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ABSTRACT

Introduction: Major depressive disorder (MDD) is a mental disorder characterized by
alterations in mood, cognition, neurovegetative functions, and psychomotor activity. Millions
of people worldwide suffer from this disease. There is no diagnosis based on laboratory tests
for major depression. Even though there are varieties of treatments for MDD, antidepressants
(ADs) are often used to treat the patients. There is a wide range of different responses to AD
drugs. Treatment-resistant depression is a significant challenge in the treatment of this disease.
This research aims to review our current knowledge of MDD and show the shortcomings in
diagnosing and treating this disease. These gaps display the need for molecular studies to find
new biomarkers related to this disease.

Methods: This review uses two search strategies: A literature search using keywords (major
depressive disorder or MDD) and articles on each study topic. Animal experiments, pediatric
MDD, and postpartum depression are excluded. For parts requiring more study, specific
keywords were used.

Results: Biological approaches can help with a better understanding of the MDD pathogenesis
mechanism, which is needed for diagnosis, treatment, and prediction of treatment response.

Conclusion: Although various treatments and diagnostic procedures exist for MDD, they are
insufficient, and more investigations and research are needed. Finding a specific and sensitive
panel of biomarkers is more helpful for accelerating the clinical development of new diagnoses
and therapeutics for MDD.
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Highlights
® There are still many unresolved issues with major depressive disorder (MDD).
o In psychiatry, personalized medicine reduces mortality and morbidity rates.

e Systems biology studies can play a significant role in the prospective of MDD.

Plain Language Summary

MDD is a mental disorder that affects how you feel, think, and behave and can cause several emotional and physi-
cal issues. MDD is characterized by a prolonged sense of sadness and loss of interest, disturbed sleep and appetite,
unwarranted guilt and feelings of worthlessness, and agitation or retardation. Various emotional and physical issues
can develop as a result of these symptoms. This paper reviewed the current understanding of MDD’s pathophysiology,
diagnosis, treatment, and drug resistance. There is no diagnosis based on laboratory tests for major depression. A men-
tal status examination, the patient’s self-reported experiences, and the patient’s behavior noted by family or friends are
the main diagnostic criteria for MDD. There are various treatments for MDD, but antidepressants (ADs) are often used
to treat patients. However, psychological counseling is more important. There is a wide range of different responses
to AD drugs. Treatment-resistant depression is a big challenge in the treatment of this disease. This research aims to
review our current knowledge of MDD to show the shortcomings in diagnosing and treating this disease. These gaps
highlight the need for molecular studies to find new biomarkers for MDD. Although there are a variety of treatments
and diagnoses for MDD, they are insufficient. It appears that there are still many unresolved issues in this field. So,
more investigations and research are needed. Our results indicate that biological approaches can help better understand
the MDD pathogenesis mechanism, which is necessary for diagnosis, treatment, and prediction of treatment response.
Also, finding a specific and sensitive panel of biomarkers based on biological approaches is more helpful for speeding
up the clinical development of new diagnoses and therapeutics for MDD patients. Systems biology studies can play a
significant role in the MDD prospective. Also, a more comprehensive and multivariable strategy that combines several
approaches, including proteomics, metabolomics, and neuroimaging techniques, would allow the diagnosis and treat-
ment of MDD to be personalized. It helps us better understand the neurobiology of different depression subtypes. A
graphical abstract of the study is shown below.

pational settings (Bains & Abdijadid, 2022; Brigitta,
2022; Marcus et al., 2012). Depression and melancholia
are known to have originated in Hippocrates’ writings,
the father of modern medicine, in the fifth century BC
(Spielberger et al., 2003).

1. Introduction

epression is a heterogeneous disorder,
covering numerous diseases with differ-
ent causes and pathophysiologies (Nes-
tler et al., 2002) and a broad spectrum

from minor/subthreshold to major (Jani Depression is the most prevalent psychiatric disorder

et al., 2015). Major depressive disorder (MDD) is a
serious disorder of enormous sociological and clinical
relevance. MDD patients present a wide range of symp-
toms like low energy, depressed mood, lack of interest
or pleasure, guilt or feelings of low self-worth, abnormal
sleep or appetite, and poor concentration. All of these
symptoms can cause significant distress and loss of nor-
mal function. A person cannot be diagnosed as having
MDD, following the diagnostic and statistical manual
of mental disorders, fifth edition (DSM-5) unless he or
she shows 5 of the symptoms mentioned above, one
of which must be a depressed mood or anhedonia that
impairs his or her ability to function in social or occu-

and represents one of the leading causes of disability
in the world (Newby et al., 2015; Penninx et al., 2013).
According to the World Health Organization (WHO),
MDD will account for 13% of the global disease burden
by 2030, displacing cardiovascular diseases, with a life-
time prevalence of 10% and 15% (Lopizzo et al., 2015).
Given its widespread prevalence, MDD has been called
the “common cold” of mental illness (Spielberger et al.,
2003). Every year, approximately one million people
die in Western societies due to a lack of comprehension
of disease pathophysiology and laboratory tests to help
with accurate diagnosis and antidepressant (AD) treat-
ment strategies (Martins-de-Souza et al., 2012).
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There are two major hypotheses based on the classical
monoaminergic hypothesis of depression: The cytokine
hypothesis (dysfunction in the immune-inflammatory
system) and the neurotrophic hypothesis (neuronal plas-
ticity) (Cattaneo et al., 2015). Epidemiologic studies
indicate that approximately 40% to 50% of depression
etiology is hereditary (Nestler et al., 2002). Generally,
genetic, epigenetic, physiological, and psychological
components make up the biological basis of mood disor-
ders (Saltiel & Silvershein, 2015). Genetic research in-
dicates that polygenes with small effects and infrequent
mutations are probably the genetic causes of the condi-
tion (Lee et al., 2014).

However, non-genetic factors are important, too. These
variables are incredibly diverse. A variety of these fac-
tors range from stress and emotional trauma to viral in-
fections and even random processes during brain devel-
opment (Nestler et al., 2002). Additionally, undeniable
documentation indicates that people with physical dis-
orders—and particularly those with numerous physical
disorders—are more likely to develop depression (Kang
et al., 2015). Moreover, socioeconomic status is a risk
factor for depression (Liang et al., 2012).

Based on the DSM’s symptomatic criteria, depres-
sion has been classified as “major depression” since the
1960s. According to these criteria, the diagnosis of de-
pression, in contrast to the majority of disorders of other
organ systems, i.e. cancer and diabetes, is not based on
quantitative clinical testing like serum chemistry, or-
gan imaging, and biopsies but rather on highly variable
symptoms (Lakhan et al., 2010; Nestler et al., 2002).

The clinical overlap of Alzheimer-type dementia, vas-
cular dementia, frontotemporal dementia, and MDD
presents considerable diagnostic problems (Braaten et
al., 20006). Also, patients with bipolar disorder experi-
ence significant depressive symptoms (Chang, 2009; Lin
et al., 2008).

If depression is not controlled, significant aftereffects,
such as economic, social, physical, and psychological
consequences, will be seen. Several studies demonstrate
that treating depression is efficient and cost-effective
(Evans-Lacko et al., 2016; Greenberg et al., 2003). Sev-
eral factors contribute to the economic burden of depres-
sion, including the prevalence of the disease, the rate
and degree of impairment, and the treatment success
(Greenberg et al., 2003). In 1990, studies indicated an
average loss of 5.6 productive hours per week for de-
pressed workers in the United States. On the other hand,
treatment has its costs. The same studies estimate that
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the annual economic burden for direct treatment, missed
wages, indirect workplace costs, and labor costs related
to short-term and long-term disability ranges from $44 to
$53 billion (Stewart et al., 2003; Tierney, 2007). Accord-
ing to estimates, indirect costs to society are seven times
the direct costs (Organization, 2005).

The additional direct cost per person decreased be-
tween 2010 and 2018 despite a rise in the entire popula-
tion of MDD sufferers. In the meantime, the percentage
of people with MDD who received therapy remained the
same over the preceding 10 years, indicating that this
population still has significant unmet treatment needs
(Greenberg et al., 2021).

Up to now, attempts to define biomarkers for MDD have
not yet led to robust biomarkers. This outcome is due to
an incomplete knowledge of the molecular mechanisms
underlying MDD and how these mechanisms react and
interact in a dynamic environment. Further studies are
required to understand the MDD pathophysiology fully.

Researchers are looking for new approaches to treat
psychiatric problems because the available traditional
treatments are not ideal (Larijani et al., 2021). More-
over, due to the overlapping clinical features of mental
disorders and MDD, the diagnosis and treatment of de-
pression and determining its subgroups are facing many
problems. Even though significant findings have been
made relating to the effective treatment of depression,
there are still large gaps in our understanding. Recogniz-
ing the neurobiological basis of MDD has remained one
of the most significant challenges for modern psychiatry.
A better understanding of the molecular mechanisms of
MDD can open new horizons in managing, treating, and
remission of MDD. The current study highlighted the
significance of identifying novel biomarkers for diag-
nosing and predicting treatment responses and evaluat-
ing MDD and its subtypes.

Search strategy

The search strategies for this review are divided into
two sections. A different set of search techniques was
used for each of the two sections of this evaluation. At
first, a literature search was conducted through PubMed
and Google Scholar using the search keywords (“major
depressive disorder” OR “MDD”) up to June 1, 2022.
The second part included articles on each part of the
study topic. PubMed and Google Scholar were exten-
sively searched utilizing combinations of the follow-
ing keywords: (MDD [AND] history), (MDD [AND]
mechanism), (MDD [AND] diagnosis), (MDD [AND]

Gilanchi., et al. (2024). A Review on MDD. BCN, 15(6), 713-734.
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treatment), (MDD [AND)] drug resistance), and (MDD
[AND] biomarker). The title and abstract of each re-
trieved study were checked to determine whether it met
the inclusion or exclusion criteria. However, animal ex-
periments, pediatric MDD, and postpartum depression
were excluded. Subsequently, a search was made with
more specific keywords for the parts that needed more
study. Figure 1 represents the workflow of the study.

History

The concepts of depression and melancholia can be
traced back to the fifth century BC in Hippocrates writ-
ings, the father of modern medicine. “Black mood” is a
description of the Greek-Latin term “melancholia,” which
Hippocrates attributed to excessive black bile in the brain
(Marsella et al., 1987; Onions, 1965). Melancholia was
regarded as a mental disorder characterized by prolonged
sadness and fear, “despondency, sleeplessness, irritability,
restlessness,” and an aversion to food (Hirshbein, 2009).

In the second century AD, Galen’s restatement of Hip-
pocrates’ description of melancholia prevailed for the
next 1500 years. Galen believed that contrary to earlier
authorities, yellow bile, nutritional deficiencies, the sup-
pression of menstrual or hemorrhoidal flow, and emo-
tional elements might also contribute to melancholia’s
origin (Ariza et al., 2010; Marsella et al., 1987). During
the 17" and 18" centuries, more modern, special theo-
ries about melancholy began appearing by physicians
and Christian Church pastors in Europe. The Latin verb
deprimere, which means “to press down,” inspired the
current English term for depression (Kanter et al., 2008;
Roystonn et al., 2021).

Figure 1. The workflow of the study
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Five writers—Griesinger, Sankey, Maudsley, Krafft-
Ebing, and Kraepelin—addressed the root of delusional
melancholy during the 1860s and 1880s. The authors all
came to the same conclusion—that melancholia was a
basic mood disorder—and maintained that the delusions
naturally resulted from the aberrant mood. During this
century, the model for explaining delusional melancho-
lia in terms of faculty psychology reversed from one
that linked intellect to mood to one that linked mood to
intellect (Kendler, 2020). In the 1980s and late 1970s,
many researchers looked at the effects of norepineph-
rine, precursors tyrosine, and phenylalanine, as well as
serotonin precursors L-tryptophan and 5-hydroxytrypto-
phan on depressive patients (Meyers, 2000). Depressive
illness was thought of as a recurrent episodic disorder
with complete remission between episodes for several
decades in the 20™ century (Ban, 2014). At the end of the
20" century, depression, or melancholy, was recognized
as a true illness of the time, comparable to the hysteria
Charcot had witnessed at the Salpétriere Hospital in Par-
is in the 19" century (Barroso, 2003).

Many different treatment approaches have been tried
in depressive states. Historically, there have been three
phases in the development of the psychiatric treatment
of depression.

The first phase, which lasted until the mid-1930s, was
characterized by ineffective somatic treatment and psy-
chotherapy. Although many different drugs and physical
techniques were used, none of these treatments had a con-
sistent therapeutic effect, even though they occasionally
benefited some patients. The second phase is convulsive
therapy and lobotomy, which lasted from the mid-1930s

Gilanchi., et al. (2024). A Review on MDD. BCN, 15(6), 713-734.
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to the mid-1950s of the 21* century. Convulsions are
brought on either chemically by pentamethylene tetrazol
(metrazol) or electrically by a current sent through the
brain at this phase of psychotherapy development. For
all intents and purposes, this therapy is recommended for
acute severe depression. Around the same time, frontal
lobotomies were invented, and they were successful in
treating depressive disorders, especially chronic ones
that had resisted electroconvulsive therapy (ECT). The
third phase is pharmacotherapy. This phase began in the
middle of 1950, and the development of this phase has
not yet been completed (Ban, 2014; Lehmann, 1965;
Lopez-Mufioz & Alamo, 2009). An improved compre-
hension of the molecular mechanisms of MDD can help
discover valuable treatments for this disease.

Mechanism

Identifying the cause and pathogenesis of MDD or the
prediction of the treatment response in these patients is
more important, and for achieving these aims, under-
standing biological changes during MDD is necessary.
MDD may be associated with neurotransmitters and
biochemical factors, such as neurophysiologic, neuroim-
aging, and inflammatory markers. The main neurotrans-
mitters of depression include the serotonergic, noradren-
ergic, and dopaminergic systems (Lee & Kim, 2013).
Patients with depression have decreased hippocampal
volume, which is strongly correlated with the frequency
and duration of depressive episodes. Despite structural
abnormalities in the brain, the neurobiology of MDD is
thought to be influenced by changes in brain neuronal
function (Saltiel & Silvershein, 2015). Positron emission
tomography (PET) studies in mood disorders have dis-
covered several abnormalities in regional cerebral blood
flow (CBF) and glucose metabolism in limbic structures
and the prefrontal cortex (PFC) (Mossner et al., 2007).
Most neurotransmitter synthesis is regulated by the
brain (Meyers, 2000). In addition, these brain regions’
structure and function are controlled by monoaminergic
neurotransmission (Saltiel & Silvershein, 2015). Mono-
amine neurotransmitters, particularly serotonin (5-HT),
dopamine (DA), and noradrenaline (NA), are hypoac-
tive in MDD patients’ midbrains, and these agents have
received more attention because nearly all of the AD
drugs’ mechanisms of action act through these systems
(Drevets et al., 2008; Werner & Covenas, 2010). In addi-
tion to the classical neurotransmitters, neuropeptides are
changed in specific brain regions during major depres-
sion. Major depression is associated with the hyperac-
tivity of some neuropeptides, including substance P cor-
ticotropin-releasing hormone and thyrotropin-releasing
hormone, and the hypoactivity of other neuropeptides,

November & December 2024, Vol 15, No. 6

including neuropeptide Y and galanin (Werner & Cove-
nas, 2010). Although the monoamine transmitter is im-
portant to fully comprehend the disease’s pathophysiol-
ogy, the monoamine theory is insufficient. Many studies
indicate that immune mechanisms, mainly cytokines,
are implicated in depression’s pathogenesis (Sahin &
Aricioglu, 2013). The cytokine hypothesis of depression
posits that the cytokines have a critical function in its
cause. Cytokines are immune system hormones. They
are composed of proteins and glycoproteins secreted by
immune cells and act as signals among the immune cells
(Dunn et al., 2005). Several clinical studies reveal that
people with depression indicate higher plasma levels of
pro-inflammatory cytokines like interleukin (IL)-1p, IL-
6, and tumor necrosis factor (TNF)-a (Dunn et al., 2005).
The interaction between peripheral inflammation and
the central nervous system has been thoroughly studied.
Several mechanisms for entering cytokines, particularly
TNF-a and IL-1p, in the brain influence central neuro-
nal function and cause behavioral alterations known as
“sickness behavior.” These mechanisms include pass-
ing through circumventricular organs, projection with
peripheral vagal nerve afferents, uptaking by active
transport systems, crossing of cytokine induced immune
cells like macrophages, monocytes, and T cells directly
through the blood brain barrier and direct passage. These
cytokines, after entering the brain, trigger their own pro-
duction, particularly in the amygdala, dentate gyrus of
the hippocampus, hypothalamus, and other parts of the
brain. Also, recent studies indicate that the Toll-like re-
ceptors, which have a role in neuronal function and the
production of cytokines and chemokines in response to
inflammation or stressful situations, have altered protein
and mRNA levels in the hypothalamus of people with
depression (Cattaneo et al., 2015; Sahin & Aricioglu,
2013). The neurotoxic mechanisms and the modula-
tion of neurotransmitter metabolism are two examples
of how cytokines in the brain can impact brain function
(Capuron & Dantzer, 2003; Cattaneo et al., 2015).

It has been suggested that the pro-inflammatory cyto-
kines IL-1B and IL-6, which increase during infection,
are crucial for synaptic plasticity, neurogenesis, and neu-
romodulation. These pro-inflammatory cytokines stimu-
late the paraventricular nucleus of the hypothalamus to
secrete corticotropin-releasing hormone (CRH), activate
the hypothalamic-pituitary-adrenal (HPA) axis, and en-
courage the release of adreno-corticotrophin hormone
(ACTH) and glucocorticoids. Understanding how IL-1
functions in the pathophysiology of depression may help
explain how it affects changes in amine metabolism,
neurogenesis, and neuroinflammation (Farooq et al.,
2017; Jeon & Kim, 2016; Zunszain et al., 2011).
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Additionally, it has been demonstrated that cytokines
can cause dysfunction of the neurotrophic system and
decrease neurogenesis in several brain regions, most no-
tably in the hippocampus. Free radicals, oxidants, and
glucocorticoids are overproduced due to the excessive
inflammatory response sparked by pro-inflammatory
cytokines in the peripheral nervous system, which can
disrupt glial cell activities and damage neurons in the
brain. As a result, neural plasticity may eventually de-
cline, which is a key component of depression-related
dysfunction. The term “neuronal plasticity” describes
several mechanisms essential for brain function, includ-
ing the capacity to recognize, respond to, and adapt to a
wide range of external and internal stimuli. It is believed
that these processes can be dysfunctional in various psy-
chiatric diseases, which may ultimately increase disease
vulnerability (Ariza et al., 2010; Cattaneo et al., 2015).

Furthermore, the stress hormones, such as cortisol,
ACTH, and CRH, can all be increased by cytokines.
These hormones have been linked to HPA dysfunction
and are elevated in depressed patients. Disrupted mi-
croglia function has been linked to neurologic and psy-
chiatric disease and could significantly impact neuronal
activity and function (Cattaneo et al., 2015; Pariante &
Miller, 2001; Zunszain et al., 2011).

Brain-derived neurotrophic factor (BDNF) has re-
ceived significant attention as a growth factor in MDD.
BDNF controls neuronal plasticity, migration, and sur-
vival in the central and peripheral neurological systems.
It is hypothesized that higher corticosteroid dosages will
likely cause decreased levels of BDNF in depression be-
cause activation of the glucocorticoid receptors (GRs)
negatively affects the BDNF gene. Although BDNF lev-
els in MDD may serve as a diagnostic and prognostic
marker, there are still unresolved issues, such as whether
peripheral BDNF can pass the blood-brain barrier and
cause behavioral effects (Hacimusalar & Esel, 2018).

According to neuroimaging research, depression af-
fects several structurally and functionally dysfunctional
brain regions, the majority of which are related to the
limbic system, default mode network, central execution
network, and salience network. They contribute to sev-
eral clinical depressive symptoms (Dai et al., 2019).

The lateral PFC activity is abnormally decreased in
MDD patients, particularly during express voluntary
control, when the emotional experience is already occur-
ring. On the other hand, it is possible that (medicated)
MDD patients can control their emotions in the early,
automatic stages by drawing on additional lateral pre-

Basic and Clinical

frontal neuronal resources. Medial may act as a mediator
in this action plan (Rive et al., 2013).

The neuropharmacological mechanisms that have
been proposed as the final common pathways for AD
responses are as follows: Increase in the gene expression
of BDNF and other neurotrophic/neuroprotective factors
in the hippocampus and PFC, enhancement of postsyn-
aptic serotonin type 1A (5-HT1A) receptor function, and
attenuation of the sensitivity or transmission of NMDA-
glutamatergic receptors (Drevets et al., 2008).

2. Diagnosis

Comprehensive evaluation and accurate diagnosis
are essential components of managing depression. The
evaluation must be based on a thorough history, physi-
cal exam, and mental state examination. All sources, es-
pecially the family, must be consulted for history. The
diagnosis must be noted using the most recent diagnostic
criteria (Gautam et al., 2017).

The diagnosis of MDD is made using internationally
accepted diagnostic criteria. The International Classifi-
cation of Diseases (Mental and Behavioral Disorders,
ICD-10) and the classification of the American Psychiat-
ric Association (DSM-4) are two of the most commonly
used criteria (Farah & Gillihan, 2012). The ICD-10 clas-
sifies depression as mild, moderate, or severe (with or
without psychotic symptoms) based on a list of 10 de-
pressive symptoms (Ariza et al., 2010; Kessing, 2004).
The disease criteria of the DSM-5 have come under
harsh criticism from Hyman (2011), a former director of
the National Institute of Mental Health (NIMH). He stat-
ed: “The problem is that the DSM has been introduced
into an understudied area, which has been accepted with-
out question”. It was formed with a focus on a paradigm
shift in the system. Given DSM-IV's limitations and lack
of foundation other than disease essentialism, there is a
need to amend DSM-4 to be upgraded to DSM-5 with
a more thorough approach to identify the heterogeneity
of major depressive disorder (Kim & Park, 2021). The
ICD-10 and DSM-4 diagnostic criteria for depressive
episodes overlap, but there are some differences in em-
phasis. ICD-10 requires that the patient exhibit two of
the first three symptoms (depressed mood, loss of inter-
est in daily activities, and decreased energy) and at least
two of the remaining seven symptoms. For DSM-4, at
least five of the nine symptoms must be present in the
patient, and at least one of the first two symptoms (de-
pressed mood and loss of interest). For both diagnostic
methods, a diagnosis may only be made when the symp-
toms have existed for at least two weeks (Nonetheless, it
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might be shortened for the ICD-10 if symptoms are very
severe or present quickly). Both ICD-10 and DSM-4 re-
quire that symptoms result in functional impairment that
increases with the episode’s severity (NCCMH, 2010).
Table 1 shows the diagnostic criteria of ICD-10.

Some minor changes were made to the DSM-4 diag-
nostic criteria for some disorders, making it easier for
attending physicians and psychologists to make diag-
noses. The goal of the DSM-5 was to make a subtle
shift towards “bridging the gap between etiology-based
symptomatology and identifiable pathophysiological eti-
ology” (Kupfer & Regier, 2011; Svenaeus, 2014). Table
2 presents the diagnostic criteria for DSM-5.

First, in the context of mood disorders, depressive
disorders are considered a separate entity from bipolar
disorders. Second, diagnostic thresholds for MDD were
lowered in DSM-5 compared with those in DSM-4.
The term “hopelessness” was changed to a more indi-
vidualized way of describing depressed mood, and the
term “bereavement exclusion” was removed from the
diagnostic criteria. In the ICD-10 diagnostic criteria for
depressive episodes, the deletion of the item ‘bereave-
ment exclusion’ was partially supported because clinical
or genetic aspects of major depressive episodes caused
by bereavement were not significantly different from
those caused in other contexts of major depressive epi-
sodes. Thirdly, the transdiagnostic specifiers, such as
those with psychotic features, those with mixed features,
and those with anxious features, were adjusted in DSM-
5. This change was done to show the quantitative, not
qualitative, overlapping symptoms of major depressive
disorder related to anxiety disorder, schizophrenia, and
bipolar disorder. According to the severity-psychosis hy-
pothesis, the specifier was coded with psychotic features
only in MDD. This hypothesis emphasizes psychotic
symptoms as factors that depend on the severity of
MDD. By rejecting the severity-psychosis hypothesis in
several studies, the DSM-5, encoding the specifier with
psychotic features, was approved for major depressive
disorder as well as mild and moderate MDD and dysthy-
mic disorder (Kim & Park, 2021; Svenaeus, 2014).

The inclusion and exclusion criteria for each diag-
nostic category are being reevaluated and revised in
light of recent discoveries. The addition of genetic and
neurobiological measures has been taken into consid-
eration regarding this most recent adjustment (Farah &
Gillihan, 2012).

November & December 2024, Vol 15, No. 6

The progression of depression and how effectively a
patient responds to treatment are significantly influenced
by a wide range of biological, psychological, and social
aspects that are not well recognized by existing diagnos-
tic frameworks. When doing a diagnostic examination,
it is crucial to take into account both the patient’s past
experiences with depression as well as any family his-
tory of the condition (NICE, 2009).

Some practitioners already use brain imaging to make
psychiatric diagnoses (Farah & Gillihan, 2012). Al-
though the pathoanatomic foundation of mental diseases
could be defined significantly with the use of modern
imaging, a key challenge in using neuroimaging for psy-
chiatric diagnosis is that the clinical usefulness of such
tests depends in part on their ability to differentiate be-
tween various conditions. As the number of diagnostic
categories regarded as clinically important increases,
generally, both inter-subject and intra-subject variability
in interpretation rises (NICE, 2009; Savitz et al., 2013).
PET imaging research has identified multiple anomalies
in regional CBF and glucose metabolism in different
brain regions. Recent studies on neuroimaging have con-
centrated on the neurobiological abnormalities related to
MDD, such as malfunctioning or structural variations in
cerebral regions, due to reactive microglia’s association
with some molecular modifications that can be detected
by different radiotracers, morphological and functional
changes in reactive microglia allowed for in vivo detec-
tion of microglial activation as a biomarker of central
inflammation in a variety of pathological conditions,
including MDD (Gritti et al., 2021; Lee & Kim, 2013).

Single photon emission computed tomography
(SPECT) is the functional imaging method used as an
ancillary diagnostic tool in clinical psychiatry. In partic-
ular, it helps differentiate depression from neurodegen-
erative diseases when making a differential diagnosis of
depression. This imaging technique measures regional
CBEF by tracers that emit gamma rays in the blood. This
local blood flow data creates a low-resolution, three-
dimensional image of brain activity (Cho et al., 2002;
Farah & Gillihan, 2012; Nagafusa et al., 2012).

The following conditions can be measured with mag-
netic resonance imaging (MRI): Brain structure volume
(structural MRI), white matter integrity and density (dif-
fusion tensor imaging [DTI]), or functional metabolic
activity patterns (fMRI), either at rest or in response to
a specific task or challenge. Moreover, fMRI can inves-
tigate activity in specific brain regions or coordinated
temporal activity patterns across several regions (fc-
MRI) (Dunlop & Mayberg, 2014; Pilmeyer et al., 2022).
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Table 1. Diagnostic criteria of depressive episode according to ICD-10

Somatic symptom may or may not be present: The lowered mood varies little from day to day, is unresponsive to circum-
stances, and may be accompanied by so-called “somatic” symptoms, such as:
Loss of interest and pleasurable feelings
Waking in the morning several hours before the usual time
Depression is worst in the morning
Marked psychomotor retardation
Agitation
Loss of appetite

Weight loss
Loss of libido

Depending upon the number and severity of the symptoms, a depressive episode may be specified as mild, moderate, or
severe.
Mild depressive episode: Two or three of the above symptoms are usually present. The patient is usually distressed by these
but will probably be able to continue with most activities.
B Moderate depressive episode: Four or more of the above symptoms are usually present, and the patient is likely to have
great difficulty in continuing with ordinary activities.
A severe depressive episode without psychotic symptoms: An episode of depression in which several of the above symptoms
are marked and distressing, typically the loss of self-esteem and ideas of worthlessness or guilt. Suicidal thoughts and acts are
common, and several “somatic” symptoms are usually present.

The episode was not due to psychotropic substance abuse or organic mental disorder
Inclusion:
C Single episodes of: Depressive reaction, psychogenic depression, reactive depression
Exclusion:
Adjustment disorder, recurrent depressive disorder, associated with conduct disorders

Derived from WHO ICD-10 version 2019 (WHO, 2019)

Table 2. Major depressive disorder diagnostic criteria according to a DSM-5

Five (or more) of the following symptoms have been present during the same 2-week period and represent a change from
previous functioning: At least one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure.
1. Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g. feels sad, empty, hope-
less) or observation made by others (e.g. appears tearful). (Note: It can be an irritable mood in children and adolescents.)
2. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day (as indicated by
either subjective account or observation).
3. Significant weight loss when not dieting or weight gain (e.g. a change of more than 5% of body weight in a month) or
decrease or increase in appetite nearly every day.
4. Insomnia or hypersomnia nearly every day.

o 5. Psychomotor agitation or retardation nearly every day (observable by others, not merely subjective feelings of restless-
ness or being slowed down).
6. Fatigue or loss of energy nearly every day.
7. Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day (not merely self-
reproach or guilt about being sick).
8. Diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective account or as ob-
served by others).
9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a suicide at-
tempt or a specific plan for committing suicide.
B The symptoms cause clinically significant distress or impairment in social, occupational, or other important areas of func-
tioning.

C The episode is not attributable to the physiological effects of a substance or another medical condition.

The occurrence of the major depressive episode is not better explained by schizoaffective disorder, schizophrenia, schizo-
D phreniform disorder, delusional disorder, or other specified and unspecified schizophrenia spectrum and other psychotic

disorders.

E There has never been a manic episode or a hypomanic episode.

Derived from the DSM-5 (Svenaeus, 2014)
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Treatments

Achieving complete remission in MDD is difficult
because of the chronic nature of this disease. Typical
response rates in AD trials are 60% to 70%, while re-
mission rates are much lower (between 30% and 50%)
(McIntyre & O’Donovan, 2004; Trivedi & Daly, 2008).

There are three phases of depression: mild, moderate,
and severe. These three phases can be divided into two
general group treatment strategies for achieving remis-
sion in MDD: pharmacological and nonpharmacological
(Trivedi & Daly, 2008).

Numerous distinct pharmacologic classes of medica-
tions may be utilized to treat depression, and each of
them can modulate depression symptoms via different
mechanisms. The mechanisms of action of these drugs
are all involved with or dependent upon the alteration of
several neuromediators. The neurotransmitters serotonin
and norepinephrine are the main targets of most major
classes of ADs (Gold et al., 2015; Tierney, 2007).

Despite higher acquisition costs, combination therapy
for MDD can be cheaper than monotherapy. Any initial
monotherapy has a low remission rate, and AD combi-
nations are currently utilized in practice at the second or
following steps when relapse occurs over a longer time
or, in some situations, even acutely as a first step where
rapidity of impact is a clinical priority. If employed as
initial therapies, these combinations may be more effec-
tive than monotherapy in terms of higher rates of remis-
sion, lower attrition, or longer-term benefits (McIntyre
& O’Donovan, 2004; Trivedi & Daly, 2008).

First-line AD treatment is ineffective in up to half of
MDD patients, and two or more treatments are ineffec-
tive in one-third of them. Nonpharmacological treat-
ments can be treatment options for treatment-resistant
patients (Trivedi & Daly, 2008).

Nonpharmacological treatments can be divided into
two groups: Somatic treatments and psychotherapy. So-
matic treatments include vagus nerve stimulation (VNS),
repetitive transcranial magnetic stimulation (rTMS),
deep brain stimulation, magnetic seizure therapy, ECT,
and ablative neurosurgery (Moreines et al., 2011; Trivedi
& Daly, 2008).

Creating novel therapeutic alternatives based on the
pathophysiology of a certain psychiatric condition and
permitting a more targeted treatment approach is one of
the main objectives. Invasive or noninvasive brain and

November & December 2024, Vol 15, No. 6

cranial nerve stimulation procedures are one group of
such therapy possibilities. VNS uses an implanted pulse
generator in the left anterior chest wall to deliver inter-
mittent electrical stimulation to the left cervical vagus
nerve. The US Food and Drug Administration (FDA) ap-
proved VNS in 2005 for “the adjunctive long-term treat-
ment of chronic or recurrent depression for patients 18
years of age or older who are experiencing a major de-
pressive episode and have not had an adequate response
to four or more adequate AD treatments” (Christmas et
al., 2013; Cimpianu et al., 2017; Nemeroff et al., 2006).

To stimulate the cerebral cortex with rTMS, an elec-
tric coil is used to produce a magnetic field. Contrary
to ECT, patients tolerate rTMS well, do not require an-
esthetics, and do not appear to affect cognitive function
adversely. The US FDA has approved using 3000 daily
stimuli to treat MDD (or 15000 stimuli per week) (Mira-
bzadeh & Khodaei, 2012; Pan et al., 2020).

Usual treatments for severe TRD have some known
side effects that may limit their use. ECT and ablative
neurosurgery are two common solutions for severe
TRD. Under general anesthesia, an electrical current is
serially administered through the brain in the ECT pro-
cedure to cause a generalized tonic-clonic seizure. Gray
matter volume in the medial temporal lobes significantly
increased after ECT, indicating that it may have a neu-
rotrophic effect contributing to its therapeutic efficacy.
Also, the longitudinal experience with ablative tech-
niques demonstrates that precise, distinct lesions contin-
ue to play a significant role in the disruption of affective
circuitry in the management of TRD (Moreines et al.,
2011; Ota et al., 2015; Volpini et al., 2017).

The earliest surgical attempt to treat TRD was an ab-
lative neurosurgery technique. There are several surger-
ies today, including anterior cingulotomy, anterior cap-
sulotomy, limbic leucotomy, and subcaudal tractotomy
(Moreines et al., 2011). According to the evidence, even
after surgeries, residual symptoms remain frequently,
which leads to psychosocial dysfunction. The chances
of full recovery are reduced when patients remain more
symptomatic. There are numerous ongoing initiatives to
deploy cutting-edge ablative therapy for the brain. Re-
cent advances in cerebral ablation techniques have led to
new methods that enable precise targeting, accurate ther-
mal dose delivery, and real-time visualization of induced
tissue damage. Examples of these methods include
magnetic resonance-guided focused ultrasound and la-
ser interstitial thermal therapy. The accuracy of ablative
operations may be further enhanced by new modalities,
including MRI-guided focused ultrasound surgery, while
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safety is increased by avoiding open-brain surgery. This
technique has gained popularity over the past 10 years,
and its therapeutic uses are expanding. Nonetheless,
more traditional procedures like stereotactic radiosur-
gery and radiofrequency thermal ablation continue to
play a crucial part in the treatment of numerous neuro-
logical illnesses (Franzini et al., 2020; Franzini et al.,
2019; Volpini et al., 2017).

According to the theoretical base, brief psychotherapy
interventions can be divided into four primary catego-
ries: Psychodynamic therapy (grounded in psychoana-
lytic principles), interpersonal therapy (IPT), supportive
counseling (Rogerian person-centered therapy), and
cognitive behavioral therapy (CBT) (Moller & Henkel,
2005).

Two effective short-term psychotherapies for major
depression are IPT and CBT (Aronson & Ayres, 2000).
Specifically, in depression, CBT seems to decrease re-
sidual symptoms and lead to reduce the risk of relapse.
Also, for the first-line treatment of MDD in children and
adolescents, CBT is the most efficient and cost-effec-
tive approach. It has been proposed that combining AD
medication with psychotherapy may be more successful
than using either approach separately (Haby et al., 2004;
Trivedi & Daly, 2008).

According to IPT, there is a correlation between inter-
personal issues and depressive symptoms that has a sig-
nificant impact on the development and maintenance of
depressive disorders. Hence, the primary therapy goals
of this strategy are interpersonal issues. The four areas of
interpersonal difficulty include role disputes, role transi-
tions, complicated bereavement, and interpersonal defi-
cits (Brakemeier & Frase, 2012).

Although both CBT and IPT can be successful thera-
pies for MDDs, it is still unclear which therapy is supe-
rior to the other (Zhou et al., 2017).

Clinical decision-making is made easier and more con-
sistent using treatment algorithms that offer specific steps.
In psychiatry, treatment algorithms (TAs) are designed to
enhance patient outcomes by reducing prescribing vari-
ance, boosting the appropriateness of medications and
dosages, and avoiding “pseudoresistance” (Vaccarino &
Kennedy, 2022). TAs, consisting of sequential treatment
strategies and standardized therapeutic-choice instruc-
tions, have been created to solve this issue. These TAs
are made to prevent treatment resistance and increase the
quality of care to improve results (Ricken et al., 2018).
The Texas medication algorithm project compared the

Basic and Clinical

clinical and financial results of algorithm-guided treat-
ment (ALGO) and treatment as usual (TAU) using pre-
determined medication algorithms, clinical support, and
a predetermined patient and family educational package.
Based on clinician-rated and patient-reported symptoms
and total mental functioning during a year, the ALGO
intervention package was more effective for patients
with MDD than TAU (Trivedi et al., 2004). The ALGO
group included patients who needed to start AD therapy
or change their AD medications. Initially, the TAU group
followed similar criteria. However, the TAU group pa-
tient selection was mainly based on whether they re-
quired fewer medication changes and whether their
overall score on the Brief Psychiatric Rating Scale was
greater than the median for each patient's routine quar-
terly evaluation at the clinic (Trivedi, 2007).

Drug resistance

ADs, in turn, ameliorate many neurobiological distur-
bances in depression and thereby alleviate depressive
symptoms, but multiple therapies are ineffective for up
to one-third of individuals with MDD who are receiv-
ing sufficient care (Anacker et al., 2011; De Carlo et al.,
2016). MDD patients’ responses to AD drugs are differ-
ent (Table 3) (El-Hage et al., 2013).

Although first-line AD therapy significantly alleviates
the symptoms of depression in numerous cases, only
50% to 60% of MDD patients respond to the treatment.
In addition, 30% to 40% of MDD patients never get
symptom remission after taking standard AD medication
(Rogoz, 2013). Although numerous definitions for TRD
patients have been proposed, no validated consensus
definition of TRD exists. To define depressed disorders
that did not sufficiently remit following treatment, one
of the most basic TRD concepts is resistance. It is most
commonly defined as the inability of a current depres-
sive episode to respond to at least two sufficient trials
(Berlim & Turecki, 2007; El-Hage et al., 2013; Guilloux
et al., 2012). The European Agency describes TRD for
the evaluation of medicinal products as the inability to
respond to two medications from different classes that
have been administered for long enough at a sufficient
dose without any particular mention of an appropriate
dosage or duration by regulatory authorities. TRD is not
defined by the US FDA (Mathew, 2008). TRD is wide-
spread, increasing the risk of suicide, disability, and pa-
tient suffering (Moreines et al., 2011).

Numerous comprehensive studies have been con-
ducted on the issue of AD-resistant depression (Rogoz,
2013). There are some strategies for dealing with these
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Table 3. Types of response to ADs in major depressive disorder patients

Level of Response

Description

Nonresponse
Partial response
Response

Remission

Only minimum improvement is achieved.
The score on the standardized instrument decreases by 25%—-50%.
When a decrease of at least 50% is obtained.

Only residual clinical symptoms are reported.

Derived from El-Hage et al., 2013

problems. Combination therapy is one of these strate-
gies, which involves giving patients who partially re-
spond to one AD a second medication. This strategy is
commonly used to improve the response to initial treat-
ment (Ables & Baughman 111, 2003). Also, for patients
who have partially responded, adding a non-AD medi-
cation to an AD is a helpful method. Thyroid hormone,
lithium, beta-blocker pindolol (Visken), and buspirone
(Buspar) are four substances that are widely used in aug-
mentation therapy. Lithium and triiodothyronine are the
best-documented options. Studies indicated that lithium
decreases the activity of postsynaptic serotonin or 5S-HT
receptors, leading to enhanced serotonin transmission.
Triiodothyronine may be used to improve the effects of
tricyclic ADs, monoamine oxidase inhibitors, and selec-
tive serotonin reuptake inhibitors (Ables & Baughman
111, 2003; Cadieux, 1998; Joffe et al., 2006).

A more successful treatment for individuals who have
severe resistance to AD therapy or those with psychotic
depression is ECT, a nonpharmacological intervention
that is routinely evaluated as a measure of TRD (Ables
& Baughman 111, 2003; Trevino et al., 2014).

Table 4. Thase and Rush staging method

Four staging methods have been proposed for classifica-
tions of TRD. These classifications include the “Thase and
Rush staging method” (Thase & Rush, 1997), which in-
volves graduating stages of resistance according to response
to one or more different therapeutic approaches (Table 4).

The Massachusetts general hospital staging method
(MGH-S) (Fava, 2003) is based on the number of AD
trials carried out and their possible alteration but disre-
gards the variation in pharmacological classes among
the trials. The MGH-S method evaluates the dose and
duration of each prior therapy to consider the intensity
and optimization of that particular treatment (Table 5).

The “European staging method” (Souery et al., 1999)
includes both classification and staging approaches to
TRD as well as chronic aspects of resistance (Table 6).

The “Maudsley staging method (MSM)”(Fekadu et al.,
2009) includes the number of unsuccessful treatment tri-
als and the chronicity of the disease. In addition, it incor-
porates measurements of disease severity as a significant
cofactor (Table 7) (Guilloux et al., 2012; Trevino et al.,
2014).

Stage Description

Stage 0 Any medication trials, to date, determined to be inadequate

Stage | No response to 21 adequate trial of 1 major class of ADs

Stage Il No response to 22 adequate trials of >2 distinctly different classes of ADs
Stage Il Stage Il + nonresponse to an adequate trial of a TCA
Stage IV Stage Il + nonresponse to an adequate trial of a MAOI
Stage V Stage IV+nonresponse to ECT

Adapted from Thase and Rush, 1997

TCA: Tricyclic antidepressants; MAOI: Monoamine oxidase inhibitors.
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Table 5. Massachusetts general hospital staging method

Basic and Clinical

Stage

Description

Nonresponse to each adequate (at least 6 weeks of an adequate dose of AD) trial of a marketed AD
generates an overall score of resistance (1 point per trial)

Optimization of dose, optimization of duration, and augmentation/combination of each trial (based on
2 the Massachusetts general hospital staging method or AD treatment response questionnaire) increases
the overall score (0.5 point per trial per optimization/strategy)

3 ECT increases the overall score by 3 points.

Derived from Fava, 2003

In contrast to treatment resistance, there is pseudore-
sistance. Pseudoresistance can result from inadequate
dosage or treatment length, patient noncompliance, or
uncommon pharmacokinetics, as well as a misdiagno-
sis of the primary disorder due to failure to recognize a
secondary mood disorder or a depressive subtype (Mi-
rabzadeh & Khodaei, 2012). Differentiating between
true treatment-resistant depression and pseudoresistance
is the clinician’s initial task. During the clinical assess-
ment, three areas are concentrated on to rule out pseudo-
resistance: Physician-related factors, patient-related fac-
tors, and accuracy of diagnosis (Kornstein & Schneider,
2001).

3. Discussion
Clinical observations of behavioral changes are often

used to characterize psychiatric disorders (Niciu et al.,
2014). Clinical medicine is interested in developing ob-

Table 6. European staging method

jective, biologically-based tests for psychiatric disorders
(First et al., 2018). Obtaining personalized medicine in
psychiatry is a valuable goal because its success could
significantly reduce morbidity and mortality (Ozomaro
et al., 2013). MDD is a major contributor to disability
worldwide and an important risk factor for noncompli-
ance with medical treatment. It is a complicated pheno-
type driven by multiple biological disruptions and may
result in numerous physiological changes (Lee et al.,
2015; Martins-de-Souza et al., 2014).

Our study shows that pro-inflammatory cytokines en-
ter the brain through various mechanisms, affecting cen-
tral neuronal function and causing “sickness behavior.”
These cytokines trigger their production in the brain’s re-
gions, including the amygdala, dentate gyrus of the hip-
pocampus, and hypothalamus. Also, PET studies have
identified abnormalities in regional CBF and glucose
metabolism in limbic structures and PFC in mood dis-

Stages

Description

Nonresponder to TCA, SSRI, MAOQI, SNRI, ECT, and other AD(s):
A Nonresponse to one adequate AD trial
Duration of trial: 6-8 weeks

Treatment resistant depression (TRD)
Resistance to 2 or more adequate AD trials
Duration of trial(s): TRD 1: 12—16 weeks

TRD 2: 18-24 weeks
TRD 3: 24-32 weeks
TRD 4: 30-40 weeks
TRD 5: 36 weeks—1 year

Chronic resistant depression (CRD)
C Resistance to several AD trials, including augmentation strategy.
Duration of trial(s): At least 12 months

Adapted from Souery et al., 1999

Abbreviations: TCA: Tricyclic antidepressants; SSRI: Selective serotonin reuptake inhibitors; MAOI: Monoamine oxidase in-
hibitors; SNRI: Serotonin and norepinephrine reuptake inhibitors; ECT: Electroconvulsive therapy.
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Table 7. Maudsley staging method

Parameters Specification Score
Acute (€12 months) 1
Duration Subacute (13 to 24 months) 2
Chronic (>24 months) 3
Subsyndromal 1
Syndromal
. . Mild 2
Symptom severity (at baseline) Moderate 3
Severe without psychosis 4
Severe with psychosis 5
Level 1: 1-2 medications 1
Treatment failures Level 2: 3-4 medications 2
ADs Level 3: 5-6 medications 3
Level 4: 7-10 medications 4
Level 5: >10 medications 5
. Not used 0
Augmentation Uses 1
ECT Not used 0
Total (15)

Derived from Fekadu et al., 2009

orders. So, to gain a more comprehensive understanding
of the brain circuitry underlying MDD, more research is
needed to integrate studies on the different parts of the
brain, like the hippocampus and amygdala, as well as
hypothalamic circuits.

Our study revealed that decreased levels of BDNF in
MDD may serve as a diagnostic marker, but unresolved
issues remain, such as whether peripheral BDNF can
pass the blood-brain barrier and cause behavioral effects.
According to a study, electroconvulsive treatment (ECT)
increases the levels of serum BDNF in patients with de-
pression (Rocha et al., 2016). Also, several studies show
that ADs may be crucial in activating tropomyosin re-
ceptor kinase B (TrkB) receptors and raising brain levels
of BDNF (Rana et al., 2021). Depressive behaviors do
not appear to be caused by genetic disruption of the sig-
naling pathways involving BDNF and its receptor, TrkB,
but it does reduce the effectiveness of AD medications.
Therefore, while BDNF is not the only mediator of de-
pression or anxiety, it may be a target for ADs (Martino-
wich et al., 2007).

Despite all the advancements made thus far, as sum-
marized in Table 8, many unresolved issues still need to
be answered (Brigitta, 2022).

The pharmaceutical treatments that are currently avail-
able are generally designed to improve monoamine-

dependent neurotransmission, but pharmacotherapy
is not always effective, so new non-monoamine-based
approaches, such as melatonergic mechanisms and glu-
tamate methods, are becoming increasingly important.
Other therapies, including psychotherapy, ECT, mag-
netic transcription, activating the vagus nerve, and deep
brain stimulation, are imprecise but, to varying degrees,
effective (Malik et al., 2021). Also, a staging model for
TRD should ideally categorize patients based on their
level of MDD treatment resistance. Psychopathologi-
cal and biological indicators for staging TRD, similar
to those used in oncology, may help predict better the
course and prognosis of the disease (Ruhé et al., 2012).

The lack of biomarkers that can effectively diagnose
MDD and predict treatment responses, as well as evalu-
ate MDD and its subtypes, is critical in clinical practice
and continues to be a bottleneck in the pharmaceutical
industry (Ding et al., 2014; Huang & Lin, 2015; Mora
etal., 2018).

In recent years, there has been much interest in apply-
ing omics technology to determine the underlying mech-
anisms of diseases and find biomarkers (Gilanchi et al.,
2020). A systems biology-based method can help dis-
cover predictive biomarkers in mood disorders because
it compiles and integrates several hierarchical levels or
domains, making it a useful tool for future studies (Niciu
et al., 2014). Diagnostic categories based on symptom
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Table 8. A summary of the findings from this literature review

Basic and Clinical

Item Category

Summary of Findings

Neurotransmitters: The serotonergic system and the noradrenergic and

1 Neurotransmitters and biochemical factors

Structurally and functionally dysfunctional

E nctior
2 brain regions
©
S
%’ 3 Changes in brain neuronal function
4 Immune mechanisms
5 Growth factor
1 Comprehensive evaluation
Q
8 2 Internationally accepted diagnostic criteria
()
Ko
[=}
3 Brain imaging
. 1 Pharmacological treatment strategy
5]
=
©
g 2 Nonpharmacological treatment strategy

dopaminergic systems

Biochemical factors: Neurophysiologic markers, neuroimaging markers, and

inflammatory markers

Decreased in hippocampal volume, decreased in lateral PFC’s activity

Abnormalities in regional CBF and glucose metabolism in limbic structures

and PFC

Increased in plasma levels of pro-inflammatory cytokines like IL-1B, IL-6, and

TNF-a

Decreased in the BDNF levels

Thorough history, physical exam, and mental state examination

ICD-10
DSM-IV

PET
SPECT
MRI

Monotherapy
Combination therapy

Psychotherapy (psychodynamic therapy, IPT, supportive counseling, and CBT
Somatic treatments (VNS, rTMS, deep brain stimulation, magnetic seizure

therapy, ECT, and ablative neurosurgery)

Abbreviations: VNS: Vagus nerve stimulation; rTMS: Repetitive transcranial magnetic stimulation; ECT: Electroconvulsive
therapy; PET: Positron emission tomography; SPECT: Single-photon emission computed tomography; MRI: Magnetic reso-
nance imaging; IL: Interleukin; TNF-a: Tumor necrosis factor-alpha; CBF: Cerebral blood flow; PFC: Prefrontal cortex; BDNF:

Brain-derived neurotrophic factor.

patterns that have a distant relationship to biological
mechanisms restrict the development of biomarkers
for mental disorders. In diseases with high heritabil-
ity (schizophrenia, autism, and Alzheimer disease), ge-
nomic research has produced significant genome-wide
association study results. In contrast, in disorders with
moderate heritability (anxiety disorders, unipolar major
depression), the development of symptoms relies more
on environmental risk factors. Methods to identify bio-
logically more homogeneous subgroups are needed to
advance biomarker research (Bagdy & Juhasz, 2013). To
better comprehend the mechanisms driving brain phe-
notypes and neuropsychiatric disorders, a field known
as “neuroimaging genomics” has emerged that combines
genomic and imaging data (Mufford et al., 2017). Sig-
nificant genetic-neuroimaging connections have been
discovered for the monoaminergic, BDNF, glutamater-
gic, HPA axis, and other common genes, which were in
line with theories about the pathophysiology of MDD
(Zhang et al., 2018).

Further information regarding the function of the ge-
nome may be provided by proteomic research. Systems
biology analysis can better evaluate proteome-generated
data to understand the origins and effects of complex
psychiatric disorders like MDD (Martins-de-Souza
et al., 2010). A proteomic study on the brains of post-
mortem depression patients in 2012 discovered changes
in the expression of arachidonic acid and phospholi-
pase D2, both of which are components of membrane
structure and function and are key components of syn-
aptic vesicle membranes. These changes have also been
linked to depression (Martins-de-Souza et al., 2012).
Proteomics is a helpful tool for identifying disease-
specific biomarkers in body fluids by examining global
protein profiling (Amiri-Dashatan et al., 2018). Ditzen
et al. (2012) researched MDD CSF and found 11 differ-
entially expressed proteins as biomarker candidates for
MDD. A proteome study of the plasma presented by Xu
et al. (2012) identified 9 proteins expressed differently
in MDD patients and the control group. However, most
proteomic studies have provided an understanding of
the molecular aspects of MDD, and very limited studies
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have identified differentially expressed proteins as can-
didate biomarkers for MDD. It is still possible to identify
proteins in the field of proteomic research that may aid
in not only diagnosis but also patient classification ac-
cording to various types of MDD (such as atypical de-
pression and psychotic depression), prognosis, treatment
monitoring, and response evaluation, and potential drug
targets to be used (Martins-de-Souza, 2012).

Moreover, recent investigations have revealed chang-
es in epigenetic markers in suicide victims, raising the
possibility of a connection between epigenetics and de-
pression. Advances in proteomic technology have made
it possible to explore epigenetic mechanisms in a high-
throughput way (Xu et al., 2012). In addition, to func-
tionally validate changes in protein expression, targeted
analysis of metabolites has been used (Martins-de-Souza
et al., 2010). Also, in MDD patients, the use of neuro-
imaging techniques to predict anticipated therapeutic
results is quickly evolving. The fronto-insular cortex’s
pretreatment resting state metabolic activity can distin-
guish between individuals who are likely to respond to
psychotherapy and those who are more likely to respond
to medication, and it may serve as a biomarker for treat-
ment selection (Dunlop & Mayberg, 2022).

Also, many medical scientists have been interested in
bioinformatics, particularly in investigating disease-re-
lated protein networks. Many bioinformatics studies have
been conducted on various diseases thus far to identify
therapeutic and diagnostic biomarkers. There have been
some studies done on diseases, including psychologi-
cal disorders and depression. This method may result in
new diagnostic guidelines for the early identification and
assessment of these conditions (Maghvan et al., 2017).
Since disease conditions change the biological pathways
by which proteins are expressed, studying these changes
in tissue, blood, urine, or other biological samples could
reveal disease markers (Amiri-Dashatan et al., 2018).
Disease-related tissue damage may also sometimes alter
body fluids’ metabolic profiles (Khalkhal et al., 2021).

Since tissue alterations are known to manifest in body
fluids, considering that human brain samples cannot be
obtained, and because of the heterogeneity of MDD, pa-
tients’ brains undergo extensive changes. Examining all
body fluids, including cerebrospinal fluid, serum, plas-
ma, and urine, will be very helpful in identifying bio-
markers. Moreover, psychiatric disorders are so diverse
that a single biomarker is insufficient to determine the
cellular and molecular pathways involved in a specific
person. The most efficient method for diagnostic and
treatment decision-making will be identifying a panel
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of biomarkers with high sensitivity and specificity for
different disease subtypes based on their underlying bio-
logical mechanisms.

These findings opened a new window to personal med-
icine because these data suggest that new biomarkers
may make it possible to divide MDD patients into differ-
ent subtypes. Validating such robust biomarkers might
result in novel personalized medicine strategies based
on patient classification. However, limiting the study to
non-imaging markers would be a mistake, as imaging
techniques offer the most accurate evaluation of the or-
gan that is the origin of the disease. However, identifying
new biomarkers for MDD using molecular profiles may
also result in drug discovery and more targeted treatment
for MDD patients.

It is essential to point out that the current review con-
tains certain limitations. For instance, some methodolog-
ical considerations, such as the gender of the patients in
studies, were not considered while determining the in-
clusion and exclusion criteria. Also, as studies do not
always clarify the drug treatment of patients, this infor-
mation was not considered for the inclusion or exclusion
criteria of the study.

4. Conclusion

Our findings provide a comprehensive profile of the
MDD. The results of this study demonstrate that, despite
the high prevalence of MDD, there are still many unre-
solved issues with regard to the diagnosis, the course of
treatment, and the identification of the primary mecha-
nisms underlying the disease. Our study indicates a need
to find novel biomarkers for this disease because, due to
the lack of biomarkers based on physiological measures
or diagnostic tests, objective diagnosis and prognosis in
MDD remain difficult. Additionally, high-quality and
prospective studies are necessary to accurately identify
biomarkers. Systems biology studies can play a signifi-
cant role in the disease’s future. Also, a more compre-
hensive and multivariable strategy that combines several
approaches, including bioinformatics, proteomics, me-
tabolomics, and neuroimaging techniques, would allow
the diagnosis and treatment of depression to be person-
alized and play a significant role in monitoring therapy
efficacy and follow-up of disease. Also, biomarkers help
us better understand the neurobiology of different de-
pression subtypes.
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