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ABSTRACT

Depression is a common serious mood disorder, which spreads all over the world and is the leading cause of
disability. It is mainly characterized by a loss of interest and hope in life. Despite decades of research, the
pathophysiology of depression remains incompletely understood. So understanding the pathophysiology of
depression is crucial to developing effective treatment strategies, which helps in the improvement of the patient’s
quality of life and prevents the recurrence. In this review, different mechanisms contributing to the onset,
progression, and persistence of depressive symptoms are explained; such as neurotransmitter imbalances,
particularly serotonin, norepinephrine, and dopamine as well as neuroinflammation, endocrine disturbances, genetic
predisposition, neurostructural changes, Glutamatergic and GABAergic alterations, and finally circadian rhythm
disturbances. All these mechanisms were found to be involved in the pathophysiology of depression but
unfortunately, it varies between patients, so further studies are required to know much more about the intricate
mechanisms and thus develop novel treatments that can make a breakthrough in the treatment and prevention of
depression.
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Depression stands as the primary contributor to
suicide, a prominent global cause of mortality,
particularly among teenagers, young adults, and
older people [2]. Moreover, depression is the

1. Introduction

Depression is a mental illness that
significantly impacts an individual’s quality of

life and is characterized by persistent feelings of
sadness, fatigue, and disinterest in everyday tasks
[1]. It is considered a common but serious health
condition, affecting millions of individuals all
over the world. According to the World Health
Organization (WHO), nearly 300 million people
worldwide have depression [2]. The onset of
depression commonly occurs in the mid-20s, and
women have nearly twice the chance of
experiencing depression compared to men [3].

leading cause of disability worldwide [1].
Depression can manifest in various forms, each
with its unique clinical features and underlying
pathogenic mechanisms. Understanding these
differences is essential for tailoring treatment
approaches to individual patients [1]. This article
aims to review the current understanding of the
pathophysiology of depression, explore the
underlying mechanisms associated with different
types of depression, and outline conventional
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therapies and new treatments for depression.
2. Types of Depression

According to the American Psychiatric
Association’s Diagnostic Statistical Manual of
Mental Disorders, fifth edition (DSM-5),
depression can be classified into various types,
including major depressive disorder, persistent
depressive disorder, disruptive mood
dysregulation disorder, premenstrual dysphoric
disorder, and depressive disorder due to another
medical condition [3].

2.1. Major Depressive Disorder (MDD)

MDD is the most common type of depression
and is characterized by persistent feelings of
sadness, hopelessness, and loss of interest or
pleasure [1]. The pathogenesis of MDD involves
a complex interplay of genetic vulnerability,
environmental stressors, and neurobiological
abnormalities, including alterations in
neurotransmitter function, neuroplasticity, and
stress response systems [4, 5].

2.2. Persistent Depressive Disorder (PDD)

PDD, formerly known as dysthymia, is
characterized by chronic, low-grade depressive
symptoms lasting for at least two years [3]. The
pathophysiology of PDD shares similarities with
MDD but may involve more stable
neurobiological abnormalities and a greater
emphasis on  early-life  stressors  and
developmental factors [1].

2.3. Disruptive Mood Dysregulation Disorder
(DMDD)

Primarily ~ diagnosed in children and
adolescents, DMDD is characterized by severe
temper outbursts that are grossly out of
proportion in intensity or duration to the
situation, occurring frequently, and inconsistent
with the developmental level of the individual
[3]. The mood between temper outbursts is
persistently irritable or angry most of the day,

nearly every day. The pathogenesis may involve
abnormalities in emotional regulation circuits in
the brain and disruptions in neurotransmitter
systems [6].

2.4.  Premenstrual Disorder

(PMDD)

Dysphoric

PMDD involves the presence of significant
mood symptoms such as sadness, irritability, and
anxiety along with premenstrual syndrome
symptoms like bloating and breast tenderness that
occur in the week before menstruation and
improve within a few days after the onset of
menstruation [3]. PMDD is influenced by
hormonal changes, particularly fluctuations in
estrogen and progesterone, as well as
psychosocial factors and genetic vulnerability

[7]1.

2.5. Depressive Disorder due to another
medical condition

Several medical conditions such as
hypothyroidism, cancer, and heart disease can be
associated with depression [3]. These conditions
produce biological changes in patients leading to
depression. The developed depression usually
improves by treating the underlying medical
condition [3].

These classifications provide a framework
for diagnosing and understanding different
presentations of depressive disorders based on
specific symptom criteria outlined in the DSM-5.
Understanding the underlying pathogenesis of
each type of depression helps in diagnosing and
treating patients effectively, often through a
combination of pharmacological,
psychotherapeutic, and psychosocial
interventions tailored to the specific needs of the
individual.

3. Pathophysiology of Depression

Depression involves dysregulation in various
biological, psychological, and environmental
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factors [5].  Neurotransmitter  imbalances,
alterations in neuroplasticity, inflammation,
genetic predisposition, and stress-related changes
in the hypothalamic-pituitary-adrenal (HPA) axis
are among the key contributors to the
pathophysiology of depression [1, 5]. The
following is a detailed explanation of these
contributors.

3.1. Genetic Influences

Genetic factors have a great impact on
depression. According to family, twin, and
adoption studies, around 30-40% of the risk for
developing depression is attributed to genetic
factors [4]. Moreover, these studies have shown a
higher risk of depression among family members
who are first-degree relatives of depressed
patients compared to the general population [3],
indicating that depression is a familial disorder
primarily influenced by genetic factors. However,
the remaining 60-70% of the risk is explained by
individual-specific environmental effects, such as
stress, trauma, and adverse life events [5]. Gene-
environment interactions play a crucial role in
shaping individual vulnerability to depression,
although identifying these specific interactions
has proven challenging due to methodological
limitations and the complexity of gene-
environment interplay [5].

It’s important to note that while genetic and
psychosocial risk factors play a significant role in
the development of depression, other factors
beyond these influences can also contribute to its
onset and progression [5].

3.2. Monoamine Hypothesis

One of the cornerstones of depression
pathophysiology is the monoamine hypothesis,
which suggests that levels of the brain’s serotonin
(5-HT), norepinephrine (NE), and/or dopamine
(DA) are deficient [5]. Researchers reached this
hypothesis through observation of three key
events. Firstly, during the treatment of

tuberculosis with iproniazide, an improvement in
the mood of depressed tuberculosis patients was
noted [1, 8]. Secondly, during the development of
imipramine as an antipsychotic drug, which was
structurally related to chlorpromazine, an
antidepressant effect was observed [1, 8]. Lastly,
during the development of antihypertensive drug
reserpine, it was noticed that depressive
symptoms among patients appeared more clearly
and were antagonized by imipramine [8].
Initially, it was proposed that certain types of
depression were linked to decreased levels of
noradrenaline and dopamine in the synaptic cleft,
known as the catecholaminergic hypothesis of
depression, as these drugs elevate catecholamine
levels [9]. However, the role of serotonin in
depression and its antidepressant effects gained
prominence shortly afterward, leading to the
widely accepted monoaminergic theory of
depression. This theory spurred the development
of new antidepressant drugs aimed at enhancing
the bioavailability of these monoamines [1].

Several mechanisms have been proposed to
cause this central deficiency of monoamines. One
mechanism may involve disturbances in the
synthesis of these neurotransmitters [5]. This
could occur due to nutritional deficiencies (e.g.
inadequate intake of precursor molecules
required for neurotransmitter synthesis) or
genetic  factors affecting enzyme activity
responsible for neurotransmitter synthesis or
dysfunction in the synthesis process [8]. Another
assumed mechanism involves the increased
degradation of these monoamines, where the
enzyme monoamine oxidase (MAO) s
responsible ~ for  breaking down  these
neurotransmitters. An increase in the activity of
this enzyme leads to deficiency of central
monoamines by increasing their degradation [8].
Furthermore, monoamine deficiency may occur
through disturbances in the brain’s transporters
responsible for neurotransmitter reuptake leading
to the rapid removal of neurotransmitters from
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synaptic cleft and decreasing their availability for
signaling between neurons [8]. Additionally,
changes in receptor function, either through
changes in coupling between transmitters and
receptors or changes in the downstream signal
transduction cascade, can lead to disturbances in
the neurotransmitter system and a subsequent
decrease in monoamine levels in the brain [8].

These suggested mechanisms led to the
development of the first generation of
antidepressant drugs, which are monoamine
oxidase inhibitors (MAOIs) and tricyclic
antidepressants [10]. These drugs work by
increasing monoamine levels in the synaptic cleft
through either inhibiting monoamine oxidase
activity by MAOIs or inhibiting neurotransmitter
reuptake transporters by tricyclic antidepressants
[10]. However, their severe side effects resulting
from the blockage of certain postsynaptic
receptors led to the development of more specific
and safer antidepressant drugs. Thus, the second
generation of antidepressants emerged, which
includes selective serotonin reuptake inhibitors
(SSRIs), selective noradrenaline  reuptake
inhibitors (SNRIs), and dual serotonin and
noradrenaline reuptake inhibitors [10]. However,
SSRIs have become the first line of treatment for
depression. Fortunately, these drugs have a good
safety profile and are relatively well tolerated,
but they may be associated with some drug-
related side effects like nausea, insomnia, or
sexual dysfunction [10].

However, not all depressed patients respond
to drugs targeting monoamines, suggesting that
other factors may contribute to the
pathophysiology of depression.

3.3. Inflammation Hypothesis

Even with the progress in treating severe
depression,  approximately  one-third  of
individuals suffering from depression do not
experience positive outcomes from treatment

with traditional antidepressant drugs [11]. An
assumed hypothesis explaining this treatment
resistance  for  depression was that of
inflammation. Recent studies show a strong
correlation between inflammation and
depression, where inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a),
interleukin-1 (IL-1), and interleukin-6 (IL-6) are
elevated in depression [1]. Additionally, the
majority of autoimmune diseases are associated
with  depression, suggesting a relationship
between inflammatory cytokines and the
pathogenesis of depression [12].

One suggested mechanism is  that
inflammatory cytokines like TNF-o could
potentially elevate the expression and activity of
serotonin,  norepinephrine, and  dopamine
reuptake transporters. This effect might occur
through the activation of signaling pathways such
as the p38 mitogen-activated protein kinase (p38
MAPK) pathway [13]. Also, through the STAT-3
signaling pathway, inflammatory cytokines such
as Interleukin-6 can activate the expression and
activity of serotonin transporter, depleting
serotonin from the synaptic cleft and terminating
its effect [14]. In addition, inflammatory
cytokines can activate the indoleamine 2,3-
dioxygenase enzyme, which breaks down
tryptophan, the main amino acid precursor for
serotonin, into kynurenine, thereby decreasing
the concentration of serotonin in the brain [15].
Moreover, inflammation can decrease the
concentration of tetrahydrobiopterin cofactor,
essential for the activities of tryptophan and
tyrosine hydroxylase enzymes responsible for the
synthesis of serotonin, norepinephrine, and
dopamine [11]. Furthermore, inflammatory
cytokines activate nuclear factor kB, inhibiting
neurogenesis, a crucial process in the creation of
new neurons, thus counteracting the beneficial
effects of traditional antidepressants [11].

Another assumption for the relation between
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inflammation and depression is that an increase
in pro-inflammatory cytokines can lead to
oxidative stress. This means an increase in free
radical formation owing to the activation of
phagocytic cells and an increase in the production
of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) [16]. This oxidative stress
results in disturbances in the neurotransmitter
system, where ROS decreases the synthesis and
availability of neurotransmitters such as serotonin
[16].

Moreover, it is worth mentioning that
inflammation and oxidative stress mechanisms
serve as common biological pathways for
depression and neurodegenerative processes [1].
The relationship between depression and
neurodegeneration is complex and bidirectional.
While depression can be a symptom of certain
neurodegenerative disorders, such as Alzheimer's
disease and Parkinson's disease, it can also
contribute to or exacerbate neurodegenerative
processes [17]. Neurodegeneration affects brain
regions involved in mood regulation, leading to
depressive  symptoms. For example, in
Alzheimer's disease, there is degeneration in
areas such as the hippocampus and frontal cortex,
which are implicated in mood regulation [17]. On
the other hand, chronic or severe depression may
contribute  to  neurodegenerative  processes
through inflammation and oxidative stress, which
are processes implicated in neurodegenerative
diseases [1]. Chronic inflammation, for example,
has been linked to the pathogenesis of
Alzheimer's disease and other neurodegenerative
disorders [17].

3.4. Endocrine Hypothesis

The endocrine system plays a crucial role in
depression, where it has been found that cortisol
levels are highly elevated [1, 5]. High levels of
cortisol (stress hormone) can lead to serotonin
deficiency by decreasing the availability of
tryptophan, the substrate for 5-HT production [5].

The elevation of cortisol can be explained by
dysregulation in the hypothalamic-pituitary-
adrenal (HPA) axis [1, 5]. The HPA axis is
mainly involved in stress response; upon
stimulus, the hypothalamus releases
corticotropin-releasing hormone (CRH), which
stimulates the anterior pituitary gland to release
adrenocorticotropic hormone (ACTH), which in
turn activates the adrenal cortex to produce
glucocorticoids, primarily cortisol. Then, cortisol
exerts negative feedback on the hypothalamus
and pituitary gland, inhibiting further release of
CRH and ACTH, thus regulating the stress
response and maintaining homeostasis, as shown
in Fig. 1. [5].

Hypothalamus
release CRH

Y
Anterior pituitary E z
gland release s
ACTH z o

Adrenal cortex
produce cortisol

Fig.1. Schematic of the HPA axis [CRH, corticotropin-
releasing hormone; ACTH, adrenocorticotropic hormone].

Several mechanisms contribute to this
dysregulation, either through hyperactivity of the
HPA axis or through impairment in the negative
feedback. Individuals with depression often
exhibit hyperactivity of the HPA axis and
subsequent elevation of CRH, ACTH, and
cortisol levels, even in the absence of acute
stressors [18]. This leads to prolonged exposure
to high levels of cortisol. Also, dysfunction in the
negative feedback of the HPA axis is commonly
observed in depression, which may be due to
reduced sensitivity of glucocorticoid receptors or
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alterations in the regulation of CRH and ACTH
release, resulting in prolonged secretion of
cortisol [18].

Another finding was that when the HPA axis
is dysregulated, it can suppress the transcription
of the brain-derived neurotrophic factor (BDNF)
gene [18]. BDNF is a protein belonging to the
nerve growth factor family. Prolonged exposure
to cortisol results in decreased synthesis and
secretion of BDNF, leading to neurodegenerative
changes primarily observed in brain structures
like the hippocampus [18].

Another influence of hormones on depression
was shown through thyroid-stimulating hormone
(TSH)  disturbances;  either  hypo  or
hyperthyroidism can contribute to mood
disturbances and depression [19]. Thyroid
hormones play a crucial role in regulating
metabolism and brain function, so imbalanced
levels affect neurotransmitter activity and mood
regulation. Additionally, symptoms of thyroid
disorders, such as fatigue, weight changes, and
sleep disturbances, can mimic or exacerbate
depressive  symptoms.  Treating  thyroid
dysfunction through the administration of
triiodothyronine  may improve  depressive
symptoms, although depression can also occur
independently of thyroid issues [19]. Thyroid
hormones affect neurotransmitters, maybe by
increasing cortical serotonin release, or may act
as a co-transmitter to NE in the adrenergic
nervous system [19]. However, the exact
mechanism of this interaction is not well known,
especially with the finding that depressed
individuals  without  hypothalamus-pituitary-
thyroid axis abnormalities have reduced 5-HT
function as well [19].

While the endocrine hypothesis of depression
suggests that imbalances in hormone levels
contribute to depressive symptoms, it was found
that not all patients with endocrine disorders
exhibit depressive symptoms, indicating that the

relationship between hormones and depression is
not straightforward.

3.5. Glutamatergic and
Alterations

GABAergic

Glutamergic and GABAergic alterations have
been reported in depression, reflecting
dysregulation in the balance between excitatory
and inhibitory neurotransmission within the brain
[20].

Glutamate is the primary excitatory
neurotransmitter in the brain, and alterations in
glutamatergic signaling have been associated
with depression [20]. It was observed that there is
an upregulation of  N-methyl-D-aspartate
(NMDA) receptors in certain brain regions of
depressed patients, leading to an increase in
excitatory activity and neuronal damage, thus
contributing to depressive symptoms [5]. Another
suggested mechanism involves a reduction in
glutamate transporters, leading to alterations in
glutamate clearance and an increase in
extracellular glutamate levels, resulting in
depression [5].  Additionally, glutamatergic
dysfunction may disrupt synaptic plasticity
mechanisms, which refers to the brain’s ability to
adapt and reorganize its neural connections in
response to experiences, leading to depression

[5].

GABA (gamma-aminobutyric acid) is the
main inhibitory neurotransmitter in the brain, and
disruptions in GABAergic neurotransmission
have been implicated in depression [20]. Studies
have reported reductions in GABA levels,
alterations in GABA receptor subunit expression,
and dysfunction in GABAergic interneurons in
individuals with depression. These alterations
suggest a reduction in inhibitory control over
neural circuits involved in mood regulation, thus
contributing to depression [5].

between
GABAergic

Overall, the imbalance
glutamatergic  excitation  and
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inhibition is thought to play a role in the
pathophysiology of depression. Targeting this
neurotransmitter system may be a breakthrough
in the treatment of depression, although further
research is needed to fully understand the precise
mechanisms of glutamatergic and GABAergic
alterations and their involvement in depression.

3.6. Neurotrophic Hypothesis

Recent studies show structural alterations in
the brains of individuals with depression,
revealing a decrease in the volume of the
hippocampus and other brain regions in untreated
depressed people, possibly resulting in increased
stress sensitivity and an increased risk of
recurrence [1]. It has been proposed that this loss
of volume may be due to glucocorticoid
neurotoxicity, glutamatergic toxicity, decreased
neurotrophic factors, and decreased neurogenesis
[5]. Unfortunately, these mechanisms couldn’t be
confirmed since there are no imagining tools to
directly examine neurotoxic and neurotrophic
processes in vivo [5].

The neurotrophic hypothesis of depression
proposes that disruptions in neurotrophic factors,
particularly brain-derived neurotrophic factor
(BDNF), and its signaling pathways play a
significant role in the pathophysiology of
depression [1, 21]. BDNF is a protein that
supports the growth, survival, and function of
neurons in the brain. It plays a crucial role in
neuroplasticity and promotes the formation of
new synapses, enhancing neurotransmitter
release, and protecting neurons from damage and
death [1, 21].

According to the neurotrophic hypothesis,
reduced levels of BDNF and impaired BDNF
signaling may contribute to the development and
persistence of depression. Preclinical studies
have shown that chronic stress, a major risk
factor for depression, can downregulate BDNF
expression and impair neuroplasticity in key

brain regions involved in mood regulation, such
as the hippocampus and prefrontal cortex [22].

Moreover, genetic and epigenetic factors that
influence BDNF expression and function have
been implicated in the wvulnerability to
depression. For example, variations in the BDNF
gene and alterations in DNA methylation patterns
that regulate BDNF expression have been
associated with an increased risk of depression
[22].

Conversely, antidepressant treatments, such
as selective serotonin reuptake inhibitors (SSRIs)
and tricyclic antidepressants, have been found to
upregulate BDNF expression and enhance
neuroplasticity [1]. These findings suggest that
the therapeutic effects of antidepressants may, in
part, be mediated by their ability to restore BDNF
levels and normalize neurotrophic signaling
pathways [1].
Overall, the neurotrophic hypothesis of
depression  highlights the importance of
neuroplasticity and BDNF signaling in the
pathogenesis of depression and suggests that
targeting these pathways may represent a
promising approach for the development of novel
antidepressant treatments.

3.7. Circadian Rhythms Hypothesis

The Circadian rhythms hypothesis of
depression suggests that disturbances in the
body’s internal biological clock, which regulates
sleep-wake cycles and other physiological
processes, may influence the development of
depression [5]. According to this hypothesis,
abnormalities in circadian rhythms, such as
irregular sleep-wake patterns or changes in the
timing of hormonal secretion, increase the risk of
developing depression due to disruption in mood-
regulating mechanisms [5]. It has been noticed
that individuals who have insomnia or irregular
sleep schedules may experience dysregulation of
neurotransmitters involved in mood regulation,
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such as serotonin, and are more susceptible to
developing depression. Moreover, studies have
suggested that depressive symptoms could occur
due to dysregulation in circadian genes and clock
genes, which are important in regulating
circadian rhythms and mood [23].

On the other hand, depression itself can
disrupt circadian rhythms, leading to sleep
disturbances and exacerbating mood symptoms.
For example, individuals with depression often
exhibit alteration in the diurnal rhythm of
cortisol, such as blunted cortisol awakening
response (CAR) and elevated evening cortisol
levels [5]. These abnormalities in cortisol
secretion can cause depressive symptoms.
Therefore, the relationship between depression
and circadian rhythms is bidirectional, where
both influence and trigger each other.

Researches supporting the circadian rhythms
hypothesis depend on the improvement of
depressed patients after stabilizing circadian
rhythm as an adjunct therapy to antidepressant
drugs by maintaining a regular sleep-wake
schedule, exposure to sunlight, and time
administration of drugs [23].

Overall, the circadian rhythms hypothesis
provides valuable insights into the complex
interplay between biological processes and mood
regulation, emphasizing the importance of
maintaining healthy sleep patterns and circadian
rhythms for the treatment and prevention of
depression.

4. Treatment of Depression

While conventional therapies such as
antidepressant medications and psychotherapy
remain cornerstone treatments for depression,
new and emerging treatments offer promise for
improved outcomes, especially for individuals
with treatment-resistant depression or those
seeking alternatives to traditional approaches.
Continued research and innovation in the field of

depression treatment are essential for addressing
the diverse needs of individuals living with this
challenging condition.

4.1. Conventional Therapy

4.1.1. Antidepressant Medications: Selective
serotonin  reuptake  inhibitors,  serotonin-
norepinephrine reuptake inhibitors, and other
classes of antidepressants are commonly
prescribed to alleviate symptoms of depression
[1, 3, 4]. These medications work by increasing
the availability of neurotransmitters such as
serotonin and norepinephrine in the brain,
helping to regulate mood [1].

4.1.2. Psychotherapy:  Cognitive-behavioral
therapy (CBT), interpersonal therapy (IPT), and
other forms of psychotherapy are widely used to
treat depression [3]. These therapies aim to
identify and modify negative thought patterns
and behaviors, improve coping skills, and
enhance interpersonal relationships, leading to
symptom relief and improved functioning [3].

4.1.3. Electroconvulsive Therapy (ECT): ECT is
a procedure in which electrical currents are
passed through the brain to induce a controlled
seizure [1]. While its precise mechanism of
action is not fully understood, ECT is known to
produce rapid and often effective relief of severe
depression, particularly in cases where other
treatments  have  been ineffective [1].

4.2. New Treatments

4.2.1. Ketamine and Esketamine: Ketamine, an
N-methyl-D-aspartate (NMDA) receptor
antagonist, has shown rapid and robust
antidepressant effects, even in treatment-resistant
depression [4]. Esketamine, a nasal spray
formulation of ketamine, has been approved by
regulatory agencies for use in certain cases of
treatment-resistant depression [4].
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4.2.2. Transcranial Magnetic Stimulation (TMS):
TMS involves the non-invasive delivery of
magnetic pulses to specific regions of the brain
implicated in depression, such as the dorsolateral
prefrontal cortex [1]. This therapy has
demonstrated efficacy in reducing depressive
symptoms and is generally well-tolerated [1].

4.2.3. Novel Pharmacological Approaches:
Researchers are exploring novel pharmacological
targets and mechanisms of action for treating
depression [24]. These include drugs targeting
the  glutamatergic  system, inflammatory
pathways, and neurotrophic factors, to develop
medications that are faster-acting, more effective,
and better tolerated than current options [24].

4.2.4. Digital Therapeutics: With the rise of
digital health technologies, there is growing
interest in digital therapeutics for depression [25].
These include smartphone apps, web-based
programs, and virtual reality interventions
designed to deliver evidence-based
psychotherapy, mindfulness exercises, and other
interventions remotely, increasing access to care
and providing additional treatment options [25].

Conclusion

In conclusion, the pathophysiology of
depression is a complex interplay of
neurobiological, genetic, and environmental
factors, presenting a significant challenge in fully
understanding  this  disorder.  While the
monoamine hypothesis has contributed to our
understanding and guided treatment, it is clear
that depression involves a multifaceted network
of neurobiological processes beyond just
monoamine dysfunction. Further studies are
necessary to elucidate the exact mechanisms
involved, leading to the development of more
effective and personalized strategies. These
efforts aim to help individuals affected by
depression improve their quality of life and well-

being.
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