extent,
sweating, underlines the physical expression of a hot flush
[36]. LH shows pulsatile activity that synchronizes with the
occurrence of hot flashes [36, 37]. Underlying mechanisms
of VMS are thought to involve thermoregulatory dysfunc-
tion, hippocampal connectivity dysfunction, and changes in
neuronal opioid activity [34, 38, 39]. The thermoregulatory
hypothesis of VMS involves impaired signalling between the
neuroendocrine, autonomic and somatomotor pathways. As
the major temperature regulatory pathway in the brain, the
hypothalamus receives afferent neurological signals about
temperature from the periphery. Under normal conditions,
it responds with efferent signals to cause vasodilation and
vasoconstriction in response to increased and decreased
temperature, respectively. In menopause, it is thought that
VMS arise from an exaggerated response to small increases
in temperature [34]. The hippocampal hypothesis associ-
ates hot flushes with increased levels of connectivity in the
default mode network (DMN)—the region of the brain usu-
ally active in the absence of external stimuli. Interestingly,
hyperactivity in the DMN is seen in both hot flushes and
major depression, independently [38]. The opioid hypoth-
esis maintains that endogenous opioid binding capacity and
opioid-mediated inhibition of GnRH declines in menopause
[40, 41]. A study on ovariectomized rats treated with mor-
phine showed that opioid withdrawal triggered similar body
temperature surges to those seen in menopausal hot flushes
[39]. Finally, numerous animal experiments by Rance et al.
have shown that the KNDy peptide, a co-expression of kiss-
peptin, neurokinin B and dynorphin, is involved in hypotha-
lamic signalling mechanisms that contribute to VMS [37].
In a study on female rats, it was found that KNDy neurons
not only project to the very hypothalamic regions believed to
control temperature reduction (the median preoptic nucleus)

but also converge with GnRH neurons. As GnRH controls
the pulsatile activity of LH, and LH release is thought to be
temporally correlated to hot flushes, KNDy neuronal activity
could explain the relationship between LH pulsatility and
hot flushes [37]. Moreover, in a similar experiment, Rance
et al. found that the skin tail temperature of KNDy neuron-
ablated rats was reduced compared with control rats, indicat-
ing that KNDy neurons may promote cutaneous vasodila-
tion, a major sign of hot flushes [37, 42].

Despite a number of reports that hot flushes accentuate
the risk of depressive symptoms in perimenopause [3, 43],
multiple high-quality studies have showed that there is an
increased risk of having depression in the menopausal transi-
tion, even when controlled for hot flashes and life stressors
[5,7,44].

3.2 Menopausal Depression

The neurobiological basis of depression is not fully under-
stood but is thought to involve dopaminergic/serotonergic
pathways. In healthy individuals, dopaminergic neurons in
the mesolimbic pathway regulate motivation, reward, and
pleasure. Many of these dopaminergic pathways are modu-
lated by serotonergic neurons [45]. Models of depression
demonstrate altered mesolimbic signalling and dysfunction
of the amygdala pathways involved in emotional control [45,
46]. Symptoms are reversed with agents that increase dopa-
minergic and serotonergic transmission [46, 47], indicating
that depression is associated with a decline in serotonin and
dopamine. Estrogen itself is believed to be involved with the
modulation of serotonin via modulation of serotonin recep-
tor expression [25]. Estrogen levels fluctuate during meno-
pause, causing destabilizing effects on mood and levels of
serotonergic neurotransmitters [48, 49]. Changes in major
neuropeptide pathways can also affect mood in menopause.
Dehydroepiandrosterone sulphate (DHEAS) is an endog-
enous steroid hormone and neuroregulator of serotonergic
and y-aminobutyric acid (GABA) neurotransmitter signal-
ling. Levels of DHEAS decline with ageing, and a 2001
study by Morrison et al. found that there may be a relation-
ship between lower levels of DHEAS in older women and
increasing symptoms of depression [50]. In 2002, Schmidt
and colleagues showed that DHEAS levels in depressed peri-
menopausal and postmenopausal women were significantly
lower than that of non-depressed controls [35]. As DHEAS
is an adrenal precursor to estrogen, perhaps low levels of
DHEAS may interact with declining and fluctuating levels
of estrogen to increase the risk of depressive symptoms
in the menopausal period [35, 51]. Similarly, a decline in
GABAergic inhibitory function is seen in postmenopausal
depression [52]. The GABAergic influence over postmen-
opausal depression parallels the reduced levels of GABA
implicated in major depression [53]. Finally, endogenous
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opioid dysfunction may be involved in the pathophysiology
of major depressive disorder [54], and perhaps the change in
neuronal opioid activity during menopause may be involved
in the pathophysiology of associated depression.

4 Neuroprotective Effects of Estrogen
and Associations with Menopause

Estrogen continually contributes to brain growth and
development via regulating cell survival, differentiation,
proliferation and migration [11, 26], and is ultimately
involved in neurogenesis [55]. Estrogen decline is asso-
ciated with reduced levels of brain-derived neurotropic
factor (BDNF) [56], indicating that estrogen is essential to
maintaining growth factors. In the study by Woolley et al.,
estrogen-treated ovariectomized rats had increased den-
sity of hippocampal neurone synapses and apical dendritic
spines [57]. Similarly, animal modelling of multiple scle-
rosis showed that estrogen treatment resulted in increased
axonal remyelination and preserved axonal integrity,
compared with controls [58]. Animal and human studies
have demonstrated that estrogen improves the activity of
neuronal antioxidants [59, 60], thereby protecting against
neurodegenerative diseases [11]. Brain metabolism is
also affected by estrogen. Estrogen may enhance glucose
metabolism by augmenting glucose transporters to enable
better glucose utilization [61, 62], a process paramount
to neuronal homeostasis. Moreover, estradiol-treated
patients have reduced hippocampal atrophy, preserved
age-related loss of gray matter, and improved cerebral
blood flow [63-65]. A preliminary neuroimaging study of
elderly Mexican women showed that those receiving estro-
gen therapy (ET) had larger magnetic resonance imaging
(MRI)-measured hippocampal brain volume compared
with untreated women [63]; however, their menopausal
status was not mentioned. Boccardi and colleagues also
conducted a neuroimaging study on women to evaluate
the effect of ET on cerebral matter [64]. Participants, who
were all postmenopausal, were assessed using MRI to
detect gray matter volume in those previously and cur-
rently treated with ET, and those untreated. Current ET
comprised of transdermal estradiol 50-100 ug/day, and
past ET was not explicitly defined. Both current and past
ET use was associated with larger gray matter MRI-meas-
ured volumes compared with no ET use [64]. Finally, a
Finnish study investigated changes in carotid artery pul-
satility index in postmenopausal women. After treatment
with oral or transdermal sequential cyclical combined
HT for 12 months, mean carotid artery pulsatility signifi-
cantly decreased with oral and transdermal HT; increased
cerebral vascularity was likely due to nitrous oxide-
induced vasodilation from estrogen [65]. As such, trophic
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molecular effects demonstrate that estrogen’s protective
effect on the brain may prevent neurodegenerative disease.

In the study by Maggioli et al., ovariectomized mice exhib-
ited increased levels of Annexin A1 (ANXA1) after treatment
with estradiol [66]. ANXAI is an anti-inflammatory protein
that regulates blood-brain barrier (BBB) endothelial tight
junctions, thereby limiting permeation of toxic substances
into the brain. Estrogen treatment increased levels of CNS
ANXALI, reduced endothelial paracellular permeability, and
inhibited lymphocyte migration into the brain. The effect of
estrogen on the inflammatory response has also been shown in
a small human study by Puder et al., where six postmenopausal
women were tested for their response to endotoxin adminis-
tration both with and without ET [67]. There was a signifi-
cantly diminished endotoxin-induced release of inflammatory
cytokines (specifically, interleukin-6, tumour necrosis factor-a
and interleukin-1 receptor antagonist) after treatment with
transdermal estrogen 100 pg/day for 1 month, compared with
no treatment [67]. Thus, estrogen may also modulate inflam-
matory cytokines and limit BBB penetrability and lymphocyte
transmigration, thereby protecting against inflammation impli-
cated in certain cerebrovascular diseases.

Estrogen loss associated with menopause is perhaps the
reason that women are not only at an increased risk of AD
than men [68] but also experience a more accelerated cogni-
tive decline [11]. AD may be less common in postmenopausal
women who use ET [69-72]. However, there is conflicting
evidence regarding the association between HT and AD. Early
observational studies indicated that the use of HT with estro-
gen in particular reduced the risk of, and improved cognition
of patients with, AD [73-75], while a double-blinded, rand-
omized controlled trial (RCT; the Women’s Health Initiative
Memory Study [WHIMS]) showed an increased risk for AD
in women using HT [76-78]. In the two-arm study, both ET
and estrogen/progesterone combination therapy increased the
risk of AD compared with placebo [77, 78]. However, women
who participated in the WHIMS study were beyond the mean
age of menopause onset and usual age of HT initiation in
clinical practice. More recent studies have shown that HT is
protective against dementia if administered within a critical
window of time [69, 79]. The critical period hypothesis sug-
gests that HT may delay the progression and/or reduce the
risk of AD if administered within the early menopause period
[80, 81]. However, a recent Finnish study opposes the critical
period hypothesis, showing that long-term use of systemic HT
increases the risk of AD regardless of age at initiation [80].

Overall, the positive effects of estrogen on brain structure,
function and integrity, independent of age, are clear and may
make menopause a time of increased risk of neurological
disease for women. Mosconi et al. demonstrated that women
exhibit higher rates of amyloid deposition, accelerated hip-
pocampal volume loss, and reduced glucose utilization across
the menopausal transition, but particularly within the early
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stage of perimenopause to menopause [33, 69]. The specific
period of perimenopause itself poses an increased risk of
AD. A 2021 study on brain connectivity in women found that
when adjusted for women who had a positive apolipoprotein
E4 (APOE-4) phenotype, amyloid-f deposition was higher in
peri- and postmenopausal women compared with premeno-
pausal women [33]. Amyloid-f deposition is one of the main
mechanisms underlying the pathophysiology of AD. Posses-
sion of an APOE-4 genotype increases the risk for developing
inherited forms of AD. The stage of menopausal transition
appears to have an effect on human brain structure, metabo-
lism, and connectivity regardless of age [33].

5 Treatment of Menopause-Associated
Depression

There is a gap in research studying treatments for meno-
pause-associated depression. In the study by Soares et al.,
HT was superior to placebo in treating perimenopausal
depression [44]. Although not yet approved in Australia and
other countries for the treatment of depression associated
with menopause, recent studies using HT with estrogen have
shown that estrogen is efficacious in treating psychological
conditions in women [82, 83]. However, HT is contraindi-
cated in women with a history of breast cancer [84]. Simi-
larly, some women will need to use progesterone in addition
to estrogen rather than sole estrogen HT, the combination
of which is not ideal for all women, as we explore below
[84]. The selective estrogen receptor modulators (SERMs)
emulate estrogen’s neuroprotective effect in the CNS while
not affecting breast and endometrial tissue [85, 86]. SERMs
bypass the need for adjunctive progesterone and offer an
alternative avenue of HT for PD, although they have yet to
be approved for use in menopausal depression.

5.1 Antidepressants and Perimenopausal
Depression

Menopausal depressive symptoms are highest during the
early perimenopause period [3, 10, 20], and thus perimen-
opause presents an opportunity for effective treatment of
menopausal depression. Current guidelines recommend
traditional antidepressants, psychological therapy, and
lifestyle changes as first-line management of depression
during menopause [84, 87]; however, antidepressants may
not be efficacious for every woman. Some postmenopausal
women with major depressive disorder may not respond to
the widely used selective serotonin reuptake inhibitor (SSRI)
escitalopram [88], and it is also possible for older women
to develop tachyphylaxis to the SSRIs [89]. Desvenlafaxine
50 mg daily was found to be significantly efficacious in treat-
ing major depressive disorder in peri- and postmenopausal

women in a large randomized, placebo-controlled study by
Kornstein et al. [90]; however, it is the only antidepressant
that has been studied in a large placebo-controlled trial on
the treatment of perimenopausal depression in participants
with clearly defined menopausal status.

5.2 Traditional Hormone Therapy

To date, HT is the most efficacious treatment for VMS and
vulvovaginal atrophy [87]. As most symptoms of menopause
are caused by the estrogen deficit accompanying ovarian
senescence, treatment with estrogen can provide symptom
relief. The mechanism of action of HT involves similar path-
ways to endogenous estrogen action at estrogen receptors,
whereby estrogen binds to its nuclear receptors or GPCR
to regulate gene transcription [91]. The effect of estrogen
on multiple symptoms occurs due to the differential expres-
sion of estrogen receptors in the body and its distinct action
on cells. Despite its beneficial effects in treating menopau-
sal symptoms, ET alone increases the risk of endometrial
thickening and endometrial tumours [73, 92]. Progesterone
causes endometrial shedding and interferes with estrogen
binding to estrogen receptors, thereby counteracting estro-
gen’s proliferative effect on uterine tissue [93]. Therefore,
progesterone is used in combined hormonal replacement
therapy to stabilize the uterine endometrium tissue and
attenuate the risk. Progesterone therapy can be administered
as cyclic or continuous. Cyclic therapy has a 40% incidence
of breakthrough bleeding, considered an endometrial secre-
tory ‘withdrawal bleed’, which is annoying for many women
compromise treatment adherence [73]. Continuous formu-
lations reduce this bleeding irregularity and are a potential
alternative option for women. However, continuous therapy
with some types of synthetic progesterones may increase the
risk of breast cancer [94-96], likely due to effects on breast
tissue proliferation [94]. Based on a recent systematic review
of the impact of menopausal hormone therapy (MHT) con-
taining micronized progesterone on the mammary gland,
an international expert panel recommended that estrogens
combined with oral (approved) or vaginal (off-label use)
micronized progesterone do not increase breast cancer risk
for up to 5 years of treatment duration. There is limited evi-
dence that estrogens combined with oral micronized pro-
gesterone applied for more than 5 years are associated with
an increased breast cancer risk [97]. Despite its favourable
effect on lipids and the belief that it may be beneficial in pre-
venting cardiovascular disease [98, 99], HT (especially with
oral estrogen) may increase coagulability and has not been
shown to protect against cardiovascular disease or stroke
[73, 100-102].

Ultimately, the benefits of HT in symptomatic women
appear to outweigh the risks and it is therefore recommended
as first-line medical treatment for vasomotor and urogenital
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symptoms in menopause [84, 87]. Certainly, there are many
HT formulations available suited to an individual’s symp-
toms, comorbidities, and risk factors [103, 104]. Treatment
should be individualized based on the woman’s treatment
preferences.

5.3 Estrogen Therapy

In addition to its protective effects against cognitive decline,
estrogen has been shown to be efficacious in treating psy-
chological conditions in women [44, 82, 83]. Schmidt et al.
evaluated the role of ET in perimenopausal women with
major or minor depression [105]. In their double-blind RCT,
women were treated with transdermal 17f-estradiol 0.5 mg/
day or placebo patches for 3 weeks. Depression rating scale
scores were significantly lower in the treatment group com-
pared with controls at the end of the initial 3 weeks [105].
In secondary analysis, both the treatment and placebo
groups were treated with a further 3 weeks of transdermal
17p-estradiol 0.5 mg/day. At the end of the total 6 weeks, the
treatment group maintained their reduced scores compared
with baseline [105]. Placebo patients showed significantly
improved depression rating scores at the end of the 6 weeks
compared with the initial 3 weeks without active treatment
[105]. A more recent double-blind RCT of 17f-estradiol
found that women with endocrinologically confirmed peri-
menopause had significantly reduced depressive symptoms
with estrogen treatment compared with placebo [44]. The
trial by Soares and colleagues used 100 pg of transdermal
17p-estradiol compared with identical placebo patches for
a treatment duration of 12 weeks. The majority of women
treated with 17p-estradiol also had complete remission of
depressive symptoms, with comparable adverse effects to the
placebo group [44]. Other studies have shown that combina-
tion therapy with traditional antidepressants plus estrogen is
more efficacious in treating depression during menopause
than using either antidepressants or estrogen alone [106,
107]. Nagata et al. compared the use of sole ET, consisting
of conjugated equine estrogens 0.3125 mg/day, with estro-
gen plus fluvoxamine 50 mg daily therapy in oophorecto-
mized women [106]. During the 8 weeks of trial treatment,
participants receiving combination ET plus SSRI had sig-
nificantly improved symptoms of depression compared with
those receiving ET alone [106]. Participants in the double-
blind study by Schneider et al. who were treated with any
form of ET plus fluoxetine 20 mg daily had significantly
improved depression rating scores compared with those
receiving fluoxetine 20 mg daily alone [107, 108]. Kulkarni
et al. demonstrated a similar augmentation of psychological
therapy in their double blind placebo controlled trial study-
ing the use of estrogen augmented antipsychotic treatment
in schizophrenia [109]. In their study, 102 women in either
an acute or chronic phase of schizophrenia, schizoaffective
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disorder or schizophreniform disorder were randomized to
receive either 100 pg estradiol transdermal patch or identi-
cal placebo patches in adjunct to their regular antipsychotic
medication regimen. The addition of estradiol significantly
reduced psychopathological symptoms compared with sole
antipsychotic therapy [109]. These studies may suggest that
estrogen has a role to play in the treatment of menopause-
associated depression. However, as outlined above, sole ET
can increase the risk of certain cancers, and the addition of
progesterone may reduce the psychological benefits of ET
[73].

5.4 Selective Estrogen Receptor Modulators

The SERMs offer a unique alternative to HT as they pos-
sess the beneficial therapeutic effects of estrogen on bone,
lipids and brain, while minimizing adverse effects on the
uterus and breast [91, 110]. SERMS are estrogen receptor
ligands that bind the estrogen receptor ER-a and/or ER-p,
resulting in a conformational change in the estrogen recep-
tor binding domain [110]. Their competitive inhibition of
estrogen at estrogen receptors has downstream effects on
gene transcription by altering the way in which the receptor
complex interacts with estrogen response elements (EREs)
on cognate DNA, and by interacting with various molecules
that regulate receptor function (coactivators, corepressors,
and gene transcription factors) [91, 110]. The distinct effect
of SERMs on particular tissues is directed by the differential
expression of estrogen receptor subtypes in various tissues,
as well as the type of ligand-receptor complex formed (and
its subsequent effects on gene expression) from drug binding
[110]. Raloxifene is a benzothiophene used for the preven-
tion of postmenopausal osteoporosis [91]. It is an estrogen
receptor antagonist in breast tissue and an agonist in bone
tissue with no agonistic properties in the uterus [110]. It is
used in breast cancer treatment but, unlike tamoxifen, does
not increase the risk of endometrial cancer with chronic
use [91]. Raloxifene may also have effects on neuronal tis-
sue by blocking endogenous estrogen activation of EREs
on DNA, modulating the serotonin receptors, and mimick-
ing estrogen’s prolific effects on BDNF [91]. It may also
exert positive effects on memory and hypoxia-induced brain
injury [91, 111]. Moreover, a 2016 study by Kulkarni et al.
found that higher doses of raloxifene (120 mg/day orally)
improved treatment refractory schizophrenia from an illness
severity and clinical response perspective [85]. A study of
62 women with menopause-related depression with MHT
randomized to four treatment groups (raloxifene 60 mg/
day; a phytoestrogen, Rimostil; transdermal estradiol [TE;
100 pg/day]; or placebo). No improvement in depression
was described after the 8-week study for the women in any
treatment arm [112]. The authors concluded “No differences
were observed between raloxifene and either TE or placebo
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in any scale score”. Hamilton Rating Scale for Depression
(HRSD) scores in women assigned to TE were improved
compared with those taking Rimostil during weeks 6 and
8 (p = 0.0008 and 0.0011, respectively). The small sample
size, low dose of raloxifene, and length of the trial could all
be confounding factors in this study.

Tibolone is another SERM with promising neuronal and
psychological effects. It may be neuroprotective via antioxi-
dant production at a cellular level [113] and is a promising
treatment for perimenopausal depression. A recent study found
that tibolone was effective, compared with placebo, in reduc-
ing depression symptoms in postmenopausal women [86].
Unlike tamoxifen and raloxifene, it reduces menopausal VMS
and vaginal dryness with less bleeding irregularities than that
of HRT [114]. Tibolone’s structure differs from raloxifene and
estrogen. It has two active metabolites that lend its estrogenic,
progestogenic and androgenic effects in preventing estrogen
stimulation at the endometrium, preserving trabecular and cor-
tical bone length, inhibiting mammary tissue proliferation, and
counteracting vaginal dryness [115]. Finally, tissue selective
estrogen complex (TSEC) describes the SERM bazedoxifene
combined with conjugated estrogens. In animal studies, baze-
doxifene has anti-estrogenic effects on uterine and breast tis-
sue. TSEC appears to improve climacteric and psychological
symptoms of menopause, with a 2017 study showing that it
improved mood, emotions and overall quality of life in meno-
pausal women [116]. Another important consideration is the
link between menopause and cognition. Early reviews claimed
that there were no substantial or clinically relevant changes
in cognitive functioning associated with the menopause [117,
118]. The timing of menopause studied, ages of women, and
the effects of cognitive aging in women at retirement age were
often not measured [119]. However, more recent data from the
Penn Ovarian Aging Study, which aimed to determine whether
the menopausal transition is associated with age-independent
cognitive decline, found that verbal fluency, but not psychomo-
tor speed, is linked to reproductive senescence independent of
age [120]. The “critical period’ hypothesis coined by Resnick
and Henderson [121] states that hormone treatment of women
closer to the menopausal transition might be more beneficial to
cognition. However, two recent randomized trials (WHIMS-Y
and KEEP-Cog) testing this hypothesis showed neither harm
nor benefit of HT interventions closer to menopause [81,
122-124]. In view of the discrepancy in results, future research
with the SERMs in particular, which are purported to have
greater direct CNS impact, is critical for the future cognitive
wellbeing for women.

The SERMs may be a promising alternative to HT in not
only the climacteric symptoms of menopause but also in
the treatment of menopausal-associated psychological and
cognitive symptoms, particularly in view of the better breast,
uterine and ovarian tissue safety aspects of SERMs com-
pared with standard MHT. Certainly, the clues that point

towards the possibility that hormone therapy with SERMs
is useful as a treatment for menopause are evident in the
theoretical animal literature, and studies in schizophrenia
indicate that SERMs may well have a role in managing
symptoms of mental illness.

However, robust data are needed from large clinical
trials that are well-powered to account for the many con-
founding factors, including the heterogeneity of depres-
sion itself, to truly understand whether SERM treatment in
menopause-associated depression is effective or not. Hence,
to date, SERMs have not yet been approved for the treat-
ment of depression or changes in cognition associated with
menopause.

6 Discussion

There is no Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5) definition or clear classi-
fication for perimenopausal depression, and this omission
demonstrates the lack of understanding of the connection
between the MT process and the well-noted rise in depres-
sion in middle-aged women.

The increased risk of depression in the perimenopause
transition period appears to encompass two different groups
of women. The first group includes women with no past
history of depression who experience a fourfold increase in
depression when they become menopausal [39]. The sec-
ond group includes women with a past history of depres-
sive disorders, who are at an even greater increased risk of
further depressive episodes during menopause. In clinical
populations, women with pre-existing psychiatric condi-
tions account for the majority of presentations [125]. In a
cross-sectional study, 57% of women with previously diag-
nosed depression suffered a relapse during the MT, with an
increase in the severity of menopausal depressive symptoms
experienced [7].

The evidence to date supports the notion that women
with menopause-associated depression do not suffer from
a gonadal hormone abnormality as such but have a brain
response to the hormonal fluctuations, leading to depression
associated with the MT [29].

Along with psychological and social factors, this brain
hormone response is a critical aetiological factor for peri-
menopausal depression in some women. Following this
aetiological clue, new lines of treatments with gonadal
hormone modulators show promise as potential treatments,
either alone or as adjuncts to antidepressant medications.

It is therefore surprising that there are very few clinical
treatment trials examining hormone treatments for meno-
pausal women with either first-time depression or a relapse.
Future large-scale clinical trials are required to determine
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the efficacy of standard hormone therapy or SERMs in the
treatment of menopausal depression

7 Conclusion

The mood and cognitive effects of menopause are manifold
and better constructed clinical trials of the newer forms of
HT are urgently needed. All women experience menopause
and unfortunately many women experience debilitating
depression. New, effective, and safe treatments with HTs
are an obvious option and further clinical trials are required
to improve outcomes for many women.
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