
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 

King’s Research Portal 
 

DOI:
10.1016/j.bbih.2022.100421

Document Version
Publisher's PDF, also known as Version of record

Link to publication record in King's Research Portal

Citation for published version (APA):
Estevao, C. (2022). The role of yoga in inflammatory markers. Brain, Behavior, & Immunity - Health, 20,
[100421]. https://doi.org/10.1016/j.bbih.2022.100421

Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 14. Oct. 2023

https://doi.org/10.1016/j.bbih.2022.100421
https://kclpure.kcl.ac.uk/portal/en/publications/eb900edd-3577-4c7e-8a16-f392d7e720ff
https://doi.org/10.1016/j.bbih.2022.100421


Brain, Behavior, & Immunity - Health 20 (2022) 100421
Contents lists available at ScienceDirect

Brain, Behavior, & Immunity - Health

journal homepage: www.editorialmanager.com/bbih/default.aspx
The role of yoga in inflammatory markers

Carolina Estevao

Department of Psychological Medicine, Institute of Psychiatry, Psychology and Neuroscience, King's College London, 5 Cutcombe Road, Brixton, London, SE5 9RT, UK
A R T I C L E I N F O

Keywords:
Yoga
Inflammation
CRP
IL-6
IL-1b
TNF-alpha
E-mail address: carolina.estevao@kcl.ac.uk.

https://doi.org/10.1016/j.bbih.2022.100421
Received 19 May 2021; Received in revised form 2
Available online 1 February 2022
2666-3546/© 2022 The Author. Published by Elsevi
nd/4.0/).
A B S T R A C T

Yoga is an ancient system for integrating the mind, body, and spirit. In the hatha yoga ashtanga tradition (the eight
limb Patanjali Yoga), three of the limbs are meditation, breathwork (pranayama) and physical postures (asana),
which are widely practised in yoga classes. The benefits of yoga for mental and physical health are rooted in the
practice's origins: in yoga, stress is said to be the root of all diseases.

The established fields of psychoneuroimmunology and immunopsychiatry study the interplay between the
immune system and mood or mental states. This mini-review has shifted the emphasis from research that focuses
on yoga's benefits for stress, the most commonly studied outcome of yoga research, to a summary of the research
on the effects of yoga practices on the immune system. The current literature bears strong evidence for the
benefits of yoga on the levels of circulating cortisol and classical inflammatory markers, such as C-reactive protein
(CRP) and cytokines such as interleukin-1 beta (IL-1β), interleukin 6 (IL-6), tumour necrosis factor-alpha (TNF-α)
and interferon-gamma (INF-γ). The evidence for other less studied markers, telomerase activity, β-endorphins,
Immunoglobulin A (IgA) and brain-derived neurotrophic factor (BDNF) is also growing. This mini-review centres
around the interplay between yoga and these markers in stress management and depression, vascular and immune
function in the older population, cardiovascular and metabolic diseases, auto-immune diseases, breast cancer and
pregnancy.

Overall, the literature examined reveals the novelty of this field of research and sheds light on methodological
challenges; however, it uncovers the potential for yoga to be used as adjuvant therapy in conditions with an
inflammatory component.
1. Introduction

Research on the health benefits of yoga is a relatively recent topic: the
first paper dedicated to this was published in 1978 (Tandon, 1978). Yoga
is an ancient mind-body practice that originated in India around 5000
BCE. The word “yoga”, in the classical Indian language Sanskrit, means
“to yoke” or “to unite”, hence its purpose of uniting mind, body and spirit
(Feuerstein, 2011). The holistic approach of yoga encompasses the pro-
motion of mental and physical health through lifestyle guidelines
(Basavaraddi, 2509). Modern western yoga, for the most part, falls under
the hatha yoga ashtanga (eight limbs) tradition, in which, the physical
postures (asana), breathwork (pranayama) and meditation (dhyana) are
three of the eight limbs (Chapman and Bredin, 2010). Due to this
disproportional focus on the physical component of yoga (asana) in yoga
research, this mini-review reflects this trend, selecting studies focused on
the physical practice of yoga and its effects on classical immune markers.

Before it was distributed globally as a physical exercise system, yoga
was intended as a holistic healing system, under clear instructions and
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guidelines. This healing system is rooted in the belief that a practitioner's
mental state is the key to the healing process (Desikachar et al., 2008).
Current medical knowledge also recognises the role of stress on the
development of psychiatric conditions and its interplay with the immune
system; specifically, the field of psychoneuroimmunology, or, taking it a
step further, immunopsychiatry, which, reversely, recognises the role of
the immune system in modulating behaviour and emotions (Pariante,
2015).

Acute and chronic stress, through mainly the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic nervous system, play a crucial
role in immune system dysregulation and psychiatric disorders, as the
last few decades of psychiatric research have unveiled (Vinkers et al.,
2021; Belvederi Murri et al., 2014; Turner-Cobb, 2005; Tsigos and
Chrousos, 1994). Chronically high levels of cortisol, the “stress hor-
mone”, can induce the production of inflammatory cytokines, leading to
the suppression of homeostatic cellular and humoral functions. High
levels of cortisol have been linked to Parkinson's disease (Soares et al.,
2019), Alzheimer's disease (Umegaki et al., 2000), psoriasis (Evers et al.,
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2010), and cardiovascular disease (Manenschijn et al., 2013), among
others. Recently, high levels of cortisol have also been identified as
biomarkers in psychiatric diseases such as depression (Pariante, 2009,
2017; Jia et al., 2019; Burke et al., 2005), psychosis (Mondelli et al.,
2010), bipolar disorder (Gallagher et al., 2007) and schizophrenia
(Walder et al., 2000).

Similarly, inflammatory cytokines such as interleukin-6 (IL-6) and
interleukin-1 beta (IL-1β), as well as tumour necrosis factor-alpha (TNF-
α) and C-reactive protein (CRP) play a central role in conditions such as
arthritis, cardiovascular disease, rheumatoid arthritis, Alzheimer's dis-
ease, ageing-related conditions, and of course, mood disorders (Kie-
colt-Glaser et al., 2002; Raison et al., 2006; Pitharouli et al., 2020).

Mind-body practices have been shown to induce positive effects on
stress perception (Wolever et al., 2012; Dusek and Benson, 2009; GRD
et al., 2002) and the immune system (Morgan et al., 2014; Oh et al.,
2020; Jones, 2001; Bower and Irwin, 2016). Yoga gained popularity in
recent decades in medical research, with the building evidence of the
practice's immune-boosting benefits, despite methodological limitations
in published studies. This mini-review has explored the benefits of yoga
practices on classical inflammatory biomarkers in stress management and
depression, cardiovascular and metabolic diseases, vascular and immune
function in the older population, breast cancer and pregnancy. A selec-
tion of the most relevant findings will be discussed below, as well as the
clinical implications of such findings.

2. Body

2.1. Stress management and depression

The effect of yoga on stress management in healthy individuals is the
most studied field within yoga research. Yoga for mental health has also
started to take space in the media (Estevao, 2020; Gray, 2021; BBC,
2021). Countless research studies have focused on the psychological ef-
fects of yoga practice, mainly in the areas of anxiety (Cramer et al., 2018;
Hofmann et al., 2016; Gupta et al. et al.; D'Silva et al., 2012; Balasu-
bramaniam et al., 2013) and depression (Cramer et al., 2013; Pilkington
et al., 2005; Kinser et al., 2012; Smith et al., 2007; Chattha et al., 2008).
Recently, the interplay between the immune system, stress, and
mind-body practices (such as yoga) has been attracting increasing
attention in research.

In a 2010 comparative randomised study, 50 novice and expert fe-
male yoga practitioners were assessed for the effects of a single yoga
session on their inflammatory and endocrine functions after experiencing
a set of stressors. This study found that IL-6 serum levels were 41% higher
in novices, who were also 4.75 times more likely to have detectable CRP
(Kiecolt-Glaser et al., 2010). Note, an increase in these markers suggest
an increase in systemic inflammation. These participants underwent a
hatha yoga session or control sessions (movement control or
passive-video control), which would have dissected the concomitant ef-
fects of movement on participants’ immune and endocrine systems,
suggesting that the effects found were due to the hatha yoga session.

A non-randomised prospective study that recruited 86 participants,
investigated the effects of a short-term yoga programme of 10 days on
stress and inflammation. This study unveiled a significant effect on blood
serum β-endorphins, IL-6, and TNF-α levels of yoga participants. While
β-endorphin levels increased, IL-6 and TNF-α levels decreased from
baseline to day 10, indicating a change in the participants' inflammatory
milieu within 10 days of beginning the yoga practice (Yadav et al., 2012).
β-endorphins are released upon HPA-axis stimulation and have inhibitory
effects on the immune system, including the reduction of the production
2

of cytokines, such as IL-6 and TNF-α, suggesting their downstream
regulation. However, the study investigated the short-term effects of a
holistic intervention including asanas, pranayama, stress management,
lectures, group discussions and individual advice. Due to the holistic
nature of this intervention, the yoga specific effect may be indissociable
from the other aspects of the intervention.

A preliminary study on a longer-term yoga intervention in 60 stu-
dents, examined the effects of daily yoga sessions for 12 weeks versus
control sessions and then measured the stress response before an exam,
the stressor in this study (Gopal et al., 2011). During the exam, the in-
crease in cortisol and decrease in INF-α (both indicating an increase in
the stress and inflammatory responses) in the yoga group was less sig-
nificant than in the control group. The yoga group had significantly lower
perceived stress alongside lower serum cortisol, findings expected with a
more intensive regimen of yoga than the above-mentioned studies. This
points to the possibility of a direct relationship between the intensity of
practice and immune and psychological benefits, where the practice of
yoga dampens the stress and immune responses to a stressful event.

A study on depressed individuals (n ¼ 54 participants) analysed the
effects of three interventions: yoga therapy only, yoga therapy with an-
tidepressants, or antidepressants-only on the brain-derived neurotrophic
factor (BDNF), a growth factor in the central nervous system pivotal in
neuroplasticity and neuroinflammation (Calabrese et al., 2014), and on
cortisol levels. In both yoga groups, there was a significant improvement
in depression scores, increased BDNF levels and a reduction in serum
cortisol (Naveen et al., 2016). This study is of particular interest as it has
considered anti-depressant pharmacotherapy alongside the
mood-improving effects of yoga practices. Another important aspect of
this study is the follow-up period (3 months), which is commonly absent
in studies in this field of research.

A 2021 report on a randomised clinical trial examining CRP, IL-6, and
TNF- α levels after a hatha yoga intervention versus a health education
control group in 84 depressed patients, discovered a significant reduction
in serum IL-6 levels in the yoga group. However, the study found no
significant effects in TNF- α or cortisol levels, which are, interestingly,
regulated independently of IL-6 (Pariante, 2017; Del Giudice and Gang-
estad, 2018). This study focused on a 10-week bi-weekly yoga inter-
vention, that included pranayama, meditation and asana (Nugent et al.,
2021).

Telomerase is an enzyme responsible for the length of telomeres,
implicated in chronic inflammation and cancer (Gallagher et al., 2007;
Walder et al., 2000). A recent metanalysis has shown an association
between telomere length and psychiatric disorders (Kiecolt-Glaser et al.,
2002). A pilot randomised controlled trial investigated the effects of
yogic meditation for caregivers with depressive symptoms and found that
daily meditation for eight weeks improved their depressive scores and
telomerase activity (Lavretsky et al., 2013). These improvements were
statistically significant compared with the control relaxation-music
group, suggesting that yogic meditation as a mindful activity, indepen-
dent of its relaxation properties, may be of superior therapeutic value for
the management of depressive symptoms and regulating inflammation.
Although this intervention is not a strict asana intervention, it highlights
the uniqueness of yogic practices on biological outcomes.

Yoga and meditative therapies are just as effective as standard
medication for treating depression and anxiety (Cramer et al., 2013;
Chen et al., 2012). A recent systematic review demonstrated that most
published studies provide strong evidence that yoga interventions
improve blood pressure, cortisol and cytokine levels, including IL-6,
TNF-α and IL-1β (Pascoe and Bauer, 2015). This supports the high-level
mechanistic hypothesis that yoga, by reducing stress and regulating
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mood, can positively influence the immune response.
The studies above highlight the effects of yoga practises on IL-6, TNF-

α, endorphins, and CRP levels, all of which are classic markers of
inflammation. Interestingly, these studies found rapid changes in the
immune system (within 10 days of the start of the practice) but also in the
longer term. Cortisol was also one of the outcomes analysed in these
studies, with reductions in its levels alongside a reduction in depressive
scores.

Nonetheless, a subset of a controlled trial (n ¼ 28) investigated the
effects of a bi-weekly yoga intervention, lasting eight weeks, on women
reporting psychological distress. The research measured the effects of the
intervention on IL-6, TNF-α, CRP levels and DNA methylation of the
above-mentioned genes. There was a trend of moderate between-group
effect for elevated IL-6 in the yoga group, a cytokine with pleiotropic
activity in inflammation and immunity. Even though the findings for IL-
6, TNF- α, and CRP levels were not significant, there was a decrease in
DNA methylation of the TNF region in the yoga group (Harkess et al.,
2016). The authors attributed the lack of significance for IL-6, TNF- α,
and CRP levels to the trial's limited statistical power.
2.2. Vascular and immune function in the older population

Studies on the benefits of yoga frequently focus on older populations
(aged 55 and above). Alongside the ageing process, there are changes in
the immune system, with many age-related degenerative diseases now
linked to a clear immune function dysregulation. A recent study that
investigated the immune function in middle-aged and older women
found that cortisol concentration and secretion were lower, and testos-
terone secretion was higher following a yoga intervention, suggesting a
reduced stress response (Secretory Immunoglobulin, 2021). Further-
more, the levels of secretory immunoglobulin A (SIgA) concentration and
secretion rates were higher after yoga sessions (Eda et al., 2018), indi-
cating a dampening effect on the immune response. SIgA levels are
reduced with age (Challacombe et al., 1995) and lower levels of this
immunoglobulin have been associated with increased risk of respiratory
infections (Gleeson et al., 2012; Fahlman and Engels, 2005) and inter-
estingly, psychological stress (Bosch et al., 2001; Knight and Rickard,
2001).

From an inflammatory standpoint, vascular disease is characterised,
by changes in albumin and CRP levels (Abramson et al., 2002). A small
study of 14 participants, that divided the group into an
elderly-customised hatha yoga group or a control group. Results showed
that a hatha yoga practice for 10 weeks resulted in lower levels of CRP
and higher levels of albumin that, among other markers, pointed towards
improvements in the systemic inflammatory status of participants (Kim
and Ju, 2017). This extremely small study may be positively biased but
indicates an elderly-adapted asana intervention as a low risk and
potentially effective adjunctive lifestyle intervention for a myriad of
conditions characterised by inflammatory pathways in older populations.

A randomised controlled trial subjected 38 older adults (over 55 years
old) to an eight-weekly Iyengar yoga programme or usual daily routine.
The yoga regimen in this study was more intensive than most, with two
90-min sessions weekly. This study failed to find a significant relation-
ship between the intervention and salivary IgA or lysozyme outcomes,
but there was a more pronounced (non-significant) difference in salivary
IgA and a reduction in salivary lysozyme in the yoga group, suggesting a
trend of reduction in inflammation (Vogler et al., 2011). Moreover, this
study investigated the benefits of yoga practice in other aspects (well-
being, muscle strength and range of motion), which yoga showed bene-
fits for and which are important outcomes for this specific population.
3

2.3. Cardiovascular and metabolic diseases

Chronic heart failure, a common ailment in the western world, has a
pathogenesis directly linked to immune dysfunction (Mari et al., 2002;
Perticone et al., 2019; Zhang et al., 2017) and has a mortality rate at
1-year of around 25% (Taylor et al., 2019). A small clinical trial (n ¼ 19)
found that a yoga therapy treatment, twice weekly for 70min, over 8
weeks, had significantly superior outcomes in the reduction of IL-6 and
CRP levels when compared with a standard medical therapy control.
Elevated CRP and IL-6 levels are linked to heart failure in this population,
implying that yoga could be an effective preventative lifestyle adoption
(Chin et al., 2003; Harris et al., 1999). In addition, there was a trend
towards improvements in perceived quality of life, indicating that yoga
enhances wellbeing in this patient group (Pullen et al., 2008).

A randomised controlled study compared an intensive 6-days per
week, 3-month yoga intervention against a wait-list control, in a group of
adults at risk of metabolic disease (n ¼ 48 adults) in India. The yoga
intervention led to significant reductions in cholesterol, IL-6, TNF-α and
CRP levels (Shete et al., 2017), indicating that an intense, short-term
regimen can have clinically significant results in reducing inflamma-
tion in this population. These results, although promising, involved a
very intensive intervention that is not employed in western yoga research
(possibly due to low adherence by participants) and so it may not be
translatable to western clinical settings.

Another intensive clinical study enrolled overweight men at risk of
cardiovascular disease, into a yoga-based lifestyle intervention.
Following the 10-day intervention that included asana and pranayama,
participants experienced a significant reduction in body mass index,
adiponectin and plasma endothelin-1 and IL-6 (Sarvottam et al., 2013),
pointing towards the benefits of yoga on certain biomarkers that un-
derpin obesity. These two studies offer a solid indication that the effects
of yoga on IL-6 can be seen immediately after a 10-day intervention and
may be sustained after three months of continuous practice.

However, a randomised controlled study tested whether 12-weekly
yoga classes: with an instructor, yoga classes at home or usual care,
would have an impact on inflammatory biomarkers of metabolic risk
factors on participants with hypertension (n ¼ 83) (Wolff et al., 2015).
The yoga interventions did not result in significant effects on the in-
flammatory biomarkers studied, which included CRP and IL-6, bio-
markers that are reduced following yoga interventions, as per the studies
above.

2.4. Auto-immune diseases

The effect of yoga on rheumatoid arthritis was explored in a rando-
mised study that recruited 72 participants (Gautam et al., 2019). Par-
ticipants were on routine disease-modifying anti-rheumatic drugs
(standard therapy) and yoga, or just standard therapy. The yoga group
received an intense intervention of 120min per day for 5 days a week, for
a total of 8 weeks. The yoga group had a significant decrease in CRP, IL-6,
and TNF-α, as well as an increase in telomerase activity, adding to the
body of evidence that yoga is beneficial in auto-immune diseases.
Another randomised controlled study on the same patient group
recruited 80 participants and allocated them to either a 6-day a week, 1.5
h per day, 7-week yoga intervention or a wait-list control. Yoga signifi-
cantly reduced CRP in the yoga group, among other outcomes explored in
this study (Singh et al., 2011). A less intense yoga regimen was employed
in a small, randomised study with 16 participants with rheumatoid
arthritis (Bosch et al., 2009). The yoga group performed three 75-min
yoga classes per week and the control group was placed on a waiting
list. The yoga intervention yielded positive outcomes for participants but
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there were no significant changes in awakening or diurnal cortisol. This
study may have been underpowered, but it is worth considering that
there may not be significant effects due to the less intensive regiment of
yoga practice in comparison to the study above.

A study on inflammatory bowel disease recruited 100 participants for
a randomised clinical trial. Participants were assigned to either a yoga
intervention that included 8 weeks of asana, pranayama, and meditation
or standard medical therapy alone (Sharma et al., 2015). While other
parameters studied (anxiety, stiffness, and pain) improved, there were no
significant differences between groups in inflammatory markers. Overall,
the limited evidence on yoga for auto-immune diseases is not conclusive,
with contradictive evidence, and further studies into the biological out-
comes of yoga in auto-immunity are necessary.
2.5. Breast cancer

Yoga has long been prescribed to cancer patients as a complementary
therapy for stress and pain management because of its safety during
chemotherapy and radiotherapy. In recent years, the focus of yoga's
benefits in this diverse population has shifted from wellbeing to research
on its effects on the immune system. A large randomised clinical trial that
recruited 200 women, investigated the impact of yoga on inflammation,
mood, and fatigue in cancer breast survivors. The control group was
offered the yoga intervention later, as a wait-list control. The yoga group
had higher vitality while having lower levels of IL-6, TNF-α, and IL-1 β.
Lower levels of IL-6 and IL-1βwere consistently found at follow-up, three
months after the end of the treatment in the yoga group (Kiecolt-Glaser
et al., 2014), indicating a long-term effect on the above-mentioned in-
flammatory markers. This intervention was done twice weekly, for 12
weeks, and provides an insight into the effects of a longer and more
intensive intervention schedule than other interventions reported in this
mini-review (Yadav et al., 2012; Kiecolt-Glaser et al., 2014).

Another study that focused on mood and immune outcomes in 98
breast cancer patients awaiting surgery (the additional stressor in this
study), found that a yoga intervention resulted in decreased anxiety and
depression scores, and increased quality of life following surgery (Rao
et al., 2008). The yoga intervention consisted of pranayama and yogic
relaxation techniques. The control comparator was supportive therapy
and exercise rehabilitation, controlling for the emotional therapy and
physical exercise components of yoga. Results also revealed lower blood
levels of CD56 and IgA in the yoga group following surgery. CD56 is a
marker of natural killer and other immune cells including T cells, and
alterations in CD56 levels are associated with infectious and autoimmune
diseases, and malignant tumours (Van Acker et al., 2017). In breast
cancer, IgA is directly associated with tumour load (Ahmad et al., 2002)
and so it can be used as an indicator of disease severity. Thus, lower blood
levels of CD56 after yoga may indicate a beneficial outcome in disease
severity or at least the immune status of yoga participants.

Another controlled clinical trial on 75 patients with early-stage breast
cancer, looked at the effects of a yoga mindfulness-based stress reduction
(MBSR) intervention versus a control group that received the study as-
sessments only on immune function and quality of life. MBSR was
delivered for 2.5 h per week, for 8 weeks, and it included yogic tech-
niques such as breath awareness exercises, meditation, and mindful yoga
(Witek-Janusek et al., 2008). Women enrolled in the intervention had
lower cortisol levels, higher quality of life scores and increased coping
effectiveness following the sessions. Over time, the women in the MBSR
group also had lower interleukin 4 (IL-4) and IL-6 levels. These results
from a larger controlled trial, highlight the potential of yoga-based in-
terventions for immunity outcomes in breast cancer patients in addition
to the known benefits for emotional wellbeing.
4

Despite these promising findings, another randomised controlled trial
found no change in CRP, IL-1, IL-6 or cortisol levels in breast cancer
patients undergoing a 12-week restorative Iyengar yoga intervention
(Bower et al., 2014). This small study (n ¼ 16 yoga, n ¼ 15 health ed-
ucation control) found significant effects in other markers that have not
been explored in this mini-review: reduced activity of the
pro-inflammatory transcription factor nuclear factor kappa B, increased
activity of the anti-inflammatory glucocorticoid receptor and reduced
activity of cAMP response element-binding protein family transcription
factors. The control group had increased soluble TNF receptor type II and
IL-1 receptor levels.

Another marginally larger randomised study (n ¼ 20), where par-
ticipants were randomised to 3 h of yoga per week comprehensive ex-
ercise or comparison exercise for six months, found no significant effects
on IL-6, IL-8, TNFα, or CRP in any of the groups (Long Parma et al., 2015).
The study did find improvements in body composition (lean muscle
mass) in the yoga group and authors suggested that a larger study, suf-
ficiently powered, would be necessary to determine the effect of yoga
interventions on inflammatory markers in this population of interest;
larger studies have been reported above in this section.
2.6. Pregnancy

Prenatal yoga is ubiquitous in the western world as an adjuvant for
mothers in the management of pregnancy stress and preparation for birth.
Prenatal yoga classes are modified to adapt to a pregnant body and have a
higher focus on relaxation techniques and breathing exercises than other
asana-based practices. Despite a wealth of studies on the effects of yoga on
prenatal stress, there is a paucity of studies done on pregnant women with
an emphasis on immunity. A randomised controlled trial that recruited 94
healthy pregnant women, compared 20 weeks of two weekly 70-min yoga
sessions versus routine prenatal care for stress and immune function. Re-
sults showed that the intervention reduced cortisol and enhanced IgA
during pregnancy, indicating a dampening of the inflammatory response.
The higher levels of salivary IgAwere present long term in the intervention
group that also had better birth outcomes than the control group, including
infant birth weight, the most reported birth outcome (Chen et al., 2017).
Given the promising results of this small-scale study, further research is
warranted on the benefits of yoga on the immune milieu of pregnant
women and their foetuses.

3. Conclusion

Overall, there is a growing body of evidence on the effects of yoga
practices on the modulation of inflammatory markers, namely IL-1β, IL-6,
TNF-α, INF-γ, CRP and hormones such as cortisol. When the effect sizes of
the studies investigating these parameters are considered, the most
conclusive data points towards beneficial effects for IL-1β and IL-6 levels.
These two markers are particularly researched in auto-immune diseases
such as rheumatoid arthritis and diabetes (Dinarello, 2011; Ren and
Torres, 2009). IL-6 has also been implicated in diabetes, as well as in
cancer, obesity and cardiovascular disease (Hunter and Jones, 2015), in
addition to the scope explored in this mini-review. The level decreases in
CRP that the studies in this review found are of extreme importance, as
CRP is a well-researched marker for systemic inflammation, in conditions
ranging from chronic obstructive pulmonary disease (Gan et al., 2004) to
obesity (Visser et al., 2001), cancer (Køstner et al., 2016) and depression
(Felger et al., 2020), among others. Hence, IL-1β, IL-6 and CRP could be
used in future studies as some of the standard inflammatory markers to
be explored in yoga interventions, allowing for a direct comparison be-
tween studies.
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There are several limitations in this field of research that are high-
lighted in the literature discussed in this review. Mainly, there is great
heterogeneity in the style of yoga used for the interventions (whether just
meditation, just poses from different traditions or a combination of these
with pranayama and relaxation techniques) and some studies lack detail
in the yoga intervention delivered, adding an extra layer of complexity
when discussing different studies. Another limitation of the studies found
is the variety of the dosing regimens, which ranged from a single session
to over 12 weeks of daily yoga sessions. Additionally, the relatively short
follow-up periods result in a near absence of data on long-term effects of
yoga interventions in inflammatory markers, considering the very plau-
sible possibility that practitioners may continue their practice after the
study intervention is concluded. Methodologically, there are limitations
in study design as most studies are pilot single-arm studies, lacking the
rigorous methodology of randomised controlled studies. Furthermore,
limitations in biomarker analysis must be taken into consideration;
especially the levels of salivary cortisol, the predominant collection route
for cortisol, which is influenced by medications (including anti-
depressants), caffeine, smoking, the presence of blood in the saliva and
eating and drinking before sample collection. The collection of samples
by the study participant without trained research supervision is another
limitation in cortisol and other measures (Pascoe and Bauer, 2015). This
mini-review focused on the most widely studied serum and salivary in-
flammatory markers but other research avenues, such as in
pro-inflammatory gene expression and DNA methylation, could be
incorporated into a full-length review of yoga and inflammatory markers
(Harkess et al., 2016; Bower et al., 2014). These novel aspects may help
explain the effects reported in inflammation explored in this review.

In summary, this review discussed a selection of studies that have
examined the inflammatory outcomes of yoga practices on stress man-
agement and depression, vascular and immune function in older pop-
ulations, cardiovascular and metabolic diseases, breast cancer and
pregnancy. Future research should investigate the effects of yoga on the
above inflammatory parameters in larger sample-sized randomised
controlled trials and with an array of time points (including long-term
follow-up), to identify optimal treatment regimens in more representa-
tive and appropriately powered samples.

Yoga as a physical and spiritual practice may be beneficial for the
immunity of populations suffering from mental or physical health dis-
orders or could be employed as a preventative intervention for at-risk
groups. Yoga, because of its low risk of physical and psychological
illness, could be offered to patients from diverse backgrounds and with
diverse medical histories if practised safely under the supervision of a
trained and certified professional.
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