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M
any psychiatric disorders are more prevalent in women during their 

reproductive years and at stages of life associated with changes in 

the hormonal milieu. The neuroendocrine system, including cen-

tral brain circuits, gonadal functions, and other target organs, has 

been implicated in the development of psychiatric conditions, such as mood, 

anxiety, and cognitive disorders. The hypothalamic-pituitary-gonadal (HPG) 

axis coordinates a tightly regulated feedback loop that consists of gonadotro-

pin-releasing hormone (GnRH) produced by the hypothalamus; follicle-stim-

ulating hormone (FSH) and luteinizing hormone (LH) from the anterior pitu-

itary; and the sex steroids estrogen, progesterone, and androgens, produced 

primarily by the ovary, corpus luteum, and adrenals (Table 1; Figure). Cyclic 

and episodic alterations in the HPG axis across the menstrual cycle and during 

important reproductive health events, such as pregnancy and menopause, are 

hypothesized to alter the sensitivity of neurotransmitter systems and the func-

tion of neural circuits in ways that increase vulnerability to psychiatric symp-

toms for some women.

This article reviews basic neuroendocrine function and discusses the evi-

dence base of hormonal contribution to psychiatric symptoms in polycystic 

ovary syndrome (PCOS), premenstrual dysphoric disorder (PMDD), and 

perimenopause. Strategies for psychiatrists for both clinical assessment and 

management of female patients with neuroendocrine dysfunction are provid-

ed, and the role of hormonal therapies in exacerbating or alleviating neuropsy-

chiatric symptoms in these conditions is explored (Table 2).

POLYCYSTIC OVARY SYNDROME
PCOS is one of the most common endocrine disorders in women of childbear-

ing age and is a leading cause of menstrual irregularity and anovulatory infertil-

ity. In the US prevalence is 6% to 15%, depending on the criteria used for di-

agnosis.1 The core features of PCOS include hyperandrogenemia, menstrual 

irregularities/oligovulation or anovu-

lation, and polycystic ovaries. Wom-

en with PCOS also commonly have 

metabolic disturbances such as re-

duced insulin sensitivity and obesity.

Presentation and clinical features
The characteristic problems of PCOS 

can be separated into reproductive/

menstrual abnormalities, hyperan-

drogenemia, and metabolic dysfunc-

tion. Hyperandrogenemia is identi-

fied clinically by hirsutism, acne, and 

male-pattern alopecia; or biochemi-

Table 1 – Major hormones of the HPG axis

Hormone Source Action

GnRH Hypothalamus Stimulates release of LH and FSH

FSH Anterior pituitary Stimulates E2 release

LH Anterior pituitary Stimulates ovulation

E2 Ovary Follicular development, uterine lining

Progesterone Ovary (minor source), corpus luteum, placenta Maintains uterine lining

HPG, hypothalamic-pituitary-gonadal; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone; FSH, follicle-stimulating 

hormone; E2, estradiol.
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The hypothalamus secretes gonadotropin-releasing hormone (GnRH), which prompts 

production and secretion of luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH) from the anterior pituitary gland, which stimulate the ovary to produce steroids, 

estrogen (E2) and progesterone (P). The normal menstrual cycle is controlled by pre-

dominant negative feedback of E2 (bold line). Mid-cycle, rising E2 levels exert positive 

feedback on the system (dotted line), promoting the LH surge, which triggers ovulation 

and production of the corpus luteum.

Figure. The hypothalamic-pituitary-gonadal axis
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cally, with elevated levels of testos-

terone, dehydroepiandrosterone sul-

fate, or androstenedione. Irregular or 

absent ovulation leads to the men-

strual abnormalities typical of PCOS, 

including oligomenorrhea/amenor-

rhea and dysfunctional uterine bleed-

ing (breakthrough bleeding and men-

orrhagia).

Infertility is common, and ovula-

tion induction is often necessary for 

conception. There are increased 

rates of spontaneous abortion, pre-

mature delivery, pregnancy-induced 

hypertension, and gestational diabe-

tes—independent of weight. Women 

with PCOS have an elevated risk of 

endometrial cancer because of less 

frequent exposure to ovulatory surg-

es of progesterone and menstrual 

bleeding. They are also more likely 

to be obese, with rates varying ac-

cording to environmental and cul-

tural factors.1

Insulin resistance affects more 

than three-quarters of women with 

PCOS, even those who are lean. 

Rates of type 2 diabetes and gesta-

tional diabetes are higher in those 

with PCOS, as is metabolic syn-

drome.2 The menstrual irregularities 

of PCOS may improve as women age 

and androgen levels decrease. Wom-

en with a history of PCOS may have 

persistent hyperandrogenemia and 

metabolic disturbances after meno-

pause, and they may experience less 

severe vasomotor symptoms during 

the menopausal transition.

Pathogenesis and etiology
PCOS appears to be a multifactorial 

disorder, with genetic and environ-

mental contributions.1,2 Excessive 

androgen production in the ovary 

leads to hyperandrogenemia, as well 

as the maturation and premature ar-

rest of maturing follicles, which cre-

ates the characteristic polycystic 

ovary morphology. Insulin resistance 

and hyperinsulinemia further aggra-

vate ovarian androgen production by 

stimulating the ovarian theca cells to 

produce androgens in response to LH 

and disrupting central control of go-

nadotropins. Circulating androgens 

may negatively and positively modu-

late the gamma-aminobutyric acid 

(GABA) and N-methyl d-aspartate 

(NMDA) systems, respectively.3

Mental health implications
Disturbances of mental health are 

prevalent in PCOS.2,4 Hirsutism and 

obesity may have a negative impact 

on body image and feelings of attrac-

tiveness; menstrual dysfunction and 

anovulation may raise concerns 

about female identity; and challenges 

with fertility may cause emotional 

suffering and relationship disruption. 

Higher rates of depression and anxi-

ety appear to be associated with fea-

tures of PCOS, including obesity and 

signs of hyperandrogenemia. PCOS 

has also been associated with lower 

quality of life and higher distress 

scores. Disordered eating, particu-

larly binge eating, appears to be more 

common in women with PCOS than 

in controls.

Associations have been found be-

tween bipolar disorder and PCOS, 

and this appears to be most closely 

linked to the use of valproate. There 

is limited convincing evidence that 

women with bipolar disorder are 

more likely to have PCOS than wom-

en without bipolar disorder, when 

they are not treated with valproate.5 A 

study that evaluated menstrual abnor-

malities and hyperandrogenemia in 

women with bipolar disorder did not 

Table 2 – Summary of management of PCOS,  

premenstrual dysphoric disorder, and perimenopause

Polycystic ovary syndrome

•  Screen reproductive-age women for PCOS; indicators: irregular cycles, 

fertility difficulties, excess body hair, acne, overweight/obesity, diabetes/

insulin resistance

•  Coordination with PCP or OB/GYN: weight loss, oral contraceptive pills, 

metformin, anti-androgens (spironolactone, flutamide), cosmetic treatment 

for hirsutism and acne, fertility treatment

•  Mental health screening for women with PCOS: binge eating or other dis-

turbances of eating habits, disturbances of self-esteem and body image, 

depressive and anxiety disorders

•  Psychiatric treatment: avoid valproate, address co-occurring depression 

and anxiety and psychological distress, treatment/referral for eating symp-

toms or disorders

Premenstrual dysphoric disorder

•  Screening: luteal phase mood and behavioral changes, use of daily  

prospective ratings across a minimum of 2 cycles

•  Treatment and monitoring: lifestyle modifications (sleep, exercise, stress 

management), SRIs (symptom-triggered or continuous), oral contraceptive 

pills containing drospirenone, continuous dosing of oral contraceptive pills 

(skipping placebo), brief symptomatic use of benzodiazepines, monitoring 

for elevated risk of depression in the perimenopause

Perimenopause

•  Psychiatric assessment and management: monitoring for new-onset  

depression or worsening/recurrence of preexisting depressive disorders, 

for subjective or objective cognitive changes; antidepressant treatment  

for depression, SRIs may improve vasomotor symptoms; co-ordination 

with PCP or OB/GYN for risk/benefit consideration of time-limited E2  

replacement (with progesterone if uterus is intact) for depression or  

neurocognitive complaints

PCOS, polycystic ovary syndrome; SRI, serotonin-reuptake inhibitor; E2, estradiol.
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find either measure to be significant-

ly higher in patients with bipolar dis-

order than in a control group.6 On the 

other hand, bipolar disorder may be 

more common among women with 

PCOS than in the general population. 

A screening study of women with 

PCOS found higher rates of bipolar 

disorder than in women without 

PCOS, independent of valproate 

treatment, although the findings are 

limited by sample size, lack of a con-

trol group, and non-standardized di-

agnostic criteria for PCOS.7

The moderating effect of valpro-

ate on the risk of PCOS is clearer, 

although the same limitations of in-

consistent PCOS diagnostic criteria 

and methodological differences 

among studies exist. Valproate ap-

pears to increase the risk of PCOS in 

women with epilepsy, a population 

with high baseline rates of PCOS and 

reproductive abnormalities, thought 

to be related to the effect of epileptic 

activity on hypothalamic function.

The association between valpro-

ate on the incidence and prevalence 

of PCOS in women with bipolar dis-

order has been studied. Rates of 

PCOS are higher in women who take 

valproate than in those who take oth-

er antimanic agents.5 Valproate may 

contribute to PCOS via the alteration 

of androgen production and insulin 

metabolism and functioning, and is 

less likely to be a direct effect of 

weight gain.

While there remains uncertainty 

about the specific relationship be-

tween valproate and PCOS, and its 

clinical significance, prescribers 

should be mindful of this potential 

risk when making treatment deci-

sions. In the context of other negative 

or undesirable effects such as weight 

gain, hair loss, and teratogenicity in 

the case of pregnancy, alternate treat-

ments should be strongly considered 

before recommending valproate in 

women of reproductive age.

Treatment
Treatment must address the common 

features of PCOS: menstrual dysfunc-

tion, infertility, acne and hirsutism, 

metabolic disorder, and mental health 

disturbances. The reproductive, der-

matologic, and metabolic aspects of 

the syndrome should be managed by a 

primary care provider or relevant spe-

cialist. Weight loss is recommended 

for overweight or obese women with 

PCOS; it may be associated with di-

rect improvement of reproductive 

functioning, metabolic health, and 

cosmetic appearance. For women 

who are not actively pursuing preg-

nancy, hormonal contraception is a 

first-line treatment. Estrogen in oral 

contraceptive pills suppresses hyper-

androgenemia, and cyclic progestin 

exposure prevents endometrial hyper-

proliferation.

Metformin has demonstrated ben-

efit on menstrual functioning as well 

as weight and insulin sensitivity. An-

tiandrogens, such as spironolactone 

and flutamide, may improve cutane-

ous features of hyperandrogenemia 

as well as menstrual function.8 Cos-

metic treatments can be used to ame-

liorate acne and hirsutism. In refrac-

tory cases, pituitary suppression of 

gonadal hormones, or surgery, may 

be recommended by the medical pro-

vider. Ovulation induction and other 

fertility treatments are commonly 

needed for those who seek pregnan-

cy. Psychiatric disorders, including 

anxiety, depression and eating disor-

ders, should be actively screened for 

and addressed.

The psychiatrist plays a pivotal 

role in the management of patients 

with PCOS and should be knowl-

edgeable about the condition, be-

cause of its prevalence in women of 

reproductive age. In addition to iden-

tification and management of the co-

occurring mental health conditions in 

women with established PCOS, the 

mental health provider should assess 

for the features of PCOS such as 



menstrual abnormalities and derma-

tologic features in women who pres-

ent with depression, anxiety, bipolar 

disorder, and eating disorders. Facili-

tating appropriate referral to a pri-

mary care provider for further evalu-

ation, treatment, and specialist 

involvement allows for more women 

with PCOS to receive a diagnosis as 

well as needed attention—with sig-

nificant implications for reproduc-

tive, metabolic, and mental health.

PREMENSTRUAL 
DYSPHORIC DISORDER
Psychological and physical symp-

toms that present in the second half 

of the menstrual cycle comprise pre-

menstrual syndrome (PMS) and the 

more severe PMDD. Common 

symptoms include bloating, mood 

swings, lethargy, irritability, breast 

tenderness, anxiety or tension, and 

rejection sensitivity.

The American College of Obste-

tricians and Gynecologists defines 

PMS as the presence in the 5 days 

prior to menses of at least one physi-

cal or emotional symptom causing 

impairment in social or occupational 

functioning that must recur for a 

minimum of 3 consecutive cycles.9 A 

diagnosis of PMDD, as described in 

DSM-5, requires at least 5 symptoms 

from a list of psychological, physi-

cal, and behavioral symptoms, con-

firmed by the use of prospective dai-

ly ratings (eg, The Daily Record of 

Severity of Problems) over a mini-

mum of 2 cycles. The symptoms, 

which should occur in the week lead-

ing up to menses and be largely ab-

sent following menses, must be pres-

ent in the majority of cycles, cause 

impairment, and be distinct from an 

exacerbation of another mental dis-

order or a medical condition. Women 

who do not menstruate because of 

hysterectomy or an intrauterine de-

vice may still be ovulating, and they 

can have PMDD if their symptoms 

follow a pattern consistent with a 

menstrual cycle.

Epidemiology and risk factors
Although up to 85% of menstruating 

women may experience at least one 

menstrual-related symptom, conser-

vative estimates indicate a preva-

lence of 5% for clinically significant 

premenstrual disorders.10 PMDD af-

fects women across different cultures 

and ethnicities. Factors associated 

with a diagnosis of PMS and PMDD 

include increased weight, a history of 

sexual abuse or trauma, and addition-

al psychiatric disorders including 

other depressive disorders, anxiety 

disorders, and substance use disor-

ders. Women with a history of PMS/

suppression. Drospirenone may be 

particularly effective for PMDD be-

cause of its antiandrogenic effects; 

however, the risk of venous thrombo-

embolism appears to be higher than 

that of other progestins.

There is evidence that continual 

dosing of oral contraceptive pills, 

skipping placebo pill days for several 

consecutive months, provides symp-

tom relief, likely because of better 

suppression of ovulation. Antiandro-

genic agents, such as spironolactone, 

finasteride, and flutamide, may be 

useful for women who cannot take 

SRIs or hormonal therapies. Brief 

use of alprazolam during the symp-

tomatic period may also benefit some 

women. The GnRH antagonist leup-

rolide, with add-back estrogen and 

progesterone, or surgical removal of 

the ovaries may be required for re-

fractory cases.

THE PERIMENOPAUSE
The menopausal transition occurs in 

the setting of reduced numbers of 

ovarian follicles, lower levels of fol-

licle-derived inhibin B, and increased 

production of FSH from the anterior 

pituitary gland. Menstrual cycles be-

come longer and more variable in 

duration, and non-ovulatory cycles 

are more prevalent. Progesterone lev-

els drop, and levels of physiologic 

estrogen (estradiol [E2]) become 

more variable than with premeno-

pausal cycles. Subsequently, men-

strual cycles cease, and ovarian E2 

and progesterone production fall to 

minimal levels, characterizing the 

postmenopausal state. The peri-

menopausal period can be associated 

with vasomotor symptoms, altera-

tions in sexual functioning, and 

mood and cognitive changes.

Depression and perimenopause
Depressive disorders are twice as 

common in women, with rates di-

verging at puberty and aligning again 

in the postmenopausal period. Some 

women appear to be more prone to 

depressive symptoms and disorders 

at particular points of the reproduc-

tive cycle, such as during the luteal 

phase of the menstrual cycle, the 

postpartum period, and the peri-

menopause. In addition to such epi-

demiological data, basic and transla-

tional studies have elucidated 

connections between gonadal ste-

roids and neurotransmitters, neuro-

trophic factors and inflammation, the 

hypothalamic-pituitary-adrenal 

(HPA) axis, and systems of the brain 

related to emotional processing.12,13 

Together, the available research sug-
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PMDD may be at elevated risk for 

postpartum depression and for de-

pression during perimenopause. 

Moreover, there appears to be a ge-

netic contribution to susceptibility to 

PMDD.10

Pathogenesis and etiology
PMDD occurs exclusively in ovulat-

ing women and is thought to require 

fluctuating gonadal hormones. No 

studies have demonstrated signifi-

cant differences in any specific hor-

mone in women with PMDD; there-

fore, leading theories posit that the 

clinical expression of PMDD is re-

lated to increased sensitivity to 

changes in gonadal hormones, and 

their modulation of neurotransmitter 

systems, predominantly serotonin 

and GABA.11

Differences in serotonin activity, 

improvement of symptoms in re-

sponse to serotonin agonists and se-

rotonin-reuptake inhibitors (SRIs), 

and worsening of symptoms in re-

sponse to serotonin antagonists and 

depletion of the serotonin precursor 

tryptophan have been seen in women 

with premenstrual mood changes.10 

Differences in sensitivity to and regu-

lation of the progesterone metabolite 

allopregnanolone—a stress-respon-

sive GABA receptor agonist—have 

also been implicated in the symptoms 

of PMDD.3

Treatment
Despite a lack of strong evidence, 

first-line management of PMDD is 

with lifestyle modifications (ie, sleep 

hygiene, exercise, stress manage-

ment).9 Psychotherapy such as CBT 

may help women avoid stressors and 

better tolerate distress during symp-

tomatic days. For moderate to severe 

symptoms, SRIs (including SSRIs 

and SNRIs) are recommended, with a 

response rate of up to 70%. Doses can 

be effective at the low end of thera-

peutic doses for depression, but mod-

erate doses are often required. SRIs 

can be dosed during the luteal phase 

or at the start of symptoms, or they 

can be dosed continually throughout 

the month. Factors such as cycle and 

symptom regularity, adverse-effect 

profile, and personal preference may 

guide the dosing schedule.

In contrast to depression, the ben-

efits of SRIs for PMDD are observed 

soon after the first dose, and patients 

on luteal-phase dosing do not appear 

to experience withdrawal symptoms 

when dosing stops each month.

If symptoms persist following an 

adequate trial of SRIs, hormonal ther-

apy with an oral combination of ethi-

nyl estradiol and the progestin drospi-

renone is indicated for ovulation 
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gests that changes in ovarian hormones play a key role in the development of 

depressive syndromes in at least a subset of women.

While most women do not experience significant depression during the peri-

menopause, there may be a 2-fold risk of depression during this period. Women 

with a history of depression may be at greater risk for recurrence during the 

menopausal transition. The degree of fluctuations in levels of E2 and FSH and 

the severity of self-reported vasomotor symptoms have been associated with a 

higher risk of perimenopausal-onset depression.14 Such findings suggest that 

mood symptoms may develop in response to highly variable hormone levels, 

and depend on the ability of the brain to adapt to those fluctuating levels. The 

finding that perimenopausal women with depression benefit from estrogen 

therapy, while exogenous estrogen does not appear to improve depression later 

in the postmenopausal period, further 

supports the premise that it is the in-

stability of gonadal steroids and tro-

phic factors that drives the depressive 

symptoms, rather than a primary hor-

mone deficiency.15

Ovarian hormones may contrib-

ute to perimenopausal-onset depres-

sion in several ways. E2 raises levels 

of available serotonin and norepi-

nephrine through reduced degrada-

tion and increased synthesis, modu-

lates the serotonin reuptake 

transporter and receptors, and may 

affect levels of neurotrophins, such 

as brain-derived neurotrophic factor. 

E2 appears to be implicated in re-

ward circuitry.16 E2 and progesterone are active in areas of the brain associ-

ated with mood and emotional processing, such as the prefrontal cortex, hip-

pocampus, and brainstem. Perimenopausal depression may be related to 

dysfunction of the GABA system and the HPA axis in response to stress in the 

presence of changing ovarian hormone and neurosteroid levels.

Options for pharmacologic management of perimenopausal depression in-

clude antidepressants and hormone therapy. Despite some inconsistencies in 

the literature, there appears to be a benefit of E2 replacement in women with-

in the perimenopausal period, whereas there was no improvement seen in 

women who have transitioned into menopause, which suggests a “critical win-

dow” for E2 replacement in depressive disorders.

The efficacy of E2 may be related to stabilization of circulating estrogen 

and FSH levels. Transdermal E2 may be more effective than oral formulations, 

although the literature is discrepant. Exogenous progestins, indicated if the 

patient has an intact uterus, may reduce the antidepressant benefit of E2 ther-

apy. Menopausal hormone therapy carries an increased risk of adverse cardio-

vascular outcomes and cancer—among other risks—although evidence for 

short-term use (ie, 5 years) during the perimenopausal period and early meno-

pause may be considered after discussion of individual risks and benefits with 

the patient’s medical provider.

SRIs have demonstrated efficacy in women with perimenopausal depres-

sion and may have the added benefit of improving vasomotor symptoms. 

Head-to-head studies of hormone therapy versus antidepressants for peri-

menopausal depression are lacking.

Cognition and perimenopause
Uncertainties exist about the effect of the menopausal transition on neurocog-

nitive functioning, although there is an emerging literature on the effect of 

ovarian hormones and neurosteroids on the aging brain. While women may 

report changes such as impaired memory and concentration, there is a dearth 

of studies that demonstrate specific changes in neurocognitive profiles. Estro-

gen depletion, either in the natural menopausal period or due to oophorectomy 

before menopause, appears to be associated with cognitive decline. This find-

ing is supported by compelling human and animal studies and has led to inter-

est in estrogen therapy after menopause to prevent or ameliorate age-related 

cognitive decline.

…learning to recognize, 

assess, and manage or  

refer to the appropriate 

specialist, will enhance the 

mental health clinician’s 

capacity to serve the 

needs of women across 

the reproductive life  

cycle—as provider,  

liaison, and advocate.

Estrogen’s potential benefits on cognition may be mediated through effects 

on the acetylcholine system, prefrontal cortex functioning, and dendritic spine 

density. Early studies of postmenopausal exogenous estrogen use suggested 

reduced risk of cognitive disorders, which was later questioned by results of 

the Women’s Health Initiative that suggested no cognitive benefit or an in-

creased risk of cognitive impairment in some groups.17

Current theories suggest that—as with depression—there may be a critical 

period for estrogen treatment during perimenopause or early postmenopause 

(ages 50 to 60) that may lead to improved cognition and/or prevention of age-

related cognitive decline, perhaps with sustained benefit well beyond the ces-

sation of hormone therapy. By comparison, initiation of estrogen treatment in 

the late postmenopausal stage (ages 65 to 79) may be associated with an in-

creased risk of neurocognitive disorders.

While there is no approved indication for perimenopausal use of hormone 

treatment for cognition, women who undergo early surgical menopause or 

experience premature menopause should be considered for hormonal treat-

ment until the average age of natural menopause. There are insufficient data at 

this time to make recommendations for hormone therapy in women who ex-

perience natural menopause at the expected age. If a woman chooses to begin 

treatment because of menopausal symptoms such as vasomotor symptoms, 

vaginal dryness, or mood instability, it is suggested that short-term use may 

have added benefit for her neuorocognitive health.

CONCLUSION
Women experience higher rates of several common psychiatric disorders, and 

they appear to be at elevated risk during their reproductive years and at specific 

reproductive transitional points. Pituitary and ovarian hormones have been im-

plicated in these sex- and phase-specific differences. The mental health provider 

should be knowledgeable about prevalent psychiatric presentations related to 

reproductive functioning, including those reviewed in this article. Gaining ap-

preciation for the effect of the HPG axis on neurobiology and mental health, as 

well as learning to recognize, assess, and manage or refer to the appropriate 

specialist, will enhance the mental health clinician’s capacity to serve the needs 

of women across the reproductive life cycle—as provider, liaison, and advocate.
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