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Hypothetical model for explaining yoga mediated modulation of pathways
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Obesity is a state of energy imbalance characterized by inflammation, dysregulated autonomic nervous
system function, altered brown adipose tissue activity, basal metabolic rate alterations, and changes at the
psychological level. Adipose tissue is not only a metabolic organ but also an endocrine organ. Adipokines
released by the fat cells play an important role in regulating the local metabolic processes and maintaining the
homeostasis between food intake and energy balance. The most common pro-inflammatory cytokines involved
are TNF-α, IL-6, IL-1, leptin, adiponectin, resistin, visfatin, irisin, which are involved in the pathophysiology of
obesity. Yoga as lifestyle-based intervention influences the adipokine levels, autonomic nervous system
functioning, brown adipose tissue activity, basal metabolic rate, and stress levels in the body. With this, yoga
can help bring back the energy balance and weight management in obese individuals.
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Obesity is a state of increased adipocytes1, in which
an imbalance in energy intake and energy expenditure
is clearly evident. It is characterized by inflammation,
dysregulated autonomic nervous system function,
altered brown adipose tissue activity, basal metabolic
rate alterations, and changes at the psychological
level, as given in Figure 1a-b.
Role of adipokines in obesity
In obesity, numerous pro-inflammatory cytokines
circulate in the blood, which also creates a
state of insulin resistance and impaired insulin
signaling in them2. The chronic elevated levels of
inflammatory cytokines not only influence the
development of obesity but also, through its influence
on the lipid and carbohydrate metabolism,
significantly determines the etiology of various
ailments like hypertension, insulin resistance and
other metabolic disorders. Some of the most common
pro-inflammatory cytokines involved are TNF-α,
IL-6, IL-1, etc. Other adipokines (cytokines secreted
——————
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by adipose tissue) like, leptin, adiponectin,
resistin, visfatin, irisin are also involved in the
pathophysiology of obesity3. Adipose tissue, in
addition to being a metabolic organ, is also an
endocrine organ and the adipokines released by it
play an important role in regulating the local
metabolic processes and maintaining the homeostasis
between food intake and energy balance4. These
have their role to play in the body, but when
synthesized in excess, some of these adipokines
exert harmful effects due to their inflammatory
nature, whereas some are beneficial, such as
adiponectin. The excess of these adipokines is
responsible for various metabolic complications.
Some of the common complications are high blood
pressure, Type-2 diabetes mellitus, hyperinsulinemia,
and insulin resistance. This is further associated with
an increased risk of cardiovascular complications like
stroke. Obesity-associated inflammation can also lead
to different types of cancer, heart failure, arthritis,
hernia, cholelithiasis, fatty liver, etc., which in itself
are serious problems5,6.
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BMR is proportional to body mass, particularly the
amount of fat-free mass or the lean body mass
(LBM)10. BMR accounts for 65–75% of total energy
expenditure in the body. Various factors like gender,
age, height, body mass, and estimated LBM influence
BMR, of which LBM is the single predictor of
BMR11. Physical activity reduces the fat mass and
improves the fat-free mass by enhancing the muscle
mass and bone mass, thereby leading to an increase in
energy expenditure12.

Fig. 1a-b — Impact of obesity at different levels in body

Role of brown adipose tissue & basal metabolic
rate in obesity
Present in all mammals, brown adipose tissue
(BAT) is concerned with thermoregulation. There is a
direct connection between the hypothalamus and
sympathetic nervous system (SNS) supply to brown
adipose tissue. Stimulation of the hypothalamus
induces thermogenesis in brown adipose tissue7.
The uncoupling protein (UCP) is a mitochondrial
protein present on its inner wall and found exclusively
in mammals. It acts as a protein transporter
that dissipates the heat and causes uncoupling
oxidative phosphorylation. Thermogenesis depends
mostly on the activity of this uncoupling protein.
Norepinephrine released from the rich sympathetic
innervations into BAT influences its activity leading
to lipolysis. The sympathetic nervous system
regulates the uncoupling protein activity in brown
adipose tissues, thereby regulating the thermogenesis
and its effects8.
Basal metabolic rate (BMR) is the rate in the zone
of thermoneutrality. It signifies the amount of energy
required to maintain the basal activities in the body9.

Role of stress in obesity
The autonomic nervous system is an essential
factor in regulating the energy balance and storage of
fat in the body. Obese people show altered autonomic
nervous system function with altered sympathetic
nervous system activity. This becomes not only a risk
factor for the mortality from the disease and its
complications but also the cause of the disease
(obesity) in itself13.
Stress is a state of threatened homeostasis which is
counteracted by the repetition of physiologic and
behavioral responses to regain the body equilibrium.
It may be caused by various intrinsic and extrinsic
adverse forces. Response to stress manifests in the
form of different physical reactions governed by the
hypothalamo-pituitary-adrenal (HPA) axis and
sympatho-adrenal system14. Various psychological
factors like anxiety, depression, etc., influence the
eating behavior of an individual by activating certain
neural stress response networks. The altered
emotional brain network promotes the increased
behavior of food intake and, thereby, obesity. Altered
HPA axis activity leads to excess secretion of
corticotrophin-releasing hormone (CRH) and
glucocorticoids in the body15. Elevated CRH level
activates
the
sympathetic
locus
coeruleusnorepinephrine system, and glucocorticoids enhance
neuronal excitability to norepinephrine, which in turn
activates hypothalamic CRH secretion16. Excess
secretion of glucocorticoids further increases the
craving for food17. According to a meta-analysis on
longitudinal studies, psychological stress is positively
correlated with increased adiposity18.
Impact of yoga on adipokines
In obese individuals, there is an imbalance in
adipokine levels. Herbs and herbal formulations have
shown to be effective in obesity19,20, However, yoga
as a lifestyle-based non-pharmacological intervention
has also demonstrated encouraging results in obesity
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by modulating the levels of adipokines in the human
body. Twelve week yoga practice reduces serum
visfatin, resistin levels, and fat percentage in the
body21. Regular practice of yoga reduces
inflammation, evident through a decrease in
inflammatory markers like IL-6, TNF-alpha, and Creactive protein22,23. In a study, 28% increase in
adiponectin, 36% decrease in leptin and a significant
increase in adiponectin to leptin ratio was observed in
yoga experts compared to the novices. The duration of
Yoga practice was negatively associated with leptin
levels and positively associated with adiponectin and
adiponectin to leptin ratio24. In a recent study, eight
weeks of yoga intervention showed to significantly
decrease the leptin levels and increase the adiponectin
levels in overweight and obese women when
compared to the group who was on energy-restricted
diet25.
Possible mechanism of the impact of yoga on
obesity
Yoga is a lifestyle-based intervention that includes
asanas (physical posture), pranayama (breath control),
meditation and relaxation techniques. Yoga texts, like
Patanjali Yoga Sutras and the Bhagavad Gita,
expound mastering the mind by calming it and
bringing balance at the physical and mental level26,27.
Regular practice of yoga for varied duration has
shown to be effective in lowering inflammation by
reducing the inflammatory cytokine levels in the
body28. Twelve weeks of a yoga-based lifestyle
intervention (YBLI) 2hrs each day for two weeks
followed by ten weeks of home practice significantly
reduces the leptin and leptin: adiponectin ratio,
inflammatory markers (tumor necrosis factor [TNF]α, interleukin [IL]-6), markers of oxidative stress
(thiobarbituric acid reactive substances [TBARS],
8-hydroxy-2'-deoxyguanosine
[8-OHdG]
and
significantly increases the superoxide dismutase
[SOD] and adiponectin levels in people diagnosed
with metabolic syndrome. Yoga significantly reduces
the weight, waist-hip ratio (WHR), systolic and
diastolic blood pressure29 and Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) of the
participants, along with the significant reduction in
interleukin-6 (IL-6) and serum leptin levels and a
significant increase in serum adiponectin levels30. By
reducing the inflammation, yoga as a lifestyle
intervention reduces the risk of appearance of obesityrelated complications like cardiovascular disease,

insulin resistance, etc. Yoga being a lifestyle
intervention is useful not only for unhealthy people
suffering from various diseases but also for healthy
people to maintain their health. In a study by Papp et
al.31, high-intensity yoga as an intervention for 60minutes, weekly once for six weeks, with additional
home training was administered to half of the
participants out of total 54 healthy students. This
high-intensity yoga (HIY) mainly consists of sun
salutations sequences performed at rapid speed and
with inversions at the end. Both ApoA1 and
adiponectin increased significantly and HbA1c
lowered nearly significantly in the HIY group.
Different practices in yoga have a stimulatory and
inhibitory effect on healthy individuals, which are
practiced in combination in our daily yoga practice.
The regular practice of yoga for 12 weeks has
demonstrated to improve the lean mass in the
practitioners32. In a controlled study with yoga as an
intervention containing asana, pranayama and
meditation for six months showed that the net effect
of these practices has a lowering effect on the basal
metabolic rate (BMR)33. Whereas in another study,
the 8-week practice of yoga resulted in an increase in
BMR from the baseline34. It could be hypothesized
that yoga practice has a time and duration effect on
the basal metabolic rate of individuals. Brown adipose
tissue activity is an important component of energy
expenditure. Though there is no direct research
evidence of the effect of yoga practice on brown
adipose activity, however, there is extensive evidence
of the impact of physical activity on brown adipose
tissue activity35. It is clear from research evidence that
yoga practice influences autonomic nervous system
activity36. From this, it can be hypothesized that by
doing certain yoga practices, sympathetic nervous
system activity can be enhanced directly as well as
indirectly by the release of some biomolecules like
irisin and FGF21 and thereby upregulating the brown
adipose tissue (BAT) activity. This upregulation of
BAT activity increases the energy expenditure in the
body, which is necessary for weight loss37. Various
studies support Yoga /meditative practices to have a
measurable effect at the molecular level helping in the
regulation of gene expression38,39 and therefore it
might even enhance the brown adipose tissue gene
expression, leading to the increased brown adipose
tissue activity. The environment influences gene
expression and may contribute to the development
and the progression of the disease. In one of the
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and increasing the adiponectin levels, the
inflammation reduces. Correcting the imbalance in the
autonomic nervous system may affect the brown
adipose tissue activity thereby increasing the energy
expenditure. Stabilizing the HPA- axis reduces
psychological stress and, therefore, the food-related
craving. By this yoga practice helps to reduce energy
intake, increase energy expenditure and correct the
biochemical imbalances, which ultimately would
result in preventing the obesity-related complications
and better weight management.

Fig. 2 — Possible mechanisms of effect of yoga in obesity

studies, it was found that Sudarshan KriyaYoga, a
form of breathing practice, can positively affect
immunity, aging, cell death, and stress regulation
through transcriptional regulation40. Psychological
and oxidative stress enhances the release of
inflammatory markers in the body commonly seen in
obesity, which increases the chance of the
development of complications41,42. Yoga practice
helps in regulating the immune responses of the stress
and thus reducing their effects43. Growing evidence
supports the belief that yoga practice reduces stress
and promotes physical and mental health by the
downregulation of the hypothalamo-pituitary-adrenal
axis44. The physical, mental relaxation, and
mindfulness induced by these practices reduce the
mental rush and hence the craving towards food. In an
exploratory study among women with disordered
eating behavior, the mindfulness-based intervention
significantly decreased the food cravings, the concern
of body image, external and emotional eating, and
dichotomous thinking in them45.
Conclusion
From the various direct and indirect evidence, we
conclude that Yoga practice appears to have a
beneficial impact on obesity and related
complications through several pathways given in
Figure 2. Overall, we understand that in obesity, proinflammatory adipokines like leptin levels are
increased and anti-inflammatory adipokines are
decreased. Yoga practice produces its impact on
obesity and its complications by modulating the
different pathways like adipokines, autonomic
nervous system, and the HPA axis. By modulating the
adipokine levels, like decreasing the leptin resistance
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