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Abstract

Objectives A comprehensive understanding of the mechanisms of action is important if yoga-based interventions are to be
used in the prevention and/or treatment of mental health symptoms. We, therefore, aimed to examine the evidence base and
mechanisms underlying the benefits of yoga-based interventions on mental health, with a focus on psychological, physi-
ological and neurobiological mechanisms.

Methods A narrative review was conducted of scoping reviews, systematic reviews and meta-analysis of yoga-based interven-
tions with a focus on psychological, physiological and neurobiological mechanisms linking yoga-based interventions with
mental health. A single author conducted a search of the literature using a number of databases (PubMed, Web of Science,
Scopus, Google Scholar). Search terms included but were not limited to “yoga*”, “asana*,” “psych*”, “neuro*”, “stress”,
“autonomic”, “mental illness”, “mental health”, “cytokine” and “endocrine”.

Results A total of 22 studies were included in this narrative review. These studies report that yoga-based interventions
decrease stress reactivity, influence physiological markers of stress reactivity including changes in blood pressure, heart rate,
cortisol or cytokine levels, resulting in overall improved health and well-being, in diverse populations of adults. Yoga-based
interventions influence psychological processes involved in the regulation of mood and emotion, including self-compassion,
dispositional mindfulness, rumination, meta-cognition, attention and memory. Finally, yoga-based interventions result in
structural and functional changes in several brain regions.

Conclusions Yoga-based interventions impact multiple processes of mental health; however, further research should explore
the potential interaction between these processes as it is possible that effects may be synergistic rather than in silos.
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all over the world, yoga is practiced in many ways, mostly
in group classes, ranging from a purely physical practice
used for fitness and well-being, to a spiritual practice more
closely aligned with its eastern origins. While modern yoga
classes mostly focus on the physical postures and move-
ments (asana), other components may be included, such as
the use of controlled breathing and meditative techniques
(Pflueger, 2011).

The traditions of yoga and mindfulness are interrelated.
Studies show that yoga practice can lead to an increase
in dispositional mindfulness. Systematic review of RCTs
shows that yoga practices, including Kundalini, Iyengar,
Kripalu and Hatha yoga, result in higher levels of mind-
fulness in diverse populations, compared to control groups
(Domingues, 2018). In a cross-sectional study of 455 indi-
viduals, those who rated themselves as highly involved in
yoga had more dispositional mindfulness and religious/spir-
itual well-being as well as lower depression-like symptoms,
compared to those who rated themselves as marginally/mod-
erately or not at all involved in yoga, indicating that there
might be a dose-response relationship between the amount
of yoga practice and dispositional mindfulness (Gaiswinkler
& Unterrainer, 2016).

A large body of research shows that yoga can improve
psychological well-being. Meta-analyses show that yoga-
based practices decrease the severity of symptoms of anxi-
ety, depression, pain, stress and psychological distress, and
improve mental health-related quality of life, in clinical
populations (Brinsley et al., 2020; Cramer, et al., 2018a,
b). In non-clinical settings, systematic reviews show that
yoga-based interventions decrease stress (Chong et al.,
2011) and improve psychological well-being in healthy
adults (Hendriks et al., 2017). We propose that yoga practice
improves mental health by reducing the distress experienced
in response to psychological stressors, by impacting the key
psychological process. We propose that by altering psy-
chological processes that stressors result in less autonomic
arousal and activation of the stress response, as well as less
acute activation in brain regions associated with rumination
and in the longer term, less stress derived damage to brain
regions important in the regulation of mood and emotion.
This article aims to explore the impact of yoga on psycho-
logical, physiological and neurobiological outcomes con-
currently from the perspective of stress regulation and the
impacts of this on mental health.

Methods

We aimed to narratively review scoping reviews, systematic
review and meta-analyses of yoga studies with a particular
focus on those mechanisms involved in the stress response.
This includes studies of (1) the autonomic nervous system
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processes (blood pressure, heart rate, heart rate variability,
inflammation proteins and cortisol); (2) psychological pro-
cesses (interoception, self-compassion, exposure, rumina-
tion, meta-cognition, attention and memory); and (3) neu-
robiological processes (brain structure and function). A
single author conducted a search of the literature using a
number of databases (PubMed, Web of Science, Scopus,
Google Scholar). The cut-off point for the literature search
was March 2021. Scoping reviews, systematic review and
meta-analyses of all study types were eligible for inclu-
sion including those containing randomized controlled tri-
als and quasi-randomized studies and qualitative research.
Journal articles and book chapters were included. Search
terms included but were not limited to “yoga*”, “asana*”,
“psych*”, “neuro*”, “stress”, “autonomic”, “mental illness”,
“mental health”, “cytokine” and “endocrine”. Searches only
included studies published in English. Reviews and meta-
analyses were screened by a single author and included if
they examined the impact of a yoga-based intervention on
autonomic, psychological or neurobiological outcomes in
any population. Quality assessment of included studies was
not conducted and thus all eligible articles were included.
Data were coded as (1) psychological processes (self-com-
passion, dispositional mindfulness, rumination, exposure,
meta-cognition, attention), (2) an autonomic nervous system
process (heart rate, blood pressure, cytokines and cortisol) or
(3) neurobiological processes (brain structure and function).

Results

A total of 22 studies were included in this narrative review
and are presented in Table 1.

Psychological Processes Influenced by Yoga
Interoception

Interoception (or interoceptive awareness), the sense of
awareness of the physiological condition of the entire body
or the body’s internal state, is recognized as an important
factor in mental health and well-being (Craig, 2002). Intero-
ception has been associated with a range of clinical mental
health conditions, including depression and anxiety (Paulus
& Stein, 2010). Interoception is an integral and inherent
component of yoga practice, involving continuous conscious
monitoring or mindfulness of bodily cues and sensations
(Gard et al., 2014). It follows that clinical trials evaluating
yoga-based interventions for various mental health outcomes
inadvertently include a component of interoception.

No scoping review, systematic reviews or meta-analysis
that assessed the impact of yoga on interoception was identi-
fied. Indeed, research generally in this area is limited. One
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Table 1 Main findings of the studies included in this narrative review
Outcome assessed Systematic review or meta-analysis Finding Study design Level of
evidence
Interoception No SR or MA found NA
Self-compassion Domingues (2018) Yoga increased self-compassion SR I
Wong et al. (2021) PA, including yoga, increased self-compassion SR & MA I*
Emotional regulation No SR or MA found Yoga improves emotional regulation in adolescents RCT I
Avoidance/exposure No SR or MA found NA
Rumination Meister & Juckel (2018) Yoga appears to decrease rumination in women with SR I*
depression
Meta-cognition No SR or MA found NA
Attention and memory Gothe and McAuley (2015) Yoga provides small to moderate benefits for attention and SR & MA I*
memory
Brenes et al. (2019) Yoga may have beneficial effects on cognitive functioning, ~ Scoping review
particularly on attention and verbal memory in patients
with mild cognitive impairment and dementia
Luu and Hall (2016) Hatha yoga improves executive function SR I*
Blood pressure Cramer et al. (2014) Yoga lowers blood pressure SR & MA I
Hagins et al. (2013) Yoga had a modest but significant effect on systolic blood SR & MA I*
pressure and diastolic blood pressure
Innes et al. (2005) Yoga reduces systolic and/or diastolic pressure SR I*
Pascoe et al., (2017a, 2017b) Yoga lowers systolic and diastolic blood pressure SR & MA I
Tyagi and Cohen (2016) Yoga reduces blood pressure in both normotensive and SR I*
hypertensive populations
Wau et al. (2019) Yoga resulted in moderate reductions in systolic and dias- SR & MA I*
tolic blood pressure
Heart rate Cramer et al. (2014) Yoga lowers blood pressure SR & MA I
Reimers et al. (2018) Yoga decreases resting heart rate SR & MA I*
Pascoe et al., (2017a, 2017b) Yoga decreases resting heart rate SR & MA 1
Heart rate variability Tyagi and Cohen (2016) Yoga-based interventions increased HRV and vagal SR I*
dominance
Pascoe et al., (2017a, 2017b) Yoga-based interventions increased both HF-HRV and SR & MA 1
LF-HRV
Zou et al. (2018) Yoga increase HRV (no impact on expiratory-to-inspiratory SR & MA 1
ratio)
Posadzki et al. (2015) Yoga practices improved several domains of HRV SR & MA I
Inflammatory proteins Djalilova et al. (2019) Yoga decreases IL-6, C-reactive protein and TNF-a SR I*
McCall (2013) Yoga reduces IL-6, interleukin-2, C-reactive protein SR
Pascoe et al., (2017a, 2017b) Mindfulness-based stress reduction decreased IL-6 SR & MA I
Ye et al. (2020) Yoga had no effect on C-reactive protein, ESR, IL-6, and SR & MA I
TNF-a in patients with rheumatoid arthritis
Falkenberg et al. (2018) The existing evidence is not entirely consistent, a general SR I
pattern emerged suggesting that yoga can down-regulate
pro-inflammatory markers (decrease in IL-1beta, IL-6
and TNF-alpha)
Cortisol Pascoe et al., (2017a, 2017b) Yoga decreases cortisol SR & MA I*
Meister & Juckel (2018) Mixed findings regarding impact of yoga on cortisol SR I*
Structural brain changes Gothe et al. (2019) Yoga associated with anatomical changes in hippocampus, SR A%
frontal cortex, anterior cingulate cortex and insula
Zhang et al. (2021) Yoga associated with increased grey matter density in the SR I*
hippocampus, increased cortical thickness or grey matter
volume in prefrontal cortex, cingulate cortex and insula
Functional brain changes Gothe et al. (2019) Yoga associated with less activation in dorsolateral pre- SR v
frontal cortex and functional connectivity increases in the
default mode network
Zhang et al. (2021) Increased functional connectivity in the default mode SR I*

network

I, II, V=roman numeral numbering; I* A combination of RCTs and non-RCTs was included. ESR, Erythrocyte sedimentation rate; HF-HRV,
high-frequency heart rate variability; LF-HRV, low-frequency heart rate variability; /L-1, interleukin-1; /L-6, interleukin-6; MA, meta-analysis;

NA, not applicable; PA, physical activity; SR, systematic review; RCT, randomized controlled trail; TNF-a, tumour necrosis factor-alpha
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mixed-methods case series study provides preliminary evi-
dence that a yoga-based intervention improved interoceptive
awareness, and reduced symptom severity in participants
with PTSD (Neukirch et al., 2019). A further pilot study
evaluated the effects of a single yoga class on interoceptive
awareness among a clinical population of patients with ano-
rexia nervosa and healthy controls. They found that patients
with anorexia nervosa had lower interoceptive accuracy than
healthy individuals at baseline and a significant improve-
ment in interoceptive accuracy among the healthy individu-
als, but not in the group with anorexia nervosa, after the
yoga intervention. They concluded that interoceptive aware-
ness plays a role in mental health conditions such as eating
disorders, where the interoceptive awareness system appears
to be impaired, and healthy controls responded to yoga as an
intervention to improve interoceptive awareness (Demartini
et al., 2020). Based on these few studies, high-quality trials
should be conducted to investigate the impact of yoga on
interoception.

Self-compassion

Self-compassion refers to extending compassion to one’s
self in instances of perceived failure, inadequacy or gen-
eral suffering. A meta-analysis of studies showed that self-
compassion is a robust predictor of psychological well-being
(MacBeth & Gumley, 2012). Higher levels of self-compas-
sion are associated with lower anxiety, stress, depression,
increased life quality, happiness, positive affect, personal
initiative, agreeableness, extroversion and conscientiousness
(Neff et al., 2007).

A systematic review of two RCTs shows that hatha yoga
increases self-compassion in nursing students and that Kri-
palu yoga increases self-compassion in health care provid-
ers (Domingues, 2018). In a systematic review and meta-
analysis of six RCTs and four single group repeated measure
design, eight of which focused on mind-and-body exercises
including yoga, physical activity was seen to increase self-
compassion (Wong et al., 2021).

Emotional Regulation

The ability to regulate emotion is associated with greater
well-being, life satisfaction and improved relationships
while maladaptive emotional regulation strategies such as
rumination and suppression are linked to less social close-
ness and support, higher intensity of negative emotions, and
depressive symptoms (John & Gross, 2004).

No scoping review, systematic reviews or meta-anal-
ysis that assessed the impact of yoga on emotional regu-
lation was identified and research in this area generally
appears to be limited. An RCT shows that yoga delivered
in schools improves emotional regulation in adolescents,
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compared to physical education (Daly et al., 2015). One
cross-sectional study involving yoga practitioners found
reduced emotional reactivity following yoga, and that sev-
eral years of practice was associated with decreased res-
piratory arousal in the face of negative situations (Mocanu
et al., 2018).

Avoidance/Exposure

High avoidance of aversive stimuli may contribute to the
onset and maintenance of depressive disorders (Trew,
2011). Conversely, exposure or sustained, non-judgmental
observation of sensations, emotions, pain or other chal-
lenging experiences, without attempts to escape or avoid
them, may lead to reductions in the emotional reactiv-
ity typically elicited by experience (Linehan, 2018). It
is hypothesized that by intentionally focusing on experi-
ences in a non-judgmental and open manner, individuals
can undergo a process of desensitization through which
distressing sensations (thoughts and emotions that might
otherwise be avoided) become less distressing and con-
sequently less frequently avoided (Linehan, 1993). This
process may lead to the extinction of fear responses and
avoidance behaviours previously elicited by these stimuli
(Linehan, 1993).

No scoping review, systematic reviews or meta-analysis
that assessed the impact of yoga on avoidance was identified.
Data from a single-arm (pre-post) trial shows that participa-
tion in MBSR, which includes hatha yoga, is associated with
increases in willingness to be exposed to unpleasant internal
experiences and corresponds with reductions in symptoms
of depression, anxiety and stress (Carmody et al., 2009).
We suggest that high-quality trails should be conducted to
investigate the impact of yoga on avoidance and exposure.

Rumination

Rumination, or the focused attention on thoughts, past events
and symptoms associated with one’s distress, is generally
considered a maladaptive emotional regulation strategy, as
it tends to exacerbate emotional distress (Nolen-Hoeksema
et al., 2008). It has been hypothesized that higher levels of
self-compassion may improve psychological well-being by
reducing avoidance and rumination. This is supported by
findings that in depressed outpatients, rumination and avoid-
ance mediate the relationship between self-compassion and
depressive symptoms, suggesting that those with less self-
compassion tend to be more avoidant (Krieger et al., 2013).
In a small systematic review, yoga was found to decrease
rumination in 1 RCT involving women with depression, but
not in one uncontrolled study (Meister & Juckel, 2018).
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Meta-cognition

Metacognitive awareness is described as the ability to
decenter or detach from thoughts and emotions, and view
them as passing mental stimuli, as opposed to completely
accurate representations of reality (Sheppard & Teasdale,
2000). High levels of meta-cognition appear to protect
against depression relapse (Fresco et al., 2007) and high
metacognitive awareness is speculated to reduce rumination
(Sheppard & Teasdale, 2000). Repeated practice of moni-
toring sensations and thoughts without trying to interpret
or judge them is argued to result in a gradual lessening of
identification with those thoughts.

In the context of yoga-based practices, this process is
hypothesized to first be applied primarily to bodily sensa-
tions and proprioceptive feedback related to the movement
and breath, and subsequently also to arising emotions and
thoughts (Schmalzl et al., 2015). Consistent with this view is
evidence showing that yoga practitioners are able to tolerate
physical pain for a longer duration than non-yoga practition-
ers, perhaps mediated by an ability to attend to the sensa-
tion, accept the associated experience and observe the pain
without reacting (Villemure et al., 2014).

No scoping review, systematic reviews or meta-analysis
that assessed the impact of yoga on the interoception was
identified. One RCT involving depressed patients in remis-
sion or recovery, MBSR, which includes hatha yoga, has
been shown to increase metacognition (Teasdale et al.,
2002). We suggest that further research to be conducted to
investigate the impact of yoga on meta-cognition.

Attention and Memory

It has long been proposed that yoga-based interventions
build a generalizable capacity for focused attention and can
have demonstrable effects on cognitive function (Gothe &
McAuley, 2015). One systematic review investigating the
impacts of hatha yoga on executive function reported that
yoga was seen to improve executive function in areas such
as inhibitory control, working memory and attention, in
11 studies (both RCTs and non-RCTs) comprising diverse
populations (Luu & Hall, 2016). Meta-analysis of 15 rand-
omized controlled trials of yoga-based interventions found
that yoga provides small to moderate benefits for attention

and memory across a range of standardized neuropsycho-
logical measures (Gothe & McAuley, 2015). Though the
mechanisms are unknown, one pathway may be the stress-
alleviating benefits of regular yoga practice, which puta-
tively frees cognitive resources otherwise hampered by
stress (Gothe et al., 2016). A recent scoping review found
that in patients with mild cognitive impairment and demen-
tia yoga may have beneficial effects on cognitive function-
ing, particularly on attention and verbal memory, through
improved sleep, mood and neural connectivity (Brenes et al.,
2019). Future dismantling studies that examine the compo-
nents of yoga-based interventions within a standardized neu-
ropsychological framework will more firmly establish yoga’s
effects on attention and memory (Schmalzl et al., 2015).

Yoga-Based Interventions and Autonomic Measures

A series of systematic reviews and meta-analyses, which
examine the impact of yoga practices on these physiological
markers of stress reactivity, including changes in blood pres-
sure, heart rate, heart rate variability, cortisol or cytokine
levels, in diverse populations of adults, are summarized in
Table 2 (Pascoe & Bauer, 2015; Pascoe & Crewther, 2016;
Pascoe et al., 2017a, b).

Blood Pressure

There is strong evidence supporting beneficial effects of
yoga-based interventions on blood pressure (BP), as shown
from multiple meta-analyses of randomized controlled tri-
als (RCTs) and systematic reviews. A meta-analysis of ran-
domized controlled trials of multi-component yoga-based
interventions, compared to a time/attention control group,
in any population (Pascoe et al., 2017b), found that resting
diastolic blood pressure (DBP) decreased DBP by 3.66 mm
of mercury (mmHg), compared to the time/attention control
group, in 16 studies comprising 887 individuals from diverse
populations (Pascoe et al., 2017b). Subgroup analysis com-
paring different yoga-based practices did not find any mean-
ingful differences in blood pressure changes between differ-
ent types of yoga practices. Resting systolic blood pressure
(SBP) was seen to decrease by 5.34 mmHg, compared to the
time/attention control group, in 17 RCTs comprising 1058
individuals from diverse populations (Pascoe et al., 2017b).

Table 2 Summary of meta-analysis of multi-component yoga-based interventions (Pascoe et al., 2017b)

Outcome SBP DBP

Cortisol CRP IL-6

Change following yoga* —5.62 (n=982) —3.63 (n=765)

-32(n=879)

—151 (n=386) —0.15®n=75 —0.1(=75)

Cortisol (salvia, waking) (nmol/l); CRP, C-reactive protein (serum) (mg/L); DBP, diastolic blood pressure (millimetre of mercury); HR, resting
heart rate (beats per minute); /L-6, interleukin-6 (serum) (pg/ml); SBP, systolic blood pressure (millimetre of mercury); *compared to a time/

attention control group

@ Springer



2882

Mindfulness (2021) 12:2877-2889

In seven studies measuring SPB, the control group received
an exercise intervention (e.g. aerobic, resistance). This indi-
cates that the yoga-based practices decreased resting SBP to
a greater degree than non-yoga-based exercise. Therefore,
it would seem that the effects of yoga-based practices on
resting SBP may be related to a combination of the mindful-
ness practice and the cardiovascular effects associated with
the physical practice of yoga asanas (Pascoe et al., 2017b).
This is supported by the findings a meta-analysis reporting
a modest but significant effect of yoga on SBP and DBP,
with subgroup analysis showing effects from interventions
incorporating postures, meditation and breathing, and that
yoga decreased blood pressure compared to no treatment but
not compared to exercise (Hagins et al., 2013). This is also
consistent with a systematic review and meta-analysis of 44
RCTs showing that yoga decreased SBP and DBP (Cramer
et al., 2014) and a systematic review and meta-analysis of
both RCTs and non-RCTs, which showed the yoga elicited
moderate reductions in SBP and DBP (Wu et al., 2019).

These results are consistent with an earlier systematic
review which comprised of 12 RCTs, 12 nonrandomized
clinical trials, 11 uncontrolled studies, 1 cross-sectional
study and 1 single yoga session examination, and found that
most studies reported a reduction of systolic and/or diastolic
pressure (Innes et al., 2005). They are also supported by the
findings of a systematic review including 39 cohort studies,
30 nonrandomized, controlled trials, 48 RCTs and 3 case
reports, in which most studies reported that yoga reduced
BP in individuals with and without hypertension (Tyagi &
Cohen, 2014).

Heart Rate

There is strong evidence showing that yoga decreases rest-
ing heart rate, from two meta-analyses. In a meta-analysis
of 15 RCTs (N=2879) comparing yoga-based practices to
time/attention control groups, involving any population
(Pascoe et al., 2017b), the yoga-based interventions were
found to decrease resting heart rate by 3.2 beats per minute
(bpm). This is consistent with the findings from a meta-
analysis comprising 21 yoga studies which found that yoga
decreased resting heart rate in both males and females and
that the decreases in resting heart rate were positively cor-
related with pre-intervention heart rate and negatively cor-
related with participant age (Reimers et al., 2018). An earlier
systematic review and meta-analysis of 44 RCTs similarly
reported that yoga lowered heart rate (Cramer et al., 2014).

Heart Rate Variability
Heart rate variability (HRV) reflects the flexibility of the

cardiovascular system to cope with physical/psychological
challenges. The higher the HRV, the faster the heart is able
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to switch from “fight-or-flight” to a relaxed state. HRV
is measured by the variation in the beat-to-beat interval
(Perna et al., 2020). A systematic review of yoga-based
interventions on HRYV, including 59 studies involving a
total of 2358 participants, found that yoga-based interven-
tions increased HRV and vagal dominance, which indi-
cates increased PNS activity during yoga-based practices
(Tyagi & Cohen, 2016). The review also found that people
who practice yoga regularly have increased activity of the
vagus nerve at rest compared to people who do not prac-
tice yoga regularly (Tyagi & Cohen, 2016).

The vagus nerve is the main contributor of the PNS,
as most organs receive parasympathetic efferents through
the vagus nerve, and therefore, the vagus nerve activity
has been studied as an antagonist of SNS activity and
efferent nerve (Breit et al., 2018). Another systematic
review of RCTs of yoga-based interventions compared to
any type of control intervention, in healthy individuals
or patients with any medical condition, found that 10 of
the 14 included studies reported benefits of yoga prac-
tices on several domains of HRV (Posadzki et al., 2015).
Their meta-analysis showed no effect of yoga practice on
the HRV index expiratory-to-inspiratory ratio (E:I ratio),
though only two studies were included in the analysis
(Posadzki et al., 2015).

Analysis of HRV has also been studied in the frequency
domain with heart rate (HR) oscillations being divided into
frequencies, including low-frequency (LF) and high-fre-
quency (HF) bands (Shaffer & Ginsberg, 2017). Increased
HF-HRYV is generally accepted to reflect increased PNS
activity. LF-HRYV is more complex and represents both
branches of the PNS, but has been argued to have a dominant
SNS component (Billman, 2011; Task Force of the European
Society of Cardiology, 1996; Thayer et al., 2010). However,
more recently, various authors have highlighted that accu-
mulating evidence demonstrates that this interpretation over-
simplifies the complex non-linear interactions between the
SNS and the PNS (Billman, 2011, 2013).

A meta-analysis of 17 medium-to-high-quality RCTs
showed significantly beneficial effects on HRV parameters
including low frequency, high frequency, low-frequency to
high-frequency ratio and stress level (Zou et al., 2018). A
meta-analysis of forty-two studies overall, four of which
measured HF-HRV and LF-HRYV, and comprised of 367
participants showed that yoga-based interventions increased
both HF-HRV and LF-HRV. All of the control groups in
these four RCTs were exercise-based interventions, indi-
cating that the effects of yoga practices on HRV cannot be
attributed to the exercise-related effects of yoga alone (Pas-
coe et al., 2017b). Indeed, yoga practices incorporate philo-
sophical teachings, mindful awareness, controlled breathing,
meditative techniques and physical asanas (Pflueger, 2011;
Travis & Pearson, 2000).
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Inflammatory Proteins

Cytokines are small cell signalling protein molecules that
mediate and regulate immunity and inflammation (Salim
et al., 2012). Many studies indicate that various stressors,
including psychological stressors alone, can induce pro-
inflammatory (interleukin-1 [IL-1], interleukin-6 [IL-6],
tumour necrosis factor-alpha [TNF-a]) cytokine secretion
(Dhabhar et al., 1996; Lemay et al., 1990; Ruzek et al.,
1997). A bi-directional feedback loop between cytokines
and cortisol is hypothesized to be central to the appropri-
ate functioning of the HPA axis while maintaining homeo-
stasis of the immune system (Petrovsky, 2001; Turnbull &
Rivier, 1999). For example, stress-induced release of certain
inflammatory cytokines such as IL-6, TNF-a and interleu-
kin (IL-10) activates the HPA axis and cause the release of
cortisol (Steensberg et al., 2003; Turnbull & Rivier, 1999).
The increased cortisol-induced negative feedback then sup-
presses further release of cytokines (Chrousos, 1995; Elen-
kov & Chrousos, 1999; Reichlin, 1993; Turnbull & Rivier,
1999). However, glucocorticoid receptor abnormalities
resulting from excessive cortisol can reduce the immune sys-
tem’s capacity to respond to cortisol and subsequently lower
inflammation. This results in concurrently sustained levels
of cortisol and cytokine release (Chrousos, 1995; Elenkov &
Chrousos, 1999; Miller et al., 2002). This altered immune-
endocrine interaction and increased inflammatory profile
have been linked to chronic stress and inflammation can
contribute to the onset of mental disorders such as depres-
sion and anxiety (Dantzer, 2012; Masi & Brovedani, 2011;
Pascoe et al., 2011). Consistently, diagnosed anxiety and
depressive disorder are associated with an increased expres-
sion of pro-inflammatory cytokines (Salim et al., 2012).

A systematic review of 15 studies examining the impact
of yoga-based interventions on inflammatory biomark-
ers in adults with chronic inflammatory-related disorders
provides evidence that yoga-based practices can reduce
cytokine levels (Djalilova et al., 2019). Eleven of the 15
studies included in the review reported positive effects of
yoga practices on inflammatory biomarkers, with the most
commonly measured cytokines in the studies being IL-6
(n=11 studies), C-reactive protein (CRP—a pentameric
protein found in blood plasma, whose circulating concentra-
tions rise in response to inflammation) (n =10 studies) and
TNF-a (n =28 studies) (Djalilova et al., 2019). Interestingly,
a longer duration of yoga-based practice was associated
with larger improvements in inflammation (Djalilova et al.,
2019). These finds are consistent with a recent systematic
review that reports that yoga practice decreases IL-6, inter-
leukin-2 and CRP (McCall, 2013) and partially consistent
with the findings of a meta-analysis comparing the impact
of yoga-based interventions and a time/attention control
group on inflammatory markers (Pascoe et al., 2017b). In

this meta-analysis, yoga practice was seen to decrease IL-6
in the three studies that delivered a mindfulness-based stress
reduction (MBSR) intervention, which includes yoga-based
postures and movement, but also focuses heavily on medita-
tion, body awareness, self-acceptance and stress manage-
ment education. There was, however, no effect on IL-6 in
two studies that delivered a yoga-based intervention that
was not MBSR, indicating that the observed differences in
IL-6 are associated with MBSR, but not yoga-based inter-
ventions. This meta-analysis also reported no effect of yoga
practice on interleukin-8 or CRP.

In a meta-analysis comprising 10 RCTs including indi-
viduals with rheumatoid arthritis, there was no impact of
yoga on the inflammatory cytokines, CRP, Erythrocyte sedi-
mentation rate IL-6 and TNF-a, indicating that yoga may be
ineffective in impacting inflammation in individuals with
chronic inflammatory autoimmune disease (Ye et al., 2020).
This is partially consistent with the findings of an earlier
systematic review of RCTs, which concluded that the quali-
tative evaluation of 10 RCTs showed decreases in IL-1beta,
IL-6 and TNF-a, but that there was some variability between
studies, for example, yoga was not seen to decrease IL-6
in three studies involving cancer survivors, but was seen
to decrease IL-6 in individuals with heart failure (Falken-
berg et al., 2018). In future research, it might be worthwhile
exploring if some markers of inflammation are biomarkers of
treatment response, in that individuals with depression and
high inflammatory markers might be more or less likely to
respond to yoga-based interventions compared to those with
low levels of inflammatory markers.

Cortisol

Increased cortisol is commonly seen in individuals with
mental illness and likely reflects increased autonomic nerv-
ous system reactivity and dysregulation (Barker et al., 2012;
Staufenbiel et al., 2013). A systematic review of two studies
involving patients with depressive disorder reported mixed
findings as one RCT showed no added benefit of yoga com-
bined with anti-depressants, compared with anti-depressants
alone, on cortisol levels while another non-randomized
three arm controlled study found that yoga reduced cortisol
compared with anti-depressants alone, and that there was a
significant negative correlation between change in serum
brain-derived neurotrophic factor (BDNF) and cortisol levels
in the yoga-only group, indicating that serum BDNF and
cortisol levels are reciprocal (Meister & Juckel, 2018).

A meta-analysis comparing the impact of yoga-based
practices and a time/attention control group on inflamma-
tory markers showed that yoga-based practices decreased
waking salivary cortisol levels and evening salivary corti-
sol level in five studies comprising 386 individuals (Pas-
coe et al., 2017b). Insights from an RCT demonstrated that
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multi-component yoga-based programs which aim to incor-
porate aspects from all eight limbs of the yoga model may
impact cortisol levels more greatly than yoga-based pro-
grams that are focused only on postures (Smith et al., 2011).
In this RCT, university students with elevated symptoms of
depression, anxiety and stress were randomized to either
(1) an integrated multi-component yoga-based program; (2)
yoga asana as exercise; or (3) a control group that completed
surveys but did not practice yoga. While both the integrated
yoga-based program and yoga asana as exercise were seen to
decrease depression symptoms and subjective stress levels,
compared to a control condition, the integrated multi-com-
ponent yoga intervention was also seen to decrease anxiety
symptoms and cortisol levels, compared to the yoga asana as
an exercise group (Smith et al., 2011). Thus, multi-compo-
nent yoga-based practices may influence other psychological
processes which can also reduce objectively measured stress.
Thus, the effects of yoga-based practices on stress reactivity
likely results from a combination of philosophical teach-
ings, mindful awareness, controlled breathing, meditative
techniques and physical postures, among other factors. For
example, the philosophical teachings of yoga may affect an
individual’s mindset or perception of stressful events and
therefore could have an effect on stress reactivity and psy-
chological well-being and could be a low stigma intervention
for introducing concepts such as mindfulness meditation for
mental well-being.

Yoga-Based Interventions and Structural
and Functional Brain Changes

A recent systematic review exploring the impact of yoga
on brain structure and function determined that literature
is limited, as only 11 relevant eligible studies were found,
more than half of which (n=6) were cross-sectional while
5 were intervention studies. Nine of these studies assessed
hatha yoga and physical postures in particular. These authors
report that yoga practice is associated with anatomical
changes including greater GM volume, greater hippocam-
pus volume and greater cortical thickness especially in the
prefrontal cortex and right anterior insula, in long-term
yoga practitioners. Interestingly, in cross-sectional studies,
the extent of yoga experience was positively related to the
volume of frontal, limbic, temporal, occipital and cerebellar
regions (Gothe et al., 2019).

This systematic review also reviewed the impact of yoga
on brain function between individuals with and without
yoga experience in three cross-sectional and two longitudi-
nal studies following a yoga intervention. Yoga practitioners
were found to have greater antero-posterior default mode
network connectivity (representing healthier cognitive aging
process), and greater connectivity between the caudate and
other brain regions, than non-yoga practitioners (Gothe
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et al., 2019). However, as the studies exploring the impact
of yoga on brain function are few and cross-sectional or lon-
gitudinal, the level of evidence for the impact of yoga prac-
tices on brain structure should be considered preliminary
and there is a need for well-designed intervention studies.

A more recent systemic review of 15 studies focused on
evaluating mind-body exercise and brain plasticity using
MRI, and included five cross-sectional studies and two yoga
intervention studies. This systematic review reported that
yoga practitioners were found to have a number of structural
and functional differences in the prefrontal cortex including
greater corticol thickness in the left prefrontal lobe cluster,
greater grey matter volume in the orbitofrontal cortex and
the medial prefrontal cortex which were positively corre-
lated with fewer cognitive failures. With regard to functional
changes in the prefrontal cortex, yoga practitioners were
seen to have less activation in the dorsolateral prefrontal
cortex during a memory task and in the left superior frontal
gyri during an affective task, than non-yoga practitioners
(Zhang et al., 2021).

Yoga practitioners were also found to have greater corti-
cal thickness and grey matter volume in the cingulate cor-
tex, increased cortical thickness and grey matter volume
in insula which correlated with pain tolerance and greater
hippocampal grey matter volume, including compared to a
sport group, implying that yoga is more effective in improv-
ing the hippocampal structure than physical exercise (Zhang
et al., 2021).

Finally, greater resting-state functional connectivity
within the dorsal attention network was seen in yoga practi-
tioners as was resting-state functional connectivity between
the medial prefrontal cortex and right angular gyrus show-
ing increased resting-state functional connectivity within the
default mode network (DMN) of yoga experts (Zhang et al.,
2021). This is interesting as increases in DMN resting-state
connectivity have been reported in individuals with depres-
sion, and this is associated with higher levels of maladaptive
rumination, indicating that increased levels of DMN activity
underlie dysfunctional emotional processing in depression
(Hamilton et al., 2011; Zhou et al., 2010). Therefore, the
relationship between yoga practice, DMN connectivity and
mental health should be further explored to better under-
stand this complex relationship.

Discussion

The current review summarizes the purported psychobio-
logical mechanisms underlying the benefits of yoga-based
interventions on mental health. Findings suggest that the
benefits of yoga-based practices have underlying psycho-
logical, physiological and neurobiological processes that
are plausibly linked to better mental health, possibly by
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decreasing stress reactivity. In particular, yoga practice is
seen to increase self-compassion, decrease rumination and
improve attention and memory. Few studies have explored
the impact of yoga on avoidance, interoception, emotional
regulation or meta-cognition. Evidence consistently shows
that yoga decreases physiological markers of stress reactiv-
ity including blood pressure, heart rate and inflammatory
proteins, while it increases heart rate variability, in diverse
populations. Finally, yoga practice is associated with struc-
tural and functional changes in brain regions and networks
involved in the regulation of stress reactivity, mood and
emotion, including the hippocampus, the amygdala, prefron-
tal cortex and default mode network; however, much of this
evidence relies on cross-sectional data and therefore more
high-quality RCTs investigating the impact of yoga on brain
function and structure are required.

In addition, yoga-based exercise is shown to improve
body awareness, strength, flexibility and (with sufficient
effort) aerobic capacity (Barrows & Fleury, 2016; Green
et al., 2019). This is consistent with the international physi-
cal activity guidelines that highlight the importance of
strengthening and resistance activities across all age ranges,
but with a particular focus on activities to enhance balance
and protect against falls for older adults. These additional
neuromuscular benefits may be especially important in those
with poor mental health, where somatic health and physical
fitness is often compromised (WHO 2004). Older adults in
particular may benefit from yoga by reducing fall injuries
(Nick et al., 2016). Thus, by impacting both physical and
mental health synergistically, yoga-based exercises have
additional therapeutic potential.

We propose that by impacting psychological, physi-
ological and neurobiological mechanisms, yoga increases
resilience against stressful experiences. This hypothesis is
partially consistent with the findings of a recent system-
atic review of RCTs which reports that vinyoga increases
resilience in adults with anxiety and depression symptoms,
but not in adolescents and students, indicating that impacts
may vary according to population or type of yoga practice
(Domingues, 2018).

Limitations and Future Research

The strengths of this review are that it examines the effects
of yoga on physiological, psychological and neurobiological
outcomes collectively, in the context of stress and mental
health. Therefore, this work has provided a comprehensive
synthesis demonstrating that yoga impacts multiple pro-
cesses; however, further research should explore the poten-
tial interaction between these processes. Studies were not
included or excluded based on quality assessment, to best
capture the current state of research in this field, and there-
fore, the methodological rigour of the discussed studies is

unknown. Not evaluating the quality of the papers reviewed
impacts the overall validity and confidence in the conclu-
sions of this review. In future research, it would be of value
to include a formal assessment of the quality of reviewed
research.

One outstanding question regarding the impact of yoga on
mental health is the optimal dose and type. Most interven-
tions, yoga-based or otherwise, follow the Yerkes-Dodson
law of optimal arousal, whereby they reach an inflection
point where their effects turn negative (Yerkes & Dodson,
1908). Yoga is unlikely to be an exception to this inverted
U-shape curved principle (Britton, 2019). For example,
while intentionally directing attention to one’s present
moment experience is associated with many positive psy-
chological outcomes, high levels of self-focused attention
have also been found to be associated with psychopathology
and negative affect (Ingram, 1990; Mor & Winquist, 2002)
(for an in-depth review of some of the more negative effects
of too much mindfulness, see Britton (2019)). Studies exam-
ining dose—response might consider assessing the effects of
yoga-based interventions at levels recommended for aero-
bic training by the American College of Sports Medicine
(approximately 3 times per/week for 45-60 min) (Medicine,
2013).

Finally, more high-quality studies are needed to assess the
effects of yoga-based practices on inflammatory markers, in
conjunction with changes in brain function and/or structure.
Assessing these concurrently with psychological changes
will help to build a more complete picture of the impacts of
yoga practices on mental health.

Individual preferences and affect may be important fac-
tors impacting the beneficial outcomes of yoga-based inter-
ventions and should be explored in future research. The
results of the current narrative review show that few studies
have included patient preference for the type and intensity of
yoga-based intervention when designing clinical interven-
tions or health promotion initiatives. This could be important
considering such an approach may facilitate engagement,
improve adherence and potentially effectiveness compared
to approaches that prescribe the type and intensity of the
yoga-based intervention. Experiencing positive emotions
appears to be an important factor in predicting adherence to
physical activity and exercise (Ekkekakis et al., 2011; Lee
et al., 2016), and future research should also consider this
importance of self-selection of the yoga type and intensity
as autonomy is proposed as one of three basic psychological
needs fundamental to positive mental health (Craft et al.,
2008; Ryan & Deci, 2000).

Another tenable but currently largely unexplored
hypothesis is that the mental health benefits of yoga could
be mediated by changes in the gut. The gut microbiota is
essential to human health, the immune system, and plays
a major role in the bi-directional communication between
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the gut and the brain. In animals, the gut microbiota is
associated with metabolic disorders such as obesity and
diabetes mellitus, and with neuropsychiatric disorders
(anxiety, depression) in humans (Zheng et al., 2020).
Recently, population-scale evidence for the link between
the gut microbiota and mental health has been provided
(Valles-Colomer et al., 2019). Gut microorganisms are
capable of producing and delivering neuroactive sub-
stances such as serotonin and gamma-aminobutyric acid
which act on the gut-brain axis. Pre-clinical research in
rodents suggests that certain probiotics have antidepres-
sant and anxiolytic activities, effects that could be medi-
ated via the immune system or neuroendocrine systems.
The gut microbiota and brain communicate via the vagus
nerve, gut hormone signalling, the immune system, trypto-
phan metabolism and microbial metabolites such as short-
chain fatty acids. The importance of the gut-brain axis in
regulating stress-related responses has been recognized for
a long time. More recently, the microbiota has emerged as
a “key player” in the control of this axis (Dinan & Cryan,
2017; Foster et al., 2017), with increased understanding of
the neuroactive potential of the products of gut microbiota
metabolism (Caspani et al., 2019). Possible links between
yoga-induced microbiota change and mental health are
plausible but have not been examined.

Overall, the current work demonstrates that yoga-based
interventions likely improve mental health via physiologi-
cal, psychological and neurobiological pathways and that
the beneficial effects of yoga-based interventions cannot be
attributed to exercise-related effects of yoga asana alone.
Yoga practices incorporate philosophical teachings, mind-
ful awareness, controlled breathing, meditative techniques
and physical asana, all of which likely improve stress regu-
lation and mental health outcomes, and is important to
consider with regard to delivering yoga-based interven-
tions in clinical and practice settings, as better outcomes
are likely to be associated with yoga-based programs that
include asanas plus other components of yoga practice.
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