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Abstract

Major Depressive Disorder (MDD) places a heavy and growing burden on both the person and the community. The origin, extent, and
recurrence of MDD may be influenced by a mix of hereditary factors, chronic unpleasant circumstances, and neurotransmitter imbalances;
however, its specific aetiology is still unknown [1]. Therefore, it is essential to take into account all of these aspects and their effects when
designing a therapy strategy for MDD. This review will.. examine the efficacy of four main treatment options for MDD: medication, talk therapy,
neurological stimulation, and physical activity. Further, it explores the effectiveness of these interventions on different subtypes of MDD,
particularly somatic depression, anhedonia, and melancholic depression.
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Introduction

Major Depressive disorder (MDD) patients are frequently
treated with both psychotherapy and medication [2]. There are
theories that provide insight into these treatments’ probable
workings, despite the fact that the precise mechanisms are not
entirely understood. For instance, the monoamine theory, which
is the foundation for many antidepressant drugs, postulates that
MDD may result, if not entirely in some way, from imbalances
in specific monoamine neurotransmitters [1]. These drugs are
thought to lessen depressive symptoms by altering the brain’s
levels of particular neurotransmitters [3]. Psychotherapy has
various forms, each of which is employed by a trained clinician
to assist individuals in gaining a better understanding of their
thoughts, emotions, and behaviours, as well as to develop skills
and coping strategies to manage their condition [4]. Neurological
stimulationsdirectly targetspecificregionsinthe brain tomodulate
neural circuits and stimulate the release of neurotransmitters
associated with depression [1]. Furthermore, Physical activityis
increasingly recognized as a therapeutic strategy for depression
due to its impact on increasing neural plasticity, promoting neural
growth, and increasing the release of various neurotransmitters
while also reducing inflammation [5]. All these treatment plans

had a nonresponse rate of between 30% and 50% and onset delay
of a few weeks [6].

According to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition [DSM-5](DSM-5; diagnosing major
depressive disorder (MDD)) [7], anhedonia is characterised as a
significant reduction in interest or pleasure in nearly all activities
throughout the day, reflecting an impairment in the brain’s ability
to process and experience rewards. Melancholic depression is
marked by severe symptoms and treatment difficulties, among
other subtypes of depression [1]. In addition to the common
symptoms of MDD, individuals with melancholic depression have
a higher incidence of experiencing persistent fatigue, anhedonia,
slowed cognitive processes, disrupted sleep, appetite changes,
feeling guilt, hopelessness, and suicidal thoughts. People who
suffer from somatic depression are identified by excessive
thoughts and feelings about physical health, either with or
without pain.

Since the emergence of the first antidepressant in the 1950s,
drug therapy has become one of the primary treatments for MDD
[1]. According to Stafford et al’s [8], study of antidepressant
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prescribing patterns, there was an increase in the percentage
of people receiving medication treatment during this time,
going from 70% in 1987 to 89% in2001. In a more recent study
conducted by Luo et al. [9], which analysed prescription patterns
of antidepressants for adults in the United States over a 20-year
period from 1996 to 2015, an overall decrease in the proportion
of MDD patients receiving antidepressant therapy was observed.

Initially, tricyclic antidepressants (TCAs) such as Amitriptyline
and Imipramine were the first class of widely prescribed
antidepressants, but, over time, the use of selective serotonin
reuptake inhibitors (SSRIs) like fluoxetine and citalopram became
more prevalent due to their favourable tolerability and low
incidence of adverse effects [10]. Throughout the years, novel
drugs have been developed and widely used in the treatment
of MDD. Some of them, as mentioned by Harmer et al. [10],
include monoamine oxidase inhibitors (MAOIs), norepinephrine-
dopamine reuptake inhibitors (NDRIs), serotonin- norepinephrine
reuptake inhibitors (SNRIs), and noradrenergic and specific
serotonergic antidepressants (NaSSAs).

The therapeutic effects of antidepressants are not immediate,
and they often take several weeks to manifest observable clinical
improvements. According to Cipriani et al. [11], these delays
result from the time required for the neurotransmitter levels
to become balanced and create adaptive changes in the brain
regions impacted by depression. This explanation lends support
to the monoamine hypothesis, which contends that low levels of
serotonin, norepinephrine, and/or dopamine in the brain are the
root cause of depression [10]. While the monoamine theory for
antidepressants is widely accepted, some studies have shown data
to the contrary. For instance, in a study conducted in 2000, Delgado
[12], utilised the monoamine depletion paradigm to examine how
lowering monoamine levels would affect depressive behaviours.
The results from this study demonstrated that antidepressant
benefits can be temporarily reversed by declining the level of
monoamine, with the degree of reversal changing according to the
class of antidepressant used. Notably, this study demonstrated that
monoamine depletion neither worsened the depressive behaviour
in individuals with MDD nor caused depressive behaviour in non-
depressed individuals. These findings challenged the widespread
notion that the primary mechanism by which antidepressants
alleviate depression symptoms is through raising the levels of
monoamine neurotransmitters.

The effectiveness of antidepressant medicines in the
treatment of various subtypes of MDD has been examined in
several trials. Kirsch and colleagues evaluated data from various
clinical studies in a systematic review and meta-analysis in 2008
[13]. According to the findings of this study, for individuals with
mild to moderate depression, the therapeutic response difference
between antidepressants and a placebo was not clinically
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significant. This shows that people with moderate MDD may have
limited success using antidepressants to treat their depressive
symptoms and that others with severe MDD may benefit more
from these medications. Later in 2009, Bauer and his team
conducted a comparative meta-analysis to explore the efficacy of
several antidepressant classes, including placebo, in patients with
treatment-resistant depression [14]. The results of their study
suggest that, compared to SSRIs, tricyclic antidepressants, and
placebos, therapy with an SNRI antidepressant has a better effect,
is easier to take, and has a much lower rate of relapse.

Moreover, recent studies [15,16], compared the effectiveness
and safety of newer antidepressants like ketamine and esketamine
to thoseof traditional monoamines. These studies showed that the
immediate therapeutic rate of newer antidepressants is higher.
However, it is yet unclear if these medications will be effective
and safe over the long term, particularly for severe and treatment-
Hasselmann et al. [16], highlighted
the higher incidence of suicidal behaviours among people who
stopped using ketamine and emphasised the significance of
post-discontinuation monitoring for those who use these new
medications.

resistant depression [2].

Psychotherapy

Talk therapy, commonly referred to as psychotherapy,
encompasses techniques, including interpersonal
therapy, cognitive-behavioural therapy (CBT), and psychoanalysis
[1]. Among these methods, CBT has been reported to have the

various

highest therapeutic success rate in treating different types of
affective disorders, including MDD [1]. However, it is important to
note that there is no one-size-fits-all approach when it comes to
psychotherapy.In 2012, Hofmann and colleagues [17], investigated
the effectiveness of different psychotherapy approaches in the
treatment of depressive disorders and suggested that the choice of
psychotherapy should be based on each individual’s specific case
and situation. Similarly, Ahn and Wampold’s meta-analysis from
2001 found no significant advantage to a particular psychological
therapy. According to Ahnand Wampold et al. [18], treatment
selection should be tailored to each patient’s specific condition
rather than just the type and severity of depressive symptoms.

Moreover, several studies have highlighted the role of the
therapist in the psychotropic approach. For instance, Ahn and
Wampold [18], demonstrated that using the same treatment
technique by different therapists could yield vastly different
treatment outcomes. In another study, Allen et al. [4], emphasised
the importance of therapeutic alliance (TA) and highlighted
that the outcome of psychotherapy is largely influenced by the
therapist’s ability to establish a strong bond with the patient rather
than the specific therapy approach used. The therapeutic alliance
is characterised by elements such as trust, emotional closeness,
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shared understanding of therapeutic goals and processes, and
verbal and nonverbal behaviours, including eye contact, facial
expressions, and even pauses by the therapist that signal care and
support [4].

As stated in Sharpley [1], different research has compared
the effectiveness of psychotherapy with medication and indicates
that both treatments have shown positive results. Some studies,
such as Kocsis et al. [19], suggest that when these two treatments
are combined, the response is improved, especially for preventing
relapse. In terms of deciding on the type of psychotherapy
treatment, Sharpley and Bitsika [20], propose four criteria:
patient demographics, the presence of melancholia, comorbidity
with other psychiatric diagnoses, and genetic predisposition to
depression. Studies on demographic factors show that patients
with lower levels of social dysfunction respond better to
psychotherapy, while those with impaired cognitive processing
and more severe depression respond less to psychotherapy and
may respond more to antidepressants [1]. Fournier et al. [21]
have shown that married, unemployed individuals who have gone
through adverse life events respond better to CBT compared to
medication. Those with lower cognitive skills receive superior
outcomes from medication therapy. As cited in Sharpley [1],
the second factor contributing to the efficacy of psychotherapy
is the presence of melancholic or non-melancholic depression.
Melancholic depression may benefit from antidepressants [22],
while non-melancholic depression works well with talk therapy.
Comorbidity with other disorders, particularly personality
disorders, is another factor affecting the results of psychotherapy.
As cited in Sharpley [1], some studies reported a poorer response
among depressed patients with personality disorders to talk
therapy compared to those without personality problems.
However, some studies challenge this argument and do not see
an association between personality disorders and the rate of
responsiveness to psychotherapy [1].

Neurological Stimulation

The poor adherence and limited efficacy of medication
have sparked interest in alternative modalities for treating
depression. The neuromodulation approach encompasses
both invasive methods like deep brain stimulation (DBS) and
vagal nerve stimulation (VNS) aswell as non-invasive methods
like electroconvulsive therapy (ECT), transcranial magnetic
stimulation (TMS), trans-cranial direct current stimulation
(tDCS), and real-time functional magnetic resonance imaging
neurofeedback (rtfMRI-nf) [23].

The oldest established
neuromodulation modality is ECT [1]. During ECT, while the
patient is under general anaesthesia, a controlled electric current
is administered to the brain through the scalp to induce a seizure
[23]. The exact mechanism of action for ECT is not clear yet, but
some theories suggest that it works by regulating brain activity

and most non-invasive
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in the prefrontal cortex (PFC) and promoting neurogenesis in the
hippocampus [24]. While ECT has been proven to be both effective
and safe, it has some limitations, such as the need for professional
equipment and the possible risks of major neurological
complications in a smallpercentage of patients [24]. Demographic
characteristics like theduration and severity of depression play a
major role in the level of effectiveness of ECT, As emphasised by
Holtzheimer & Mayberg [24].

Transcranial magnetic stimulation (TMS) is another safe and
non-invasive brain stimulation method that has been shown to
have a good outcome in treating MDD and TRD.In this technique,
an electromagnetic coil will be placed on the patient’s scalp,
particularly over a part of the brain that needs to be targeted.
This magnetic coil generates repetitive pulses that stimulate the
brain cells and modulate the electrical activity of the brain [23].
According to research by Rotheneichner et al. [25], TMS improves
hippocampus neurogenesis while lowering corticosteroid levels
in the brain. In a 2012 study, Puigdemont et al. examined the
effects of TMS on the cingulate gyrus of eight patients with TRD
and found that depressive symptoms were eliminated without
any noticeable adverse reactions. According to Brunoni et al. [23],
conditions like previous treatment resistance, the length of the
present depressive incident, and the lack of co-occuring anxiety
symptoms could limit the beneficial effects of TMS therapy.

Like TMS, tDCS is a non-invasive and safe neuromodulation
procedure that targets the brain’s electrical activity. However,
unlike TMS, which uses magnetic fields and electromagnetic
pulses to stimulate neural activity, DCS works by sending small
repetitive impulses that modulate the excitability of the cerebral
cortex [26]. The mechanisms underpinning tDCS’s antidepressant
impact remain unclear; however, some research has indicated that
tDCS therapy is linked to long-term brain plasticity [26]. Overall,
contradictory findings from studies on the effectiveness of tDCS in
treating MDD have been found [26].

An additional technique to alleviate the symptoms of
depression is known as real- time functional magnetic resonance
imaging neurofeedback (rtfMRI-NF). In fMRI-NF, patients in
the magnetic scanner receive immediate feedback on blood
oxygenation level-dependent activity (BOLD), which is connected
to the vascular reaction to cerebral activity. Patients learn to
voluntarily regulate this activity. Such training focuses on certain
areas of the brain that are involved in cognitive and emotional
functions [27]. Although research on the effectiveness of the
fMRINF method as a therapeutic approach is still in its early stages,
it shows promise in reducing the symptoms of depression by
regulating the amygdala’s activity and impacting limbic-thalamic-
cortical pathways that are linked to depressive symptoms [28].

Deep Brain Stimulation (DBS) is a surgical procedure to
implant a pulse generator device in the brain that activates or
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inhibits dysregulated neural activities. Brunoni et al. [23]. DBS
has been demonstrated to improve depressive symptoms in
patients diagnosed with treatment-resistant depression (TRD) by
targeting the subgenual cingulate cortex (SCC),ventral capsule and
striatum, and nucleus accumbens (NAc) [23]. The effectiveness
of Deep Brain Stimulation (DBS) in addressing the subgenual
cingulate cortex (SCC) was examined in a study carried out by
Brown and associates in 2020. At the two-year milestone after
the DBS treatment, the results showed an excellent 92% response
rate among people with TRD. This suggests that after receiving
DBS that targeted the SCC area ofthe brain, a sizable majority of
patients experienced improvements in their feelings.

Vagus Nerve Stimulation (VNS) is a more recent FDA-approved
therapeutic neuromodulation procedure that shows promise
for individuals with severe affective disorders, including chronic
and recurrent depression. In VNS, a pulse generator device
is implanted beneath the skin of the chest. This device emits
electrical impulses to an electrodethreaded in the vagus nerve
located in the patient’s neck. The vagus nerve then transmits these
electrical signals to brain areas involved in depressive symptoms,
helping regulate impaired neural networks [23]. Compared to
Electroconvulsive Therapy (ECT), which acts rapidly but may have
significant cognitive side effects, VNS is generally well tolerated
and lacks significant adverse effects. However, it is important to
note that the therapeutic trajectory of VNS is longer and slower
than that of ECT. Seeing that, it may not bethe optimal choice when
rapid improvement is necessary.

Exercise

Extensive post-mortem and neuroimaging investigations have
shown that people withMDD have significantly less hippocampus
volume [29]. Research [29,30], shows that this volume change is
caused by higher levels of glucocorticoids and lower levels of brain-
derived neurotrophic factor (BDNF) in depressed individuals. As
the result the rate of neurogenesis to slow down, which makes
depressive symptoms appear. Based on this notion, Numerous
studies have been conducted to investigate the potential impact of
physical activity on the onset, treatment, and relapsepresentation
of MDD.

Sleiman et al. [31], investigated the effects of physical activity
on BDNF gene expression and hippocampal neurogenesis in
mice. The researchers exposed mice to a running wheel for a
duration of 4 weeks, which resulted in a significant increase in
the concentration of BDNF in the hippocampus compared to the
control group, suggesting that running promotes the induction of
BDNF Sleiman and the team (2016) highlighted the multifaceted
role of BDNF in neuroplasticity, synaptic connections, and neural
growth and suggested that individuals with higher levels of BDNF
have a lower risk of developing anxietyand depression and may
exhibit greater resistance to aversive environmental stimuli.
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Xie and colleagues [32], conducted a systematic review of
research on the antidepressant effects of exercise published
between 2010 and 2021. The findings from thisreview indicated
that moderate-to-high-intensity exercise three to five times a
week significantly alleviates depressive symptoms and enhances
the overall functioning of individuals with MDD. The same study
showed that group aerobic exercise that involves focusing on
mind-body coordination is the most effective type of physical
activity for adhering to the treatment of depression.

Wang et al. [33], conducted a systematic review and meta-
analysis to study exerciseinterventions among adolescents aged
12-18 with MDD. The study demonstrated that physical activity,
particularly a combination of aerobic and resistance exercise, can
have a positive impact on reducing depression among adolescents,
including individuals withdiagnosed depression and those with
subsyndromal depression.

In addition to its rehabilitative effects, exercise has been shown
to have a preventative impact on depressive symptoms. With the
intention to investigate the preventative effect of exercise, Harvey
etal. [34], conducted a longitudinal study following33,908 initially
healthy subjects for 11 years, recording their physical and mental
health conditions as well as their exercise patterns. The results
of this study demonstrated that engaging in regular physical
activity for at least one hour per week, regardless of intensity, was
associated with a reduced risk of developing depressive disorders.

In elderly and physically vulnerable individuals, improving
physical health has been shown to have a beneficial impact
on their overall mental health. According to Heissel et al.[35]
spending time in moderate-intensity physical activity, especially
participation in a group exercise, stimulates the secretion of
endorphins in the body, which act as natural painkillers and mood
boosters. Fox et al. [5] argue that engaging in group exercise can
foster a sense of belonging, promote self-efficacy and self-esteem,
and alleviate feelings of loneliness, which are crucial factors in
combating depressive symptoms and uplifting the mood. Engaging
in group exercise activities can also elevate mood by providing
social connection and support.

The impact of physical activity on mood and anhedonia,
one of the core symptoms of MDD, was investigated in a study
conducted by Sun et al. [36]. The findings fromthis study revealed
the beneficial effect of physical activity on reducing anhedonia
and elevating individuals’ emotional well-being, concluding that
more intense exercise leads togreater improvements in mood and
motivation.

Therapeutic effects of medication, psychotherapy,
brain stimulation, and exercise on anhedonia, melancholic
depression, and somatic depression. Anhedonia is a common

characteristic of depressive disorders. A combination of
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psychotherapy, medication, and physical activity may be effective
in the treatment of anhedonia. Cao et al. [37], conducted a
systematic review of 17 studies that used medication to treat
anhedonia in MDD patients. The results of this review showed
that mostof the examined antidepressants had favourable effects
on measures of the anhedonia connected to MDD, indicating their
potential effectiveness in treating this condition.

Furthermore, a study carried out by Sun and colleagues
in 2022 showed that moderate- intensity group exercise has a
significant positive impact on mood and promotes a sense of
pleasure from the activities.

Multiple studies have explored the efficacy of antidepressants
in treating melancholicdepression. For example, Thase et al. [38],
conducted a randomised controlled trial comparing different
antidepressants and found that both TCAs and SSRIs effectively
reduced depressive symptoms in individuals with melancholia.
These findings were further supported by a meta-analysis
conducted by McIntyre et al. [39], which compared various classes
of antidepressants, including SSRIs, TCAs, and SNRIs. The meta-
analysis revealed that all types of antidepressant treatments were
equally effective in addressing melancholic depression, with no
significant differences observed between different medication
classes.

These studies collectively provide compelling evidence
supporting the usefulness of antidepressant therapy for
melancholic depression. Brown W. A. [40,41], conducted a
literature review comparing the effectiveness of antidepressants
and psychotherapy in thetreatment of patients with melancholia
and showed greater responsiveness to antidepressants compared
to psychotherapy or placebo alone.

Miguel et al. [42], conducted a meta-analysis of 75 randomised
trials involving 8209patients with somatic depression and showed
that psychotherapy has a significant positive effect on reducing
the severity of somatic depressive symptoms and increasing the
quality oflife of individuals. The effectiveness of pharmacological
interventions for somatoform disorders, characterised by
medically unexplained physical symptoms (MUPS), was examined
by Kleinstauber et al. [43]. They assessed the efficacy of TCAs,
NGAs, and combined treatments with SSRIs and antipsychotic
medications [44-46]. The findings indicated low-quality evidence
supporting the effectiveness of TCAs and NGAs in reducing the
severity of MUPS. Additionally, the combination treatment of
SSRIs and antipsychotics showed some positive effects.

Conclusion

In conclusion, medication, particularly antidepressants, has
been a cornerstone in MDD treatment since the 1950s. Despite
the initial dominance of tricyclic antidepressants, newer classes
like SSRIs and other innovative drugs have emerged. However,
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the delayed onset of therapeutic effects and a nonresponse rate
of 30-50% underscore the need for alternative or complementary
interventions.

Talk therapy, encompassing various approaches such as
CBT, interpersonal therapy, and psychoanalysis, offers a non-
pharmacological avenue for MDD treatment. The effectiveness
of psychotherapy, especially CBT, has been highlighted, with
therapeutic alliance and individualized treatment plans playing
crucial roles. Studies have indicated that combining medication
and psychotherapy may yield improved outcomes, emphasizing
the importance of tailoring treatment approaches to individual
characteristics and conditions.

stimulation
therapy (ECT),
stimulation (TMS), trans-cranial direct current stimulation
(tDCS), and deep brain stimulation (DBS), provide alternatives

including
magnetic

Neurological
electroconvulsive

techniques,
transcranial

for treatment-resistant cases. These modalities target specific
brain regions and neural circuits, showing promise in alleviating
depressive symptoms, although their mechanisms of action are
not fully understood. However, considerations regarding potential
side effects, individual differences, and the need for professional
equipment must be taken into account.

Physical activity has emerged as a recognized therapeutic
strategy for MDD, influencing neural plasticity, neural growth, and
neurotransmitter release while reducing inflammation. Exercise
interventions, ranging from moderate-to-high-intensity workouts
to group activities, have demonstrated positive effects in reducing
depressive symptoms and preventing relapse. The impact of
physical activity extends beyond symptom alleviation, addressing
anhedonia, melancholic depression, and somatic depression,
making it a holistic approach to MDD treatment.

Overall, the diverse nature of Major Depressive Disorder
necessitates a comprehensive and individualized treatment
approach. Integrating various therapeutic modalities and
considering the specific characteristics of different MDD subtypes
can enhance treatment efficacy and contribute to a more
personalized and effective strategy for managing this pervasive

mental health condition.
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