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a b s t r a c t

Major Depressive Disorder (MDD) is one of the leading causes of disability affecting more than 340
million people and second largest contributor to global burden of disease. Chronic stress is a common
risk factor and important contributor for MDD. Stress could be defined as the “perceived inability to
cope”. Stressful life events are shown to provoke a sequence of psychological and physiological adjust-
ments including nervous, endocrine and immune mechanisms. Stress can lead to elevation of a variety of
inflammatory cytokines and stress hormones, can cause autonomic dysfunction and imbalance in neu-
rotransmitters. Yoga can reduce depressive symptoms by alleviating stress. Studies have shown that yoga
can reduce inflammation, maintain autonomic balance and also has a role in maintaining the neuro-
transmitters. It has role on hypothalamicepituitaryeadrenal (HPA) axis, the peripheral nervous system
including GABA, limbic system activity, inflammatory and endocrine responses. Yoga along with anti-
depressants can help in reducing the depressive symptoms in patient with MDD. Yoga is an ideal
complementary and alternative therapy for mental health disorders.
© 2023 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Stress is a normal, universal human experience and is being
practiced for many years. Stress is broadly defined as “the nonspe-
cific response of the body to any demand”. Eustress or good stress is
the stress that benefits our health (eg., Physical exercise, getting
first mark in exams, getting promotions in workplace). Distress or
bad stress is the stress that harms the health which often results
from imbalances between needs and resources for dealing with
those needs [1].

Intensity and duration of stress differs from one person to
another. The performance may be affected if there is insufficient
amount of stress(meaning lower motivation or boredom). However
ary University, Bangalore.
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symptoms of stress that are sustained for a longer duration can be
detrimental leading to lethargy, lack of confidence, and disturbed
sleep [2]. When stress levels are too high, it could lead to mental
health issues such as depression and anxiety, as well as behavioural
changes which includes increased alcohol consumption, drug
abuse, and eating disorders. It also causes many medical conse-
quences like: gastrointestinal disorders, headaches, cardiac disor-
ders, musculoskeletal weakness, etc [3]. Behavioural coping
strategies are those which denotes the different strategies that an
individual might apply while experiencing a stressful situation [4].
Coping denotes the method of dealing problems to get rid of
negative emotions which allows us to maintain control of our
emotions to present conditions and demands. Psychological stress
can clearly trigger a depressive episode, especially when the psy-
chological impact of a stressor exceeds the coping ability of the
individual [5]. Yoga is one of the most beneficial coping strategies
for reducing stress, through release of neurochemicals in the brain.
Breathing exercises which could be as simple as a simple deep
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breath concentration to advanced breathing practices which makes
one to perceive the effects of meditation, induces complete relax-
ation [6]. This review article focuses on the pathophysiological
mechanism of stress and depression, and the role of yoga in
reducing stress and depression.

2. Pathophysiology of stress and depression

Stressful life events are shown to provoke a sequence of psy-
chological and physiological adjustments including nervous,
endocrine and immune mechanisms [7]. Stimulation of hypotha-
lamic-pituitary-adrenal (HPA) axis, activation of Sympathetic Ner-
vous System (SNS) and initiation of cascade of inflammatory
responses are some of the well-recognized effects of stress [8].
Stress causes higher cortical areas to send impulses to hypothala-
mus via limbic system. Certain areas of Para Ventricular Nucleus
(PVN) are activated to release Corticotrophin Releasing Factor (CRF)
[9]. Meanwhile additional neurotransmitters like serotonin, Nor-
epinephrine (NE), and Acetylcholine (Ach) are released into the
blood stream. CRF acts on corticotrophs and PVN to produce
Proopiomelanocortin (POMC) and Arginine Vasopressin (AVP)
respectively. POMC eventually divides to produce Adreno Cortico
Tropic Hormone (ACTH) and alpha Melanocyte Stimulating Hor-
mone (a-MSH) [10]. AVP acts synergistically with CRF stimulating
excess release of ACTH, which ultimately acts on adrenal cortex to
produce Glucocorticoids (GC) [11]. SNS releases Catecholamines
(CC) into circulation at the same time. Therefore, GCs and CCs are
themain stress hormones which impact several aspects of the brain
functions including formation and endurance of neurons, size of
the hippocampus, metabolism and immunity [11]. Even though,
there is no obvious documented evidence about the neural mech-
anisms involved in the pathogenesis of depression due to stress, the
various symptoms of depression suggest that areas such as hip-
pocampus, prefrontal lobe, amygdala, thalamus, corpus striatum
and cingulate cortex may be involved very commonly [12]. Chronic
stress is shown to trigger inflammatory responses as well, thereby
altering physical and mental health. Fig. 1 shows the interaction
between stress, brain, HPA axis, SNS and inflammatory cytokines
[13].

It is well-known that stress responses in the body leads to the
release of cytokines such as interleukin-6 (IL-6), interleukin-1b (IL-
1b), tumor necrosis factor-alpha (TNF-a) which are already proved
to produce depression symptoms [14]. These inflammatory
markers may affect various functions of central nervous system
(CNS) resulting in sleep disturbance, cognitive decline, reduction of
monoamine levels all of which collectively aggravate the manifes-
tation of depression [15]. In addition, IL-1b is shown to control the
expression of genes related to serotonin transport, IL-6 is capable of
neuronal inhibition of hippocampus and TNF-a has the potential to
induce pathways which catabolize tryptophan, the primary sub-
strate for serotonin formation [16]. Advanced research in this field
may reveal newer neuronal pathways linking the stress induced
cytokines with somatic and behavioral effects of depression.

A major downstream consequence of MDD is elevated gluco-
corticoid (the most important of these being cortisol) levels, which
are present in the majority of depressed individuals but not all [17].
High cortisol levels may be particularly harmful alongside elevated
levels of inflammatory cytokines, which inhibit the action of
cortisol by downregulating cortisol receptor activity [17]. High
cortisol levels may directly contribute to cell damage and death in a
variety of cell types, including hippocampal cells, in part by
impairing effective regulation of cellular glutamate [18]. Unmedi-
cated depressives display low levels of neurosteroids, including
GABA-A, DHEA, and allopregnanolone; treatment and remission of
depression restores normal levels. Stress (which, as you saw,
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produces powerful hormones like glucocorticoids into the blood)
appears to diminish the levels of BDNF generated in the hippo-
campus by disrupting neurons in the hippocampus, according to
experimental research. ADM therapy appears to prevent or reverse
this decrease in BDNF levels [19].

3. Mechanisms of stress management through Yoga

Yoga plays a beneficial role to manage stress related mental
illness like depression and anxiety. Regular practice of yoga pro-
motes physiological changes such as reducing blood glucose, blood
pressure and cortisol levels and improves general wellbeing
[20,21]. Depression is a psycho-physiological disorder which
majorly involves alteration in the monoamine (noradrenaline, se-
rotonin, dopamine) metabolism [22]. Central neurotransmitters
such as gamma-aminobutyric acid (GABA) play an important role in
depression as well. There are multiple mechanisms through which
yoga helps in the management of depression. Yoga is mind-body
medicine widely found to be beneficial in various psycho-somatic
disorders. Yoga includes physical postures, breathing practices,
meditation and also moral principles (yama& niyama) which helps
in emotional culturing to reduce inner conflicts [23]. According to a
recent review of yoga's effect on stress, a yoga intervention resulted
in a significant reduction in stress [24].

Numerous biological mechanisms suggested that yoga may
reduce stress which include the Autonomic nervous system (ANS),
HPA axis, the peripheral nervous system including GABA, limbic
system activity, endocrine functions and inflammatory responses
[25]. Previous literature reveals the possible effects of yoga on
endothelial function, release of nitric oxide, endogenous cannabi-
noids, opiates and gene expression [26]. Yoga is suggested to have
immediate and beneficial effects on baroreflex sensitivity and heart
rate variability (HRV), which has a stimulating effect on vagal nerve
[27e29]. It decreases vagal stimulation, which decreases the acti-
vation and reactivity of the sympathoadrenal system and the HPA
axis and that leads to parasympathetic activation, thus shifting of
sympathetic to parasympathetic activity occurs, and also decreases
the release of stress hormones.

Yoga shifts the balance from the sympathetic nervous system
and the fighteoreflight reaction to the parasympathetic nervous
system and the relaxation response [30]. Yoga practice regulates
the HPA axis and SNS, both of which could be the reasons for the
reduction of stress hormones cortisol and catecholamines release
and leads to the reduction of stress and induces relaxation [31].

3.1. Corticosteroids and catecholamines

Yoga acts on hypothalamus which inhibits the activity of the
anterior pituitary gland and decreases the production of ACTH, this
reduction in ACTH production affects the adrenal gland and reduces
the synthesis of cortisol. Many studies have observed this decrease
in cortisol levels after practicing yoga [32], whereas Cortisol acti-
vates phenyl ethanolamine-N-methyl transferase (PNMT). Decrease
in cortisol production after yoga practices simultaneously de-
creases PNMT. This decrease in PNMT along with sympathetic in-
hibition also decreases catecholamine formation. Thus the
decreased levels of corticosteroids and catecholamines together
decreases the stress responses [33].

3.2. Dopamine

Practicing yoga increases the levels of dopamine in the human
body. Another study confirmed that, 11Ceraclopride binding in
ventral striatum decreased by 7.9% while practicing yogic medita-
tion which corresponds to a 65% increase in endogenous dopamine



Fig. 1. Pathophysiological mechanisms of stress.
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release [34]. Increase in dopamine release concomitantly decreases
the stress level.
3.3. Serotonin

The “serotonin hypothesis” denotes that the diminished activity
of serotonin pathways leads to the pathophysiology of depression.
Increasing serotonin activity in depressed individuals promotes
positive shifts in automatic emotional responses [35]. Yogic prac-
tices have been proved to increase the plasma levels of Serotonin
[36]. Regular yogic practices increase serotonin levels associated
with reductions in monoamine oxidase levels, which is an enzyme
that breaks down neurotransmitters and cortisol and thus reduces
stress.
3.4. Melatonin

Melatonin is a regulatory circadian hormone which has a hyp-
notic and an antidepressive effect [37]. Meditation has been shown
to boost melatonin levels by decreasing its hepatic metabolism or
increasing its production in the pineal gland [37]. Thus, yoga re-
duces stress.
3.5. Noradrenaline

Yoga practices are proved to enhance noradrenalin and de-
creases the plasma levels of adrenalin which in turn reduces stress
[38].
3

3.6. Inflammatory markers

Yoga reduces inflammatory markers such as NK cells, IL 6 and
TNF-a and hs-CRP [39]. According to previous study, yogic medi-
tation reduces the activity of NFeB-related transcription of pro-
inflammatory cytokines and decreases the transcription of innate
antiviral response genes by Interferon Response Factors (IRF1), both
of which are regarded important stresses.

3.7. BDNF

Yogic practices increases the levels of BDNF in the human body.
Improvements in BDNF levels after yoga practise may be related to
lower stress levels, as evidenced by lower cortisol levels, and
improved HRV parameters [40].

3.8. Gene expression

Regular yogic practices have an effect at the molecular level [41]
and it modifies gene expression positively [42].

3.9. Sirtuins

There is a relationship between the Sirtuin1 gene (rs3758391)
and depressive disorders, according to studies, and Sirt1 expression
in the peripheral blood of depressed people is much lower than in
healthy people [43,44]. By activating SIRT1, The progress of
depression-related phenotypes and aberrant dendritic architecture
caused by persistent stress exposure will be prevented [45].
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According to previous reports, activating Sirt1 may improve mood
function and have an antidepressant impact [46]. Researchers have
proved that the yoga and meditation-based lifestyle increases
sirtuin-1 levels and hence serve the purpose of producing anti-
depressive effects and reducing stress [41].

3.10. Proposed psychological mechanism

Psychological mechanisms of the effects of yoga on stress and
depressive symptoms has been proved to improve self - awareness,
positive attitude towards stress, calmness and mindfulness [25].
Yoga slows the breath, helps to focus on the present and reassure
relaxation, slow the breath and focus on the present. It improves
self-confidence, attentiveness, relaxing sensations, well-being
sensations, an optimistic outlook on life, achieves tranquility of
the mind and lowers irritability [47]. Patanjali's Yoga sutras is one
of the traditional texts which mentions depression (dhaurmanasya)
as one of the important distractions of the mind (chitta vikshepa)
and is considered as an obstacles in the path of yoga [48]. Sage
Patanjali mentions many ways to overcome the mental distractions
and first of which is one-pointedness (eka tattwa abhyasa) which is
applied in both pranayama, concentration (dharana) and medita-
tion [49].

Yoga induces relaxation by reducing physiological excitement
which is most helpful in coping emotional stress [50]. It has been
indicated that simple breathing and concentration techniques, are
the two important modules of yoga, which can support individuals
mentally manage with stress that permits enormous health bene-
fits. As a result, Yogic breathing practises serve as a link between
the mind and the body, and can be viewed as an important element
in one's everyday life for cultivating mindfulness [51]. Yoga is the
ultimate skill to calm down mind, says the traditional text of Yog
Vashishta (mana prashamanopayah yoga ityabhidhiyate) and this is
achieved through various techniques, such as practicing the prin-
ciples of yama/niyama and through yogic breathing techniques for
coping with stressors in a bettermanner, better perception of stress
and reducing stress & stress-related illness [49]. Mindfulness
techniques involve self-awareness, self-control, self-
encouragement, without avoidance, judgement, or self-criticism,
to recognize and sustain stressors as they are [52]. Yogic tech-
niques enhance well-being, mood, attention, mental focus, and
stress tolerance [53]. For depression and anxiety disorders, Mindful
meditation and Yoga has been proved to have positive effects [54].

Individuals are advised to concentrate on their breathing pat-
terns throughout the practice without any distractions. This
mindfulness helps the practitioners to be aware of the present and
won't be affected or disturbed by the past incidents [55]. It is
evident that deep yogic breathing has many functional benefits,
which in turn regulates the imbalances in the ANS and thus alle-
viates stress by stimulating parasympathetic activity [56].

4. Studies on yoga & depression

A randomized control trial (RCT) comparing yoga with usual
conventional treatment for a period of six weeks showed a sub-
stantial decrease in the depression scores when matched to control
group [57]. Another study done inmajor depressive disorder (MDD)
of mild to moderate severity found yoga to have greater reduction
in symptoms when compared to control group and were also more
likely to achieve remission [58]. A study done in older women also
proved that there was a reduction in depression and anxiety
symptoms [59]. A RCT done in college students, observed a signif-
icant improvement in depression and anxiety symptoms compared
to the control group. But interestingly, the comparison between
yoga and meditation did not show any significant difference
4

between each other [60]. Likewise, another study done in pregnant
women with depression and anxiety, showed significant reduction
in the depression scores [61]. A RCT comparing yoga with usual
treatment in women with breast cancer showed a significant
improvement in the state and trait anxiety in the yoga group [62].
Yoga was also observed to be effective in reducing depression
scores in women with premenstrual syndrome [63]. In patients
with depression, yoga was found to increase plasma serotonin
levels [65]. Brain imaging studies have also documented that yoga
increases the release of endogenous dopamine in the ventral
striatum and also an increase in the thalamic GABA levels [64].
Another mechanism through which yoga might probably help
depression is through correcting the dysregulation of
hypothalamic-pituitary-adrenal (HPA) axis which is commonly
observed in depression [65]. Depression is also associated with
increased cortisol levels which decreases to normal levels after
effective yoga treatment [66]. Studies have reported that yoga
could reduce subjective stress and levels of both plasma cortisol
levels& salivary cortisol [67]. A recent systematic review andmeta-
analysis article has highlighted the positive effects of yoga in
reduction of depressive symptoms in a dose -responsemanner [68].
5. Recognition of yoga

The United Nations General Assembly has recognized the overall
advantages of yoga and its natural connection with the UN's ob-
jectives and values by declaring June 21 as International Yoga Day.
National Mental health Policy in Vision 2014 has highlighted the
importance of Indigenous system of medicine in management of
mental health disorder and increase the therapeutic choice. AYUSH
clinics are now a part of the hospitals Government is also building
research capacities by providing research funds through DST-
SATYAM, ICMR and AYUSH funding agencies. Yoga is now included
in the school and college curriculum [69].
6. Discussion

Stress is defined as “perceived inability to cope”. Stress andMDD
are associated with elevation of a variety of inflammatory cyto-
kines, stress hormones and imbalance in neurotransmitters. Yoga is
an ideal complementary therapy for mental health disorders. Yoga
is a complex and holistic system that encompasses (i) physical
postures to promote strength and flexibility; (ii) breathing exercises
to enhance respiratory functioning; (iii) deep relaxation techniques
to reduce mental and physical tension; (iv) meditation and mind-
fulness practices to increase mindebody awareness and (v)
enhanced emotion regulation skills through the practice of yama
and niyama. The COVID-19 pandemic has increased stress related
disorders and depression in recent times, hence the need of the day
is to have an integrated therapeutic and preventive approach of
allopathy with complementary and alternative medicine. Yoga
could be a good complementary and alternative treatment mo-
dality for Major Depressive Disorder.
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