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ABSTRACT

Depression, a prevalent global disorder, significantly 
diminishes quality of life and elevates mortality rates. Its 
multifactorial etiology encompasses hormonal dysregulation 
and inflammation. While diverse treatment modalities exist, 
hormonal therapy represents one such option. Notably, 
both testosterone and estrogen exhibit anti-inflammatory 
and neuroactive properties, crucial for sexual maturation, 
reproduction, cognition, mood regulation, and optimal brain 
function. Moreover, clinical conditions characterized by 
reduced levels of sex hormones, including menopause and 
hypogonadism, are frequently comorbid with depression. 
This review elucidates the roles of estrogen and testosterone, 
their respective receptors, the involvement of inflammation, 
their intricate relationships with depressive pathology, and 
available therapeutic interventions.
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Depression is a widespread psychiatric 
disorder affecting hundreds of millions of 
people worldwide.[1] The condition exhibits a 
disproportionate effect on men and women, with 
adult women displaying approximately twice the 
prevalence rate observed in men. Notably, gender 
differences in depression are absent during childhood; 
however, this disparity emerges during puberty, a 
developmental stage characterized by an increase 
in the prevalence of both depressive symptoms 
and clinical depression.[2] Adolescents experiencing 
depression are at elevated risk for self-harm and 
suicidal behaviors. Furthermore, the high incidence 
of depression during adolescence has been linked to 
diminished neural reward processing.[3] Depression is 
also common among older adults, who face hardships 
such as functional decline, reduced quality of life, 
and increased deaths. These findings highlight the 
significant burden of depression among different age 
groups and its impact on global health.[4] 

Various kinds of processes and factors involving 
neurotransmitter deficiency, neurogenesis, 
inflammation, genetics, and hormonal factors 
can lead to depression. Reduced serotonin 
(5-hydroxytryptamine; 5-HT), norepinephrine, and 

dopamine (DA) cause impairment in cognitive 
functions, depression, self-harm, and anhedonia.[5] 

With aging, the risk for physical and psychological 
disorders increases. Also, hormone levels such as 
testosterone, dehydroepiandrosterone, estrogen, 
and progesterone are reduced.[6] Declining steroid 
hormones such as estrogen and testosterone 
regulate physical and psychological factors, including 
depression.[7] Carrier et al.[8] observed that estrogen 
and testosterone therapy show beneficial effects on 
depression and anxiety in rodents after gonadectomy. 
Depression can be treated with medications and 
psychological therapy. When these two ways of 
treatment are applied together, it’s very effective. 
Some studies state that psychological therapy is 
more beneficial in the long run since relapse is 
frequently seen in remitted patients who stop using 
their drugs.[9] 

Generally, antidepressants are preferred to treat 
depressive patients; however, sexual hormone 
treatments might be a substitute or complementary 
treatment option.[10]
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 TESTOSTERONE
Testosterone is a neuroactive steroid hormone 

that affects neurobehavioral, somatic, and metabolic 
activities such as mood, appetite, libido, sexual drive, 
secondary male characteristics, and the central 
nervous system (CNS).[11] It’s been reported that some 
depressive patients have lower testosterone levels 
compared to non-depressed people.

In 1889, Dr. Brown-Séquard withdrew testosterone 
from animal testicles and injected it into himself. He 
observed that his mood improved. This study raised 
questions about testosterone and its effect on mood, 
and researchers started investigating.[1]

 Testosterone Treatment

Both testosterone levels below and above 
the normal range can cause depression.[12] For 
testosterone treatment, it’s important to monitor 
testosterone levels, severity of depression, age, dose, 
and treatment periods. Testosterone administration 
therapy can help with mental, physical, and 
sexual problems (such as low libido and erectile 
dysfunction). Studies concluded that testosterone 
treatment can relieve depression in older men with 
low levels of testosterone because low testosterone 
levels are related to aging and depression.[13] It was 
revealed that chronic diseases, excess weight gain, 
alcohol consumption, and some medicines can 
reduce androgen levels.[14] In randomized control 
trials, testosterone administration showed relief in 
depressed men. The treatment was mostly effective 
in patients with low testosterone levels, older 
hypogonadal or human immunodeficiency virus-
positive men, and depressive symptoms.[15]

 Hypogonadism

Hypogonadism can be caused by testicular failure, 
injury, tumors, infections, genetic disorders, radiation, 
chemotherapy, alcohol, smoking, hypothalamus, 
and hypophysis anomalies. There are two types 
of hypogonadism: primary (hypergonadotropic 
hypogonadism)  and secondary (hypogonadotropic 
hypogonadism). Hypogonadism risk increases with 
aging. Hypogonadism causes reduced libido, sexual 
dysfunction, weight gain, diabetes, hypertension, 
depression, drowsiness, muscle atrophy, and 
weak bones.[16] It’s advised for hypogonadal men 
and men with consistently low testosterone levels 
to get testosterone therapy. When patients with 
hypogonadism received testosterone therapy 
for more than three months, they experienced 
improvements in their life, mood, and sexual 

functions.[17] After considering the risks and benefits, 
testosterone therapy is advised for keeping the 
secondary characteristics of males and relieving the 
symptoms of hypogonadism and depression.

 Dorsal Raphe, Serotonin, and Testosterone

The dorsal raphe nucleus is located along the 
midline of the brainstem, extending through the 
midbrain, pons, and medulla. These nuclei mainly 
consist of serotonergic neurons that release 5-HT. The 
serotonin reuptake transporter facilitates its reuptake 
into the presynaptic neuron. Serotonin is primarily 
broken down by monoamine oxidase (MAO). A 
reduction in serotonergic input and neurogenesis 
to the limbic system has been considered for the 
development of depression.[18,19] A study that was 
done on animals with removed gonads showed 
improvement in depressive symptoms with 
testosterone administration because testosterone 
activates 5-HT release in the dorsal raphe nuclei. 
Testosterone-induced 5-HT increases hippocampal 
volume and protects the hippocampus. Thus showing 
antidepressant activity.[20]

 Testosterone and the Brain

Depression can develop due to various factors, 
such as alterations in the coding of the genes for 
monoamine regulators, corticotropin-releasing 
hormone (CRH), and brain-derived neurotrophic 
factor (BDNF).[21] Over-activation of the immune 
system in the CNS causes higher astrocyte and 
microglia numbers.[22] Some changes in the brain 
were detected in postmortem imaging of people 
who were depressed, such as shrinkage of the 
hippocampus and prefrontal cortex, and a decrease 
in gray matter volume and glial density.[23,24] So by 
treating and targeting these areas, depression can be 
treated since testosterone acts as an antidepressant 
with the downregulation of the immune system in 
the CNS. For instance, Garcia-Estrada et al.[25]  saw that 
testosterone therapy remarkably reduced reactive 
astrocytes and microglia around a neural injury. They 
stated that the reduction of gliosis might be the 
neuroprotective effect of testosterone administration. 
The antidepressant effect of testosterone may be due 
to direct stimulation of neurogenesis in the dentate 
gyrus of the hippocampus.[26] 

Another study showed that testosterone 
administration in an adult bird induced vascular 
endothelial growth factor production. This increases 
new capillary formations, which also increases BDNF 
production and neurogenesis.[27]
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 Receptor Polymorphism and Depression

Genetic trait markers of androgen receptor (AR) 
functions, like the CRH-activating gene CAG repeating 
length, might be affecting T levels and depression 
in men. It’s suggested that men with shorter CAG 
repeat length may experience a more noticeable link 
between testosterone levels and depression, likely 
due to greater AR sensitivity; however, men with 
longer CAG repeat length might not have the same 
degree of sensitivity to testosterone, which could 
explain the lack of association between testosterone 
levels and depression in this group.[28]

 Contraindications

Androgenic steroid hormones can create some 
side effects, including cardiovascular system, 
muscle, skeletal system, neuronal, mental, liver, and 
reproductive system diseases. Testosterone therapy 
is not recommended in patients who are planning to 
have children or patients with breast cancer, prostate 
cancer, high hematocrit levels, sleep apnea, urinary 
tract infections, heart diseases, or thrombophilia.[10,16]

 Conflicting Views

There are different opinions about depression 
treatment with testosterone, and present pieces of 
evidence show conflicting results. Seidman et al.[29] 
accept testosterone administration as a psychotherapy 
product. However, they state that efficacy is limited 
to a small group, especially hypogonadism. They 
suggested that the effectiveness of testosterone as 
an antidepressant is not backed up well enough. 
Still, they suggested that some situations, such as 
polymorphisms and prenatal androgenization, may 
make men more likely to experience the effects of 
testosterone.[30]

 ESTROGEN
Estrogen is a steroid hormone. Estrogen has 

roles in many physiological functions, such as the 
maturation of reproductive organs, the menstrual 
cycle, and maintaining bone density. There are 
different types of estrogens. Estrone (E1), estradiol (E2; 
17β-estradiol), estriol (E3), and estetrol (E4). Estradiol 
is the predominant estrogen. Estrogen is synthesized 
in the ovaries and can also be synthesized from other 
organs such as the heart, liver, adipose tissue, and 
brain.[31] Estrogen also affects neurotransmitters in 
the brain: DA, 5-HT, and glutamate. It highly affects 
cognition and mood.[32] 

The relationship between estrogen and 
dopaminergic systems is highly involved in various 

psychiatric and neurodegenerative disorders, as well 
as memory and reward processing.

 Estrogen Receptors and Brain

There are special regions in the brain for estrogen 
synthesis. This indicates that estrogen has essential 
functions in the brain. Estrogen is synthesized from the 
hippocampus, cerebellum, hypothalamus, amygdala, 
and cortex of the brain by neurons and astrocytes.[33] 
In certain psychiatric disorders, estrogen signaling 
pathways are disturbed. Estrogen administration has 
therapeutic effects on these disorders.[34]

Estrogen can exert different responses when it 
binds to different receptors. Major estrogen receptors 
are estrogen receptor alpha (ERα), estrogen receptor 
beta (ERβ), and G protein-coupled estrogen receptor 
(GPER).[35] Estrogen influx to the cell membrane can 
create a direct effect. Estrogen receptors inside the 
nucleus bind to the estrogen-responsive element 
(ERE) of ERα and ERβ directly. Or estrogen can indirectly 
produce an effect by an intracellular cascade. Hence, 
estrogen signaling can be genomic (directly binding to 
ERE) and nongenomic (intracellular signaling cascade 
activation). Estrogen can act as a neurotransmitter 
through nongenomic and fast effects. This way, it 
doesn’t require gene alteration.[36] Estrogen receptor 
α and ERβ receptors are abundant in the brain. They 
are located in the prefrontal and temporal cortex. 
Receptors show different predominant distributions. 
Estrogen receptor α is predominantly expressed 
in the amygdala and hypothalamus, whereas ERβ 
is predominantly expressed in the somatosensory 
cortex, hippocampus, thalamus, and cerebellum. 
Brain scans showed that those regions are often 
involved in psychiatric disorders. Both estrogen 
receptors are found in the basal ganglia and cortico-
striato-thalamo-cortical circuit of the brain, where 
DA-producing neurons are also located. 

Studies have shown sex differences in the 
expression of these receptors, with men displaying a 
higher density of nuclear ERβ receptors than women.[37] 
Usually, Erα is responsible for the reproductive system 
and also affects some hypothalamic regions that 
regulate temperature and metabolism. Estrogen 
receptor β controls nonreproductive functions 
such as depression, locomotion, emotions, and 
cognitive behavior. The receptor also highly impacts 
motor learning in the cerebellum by enhancing 
neuroplasticity and synapse formation in the 
cerebrum. Research suggests that the adjustment 
of estrogen through signaling pathways, receptors, 
and neurotransmitters in the human brain affects the 
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formation of mental disorders such as depression and 
cognitive functions.[38] Estrogen shows neuroleptic 
functions.[39] This resembles drugs that are used 
for psychiatric disorders. Therefore, estrogen has 
therapeutic potential.

 Estrogen, Dopamine, and Serotonin

Dopamine and 5-HT synthesis relieve depression. 
Estrogens regulate dopaminergic neurotransmissions 
and induce DA synthesis in the nucleus accumbens 
and striatum, decreasing degradation in the nucleus 
accumbens.[40] Estrogen also regulates 5-HT pathways 
by increasing the activity of tryptophan hydroxylase, 
inducing 5-HT production, and regulating 5-HT 
receptors that highly impact depression. Estrogen 
acts like an antidepressant by prolonging neural 
transmission and decreasing 5-HT uptake into cells. 
When 5-HT gets into presynaptic neurons, MAO 
inhibitors are degraded, and 5-HT metabolism is 
reduced.[41]

 Estrogen Replacement Therapy

Depression risk in women especially increases 
during postpartum, menopause, and menstruation 
due to highly diminished estrogen levels. Estrogen 
replacement therapy (ERT) can be preferred in 
depressive patients and those who have undergone 
ovariectomy. The therapy also helps with memory 
and cognition. In perimenopausal or postmenopausal 
women with depression, ERT showed improvements 
in depressive symptoms. Hormone replacement 
therapy (HRT) is composed of estrogen and 
progestin. It was revealed that early treatment with 
HRT and ERT together reduces cardiometabolic risks 
associated with menopause by improving lipid, 
insulin sensitivity, and inflammatory mediators.[42] 
Meanwhile, the same treatment, when administered 
10 years after menopause, exerted cardiovascular 
risk-enhancing effects.

 Adverse Effects of Estrogen

Estrogen administration can cause breast 
hyperplasia, embolism, hot body temperature,  and 
thrombosis. Due to its feminizing effects, estrogen 
therapy is not recommended for use in men.[43] 
Selective estrogen receptor modulators (SERMs) 
include risks such as uterine cancer, thrombosis, and 
embolism, and can cause death because of increased 
stroke risk in postmenopausal women.

 Inflammation and Depression

Recent clinical evidence shows that 
neuroinflammation, excessive cytokine production, 

diminished 5-HT levels, dysregulation of the 
hypothalamus-pituitary-adrenal axis, and alterations 
in neurogenesis in the hippocampus are associated 
with depression.[44] People with higher interferon 
1, interleukins, interferon-alpha, and elevated 
tumor necrosis factor alpha (TNFα) levels in the 
hippocampus and striatum are also associated 
with anxiety and depression. Inflammation causes 
decreased neurogenesis in the hippocampus and 
induces glutamate release from microglia.[45]

 Inflammation and Testosterone

Blood-brain barrier (BBB) dysfunction is associated 
with neurological and inflammatory disorders. A study 
on mice showed that BBB permeability increased 
in testosterone-deficient male mice. Disorganized 
tight junctions and decreased tight junction proteins 
such as claudin-5 and ZO-1 were seen along with 
the activation of astrocytes and microglia and 
upregulation of inflammatory molecules such as 
interleukin (IL)-1 beta, cyclooxygenase 2, inducible 
nitric oxide, and TNF. Testosterone administration in 
the mice restored BBB permeability, tight junction 
integrity, and decreased inflammatory cytokines. This 
shows the neuroprotective and anti-inflammatory 
properties of testosterone.[46]

 Inflammation and Estrogen

Estrogen deficiency is closely associated 
with depression and anxiety. The pathogenesis 
of these effects mainly involves hippocampal 
neuroinflammation. A study showed the changes in 
female mice after ovariectomy. Ovariectomy resulted 
in elevated levels of IL-18 and IL-1β as inflammatory 
cytokines and upregulation of the NOD-like receptor 
protein 3 inflammasome components, along with 
activated caspase-1. Furthermore, ovariectomy also 
caused upregulation of toll-like receptor (TLR)-2 and 
TLR-4 and active nuclear factor kappa B and thus, 
initiated neuroinflammation. All the changes, such as 
inflammation, elevated cytokines in the hippocampus, 
and depressive behaviors, were relieved with the 
inflammasome inhibitor VX-765 treatment. Moreover, 
administration of E2 and ERβ agonists reversed the 
inflammatory and behavioral changes, while an 
ERα agonist had no significant effect. Ovariectomy 
also caused increased P2X7 receptor and P2X7R 
expression, which was reversed by E2 and the ERβ 
agonist.[47]

Estrogen protects neurons from 
glutamate-mediated neurotoxicity in cortical and 
hippocampal neurons and induces BDNF synthesis. 

This pathway protects the brain from inflammation 
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and stress. Essential for neuron survival, neurogenesis, 
and neuroplasticity, BDNF plays a key role in the 
development and progression of psychiatric disorders. 
Estrogen also modulates glucose metabolism and 
provides more energy to neurons.[48-52]

Selective estrogen receptor modulators bind to 
ERα, ERβ, and GPER. These compounds further initiate 
genomic and nongenomic signaling pathways. These 
pathways are critical for cognitive function and 
neuroprotection in the brain. Improving cognition 
and memory, enhancing neuroprotection, and 
exhibiting anti-inflammatory and antioxidant effects 
in the brain are among the key benefits of SERMs. 
They may also contribute to a reduced risk of breast 
cancer.

 In conclusion, depression is a common psychiatric 
disorder that affects people globally. It can be caused 
by chemical, genetic, hormonal, neurological, and 
inflammatory factors. Testosterone and estrogen 
therapy are alternative treatment choices for 
depression. Testosterone therapy can be beneficial 
in males with depressive low testosterone levels and 
hypogonadal men. Estrogen hormone treatments, 
such as HRT and ERT, show potential for alleviating 
depression, mostly in perimenopausal women. 
Estrogen and testosterone possess anti-inflammatory 
and neuroprotective effects and have impacts on 
cytokines. These effects imply that sexual hormones 
and their effects on inflammation may also be a 
contributor to depression development or the 
opposite; these hormones, when they are at healthy 
levels, can protect the brain from depression and 
inflammation. Clinicians should carefully weigh the 
risks and benefits of hormone therapy, considering 
individual patient profiles to optimize its use in 
managing depression.
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